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from the Refahiye-Erzincan Ophiolite, NE-Turkey

Ibrahim Uysal, E. Yal¢in Ersoy, Yildirim Dilek, Ender Sarifakioglu, Faruk Aydin, Chris J. Ottley
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Dogu Anadolu (Van-Ozalp) ofiyolitik melanjina ait bazik birimlerin petrolojisi ve jeokimyasal 6zellikleri

Petrology and geochemical characteristics of basic units from (Van-Ozalp) ophiolitic melange, Eastern Anatolia

Ali Riza Colakoglu, Kurtulus Giinay, M. Cemal Gonciioglu, Vural Oyan, Uner Cakir

Konya KB’sinda (Afyon Zonu) Ge¢ Triyas yash kabuksal gerilme: Kadmhani meta-volkanikleri ve Ladik dayk
kiimesinin LA-ICP-MS U-Pb zirkon yaslandirmasindan elde edilen yeni bulgular

Late Triassic crustal extension in NW Konya (Afyon Zone): new finding from LA-ICP-MS U-Pb zircon dating of the
Ladik dyke swarm and the Kadinhani meta-volcanics

Abdiissamed Giiven, Timur Ustaémer, Irena Peytcheva

I¢ Isparta agis1 kitasal ekstansiyonu icinde tektonomagmatik bir izleyici olarak lamprofirik dayklar

Lamprophyric dikes as a tectonomagmatic marker in the inner Isparta angle continental extension

Hakan Coban, Semsettin Caran, Martin F.J., Flower

Keban alkalen kayaglari: petrografi, mineral ve tiim kayag¢ kimyasi

Keban alkaline rocks: petrography, mineral and whole rock chemistry

Sevcan Kiiriim

Lasit ve pseudoldsit igeren bazaltlarin kokeni ve I¢ Anadolu’daki énemi: Cicekdag, Kirsehir, Tiirkiye

Origin of leucite and pseudoleucite bearing basalts and their significance within Central Anatolia: Cigekdag, Kirsehir,
Turkey

Kiymet Deniz, Yusuf Kagan Kadioglu

Saphanedagi lamproiti’nin (Bat1 Anadolu) mineralojik ve jeokimyasal karakteristikleri

Mineralogic and geochemical characteristics of Saphanedagi lamproite (Western Anatolia)

Baris Semiz, Yahya (")zplnar, Cahit Helvaci, Zeki Billor

Trabzon-Giresun arasindaki Tersiyer alkalen volkanitlerinin petrokimyasit ve Sr-Nd izotop jeokimyasi, KD Tiirkiye
Petrochemistry and Sr-Nd isotope geochemistry of the Tertiary alkaline volcanics between Trabzon and Giresun areas,
NE Turkey

Cem Yiicel, Mehmet Arslan, irfan Temizel, Emel Abdioglu

Crrali yoresi (Antalya, GB Tiirkiye) rift-iliskili Triyas alkalin volkaniklerinden okyanus-i¢i bir manto sorgucu i¢in
jeokimyasal ve izotopik bir kanit

A geochemical and isotopic evidence for an intra-oceanic mantle plume from rifi-related Triassic alkaline volcanites
in Cwrali district (Antalya, SW Turkey)

Semsettin Caran, Hakan Coban

Jeokimyasal ¢aligmalara mineralojik ve petrografik agidan elestirel bir yaklasim: Evaporit yataklar1 ve kaya tiplerinden
ornekler

A critical approch to geochemical studies by mineralogic and petrographic point of view: Case studies from evaporit
deposits and rock types

Cahit Helvaci

Temperature and precipitation variations in the mid-Holocene based on combined evaluation of stable isotope
compositions of speleothems and freshwater bivalve shells in Hungary

Attila Demeny

Geothermal exploration with fluid geochemical tools in Yemen: 2001-2010

Angelo Minissale

Neojen yaslt denizel Alibonca Formasyonu ve Yamadag volkanitleri’ne ait golsel sedimanlarin kil mineralojisi ve
jeokimyasi, Arapgir giineydogusu (Malatya)

Clay mineralogy and geochemistry of Neogene marine Alibonca Formation and lacustrine sedimentary unit of
Yamadag volcanics, South East of Arapgir (Malatya)

Dicle Bal Akkoca, Zeynep Baytasoglu

Illinois Baseni ve Illinois-Kentucky fluorit bolgesi Alt Chesteriyan kiregtaglarinin oksijen ve karbon izotop degisimleri
Oxygen and carbon isotopic variations of Lower Chesterian Limestones of the Illinois Basin and the Illinois-Kentucky
Sfluorite district

F. Brett Denny, Liliana Lefticariu, Jared T. Freiburg, Tamer Rizaoglu, Yusuf Uras
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Erken-Orta Jura yash kumtasi ve seyllerin jeokimyasal ozellikleri ve kaynak alan karakteristikleri, Giimiishane-
Bayburt, KD Tiirkiye

Geochemical properties and provenance characteristics of the Early-Middle Jurassic sandstone and shales, NE Turkey
Remziye Akdogan, Mehmet Turan, Abdurrahman Dokuz

Dogu Anadolu fay sistemi tizerindeki traverten olusumlarinin karsilagtirmali jeokimyasi

Comparative geochemistry of travertine occurences within The Eastern Anatolian fault system

Mehmet Ozkul, Serap Colak, Ercan Aksoy, Sandor Kele

Jeolojik kayitlarda iklim degisikligi

Climate change in geologic records

Halim Mutlu

Ge¢ Kuvaterner yasli Kocabas travertenlerinin C ve O durayli izotoplariyla plaeoiklimsel parametrelerin
karsilastirilmasi, Denizli, GB Tiirkiye

Comparison of palaeoclimatic parameters with the stable C and O isotope data of the Late Quaternary Kocabas
travertines, Denizli, SW Turkey

Ezher Toker, Mehmet Ozkul, Sandor Kele

Extended range of U-Series disequilibrium dating using the 234U/238U excess as a dating tool

Bassam Ghaleb, Christophe. Falguéres, Jean-Pierre Pozzi

Uranium-series dating of travertine from Soda Dam, New Mexico: Constructing a history of deposition, with
implications for landscape evolution, paleohydrology and paleoclimatology

Tafoya A.J, Crossey L.J., Karlstrom K.K., Kolomaznik M., Polyak V., Asmerom Y., Cox, C.

U-Th-Ra systematics in solitary corals from raised marine deposits of the Last Interglacial

Claude Hillaire-Marcel, Bassam Ghaleb

The significance of travertine geochemistry in paleoclimate research

Sandor Kele

Geochronology and stable isotope geochemistry of large-volume travertine deposits in the southwestern United States:
implications for paleohydrology, paleoclimate and landscape evolution

Priewisch, A., Crossey, L.J., Embid, E., Karlstrom, K.E., Polyak, V., Asmerom, Y., Ricketts, J.
Istanbul-Zonguldak Birligi’nin tektono-metamorfik tarihine illit jeokimyast ile yeni katkilar

New contributions to the tectono-metamorphic history of Istanbul-Zonguldak Unit by illite geochemistry

Omer Bozkaya, Hiiseyin Yal¢in, M. Cemal Gonciioglu

Menderes Masifi’ndeki (Bati Anadolu/Tiirkiye) granulit fasiyesi metamorfizmasimin yasi: SHRIMP ve LA-ICP-MS U-
Pb zirkon yaslandirmasi

Age of granulite facies metamorphism in the Menderes Massif, Western Anatolia/Turkey: SHRIMP U-Pb and LA-ICP-
MS zircon dating

0O.Ersin Koralay

Daday-Devrekani (Kastamonu, Tiirkiye) Masifi gnays ve amfibolitlerinin petrokimyasal 6zellikleri

Petrochemical features of gneisses and amphibolites from the Daday-Devrekani (Kastamonu, Turkey) Massif
Mehmet Ali Giicer, Mehmet Arslan

Gumiskoy (Kiitahya) maden sahasinda dogal olarak biiyiimiis karasal otsu bitkilerde kursun ve ¢inko birikmesi ve
dagilimu

Distribution and accumulation of lead and zinc in terrestrial (Herbivorous) plants growing naturally in The
Giimiiskoy (Kiitahya) mining area, Turkey

Derya Yildirim, Catalina Ciortescu, Ahmet Sasmaz

Espiye bolgesi (Giresun, KD Tiirkiye) volkanojenik masif siilfit yataklari ¢evresindeki siilfid igeren maden atiklarinin
cevresel etkileri {izerine genel bir bakis

An overview of the impact of sulphide-bearing mine waste around Vms deposits of the Espiye region, Giresun (NE
Turkey)

Emine Selva Saglam, Migra¢ Akcay, Dilsat Nigar Colak
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Ayrisma indekslerini kullanarak pedojenik ortamlardaki yagis miktarinin tahmini tizerine bir ¢alisma
A study on estimation of paleorainfall amount in pedogenic environments using weathering indexes
Sonay Boyraz, Nizamettin Kazanci, Tiilay Tuncay
Camdere Pb-Zn yatag1 dogusundaki Tersakan Nehrinde agir metal dagilimi, Adana (Horzum), Tiirkiye
Distribution of heavy metal content in the Tersakan River, east of Camdere Pb-Zn deposits, Adana (Horzum), Turkey
Durdane Yilmaz, Asuman Kahya
Geli Dere (Baskil-Elazig) civarinda dere kumu jeokimyasi
Stream sediment geochemistry of the Geli Dere (Baskil-Elazig) area
Suna Cicek Ucar, Leyla Kalender
Kiitahya yerlesim alan1 toprak agir metal derisiminin belirlenmesi
Determination of heavy metal concentration in settlement area of Kiitahya
Cafer Ozkul, Enes Zengin
Komiir agik isletme goletlerinde su ve gevresel etkilerin analizi
Analysis of water and environmental impacts of the opencast coal mine lakes
M. Suat Delibalta, Nigmet Uzal
Sedimentlerde monoaromatik hidrokarbon kaynakl kirliligin degerlendirilmesi; K1y alan1 6rnekleri
Evaluation of monoaromatic hydrocarbon source pollution sediments; Samples from coastal areas
Selma Unlii, Bedri Alpar
Cevresel jeokimyasal modellemenin gerekliligi
Requirement of environmental geochemical modeling
Sevgi Tokgoz Giines, Cihan Giines, Murat Tokcaer
Jeolojik numunelerde EDXRF spektrometresi ile ana bilesen tayini
Determination of main components by EDXRF spectrometer in geological samples
M. Akif Cimenoglu, Aml Cetinoglu, Murat Kayar, Seref Giicer
Diinyada ve Tiirkiye’de jeokimya veritabani ¢aligmalari
Geochemical baseline studies around the World and Turkey
Cahit Donmez, Hayrullah Yildiz, Pinar Sen, Yahya Ciftci, Sabriye Metin, Ayse Demirci
Sequential extraction of vanadium in different soil samples using conventional and ultrasonic devices
Jameel Ahmed Baig, Latif Elci, Tasneem Gul Kazi
Kogcali Karmasig1 (Adryaman) ile iliskili mangan cevherlesmelerinin jeokimyasi
The geochemistry of the manganese mineralizations related to the Kog¢ali Complex (Adiyaman)
Burcu Goren, Mustafa Akyildiz
Sinandede (Sindirgi-Balikesir) bolgesi kalk-alkalen volkanizmasinin ve iliskili kaolen olugsumlarinin jeokimyasal
ozellikleri
Geochemical properties of Sinandede (Sindirgi-Balikesir) region calc-alkaline volcanism and associated kaoline
formations
Fazh Coban, Gokhan Biiyiikkahraman, Ciineyt Bircan
Kizildere jeotermal sahasinda gozlenen alterasyon mineralleri ve jeotermal enerji potansiyeli agisindan
degerlendirmesi
Geothermal energy potential evaluations of alteration minerals, determined and observed at Kizildere geothermal field
Ayse Uzuna, Fiisun S. Tut Hakhdir
Yesilbaglar-Kaban (Olur-Erzurum) alterasyon zonlarmin genel 6zellikleri
General features of Yesilbaglar-Kaban (Olur-Erzurum) alteration zones
Giizide Onal, Mustafa Akyildiz
Giirece stogunun (Lapseki—Canakkale) U/Pb LA-ICP-MS zirkon jeokronolojisi ve tektonik ortami
U/Pb LA-ICP-MS zircon geochronology and tectonic setting of the Giirece stock (Lapseki-Canakkale)
Ahmet Cem Korkmaz, Namik Aysal, Petek Ayda Ustadmer, Irena Peytcheva
Giiclinkaya (Aksaray) granitoyidinin jeokimyasal - petrolojik incelenmesi, Orta Anadolu, Tiirkiye
The geochemical-petrologic investigation of Giiciinkaya (Aksaray) granitoyid Central Anatolia, Turkey
Bahattin Giillii, Mustafa Yildiz
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Kuzeybati Anadolu granitik pliitonlarinin ( Ilica-Samli ve Cataldag ) iz element ve radyojenik izotop karakteristikleri
Trace element and radiogenic isotope characteristic of Northwest Anatolian granitoids (Ilica-Samli and Cataldag)
Daghan Celebi, Nezihi Kopriibasi

Hatildag sahas1 (GOyniik-Bolu) bitiimlii seyllerinin ¢imento sanayinde kullanilabilirligi

Usability of Hatildag (Géyniik/Bolu) bituminous shale in cement industry

Ayse Yurtoglu, Ali Sar, Siikrii Ko¢, Tugba Unver, Ceyda Uzun

Oligosen yash Hayrettin Formasyonu komiirlerinin (Denizli/Tiirkiye) organik jeokimyasi

Organic geochemistry of the Oligocene Hayrettin Formation coals (Denizli/Turkey)

Demet Banu Koralay

Organik maddece zengin kayaglarin (Kiirnlig-Goyniik/Bolu) organik karbon miktarmin petrol tiirim potansiyeline
etkisinin incelenmesi

Investigation on the effect of the organic carbon quantity of the organic matter rich rocks (Kiirniig-Goyniik/Bolu) on the
oil generating potential

Ekin Ozakar, Ali Sar, Siikrii Kog¢

Depolanma ortami paleoredoks kosullarinin element birikimine etkisi, Hatildag sahasi (Bolu)

The paleoredox conditions of deposition environment’s effect on element accumulation, Hatildag field (Bolu)

Irem Ilbay, Ali San, Siikrii Ko¢

Daghacilar giineyi (Goyniik/Bolu) bitiimlii kayaglarinin hidrokarbon tiiriim potansiyellerinin incelenmesi

The investigation of hydrocarbon generation potential of the bituminous rocks in the south of Daghacilar (Goyniik/Bolu)
area

Sonay Bozkurt, Ali Sari, Siikrii Ko¢

Organik kokenli kayaclarin (Hatildag-Bolu) depolanma ortami redoks kosullarinin belirlenmesi

The determination of depositional environment’s redox conditions for organic source rocks (Hatildag area-Bolu)
Tugcan Yarici, Ali Sar, Siikrii Ko¢

Bozova (Antalya-Tiirkiye) yoresi Mesozoyik karbonat birimlerinin organik petrografik ve jeokimyasal 6zellikleri.
Organic petrographical and geochemical features of the Mesozoic carbonate units, Bozova (Antalya), Turkey.

Selin Hokerek, Orhan (")zg:elik, Ferhat Acar

Kuru ortam gol ¢okellerindeki evaporit minerallerinin aster uydu goriintiisii kullanilarak spektral eslestirme simiflamasi
ile belirlenmesi: Acig6l (Denizli), Turkiye

Determination of evaporite minerals in dry land lake sediment by endmember collection classification using aster
remote sensing image: Lake Acigol (Denizli), Turkey

Mubhittin Karaman, Murat Budakoglu, Mustafa Kumral, Z.Damla Uca Avci, Suat Tasdelen, Ali Biilbiil, S.
Burak Karabel

Yerlesim alanlarinda yiizey ve derinlik Manyetik Siiseptibilite dl¢limlerinin karsilastirilmasi, Denizli 6rnegi

The corelation of measurements of the surface and the depth of Magnetic Susceptibility, Denizli samples

Ali Aydin, Didem Tanik Denis

Siitun bazaltlarin olusumunda meydana gelen dokusal ve jeokimyasal degisimler: Giivem — Kizilcahamam (Ankara)
Textural and geochemical changes occurring in the formation columnar basalt: Giivem - Kizilcahamam (Ankara)
Ozgiir Yedek, Kiymet Deniz, Bahattin Giillii

Kaya yiinii 6zelligi tasiyan bazaltlarin jeokimyasal 6zelligi ve Tiirkiye’den drnekler

Geochemical features of the basalts capable in using as rock wool: Examples from Turkey

Ridvan Kusoglu, Biisra Kabakel, Yusuf Kagan Kadioglu

Balcili (Artvin-Yusufeli) Granitoidlerinin alterasyon zonlar1 ve cevherlesme ile iligkisi: Dogu Karadeniz, Tiirkiye
Relationship between mineralization and alteration zones of Balcili (Artvin-Yusufeli) Granitoids: Eastern Blacksea,
Turkey

Ali iskenderoglu

Jeotermal sularm balneoterapide kullanimi ve Tiirkiye’de balneoterapi

Usage of geothermal waters in balneotherapy and balneotherapy in Turkey

M. Kiirsat Dilmag
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Ergene havzasi, Corlu-Cerkezkdy kesimindeki yeralti sulariin hidrojeokimyasal degerlendirilmesi

Hydrogeochemical assessment of groundwaters of, Corlu-Cerkezkéy part of Ergene basin

Orhan Arkog

Jeotermal sularin farkli yontemlerle rezervuar sicakliklarinin karsilastirilmasi: Sandikli-Afyon drnegi

Comparison of the reservoir temperatures of the geothermal waters with different methods: A case study of Sandikli-
Afyon

Selma (Altinkale) Demer, Umit Memis, Nevzat Ozgiir

Alikoy (Kiitahya) ve civarindaki sularin jeokimyasal 6zellikleri

The geochemical properties of waters of Alikoy (Kiitahya) and its vicinity

Siikrii Arslan, M. Tahir Nalbantcilar

Karahayit, Golemezli ve Yenicekent (Denizli) jeotermal sularinin mineral doygunluklar ile kabuk tiirleri arasindaki
iliski

The relationship between mineral saturation and scale types of Karahayit, Gélemezli and Yenicekent geothermal
waters (Denizli)

Fatma Gokgoz, Mehmet Ozkul

Heybeli (Kizilkirse) Jeotermal sahasinin hidrojeokimyasal 6zellikleri tizerine 6n bulgular

A preliminary assessment about hydrogeochemical properties of the Heybeli (Kizilkirse) Geothermal area

Can Basaran, Ali Gokgoz, Ahmet Yildiz

Maden sularinin kimyasal bilesimleri ve igilebilirlikleri: Tiirkiye’den 6rnekler

Chemical composition and potableness of mineral waters: Examples from Turkey

Dilem Herdem, Metehan Keles, Kiymet Deniz, Yusuf Kagan Kadioglu

Denizli - Beyagag bolgesi kromit yataklarimin iz element jeokimyasi ve cevher mikroskobisi

Trace elements and ore microscopic investigation of Denizli-Beyagag¢ chromite deposits

Mustafa Kumral, Arif Karadag, Murat Soyal, Ayse Kiibra Akay, Salih Burak Karabel, Numan Elmas, Muhittin
Karaman, Murat Budakoglu

Gordes zeolitlerinin elek analizlerine gore kimyasal analiz sonuglarinin irdelenmesi

Review of chemical analysis by sieve analysis of Gérdes zeolites

Oykii Bilgin

Isotopic and trace-element analysis of the continental carbonates in the Ballik area, Denizli, Turkey

Hannes Claes, Jeroen Soete, Rudy Swennen, Anneleen Foubert, Mehmet Ozkul, Mehmet Oruc¢ Baykara

Baklan Graniti (Muratdag1 Bolgesi, Bat1 Anadolu) ile iligkili skarn cevherlesmelerinin jeokimyasal ve izotopik (534S,
Pb) 6zellikleri

Geochemical and isotopic (034S, Pb) signatures of skarn mineralizations associated with Baklan Granite (Muratdagt
Region, Western Anatolia)

M.Selman Aydogan, Omer Akinci

Mus barit yataklarmin jeololojik ve endiistriyel 6zellikleri

Geological and industrial features of Mug barite deposits

H. Alim Baran, Mustafa Kumral, Hulusi Kargi, Suat Tasdelen

Kaman-Kirsehir metamorfiklerinin intriizif kiitlelerle olan iligkisi: Kaman, Kirsehir, Tiirkiye

Relations between Kaman-Kirsehir metamorphic rocks and intrusive rocks: Kaman, Kirsehir, Turkiye

Cumhur Ozcan Kili¢, Yusuf Kagan Kadioglu

Genisleme ile iliskili granitoyidlerde ana, eser element ve Sr-Nd-Pb izotop verilerinin incelenmesi: Menderes ve
Kikladik metamorfik ¢ekirdek kompleksindeki granitoyidlerin karsilastiriimasi

Combined major, trace element and Sr-Nd-Pb isotope studies of extension related granitoids: correlation of granitoids
in the Menderes and Cycladic metamorphic core complexes

Fuat Erkiil, Sibel Tatar Erkiil

Fluorit Olusumunda Alkali Magmatik Kayalarin Onemi: i¢ Anadolu’dan Ornekler

The Importance of Alkaline Igneous Rocks in the Formation of Fluorite: Examples from the Central Anatolia

Biisra Kabakei, Kiymet Deniz, Cumhur Ozcan Kili¢, Bahattin Giillii
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Ankara-Kalecik-Tilkikdy, Amasya-Giimiishacikdy-imirler ve Bayburt-Everekhanlar1 civarlarinda yiizeylenen alkalen

volkanitlerin mineralojik ve jeokimyasal 6zellikleri

Mineralogical and geochemical features of alkaline volcanics from Ankara —Kalecik-Tilkikoy, Amasya-Giimiishacikoy- 236
Imirler and Bayburt-Everekhanlar: areas

Handan Tiizenli, Emre Aydin¢akir, Ciineyt Sen

Civanadag bolgesi (Gligii-Balikesir) magmatik kayaglarinin jeokimyasal 6zellikleri

Geochemical properties of the magmatic rocks in the Civanadag region (Giigii-Balikesir) 237-238
Murat Kalkan, Yahya Ozpinar, Baris Semiz

Kars Volkanik Platosu'nun Cildir (Ardahan ili) kuzeyindeki kesiminin volkano-stratigrafisi, petrolojisi ve kimyasal

stratigrafisi

Volcano-stratigraphy, petrology and chemical-stratigraphy of the Kars Volcanic Plateau in the north of Cildir 239-240
(Ardahan), NE Turkey

Olgun Duru, Mehmet Keskin

Toygar volkanitinin (Alasehir-Manisa) petrografik ve jeokimyasal 6zellikleri

Petrographic and geochemical properties of the Toygar volcanics (Alasehir-Manisa) 241-242
Tamer Koralay, Yusuf Kagan Kadioglu

Dogu Pontidler, Kirnm ve Kiigiik Kafkaslarda yiizeylenen Jura yasli volkanitlerin mineralojik ve jeokimyasal

ozelliklerinin karsilagtirilmasi

Jurassic volcanic rocks of Eastern Pontides, Crimea and Lesser Caucasus: A comparison of mineralogical and 243-244
geochemical features

Tiilay Bak, Ciineyt Sen

Karacabey Plutonunun (Bursa, KB Tiirkiye) Jeokimyasi ve U/Pb LA-ICP-MS zirkon jeokronolojisi

Geochemistry and U/Pb LA-ICP-MS Zircon Geochronology of Karacabey Pluton (Bursa, NW Turkey) 245-246

Namik Aysal, Irena Peytcheva

Tepkisel yollu (ileri) modelleme ve &rnek bir uygulama: Asit maden drenaji
Reaction path (Forward) modeling and a example application: Acid mine drainage 247-248
Cihan Giines, Sevgi Tokgoz Giines, Murat Tokcaer

Ters jeokimyasal modelleme ve 6rnek bir uygulama: Asit maden drenaji

Inverse geochemical modeling and a example application: Acid mine drainage 249-250
Murat Tokg¢aer, Cihan Giines, Sevgi Tokgoz Giines

Bilecik ilindeki hava kalitesinin trend analizi ile belirlenmesi

Determination of air quality by using the trend analysis in Bilecik Province 251
Siiheyla Yerel, Nurgiil Ozbay

Alifaki topraklarinin jeokimyasal 6zellikleri

Geochemical properties of Alifak: soils 252
Tiilay Tuncay, Yusuf Kagan Kadioglu, ilhami Bayramin

Kirka (Eskisehir), Bigadi¢ (Balikesir) ve Emet (Kiitahya) bor yataklari bolgesinde Mn, Zn, Cu, Ni ve Co igin
biyojeokimyasal anomalilerin arastirilmasi

An investigation of the biogeochemical anomalies for Mn, Zn, Cu, Ni and Co in the Kirka (Eskisehir), Bigadic 253
(Balikesir) and Emet (Kiitahya) boron deposits area

Zeynep Ozdemir, Semiha Zorlu, Mustafa Akyildiz

Denizli ili yerlesim alanina ait agir metallerin derinlik anomalilerinin Manyetik Siiseptibilite dl¢timleri ile incelenmesi
Investigations the anomalies with measurements of the Magnetic Susceptibility and heavy metals along the depth

254-255
profiles in Denizli city
Hilal Ormeci, Fatih Akbay, Ali Aydin
Piitiirge metamorfitlerine ait zirkonlarin i¢ yapisi ve metamorfik siire¢
Structural characteristic of zircons and metamorphic process 256-257

Cihat Ates, Ayse Didem Kili¢



Refahiye (Erzincan) Ofiyoliti’nin yas1 ve jeokimyasal 6zellikleri

The age and geochemical characteristics of Refahiye (Erzincan) Ophiolite

ismail Emir Altintas, Omer Faruk Celik, Giiltekin Topuz, Gonen¢ Go¢mengil, Mutlu Ozkan

Haydarli (Sandikli, Afyon, GB Anadolu) yoresinin jeolojisi ve Miyo-Pliyosen volkaniklerinin petrografisi ve
jeokimyasi

Geology of the Haydarli (Sandikli, Afyon) district, SW Anatolia, and petrographical and geochemical characteristics
of Mio-Pliocene volcanics

Menekse Zerener, Kamil Yilmaz

Acipayam-Beyagac (Denizli) dolayindaki rodenjitlerin petrografisi ve jeokimyasi

Petrography and geochemistry of rodingites around Denizli-Acipayam and Beyagag (Denizli)

Yahya Ozpinar, Serkan Kahriman, Baris Semiz

Mermerlerin parlatilmasinda mineralojik-petrografik ve jeokimyasal 6zelliklerin etkisi

The influence of mineralogical-petrographical and geochemical properties on polishing of marbles
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ONSOZ

Degerli Katilimcilar,

Glinlimiizde, jeokimya, yeralti kaynaklarimizin  degerlendirilmesinden  iklim
degisimlerine kadar yerbilimlerinin pek c¢ok farkli alaninda giderek artan bir sekilde
kullanilmaktadir. Bu artista aletsel analiz yontemlerinde ve bilgisayar teknolojilerindeki
gelismelerin biiylik paytr olmustur. Ortaya c¢ikan bilgi birikimi gerek ulusal, gerekse
uluslararasi diizeydeki kongre, sempozyum ve yayinlar yoluyla paylasilmaktadir.

Ulkemizde ulusal diizeyde her iki yilda bir farkli ilde ve farkli {iniversiteler tarafindan
diizenlenmekte olan Jeokimya Sempozyumlari’nin besincisi bu yil 23 - 25 Mayis 2012
tarihlerinde ~ Pamukkale  Universitesi  Jeoloji ~ Miihendisligi'nin ev  sahipliginde
gerceklestirilmistir. Bu vesileyle sempozyumun gergeklesmesindeki katkilarindan dolay1
Sayin Rektor Prof. Dr. Hiiseyin Bagci’ya diger {iniversite yoneticilerine ve Jeoloji
Miihendisligi Boliim Baskanligi’na Diizenleme Kurulu adina tesekkiirlerimizi sunariz.

Sempozyumda 12 cagrili, 92 so6zlii ve 60 poster olmak iizere toplam 164 bildiri
sunulmustur. Bildirilerin yaklasik % 10’u basta Avrupa iilkeleri olmak iizere, yurt dist
katilimlardan olusmaktadir.

Sempozyumun ger¢eklesmesinde oncelikle bildirileri ile katilan meslektaslarimiz olmak
lizere, emegi gecen diizenleme kurulu, bilim kurulu ve kurum temsilcisi arkadaglarimiza ve
maddi desteklerini bizlerden esirgemeyen kamu ve 6zel kuruluslarimiza siikranlarimizi

sunuyoruz.

Diizenleme Kurulu
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TURKIYE PETROLLERI ANONIiM ORTAKLIGI SON DONEM
PETROL ARAMA FAALIYETLERI VE AKDENIZ’DEKI YENI
GELISMELER
OIL EXPLORATION ACTIVITIES of THE TURKISH PETROLEUM
CORPORATION in THE LAST PERIOD and NEW DEVELOPMENTS in
MEDITERRANEAN

Omer Sahintiirk
" Tiirkiye Petrolleri Anonim Ortakligi — Ankara, (osahinturk@tpao.gov.tr)

Ozet: Avrupa, Orta Dogu, Kuzey Afrika, Kafkasya, Hazar Bolgesi ve Orta Asya
cografyalarinin ortasinda yeralan Tiirkiye, bu bdlgelerin enerji nakil hatlar ile baglanmasinda
stratejik bir gorev ilistlenmektedir. “Enerji Koridoru” olma siirecini yasayan lilkemiz bu
konuda sahip oldugu jeopolitik durum, tecriibe ve istikrar unsurlariyla her gegcen giin biraz
daha 6nem ve gliven kazanmaktadir.

Tiirkiye’ nin birincil enerji tiiketiminin % 62’si petrol ve dogalgaz ile karsilanmaktadir.
Enerjide disa bagimliigimiz % 75 iken, petrolde % 93, dogalgazda ise % 97 oranindadir.
2010 yilinda tilkemizin petrol ithalat faturasi bir 6nceki yila gore % 38.6 artarak yaklasik 21
milyar dolar, dogalgaz ithalat faturasi ise, % 22 artigla yaklasik 14 milyar dolar olarak
gerceklesmistir. Tirkiye toplam ithalatinin % 19 unu petrol ve dogalgaz ithalati
olusturmaktadir. Enerjide % 75 oraninda disa bagimli olan iilkemizin ucuz, siirekli, giivenilir,
stirdiiriilebilir sekilde kaynaklara ulagabilmek icin ulusal ve kamusal ¢ikarlara dayali enerji
stratejisiyle programlar tasarlamasi ve uygulamasi gerekmektedir. Kiiresel enerji talebindeki
artisa paralel olarak, ekonomik gelisme ve refah diizeyindeki ylikselme ile birlikte,
Tiirkiye’nin enerji ihtiyaci da hizli bir sekilde artmaktadir. 2023 yilina kadar, iilkemizin petrol
ve dogal gaz ithalatina odeyecegi faturanin 500 Milyar Dolarin iizerinde olacagi
Ongorilmektedir.

Ulkemizde 1934 yilindan 2010 yili sonuna kadar 76 yillik siiregte, toplam 3932 adet
hidrokarbon hedefli kuyu agilmis olup bunlarin 1517’si arama, 740’1 tespit, 1556°s1 iiretim,
31’1 enjeksiyon ve 88’1 istiksaf kuyusudur. Bu kuyularla yaklagik 7350 kilometre sondaj
yapilmistir. Acilan bu arama kuyulart sonucunda ise 128 adet petrol sahasi ile 65 adet
dogalgaz sahas1 kesfi yapilmistir. Bu sahalardan 2010 y1l1 sonuna kadar 133.5 milyon ton ham
petrol ve 11.03 milyar m3 dogalgaz iiretimi gergeklestirilmistir. 2010 yil1 sonu itibariyle kalan
tiretilebilir yurti¢i toplam petrol rezervimiz 292 milyon varil (43 milyon ton) olup, yeni
kesifler yapilmadigi takdirde, bugiinkii iiretim seviyesi ile yurti¢i toplam ham petrol
rezervlerimizin yaklasik 17 yillik bir é6mrii bulunmaktadir. 2010 yil1 sonu itibariyle kalan
tiretilebilir yurti¢i toplam dogal gaz rezervimiz ise 6,2 milyar m3’tir. Yeni kesifler
yapilmadig: takdirde, bugiinkii liretim seviyesi ile yurti¢i dogal gaz rezervlerimizin 8,6 yillik
bir dmrii bulunmaktadir.

Tiirkiye’deki petrol sahalarmin % 10’u 25-500 milyon varil rezerve sahip iken, kalan %
90’1 rezervi 25 milyon varilden azdir. Baska bir deyisle, Tiirkiye’de kesfedilmis petrol
sahalarinin % 90’1 kiiclik saha % 10’u ise orta biiylikliikkte saha sinifindadir. TPAO olarak
bizim hedefimiz oncelikle iilkemizin kendi kaynaklarin1 aramak, gelistirmek, iiretmek ve en
uygun bicimde ekonomiye kazandirmaktir. Ozellikle Giineydogu Anadolu ve Trakya
bolgesinde gelisen teknolojiye bagli olarak olusturulacak arama ve iiretim stratejileri ile yeni
alanlarin kesfi ve ekonomiye kazandirilmasi miimkiin olacaktir. 2000’li yillarin ortalarindan
itibaren sondaj Oncesi arama yatirimlarinin artmasina paralel olarak yillik 100 kuyu civarinda
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sondajla 200 bin metreye yakin metraj gerceklestirilmistir. Arama ve sondaj faaliyetlerinin
artmastyla son yillarda Trakya’da yeni gaz sahalari, Giineydogu’da ise petrol sahalarinin kesfi
yapilmistir. Bunun neticesinde petrol ve gaz {iretim trendi yiikselise ge¢mistir. Mevcut petrol
potansiyelimizin tespiti, iiretilmesi ve ekonomimize kazandirilmasi i¢in kara alanlarimizin
yani sira, son yillarda denizlerimizdeki arama faaliyetlerine de agirlik verilmistir. Petrol ve
dogal gaz fiyatlarindaki artig, gelisen teknolojiye paralel olarak azalan {iretim maliyetleri,
yogun tanitim programi, Karadeniz Havzasini, petrol sirketlerinin ilgi odagi haline getirmistir.
Derin deniz aramaciliginda yapilan yatirimlarin oldukga biiyiik riskler tagimasi nedeniyle,
uluslararas1 sirketlerle riskler paylasilarak faaliyetler siirdiirilmektedir. Bu faaliyetler
kapsaminda son yillarda 5 adet derin deniz kuyusunun sondaji1 ger¢eklestirilmistir. Karadeniz,
jeolojik olarak zamanda ve mekanda farkli playlere sahiptir ve bunlarin sabirla ve hassas
sekilde calisilarak test edilmesi gerekmektedir.

Bir yandan Karadeniz’deki faaliyetler devam ederken, Misir ve Israil deniz alanlarinda
gerceklestirilen zengin dogal gaz rezervleri Dogu Akdeniz’in de 6nemini arttirmistir. TPAO
olarak Karadeniz’deki tecriibelerimizi Akdeniz’e aktarmak ve bu bolgede onemli bir rol
oynamak amaciyla gerekli girisimlerimiz son hiziyla devam etmektedir.

Anahtar Kelimeler: TPAO, Enerji, Sondaj, Dogu Akdeniz
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GEOCHRONOLOGY of THE SIMAV DETACHMENT FAULT and ITS
TECTONIC IMPLICATIONS for the EVOLUTION of the NORTHERN
MENDERES MASSIF (WESTERN TURKEY)

Muharrem SATIR'

I Universitdt Tiibingen Institut fiir Geowissenschaften Isotopengeochemie-Germany

Abstract: In the northwestern edge of the Tauride-Anatolide platform is observed as laterally
continous tectonic zones which were experienced different history of metamorphism. These
tectonic zones (Menderes Massif, Afyon, Tavsanli and Izmir-Ankara) were assembled together
by the collision of the Sakarya continent and the Tauride-Anatolide platform.

U-Pb ages indicate generally 600 - 550 Ma for the gneissic rocks of the Menderes
Massif. Carboniferous age is determined for a magmatic suite of the Afyon Zone. From the
syntectonic metagranites and gneiss, which emplaced during the Main Menderes
Metamorphism, a minimum concordant age between 32-30 Ma and lower intercept point of
discordant line indicate ca. 30 Ma were determined.

Field occurences, geochemical characteristics and U-Pb geochronological ages on
zirkons 23-20 Ma and Rb - Sr on biotites 19+-1 Ma of Early Miocene granitic plutons
(Egrigoz, Alacam, Koyunoba, and others) show close similarities with the other Oligo-
Miocene in NW Anatolia.

Rb-Sr muscovite, brown and green biotite ages from the foliated cataclasites are 30 Ma,
17-13 Ma and 12-10 Ma. The coexistence of brown and green biotites in the same sample
indicates effective retrogressive processes associated with detachment faulting during which
green biotites have recrystallized from primary brown biotites with an age of 20+-2 Ma in
this area. This further means that the isotopic system became opened during the fault activity
and that the green biotite ages therefore records the activity of the fault and low Titanium
concentration.

Key Words: Simav, Menderes Massif, detachment fault, U-Pb geochronology, Rb-Sr age
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USING MINERAL COMPOSITIONS and ZONING TO UNDERSTAND
THE GROWTH of A MID-CRUSTAL PLUTON, KLAMATH MOUNTAINS,
CALIFORNIA, USA

Calvin G. Barnesl, Nolwenn Coint, Aaron S. Yoshinobu, Melanie A. Barnes
" Dept. of Geosciences, Texas Tech University, Lubbock, TX 79409-1053 USA

Abstract: The nature of magma emplacement into the crust has been a source of controversy at least
since Hutton’s time. Debates revolve around the mechanisms of magma emplacement, the sizes of
magma batches, the degree of interconnectedness of magma batches, the process of magma evolution,
and the relationship between plutonism and volcanism. One of the causes of debate is the fact that
most plutons are exposed in two dimensions (horizontal view) so that information about the vertical
dimension is lacking. We have studied the geochronology, bulk-rock compositions, and mineral
chemistry of the Wooley Creek batholith (WCb), which was tilted after emplacement and now exposes
about 9 km of structural relief. As such, we have the opportunity to track magma emplacement and
evolution in four dimensions.

The WCb was emplaced across three lithotectonic terranes. High-precision U-Pb dating indicates
the earliest magmatism began at 159-158 Ma in the structurally deepest levels (~700-800 MPa). This
older, lowest part of the batholith formed by emplacement of multiple batches of predominantly
andesitic magmas. Each batch evolved independently, as is shown by the range of major and trace
element compositions of augite. For example, although augite is normally zoned in terms of trace
elements, individual samples show distinct compositional fields rather than uniform zoning that would
be expected in a large, convecting magma. Mafic magmas also intruded the lower WCb and are now
represented by melagabbro and pyroxenite dikes and related bodies. Mingling between these mafic
magmas and the more common andesitic magmas occurred locally, as shown by transfer of pyroxene
crystals between the two rock types. Despite the evidence for emplacement of the lower WCb in
multiple batches, bulk-rock Sr isotope data and oxygen isotope compositions of zircon suggest that the
magmas were derived from a common lower crustal ‘hot zone’.

The upper WCb (area of ~170 km’) has been dated from 158 to 156 Ma and is upwardly zoned
from mafic tonalite to granite and similar rocks crop out as dikes (‘roof dikes’) in the structurally
highest parts of the contact aureole. Bulk-rock compositions indicate upward zoning was caused by
crystal-liquid separation and support the origin of the roof dikes as magmas from the underlying
pluton. All samples of the upper unit contain hornblende, biotite, quartz and two feldspars, with the
proportion of quartz and K-feldspar increasing upward. Plagioclase is weakly zoned and commonly
shows one or two compositional reversals and hornblende is zoned from olive cores to green rims. The
REE patterns of hornblende are virtually identical throughout the upper WCbh and in the roof dikes.
We interpret the overall similarities in texture, mineral assemblage and mineral compositions within
the upper WCb to result from wholesale communication of melt within the unit. Most probably, this
effect resulted from convective overturn of the upper WCb magma, followed by late-stage upward
migration of melt to form the zoning observed in the system.

Convective overturn requires an addition of heat near the base of the upper WCb. Evidence for
this influx is found in the ‘central zone’: the one- to two-km wide transition zone between lower and
upper parts of the batholith. The central zone is characterized by multiple sheets of tonalitic through
gabbroic rocks. The sheets show a range of styles of magmatic deformation, from ductile stretching
and folding through formation of mafic enclaves and on to brittle fracturing and disruption.
Hornblende compositions in this zone indicate a magmatic component related to the upper WCb, but
augite compositions indicate crystal transfer from lower WCb magmas. We therefore interpret the
central zone as the location where hot, mafic to intermediate magmas underplated the upper WCb
magma and provided the heat necessary for convective overturn.

Key Words: Crustal magma systems, zoning, mineral chemistry, emplacement.
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SICAK KURU KAYALAR VE TURKIYE’DEKI POTANSIYELI

Yusuf Kagan Kadloglul’2
E Ankara Universitesi Jeoloji Miihendisligi Boliimii, Ankara (kadi@ankara.edu.tr)
* Ankara Universitesi Yerbilimleri Uygulama ve Arastirma Merkezi (YEBIM), Ankara, Tiirkiye

Ozet: Alpin Orojenezi icerisinde sekillenen Tiirkiye pek ¢ok gen¢ magmatik aktivitelere
sahne olmustur. Bu aktiviteler neticesinde hazne kayalar petrol birikimi ag¢isindan Snemli
Olclide Ozelligini yitirmistir. Ancak derinden gelen magmatik sokulumlar ve beraberindeki
yiiksek 1s1 akilar1 yeralt1 su sistemlerini 1sitmaya ve derindeki susuzuz yapilart sicak tutmaya
neden olmustur. Var olan bu 1s1 akilar1 yenilenebilir enerji kaynagma doniistiirmek
miimk{indiir.

Konvansiyonel jeotermal kaynaklar s1g gomiilii gen¢ magmatik kiitlelerinin ilettikleri 1s1
akis1 etkisiyle yeraltindaki bosluk ve kiriklarda biriken sularin 1sinmasina ve sicak akigkan
hale gelerek yukar1 dogru ¢ikmaktadir. Bu kaynaklarin debileri ortamdaki yagan yagmurun ve
su beslenme havzasina bagl olarak degismektedir. Bununla birlikte derindeki konveksiyonla
dolasimin beraberinde pek ¢ok zararl (B, As, Pb, Fe, gibi) elementlerin akiskan ile birlikte
yukar1 dogru getirmektedir.

Sicak Kuru Kayalar (SKK) yerin altinda gomiilii, kuru ve su icermeyen intriizif kiitlelerin
ilettikleri 1s1 sayesinde ¢evre kayalarin 1sinmastyla olusan sistemdir. Isitict intriizif kiitlenin
verecegi 1s1 miktari; yasi, derinligi, biiylkligi, ortii kaya bilesimi ve yapisina bagh olarak
degismektedir. Bu tiir yapilara derin sondajlarla verilen soguk sular 1s1 akisi sayesinde
isitilmakta ve buhar enerjisine doniiserek 1s1 enerjisine ¢evrim dongiisii igerisinde
dontstiirmek mimkiindiir.

Tiirkiye Miyosen ve sonrasi genis bir magmatik faaliyete sahne oldugu i¢in sicak kuru
kaya potansiyeli olduk¢a yiiksek goriinmektedir. Bu ¢alismada Tiirkiye jeotermal
kaynaklarinin yayilimlar1 ve Sicak kuru kaya potansiyeli ele alinarak jeoloji, petrografi ve
jeofizik yontemlerle irdelenerek ortaya konulmustur. Dogu Anadolu, Orta Anadolu ve Bati
Anadolu volkanik kompleksleri bu sisteme birer 6rnektir.

Anahtar Kelimeler: Sicak Kuru Kaya, Jeotermal, Jeofizik, Magmatizma
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HOT DRY ROCKS and THEIR POTENTIAL in TURKEY

Abstract: Turkey has been formed in the alpine oogenesis and implies too many young
magmatic activities. These magmatic activities may cause to destroy the accumulation of oil
within the reservoir rocks in the region. However, the injection of the magma to the upper
crust with their heat flow cause to heat up the reservoir of the groundwater and keep the bed
rock in a warm system. The resulting heat flow within this system may convert to the energy
resource in the region.

Conventional geothermal systems are derived from the heating up of the accrued ground
water within the fault gaps and porosity of the rocks during the injection of the young
magmatic rocks by their heat flow within the region and resulting hot water resource in the
region. The flow capacity of these hot reservoir water depend on the rain flow and to water
alimentation of the basin in the entire region. On the other hand the convection of the heat
flow within the reservoir rocks will also cause to bring up and solve the harmful (B, As, Pb,
Fe ) elements from the bed rocks and act within the flow.

Hot dry rocks (HDR) are completely buried impermeable homogeneous crystalline rocks
at a temperature which can conduct heat flow to produce a high amount of energy. The heat
flow of the HDR systems can be cause to heating up of all the caps and wall rocks of the
intrusive unit in the region. The amount of the heat flow depend on the age, depth, size of the
intrusive unit and to the composition and structural geology of the cap rocks within the
region. The normal water can be forward by the production well to obtain the heating flow
from the injection well to produce the heat energy in the convection cycle of the HDR system.

Turkey has a high potential of the hot dry rock system because of the presence of a huge
amount of the magmatic activity during Miocene and late Miocene. The distribution of the
geothermal area, potential of the hot dry rocks on the bases of the geology, petrography and
the geophysical anomaly of Turkey are the main scopes of this study. Eastern Anatolia,
Central Anatolia and Western Anatolia volcanic province are formed a good expels for this
systems.

Key Words: Hot dry Rocks, Geothermal, Geophysics, Magmatisim



V. JEOKIMYA SEMPOZYUMU 5" GEOCHEMISTRY SYMPOSIUM
23-25 Mayis 2012 23-25 May 2012
Pamukkale Universitesi - Denizli Pamukkale University — Denizli / TURKEY

CATALDAG GRANITOYIDININ (SAKARYA ZONU, KB ANADOLU)
IZOTOPIK VE JEOKIMYASAL OZELLIKLERI

Ayse Orhan', Halim Mutlu® ve Yuexing F eng3
"“Nevsehir Universitesi, Jeoloji Miihendisligi Boliimii — Nevsehir, (ayse.orhan@nevsehir.edu.tr)
% Eskisehir Osmangazi Universitesi, Jeoloji Miihendisligi Béliimii - Eskisehir, (hmutlu@ogu.edu.tr)
* Queensland University, Radiogenic Isotope Facility - Australia, (y.feng@ugq.edu.au)

Ozet: Anatolid-Torid Blogu ile Sakarya Kitasinin carpismasini takiben, Oligo-Miyosen
déneminde Izmir-Ankara Kenet Zonunun kuzeyinde yaygin sekilde pliitonik aktivite
(Kapidag, Kestanbol, Evciler, Eybek, Kozak, Ilica ve Cataldag granitoyidleri) olugsmustur.
Kuvars-diyorit ile granit arasinda bilesim sergileyen bu intriizyonlar yiliksek-K’lu kalk-alkalen
ve metaluminyumlu I-tipi karakterleri ve ayrica iz element 6zellikleri bakimindan volkanik
yay granitlerini temsil ederler.

Izmir-Ankara Kenet Zonunun kuzeyinde yer alan Cataldag Granitoyidi Paleozoyik ve
Mesozoyik yasli metamorfik ve Ust Kretase yasli ofiyolitik kayaglara sokulum yaparak
yerlesmistir. Holokristalin ve porfirik doku sunan granitoyidin kenar fasiyesleri aplit ve
pegmatit damarlar1 tarafindan kesilmistir. Granit-granodiyorit bilesimine sahip intriizyon,
yliksek-K’lu kalk-alkalen, peraliiminyum/metaliiminyum karakterli I-tipi pliiton oOzelligi
sunmaktadir. Nadir toprak element desenlerinde hafif nadir toprak (LRE) elementleri agir
nadir toprak elementlerine (HREE) gore zenginlesme gostermektedir. Okyanus sirt1 granitlere
gore normalize edildiginde ise LIL (K, Rb, Ba ve Th) elementlerin HFS (Ta, Nb, Hf, Zr, Y ve
Yb) elementlerine gore zenginlesen desenler sundugu goriiliir. Nb ve Zr elementlerinin
tiiketilmesi yitim zonu ile iligskili magmanin varligina isaret etmektedir. Tektonik ayirim
diyagramlarinda (Nb-Y, Rb/30-Hf-TaX3 ve Rb-Y+Nb) Cataldag Granitoyidi volkanik yay
granitleri (VAG) + carpismayla es zamanli (Syn-COLG) granitler alanlarina diismektedir.

Cataldag Pliitonundaki (kenar fasiyeslerden uzak alanlarda) kuvars ve plajiyoklaz
minerallerinin §'°0 izotop degerleri %o 8.95 ile 9.87 arasinda degismektedir. '*0/'°0 izotop
oranlarma gore pliiton I-tipi granitoyid 6zelligi sunmaktadir. Cataldag Granitoyidinin Rb-Sr
izokron yast 20.9 My ve ilksel *’Sr/**Sr oran1 0.707127 olarak belirlenmistir. Bu oran manto
ve kabuk karisimi melez bir magma kaynagina isaret eder.

Anahtar Kelimeler: Sakarya Zonu, Cataldag Granitoyidi, jeokimya, *’Sr/**Sr orani.
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ISOTOPIC and GEOCHEMICAL CHARACTERISTICS of THE
CATALDAG GRANITOID (SAKARYA ZONE, NW ANATOLIA)

Abstract: Following the collision of Anatolide-Tauride Block with the Sakarya continent, a
widespread plutonic activity (Kapidag, Kestanbol, Evciler, Eybek, Kozak, llica and Cataldag
granitoids) occurred at north of the Izmir-Ankara Suture Zone in the Oligo-Miocene. These
intrusions with composition ranging from quartz-diorite to granite represent volcanic arc
granites regarding their high-K calc-alkaline and metaluminous I-type character and trace
element compositions as well.

The Cataldag Granitoid at north of the Izmir-Ankara Suture Zone intruded into the
Paleozoic and Mesozoic aged metamorphites and Upper Cretaceous ophiolitic rocks. The
granitoid shows holocrystalline and porphyric textures and is cut by aplite-pegmatite dykes at
the margins. The intrusion ranging from granite to granodiorite is represented by an I-type
pluton with high-K calc-alkaline affinity and peraluminous to metaluminous melt
composition. In rare earth element patterns, light earth elements (LRE) are found to be more
enriched than heavy earth elements (HREE). Ocean ridge granite normalized element
distributions yield that abundance of LIL (K, Rb, Ba and Th) elements is greater than that of
HFS (Ta, Nb, Hf, Zr, Y and Yb) elements. Depletion of Nb and Zr elements is indicative of
subduction-related magma generation. In tectonic discrimination diagrams (Nb-Y, Rb/30-Hf-
TaX3 and Rb-Y+Nb), samples of the Cataldag Granitoid plot into the volcanic arc granites
(VAG) + syn-collisional granites (Syn-COLG) fields.

The 6"°0 values of quartz and plagioclase in the Cataldag Pluton (in distal parts of the
marginal facies) are in the range of 8.95 to 9.87 %o. Based on '*0/'°0 isotope ratios, the
pluton represents I-type granitoid character. Rb-Sr isochrone age of Cataldag Granitoid is
20.9 Ma and initial *’Sr/*5Sr ratio is found to be 0.707127 which yields a hybrid magma
source evolved both from mantle and crust.

Key Words: Sakarya Zone, Cataldag Granitoid, geochemistry, ¥’ Sr/*°Sr ratio.
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TAVSANLI ZONU GRANITOYIDLERININ RADYOMETRIK VE
DURAYLI IZOTOP JEOKIMYASI

Mehmet Demirbilek! ve Halim Mutlu®

" Eskisehir Osmangazi Universitesi, Jeoloji Miihendisligi Boliimii, 26480 - Eskisehir (demirbilek@ogu.edu.tr),
(hmutlu@ogu.edu.tr)

Ozet: Anatolid-Torid Blogunun kuzey ucunda yer alan ve kuzeyden Izmir-Ankara Kenet
Zonu, glineyden Afyon Zonu kayalar1 tarafindan sinirlanan Tavsanli Zonu Eosen yaslt denizel
cokellerin yan1 sira BKB-DGD yoniinde dizilim sunan bir dizi pliitonik kiitle ile temsil edilir.
Granodiyorit, granit ve monzonit arasinda bilesim sergileyen bu intriizyonlarin orta ve yiiksek
potasyumlu kalk-alkalen ve metaluminyumlu I-tipi karakterleri carpigsma sonrasi tektonik
ortamda olustuklarini vurgulamaktadir. Genis iyon yaricapli (LIL) elementlerin zenginlesmesi
ve Nb, Ta, P ve Ti bakimindan fakirlesme magma gelisiminde rol oynayan dalma-batma
stirecinin belirgin kayitlaridir.

Tavsanh intriizyonlarindaki farkli minerallerde dl¢iilen oksijen izotop bolluklart (%o 3.8-
13.0) normal I-tipi granitoyidler ile uyumlu ¢ikmistir. Ancak biyotit ve hornblend §'°0
oranlari, muhtemelen bozunmadan dolayi, diger minerallere gore diisiiktiir. Oksijen izotop
jeotermometreleri ile hesaplanan mineral kapanim sicakliklari 300-600 °C arasindadir.

Hornblend, biyotit ve feldspat minerallerinden elde edilen K-Ar yas araliklar1 sirasiyla
51.2-59.3, 47.6-52.5 ve 45.3-54.0 milyon yildir. Bu ¢alisma ve onceki aragtirmalardan elde
edilen radyometrik yas bulgulari, Orta-batt Anadolu’da c¢arpisma sonrast olusan
granotoyidlerin dogudan batiya dogru genglestigini gostermektedir (Orta Anadolu: Kretase-
Paleosen; Tavsanli zonu: Eosen ve Bat1 Anadolu Granitoyidleri: Miyosen).

Anahtar Kelimeler: Tavsanli Zonu Granitoyidleri, jeokimya, K-Ar, durayli izotop
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RADIOMETRIC and STABLE ISOTOPE GEOCHEMISTRY of THE
TAVSANLI ZONE GRANITOIDS

Abstract: The Tavsanli Zone on northern part of the Anatolide-Tauride Block, bordered by
the Izmir-Ankara Suture Zone at north and the Afyon Zone at the south, is represented by
Eocene marine sediments and a series of WNW-ESE extending plutonic masses. These
intrusions with composition ranging from granodiorite, granite to monzonite are
characterized by high-K calc-alkaline, metaluminous and I-type compositions which indicate
post-collisional tectonic setting. Enrichment of large ion lithophile elements and depletion in
Nb, Ta, P and Ti are the definite records of subduction process for the magma generation.

Oxygen isotope abundances measured on various minerals in Tavsanli intrusive rocks
(3.8-13.0 %o) are conformable with those of normal I-type granitoids. However, due to
alteration, 6"°0 ratios of biotite and hornblende are lower than other minerals. Mineral
closure temperatures computed with oxygen isotope geothermometers are in the range of 300
to 600 °C.

Ranges of K-Ar ages measured on hornblende, biotite and feldspar minerals are 51.2—
59.3, 47.6-52.5 and 45.3—54.0 Ma, respectively. Results of radiometric age determinations of
present work and previous studies indicate that post collisional granitoids in mid-west
Anatolia from become younger from east to west (Central Anatolia: Cretaceous-Paleocene;
Tavsanli zone: Eocene and Western Anatolian Granitoids: Miocene).

Key Words: Tavsanli Zone Granitoids, geochemistry, K-Ar, stable isotope
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YOZGAT INTRUZIF KOMPLEKSI’NDEKI SILISCE DOYGUN
OLMAYAN KAYACLARIN KOKENLERI, iC ANADOLU, TURKIYE

Musa Avni Akce' ve Yusuf Kagan Kadloglu2
1: Bozok Universitesi Jeoloji Miithendisligi Boliimii — Yozgat, (mavni.akce@ankara.edu.tr)
%: Ankara Universitesi Yerbilimleri Uygulama ve Arastirma Merkezi (YEBIM) — Ankara, (kadi@ankara.edu.tr)

Ozet: Yozgat Intriizif Kompleksi (YiK), Orta Anadolu Kristalen Karmasigi (OAKK)
icerisinde yayilim agisindan en biiyiik intriizif kiitle olup farkli karakterdeki granitik,
gabroyik, monzonitik ve siyenitik bilesimdeki kayaclardan olusmaktadir. Siyenitik kayaglar,
en tipik olarak Yozgat Intriizif Kompleksi’nin GD sunda Sivritepe ile Gedikhasanli civarinda
gbozlenmekte olup kuzeyde Miikremin’e dogru devam eden bir hat boyunca birbirinden
bagimsiz kiitleler halinde Asagikarahacili, Yazilitas ve Karlitepelerinde ve ayrica Gavurdagi
ile Kerkenez granitoyid birimlerinin her ikisini de keserek Caglayan civarinda yiizlek
vermektedirler. Foid iceren Sivritepe siyenitoyidleri olarak adlandirilan YIK siyenitik
kayaclari; siyenit, foid siyenit, melanitli foid siyenit, foid siyenit porfir, piroksenli foid siyenit
porfir, foid diyorit, fonolit ve pseudolosit fonolit bilesimine sahip kayaglardan olusmaktadir.
Sivritepe civarinda gozlenen foid iceren siyenitoyidler, genelde pembemsi gri ve gri renkli,
megakristalli magmatik lineasyon 6zelligine sahip nefelin ve ortoklaz igeren, mafik mineral
olarak amfibol ve kismen piroksen igeren porfirofaneritik dokulu kayaglardir. Sik eklem
sistemine sahip bu birimler icerisinde 1 cm den 10 cm ye kadar varan elips ve yassi elips
bi¢iminde mafik magmatik anklavlar goriilmektedir.

Tiim kayag jeokimyasi verilerine gore Foid igeren Sivritepe siyenitoyidlerinin ¢ogunlukla
alkalin karakterli, subalkalin karakterli olanlarin ise kalkalkalin yonelimli olduklari, K ve
sosonit serisinde yer aldiklari, aliiminyum doygunlugu acisindan metalumino karakter
sergiledikleri goriilmektedir. ORG’a gore normalize edilmis elementlerin bolluk diyagramlari
incelendiginde LIL elementleri (K, Rb, Ba ve Th) agisindan ORG normlarina gore oldukca
belirgin bir zenginlesme, HFS elementler (Ta, Nb, Ce, Hf, Zr, Y) agisindan ise kismen
fakirlesme sergilemekte olup kaynak magmanin kita kabugundan etkilendigi goriilmektedir.
Nadir toprak elementlerinin kondritlere gore normalize edilmis degisim diyagramlar
incelendiginde nadir toprak elementleri agisindan genel olarak diiz bir ¢izgi gostermelerinin
yaninda hafif nadir toprak elementlerinin, agir nadir toprak elementlerine gore zenginlik
sergiledikleri, buna goére bu magmada kabuksal malzemenin etkinliginin fazla oldugu
goriilmektedir. Tektonik ayirtman diyagramlarina gore ise ¢arpisma sonrasinda (post-COLGQG)
olustuklar1 goriilmektedir. Sivritepe foid siyenitlerinden alinmis hornblend &rneklerinden
YA °Ar yontemi ile 74.86 + 1.05 My soguma yasi tespit edilmistir. Biitin bu veriler
1s1¢1inda Yozgat Intriizif Kompleksi’ndeki Sivritepe siyenitoyidlerinin dalma-batma siirecinin
son agamasinda kabuk incelmesine bagli olarak gelismis silisce doygun olmayan alkalin
magmadan tliremis A-tipi granitoyidler oldugu sonucu ortaya konmustur.

Anahtar Kelimeler: Yozgat Intriizif Kompleksi, silisce doygun olmayan kayag, siyenit,
petroloji, jeokronoloji

11



V. JEOKIMYA SEMPOZYUMU 5" GEOCHEMISTRY SYMPOSIUM
23-25 Mayis 2012 23-25 May 2012
Pamukkale Universitesi - Denizli Pamukkale University — Denizli / TURKEY

THE NATURE of SILICA-UNDERSATURATED ROCKS WITHIN THE
YOZGAT INTRUSIVE COMPLEX, CENTRAL ANATOLIA, TURKEY

Abstract: Yozgat Intrusive Complex (YIC) comprises the biggest intrusive body and northern
part of Yozgat batholith, represents mainly by granite, monzonite, syenitoid and gabbroid
rock units

The Syenitoid mainly crop out to the SE part of the YIC around Sivritepe and
Gediklihasan area. These units mainly exposed as a trending line starting from the south
towards the north and cutting Gavurdagi and Kerkenez granite within the complex. The units
named as Sivritepe foid bearing syenitoid and are mainly composed of syenite, foid syenite,
melanite bearing foid syenite, foid syenite porphyry, pyroxene foid syenite, foid diorite,
phonolite and pseudoleucite phonolite. Sivritepe foid bearing syenitoid are pinkish gray and
gray green in color, have coarse grain size porfiophanartic texture with a magmatic lineation
and mainly composed of nepheline, orthoclase, amphibole and rare amount of pyroxenes.
These rock units have a clear joint cooling and have elliptical and flat elliptical mafic
magmatic enclave which sre ranging in size from 1 cm upto 10 cm.

Whole rock geochemistry reveals that Sivritepe foid bearing syenitoid have mainly
alkaline magma character, the subalkaline character are oriented to calcalkaline nature,
having K to shoshonitic series and have metalumina nature. ORG normalized elemental
patterns for Sivritepe Syenite reveal a clear enrichment in LIL elements (K, Rb, Ba ve Th) and
depleted with HF'S elements (Ta, Nb, Ce, Hf, Zr, Y). Chondrite normalized elemental patterns
of Rare earth elemental patterns reveal almost a slight trend of light rare earth elements with
respect to heavy Rare Earth Elements. Tectonic discrimination diagrams plots on the post-
COLG region. The *’Ar/’Ar dating of the hornblendes of Sivritepe syenitoid reveal an age of
74.86 = 1.05 Ma. All the geology, geochemistry data reveal that the Sivritepe syenitoid of
Yozgat intrusive complex may derived from crustal thinning after the collision and having A
type granite in nature.

Key Words: Yozgat Intrusive Complex, silica-undersaturated rock, syenite, petrology,
geochronology
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ISTANBUL VE CEVRESINDEKI GEC PERMIYEN-ERKEN TRiYAS
YASLI GRANITOYIDLERIN JEOKIMYASAL VE JEOKRONOLOJIK
INCELENMESI

Sabah Yilmaz Sahin', Namik Aysal', Yildirim Giingor' ve Yiiksel Orgiin®
" fstanbul Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, 34320 Avcilar, istanbul
(sabahys@istanbul.edu.tr)
% [stanbul Teknik Universitesi, Maden Fakiiltesi, Jeoloji Miihendisligi Boliimii, 34469 Maslak, Istanbul

Ozet: Istanbul’un batisinda Catalca, orta kesiminde Cavusbasi ve dogusunda da Gebze
(Kocaeli) yoresinde granitik kayaglar yiizeylenmektedir. Catalca ve Gebze ydrelerindeki bu
kayaclar hem jeokimyasal olarak hem de yas olarak birbirlerine benzer oOzellikler
sunmaktadirlar. Catalca bolgesinde Tepecik kataklastik graniti (TKG) Istranca Zonu temel
kayaclarmin igerisine sokulum yapmakta iken, Gebze yoresindeki Sancaktepe graniti (SG) ise
fstanbul Zonu Paleozoyik birimleri igerisinde konumlanmaktadir ve her iki birim iki farkl
tektonik alt birligi temsil etmektedirler.

TKG mineralojik olarak ortoklaz, kuvars, plajiyoklaz ve biyotit ile zirkon, apatit ve opak
minerallerden olusmaktadir. ikincil olarak klorit, muskovit, epidot mineralleri icermekte ve
tipik kataklastik doku gostmektedir. SG ise, iri taneli-tanesel dokulu, biyotit granit, altere
granit tiirli kayaglardan olugsmakta ve mineralojik bilesim olarak ortoklaz, kuvars, plajiyoklaz,
biyotit ile zirkon, apatit ve opak mineral igermektedir.

Pliitonlar jeokimyasal olarak, subalkalin, yiiksek K’lu kalkalkalin ve peralumino
karaktere sahiptirler. ASI degerleri 1.0-1.2 arasinda olup, genellikle I-tipi magma
karakterinde, bazi Ornekler ise I-tipi ile S-tipi arasinda konumlanmaktadirlar. REE
davraniginda hafif REE den agir REE’re dogru zayif bir azalma gozlenmektedir. Negatif Eu
anomalisi, her iki birimde de ¢ok belirgindir. TKG icin **%Sr(i) 0,701123 - 0,704607 ve
13/1%4Nd(i) oranlar1 0,512380 - 0,512431 degerlerine; SG *"*°Sr(i) 0,692601 - 0,705245; ve
143/149Nd(1) 0,512251 degerlerine sahiptir.

Bu kayaclarda giincel olarak yapilan U-Pb zirkon SHRIMP yaslandirmasinda Permiyen-
Triyas sinirin1 temsil eden ortalama 249.4 + 1.5 — 253.7+1.75 My (Alt Triyas) yaslar1 elde
edilmistir. K-Ar yaslandirmasi1 da benzer olup, Tepecik kataklastik graniti i¢cin muskovit
minerallerinde 223.8+1.6 My, Gebze graniti biyotit minerallerinde 255.9+1.75 My yaslari
elde edilmistir.

Tiim bu veriler, her iki granitik kayacin, benzer zamanlarda, benzer petrolojik
ozelliklerde olustugunu gostermektedir. Magma kaynagi olarak da muhtemelen yayla iliskili,
kabuk katkisinin oldugu, manto kokenli bir magma kaynagindan olusabilecegi ileri
stirilebilir.

Anahtar Kelimeler: Istranca ve Istanbul Zon, U-Pb SHRIMP yaslandirma, K-Ar
yaslandirma, 87863r(1) ve "**/"*Nd(i) oranlar1.
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GEOCHEMICAL and GEOCHRONOLOGICAL INVESTIGATION LATE
PERMIAN-EARLY TRIASSIC GRANITOIDS in ISTANBUL and
SURROUNDING AREA

Abstract: Granitic rocks outcrops in Catalca region western part of Istanbul, Cavusbast
region middle part of Istanbul and Gebze region (Kocaeli) eastern part of Istanbul. These
rocks of Catalca and Gebze regions similar to each other either geochemical or
geochronogical properties. Tepecik cataclastic granite (TCG) intruded into crystalline
basement rocks of Strandja Zone in Catalca region. As for the Sancaktepe granite (SG) in
Gebze region intuded Paleozoic Istanbul Zone sedimentary basement rocks. Both of these
units represent two different tectonic subunits.

Mineralogical composition of TCG consists of alkali feldspar (ortoclase), quartz and
plagioclase and biotite, with accesory minerals such as zircon, apatite and opaque minerals.
1t includes chlorite, muscovite and epidote as secondary minerals. As for the SG made up of
biotite granite, altered granite and it has coarse-grained, granular textured. Mineralogical
composition of SG formed ortoclase, quartz, plagioclase, biotite with zircon, apatite and
opaque minerals.

Geochemistry of these plutons is subalkaline, high-K calkalkaline and peraluminous
character. The ASI (Aluminum saturation index) values are between 1.1 — 1.2 and they have
generally I-type magma character but some samples are setting in between I and S-type area.
REE behaviours represent decreasing from light (LREE) to heavy rare earth elements
(HREE). Negative Eu anomaly is clearly seen in both of them. 87 %0Sr(i) and '/ Nd(i) rates
in TCG and SG are between 0.701-0.704 and 0.51238-0.51243 and 0.6926-0.7052 and
0.51225, respectively.

These rocks represent 249.4 + 1.5 — 253.7+1.75 Ma (Late Permian-Early Triassic) ages
according to the results of U-Pb zircon SHRIMP dating. K-Ar dating these plutons similar to
U-Pb ages. K-Ar muscovite age of Catalca is 223.8+1.6 Ma and biotite age of Gebze granite
is 255.9+1.75 Ma.

All these data show that both granitic rocks formed under the similar petrological
features. As the source of magma, it may be suggested that arc-related magma source from
derived mantle that the contribution of crust.

Key Words: Strandja and Istanbul Zone, U-Pb SHRIMP dating, K-Ar dating, 87/86Sr(i) and
14314477 -
/"""Nd(i) rates
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KARADAG STOGUNUN (BALYA-BALIKESIR) PETROJENEZI:
JEOLOJI, JEOKIMYA ve K/Ar JEOKRONOLOJISI

Namik Aysal', Sinan Ongen', Nurullah Hanil¢i' ve Cem Kasapgr'
" {stanbul Universitesi, Mithendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii - Istanbul, (aysal@jistanbul.edu.tr)

Ozet: KB Anadolu'da carpisma sonrasi magmatik aktivite bir dizi granit sokulumu ve
volkanik istiflerle temsil edilmektedir. Bu granitik sokulumlardan birisi olan Karadag stogu
Biga Yarimadasinin merkezinde yer almaktadir. Incelemeler bu stogun farkli dokulara,
kimyasal ve izotop bilesimlerini gostermektedir. Karadag stogu iri, es taneli ve
hipidiyomorfik dokulu monzogranit, kuvarsmonzonit, granodiyorit ve l6kokrat alkali feldspat
granit kayac fasiyeslerini barindirir. Kayaglarin ana mineralleri olarak kuvars, K-feldspat,
plajioklas, hornblend ve biyotiti siralayabiliriz. Sadece l6kokrat fasiyesde ¢ok az (< %S5)
mafik mineral igerir. Aksesuar fazini ise zirkon, apatit, magnetit ve sfen olusturur. Karadag
stogunun ASI degerleri 0.79-1.08 arasinda degisen degerlerle temsil edilir. Bu stok I-tipi
karaktere sahip metaliimin ve peraliimin granit olarak siniflandirilir. K;O igerigine gore bir
ornek disinda granit 6rnekleri yliksek K-lu kalkalkalen ve bir 6rnek de sosonitik alanda yer
almaktadir. Baslangic *’Sr/*°Sry (0.70700-0.070713), '"Nd/"**Ndy  (0.51246-0.51247)
izotop bilesimleri ve negatif eNdy) (-2.7 — -2.9) degerleri bu stogun zengin manto kaynak
alanindan tiiredigini gostermektedir. Karadag stogunun N-MORB'a normalize Oriimcek
diyagramlarinda biiyiik iyon yaricapli elementler (LILE) ve hafif nadir toprak elementlerinde
(LREE) artis, agir nadir toprak elementlerindeki (HREE) negatif anomali, yitim zonlarindaki
manto kamasindaki sulu ergimeleri ve/veya eski yitim zonu kalintilar1 ile magma
kaynagindaki zenginlesmeleri isaret etmektedir. Kondrit'e normalize nadir toprak element
orimcek diyagramlar1 plajioklas ve amfibol ayrimlagsmasinin da Onemli oldugunu
gosterebilmektedir. Tektonik ayirt diyagramlarinda tim granit Ornekleri volkanik yay,
carpismayla es zamanli ve g¢arpisma sonrasi granit alanlarima diismektedir. Bu stogun,
hornblend, biyotit ve tiim kayag lizerinde yapilan K/Ar yas tayinleri 20.2+0,9 My ile 23.9+0,5
My (Ust Oligosen - Alt Miyosen) yash oldugu belirlenmistir.

Anahtar Kelimeler: Carpisma sonrasi magmatizma, Biga Yarimadasi, KB Tiirkiye, K/Ar
yaslandirma.
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PETROGENESIS of KARADAG STOCK (BALYA-BALIKESIR):
GEOLOGY, GEOCHEMISTRY and K/AR GEOCHRONOLOGY

Abstract: Post-collisional magmatic activities of NW Anatolia are represented by a series of
granitic intrusions and volcanic successions. One of these granitic intrusions, Karadag stock
is located in the central part of the Biga Peninsula. This stock has distinct textures, with
chemical compositions and isotope characteristics. Karadag stock consists of coarse grained,
equigranular and/or hypidiomorphic textured monzogranite, quartz-monzonite, granodiorite
and leucocratic alkali feldspar granites. Main mineralogical assemblage is composed of
quartz, K-feldspar, plagioclase, hornblende and biotite. Only leucocratic facies contains less
(< 5%) mafic minerals. Accessory phases are zircon, apatite, magnetite and sphene. ASI
values of the Karadag stock vary between 0.79 and 1.08. This stock is therefore classified as
metaluminous-peraluminous chemistry with I-type affinity. K,O contents show that the
granitoid samples except for one sample represents a high K-calc-alkaline and the other one
shows shoshonitic character. Initial *’Sr/*°Sryy (0.70700-0.070713), " Nd/"**Nd,,) (0.51246-
0.51247) isotope compositions and negative eNdg) (-2.7 — -2.9) values show that this stock
could be derived from enriched mantle sources. N-MORB normalized spidergrams of
Karadag stock display large ion lithophile elements (LILE), light rare earth elements (LREE)
enrichments and negative high field strength elements (HFSE) anomalies, that indicates
hydrous melting of a mantle wedge in a subduction zone and/or enrichment of the magma
sources with inherited from an ancient subduction component. Chondrite-normalized Rare
Earth Element spidergrams are indicative of the importance of plagioclase and amphibole
fractionation. In tectonic setting discrimination diagrams, all granite samples fall into the
volcanic arc granite, syn and post-collisional granite fields. The stock was dated by using
K/Ar method on hornblende, biotite and whole rock samples, that yielded ages between
20.2+0,9 Ma and 23.9+0,5 Ma (Upper Oligocene - Lower Miocene).

Key Words: Post-collisional magmatism, Biga Peninsula, NW Turkey, K/Ar dating.

16



V. JEOKIMYA SEMPOZYUMU 5" GEOCHEMISTRY SYMPOSIUM
23-25 Mayis 2012 23-25 May 2012
Pamukkale Universitesi - Denizli Pamukkale University — Denizli / TURKEY

GUNYUZU GRANITOYIDININ PETROGRAFIK, JEOKIMYASAL VE
JEOKRONOLOJIK (Rb/Sr) OZELLIKLERI (SIVRIHISAR,
ESKISEHIR)

Metin Bagml, Yasar Kibiciz, Mehmet Demirbilek’ , Nurdane ilbeyli4 ve Ahmet Yildiz'
" Afyon Kocatepe Universitesi, Jeoloji Mithendisligi Boliimii - Afyonkarahisar (mbagci@aku.edu.tr )
% Dumlupinar Universitesi, Jeoloji Miihendisligi Boliimii - Kiitahya (kibici@dpu.edu.tr)
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Ozet: Tavsanli zonu’nun giineydogusunda KB - GD konumlu farkli dokuda granit,
granodiyorit ve granit porfir bilesiminde intriizif kiitleler, bu ¢alismada Giinyilizii Granitleri
olarak tanimlanmustir.

Granitler ana, iz ve nadir toprak element (REE) verilerine ilaveten Rb/Sr izotop verileri
acisindan da degerlendirilmistir. Granitler; plajiyoklaz (An (15.25)), K-feldispat (ortoklaz,
mikroklin), kuvars, biyotit, hornblend ve Fe-Ti oksit mineral icerikleriyle holokristalin
granular ve porfirik dokuludurlar.

Rb/Sr izokron yas verileri 40.8+3.0 - 47.0+1.0 My araliginda Orta - Ge¢ Eosen soguma
yaslar1 vermektedir. Granitlerin ilksel 87Sr/86Sr(i) degerleri 0.70667-0.70620 arasinda olup,
*’Rb/*®Sr girdi hatalar1 %0,5 olarak alinmustir.

Glinylizii granitleri metaaluminyumlu, orta - yiiksek K igerigine sahip ve kalk-alkalen
karakterlidirler. Bolgede farkli konum ve kalinliklarda pegmatit, aplit ve diyabaz dayklar
tarafindan kesilen intriizif kiitlelerin SiO, igerikleri %52-76 arasinda degismektedir.
Granitoyidlere ait Harker diyagramlarinda SiO, degerleri arttikca TiO,, Fe,O3;, MgO, CaO,
P,Os degerlerinin azaldigi, Na,O degerinin ise arttign goriilmiistiir. iz elementlere ait harker
diyagramlarinda ise SiO; igeriginin artisiyla Ba, Rb, Sr ve Zr degerlerinde pozitif bir trend
gorilmektedir.

Glinyiizii granitleri biiyiikk iyon yaricapli elementler (LILE) ve hafif nadir toprak
elementlerce (LREE) zenginlesmis, yiiksek ¢ekim alanli elementlerce (HFSE)
tiiketilmislerdir. Kondrite gére normalize edilmis nadir toprak element (REE) dagilimlari,
orta —yiiksek derece (Lac,/Yben=4.10-38.03) zenginlesmeyle konkav sekil gostermektedir.

Nb-Y tektonik yerlesim diyagraminda granitik kiitlelere ait 6rneklerin dalma-batmaya
bagli olarak gelisen Volkanik Yay Granitleri (VAG) alaninda yer aldigi goriilmektedir. Rb
kars1 (Y+NDb) tektonomagmatik ayirtlama diyagraminda tim Orneklerin ¢arpigma sonrasi
Volkanik Yay Granitoyidleri ile uyumlu oldugu ve jeokimyasal verilere gore Glinylizii
granitik kayaclarinin alt kitasal kabugun kismi ergimesinden tiiretildigini gostermektedir.

Anahtar Kelimeler: Giinyiizii Granitoyid, Tavsanli Zon, jeokimya, Rb/Sr izotop,
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PETROGRAPHIC, GEOCHEMICAL and GEOCHRONOLOCAL (Rb/Sr)
PROPERTIES of THE GUNYUZU GRANITOID (SIVRIHISAR,
ESKISEHIR)

Abstract: Intrusive masses within the composition of granite, granodiorite and granite
porphyry, which are NW-SE trending, located SE of the Tavsanli zone have been described as
the Giinyiizii granites.

In addition to main, trace and rare soil elements, granites were also evaluated with
respect to Rb/Sr isotope data. Granites comprising plagioclase, potassium-feldspar
(orthoclase and microcline) quartz, biotite, hornblende and Fe-Ti oxide mineral are in
holocrystalline granular and porphyry structures.

Pb/Sr isochronous age indicates the Middle — Late Eocene (range 40.08+ 3.0 to 47+ 1.0)
for the cooling. Initial values of ¥’ Sr/® 6Sr(,) in granites are between 0.70667 and 0.70620.

The Giinytizii granites with metaaluminum and mid to high potassium content are calc-
alkaline character. Intrusive masses truncated by pegmatite, aplite and diabase dykes in
different position and thickness include the SiO, (range their percentages 52 to 76%). It was
observed in the Harker diagram belonging to granodiorites that while SiO, values have
increased, the values of TiO,, Fe;O; MgO, CaO and P,;0s have decreased. However, Na,;O
values have increased. In the harker diagram of the trace elements, it was observed that the
values of Ba, Rb, Sr and Zr mark a tendency to increase parallel to rising of SiO,.

The Giinyiizii granites are enriched in LILE and LREE, in contrast they diminished in
HFSE. Rare soil element distributions normalized according to Chondrite indicate a concave
figure with mid to high degree enrichment (Lac,/Yb.,= 4.10-38.03).

In the Nb-Y tectonic settlement diagram, it was observed that samples of granitic masses
are present in an area of volcanic arc granites related to the subduction zone. In the Rb
against (Y+Nb) tecto-magmatic discrimination diagram, all samples produced by post
collision are conformable with volcanic arc granitoids. According to geochemical data,
Giinyiizii granitic rocks were originated from partial melting of lower continental crust.

Key Words: Giinyiizii granitoid, Tavsanli zone, Geochemistry, Rb/Sr Isotope
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I-TIPI SOSONITIK MONZONITLER, SISDAGI PLUTONU, KD
TURKIYE: KITASAL LITOSFERIK INCELME SONUCU GELISEN
MAGMATIZMA

Orhan Karsh', ibrahim Uysalz, Abdurrahman Dokuz', Murat Ketenci’, Bin Chen® ve
Raif Kandemir'
" Rize Universitesi, Jeoloji Miithendisligi Boliimii, Rize-Tiirkiye (okarsli@gmail.com)
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% Istanbul Teknik Universitesi, Jeoloji Mithendisligi Boliimii, Istanbul-Tiirkiye
* Peking University, School of Earth and Space Sciences, 100871 Beijing — China

Ozet: Dogu Pontidler’de genis yayilim sunan ge¢ Mesozoyik-erken Senozoyik magmatizmasi,
coklukla kalk-alkalin ve I-tipi jeokimyasal karakter gosterir. Ancak bu ¢alisma ile bolgede, I-tipi
ve sosonitik karakterli Sisdag: pliitonu rapor edilmistir. Al-hornblend barometre verileri, pliitonun
s1g derinliklere (<5 km) sokulmus olabilecegine isaret etmekte olup, SHRIMP zirkon U-Pb
yontemi ile pliitonun kristalizasyon yasinin 41.55 £ 0.31 My oldugu anlasilmistir. A-tipi
granitoyidler ile karsilastirildiginda, 6rneklerin zirkon doygunluk sicakliklar (77;), diisiik olmakla
birlikte, 603 ila 769 °C arasinda degismektedir. Kayaglarin, SiO, icerikleri 47.6 ila 61.4 % ag.
arasinda olup, yiiksek K,O+Na,O (5.0-8.8 % ag.) ve K,0O/Na,O (0.8-1.8) aranlar1 ile
karakteristiktirler. Tiim ornekler, diisik Mg# (<47) ve goreceli olarak yiiksek, fakat degisken
AlLOs (16.9-22.2 % ag.) iceriklerine sahiptirler. S6z konusu kayaglar, hafif nadir toprak
elementlerce (HNTE) ve biiyiik iyon yarcapl litofil elementlerce (BIYLE) zenginlesmis olmakla
birlikte, yiiksek alan enerjili elementlerce (YAEE) tiiketilmislerdir. Zayif negative anomalileri
(Eu/Eu*=0.58-1.26) karakteristik 6zellikleridir.

Ornekler, homojen ilksel Sr ve Nd izotopik kompozisyonlara sahip olmakla birlikte, diisiik /s,
=0.70376 ila 0.70408 ve eng(42 My) = +1.3 ila +2.4 igerikleriyle tipiktirler. Tpy yaslar: 0.70 ila
0.85 Milyar yildir. Pb izotopik oranlari, (***Pb/2**Pb) = 18.64-18.72, (**’Pb/***Pb) = 15.51-15.58
ve (*®Pb/**Pb) = 38.31-38.65 dir. Bu tiir jeokimyasal ozellikler, kayaglari olusturan ana
magmanin kimyasal agidan zenginlesmis litosferik mantonun kimi ergimesiyle uyumludur. Boyle
bir durumda, ana magmanin olusabilmesi igin, sicak astenosferin yiikselerek litosferik mantonun
ergimesine imkan saglayacaktir. Incelenen pliitonun, astenosferik yiikselmeyi tetikleyen litosferik
ekstansiyonun hakim oldugu bir dinamik ortama yerlesen orojenizma sonrasi gelismis bir pliiton
oldugu diistiniilmektedir. Astenosferik yiikselmenin meydana getirdigi daha si1g termal anomali,
bolgenin altindaki, kimyal agidan zenginlesmis kita alti litosferin kismi ergimesine sebep
olacaktir. Bu yolla olusan sosonitik ergiyik daha sonra, bir miktar kabuksal kirlenme ile birlikte
fraksiyonlasmaya magruz kalmis, kabugun si1g derinliklerine ylikselerek monzogabro
bilesiminden monzonite kadar degisim sunan monzonitik karakterli kayacglar1 meydana getirir.
Bolgesel jeolojik ¢alismalar ile birlestirilen tiim bu veriler, Dogu Pontidler’de, Paleosen siireci
boyunca bdlgesel sikismanin neticesi olusan kabuksal kalinlasmanin litosferik ekstansiyonla
degistigini ve erken Senozoyik boyunca (~42 My) litosferik incelmenin egemen oldugunu
vurgulamaktadir. Dolayisiyla, orta Eosen sosonitik I-tipi magmatizmasi, bolgede bu ozelligiyle
spesifik olup, litosferik incelme ve sicak astenosfer yiikselimi i¢in 6nemli delildir. Tiim bu
aciklamalar, Dogu Pontidlerde, erken Senozoyik iisrecinde, bir okyanus kabugunun yitime
magruz kalma ihtimaline kars1 durmaktadir.

Anahtar Kelimeler: Litosferik incelme, astenosferik yiikselim, sosonitik I-tipi Sisdagi pliitonu,
Dogu Pontidler

19



V. JEOKIMYA SEMPOZYUMU 5" GEOCHEMISTRY SYMPOSIUM
23-25 Mayis 2012 23-25 May 2012
Pamukkale Universitesi - Denizli Pamukkale University — Denizli / TURKEY

DECIPHERING THE SHOSHONITIC MONZONITES with I-TYPE
CHARACTERISTIC, THE SISDAGI PLUTON, NE TURKEY: MAGMATIC
RESPONSE to CONTINENTAL LITHOSPHERIC THINNING

Abstract: Large-scale late Mesozoic to early Cenozoic plutons in the Eastern Pontides mostly
show calc-alkaline and I-type geochemical features. However, we identify the Sisdagi pluton
that has shoshonitic affinity and I-type character in the region. The pluton was emplaced at
shallow depths (<5 km), revealed by Al-in hornblende barometry, in the northern margin of
the orogenic belt, with SHRIMP zircon U-Pb age of 41.55 + 0.31 Ma, interpreted as dating
magma crystallization. It is composed of monzonite, monzodiorite and monzogabbro. The
samples show low zircon saturation temperature (Tz,) ranging from 603 to 769 "C compared
to A-type rocks. They exhibit SiO; contents of 47.6 to 61.4 wt.%, and high K;O+Na,O (5.0 to
8.8 wt.%) and K>;O/Na;O (0.8 to 1.8). All the samples are characterized by low Mg# (<47)
and relatively high but variable Al;O3 content (16.9 to 22.2 wt.%). They are also enriched in
light rare earth elements (LREE), large ion lithophile elements (LILE) and depleted in high
field strength elements (HFSE), with a weak negative Eu anomaly (Eu/Eu*=0.58-1.26) in
mantle-normalized trace element patterns.

The samples possess homogeneous initial Sr and Nd isotopic compositions, marked with
low Is, = 0.70376 to 0.70408 and enq.(42 Ma) = +1.3 to +2.4. Tpy ages of the samples range
firom 0.70 to 0.85 Ga. The Pb isotopic ratios are (‘“*Pb/"™*Pb) = 18.64-18.72, "’ Pb/""*Pb) =
15.51-15.58 and (*"*Pb/"™Pb) = 38.31-38.65. These geochemical features imply that the
parental magma resulted from melting of chemically enriched lithospheric mantle source. In
such a case, a hot upwelling asthenosphere is necessary to partially melt the lithospheric
mantle in order to form the parental magma. The pluton is considered to be a post-orogenic
intrusion that was emplaced in an environment of lithospheric extension, triggering
asthenospheric upwelling. The thermal anomaly induced by asthenospheric upwelling
resulted in partial fusion of chemically enriched subcontinental lithospheric mantle beneath
the region. Then, the shoshonitic melt, which subsequently underwent fractional
crystallization with minor crustal contamination, ascent to shallower crustal levels to
generate a monzonitic rock series ranging from monzogabbro to monzonite. All these data
combined with the regional geology suggest that the crustal thickening as a consequence of
regional compression during the Paleocene changed into a lithospheric extension and
thinning throughout the early Cenozoic (at ~42 Ma) in the Eastern Pontides. Hence, the
middle Eocene shoshonitic I-type magmatism is a unique pluton, signifying initiation of
lithospheric thinning and thus of hot asthenospheric upwelling in the region. These
interpretations also argue against the presence of an early Cenozoic subduction of oceanic
slab in the Eastern Pontides.

Key Words: lithospheric thinning, asthenospheric upwelling, shoshonitic I-type Sisdagi
pluton, Eastern Pontides
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GENISLEME iLE ES ZAMANLI GELiSMi$ GRANITOYIDLERDE
MAGMA ETKILESiM SURECLERIi: TERSIYER YASLI MENDERES
METAMORFIiK CEKIRDEK KOMPLEKSI, BATI TURKIYE
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Ozet: Ege bolgesinin dogu kesimini olusturan Bati Anadolu, Menderes Metamorfik Cekirdek
Kompleksi ve beraberindeki genisleme ile es yash granitoyidlerin yerlesimine neden olan
kitasal genislemeye maruz kalmistir. Bu calisma, Bati Anadolu’nun genisleyen kabugunun
altindaki manto kaynaginin zamana bagli evriminin daha iyi anlasilabilmesi icin Alagamdag
ve Salihli granitoyidleri’nin ve beraberindeki mafik mikrograniiler enklavlarin (MME)
petrojenezi ile ilgili verileri kapsamaktadir. Alagamdag and Salihli granitoyidleri, deforme
olmamig veya siiniimlii deformasyona ugramis pliitonlar ve beraberindeki MME’lerden
meydana gelmektedir. Bu granitoyidler kalk-alkali yiliksek K’lu kalk-alkali ve
metaliimino’dan zayif peraliimino’ya gecis gostermektedir. Alagamdag granitoyidleri, Salihli
granitoyidlerinden daha yiiksek Na,O, Ba, Rb, Rb/La ve diisiik Al,O3, CaO, MgO, TiO,, Zr/Y
degerlerine sahiptir. Bu kayaclar, MME’lerden diisiik Al,Os, CaO, Sr, MgO, Fe,0s, V, TiO;
ve yliksek SiO, degerleri ile ayrilir. MME’ler ortag bilesimli, monzonit, monzodiyorit ve
diyoritik bilesimde olup, ana kayaglara gore daha mafik bilesimlidir. Tiim kayaclar, ilksel
manto ile karsilastirildiginda biiyiik iyon yarigapli elementler bakimindan zenginlesmis ve
duraylilik etki alani yiiksek elementler bakimindan ise tiiketilmistir. Alagamdag ve Salihli
kayaclar1 izotop oranlarma gore, radyojenik Sr bakimindan zenginlesmis ve radyojenik Nd
bakimindan ise tiiketilmigtir. Bati Anadolu’daki genisleme ile es zamanli gelismis
granitoyidler, kabuksal kirlenme, fraksiyonel kristallesme ve magmalarin homojen/heterojen
karisim (mixing/mingling) siireclerinden oldukga fazla etkilenmistir. Genisleme ile es zamanl
granitoyidleri olusturan, mafik ve felsik magmalar soguma sirasinda metasomatizma/kimyasal
dengelenme ve diflizyonal aligverise (diffusional exchange) maruz kalmistir. Bu granitoyidler,
genisleme sliregleri sirasinda olusan es-yash felsik ve mafik magmalarin etkilesimi ile
olugmus hibridik/melez magmalardan tiiremistir.

Anahtar Kelimeler: Kabuk-manto etkilesimi, Sr-Nd izotopik oranlari, kimyasal ve izotopik
aligveris, ¢carpisma sonrasi genisleme, genisleme ile es zamanli gelismis granitoyidler
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MAGMA INTERACTION PROCESSES in SYN-EXTENSIONAL
GRANITOIDS: THE TERTIARY MENDERES METAMORPHIC CORE
COMPLEX, WESTERN TURKEY

Abstract: Western Turkey, which forms the eastern part of the Aegean region, was subjected
to continental extension that led to formation of Menderes Metamorphic Core Complex and
associated syn-extensional granitoids. This study deals with petrogenesis of the Alacamdag
and Salihli granitoids and mafic microgranular enclaves (MME) in order to better
understand the time-progressive evolution of the mantle sources beneath the extended
continental crust in western Turkey. Alagamdag and Salihli granitoids consist of undeformed,
ductilely deformed granitoids together with abundant MMEs. They are calc-alkaline to high-
K calc-alkaline rocks that are metaluminous to slightly peraluminous. Alacamdag host rocks
have higher Na;O, Ba, Rb, Rb/La and lower Al,O3;, CaO, MgO, TiO,, Zr/Y values than those
of the Salihli host rocks. They differ from those of MMEs, with their lower Al;O; CaO, Sr,
MgO, Fe;O0s, V, TiO; and higher SiO; values. MMEs are intermediate, corresponding to
monzonite, monzodiorite and diorite compositions and are more mafic with respect to their
host rocks. All of these rocks are enriched in large ion lithophile and strongly depleted high
field strength elements compared to the primitive mantle. Isotope ratios of the Alacamdag and
Salihli rocks display increasing radiogenic Sr and decreasing radiogenic Nd. Syn-extensional
granitoids in western Turkey were affected by crustal contamination, fractional
crystallisation and magma mixing/mingling processes. Mafic and felsic magmas forming syn-
extensional granitoids have also undergone metasomatism/chemical equilibrium and
diffusional exchange processes during cooling. They have been derived from a hybrid magma
that originated from mixing of co-eval felsic and mafic magmas during extensional processes.

Key Words: Crust-mantle interaction, Sr-Nd isotopic ratios, chemical and isotopic exchange,
post-collisional extension, syn-extensional granitoids
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DEMIRKOY INTRUZIF KUTLESININ PETROGRAFIK VE
JEOKIMYASAL OZELLIKLERIi: ISTRANCA MASIFI, KIRKLARELI

Ezgi Ulusoy' ve Yusuf Kagan Kadioglu
“uMTA Genel Miidiirliigi, Jeoloji Etiitleri Dairesi, Ankara (eulusoy@mta.gov.tr)
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Ozet: Istranca Masifi Tiirkiye’nin KB’sinda bulunmaktadir ve Paleozoyik yash metamorfik
kristalen karmagiktan ve bunlar1 iizerleyen Mesozoyik yash diisiik dereceli metamorfik
kayaclar ile ¢okel kayalardan olugmaktadir. Istranca Masifi genellikle felsik ve mafik
intruzyonlar tarafindan bdlgenin KB-GD dogrultularinda kesilmektedir. Ust Kretase yash
Demirkdy intruzif kiitlesi Istranca Masifi’ni kesen en geng intriizif kiitlelerden biridir ve
Demirkoy ilgesi ¢evresinde ylizlek vermektedir. Genel olarak granit, granodiyorit, diyorit ve
gabro bilesimindedir. Granit ve granodiyorit fanaritik dokulu olup boyutlar1 1 cm den 1 m’ye
kadar degisen diyorit ve kuvars diyorit bilesiminde mafik magmatik anklavlar igermektedir.
Demirkdy intriizif kiitlesi bolgenin KB’sindaki metakarbonat ve metakirintililarla keskin
dokanaklidir. Dokanak zonu ve etrafindaki kaya birimleri cogunlukla andaluzit fillit, andaluzit
grafit gist, granat diyopsit kuvars sist ve granat iceren kalksist bilesimindedir. Fe-Cu kontakt
metasomatik cevher olusumlart Demirkdy intriizif kiitlesinin KD smirinda yiizlek
vermektedir.

Demirkdy intriizif kiitlesinin granit ve granodiyoritleri kalkalkalen, peraliiminali ve orta
K igeriklidir. Intriizyonun mafik kayalar1 gabroyik ve diyoritik bilesimindedir ve toleyitik
magma kokenlidir. Mafik magmatik anklavlar AFM diyagraminda kalkalkalenden toleyitik
karektere dogru gegis sergilemektedir. Demirkdy intruzif kiitlesinin ORG’ye gore normalize
edilmis iz element degisim modelleri LIL (Large Ion Lithophile) elementlerinde zenginlesme
ve HFS (High Field Strength) elementlerinde fakirlesme oldugunu gostermektedir. Demirkdy
intruzif kiitlesi kayaclarmin tektonik ayirim diyagramlarinda volkanik yay graniti bolgesinde
yer almaktadir. Jeoloji ve jeokimyasal analiz sonuglarina gére Demirkdy intrusive kiitlesi
Srednogorie yay kapanmasina bagli manto etkilesimli kabuk kdkenli H tipi granit iirlinleri
oldugu diistiniilmektedir.

Anahtar Kelimeler: Demirkoy Pliitonu, derinlik kayalari, petrografi, jeokimya.
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PETROGRAPHY and GEOCHEMISTRY of DEMIRKOY INTRUSIVE
BODY: STRANDJA MASSIF, KIRKLARELI

Abstract: Strandja Massif is located to the NW Turkey and composed of Paleozoic
metamorphic crystalline basement and overlain by Mesozoic low grade metamorphic rocks
and sediments. Strandja Massif generally cut by felsic and mafic intrusions on NW — SE
direction of the region. Upper Cretaceous Demirkoy intrusive body is one of the youngest
intrusive body that cut Strandja Massif and outcrops around Demirkéy town. It is mainly
composed of granite, granodiorite, diorite and gabbro. Granite and granodiorite are faneritic
texture and have mafic microgranular enclaves ranging from 1 cm upto I m in size with
dioritic and quartz diorite composition. Demirkéy intrusive body has a sharp contact with the
metacarbonate and metaclastite at NW of the region. The contact zone and the surrounding
rock units are mainly composed of andalusite phillite, andalusite graphite schist, garnet
diopsite quartz schist and garnet bearing calcschist. Fe — Cu contact metasomatic ore
formation crops out at the NE border of the Demirkéy intrusive body

Granite and granodiorite of Demirkoy intrusive body has calcalkalen, peraluminum and
intermediate K character. Mafic rocks of intrusion are characterized by gabroic and dioritic
in composition and having tholeiitic magma nature. Mafic magmatic enclaves have transtion
zone from calcalkalen to tholeiitic nature on AFM diagram. ORG normalized trace elemental
patterns of Demirkoy intrusive body show enrichment in LIL (Large lon Lithophile) elements
and depletion in HFS (High Field Strenght) elements. The tectonic discrimination diagrams
of Demirkéy intrusive rock units plots on the volcanic arc granite region. According to
geology and geochemistry analysis results, Demirkoy intusive body is thought to be crustal
component with a mantle signature H-type granite product due to the closure of Srednogorie
arc.

Key words: Demirkoy Pluton, plutonic rocks, petrography, geochemistry
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Ozet: Edremit Kérfezi’nin kuzeyinde ve giineyinde yaygin yiizeylemelere sahip olan Alt-Orta
Miyosen yagh Kiiclikkuyu Formasyonu bolgedeki potansiyel ana kayayr temsil eder.
Formasyon genel olarak seyl, silttasi ve kumtasi ardalanmasindan olusur. Seyller genellikle
ince tabakali, laminali ve yer yer bitiimlii seyl 6zelligindedir.

Kiicikkuyu Formasyonu'nun Edremit Korfezi kuzeyindeki(Biga Yarimadasi)
yiizeylemelerinden derlenen seyl orneklerinden organik jeokimyasal-petrografik ve kiikiirt
analizleri yapilmistir. Bunlardan 28 Ornekte piroliz ve vitrinit yansima, 5 Ornekte gaz
kromatografi, 5 ornekte ise durayli C izotop ve 15 ornek i¢in de toplam kiikiirt analizleri
yapilmustir. Piroliz sonuglarina gore toplam organik karbon (TOC, %) degerleri, 0.27 -7.44
arasinda degismekte olup, iyi ana kaya ozelligi gosterir. Kerojen tipi olarak II. ve III. Tip
kerojen hakimdir. Tia("C) ve 6lgiilebilen vitrinit yansima (Ro, %) degerleri katajenez evreyi
isaret etmektedir. Gaz kromatogramlarindan elde edilen Pristane/ Phytane (Pr/ Ph) oranlar
anoksik ve suboksik ortamlar1 gosterir. Karbon tercih indeksi (CPI) ve karbon izotop degerleri
de karasal organik maddeyi isaret eder.

Kiiciikkuyu Formasyonu‘nun Edremit Ko6rfezi giineyinden derlenen seyl orneklerinden
10’u i¢in piroliz ve vitrinit yansima, 5’1 i¢in gaz kromatografi, 5’1 i¢in ise durayli C izotop
analizleri yapilmistir. Rock-Eval Piroliz analizi sonucu Toplam Organik Karbon (TOC)
degerleri % 0,57-3,1 arasinda ve ortalama % 1,65 olup, formasyon iyi bir ana kayay1 temsil
eder. HI degerleri 712 mg HC/g TOC degerlerine kadar ¢ikmaktadir. Kerojen tipi olarak II.
Tip kerojen hakimdir. Tmax (°C) ve 6lgiilebilen Vitrinit yansima (Ro, %) degerleri katajenez
baslangicini isaret etmektedir. Gaz kromatogramlarindan elde edilen Pristane/ Phytane (Pr/
Ph) oranlarina gore anoksik ve suboksik ortamlar1 gosterir. Karbon tercih indeksi(CPI)
degerleri organic maddenin erken olgun ve yer yer olgunlasmamis oldugunu gosterir.

Anahtar Kelimeler: Edremit Korfezi, Kiiclikkuyu, Bitiimlii seyl, Tersiyer
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ORGANIC GEOCHEMICAL PROPERTIES of TERTIARY UNITS in
EDREMIT GULF and SURROUNDING AREAS

Abstract: Lower-Middle Miocene Kiiciikkuyu Formation outcropping in the northern and
southern part of Edremit Gulf represents a potential source rock in the region. The formation
is generally composed of shale, siltstone and sandstone intercalations. Shales are generally
thin bedded, laminated and bituminous.

Shale samples collected from the Kiiciikkuyu Formation outcropping north of Edremit
Gulf (Biga Peninsula) were analysed with organic geochemical-petrographic and sulfur
methods. Rock-Eval pyrolysis and vitrinite reflection (R, %) of 28 samples, gas
chromatography (GC) of 5 samples, stable C isotope of 5 samples and total sulfur of 15
samples measurements were carried out. The shales are characterized by high TOC values
(0.27 to 7.44 wt-%) indicating a good potential source rock. The kerogen type is Type Il and
Type IlI. T, (0 C) and measured vitrinite reflection (R,,%) values are indicate catagenetic
stage. According to Pristane/Phytane (Pr/Ph) values show anoxic and suboxic environments.
Carbon preference index (CPI) and C isotope values reveal terrestrial organic matter.

Shale samples collected from the Kiiciikkuyu Formation outcropping south of Edremit
Gulf were analysed. Rock-Eval pyrolysis and vitrinite reflection analysis of 10 samples, gas
chromatography analyses of 5 samples, C isotope analysis of 5 samples were completed.
According to Rock-Eval pyrolysis, TOC values are ranging from 0,57-3,1 wt %, with an
average of 1.65 wt %. These results indicate that the Kiigiikkuyu Formation is a good source
rock. HI values extend to 712 mg HC/g TOC. Kerogen type is predominantly type Il and
indicates that the shales are oil and lesser gas-prone. Tpe: ("C) and measured vitrinite
reflection (R,,%) values are indicate early catagenesis. According to Pr/Ph ratios obtained
from gas chromatography show anoxic and suboxic environment. Carbon Preference Index
(CPI) values (0,95 to 3,96) show early mature or immature of the organic matter.

Key Words: Edremit Gulf, Kiictikkuyu, Bituminous shale, Tertiary
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ORGANIK MADDECE ZENGIN KAYACLARDA ELEMENT
ZENGINLESMELERININ KOKENI, NALLIHAN (ANKARA)

Derya Koca' ve Ali Sarr®
t Ankara Universitesi, Fen Bilimleri Enstitiisii, 06830 - Ankara (derya.koca@gmail.com)
% Ankara Universitesi, Jeoloji Miihendisligi Boliimii, 06100 - Ankara (Ali.Sari@eng.ankara.edu.tr)

Ozet: Nallthan(Ankara) sahasindan derlenen Paleosen-Eosen yash 251 adet 6rnek; kiltast,
marn, bitimli kiltasi, bitimlii marn, bitiimlii seyl ve dolomitli bitiimlii marnlardan olugsmakta
olup, % 0.001 ile % 19.12 arasinda degisen organik madde miktarlarina sahiptir. Genel olarak
organik maddece zengin bu kayaglarin element zenginlesmelerini ve elementlerin hangi
kokenden geldiklerini belirlemek amaciyla cesitli jeokimyasal analizler kullanilmistir.
Incelenen &rneklerde dzellikle Ni, U, Mg, Ca, Mn, Co, Sr, V, Cu, Pb, Se ve As elementinin
zenginlestigi belirlenmistir. Bu zenginlesmelerin depolanma ortaminin redoks kosullarina,
kayaclarin C,, miktar1 ile kaynak kayaya bagl cesitli faktorlerle iliskili oldugu
goriilmektedir. Incelenen kayac o&rneklerindeki elementlerin hem detritik olmayan otijenik
kokenli ve hem de detritik kokenli olduklari tespit edilmistir.

Anahtar Kelimeler: Organik madde, Nallihan, element zenginlesmeleri, kaynak kaya, iz
element

SOURCE of ELEMENT ENRICHMENTS in ORGANIC-RICH ROCKS,
NALLTHAN (ANKARA)

Abstract: 251 samples including claystone, marl, bituminous clay, bituminous marl, black
shale and dolomite bituminous marl from Nallihan (Ankara) contain between 0.001 and 19.12
wt. % organic matter. Several geochemical analyses were used for determining element
enrichments and source rocks of organic-rich rocks. Analyzed samples indicated enrichments
principally in these elements Ni, U, Mg, Ca, Mn, Co, Sr, V, Cu, Pb, Se and As. These
enrichments are related to several factors as redox conditions of depositional environment,
Corg values, and source rock. Elements of examined samples fixed that source of elements are
both non-detrital and detrital source.

Key Words: Organic matter, Nallihan, element enrichments, source rock, trace element
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TEKIRLER CiVARI (NALLIHAN/ANKARA) BITUMLU
SEYLLERINDE TOPLAM ORGANiK KARBON ZENGINLESMELERI

Zeynep Doner', Ali Sar’’ ve Derya Koca'
" Ankara Universitesi Fen Bilimleri Enstitiisii - Ankara (zeynep.dnr@gmail.com)
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Ozet: Depolanma ortami redoks kosullarinin siilfidik (suboksik, anoksik, oksinik) olmasi
kaynak kayalardaki organik karbon zenginlesmesinde son derece Onemlidir. Redoks
kosullarinin oksik olmasi kaynak kayalarin igermis oldugu organik madde miktarinin
seyrelmesine yol agar.

Tekirler (Nallthan/Ankara) civarinda yiizlek veren Kizilgay Grubu’ndaki Camalan
Formasyonu’na ait Eosen bitiimlii seyllerinin organik karbon miktar1 ortalama 6,32 % wt’lik
Corg degerine sahiptir. Yiiksek organik madde miktar1 (ortalama > 2.0 % wt) kerojen tipinin
odunsu (Tip-III) olabilecegine yada daha o6nceki ¢cevrimsel dongiiye ugramis rework (Tip-1V)
kerojen olabilecegine isaret eder. Incelenen drneklerimizdeki kerojen tipleri ise Tip-I"dir.

Tekirler Civart (Nallthan/Ankara) Eosen bitiimlii seylerinin ¢dkelme ortaminin
paleoredoks kosulunun belirlenmesinde V/(V+Ni), Ni/Co, U/Th, V/Sc, Mo/Mn gibi
paleoredoks gostergeleri kullanilmistir. Paleoredoks gostergelerine gore Eosen bitiimli
seyllerinin genellikle oksik ve disoksik kosullarda depolandiklar1 belirlenmistir.

Anahtar Kelimeler: bitiimlii seyl, organik madde, redoks kosullari, iz elementler

TOTAL ORGANIC CARBON ENRICHMENTS in BITUMINOUS SHALES
of AROUND TEKIRLER AREA (NALLIHAN/ANKARA)

Abstract: Being sulfurous (suboxic, anoxic, euxinic) of redox conditions of depositional
environment is extremely important in organic carbon enrichment in source rocks. Being oxic
of redox conditions brings about decline of amount of organic matter.

Eocene bituminous shales within the Camalan Formation of Eocene aged Kizil¢cay Group
exposing around Tekirler (Nallthan, Ankara) have average 6,32 wt % Corg values. High
amount of organic matter (average > 2.0 wt %) points out that kerogen type could be woody
(Type-1II) or kerogen type could be rework (type-1V) which suffered from previous cyclic
loop. Kerogen types of examined samples are Type-1I.

In determination of paleoredox conditions of depositional environment of Tekirler area
(Nallihan, Ankara) some paleoredox indicators were used (e.g. V/(V+Ni), Ni/Co, U/Th, V/Sc,
Mo/Mn). Paleoredox indicators yield that Eocene bituminous shales were mostly deposited
oxic — disoxic conditions.

Key Words: bituminous shale, organic matter, redox conditions, trace elements
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AYNI REZERVUARDAKI KARBONDIOKSIT VE HIDROKARBON
GAZLARININ KOKENI

Sinem Artan' ve Y.Haluk iztan'
': Tiirkiye Petrolleri Anonim Ortaklig1 - Ankara (sartan@tpao.gov.tr)

Ozet: Rezervuarlarda yer alan dogal gazlar, hidrokarbon gazlari (metan, etan vb.) yaninda
genellikle degisik oranlarda hidrokarbon olmayan gazlari da (nitrojen, karbondioksit vb.)
icermektedirler. Ancak, miktarlar1 bazen bu gazlarin kokenleri ile ilgili kesin bilgi
vermeyebilir. Bu nedenle, ayni rezervuarda birlikte yer alan gazlar ayni1 kokene sahip
olmayabilirler. Bu gazlarin kdkeninin (termojenik, bakteriyal, abiyojenik vs.) bilinmesi
hidrokarbon aramacilig1 agisindan oldukca 6nem tasir. Gazlarin kimyasal kompozisyonlari,
birbirlerine karsi olan goéreceli oranlari ve buna ilave olarak izotop kompozisyonlarinin da
bilinmesi gazlarin kokenlerinin saglikli olarak tespitine olanak saglar.

Bu calismada, Tiirkiye’nin degisik bdlgelerinde, farkli iki kuyuda, ayni rezervurdan
alman hidrokarbon ve karbondioksit gaz orneklerinin kdkenlerinin tespiti durayli izotop
analizleri kullanarak yapilmistir. Bu kapsamda, Sagpazar-1 ve Handof-2 kuyularina ait gaz
orneklerinin kimyasal ve izotop kompozisyonlar1 tespit edilmis, hidrokarbon gazlari ile
karbondioksit gazlarinin farkli kokene sahip oldugu saptanmistir.

Anahtar Kelimeler: Durayli izotop teknigi, koken analizi, karbondioksit, hidrokarbon,
termojenik-biyojenik gazlar.

THE ORIGIN of CARBONDIOXIDE and HYDROCARBON GASES in THE
SAME RESERVOIR

Abstract: Natural gases in reservoirs comprise hydrocarbons (methane,ethane etc.) and
several amount of non-hydrocarbon gases (nitrogen, corbon dioxide etc.). The gases existing
in the same reservoir may not have the same origin. Knowing the origin of these gases
(thermogenic, bacterial, abiogenic etc.) is extremely significant in terms of hydrocarbon
exploration. The chemical compositions of gases, their relative ratios to each other and their
amounts may not be sufficient to provide accurate information regarding their origin.
Therefore, determination of isotopic compositions of gases with their chemical compositions
has an important role in order to identify the origin of these gases.

In this study, we analyzed the samples of hydrocarbons and carbon dioxide gases, which
have the same reservoir, from two different wells in variant regions of Turkey. Identification
of the origin of the gases was carried out by using the stable-isotope technique. Within this
scope, quantification of the chemical and isotopic compositions of the gas samples from
Sagpazar-1 and Handof-2 wells were used to demonstrate the different origins of
hydrocarbons and carbon dioxide gases.

Key Words: Stable isotope technique, origin analysis, carbon dioxide, hydrocarbons,
thermogenic-biogenic gases.
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HATILDAG SAHASI (GOYNUK-BOLU) BITUMLU KAYACLARINDA
U ZENGINLESMELERI

Murad Cilsall, Ali Sarr’® ve Siikrii Kog:2
E Ankara Universitesi Fen Bilimleri Enstitiisii, Golbas1 - Ankara (mcilsal@yahoo.com)
% Ankara Universitesi, Jeoloji Miithendisligi Boliimii, Tandogan, Ankara (Ali.Sari@eng.ankara.edu.tr)

Ozet: Hatildag Sahasinda (Goyniik-Bolu) yer alan bitiimlii kayaglarin bulundugu Paleosen?-
Eosen yasli Kabalar Formasyonundan 5 adet Olgiilii Staratigrafik Kesit (OSK) almmistir
(Kayalik Dere OSK, Harmancik Dere OSK, Emzik Beleni OSK, Karanlik Dere OSK ve
Doruk Tepe OSK). Bu OSK’lardan her birisinden tabandan tavana kadar olamak iizere
sistematik olarak 6rnekleme yapilmis ve toplamda 407 adet 6rnek derlenmistir. Bu 6rneklerin
104 adeti bitiimlii kayaglara aittir.

Bu calismada 5 adet OSK igerisindeki U zenginlesmeleri ve uranyum elementinin toplam
organik karbon (C,rg), benzer 6zellik gosteren iz elementler (Mg, Co, Sr, V, Mo, Cu, Pb, Zn
ve Se), ortalama seyl ve diinyadaki benzer indirgen ortamlardaki U dagilimlar ile olan
iligkileri aragtirilmigtir.

Ortalama seyle gore U zenginlesme faktorleri sirasiyla: Kayalik Dere OSK’s1 igin 1.67,
Harmancik Dere OSK’s1 i¢in 1.22, Emzik Beleni OSK’s1 i¢in 1.37, Karanlik Dere OSK’s1 i¢in
1.98 ve Doruk Tepe OSK’s1 igin 2.00 olarak hesaplanmistir. Aynmi zamanda, ¢alisma
bolgesindeki kayaglar icerisindeki Uranyum’un diinyadaki benzer indirgen ortamlarla olan
iliskileri bu ¢calismada yer almaktadir.

Anahtar Kelimeler: Bitiimlii seyl, uranyum, C,, ortalama seyl, iz element

URANIUM ENRICHMENT in BITUMINOUS ROCKS in HATILDAG
REGION (GOYNUK-BOLU)

Abstract: 5 Scaled Stratigraphic Columns (OSK) have been done from Paleocene?-Eocene
Kabalar Formation included bituminous rocks that is located in Hatildag Region (Géyniik-Bolu)
(Kayalik Dere OSK, Harmancik Dere OSK, Emzik Beleni OSK, Karanlik Dere OSK ve Doruk
Tepe OSK). Totally 407 samples were collected from bottom to top as systematically from these
OSK’s. 104 samples from them belong the bituminous rock were analyzed to determine the
geochemical and elemental contents. In this study, the enrichments of U in these OSK’s and
relations of them among the total organic carbon (C,.), the other trace elements show same
features (Mg, Co, Sr, V, Mo, Cu, Pb, Zn ve Se), average shale and reducing environments that
have same similar redox conditions with our study area were investigated.

The U enrichment factors according to average shale were calculated as follows 1.67 for
Kayalik Dere OSK, 1.22 for Harmancik Dere OSK, 1.37 for Emzik Beleni OSK, 1.98 for Karanlik
Dere OSK and 2.00 for Doruk Tepe OSK. The relationships of Uranium between rocks in stutied
area and similar reducing conditions in the World are included in this study as well.

Key Words: bituminous shale, uranium, C,.,, average shale, trace element
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YUZEYDE JEOKIMYASAL PROSPEKSIYON YONTEMIi VE YERALTI
GAZ DEPOLAMA TESISLERINDEKiIi UYGULAMALARI

Hiisnii Corbacioglu’
" Tiirkiye Petrolleri Anonim Ortaklig1 - Ankara (hcorbaci@tpao.gov.tr)

Ozet: Yiizeyde jeokimyasal prospeksiyon metodu, yeraltindaki petrol ve gaz
rezervuarlarindan yiizeye kadar gelen mikrosizintilarin 6zel yontem ve aparatlar kullanilarak
alinmasi1 ve laboratuvar analizleri sonucunda kompozisyon ve bolgesel dagilimlarinin tespit
edilerek degerlendirilmesi ilkesine dayanmaktadir.

Laboratuvarlarda analizi yapilan 6rneklerin gaz kompozisyonlar1 (C;, C,, Cs, 1Cs, nCiy,
CO,) ve konsantrasyonlar1 kullanilarak ¢esitli diyagram ve anomali haritalar1 tiretilmekte, bu
veriler yardimiyla yeraltinda mevcut hidrokarbon rezervuarlarinin lokasyonu, geometrisi,
bliytikliigii ve rezervuarda mevcut hidrokarbonlarin tipi (petrol, kondensat, kuru/islak gaz),
kokeni (biyojenik,termojenik) tespit edilebilmekte, ayrica, ylizeye kadar gelen, mevcut fay
hatlarinin konumu da saptanabilmektedir.

40 y1li askin siiredir klasik aramacilik yontemlerine (jeoloji, jeofizik) yardime1 bir “tool”
olarak kullanilan “Yiizeyde Jeokimyasal Prospeksiyon Metodu” hidrokarbon aramaciliginda
basariyla uygulanmistir. Ornegin, ABD’de, gesitli derinlikte, gesitli tipte rezervuarlarin yer
aldig1 139 basende uygulanmig, negatif anomalilerin bulundugu alanda agilan 43 kuyudan 41
tanesinde hidrokarbona rastlanmamistir. Buna karsilik, pozitif anomaliler iizerinde agilan 98
kuyunun 90 tanesinde hidrokarbon kesfi yapilmistir.

“Yiizeyde Jeokimyasal Prospeksiyon” yontemi, hidrokarbon aramaciligindaki bu klasik
kullanimi disinda, yeraltt gaz depolama tesislerinde ve ¢evre ile ilgili problemlerin
tanimlanmasi1 ve ¢oziimlenmesinde yaygin olarak kullanilmaktadir. Bu problemler, yeralti
depolarindan ve boru hatlarindan gerceklesebilecek sizintilar ile bolgesel jeolojik kosullar
neticesinde olusan kagaklar da olabilmektedir. Metod, bu problemlerin tespiti, ¢oziimlenmesi
ve depolanan gazin kompozisyon degisiminin yiizeyde belirlenmesini de saglayabilmektedir.

Klasik hidrokarbon aramaciligi yaninda, tesislerin (yeralti depolari, boru hatlart vs.)
giivenligi, ekonomik sartlar1 ve siirdiiriilebilirlikleri i¢in giiniimiizde ¢ok Onemli bir arag
haline gelen “Yiizeyde Jeokimyasal Prospeksiyon” yontemi belirli donemlerde rutin olanarak
uygulanarak ¢ok daha saglikli bir tesis yonetimi saglamaktadir.

Anahtar Kelimeler: Yiizeyde jeokimyasal prospeksiyon, aramacilik araci, yeraltt gaz
depolama, s1zint1.
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GEOCHEMICAL SURFACE PROSPECTING METHOD and
APPLICATIONS on UNDERGROUND GAS STORAGE FACILITIES

Abstract: Surface geochemical prospecting method based on the principle of sampling the
micro gas seepages from the underground reservoirs of oil and gas by using special methods
and apparatus. The result of laboratory analysis of the gas samples enable to identifies
compositions and regional distributions.

Using the gas compositions (C;, C, Cs, iCy nCy CO,) and concentrations, various
diagram and anomaly maps are produced. With the help of these data, location of the existing
underground hydrocarbon reservoirs, their geometry, size and the origin (biogenic,
thermogenic) and the type (oil, condensate, dry/wet gas) of hydrocarbons present in the
reservoirs can be determined. Also, the position of the existing faults, reaching to the surface,
can be identified.

"The surface geochemical prospecting method" which is used as a supporting tool to the
classical hydrocarbon exploration methods (geology, geophysics) over 40 years, successfully
applied to hydrocarbon explorations. For example, this method applied to various types of
reservoirs at different depths in 139 basins in the United States. As a result, no hydrocarbon
has been found at 41 wells out of 43 which were opened on negative anomalies. In contrast,
hydrocarbon discovered in 90 wells out of 98 which were opened on positive anomalies.

Surface geochemical prospecting method, except for the use of classic hydrocarbon
exploration, widely used for the identification and resolution of problems related to the
environment and underground gas storage facilities. These problems may be realized as a
result of spills or leakages from underground storage tanks or pipelines as well as regional
geological conditions. Method can help for identification and solving these problems, and
also detection changing composition of stored gas at the surface.

"Surface Geochemical Prospecting” method is used for both classical hydrocarbon
exploration and for the security of the facilities (underground tanks, pipelines, etc.) and their
sustainability, as well as their economic conditions. This method also provides much more
healthy facility management by applying it routinely in a certain periods of time.

Key Words: Geochemical surface prospecting, exploration tool, underground gas storage,
leakage.
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KURNUC CiVARI (GOYNUK/BOLU) BITUMLU KAYACLARININ
MINERALOJIK INCELEMESI

Hilal Engin', Ali Sar1® ve Siikrii Kog’
" Ankara Universitesi Fen Bilimleri Enstitiisii, Besevler-Ankara (hilal_engin@yahoo.com)
% Ankara Universitesi Miihendislik Fak. Jeo. Miih. B6l. Tandogan/Ankara

Ozet: Cahigma alanimin yer aldigi Kiirniic (Goyniik/BOLU) civarinda organik maddece zengin
kayaclar yiizeylemektedir. Araziden derlenen bitlimlii kayaglarin kaynak kaya potansiyelleri organik
madde miktarlar1 kullanilarak belirlenmistir. Bitiimlii kayaglarin organik madde miktarlar 2,52-8,38
%wt (ortalama 6,13 %wt) arasinda degigmekte olup, zengin kaynak kaya potansiyellerine sahiptir.

Yapilan inorganik jeokimyasal analiz sonuglarina gore Kiirnii¢ civar1 kayaglarinin ana oksit
icerikleri %Si0, 0,97-45,05 (ort. 26,01), %Al,05 0,08-12,50 (ort. 6,42), %Fe,O5 0,15-5,83 (ort. 2,83),
%Ca0 9,27-53,11 (ort. 25,70), %MgO 0,69-15,44 (ort. 5,22), %Na,O 0,05-6,44 (ort. 1,54), %K,0O
0,02-2,88 (ort. 1,22), %P,05 0,01-0,46 (ort. 0,11), %TiO, 0,01-0,79 (ort. 0,36) ve %MnO 0,04-0,20
(ort. 0,09) olarak bulunmustur. Ayrica bitiimlii kayaglarin mineral igerikleri XRD analizleri ile
incelenmis ve kayaglarin ¢ogunlukla kuvars % 5-18 (ort. 9,9), karbonatli mineraller [kalsit %7-17 (ort.
10,7), dolomit %12-25 (ort. 19,25) ve ankerit %10-40 (ort. 23,33)] ve kil minerallerinden
[montmorillonit % 6-12 (ort. 8,90), illit %5-10 (ort. 7,5), kaolinit %3-7 (ort. 5,80) ve klorit grubu % 3-
7 (ort. 4,38)] olustuklar1 belirlenmistir. Bu verilere gore Kiirniic (Goyniik (Bolu/Tiirkiye) civari
organik maddece zengin bitiimlii kayaclarinin daha ¢ok karbonatli kaya¢ depolanmasina elverisli
redoks ortam kosullarinda depolandiklar1 belirlenmistir.

Anahtar Kelimeler: Redoks kosullar, depolanma ortami, organik madde, mineraloji, Kiirnii¢

MINERALOGIC INVESTIGATION of BITUMEN ROCKS of KURNUC
VICINITY (GOYNUK/BOLU)

Abstract: Organic matter rich rocks outcrop in study area, around Kiirniic (Géyniik/BOLU) vicinity.
Source rock potential of bituminous rocks collected from study area was determined by using amounts
of organic matter. The amount of organic matter in bitumen rocks ranged from 2,52 to 8,38 %wt
(average 6,13 %wt) and they have rich potential of source rock potential.

Organic matter rich rocks outcrop in study area, around Kiirnii¢ (Goyniik/BOLU) vicinity.
Source rock potential of bituminous rock samples was evaluated based on the organic matter amounts.
The source rock potential of the bitumen rocks are high due to their organic matter amounts between
2,52 to 8,38 %wt (average 6,13 %wt). According to the results of the inorganic geochemical analysis,
major oxide contents of the rocks around Kiirnii¢ vicinity are; %SiO, 0,97-45,05 (mean 26,01),
%AL0; 0,08-12,50 (mean 6,42), %Fe;0O; 0,15-5,83 (mean 2,83), %CaO 9,27-53,11 (mean 25,70),
%MgO 0,69-15,44 (mean 5,22), %Na,0 0,05-6,44 (mean 1,54), %K,0 0,02-2,88 (mean 1,22), %P,0;
0,01-0,46 (mean 0,11), %TiO, 0,01-0,79 (mean 0,36) and %6MnO 0,04-0,20 (mean 0,09). In addition,
minerallogical composition of bitumen rocks was examined with XRD analysis. The ampunts are as
follows: quartz % 5-18 (mean 9,9), carbonate minerals [calcite %7-17 (mean 10,7), dolomite %12-25
(mean 19,25), ankerite %10-40 (mean 23,33)] and clay minerals [montmorillonite % 6-12 (mean
8,90), illite %5-10 (mean 7,5), kaolinite %3-7 (mean 5,80) and chlorite % 3-7 (mean 4,38)]. The test
data above indicates that, the organic matter rich rocks of Kiirniic have been deposited in redoks
conditions which is suitable for carbonate rocks deposition.

Key Words: Redox conditions, depositional environment, organic matter, mineralogy, Kiirnii¢
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HIiDROTERMAL JENEZDE GI"JNI:JM["IZ SINIFLAMALARI,
JEOKIMYASAL IRDELEMELER, TURKIYE’ DEN ORNEKLER.

Selcuk Tokel
stokel@kocaeli.edu.tr (0532 316 11 22)

Ozet: Cevher birikimleri magmatik kristalizasyonlardan ayrismaya kadar cesitli jeolojik siireglerde
olusur. Bu birikimlerin {igte ikisini kapsayan ¢ogunlugu baslica H,O, CO, ve NaCl iceren, sicakliklar
~600°C’ den (sliperkritik) =100°C’ ye (meteorik) kadar degisebilen akiskanlarin olusturdugu
hidrotermal siireglerde depolanir. Konvektivite ile hareket kazanan bu akigkanlar birbirinden 13 kat
farkli hidrolik gegirgenlik gosteren kayaclar i¢inde dolasir. Giiniimiizde 6zellikle halen aktif olan
sistemler iizerindeki arastirmalar bu akiskanlarin metal igerigi, sistemin hacmi, duraylili1 ve akiskan-
yankayag etkilesimini sorgulamaktadir.

Hidrotermal sistemlerde Lindgren’in baslattig1 sicaklik derecelerine bagli smiflamalar halen
gecerlidir. Modern calismalar, jenetik agidan bu sistemlerin baglica iki grupta toplanabilecegini
gostermigtir: Yiizeye yakin, atmosferik sular ile beslenen, soguk ve kirilgan kayaglarin i¢inde dolasan,
acik sinirlanmamis, unconfined sistemler (6rnegin meteorik hidrotermal, denizsuyu hidrotermal vd.)
yiizeyle iliskisi kesilmis siinek ve sicak formasyonlar icinde gelismis kapali confined sistemler
(6rnegin magmatik hidrotermal).

Bivalent oktehedral katyonlar (BOC), yiiksek degerlikli, genis ¢apli katyonlar (LHC) ve alkali
elementlerin yerine gecebilen katyonlar (ALC) olarak gruplandirilan metalik cevherlerin ana kaynag:
yan kayaclardaki kaya¢ yapici minerallerdir. Bunlar klor aktivasyonu yolu ile dogrudan veya
minerallerin hidrotermal doniisiimleri sirasinda ¢oziiniirler. Klorlu bilesikler halinde taginan bu
katyonlar kirecli bazik ve yiikseltgen ortamlarda oksit, siilfiirlii indirgen ortamlarda da siilfit olarak
depolanirlar.

Anadolu’ nun evrimi silirecinde olusan, degisik jeolojik c¢evreye sahip jeotektonik ortamlarda
(kenet kusaklari) gelismis cesitli tipte granitoid sokulumlarinin olusturduklari hidrotermal sistemler
literatiire gececek derecede tipik metallojenik provensler meydana getirmislerdir. Pontid paleo-yitim
kusagindaki granitoid zincirinde meydana gelmis deniz suyu beslemeli unconfined hidrotermal
sistemler yitim tipi polimetalik masif siilfit provensini olusturmuslardir. Jeokimyasal irdelemeler siyah
cevherin (Pb, Ag) kaynaginin ¢agdas felsik seriler, sar1 cevheri olusturan (Cu, Zn, Fe) gibi BOC’ larin
kaynaginin ise alt bazik yitim volkanitleri oldugunu gostermektedir.

Orta Toroslar kenet kusaginda olusan “Demir Zonu” iginde Fe-Skarn mineralizasyonlari
granitoid-serpantinit-kirectasi iiclii dokanaklar civarinda birikerek tipik bir provens olusturmuslardir.
Hidrotermal ¢evirim kapali tipte olup sicakliklar siiperkritik derecelere kadar ¢ikar. Magnetit kristalleri
ve yan kayag i¢indeki Ni, Co, Cr miktarlar1 ve cevher-yankayag¢ derisim oranlari, ayrica ¢evrede bu
elementlerle fakirlesmis listvenitlerin varlig1 demirin serpantinitlerden sokiildiigiinii isaret etmektedir.

Giliney Marmara Bolgesi kenet kusagi tizerinde Neojen yasli carpisma sonrasi felsik sokulumlarin
olusturdugu hidrotermal ¢evirimler bu bolgede yogun B, Sb, As birikimleri ile 6zgilin bir Metalloid
Provensi meydana getirmiglerdir. Bu metalloid katyonlarin kaynagi olarak temel metamorfik
formasyonlar diisliniilmektedir. Ancak yapilmis jeokimyasal ¢aligmalar sinirlidir. Bor Neojen playa
gollerinde ¢okelmistir. Antimon temel metamorfikler-felsik sokulumlar-kiregtaglariin bir arada
oldugu ¢evrede gorilmektedir. Diisiik sicakliklarda prograde ¢oziniirlikk gosteren silisin gevrede
yumrular halinde bollugu s1g unconfined karakterde ¢evirimlerin gostergesidir.

Hidrotermal yataklarin prospeksiyonunda toprak jeokimyasi yontemi etkin sonuglar vermektedir.
Borat mercekleri i¢in hedef saptamada toprak jeokimyasi sonucu ortaya ¢ikan anomalilere gére sondaj
programlamasit yapilmalidir. Antimon prospeksiyonunda anomali degerleri temel degerin 1000 kati
iizerinde seviyelere ¢ikarak mineralizasyonu agikga isaret eder.

Giliniimiiz teknolojisinde GPS, yerinde 0Ol¢ii alabilen portatif XRF ve laboratuvarlarda ICP
cihazlarimin varligr hidrotermal sahalar tizerinde jeokimyasal prospeksiyonu kolay, ekonomik ve etkin
kilabilmektedir.
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MODERN CLASSIFICATION in HYDROTHERMAL GENESIS,
GEOCHEMICAL CONSIDERATIONS, EXAMPLES FROM ANATOLIA

Abstract: Ore Deposits are formed by geological processes ranging from magmatic crstallization to
weathering. More than two third of these deposits are formed in hot fluids consisting largely by H,0,
CO; and NaCl. Temperature are highest (=600°C) in supercritical aqueous solutions and lowest
(=100°C) in meteoric systems. These convecting hydrothermal flows move through permeable rocks
which their hydraulic conductivity varies over 13 orders of magnitude. Today, especially in active
hydrothermal systems, research is focused on concentrations of metals in these fluids, the volume and
duration of hydrothermal cell and flows-wall rock interactions.

Lindgren classification in hydrothermal systems, based on temperature, is still in use. Modern
studies on genetic classification indicate that hydrothermal systems can be divided into two main
groups. Unconfined systems commonly operate near the surface, are charged with meteoric waters
and the flows will through brittle rocks (i.e. meteoric hydrothermal, seawater hydrothermal systems).
Confined systems are largely isolated from the surface and have an isolated or partly isolated fluid
reservoir and form in hot, ductile rocks (i.e. magmatic hydrothermal systems)

The source of elements which can be grouped as bivalent octahedral cations (BOC) and large
highly charged cations (LHC) and alkali-like cations which are capable of occupying alkali positions
(ALC), are rocks forming minerals in wall rocks. The metallic cations can be released through
congruent dissolution of their host minerals or during hydrothermal alterations of the rock forming
minerals by chloride activation. These metal chlorides solutes are converted to oxide and sulfide
minerals in basic oxidized environment and anoxic basin containing reduced sulphur respectively.

During Anatolian geological evolution, along the suture zomnes, many granitoid belts were
developed in different geological environment. Consequently large hydrothermal systems which were
heated by these magmatic activities formed metallogenic belts which can be considered as typical
examples in modern geological literature.

Large seawater hydrothermal systems formed in the granitoid belt of Pontide paleo-subduction
system characteristic mineralization of this provence is constituted by base-metal sulphides.
Geochemical considerations indicate that the source rocks for black ore (Pb-Ag) and for yellow ore
(Cu-Zn-Fe) are lower basic rocks and contemperanous felsic rocks respectively.

Along the Tauride Suture, Fe-Skarn mineralizations which are seen around triple-contacts of
granitoid-limestone-serpentinite, form a typical province of iron-belt. Probably confined hydrothermal
systems were active and temperature reached up to supercritical levels. Ni**, Co’*, Cr'*
concentrations of the magnetite crystals and related wall rocks and also presence of listweanites
which were depleted in these elements around the mineralizations indicate that source rock for iron is
the serpentinized wall rocks.

Around the south Marmara suture zone unconfined hydrothermal systems result from post-
collisional shallow felsic intrusions of Neogene age. These systems formed intense B,Sb,As
mineralizations that can be considered as metalloid provence of W.Anatolia. According to limited
geochemical studies these metalloid cations are assumed to be derived from leaching of the basement
metamorphics. Borate lenses were deposited in playa lakes. Antimony deposits occur in such
environment where shallow felsic intrusions, metamorphic basement and limestone are seen near each
other. Presences of siliceous sinter formations around the mineralizations indicate the unconfined
meteoric hydrothermal systems.

Geochemical soil surveys in prospection of such hydrothermal deposits have been found
particularly applicable and effective. Target definition for borate lenses, soil geochemistry should be
established than the drilling oriented. Anomalous values of antimony in soil, reaching up to 1000
times more than normal background, pinpoint the burried shallow antimony mineralizations.

Using the modern technological equipments such as GPS, ICP and portable XRF make easier,
economic and effective the geochemical soil survey in order to explore the hydrothermal ore deposits.
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TOROS KUSAGINDA KARBONAT YANKAYACLI Zn-Pb
YATAKLARINDA GOZLENEN OKSITLI ZONLARIN MINERALOJISI
VE JEOKIMYASI

Fatih Pekdemir! ve Abdurrahman Lermi'
N U Miihendislik Fakiiltesi Jeoloji Miihendisligi Boliimii, Nigde, (alermi@nigde.edu.tr)

Ozet: Bu calisma Torid’lerin orta kesiminde Zamanti1 Maden Provensi igerisinde yer alan
karbonat yan kayagli Zn-Pb yataklarinin alterasyon mineralojisi ve jeokimyasini konu
edinmistir. Calismanin amaci ise bolgede en biiylik yataklardan olan ve tamamina yakin
kisimlar1 oksite olan Delikkaya ve Tekneli Madenleri’nde meydana gelen asir1 oksitlenmeyi
olusturan kosullar, olusan yeni mineral birliktelikleri ve buna neden olan olaylarin
anlasilmasidir.

Bu yataklardan Delikkaya, kiregtasi ve bitlimlii killi kiregtasindan olusan Alagdl
formasyonu i¢inde yer alir ve K55D uzanimli ve KD dalimlidir. Tekneli madeni ise Siyah
Aladag Nap1 icerisinde mizziali kirectaglarina yerlesmistir. Yataklar tamamen fay
kontrolliidiirler ve cevher her iki yatakta da diizensiz mercekler, kiriklar ve karstik
bosluklarda ve yan kayaclara ornatma seklinde yerlesmistir.

Yapilan cevher mikroskopisi, SEM ve XRD c¢alismalarinda primer cevher mineralleri
galen, sfalerit ve pirit; oksitli cevher minerali olarak ise en az bes farkli kristal yapisi ve
renginde simitzonit, hidrozinkit, serzit, hemimorfit, anglezit, plumbojarosit ve jel silis
mineralleri en yaygin olan cevher ve gang mineralleri olarak tespit edilmistir.

Yan kayaglarda cevher yerlesimi sirasinda damara dogru genellikle cevher olusturan
elementlerde logaritmik bir artis oldugu, oksitli kesimde Au ve Ag gibi elementlerde belirgin
bir zenginlesme meydana geldigi tespit edilmistir. Cevherli zonda Ca ve Sr elementlerinde
belirgin bir azalma, bunun yaninda metal indeksi ve dolmitlesme etkisi oldukga artis
gostermektedir. Bu durum yan kayagta belirgin bir yerini alma (Ornatma) olayinin
gerceklestigi sdylenebilir.

Mineral birlikteliklerine bakildiginda bu yataklarin oksitlenme ve yeniden ¢okelme
sartlar1 oldukca diisiik sicaklik, baslangicta asidik ancak daha sonra alkalin pH ve yiiksek
oksitlenme potansiyeli (Eh) kosullarinda gergeklestigi sOylenebilir.

Anahtar Kelimeler: Alterasyon Mineralojisi, Mineral Kimyasi, Dolomitlesme FEtkisi, Kiitle
Transferi
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INVESTIGATION of THE MINERALOGY and GEOCHEMISTRY of THE
OXIDE ZONES OBSERVED in THE CARBONATE HOSTED Zn-Pb
DEPOSITS in TAURIDE BELT

Abstract: This study deals with alteration and mineralogy of alteration from carbonate hosted
Zn-Pb mineralization in the Zamanti Mineral Province in central Tauride. The main purpose
of this study is to find out mineralogy and genetic conditions of the extremely oxidized ore
zones in the Delikkaya and Tekneli deposits which are the biggest deposits in the region.

Delikkaya ore body trending N5SE and dipping NE is located in the Alagol formation
which composed of limestone and bituminous limestone. Tekneli ore body is also located in
the limestone at the bottom of the Siyah Aladag Nap structures. Both ore body confine to fault
zones. The ore bodies have been formed by both replacements of the host rocks and infillings
of the fractures and karstification cavities.

According to SEM and XRD investigations on the hand specimen, main ore minerals are
sphalerite, galena and pyrite. Structurally controlled bodies contain five different type
smithsonite, hydrozinkite, hemimorfite, seruzite, anglesite and plumbojarosite as nonsulfide
minerals. In the meanwhile, limonite, goethite and hematite are very common oxide minerals.
Gangue minerals are calcite, gel silica, gibbsite and clays.

Main ore elements show a logarithmic decrease from the wall rocks to mineralization
zone. Au and Ag become rich in the oxide zones. In the ore zone, Ca and Sr depleted, at the
same time metal index and dolomitization effects are decrease also. In this instance, it can be
said that Ca and Sr replaced by main ore elements.

According to the mineral paragenesis, mineral oxidation and re-precipitation may take
place in a low temperature, alkaline and high oxidation potential conditions.

Key Words: Alteration Mineralogy, Mineral Chemistry, Dolomitized Effects, Mass Transfer
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CHARACTERISTICS of POST-COLLISIONAL CARBONATITES and
RELATED FLUORITE and RARE-EARTH MINERALIZATION in
TURKEY

Ismet Ozgeng:
Department of Geology, University of Dokuz Eyliil, Izmir - Turkey

Abstract: Carbonatites and related fluorite and rare-earth mineralization have been
identified at three different localities in Turkey. These are Kizilcaéren (Eskisehir), Sofular
(Malatya) and Felahiye (Kayseri) districts.

Ore process and mineral paragenesis of the deposits display obvious differences from the
well-known hydrothermal, pegmatitic and pneumatolytic process and paragenesis related
with acidic rocks. The most distinctive characteristic of the deposits governed by
carbothermal process related with fluids enriched in CO,, CI, F, PO, H,O, is the absence
sulfide mineralization. A common characteristics of the deposits is to contain REE-and Th-
minerals, fluorite apatite and barite in economic or noneconomic grade. The main REE
minerals are carbonates and phosphates.

Carbonatites are associated with alkaline silicate rocks: quartz syenite, feldspathoid-
bearing syenite (miaskite, foyaite), phonolite and trachyte. Carbonatites consist of calcite-
carbonatite in Kizilcaoren and fluorite-apatite carbonatite in Sofular districts. Carbonatite in
Felahiye district have been characterized as ringite. It consists of a calcite groundmass and
idiomorphic K-feldspar (orthoclase - sanidine) phenocrystals.

Two varieties of carbonatite have been distinguished in the Kizilcaoren and Sofular
districts. 1- REE carbonate type, 2- REE phosphate type. REE are contained in bastnaesite
(Th rich REE carbonate), brockite and britholite ( Th-Ce rich REE phosphate) mineral
phases. In the Kizilcadren deposit, the carbonatite is of REE carbonate type. Early stage
carbonatites are barren. Bastnaesite is associated with fluorite and barite in the veins which
are normally subordinate to the late stage carbonatite. In the Sofular deposit, the carbonatite
is REE phosphate type. Monomineralic britholite veins are associated with fluorite- apatite
carbonatite.

Fluid inclusion studies on carbonatites suggest that carbonatite crystallization took place
at the temperature of 550° C. Fluid inclusion studies on fluorite, apatite and britholite reveal
that the mineralization was between 350° to 500° C.

The age of alkalic rocks and carbonatites range between Late Cretaceous and Middle
Miocene. The carbonatite magmas at the each of three localities were generated by post-
collisional lithospheric attenuation in passive margin of the Anatolides after crustal
thickening as a result of the juxtaposition of Pontide and Anatolide - Tauride plates along a
well-known sture zone of northern branch of Neo-Tethyan oceanic crust.

Key Words: Carbonatites, fluorite mineralization, REE, fluid inclusion
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GD TURKIYE OFiYOLITIiK KROMITITLERINDE GOZLENEN
BiRINCIL PLATIN GRUBU MINERAL (PGM) ve SILIKAT
KAPANIMLARI: MAGMATIK KOKENE AIiT BULGULAR

Recep Melih Akmazl, Ibrahim Uysalz, Samet Sakaz, Federica Zaccarmr®

I Zonguldak Karaelmas Universitesi Jeoloji Miithendisligi Boliimii, Zonguldak (rmelihakmaz@gmail.com)
% Karadeniz Teknik Universitesi Jeoloji Mithendisligi Boliimii, Trabzon (uysal.ibrahim@googlemail.com)
3 Department of Applied Geological Sciences and Geophysics, University of Leoben, Austria
(Federica.Zaccarini@unileoben.ac.at)

Ozet: Ofiyolitik istifin taban kisminda yer alan tiiketilmis manto peridotitleri (harzburjit ve
dunit) igersinde, damar ve merceksi bir yapida bulunan Giineydogu Tiirkiye ofiyolitik
kromititleri; jeokimyasal Ozellikleri bakimindan Cr’ca (Cr#>70) ve Al’ca zengin (Cr#<70)
olmak iizere iki gruba ayrilmaktadir. Ust mantonun gesitli derecelerdeki kismi ergimesi
sonucu olusan ergiyiklerden itibaren kristallenen kromititlerin toplam platin grubu element
(PGE) igerikleri genellikle diisiiktiir (42-348 ppb, 126 ppb ort.) ve tiim kromititlerin
IPGE(Os+Ir+Ru)/PPGE(Rh+Pt+Pd) oranlar1 (3—14), tipik ofiyolitik kromititlere benzer olarak
yiiksektir. Kromititlere ait PGE’ler arasinda iyi pozitif korelasyon (r=0.80) s6z konusu iken,
bununla birlikte Cr# degerlerine karsilik PGE icerikleri arasinda zayif korelasyon soz
konusudur (r=0.31). Yiiksek Cr iceren kromititlerin (PGE=158 ppb ort.), yiiksek Al iceren
kromititlere (PGE=84 ppb ort.) kiyasla toplam PGE igerikleri fazla olup, Pd/Ir oranlar ise
diisiiktiir (Pd/Ircs-70=0.15 ve Pd/Ircr<70=0.57). Bolgeden alinan {i¢ kromitit 6rneginde toplam
PGE igerigi 1.2, 2.8 ve 13 ppm’e kadar ulasan 6nemli bir zenginlesme gozlenmistir. Bu ii¢
kromitit 6rnegine ait PGE degerlerinin kondrit degerlerine oranlanmis PGE diyagraminda 20
kat zenginlesmeye varan 6nemli Ru anamolisi ve genel anlamda Ru’dan Pt’e dogru negatif bir
yonseme gozlenmistir.

Gilineydogu Tirkiye ofiyolitik kromititlerine ait kromit kristalleri coklukla birincil
kapanimlar seklinde platin grubu mineral (PGM) ve silikat mineralleri icermektedir. Laurit,
kromit kristalleri biinyesinde en bol bulunan faz olmakla birlikte az oranda irarsit PGM
fazlarini olusturur. Bununla birlikte Os-Ir alasimi1 ve Ru oksit fazlar1 da kromit kristallerinde
gozlenen diger PGM kapanimlarini olusturur. Ozellikle PGE bakimindan zengin yiiksek Cr
iceren kromititlerde laurit kapanimlari olduk¢a fazladir. Kromit kristalleri biinyesinde
boyutlart 10 mikronmetreye ulasan 0z sekilli-yar1 06zsekilli birincil laurit kapanimlari,
coklukla tek fazli ve amfibol gibi sulu silikatlarla ¢oklu fazlar seklinde bulunup, kimyasal
olarak Ru’ca zengindir [Ru#; Ru/(Ru+Os)=0.73-0.96]. Olivin, amfibol, klinopiroksen ve
ortopiroksen ise silikat kapanimlarini olusturmaktadir.

Kromit kristalleri biinyesindeki PGM’lerin dokusal 6zellikleri, parajenezi ve jeokimyasal
bilesimleri, PGM’lerin yiiksek sicakliklarda ve kismen diisiik siilfiir fugasitesi (fS,)
kosullarinda, kromit kristalleri ile birlikte es zamanli ya da kromit kristallerinden daha once
kristallendiklerini gostermektedir. Bununla birlikte o6zellikle Cr’ca zengin kromititler
bilinyesinde gozlenen birincil amfibol gibi sulu silikat kapanimlarmin varligi, kromit ve
PGM’leri kristallendiren ergiyigin sulu bir ergiyik oldugunu ve s6z konusu ergiyigin bir yitim
ortaminda olustugu sonucunu desteklemektedir.

Anahtar Kelimeler: Giineydogu Tiirkiye, ofiyolit, kromitit, platin grubu mineral, platin
grubu element
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PRIMARY PLATINUM GROUP MINERAL (PGM) and SILICATE
INCLUSIONS in OPHIOLITIC CHROMITITES FROM THE
SOUTHEASTERN TURKEY: IMPLICATIONS FOR MAGMATIC ORIGIN

Abstract: Ophiolitic chromitites of southeastern Turkey occur in depleted mantle peridotites
(harzburgite and dunite) in the form of veinlets and lenticular bodies. They are geochemically
divided into two groups as high-Cr (Cr#>70) and high-Al (Cr#<70) in composition. Total
contents of platinum group elements (PGE) are generally low (42-348 ppb, 126 ppb average)
and display high IPGE(Os+Ir+Ru)/PPGE(Rh+Pt+Pd) ratio (3—14) typical of ophiolitic
chromitites. All chromitites display good positive correlation (r=0.80) among the PGE,
however, there is a weak correlation between total PGE and chromite composition of
chromitites (r=0.31). Chromitites having high Cr composition chromite (PGE=158 ppb
average) are richer in total PGE than those of Al-rich ones (PGE=84 ppb average) and Pd/Ir
ratios are lower (Pd/Ircys70=0.15, Pd/lrc,4<70=0.57). However, three samples show a
significant enrichment in PGE up to 1.2, 2.8 and 13 ppm, respectively. These three samples
are characterized by up to 20 times enrichment in Ru and negative trend from Ru to Pt in
chondrite normalized PGE diagram.

The investigated chromitites contain mostly platinum group minerals (PGM) and
silicates. Laurite is the most abundant PGM, especially in the PGE rich samples,
accompanied by few irarsite, Os-Ir alloys and probably Ru oxides phases. Laurite inclusions,
about 10 micrometer in size are rich in Ru [Ru#; Ru/(Ru+Os)= 0.73—0.96]. It occurs as
single phase or multi phases together with hydrous silicates such as amphibole. Olivine,
amphibole, clinopyroxene, orthopyroxene have been also identified as primary inclusions.

Textural relations, paragenesis and composition of PGM suggest that they crystallized at
high temperatures and relatively low sulfur fugacity conditions, before or during the chromite
precipitation. However, especially the presence of primary hydrous inclusions such as
amphibole in high Cr composition chromites suggets that the chromite and associated PGM
crystallized from an hydrous melts probably in a subduction environment.

Key Words: Southeastern Turkey, ophiolite, chromitite, platinum group mineral, platinum
group element
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DERBENT (YOZGAT) BOLGESi MANGANEZ
CEVHERLESMELERININ MINERALOJISi VE NADIR TOPRAK
ELEMENT (NTE) JEOKIMYASI

Nursel Oksiiz' ve Alpay Karakus®
': Bozok Universitesi Jeoloji Miihendisligi Boliimii, Yozgat (nursel.oksuz@gmail.com)
?: Ankara Universitesi Jeoloji Miihendisligi Béliimii, Ankara (karakusalpay@hotmail.com)

Ozet: Derbent (Yozgat) bolgesi manganez cevherlesmeleri, ilgenin yaklasik 5 km dogusunda
bulunan Mahkeme tepesi (MT) ile Derbent goletinin kuzeyinde ve giineyinde (DQG)
gbzlenmektedir.

Cevherlesmeler, Alt Kretase yerlesimli ofiyolit karmagigin {iyelerinden olan radyolaritli
cortler icerisinde bulunmakta olup, tabakali ve mercek seklindedir. Olduk¢a kivrimli ve kirikl
olan radyolarit birimi ile birlikte gézlenen manganez cevherleri de kirikli, ¢atlakli ve diizensiz
bir yap1 gostermektedir. Cevher mineral parajenezi Mahkeme tepesinde (MT) manganit,
manyetit ve piroluzit iken gang mineralleri kalsit ve kuvarstir. Derbent gdletinin giiney ve
kuzeyindeki cevherlesme (DG) ise piroluzit ve goétitten olugmaktadir. Gang minerali ise
yalnizca kuvarstir.

Cevherlesmelerin kokenini belirlemek icin NTE (Nadir Toprak Elementleri) iceriklerine
gore ¢esitli tanimsal diyagramlar c¢izilmistir. Ayrica NTE degerlerine gore ¢izilen spider
diyagramlarinda, o6zellikle Ce ve Eu anomalileri degerlendirilmistir. Buna gore, Derbent
bolgesindeki 6rneklerin bir kismi ¢ok yiiksek negatif Ce anomalisi, bir kismi ise pozitif Ce
anomalisi gostermistir. Eu ise, tiim Orneklerde negatif anomali gdstermistir. Bu anomali
degerleri Ce icin, Cenorm/[2/3Lanorm.+1/3Pryorm.]  esitligi  ile, Eu igin  ise,
Eunorm/[2/3SMpormt1/3Gdnorm] esitligi ile hesaplanmustir.

Derbent ilgesi MT ve DG bolgelerinde gézlenen manganez cevherlesmelerine ait jeolojik,
mineralojik ve jeokimyasal verilere gore cevherlesmelerde hem hidrotermal hem de
hidrojenetik-diyajenetik islemlerin birlikte etken olduguna isaret etmektedir.

Anahtar Kelimeler: manganez, jeokimya, hidrotermal, hidrojenetik, Derbent (Y ozgat)
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RARE EARTH ELEMENTS (REE) GEOCHEMISTRY and MINERALOGY
of MANGANESE MINERALIZATIONS in DERBENT (YOZGAT) REGION

Abstract: Manganese mineralizations occur in Derbent (Yozgat) take place 5 km east of the
Derbent in the Mahkeme Hill (MT), and in the north and south of the Derbent lake (DG).

The manganese mineralizations in area, Lower Cretaceous ophiolite complex located
within the member which is located in radiolarite chert. Mineralizations are observed lens
shaped and layer. Manganese ores, which is generally observed together with folded and
fractured radiolarian units, shows a folded, fractured and irregular structure. Mineral
paragenesis consists of manganite, manyetite and pyrolusite and gang minerals are calcit and
quartz in Mahkeme Hill (MT). Whereas mineral paragenesis of Derbent Lake region consist
of pyrolusite and goethite and gang mineral represented by quartz.

The main work to determine the origin of matter and REE (Rare Earth Elements) content
according to the various descriptive diagrams are drawn. In addition, spider diagrams drawn
according to the REE values, especially Ce and Eu anomalies were evaluated. Accordingly,
some of the samples in the Derbent region is very high negative Ce anomaly, some showed a
positive Ce anomaly. Eu, the negative anomaly in all samples showed. This anomaly values
for Ce, Cenorm/[2/3Lanorm-+1/3Prporm] equality and, for Eu, Eunomm/[2/3SMuorm™t1/3Gdnorm]
with equality for the region was calculated.

According to the geological, mineralogical and geochemical data (major, trace and REE)
the manganase minerilazations have been formed by both hydrothermal and hydrogenous-
diagenetic processes.

Key Words: Manganese, geochemistry, hydrothermal, hydrogenous, Derbent (Yozgat)
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KIRKA BORAT YATAGINDA ZENGINLESEN ESER ELEMENTLER

Ismail Kocak' ve Siikrii Kog’
"“Bozok Universitesi Jeoloji Miihendisligi Bolimii, Yozgat, Tiirkiye (ismail. kocak@bozok.edu.tr)
% Ankara Universitesi Jeoloji Miithendisligi Boliimii, Ankara, Tiirkiye (koc@eng.ankara.edu.tr)

Ozet: Tiirkiye nin bilinen borat yataklari, Miyosen golsel ortamlarinda, Tersiyer’de baslayan
ve Kuvaterner’in baglangicina kadar devam eden volkanik aktivitelerin yer aldigi donemlerde
depolanmustir.

Kirka baseni ve yakin cevresinde, Miyosen oncesi temel kayaclar (Paleozoyik yasl
metamorfitler, Mesozoyik yaslh ofiyolit ve Eosen yaslh karbonatlar) ve Neojen yaslt volkanik
ve sedimanter birimler yer almaktadir. Neojen birimleri, Idrisyayla volkanitleri, Karadren
formasyonu, Sarikaya formasyonu, Tiirkmendagi bazalti ve Fetiye formasyonundan
olusmaktadir. Bor yataginin yer aldig1 Orta-Ust Miyosen yash Sarikaya formasyonu ortalama
230m kalinliga sahiptir. Birim, sirasiyla kirectaslari, dolomitik kiregtaslari, kiltagi/marn-
dolomit ardalanmasi, tiif arakatkili killikarbonatli borat zonu, laminasyonlu kiltasi/marn-
dolomit ardalanmasi ve dolomitik kiregtaslar1 seklinde siralanmaktadir. Borat minerallerinin
¢okelimi Na-borat(boraks, kernit, tinkalkonit), NaCa-borat(Uleksit, probertit, kurnakovit,
inderit, inderborit ve tunellit) ve Ca borat (kolemanit, inyoit, meyerhofferit, pandermit, tunelit,
ve hidroborasit) seklinde ii¢ zondan olusmaktadir.

Kirka borat yatagi jeolojik, petrografik ve mineralojik olarak bir¢cok yazar tarafindan
calisilmistir. Ancak Kirka boratlarinin jeokimyasi tam olarak ortaya konmamistir. Bu amagla
Kirka borat yatagina ait iki sondaj kuyusundan ve yilizeyden toplam 47 6rnek alinmistir. Bu
ornekler, yurtdisinda ICP-MS ve ICP-ES metodu ile analiz edilmistir. Yer kabugu ve andezit
ortalamalarina gore kiyaslama yapildiginda Kirka boratlarinda; eser elementlerden Sr, Li, Cs,
Se ve As’nin 6nemli oranlarda zenginlesmeler, diger eser elementlerde ise azalmalar oldugu
belirlenmistir. Birinci rakam yer kabugu, ikincisi andezit ortalamalarina gore olmak iizere;
Kirka borat yataginda Sr’un 15-7 kez, Li’un 18-18 kez, Se’un 220-220 kez, As’un 3-2 kez,
Cs’un 19-24 kez artis gosterdigi saptanmustir.

Anahtar Kelimeler: Kirka, Bor, jeokimya, eser element, mineraloji
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TRACE ELEMENT ENRICHMENT of KIRKA BORATE DEPOSIT,
ESKISEHIR, TURKEY

Abstract: The known borate deposits of Turkey evaporated in lacustrine environment during
Miocene when the volcanic activity occurred from Tertiary to Quaternary.

Pre-Miocene bedrocks (Paleozoic metamorphics, Mesozoic ophiolite and FEocene
carbonates) and Neogene volcanic and sedimentary units are located on Kirka basin and
around this province. Neogene rocks consist of Idrisyayla volcanics, Karadren formation,
Sarikaya formation, Tiirkmendag: basalts and Fetiye formation. Middle-Upper Miocene aged
Sarikaya formation in which Borate deposit is located has an average thickness about 230 m.
The unit is including limestones, dolomitic limestone, interbedded claystone / marl-dolomite,
clayey-carbonated borate zone with interfingered tuff, interbedded laminated claystone /
marl-dolomite and dolomitic limestones respectively.

The deposits of borate minerals are in three-zone of which are consisting Na-borate
(borax, kernite, tincalconite)) NaCa-borate (ulexite, probertite, kurnakovite, inderite,
inderborite and tunellite) and Ca-borate (colemanite, inyoite, meyerhofferite, pandermite,
tunellite, and hydroboracite)

Geological, petrological and mineralogical properties of Kirka borate deposit have been
documented by many authors. However, geochemistry is not still clear for this site. Therefore,
total of 47 samples were taken from two drilling holes and Kirka deposits surface. These
examples were analyzed with ICP-MS and ICP-OES methods in foreign laboratories.
Concentrations of Se, Sr, As, Cs and Li show increasing trends with respect to earth crust and
andesite averages while other element contents are decreasing in Kirka borates. It is
determined that in Kirka borate deposit coefficients of increase (the first value for earth crust
and second value for andesite) for Sr are 157, Li are 18—18, Se are 220-220, As are 3—2, Cs
are 19-24 respectively.

Key Words: Kirka, Boron, geochemistry, trace element, mineralogy
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MENDERES MASIFINDEKI ALBIT YATAKLARINDA Fe,0;-TiO,
DAGILIMINA BiR ORNEK: ARMUTLUDUZU ALBIT OCAGI

Zeynep Cansu' ve Hasan Emre'
" fstanbul Universitesi Jeoloji Miihendisligi B&liimil, Istanbul (zynporu@istanbul.edu.tr)

Ozet: Armutludiizii albit ocagi (Labranda) bolge bilinen 250 kadar feldspat ocagindan biridir.
Bolgedeki albit yataklar1 tektonik hatlara bagli olarak yerlesmis ilksel pegmatitik olusumlardir.
Inceleme alanindaki albit olusumlart K25-30°D uzanimlidir. Bu olusumlardan biri olan Armutludiizii
albit yatagi toplamda 150 m. boyunda, 75 m. genisliginde bir zondur. Saf bir albitin %11,8 olan Na,O
bilesimine karsilik Armutludiizii albit yataginda ortalama Na,O bilesimi % 10,18, K,O bilesimi ise %
0,28°dir.

Gozli gnays ve mikasistlerin iginde yer alan yatakta 75 ornekle yapilan jeokimya calismalari
sonucunda, albitin ekonomik kalitesini bozan elementlerden Fe,Os “lin ortalama bilesimi % 0,06 ve
TiO, ‘nin ortalama bilesimi ise % 0,18 olarak bulunmustur. Ozellikle titanli bilesikler pisme rengini
etkiledigi icin albit kalitesini etkileyen en dnemli bilesendir. Jeokimyasal veriler jeolojik sinirlar ile
denestirildiginde, Ti bilesiminin K40-45°D uzanimli gnays smirinda yogunlasirken, Fe bilesiminin ise
mikasgist sinirlarinda artis gosterdigi saptanmustir.

Menderes Masifinin giiney kenarindaki Cine ve yakin ¢evresi kuvars ve K-felspat, Milas bolgesi
ise (0zellikle Labranda) Na-feldspat yataklarinca zengindir. Bu feldspat yataklari, Bati Anadolu’daki
Tersiyer yasgh tektonik hatlara yerlesmis magmatizma ile iliskili olarak olusmus, Milas — Cine
¢evresinde 6zel ayrimlanmis magma sorguglarinin tiriiniidiir.

Anahtar Kelimeler: Albit, Menderes masifi, Labranda, Armutludiizii.

AN EXAMPLE of Fe;0;-TiO, DISTRIBUTION in THE ALBITE
DEPOSITS of MENDERES MASSIF: ARMUTLUDUZU ALBITE QUARRY

Abstract: Armutludiizii albite quarry (Labranda) is one of the 250 of feldspar quarries in the region.
Albite deposits are primary pegmatitic occurences that are situated in the tectonic lines. The albite
occurence in the study area has direction of N25-30°E. One of the deposits of the Labranda region,
Armutludiizii albite deposit, has a thickness of 150 m. with a width of 75 m. Compared to pure albite
which has %11,8 Na,O in composition, the Armutludiizii albite deposit has a mean value of % 10,18
Na,O and % 0,28 K;O.

The albites which is located in augen-gneiss and mica schist, have % 0,06 Fe;Os; and % 0,18 TiO;
composition derived from geochemical studies of 75 samples of this deposit and this composition is
undesired for albites of economic quality. Especially titan is the most important component for albite
quality just because of its effects on burning color. By correlation of the geochemical data with
geologic unit boundaries, it is obtained that Ti concentration becomes intense in the N40-45°E gneiss
boundary and Fe concentration increases in the mica schist boundary.

In the southernmost Menderes Massif, while Cine vicinity is rich for quartz and K-feldspar, Milas
vicinity (especially Labranda) is rich for Na-feldspar. These feldspar deposits which are formed in
relation to Tertiary aged magmatism situated in the tectonic lines are products of particularly
differentiated magma plumes in the Milas-Cine vicinity.

Key Words: Albite, Menderes Massif, Labranda, Armutludiizii
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DOMANIC (KUTAHYA) YORESI PORFIRI Cu- Mo
CEVHERLESMELERININ MINERALOJIK, JEOKIMYASAL VE
IZOTOP JEOTERMOMETRE OZELLIKLERI

Hiiseyin Sendir' ve Kadir Sariz'
" Eskisehir Osmangazi Universitesi Jeoloji Miihendisligi Béliimii, Eskisehir (hsendir@ogu.edu.tr)

Ozet: Caligma alan1 Domanig (Kiitahya) ilgesinin 30 km kuzeybatisinda yer almakta olup,
yaklasik 250 km?’lik bir alan1 kapsamaktadir. Calisma alaninda yiizeyleyen en yash kaya birimi
gnays, mikagist ve klorit sist litolojisinden meydana gelen Devoniyen (Paleozoyik) yash
Saricayiryayla Sistleri’dir. Bu birim {izerinde masif, yer yer tabakali Permiyen yash Allikaya
Mermerleri agisal uyumsuzluk olarak yer almaktadir. Eosen yaslhi Bogazova Granitoyidi batolit
seklinde tim birimleri kesmektedir. Bogazova Granitoyidi porfirik ve holokristalin doku
karakterleri sunmaktadir. Egemen kaya birimlerini; tonalit, tonalit porfir, granodiyorit,
granodiyorit porfir, granit, diyorit, diyorit porfirler olusturmaktadir. Cevherlesmenin igerisinde yer
aldig1 kayaclar ve cevresinde, potasik, fillitik ve propillitik zonlar belirlenmistir. Cevherlesmeler
granodiyoritik kayaglar igerisinde saginim ve agst seklindedir. Cevher mineralleri pirotin, pirit,
kalkopirit, molibdenit, rutil, bornit, sfalerit, markazit, limonit olarak belirlenmistir. Jeokimyasal
olarak Bogazova Granitoyidi sub-alkalen, kalk alkalen karakterli yiliksek potasyumlu, I-tipi bir
pliitondur. Genis iyon yarigapl elementler (LIL) bakimindan zenginlesme, Nb ve Ti bakimmdan
fakirlesmeler magma gelisiminde belirgin dalma-batma zonu kayitlarina isaret etmektedir.

Anahtar Kelimeler: Cu-Mo yataklari, jeokimya, granitoyid, Domani¢ (Kiitahya).

MINERALOGICAL, GEOCHEMICAL and ISOTOPE
GEOTHERMOMETER CHARACTERISTICS of PORPHYRY
MINERALIZATION in THE DOMANIC (KUTAHYA) AREA

Abstract: The study area is located at 30 km northwest of Domanig (Kiitahya) and covers on
approximately 250 square kilometers. The Devonian (Paleozoic) schists which are composed
of gneiss, mica schist and chlorite schist is the oldest unit of the study area. These units are
overlain unconformably by the Permian Allikaya Marbles. Eocene granodioritic intrusives cut
other rock series and located as a batholite. Magmatic units present porphyric and
holocrystalline textures. Granodioritic intrusions are represented by tonalite, tonalite
porphyr, granodiorite, granodiorite porphyr, granite, diorite, diorite porphyries. Potassic,
phyllitic and prophyllitic hydrothermal alteration zones are determined in host rocks and
wallrocks. Mineralizations are observed as disseminated, and stockwork types within the
granodioritic rocks. Ore minerals are pyrotine, pyrite, chalcopyrite, molybdenite, rutile,
bornite, sphalerite, marcasite and limonite. Geochemically, it is of sub-alkaline affinity,
belongs to the high-K, calc-alkaline series and displays features of typical I-type affinity.
They show enrichment in large-ion lithophile elements (LIL) and depletion Nb and Ti
indicating a subduction zone related magmatic signature for their origin.

Key Words: Cu-Mo deposits, geochemistry, granitoid, Domanig (Kiitahya).
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ZIGANA DAGI (TORUL, GUMUSHANE, KD TURKIYE) YORESI
DAMAR TiP Pb-Zn-Cu CEVHERLESMELERININ
KARSILASTIRMALI INCELENMESI

Serap Sevda Turan' ve Migrac Akcay'
" Karadeniz Teknik Universitesi Jeoloji Miihendisligi Béliimii, Trabzon (turanserap@gmail.com),
(akcay@ktu.edu.tr)

Ozet: Zigana Dag yoresi cok sayida kiigiik dlgekli damar tip Zn-Pb-Cu zuhurunun yer aldig1
ve arjillik tip hidrotermal alterasyonun 6zellikle yaygin oldugu bir bolgedir. Alterasyon zonu
Macka ilgesi’nden Torul’a kadar Trabzon-Giimiishane karayolu boyunca yaklagik 50 km’lik
bir zon boyunca genis yayilim gosterir. Bu bolge, Hamsikdy porfiri Cu-Mo zuhurunu igeren
granitik kiitle tarafindan kesilen Ust Kretase yash andezitik-dasitik bilesimli volkanik ve
volkanoklastik birimlerden olusmaktadir. Yoredeki damar tip cevherlesmelerin karsilagtirmali
olarak irdelenedigi bu calismada, Sirganlik, Eskikdy ve Istala cevherlesmeleri ¢alisiimis ve
jeolojik, mineralojik, mikrokimyasal, jeokimyasal ve izotopik Ozelikleri belirlenmeye
calisilmustir.

Damar tip cevherlesmeler genellikle KD-D / GB-B dogrultulu kirik ve fay hatlar
boyunca yerlesmislerdir. Tek bir damardan olusabildikleri gibi (Ornegin Sirganlik), birbirine
paralel ve kesisen damar sistemlerinden olusanlar da (Ornegin Eskikdy) mevcuttur. Damarlar
genellikle 10-50 cm kalinlikta ve birka¢ on metre uzunluktadir. Yanal devamliliklart ise
sinirlidir. Her iki sahada sfalerit, kalkopirit, galen, pirit ve fahlers ana cevher mineralleri,
kalkozin-kovellin ve bornit ikincil siilfidler, zinkit ve seriisit oksidasyon mineralleri, kuvars
ve barit mineralleri ise gang mineralleridir. Mikrokimyasal analizler farkli cevherlesmelerden
alian stlfidlerin benzer bir kimyaya sahip oldugunu ve stokiometrik bir yapt gosterdigini
ortaya koymustur. Sfaleritlerin Zn:Cd oranlar1 (111-290) ile piritlerin Co:Ni oranlar1 (2-37)
Eskikdy madeninin granitlerle iliskili damar tip hidrotermal bir sistem oldugunu
desteklemektedir.

Stalerit ve kuvars tizerinde 6lgiimlerde homojenlesme sicakliklari 100-370°C, tuzluluk
degerleri ise %0,1-10 NaCl esd. olarak belirlenmistir. Bu degerleri birbirleriyle uyumludur ve
sfalerit ve kuvarsin cevherlesmelerin olusumu boyunca birden fazla fazda olustugunu da
desteklemektedir.

Pirit, kalkopirt, sfalerit ve galen iizerinde yapilan &**S 6lgiimleri %0-0,9 — %04,9 (n=28)
kiikiirtin magmatik kokenli oldugunu gostermektedir. Sfalerit-galen, pirit-galen ve pirit-
sfalerit mineral ciftleri arasinda olusturulan izotopik denge denklemleri ile 178-398°C
arasinda degisen izotopik denge sicakliklari elde edilmistir. Sfalerit, kuvars ve barit ile bu
minerallerden elde edilen sivilar tizerinde Olgiilen 50 ve 8'*D degerleri %0-3,6 - %011 ve %o-
16 — %0-83 arasindadir. Bu degerler Zigana Dag1 yoresindeki damar tip cevherlesmelerin
yiizeysel kokenli c¢ozeltilerle kismen seyreltilmis magmatik kokenli ¢ozeltilerden
olustuklarini, es yash olduklarini ve muhtemelen Hamsikdy porfiri yatag: ile iligkili olan bir
porfiri tip cevherlesmenin dis kesimlerine karsilik geldiklerini géstermektedir.

Anahtar Kelimeler: Eskikdy, Istala, Sirganlik, Hamsikdy, Zigana, Mineral Kimyasi, Sivi
kapanimlar, Kiikiirt izotoplar1, Oksijen izotoplari, Hidrojen izotoplari, izotopik Denge.
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A COMPARATIVE STUDY of VEIN TYPE Pb-Zn-Cu OCCURRENCES
AROUND THE MOUNT ZIGANA (TORUL, GUMUSHANE, NE TURKIYE)

Abstract: The area around the Mount Zigana, which hosts a number of small vein type Pb-Zn-
Cu occurrences, is characterised by wide spread argillic alteration. This alteration zone is
observed in an area of about 50 km long along the Trabzon-Giimiishane highway. The Zigana
region is covered by andesitic and dacitic valconic and volcaniclastic units of Upper
Cretaceous intruded by a granitic stock which hosts the Hamsikéy Cu-Mo deposit. This study
concentrates on the Swrganlik, Eskikoy and Istala occurrences and aims at determining their
geological, mineralogical, microchemical, geochemical and isotopic features in an attempt to
decipher their origin in relation to the porphyry-bearing granitic stock.

Vein type deposits in the region are usually placed along NE-E / NW-W trending
fractures and faults. They vary form a single vein deposit (as in Strganlik) to subparallel multi
vein deposits (as in Eskikéy) and to crosscutting zones (as in Istala). Veins are 10 to 50 cm
thick and up to a few tens of metres long with limited lateral extent.

Swrganhik and Eskikoy deposits contain sfalerite, chalcopyrite, galena and pyrite as the
main sulphides, chalcosite, covellite and bornite as the secondary sulphides, zincite and
serusite as the oxidation minerals, and quartz and barite as the gangue minerals. In contrast,
Istala mine is enriched in barite, and other sulphides except for pyrite are observed as traces.
Hydrothermal alteration is limited to the veins and in the form of silicification in the inner
zones and argillic in the outer zomes. Sulphides from these deposits have similar and
stochiometric chemical compositions. Zn/Cd ratios of sfalerites and Co/Ni ratios of pyrites
indicate a genetic link to vein type systems related to granitic intrusions.

Homogenisation temperatures and salinity values of sfalerites and quartz are in the
ranges of 100-370°C and 0,1-10 wt% NaCl eq. These values are comporable for both
minerals and indicate that they deposited in various phases during the formation of veins.

5*S measurements from pyrite, chalcopyrite, sfalerite and galena vary from %0-0,9 to
%04,9 (n=28) and denote that sulphur is of magmatic origin. Sfalerite-galena, pyrite-galena
and pyrite-sfalerite mineral pairs show isotopic equilibrium temperatures in the range 178-
398°C. 5°0 ve 8°D values obtained from sfalerite, pyrite and barite, and the fluids extracted
from them span -3,6 to 11%o0 and %o-16 to -83%o, respectively. These isotope and fluid
inclusion data show that vein type deposits around the Mount Zigana are formed from
magmatic fluids diluted partly by meteoric fluids, that they are contemporaneous, and that
they are likley to correspond to outer zones of the Hamsikéy porphyry deposit.

Key Words: Eskikéy, Istala, Swrganhik, Hamsikoy, Zigana, Mineral Chemistry, Fluid
Inclusions, Sulphur Isotopes, Oxygen Isotopes, Hydrogen Isotopes, Isotopic Equilibrium.
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SOLESTIN YATAKLARININ iIZOTOP JEOKIMYASI (Sr, O, S) ve
COZELTi KAREKTERISTIGI EVAPORITIK SARKISLA-CELALLI
HAVZASI, SIVAS-TURKIYE

Ali Ug:uruml, Ahmet Efel, Cigdem Sahinl, Ferenc Molnar’ *, Greg B Arehart’ s

Ernst Pernicka", Paul J Lechler’
" Cumhuriyet Universtesi,Jeoloji Miihendisligi Béliimii, Sivas 58140 TURKEY. (aliucurum@cumhuriyet.edu.tr)
* Eotvos Lorand Tudomamanyegyetem, TTK FFI Asvanytani Tanszék, Pazmany Pétér Sétany,
1/C 1117 Budapest, HUNGARY.
*Present address: Geological Survey of Finland, P.O. Box 96 (Betonimiehenkuja 4),
FI-02151 Espoo, FINLAND.
3 Department of Geological Sciences & Engineering, University of Nevada-Reno
Reno NV, 89557-0138, USA.
* Eberhard-Karls-Universitit Tiibingen, Institut fiir Ur- und Frithgeschichte und Archiologie des Mittelalters,
Abteilung fiir Jiingere Urgeschichte und Frithgeschichte, Schlo3 Hohentiibinge,
72070 Tiibingen, GERMANY.
> Nevada Bureau of Mines and Geology University of Nevada, Reno
Reno NV, 89557-0088, USA.

Ozet: Tersiyer Sivas havzasi, Sarkisla-Celalli evaporitik alt havzasinda Eosen, Oligosen ve
Miyosen yaslh birimler igerisindeki 23 farkli solestin yatag: calisilmistir. Tiim bu yataklar, jips
ve anhidrit iceren evaporitlerle iligkilidir. Doksan adet solestin mineralinde, stronsiyum
(*’Sr/*Sr), oksijen (8"0) ve kiikiirt (5°*S) izotop oranlart Ol¢iilmiis ve siras1 ile 0.70558-
0.70907, 13-26 %o, ve 21-40 %o arasinda degistigi gozlenmistir. 5'°0-8°*S ve ¥'Sr/*Sr-
oranlar1 arasindaki iliski, yalnizca 5 adet sdlestin yataginin denizel evaporitleri isaret ettigini
gostermektedir. Solestinlerdeki yiiksek §**S degerleri, muhtemelen okyanusal olmayan sinirlt
ortamlarda, havza tuzlu sularindaki ¢oziinmiis kiikiirtiin, siilfiire kismi indirgemeye ugradigini
gostermektedir. Solestin minerallerinin diisik *’Sr/*°Sr oranlari Senozoyik deniz suyu
(ortalama ~ 0.7091) ile karsilastirildiginda, derin havza tuzlu sularinin, yersel volkanoklastik
sedimanlar ile etkilesime giren dolasimdaki diger sivilar (meteoric hidrotermal) ile karigmis
olabilecegi ve Sr izotop degisimine ugrayacag ileri siiriilebilir.

Oksijen izotop verileri deniz suyundan veya deniz suyu ve meteoric-hidrotermal
cozeltilerin bir kombinasyonundan ilksel tliremesi ile uyumludur. Sivi kapanim petrografisi
ve mikrotermometresi, solestinlerin diisiik sicakliktaki (<50-70°C) heterojen derin havza
tuzlu suyu - gaz sivilarindan ¢okeldigini ileri stirmektedir. Raman mikrospektroskopisi ile sivi
kapanimlarda CO,, CH4 and N, varligi tespit edilmistir. Tuzluluk 0-21 arasinda (% NaCl) ¢ok
biiyiik oranda degisim gostermektedir. Yiiksek tuzluluk degerleri (10-20 % NacCl) birincil s1v1
kapanimi ve diisiik tuzluluk degerleri (0-10 % NaCl) ikincil sivi kapanimlari temsil
etmektedir.

Anahtar Kelimeler: Solestin Yataklari, Izotop Jeokimyasi (Sr, O, S), Sivi Kapanim, Raman
Mikrospektorometri, Sarkisla-Celalli Havzasi, Evaporit, Sivas-Tiirkiye

49



V. JEOKIMYA SEMPOZYUMU 5" GEOCHEMISTRY SYMPOSIUM
23-25 Mayis 2012 23-25 May 2012
Pamukkale Universitesi - Denizli Pamukkale University — Denizli / TURKEY

ISOTOPE GEOCHEMISTRY (Sr, O, S) and FLUID CHARACTERISTICS of
CELESTINE DEPOSITS FROM EVAPORITIC SARKISLA-CELALLI
BASIN, SIVAS-TURKEY

Abstract: 23 different celestine deposits in the host rocks of Eocene, Oligocene and Miocene
ages from evaporitic Sarkisla-Celalli sub-basin in the Tertiary Sivas basin have been studied.
All of these deposits are associated with evaporites containing gypsum and anhydrite.
Strontium (*'Sr/*°Sr), oxygen (6"°0) and sulphur (5°*S) isotope ratios have been measured in
90 celestine mineral separates 8°'S, 8'°0 values and *’Sr/°Sr ratio of celestine minerals
range between 21-40 %o, 13-26 %o, 0.70558-0.70907 respectively. A relationship between
6"%0-67"S and ¥'Sr/*°Sr-6"'S shows that only five of the celestine deposits have signatures of
marine evaporates. High 5°*S values of celestine indicate that the dissolved sulphur in basinal
brines had undergone partial reduction to sulphide, probably in a restricted non oceanic
environment. Lower *’Sr/*’Sr ratios of celestine minerals compared to average Cenozoic sea
water (~ 0.7091) suggest that deep basinal brines may have mixed with other circulating
fluids (meteoric hydrothermal) that had interacted with local volcanoclastic sediments and
had undergone Sr isotope exchange. Oxygen isotope data are consistent with derivation
primarily from seawater or a combination of seawater and meteoric-hydrothermal fluids.
Fluid inclusion petrography and microthermometry suggest that celestine deposited from
heterogeneous brine-gas fluids on a low temperature (<50-70°C). Raman microspectroscopy
proved presence of CO,, CHy and N in inclusions. Salinities of fluid inclusions are highly
variable between 0 and 21 NaCl equiv wt. %. High salinities (10-21 NaCl equiv. wt. %) are
characteristic to primary fluid inclusions and low salinities (0-10) NaCl equiv. wt. % to the
secondary ones.

Key Words: Celestine Deposits, Isoptope Geochemistry (Sr, O, S), Fluid Inclusion, Raman
Microspectrometry, Sarkigla-Celalli Basin, Evaporite, Sivas-Turkey.
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FATI - KOPRUCE (CELIKHAN-SINCiK/ADIYAMAN) DAMAR TiPi
Pb-Zn-Cu CEVHERLESMELERINE AiT iLK BULGULAR

Mustafa AkylldlZl, Nail Yildirim?, Burcu Géren' ve Semiha ilhan'
" Cukurova Universitesi Jeoloji Mithendisligi Boliimii, Adana (akyildizm@cu.edu.tr)
2. MTA Orta Anadolu 4. Bélge Miidiirligii, Malatya

Ozet: Calisma alan1 Fati ve Képriice olmak iizere iki bdlge olup Celikhan-Sincik (Adiyaman)
arasinda yer almaktadir. Caligma alaninda cevherlesmeler, Gilineydogu Anadolu Orojenik
Kusagi’nin yigisim prizmast igerisindeki Paleozoyik yasli Piitiirge Metamorfitlerinin
kloritgist, serizitsist ve metadiyabazlarin i¢inde damar tip Pb-Zn-Cu cevherlesmeleri seklinde
gbzlenmektedir.

Cevherlesmelerin etrafinda kloritlesme, serizitlesme, silislesme, epidotlasma ve
limonitlesme gibi alterasyonlar izlenmektedir. Cevher mineralleri; Fati bdlgesinde pirit,
sfalerit, galen kalkopirit, Kopriice bolgesinde ise pirit, kalkopirit, sfelarit ve kalkosin-kovellin
seklinde gozlenmektedir. Cevher mineralleri dokusal olarak yogun kataklazma izleri
tasimaktadir. Gang mineralleri olarak Fati cevherlesmesinde barit, kalsit, klorit ve serizit,
Kopriicede ise kuvars, kalsit, klorit ve serizittir.

Jeokimyasal analizler; cevherlesmelerin Fati de %0,22-0,49 Cu, %0,3-2,7 Zn, %0,1->0,5
Pb seklinde, Kopriice de %0,3-1 Cu, %0,1->1 Zn icerdiklerini gostermistir. Cevherlesmeler
NTE agisindan degerlendirildiginde Fati bolgesinde bulunan cevherlesmelerin Kopriice
bolgesine gore agir NTE elementlerince asir1 bir zenginlesme gostermektedir.

Fati ve Kopriice bolgelerinde damarlardan alinan pirit, kalkopirit ve galen 6rneklerinde
Slgiilen 8°*S degerlerinin Fati deresinde %o 6.46 - 9.06, Képriicede ise %o 1.6 — 2.34 arasinda
degismektedir. Kopriice cevherlesmelerinin &**S degerleri magmatik kokeni ve kaynaga
yakinligi ifade ederken, Fati cevherlesmelerindeki daha yiiksek 5°'S degerleri granitoyitlerden
veya metamorfitlerden kaynaklanmstir.

Elde edilen ilk bulgulara gore cevherlesmeler yi1gisim prizmasini olusturan ¢ok sayidaki
farkli litoloji topluluklarindan sadece Paleozoyik yaslhh Piitiirge Metamorfitlerinde
izlenmektedir. Piitiirge Metamorfitleri inceleme alanina Miyosen sonu hareketlerle allokton
olarak yerlesmistir ki cevherlesmede bu birim igerisindedir. Cevherlesmelerin mineral
parajenezi, yapisal-dokusal 6zellikleri, iz-NTE icerikleri ve &°*S degerlerine bakildiginda
farkli evrelerde olusmus ayni magmatik kokenli hidrotermal ¢dzeltilerin mobilizasyonuyla
damar tip cevherlesmeler seklinde gelistigi sdylenebilir.

Anahtar Kelimeler: Adiyaman, Damar tip Pb-Zn-Cu, hidrotermal, magmatik
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THE PRELIMINARY DATA FROM THE FATI - KOPRUCE (CELIKHAN-
SINCIK/ADIYAMAN) VEIN TYPE Pb-Zn-Cu MINERALIZATIONS

Abstract: The study area is splitted in to two regions named Fati and Kopriice located
between Celikhan and Sincik (Advyaman). The mineralizations in the study area are observed
as vein type Pb-Zn-Cu mineralizations within the chloritshist, sericiteshist and metadiabase
sequence of Paleozoic aged Piitiirge metamorphics in the accretionary prism of Southeast
Anatolian Orogenic Belt.

The alterations coating the ores are observed as chloritization, sericitization,
silisification, epidotization and limonitization. The ore pragenesis comprise pyrite, sphelarite,
galena and chalcopyrite in Fati region, whereas pyrite, chalcopyrite, sphelarite and
chalcosine-covelline in Kopriice region. Traces of a mass cataclasis texture are observed in
all ore samples. The gang minerals in Fati mineralization include baryte, calcite, chlorite and
sericite, whereas quartz, calcite, chlorite and sericite in Kopriice mineralization.

The geochemical analyses show that the element concentrations of the ore samples in
Fati region is %0,22-0,49 Cu, %0,3-2,7 Zn, %0,1->0,5 Pb and %0,3-1 Cu, %0,1->1 Zn in
Kopriice region. According to the REE compositon of the ore samples, the heavy REE
elements were over enriched in Fati region than Kopriice region.

The 6°'S izotope analyses done on the pyrite, calcopyrite and galena samples taken from
the veins in Fati and Kopriice regions range between %o 6.46 and %09.06 in the Fati region,
whereas between %o 1.6 and ise %o 2.34 in the Kopriice region. The 5°'S values of the
Képriice region indicate a magmatic orogen and close-range to the source, whereas 5°*S
values were sourced from granitoids or metamorphic rocks in the Fati region.

According to the preliminary data, the ore mineralizations were observed only in the
Paleozoic aged Piitiirge metamorphics that settled in the study area at Miocene epoch, within
the numerous lithological units forming the accretionary prism. The mineral paragenesis,
structural-textural features, trace-REE compositoin and 5°*S values of the ores indicate that
the ores formed as vein type, in different episodes developed from mobilization of
hydrothermal solutions sourced from the same magmatic origin.

Key Words: Advyaman, Vein type Pb-Zn-Cu, hydrothermal, magmatic
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ALTINLI PORFIiRi TiP MADEN YATAKLARINDA KARMASIK
KARAKTERLI ASIRI SICAK VE TUZA DOYGUN COZELTILERIN
ROLU

Migra¢ Ak¢ay', Oguzhan Giimriik® ve Neslihan Aslan®
" Karadeniz Teknik Universitesi, Jeoloji Miih. B&l., 61080 Trabzon, (akcay@ktu.edu.tr)
% Karadeniz Teknik Universitesi, Jeoloji Miih. B51., 61080 Trabzon, (ogumruk@hotmail.com)
3 Karadeniz Teknik Universitesi, Jeoloji Miih. BS1., 61080 Trabzon, (neslihan.aslan@windowslive.com)

Ozet: Erzincan’dan Tunceli’ye kadar uzanan ve Anatolid-Torid Blogunun dogu kisminda yer alan
zonda yiizeyleme veren granitik stoklar ¢ok sayida porfirik 6zellikli intriizifler icermektedir ve
porfiri tip maden yataklar1 agisindan son derece yiiksek bir potansiyele sahiptir. Copler (ilic,
Erzincan) Au sahasi ile Karakartal (Kemaliye, Erzincan) Cu-Au yatagir porfiri tip maden
yataklarma ornektir. Bu ¢alisma her iki sahada yapilan detayli 6rneklemeler sonucunda ozellikle
K-silikat alterasyon zonu iizerindeki ilk bulgular1 vermektedir. Yogun kuvars damarlari, bunlara
paralel gelismis ikincil biyotit ve ortoklaslar ile anhidrit damarciklar1 K-silikat zonunun
karakteristik 6zelligidir.

Kuvars damarlar1 sivi kapanimlarca son derece zengindir. Boyutlar1 <5 — 35 [1 olan
kapanimlar {i¢ genel grup sunar: Tek fazli, iki fazli ve ¢ok fazli. Tek fazli kapanimlar gaz ve sivi;
iki fazli kapamimlar ise sivica ve gazca zengin olmak iizere ikiser alt gruba ayrilir. iki fazli
kapanimlar H,O+CO,=CH4+NH;+N,+S0O, igerir. Bu tiir kapanimlar CaCl,+FeCl,+NaCl+KCl
bakimindan zengin olup, %15-25 NaCl esdegeri tuzluluk degerine sahiptir ve 200-350 °C arasinda
homojenlesir.

Cok fazli kapanimlar ise kompleks bir yapiya sahiptir. Elektron mikroskobu ve Lazer Raman
analizleri sonucunda bilesimlerinde tuz kristalleri ile yer yer Fe-oksit ve siilfidler, anhidrit ve
sinjenit gibi siilfatlar ve apatit bulundurabilen bu kapanimlarin sivi igerigi diisiik, gaz oranlar1 ise
degiskendir. Baz1 kapanimlarda halit, baz1 kapanimlarda halit ve silvit, baz1 kapanimlarda ise
bunlara ilave olarak Ca ve Fe’li tuzlar gozlenmistir. Bu durum -55 °C’ye kadar inen otektik
sicaklik degerleri ile de desteklenmektedir. Gaz fazin homojenlesmesi 300-873 °C arasinda olup,
yer yer (>1000 °C’de homojenlesmeyen) meta durayli (?) kapanimlara da rastlanmistir. Tuz
kristallerinin homojenlesmesi 125-425 °C ve 400-680 °C olmak iizere iki farkli aralikta, opak
minerallerin (Fe-oksit ve Fe-siilfid) homojenlesmesi de 850-1050 °C’de gerceklesmistir. Tuza
asir1 doygun olan ¢ozeltinin tuzluluk degeri %80°e kadar ¢ikmaktadir. Yapilan jeotermometre
calismalariyla K-silikat alterasyon zonunun merkezindeki ikincil biyotitlerde 675-725 °C, bu
zonun dis kesiminden gelen biyotitlerde ise 710-750 °C’lik sicaklik degerleri (Henry ve dig.,
2005’e gore) hesaplanmistir. Ayni1 zonlardan elde edilen ve biyotitlerin doniisiimiiyle olusan
kloritlerde ise olusum sicakliklari sirasiyla 310-370 ve 250-310 °C (Cathelineau, 1988’e gore)
olarak hesaplanmustir. Kloritlere ait bu sicaklik araliklar iki fazli kapanimlarin mikrotermometre
verileriyle uyumludur.

Buna gore porfiri sistemler (¢arpisma teknonigine bagli olarak ?) son derece asir1 yiiksek-
yliksek sicaklik ve yiiksek basing kosullar1 altinda asir tuzlu-tuzlu ¢ozeltilerden olusmustur.
Altinin taginmasi ve c¢okeliminde sicaklik ile CH4 varligiyla karakteristik olan indirgen sartlar
onemli rol oynamistir. Altinca fakir olan Karakartal sahasinda etkili olan ¢6zelti nispeten
oksitleyici (stilfatli ve metansiz) olup, son derece yiiksek sicaklik ve tuzluluk degerleri gosterir.
Buna karsin, altinca zengin olan Copler sahasinda daha diisiik tuzluluk ve sicaklik degerlerine
sahip metanl (indirgen 6zellikte) bir ¢dzelti s6z konusudur.

Anahtar Kelimeler: Karakartal, Copler, Altin, Lazer Raman, K-silikat alterasyonu,
jeotermometre
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THE ROLE of ULTRA HIGH TEMPERATURE SALT-OVERSATURATED
COMPLEX FLUIDS on THE GOLD BEARING PORPHYRY SYSTEMS

Abstract: The granitic stocks cropping out in a zone extending from Erzincan to Tunceli in
the eastern part of the Anatolide-Touride Block contain many porphyritic intrusions, and are
highly significant with regards to porphyry type mineral deposits, the examples of which
include the Copler (Ilic, Erzincan) Au- and Karakartal (Kemaliye, Erzincan) Cu-Au deposits.
This study sums up the results obtained especially from the K-silicate alteration zones from
these deposits. Intense quartz veins, secondary biotites and orthoclase running parallel to
them, and anhydrite veins/veinlets are characteristic features of the K-silicate alteration
zones.

Quartz veins are highly enriched in fluid inclusions. Varying in size from <5 to 35 [|the
inclusions are divided into three distinct groups: Single phase, two-phase, and multi-phase.
Single phase inclusions are further subdivided into liquid and gas types, and two phase ones
into liquid-rich and gas-rich types. Composed of H,O+CO,=CHANH;+N,£S0, the two-
phase inclusions are enriched in CaCl,+FeCl,+NaCIl+KCl, have 15-25 wt% NaCl eq. salinity
and homogenise at 200-350°C.

Multi-phase inclusions, which, based on electron microscope and Laser Raman analyses,
are found to contain salt crystals, and/or Fe-oxide and sulphides, sulphates such as anhydrite
and synjenite, and apatite, have rather low liquid and variable gas contents. Some inclusions
are observed to contain only halite, some halite and sylvite, some Ca- and Fe-salts in addition
to others, supported by eutectic temperatures as low as -55°C. The homogenisation of gas in
these inclusions takes place at 300-873°C, with the presence of meta-stable inclusions (not
homogenised even at temperatures exceeding 1000°C). Salt phases homogenise at 125-425°C
and 400-680°C, and opaque phases (Fe oxides and sulphides) at 850-1050°C, resulting in
salinity values of up to 80 wt % NaCl eq. Geothermometre calculations (according to the
method of Henry et al., 2005) on biotites from the center and outer sections of the K-silicate
alteration zone gives formation temperatures of 710-750°C and 675-725°C, respectively. The
chlorites transformed from biotites obtained from the same zones produces respective
temperatures of 310-370 and 250-310°C (according to the method of Cathelineau (1988),
which are in accord with the microthermometric results of two-phase fluid inclusions.

These evidence show that the studied porphyry systems are formed from salt-
oversaturated fluids under ultra high to high temperature, high pressure conditions (probably
due to collisional tectonics ?). Temperature, and reducing conditions characterised by the
presence of CHy has played a significant role in the transport and precipitation of gold. The
hydrothermal fluids, responsible for the Au-poor Karakartal deposit are relatively more
oxidised (being enriched in sulphate but containing no methane), have ultra high
homogenisation temperatures and salt content, in contrast to the Au-rich Copler deposit in
which the fluids are relatively more reduced (enriched in methane), and have less salinity and
homogenisation temperatures.

Key Words: Karakartal, Copler, gold, Laser Raman, K-silicate alteration, geothermometre
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BiGA YARIMADASI Pb-Zn CEVHERLESMELERININ KOKENINE
ILISKIN YENI VERILER: SIVI KAPANIMLARINDA CRUSH-LEACH,
RAMAN VE LA-ICP-MS SONUCLARI

Giilcan Bozkayal, Ahmet Gokce', David Banks” ve Robert J. Bodnar®

" Cumhuriyet Universitesi Jeoloji Mithendisligi Boliimii, Sivas (gbozkaya@cumhuriyet.edu.tr)
% Leeds University, School of Earth and Environment, Leeds, United Kingdom (D.A.Banks@leeds.ac.uk)
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Ozet: Tetis’in bir parcasi olan Biga Yarimadasi pek ¢ok metalik maden yatag1 ve zuhurunun
gozlendigi biiyiik bir metalojenik provenstir. Bu ¢alismada pek ¢ok yonden benzer 6zelliklere
sahip ancak farkli yan kayaclar icinde olusmus; Bagirkacdere (Paleozoyik yaslh metamorfik
kayaclar), Arapucandere (Permo-Triyas yasli meta-klastik ve karbonatli kayaclar), Koru,
Balcilar ve Kumarlar (Tersiyer yasli volkanik ve volkanosedimanter yan kayacli) Cu-Pb-Zn
yataklarini olusturan c¢ozeltilerin 6zellikleri mikrotermometre, Raman, kararli izotoplar
jeokimyasi, LA-ICP-MS ve crush-leach yontemleriyle belirleyerek c¢ozeltilerin olusum
modelinin ortaya konmasidir. Sivi kapanim ve crush-leach incelemeleri cevherlesmelerin
olusumunu saglayan c¢ozeltilerin tuzluluklarimin genellikle disiik, sicakliklarinin ise orta
(ort.147— 283 °C araliginda) olduklarini, ayrica CI/Br oranlarinin hayli yiiksek oldugunu ve
yan kayaca bagl olarak bu oranda onemli bir farklilik olmadigin1 gostermektedir. Raman
spektroskopisi incelemelerinde tiim kapanim tiplerindeki gaz fazlarda herhangi bir gaz
belirlenememistir. Oksijen ve hidrojen izotoplari jeokimyasi incelemeleri magmatik ve
meteorik kdkeni gdstermekle birlikte elde edilen veriler magmatik kdkenden ziyade kayag-su
etkilesimine bagli meteorik kokeni isaret etmektedir. LA-ICP-MS sonuglar1 volkanik yan
kayacli (Koru, balcilar ve Kumarlar) cevherlesmeleri olusturan ¢ozeltilerin Li, Na, Mg, K, Ca,
Mn, Fe, Cu, Zn, Sr, Ag, Ba, Pb igerikleri (veya oranlari) bakimindan birbirleriyle benzer
olduklarini fakat metamorfik yan kayagli (Arapucandere ve Bagirkacdere) cevherlesmelerden
farkli olduklarii géstermektedir.

Anahtar Kelimeler: Biga yarimadasi, sivi kapanimi, izotop, Raman, crush-leach, LA-ICP-
MS
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NEW DATA on THE GENESIS of Pb-Zn MINERALIZATIONS in BIGA
PENINSULA: CRUSH-LEACH, RAMAN and LA-ICP-MS ANALYSIS of
FLUID INCLUSIONS

Abstract: The Biga Peninsula in Western Turkey is part of the Tethys metallogenic belt. This
study focuses on five Pb-Zn-Cu deposits that share many features, but are hosted in different
lithologies. The Bagirkacdere deposit is hosted by Palaeozoic metamorphic rocks,
Arapucandere is hosted by Permo Triassic clastic and calcareous rocks and Koru, Balcilar
and Kumarlar are hosted by Tertiary volcanic rocks. The purpose of this study is the
identification of the source of the different components of the mineralizing fluids in order to
better constrain a model of fluid circulation. Data were obtained from microthermometry,
Raman spectroscopy, stable isotopes, LA-ICP-MS and crush leach. Fluid inclusion studies
and crush-leach indicating that the salinity and temperature of the hydrothermal fluids
changed host rocks of deposits. General characteristics are relativly low salinity and
moderate temperature (avg.147— 283 °C) and The CI/Br of the deposits is extremely high for
all deposits. Raman spectroscopy did not detect any gases in the vapour bubble of the L-V and
V-only inclusions. The data could suggest mixing between meteoric and magmatic water in
varying amounts, but we can say from our data that there is little magmatic fluid involved and
the 8"°0 shift to more positive values is the result of the intense WRI present at the deposits.
LA-ICP-MS showed that fluid compositions (Li, Na, Mg, K, Ca, Mn, Fe, Cu, Zn, Sr, Ag, Ba,
Pb) of the Arapucandere and Bagirkacdere deposits are different from volcanic-hosted
deposits.

Key Words: Biga Peninsula, fluid inclusion, isotope, crush-leach, LA-ICP-MS
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BAGLARBASI (YALVAC - ISPARTA) DEMIRLI BOKSIT
CEVHERLESMESININ JEOLOJIK VE JEOKIMYASAL
OZELLIKLERININ ARASTIRILMASI

Hiiseyin Rifat Ozsoy' ve Mustafa Kuscu®
" Siileyman Demirel Universitesi Jeoloji Miihendisligi Béliimii, Isparta (rifatozsoy@sdu.edu.tr)
% Siileyman Demirel Universitesi Jeoloji Mithendisligi Bolimii, Isparta (mustafakuscu@sdu.edu.tr)

Ozet: Inceleme alam1 Yalvag (Isparta) Kuzeyinde bulunan Baglarbasi ve gevresini
kapsamaktadir. inceleme alanindaki temel kayalari Kambriyen - Alt Ordovisiyen yasl sleyt,
sist, arakatkili kirectasi ve mermerlerden meydana gelen Sultandede Formasyonu olusturur.
Orta-Ust Jura-Alt Kretase (?) yasl dolomit ve kiregtaslar1 ile temsil edilen Hacialabaz
Formasyonu temel kayalar1 uyumsuz olarak iizerler. Bu birimler daha geng doleritik dayklarla
kesilmektedir. Istifin en iistiinde ise Ust Miyosen yash kiregtas1 ve killi kiregtaslarindan
olusan Yarikkaya Formasyonu yer alir. Bu c¢alismanin ana konusunu, bolgedeki doleritler
iizerinde gelisen lateritler olusturmaktadir. inceleme alanindaki lateritler, tiiredikleri ana
kayacin tizerinde goziikmekte olup insitu olarak olugmuslardir. Alinan orneklerde yapilan
mineralojik-petrografik caligmalara gore lateritlerin genel olarak mineralojik bilesimi bohmit,
hematit, gibsit, rutil, kaolinit ve kuvars minerallerinden meydana gelmektedir.

Boksitlerin, analiz sonuglar incelendiginde krom ve nikel oranlarinin ana kayaca gore
azalmasma ragmen yiiksek degerlerini korumasi nedeniyle cevherin doleritlerden tiiredigi
distiniilmiistiir. Ana kayag ile cevher ornekleri karsilastirildiginda SiO, oraninda azalma,
Al,O3 ve Fe,O; oranlarinda anlamli bir artma oldugu gozlenmistir. Ayrica hem ana kayag
hem de cevher ornekleri nadir toprak elementlerince yiiksek degerlere sahiptir. Jeokimyasal
analiz sonuglart Fe, Al, Si icerigine gore sekillendirilmis iicgen diyagramlar ile
degerlendirilmis ve bolge lateritleri, demirce zengin killi boksitler olarak siniflandirilmistir.

Anahtar Kelimeler: Al-Laterit, Fe-Laterit, Demirli Boksit, Yalvag

57



V. JEOKIMYA SEMPOZYUMU 5" GEOCHEMISTRY SYMPOSIUM
23-25 Mayis 2012 23-25 May 2012
Pamukkale Universitesi - Denizli Pamukkale University — Denizli / TURKEY

INVESTIGATION GEOLOGICAL and GEOCHEMICAL
CHARACTERISTICS of BAGLARBASI (YALVAC —ISPARTA)
FE- BAUXITE MINERALIZATION

Abstract: The investigated area is comprises Baglarbasi and surroundings located to North of
Yalvag (Isparta). Sultandede Formation is the basement rock units in the investigation area.
Sultandede formation consist of Cambrian- Lower Ordovician slate, schist, limestone and
marble. The Hacialabaz Formation represent by Middle/Upper Jurassic — Lower Cretaceous
dolomite and limestone. The formation unconformably overlies the basement rocks. These
units are cut by doloritic dykes. Yartkkaya uppermost formation of the stratigraphic sequence
is composed of Miocene limestone and argillaceous limestone. Laterite developed from
dolorite is the main subject of study. Laterites are formed in situ which observed over the host
rock in investigated area. According the mineralogical and petrographic studies on samples
the mineralogical composition of laterite occurs boehmite, hematitie, gibbsite, rutile, kaolinite
and quartz.

Results of Bauxites analysis examined, Cr and Ni ratios decreased according to the main
rock but retain the high Cr and Ni values. Fort this reason, is thought to bauxites derives
from dolorite. Host rocks compared with the ore samples, reduction in the rate of SiO,, Al,O;
and Fe;Oj3 in a significant increase in rates was observed. In addition, examples of both ore
and host rocks have higher values of rare earth elements (REE). Geochemical analysis results
were evaluated by a triangular diagram which shaped Al, Fe, Si content. Then laterites are
classified as iron-rich clayey bauxite.

Anahtar Kelimeler: Al-Laterit, Fe-Laterit, Demirli Boksit, Yalvac,
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TRANSFORMATION of NEOARCHEAN (CA. 2.7 GA) PILLOW BASALTS
TO A PALEOPROTEROZOIC (CA. 1.88 GA) PALEOSOL, ONTARIO,
CANADA

Ali Polat’
" Department of Earth and Environmental Sciences, University of Windsor, Windsor, ON, Canada

Abstract: A Paleoproterozoic (1.88 Ga) weathering profile developed on Neoarchean (~2.7
Ga) pillow basalts, at Schreiber Beach, Ontario, Canada. The profile is unconformably
overlain by the Gunflint Chert and basal conglomerates. There are gradual textural,
mineralogical, and geochemical changes from unweathered basalts to strongly weathered
hematite-bearing basalts with stratigraphic height. Given the preservation of primary igneous
textures and trace element patterns in the pillow cores, they are used a reference material to
estimate the magnitude of element mobility during seafloor hydrothermal alteration and
subsequent subaerial weathering. Chloritized pillow rims and hyaloclastites are
characterized by a wide range of major and trace element compositions, signifying extensive
element mobility during Neoarchean seafloor hydrothermal alteration. Seafloor hydrothermal
alteration resulted in moderate losses and gains of many major and trace elements, and an
enrichment of 0 (6"°0=10.36-12.74%o) relative to the mantle value of ~+5.5%o. Hematite-
bearing weathered basalts also display large textural, mineralogical, and geochemical
variations. Weathering processes resulted in redistribution of most major and trace elements
and enrichment of 0O (5'°0=+12.30 to +17.07%.). The highest *0O (5'°0=+16.06 to
+17.07%0) values occur at the base of the weathering profile. Many elements, including LILE,
REE and HFSE, display over 100% enrichments and depletions. Although the Schreiber
weathering profile lacks well-preserved soil horizons, it shares the main mineralogical and
geochemical characteristics of Precambrian paleosols. Alkaline metasomatism resulted in an
extreme enrichment of K, Rb, and Cs in the weathering profile. The Fe-enriched (Fe;O3;=28-
33 wt.%) weathered red basalt containing abundant bundles of hematite flakes is interpreted
as laterite.

Key Words: Paleosol, Archean pillow basalts, Paleoproterozoic, Element mobility
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BORCKA (ARTVIN) YORESIi CARPISMA SONRASI TERSIYER YASLI
KALK-ALKALI VOLKANIK KAYACLARIN TUM KAYAC
JEOKIMYASI VE SR-ND iZOTOPIiK KARAKTERLERI, DOGU
PONTID, KD TURKIYE

Emre Aydmcakir' ve Ciineyt Sen’
" Giimiishane Universitepi Jeoloji Miithendisligi Boliimii Giimiishane (aydincakir61@gmail.com)
% Karadeniz Teknik Universitesi Jeoloji Mithendisligi Boliimii, Trabzon (csen@ktu.edu.tr)

Ozet: Dogu Pontid Orojenik Kusagi'nda (KD Tiirkiye) yer alan Tersiyer yash Borgka
(Artvin) volkanitleri tim kaya¢ jeokimyast ve Sr-Nd izotopik verileri bakimindan
incelenmistir. Borgka (Artvin) volkanitleri, bazalt-bazaltik andezit-bazaltik trakiandezit (A
Grup) ve andezit-trakiandezit (B Grup) olmak iizere iki kaya¢ grubundan olusur. A Grubu
plajiyoklas (Ans;o3), klinopiroksen (Woss.4gEnsga4Fsgi7) hornblend (Mg#=0.57—0.72)
fenokritalleri ve titanomagnetit igerirken, B Grubunu olusturan kayaglar ise plajiyoklas (Ans,-
03), klinopiroksen hornblend (Mg"=0.64-0.71) fenokristalleri ile titanomagnetit ve apatit
icerirler ve genellikle porfirik, mikrolitik porfirik, hyalo-mikrolitik porfirik, akint1 ve kiimiilat
doku gosterirler.

Petrokimyasal olarak, volkanik kayaglar kalk-alkali karakterli olup, orta derecede K,O
icerirler. Volkanitler iz element dagilimlarina gore, hafif nadir toprak elementler (HNTE) ve
biiyiik iyon yarigapl elementler (LILE) bakimindan zenginlesme gosterirken, yiiksek ¢ekim
alanli elementler (HFSE) bakimindan da fakirlesme gostermektedir. Volkanitlerin kondrite
normalize edilmis nadir toprak element dagilimlar1 diisiik-orta derecede zenginlesme
(Lan/Lun=1-7) ve kayac¢ gruplarinin benzer kaynaktan tiirediklerini gdstermektedir. Her bir
kaya¢ grubuna ait dokusal oOzellikler ve Kpir-barometresine dayali hesaplanan basing
degerleri, kayaglar1 olusturan kalk-alkali magmanin yaklasik olaral 2-7 kbar basing altinda ve
5-18 km lik s1g bir derinlikte kristallendigini gostermektedir.

Borcka (Artvin) volkanitleri izotopik bilesimi bakimindan tliketilmistir. 87S1/*%Sr
degerleri 0.70423-0.70511 arasinda olup, '*Nd/"**Nd degerleri 0.51266-0.51288 arasindadur.
Sr-Nd izotopik oranlar1 kayaclarin kokeninin tiiketilmis manto kaynagi oldugunu
gostermektedir. (*’Sr/*°Sr); karsi artan SiO, (wt.%), Sr (ppm) and (1/Sr)x10” ppm™ degerleri
volkanitlerin gelisiminde ayrimlagsmanin kirlenmeden daha c¢ok etkili oldugunu aciga
cikarmustir.

Anahtar Kelimeler: Dogu Pontidler, jeokimya, Sr-Nd izotop, ¢arpigma sonras1 magmatisma,
Borcka volkanitleri
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WHOLE-ROCK GEOCHEMISTRY and SR-ND ISOTOPIC
CHARACTERISTICS of THE POST-COLLISIONAL TERTIARY CALC-
ALKALINE VOLCANIC ROCKS in THE BORCKA (ARTVIN) EASTERN
PONTIDES (NE TURKEY)

Abstract: Whole-rock geochemistry and Sr-Nd isotopic data are reported for the Tertiary
Borg¢ka (Artvin) volcanics in the eastern Pontide orogenic belt (NE Turkey). Bor¢cka (Artvin)
volcanics were made of two groups that comprise of basalt-basaltic andesite-basaltic
trachyandesite (Group A) and andesite-trachyandesite (Group B). The Group A contains
plagioclase (Anzjg3), clinopyroxene (Woss.qsEnss 44Fss.17), hornblende (Mg#=0.5 7-0.72)
phenocrysts and titanomagnetite microphenocrysts, whereas the Group B rocks include
plagioclase (Ansz.o3), clinopyroxene, hornblende (Mg'=0.64-0.71) phenocrysts and
titanomagnetite and apatite microphenocrysts with porphyritic, microlitic porphyritic, hyalo-
microlitic porphyritic, fluidal and cumulophiritic textures.

Petrochemically, the volcanic rocks show calc-alkaline character with their medium K
contents. They are enriched in LREE and LILE, with pronounced depletion of HFSE. The
chondrite-normalized REE patterns (Lay/Luy=1-7) show low to medium enrichment,
indicating similar sources for the rock suite. Textural features and calculated pressures based
on the Cpx-barometer in each series indicate that the calc-alkaline magma equilibrated at
shallow crustal depths under a pressure of about 2-7 kbar and approximating a
crystallization depth of 5-18 km.

The Borcka (Artvin) volcanics are slightly depleted in isotopic composition. *'Sr/*°Sr
values vary between 0.70423 and 0.70511 while ' Nd/"**Nd values change between 0.51266
and 0.51288. Sr-Nd isotopic ratios imply that the rocks derived from depleted mantle source
in their origin. The increasing values of SiO; (wt.%), Sr (ppm) and (1/Sr)x10° ppm™ versus
(7Sr/*0Sr); values reveal fractional crystallisation (FC) rather than assimilation (AFC) in
their evolution.

Key Words: Eastern Pontides, geochemistry, Sr-Nd isotopes, post-collisional magmatism,
Borc¢ka volcanics
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KUVATERNER YASLI TENDUREK KALKAN VOLKANININ
JEOKIMYASAL KARAKTERISTIiKLERI

Esin Unal', Mehmet Keskin’, Vladimir Lebedev’, Andrey V. Chugaev3 , Evgenii
Sharkov’

" Yuzuncu Yil University, Faculty of Engineering and Architecture, Department of Geological Engineering,
Van, Turkey (esinunal@yahoo.com)
* [stanbul University, Faculty of Engineering, Department of Geological Engineering, Istanbul — Turkey
(keskin@istanbul.edu.tr)
* Russian Academy of Sciences, Institute of the Ore Deposits Geology, Petrology, Mineralogy and
Geochemistry, Moscow, Russia

Ozet: Neo-Tetis’in kapanmasini izleyen evrede kita-kita carpismasina bagl olarak gelistigi
kabul edilen volkanik aktivite sirasinda Kuvaterner’de ortaya ¢ikmis olan Tendiirek Volkani,
Dogu Anadolu’daki carpigma sonrasi kalk-alkali ve potasik alkali volkanizmanin bir arada
goriildiigii nadir alanlara 1yi bir 6rnek teskil etmektedir.

Tendlirek volkanindan  piiskiirmiis lavlar, piiskiirme zamanlart ve magma
karakteristiklerine gore 5 ana faza ayrilmistir. S6z konusu fazlar, tefrit’den fonolit’e bazalt’tan
trakit’e kadar petrografik acidan farkli lavlari icermektedir. Ancak Biiyiik Tendiirek ¢ikis
merkezli ve volkanizmanin son tiriinii olan Besinci faz, sadece trakitik lavlardan olusmaktadir.
Birinci fazin erken sathasinda kalkalkali volkanizma ile birlikte alkali volkanizmanin da
gerceklestigini  goriiliirken, bunu izleyen dort fazda yalmiz alkali volkanizma iirlinleri
goriilmektedir. %Si0;’ye karsit % K,O diyagraminda, birinci faz da yiiksek-K ve Orta-K,
ikinci fazda tamamen Orta-K lavlar gozlenirken, volkanizmanin ilerleyen evrelerinde III., I'V.
ve V. fazlara ait volkanitler ise tamamen sosonitik seriye iz diigmektedir. Magma evrimine
bakildiginda ozellikle I. ve II. fazlarda kabuksal kirlenme daha etkin iken, III. ve IV. fazlara
fraksiyonel kristallenme egemen olmustur. Tendiirek volkanitlerinin kita i¢i karakterde
oldugu ve alkali magmanin evriminde fraksiyonel kristallenme ve kabuksal kirlenmenin
onemli rol oynadig1 goriilmektedir.

Anahtar Kelimeler: Alkali, Kalkalkali, Fraksiyonel Kristallenme, Kabuksal kirlenme
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GEOCHEMICAL CHARECTERISTICS of THE QUATERNARY
TENDUREK SHIELD VOLCANO, EASTERN ANATOLIA COLLISION
ZONE, TURKEY

Abstract: The Quaternary Tendiirek Volcano, which is thought to be related to the continent-
continent collision after the closure of the Neo-Tethys Ocean, is one of the rare places in East
Anatolian where calc-alkaline and potassic alkaline volcanism coexisted.

Lavas erupted from the Tendiirek Volcano are divided into 5 main groups, each of which
erupted in a separate phase, on the basis of their explosion periods and magma
characteristics. Those phases petrographically span a wide range from tephrite to phonolite,
and from basalt to trachyte. However, the fifth and the last phase of the volcanism erupted
from the vent of Great Tendiirek consists of only trachitic lavas. While both calc-alkaline and
alkaline volcanic products are observed together at the early stages of the first phase, in the
following phases only alkaline volcanism products were erupted. High-K and medium-K lavas
erupted during the first phase, followed by the eruption of only medium-K lavas during the
second phase. On the other hand, during the III, IV and V phases, Tendiirek erupted
shoshonitic lavas (determined on the basis of %SiO; vs. %K,0 diagram). Our geochemical
data indicate that fractional crystallization was the dominant process during the phases II1
and 1V while contamination by continental crust was effective during the phases I and II. It is
obvious that Tendiirek lavas display within plate geochemical characteristics and fractional
crystallization and AFC had an important role in the evolution of alkaline magmatism.

Key Words: Alkaline, Calcalkaline, Fractional Crystallization, Contamination
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NIGDE VOLKANIK KOMPLEKSI’NDEKI (KAPADOKYA VOLKANIK
PROVENSI, ORTA ANADOLU) GEC NEOJEN-KUVATERNER
VOLKANIK KAYAC SERILERININ JEOKIMYASI, PETROLOJISI VE
JEOKRONOLOJISI

Faruk Aydinl, Mustafa Siinmezz, Kadir Diriks, Wolfgang Siebel4, Axel K. Schmitts,

Abdurrahman Lermiz, Robert Duncan®
" Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Boliimii, Trabzon (faydin@ktu.edu.tr)
*Nigde Universitesi Jeoloji, Miihendisligi Boliimii, Nigde
% Hacettepe Universitesi, Jeoloji Miihendisligi Boliimii, Beytepe, Ankara
* Universitit Tiibingen, Institute of Geosciences, Tiibingen, Germany
5 University of California, Department of Earth and Space Sciences, Los Angeles, USA
% Oregon State University, College of Oceanic and Atmospheric Sciences, Corvallis, USA

Ozet: Orta Anadolu’nun giineyinde yer alan Nigde Volkanik Kompleksi (NVK)’ndeki Geg
Neojen- Kuvaterner yash volkanik kayag serilerinin kokenini ve gelisim siirecini belirlemek
icin, bu ¢alismada jeokimyasal (Sr-Nd-Pb izotoplart dahil), Ar-Ar ve U-Pb yas verileri rapor
edilmistir.

Jeolojik, jeokronolojik ve volkanostratigrafik calismalara gore, NVK icinde bes farkli
volkanik seri belirlenmistir. Bunlardan ilk dort seri Ge¢ Neojen-Erken Kuvaterner yasli iken,
sonuncusu Orta Kuvaterner yaslidir. Ge¢ Neojen-Erken Kuvaterner (GNEK) volkanik serileri
genellikle bazaltik andezit bilesimli magmatik anklavlar igeren andezitik ve dasitik
kayaclardan olusurken, Orta Kuvaterner bimodal (OKB) volkanik serisi riyolitik ve bazaltik
kayac¢lardan meydana gelir.

Incelenen GNEK volkanik kayag serileri baslica kalk-alkalen karakterlidir. Buna karsin,
OKB volkanik serisi Na-alkalen/gecisli bazaltik ve yiiksek K-kalkalkalenden alkalene gecis
gosteren riyolitik kayaclardan olusur. GNEK kayag serileri arasinda jeokimyasal 6zellikler
bakimindan kiiciik farkliliklar gozlenmesine karsin, bunlar yiiksek LILE ve diisiik HFSE
icerikleriyle ve belirgin negatif Nb, Ta, P ve Ti anomalileriyle tipik bir jeokimyasal benzerlik
gosterirler. Incelenen kayag serilerinde, *’Sr/**Sr (0.7036-0.7054), "“Nd/"**Nd (0.5126-
0.5129) ve Pb izotop oranlar1 agisindan (*%°Pb/2*Pb: 18.75-18.92, *"Pb/**Pb: 15.62-15.71,
208pp/2%ph: 38.66-39.09) dar ve benzer bir aralikta degisim s6z konusudur.

Jeokronolojik ve jeokimyasal 6zellikler, GNEK kayag serilerinin muhtemelen ortak ve
hibrid bir magma kaynagindan tiiredklerine, daha sonra farkli oranlarda kabuksal kirlenme ve
farklilasma proseslerine maruz kaldiklarina isaret eder. Buna karsin, OKB serisinin
jeokimyasal verileri, bu serinin kendi i¢inde kokensel olarak iligkili oldugunu gostermistir.
Na-alkalen/gecisli bazaltik kayaglar, izotopik olarak orta derecede tiiketilmis bir manto
kaynagindan tiiremistir. Riyolitik iiriinlerin kaynagi i¢in muhtemel petrojenetik senaryo,
tiikketilmis manto kaynagindan tiireyen bazaltik ergiyiklerin farklilasmalar1 ve diisiik oranlarda
kabuksal kirlenmeye maruz kalmalar seklindedir.

Anahtar Kelimeler: Nigde, Ge¢ Neojen, Kuvaterner, volkanik seri, jeokimya, jeokronoloji
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GEOCHEMISTRY, PETROLOGY and GEOCHRONOLOGY of THE LATE
NEOGENE-QUATERNARY VOLCANIC ROCK SERIES FROM THE
NIGDE VOLCANIC COMPLEX (CAPPADOCIAN VOLCANIC PROVINCE,
CENTRAL ANATOLIA)

Abstract: In order to investigate the petrogenesis and evolution process of the Late Neogene-
Quaternary volcanic rock series from Nigde Volcanic Complex (NVC), southern Central
Anatolia, Ar-Ar and U-Pb dating, geochemical and Sr-Nd-Pb isotope analysis was performed.

Based on geology, geochronology and volcano-stratigraphy, five different volcanic series
are found within the NVC. The age of the first four series is Late Neogene-Early Quaternary
while the last one is Middle Quaternary. The Late Neogene-Early Quaternary (LNEQ)
volcanic series generally consist of andesitic and dacitic rocks, which contain magmatic
enclaves of basaltic and andesitic composition whereas the Middle Quaternary bimodal
(MQB) volcanic series is composed of basaltic and rhyolitic rocks.

The LNEQ volcanic series is mainly calc-alkaline in character while the MOB series
consists of Na-alkaline/transitional basaltic and high-K calc-alkaline to alkaline rhyolitic
volcanic rocks. Although small differences within the LNEQ series are observed, rocks of this
series show similar geochemistry characterized by high LILE and low HFSE concentrations
with negative Nb, Ta, P and Ti anomalies. The initial *’Sr/*Sr (ranging from 0.7036-0.7054),
"SNd/"*Nd (0.5126-0.5129) and Pb isotopic ratios (““Pb/"Pb: 18.75-18.92, "’ Pb/" Pb:
15.62-15.71, ***Pb/" Pb: 38.66-39.09) of the all series vary in a narrow and similar range.

Geochronology and geochemical data suggest that the calc-alkaline LNEQ series was
probably derived from a common mantle or hybrid source, and then experienced to the
crustal assimilation and fractional crystallization processes. However, geochemical data
suggest that rocks from the MQB volcanic series are genetically closely related to each other.
The Na-alkaline/transitional basaltic rocks derived from a moderately depleted mantle source
whereas mantle-derived differentiated basaltic melts which experienced low degree crustal
assimilation are suggested to be the parent melt of the MOB rhyolites.

Key Words: Nigde, Late Neogene, Quaternary, volcanic series, geochemistry, geochronology
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BUYUK YAYLA (iKiZDERE-RIZE) OBSIDIYENLERINDE
BRESLESME, HETEROJEN COZUNME VE Fe-Ti-OKSIT
AYRILIMLARI

M. Burhan Sadiklar' ve Ayla Hanedan-Nar’
“KTU, Jeol. Miih. Bbl., 61080 - Trabzon (giray@ktu.edu.tr)
% MTA Genel Midiirligi, Ankara

Ozet: Biiyiik Yayla Obsidiyenleri (BYO) 1800 m kodunda baslayip, kiigiik kesintilerle 2600
m’ye kadar gozlenirler. Arazideki en yasl birim olan bazaltlar “Ikizdere Graniti” tarafindan
kesilirler. Bu ikisinin {izerine felzit ve obsidiyenlerden olusan riyolitik volkanitler zamansal
uyumsuzlukla gelirler. Altta felzitlerle baslayan riyolitik volkanitler iiste dogru, ardalanmali
bir ge¢is zonu {lizerinden obsidiyenlere gecerler. Obsidyenlerde hékim renk siyah,
kirmizimtrak, sarimsi kizil ve kirmizimsi kahvedir. BYO’nin ortalama toplam kayac¢ ana-oksit
icerikleri Hanedan-Nar (2008)’e gore soyledir: SiO, 75,41; TiO, 0,15; Al,O; 13,87; tFe,Os
1,25; MnO 0,05; MgO 0,11; CaO 0,89; Na,O 3,99; K,O 4,79; P,Os 0,02; SO5; 0,02.

Arazide 4 yerde breslesmis obsidiyenlere rastlanir (Hanedan-Nar, 2008). Bresler ve
hamur farkli renk obsidiyenlerden olusur. Boyutlari mm- ild cm-0l¢eginde degisen bresler
genelde som siyah, hamur ise sarimsi ve mora kadar varabilen kizil-kahve tonlarindadir.
Breslesmeler, “akma bresi” degil, “baca bresi” tarzinda olup, riyolitik 1av ¢ikisinin en son ve
geng evresine isaret ederler. Bresli kesimlerde “cam gegis sicakligi” (727 ila 785 °C)
bressizlerinkinden (630 ila 700 °C) daha yiiksektir (Kletti, 2001).

BYO’nde heterojen yiizeysel ayrismanin temel nedeni kristalli fazca zengin seviyelerin
fakirlere oranla daha az durayli olmalaridir. Bu gergek, radyoaktif atiklarin depolanma
sorununa alternatif ¢6ziim olusturabilir!

BYO’nin mineral parajenezi feldspat, piroksen, biyotit, kuvars ve Fe-Ti-Oksitler;
aksesuar olarak apatit, zirkon; nadiren de kalkopirit, pirit, pirotin ve anhidrit igerir.
Parajenezde hem kalint1 hem de otojen mineraller s6z konusudur.

Breslerin ve obsidiyen i¢i bantlarin iist seviyelerindeki Fe-Ti-oksitler biiylik oranda
ayrimlanma gosterirken, hamur ve bantlarin alt seviyelerindekilerde buna pek rastlanmaz.
Ciinkii bu ayrimlanmalar sonradan gelen lav akintilarinin yol actig1 yeniden 1sinip-sogumanin
driiniidiirler. Sadiklar ve dig. (2001) tarafindan yapilan laboratuar deneyleri bunu
desteklemektedir.

Anahtar Kelimeler: Obsidyen, Heterojen Coziinme, Ikizdere, Breslesme
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BRECCIATION, HETEREGENEOUS WEATHERING and EXSOLUTION
of THE Fe-Ti-OXIDES in THE BUYUK YAYLA OBSIDIANS

Abstract: In the Biiyiik Yayla, obsidians are exposed between the 1800 and 2600 m altitude
with small interruptions. Basalts that are the oldest unit in field are cut by Ikizdere Granite.
Rhyolitic volcanic rocks that are composed of felsites and obsidians overlie the basalts and
Ikizdere Granite with an unconformity. Rhyolitic volcanic rocks starting with felsites at the
bottom pass through to the obsidians with an intercalated transition zone. The dominant
colors of obsidian are black, reddish, yellowish red and reddish brown. The average
composition of whole-rock major-oxide contents of the obsidians are as follows (Hanedan-
Nar, 2008): SiO,: 75.30, TiO;: 0.15, AlL,O3: 13.85, tFe;03: 1.30, MnO: 0.05, MgO: 0.11,
CaO: 0.90, NaO: 3.98, K;0: 4.79, P>Os: 0.02 (100.45).

Brecciated obsidians are observed at four different places in the field (Hanedan-Nar,
2008). Breccias and the surrounding matrix are composed of different colors of obsidians.
Breccias, of which the sizes range from mm-to cm, are usually black in color and the color of
surrounding matrix vary from yellow to purple up to reddish-brown. Brecciations are
considered "chimney breccia” not "flowing breccia” in style, indicating the latest and the
youngest phases of the rhyolitic lava extrusion. In the brecciated parts the "glass transition
temperature” (727 - 785 °C) is higher than those of the unbrecciated ones (630 to 700 ° C)
(Kletti, 2001).

The main reason for the heterogeneous weathering of the BYO is that the crystalline
phases are more easily eroded than those of the crystal poorer part. This fact may be
considered for an alternative solution for the problem of radioactive waste storage!

Feldspar, pyroxene, biotite, quartz and Fe-Ti-oxide form the main mineral paragenesis of
the BYO. Apatite, zircon and rarely chalcopyrite, pyrite, pyrrhotite and anhydrite are also
found as accessory phases. Both relict and autogenous phases are present in the paragenesis.

Fe-Ti-oxides in the breccias and the upper part of bands within obsidians mostly show
exsolution lamellae whereas the Fe-Ti oxides within the surrounding matrix and in the lower
level of the bands do not show this exsolutions. The formation of these exsolutions is
suggested to be related with subsequent lava flows and re-heating and cooling processes. The
results of experimental study of Sadiklar et al. (2001) support this suggestion.

Key Words: Obsidian, Heterogeneous weathering, Ikizdere, Brecciation
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TEKKEKOY (SAMSUN) YORESI TERSIYER VOLKANITLERININ
MINERAL KiMYASI VE PETROKIMYASAL OZELLIKLERI

Tugba Dursun, Mehmet Arslan, irfan Temizel ve Cem Yiicel
Karadeniz Teknik Universitesi, MF, Jeoloji Miihendisligi Béliimii, 61080-Trabzon
(tugbadursun61@gmail.com), (marslan@ktu.edu.tr)

Ozet: Dogu Pontidlerin bat1 ucunda yer alan Tekkekdy (Samsun) yoresindeki Tersiyer yash
volkanik kayaglar fasiyes oOzelliklerine gore, bazaltik lavlar, dayklar ve piroklastitler,
trakiandezitik dom and dayklar olmak iizere ayirtlanmistir. Bazaltik kayaclar, yaygin olarak
porfirik, mikrolitik porfirik, nadiren intergraniiler ve kiimiilofirik dokular gostermekte olup,
plajiyoklas (Anag.91), klinopiroksen (Wogso Ensjas Fsii6), Fe-Ti oksit ve olivin (Fos9.63)
icermektedir. Trakiandezitik kayaglar, genel olarak trakitik dokulu olup, plajiyoklas (Ans.s3),
sanidin (Angss.;.s9) hornblend (Mg# =61-62), biyotit (Mg# =51-53), Fe-Ti oksit ve apatit
icermektedir.

Incelenen volkanitler, genel olarak hafif derecede alkali ve orta-yiiksek-K’lu karaktere
sahiptirler. Volkanitlerin SiO,’ye karsi ana oksit ve iz element degisim diyagramlarinda,
AL O3, Fe,05*, Ca0, TiO,, P,Os, MnO, MgO, Co ve V negatif korelasyon, K,O, Na,O, Rb,
Ba ve Zr ise pozitif korelasyon gostermekte olup, bu iliskiler volkanitlerin gelisiminde
bazaltik kayacglarda, klinopiroksen+Fe—Ti oksit, trakiandezitik kayacglarda hornblend+
plajiyoklas+Fe—Ti oksitt+apatit fraksiyonlagsmasinin etkili olduguna isaret etmektedir.
Volkanitlerin N-tipi Okyanus Ortas1 Sirt1 Bazalti’na normalize edilmis iz element
dagilimlarinda; biiyiik iyon yaricapl litofil elementlerce (Sr, K, Rb, Ba) zenginlesme, yliksek
cekim alanli elementler (Th, Ta, Nb, Ce, Zr, Ti, Y) bakimindan fakirlesme goézlenmektedir.
Ayrica dagilimlarda gozlenen negatif Nb ve Ta anomalisi yitim bileseni ve/veya kabuk
asimilasyonuna isaret etmektedir. Kondrite normalize edilmis nadir toprak element
dagilimlarinda, volkanitler diisiik-orta derecede zenginlesmis desenler sergilemektedir.
Bazaltik (Lan/Lun=3.41-9.59) ve trakiandezitik (Lan/Ybn=7.85-12.36) kayaglardaki benzer
dagilimlar, bunlarin ayni/benzer kaynaktan tiiremis olabileceklerine isaret etmektedir.
Bazaltik 6rneklerden (Eun/Eu*=0.83-1.01) trakiandezitik Orneklere (Eun/Eu*=0.79-0.87)
dogru hafif Eu anomalisinin varlig1 plajiyoklas ayrimlagmasini gostermektedir. Ayrica nadir
toprak element dagilimlarindaki kagik sekilli desenler, volkanitlerin gelisiminde klinopiroksen
ve hornblend fraksiyonlagsmasinin 6nemine isaret etmektedir. Sonu¢ olarak Tekkekoy
(Samsun) volkanitlerinin, yitim zonu metazomatizmast ile zenginlesmis bir manto
kaynagindan tiiredigi ve g¢arpigma sonrasi volkanitlerin genel Ozelliklerini yansittigi ileri
stirtilebilir.

Anahtar Kelimeler: Dogu Pontid, Tekkekdy (Samsun), Tersiyer volkanitleri, petrokimya,
mineral kimyasi.
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MINERAL CHEMISTRY and PETROCHEMICAL CHARACTERISTICS of
TERTIARY VOLCANIC ROCKS in THE TEKKEKOY (SAMSUN) AREA,
NE TURKEY

Abstract: The Tertiary volcanic rocks in the Tekkekoy (Samsun) area at the western end of the
eastern Pontides are separated as basaltic lava flows, dykes and pyroclastics, trachyandesite
dome and dykes. The basaltic rocks contain plagioclase (Anq-9;), clinopyroxene (Woss.52 Ens;.
46 Fsi126), Fe-Ti oxide and rare olivine (Fou9.5) with common porphyric, microlitic
porphyritic and less intergranular and cumulophyric textures. Trachytic rocks are composed
of plagioclase (Anys.s3), sanidine (Any.ss.;.s9), hornblende (Mg# = 61-62), biotite (Mg# =5]-
53), Fe-Ti oxide and apatite with trachytic texture.

The volcanics have mildly alkaline affinities, and medium to high-K contents. SiO, versus
major oxide and trace element variations show negative correlations for A,O;3, Fe;03*, CaO,
TiO;, P,;0s, MnO, MgO, Co and V whereas positive correlations for K;O, Na,O, Rb, Ba and
Zr, most of which can be explained by fractionation of clinopyroxene+Fe-Ti oxide in basaltic
rocks, and hornblende+plagioclase+Fe-Ti oxide+apatite in trachyandesitic rocks. N-MORB
normalized trace elements patterns show enrichment in LILE and depletion in HFSE with
negative Nb and Ta anomalies, suggesting a subduction signature and/or crustal
contamination. On the chondrite—normalized REE patterns, volcanics exhibit low-medium
enriched patterns. Basaltic (Lax/Luy=3.41-9.59) and trachyandesitic (Lay/Yby=7.85-12.36)
rocks show similar patterns to each other revealing the same or common source. Presence of
slight Eu anomalies from basaltic (Euy/Eu*=0.83-1.01) to trachyandesitic (Eun/Eu*=0.79-
0.87) samples implies the plagioclase fractionation. The REE patterns have also spoon-
shaped, implying effect of significant clinopyroxene and hornblende controlled fractionation
during the evolution of the volcanics. Conclusively, Tekkekoy (Samsun) volcanics may evolved
from parental magma (s) derived from an enriched lithospheric mantle source, and exhibit
general features of post-collisional volcanics.

Key Words: Eastern Pontide, Tekkekoy(Samsun), Tertiary volcanics, petrochemistry, mineral
chemistry.
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DO(:}U ANADOLU NEOVOLKANIK PROVENSPNQE PETROLOJIK
SURECLERIN ZAMAN VE MEKAN iCiNDE DEGISIMLERI VE
BUNLARIN JEODINAMIK ANLAMI

Mehmet Keskin', Vural Oyanz, Vladimir A. Lebedev’, Andrey V. Chugaev’, Esin Unal’,

Evgenii V. Sharkov®, S. Can Gen¢®, Namik Aysal1 ve Olgun Duru’
" {stanbul Universitesi, Mithendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, Istanbul (keskin@istanbul.edu.tr)
% Van Yiiziincii Y1l Universitesi, Miihendislik ve Mimarlik Fakiiltesi, J eoloji Miihendisligi Boliimii, Van
% Rus Bilimler Akademisi, Maden Yataklari, Mineraloji ve Jeokimya Enstitiisii, Moskova, Rusya
* Istanbul Teknik Universitesi, Maden Fakiiltesi, Jeoloji Miihendisligi Bolimii, Istanbul

Ozet: Tiirkiye’nin dogusu son 15 milyon yildir Afrika ve Avrasya kitalar1 arasinda aktif bir
carpisma zonu niteligi tasimaktadir. Carpisma, Neotetis Okyanusu’nun Dogu Anadolu altinda
dalarak kapanmasinin ardindan ~15 My Once baslamis, Afrika D Anadolu’ya yaklagsmaya
devam ettigi i¢in ise halen devam etmektedir. Ustteki Anadolu levhas1 10 My énce bdlgesel
Olcekte bir blok yiikselmeye ugramis, ~2 km yiikseklikteki bir plato olusturmustur. Bu plato
iizerinde yaygin bir karasal volkanizma ortaya ¢ikmis, ya farkli boy ve sekiller sunan
volkanlar (6r. Agri, Tendiirek, Nemrut) iizerinde odaklanmig, ya da volkanik platolar
olusturmustur. Tiimi belirgin bir yitim bileseni igeren volkanik {iriinler, bolgenin yarisindan
fazlasin1 kaplamistir. Volkanizma tarihsel donemlere kadar devam etmis olup, halen aktif
oldugu kabul edilmektedir. Ergime modellemelerimiz, ¢arpisma kusagi boyunca kaynak alan
karakteristiklerinde Miyosen’de granat iceren derin bir mantodan Kuvaterner’de spinelin
hakim oldugu s1g bir mantoya dogru zamana bagli bir degisim oldugunu gostermektedir. AFC
ve EC-AFC modellemelerimiz, genel olarak AFC isleminin Oneminin zaman iginde
azaldigini, her volkanin kendine 6zgii bir magma tazeleme ve ayirimlagma evrimi geg¢irdigini
gostermistir.

Alta dalan Arap oOniilkesi ise kabuksal 6l¢ekte dogu-bati dogrultulu kivrimlanmalar ve
bindirme cephesine dik konumda gerilmeli deformasyonlara ugramistir. Gerilmeli bu kiriklar
boyunca yitim bileseni i¢ermeyen levha i¢i lavlar piiskiirmiistiir. S6z konusu levha igi
volkanizma Karacadag volkanik karmasigi iizerinde odaklanmis, ~10,000 km® alan
kaplamistir. Karacadag’in Erken evre volkanizmasina litosferik manto kaynagindan gelen
magmalar, daha sonraki evrelere ise astenosferik kaynaktan tiiremis magmalar egemen
olmustur.

Anahtar Kelimeler: Dogu Anadolu, petrolojik siiregler, zamana ve mekana bagl degisim,
jeodinamik.
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SPATIAL and TEMPORAL VARIATIONS in THE PETROLOGIC
PROCESSES ACROSS THE EAST ANATOLIAN NEOVOLCANIC
PROVINCE and THEIR GEODYNAMIC SIGNIFICANCE

Abstract: Eastern Turkey has been an active collision zone for the last 15 My between African
and Eurasian continents. The collision initiated at ~15 Ma after the closure of the Neotethys
Ocean by subduction beneath E Anatolia and is still going on, as Africa still converges to
Anatolia. The overriding Anatolian plate was subjected to a major block uplift event around
10 Ma, forming a plateau with ~2 km altitude. Then a widespread subaerial volcanic activity
occurred on that plateau, either localized to form volcanoes with various shapes and sizes
(e.g. Ararat, Tendiirek, Nemrut) or produced volcanic plateaus. Volcanic products covered
over ~half of the region, all containing a distinct subduction component. Volcanism continued
to the historical times and is considered to be still active. Our melting models indicate that
there is a temporal change in source characteristics across the collision zone from a garnet-
dominated deeper mantle-source during the Miocene to a spinel-dominated shallower source
during the Quaternary. Our AFC and EC-AFC models reveal that the importance of AFC
process decreased broadly in time while each volcano experienced a unique replenishment
and fractionation history.

The underthrusting Arabian foreland was subjected to both crustal-scale east-west
folding and extensional deformations perpendicular to the thrust front. Along these
extensional fractures, within-plate lavas with no subduction component erupted. This
intraplate volcanism focused on the Karacadag volcanic complex, covering ~10,000 km’.
Early Stage volcanism of Karacadag was dominated by magmas from a lithospheric mantle
source, while magmas of the later stages were derived from asthenospheric source.

Key Words: East Anatolia, petrological processes, temporal & spatial variations,
geodynamics.
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DATING BASALTIC VOLCANISM USING COSMOGENIC *HE

Finlay M. Stuart
Isotope Geoscience Unit, Scottish Universities Environment Research Centre, East Kilbride, UK
(fin.stuart@glasgow.ac.uk)

Abstract: Accurate determination of the timing of Quaternary volcanism is fundamental to
our understanding of the eruption and structural history of volcanoes and the hazards they
pose as well as placing constraints on volcano-climate interactions and human evolution. The
most widely used modern dating tools ('C, and *’Ar/’Ar) have long and distinguished
records, and have been used to date eruptions well into the (pre-)historic area.
Notwithstanding these achievements, not all young volcanic rocks are amenable to dating
with these methods and reliable alternative techniques are required.

The terrestrial cosmogenic nuclides accumulate in the upper surfaces of lava flows after
eruption and can be used to provide an estimate of the duration of exposure, and therefore the
eruption age. They are typically used to date the final stages of eruption of Quaternary
volcanic rocks. Cosmogenic *He is the most widely used TCN. In this presentation I will
review how cosmogenic nuclides are produced in surface rocks, and how they are measured,
then use several recent examples to demonstrate how they can be used to reconstruct the
eruptive and structural history of volcanoes as well as track past variation in the geomagnetic
field strength.

Key Words: Volcanism cosmogenic helium dating
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ELAZIG VE MALATYA (DOGU ANADOLU, TURKIYE) CEVRESINDE
YUZEYLEYEN YUKSEKOVA KARMASIGI’NA AIT GEC KRETASE
YASLI BAZIiK VOLKANITLERIN TUM-KAYAC PETROKIMYASI VE
Sr-Nd-Pb iZOTOP SISTEMATIGI

Melek Ural', Sevean Kiiriim', Mehmet Arslan” ve M. Cemal Giinciioglu3
" Firat Universitesi, Jeoloji Miihendisligi Boliimii, Elaz1g (melekural@firat.edu.tr; skurum@firat.edu.tr)
% Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Béliimii, Trabzon (marslan@ktu.edu.tr)
3 Orta Dogu Teknik Universitesi, Jeoloji Miihendisligi Boliimii, Ankara (mcgoncu@metu.edu.tr)

Ozet: Elazig ili GD’su (Maden-Killan-Hazar bdlgesi) ve Malatya ili D-GD’sunda (Yaygin-
Uslu-Piitiirge dolaylar1) yiizeyleyen Geg¢ Kretase yasli Yiiksekova Karmasigi’na ait masif ve
yastik yapili bazik volkanitler toleyitik ve toleyitik-kalkalkalen ge¢is karakterli olup,
petrokimyasal 6zelliklerine gore iki gruba (1.grup ve 2.grup) ayrilmislardir.

Genel olarak incelenen volkanitlerin Zr’a karsi hareketsiz element ikili degisim
diyagramlar1 kayaglarin fraksiyonel kristallesme siireciyle gelistiklerini ortaya koymaktadir.
1. grup kayaglarin okyanus ortasi sirt1 bazalti (N-OOSB) ila ada yay1 toleyiti (AYT) arasinda
gecis gosteren bilesimleri, gerilmeli bir okyanusal yay ortamini (yay igi), 2.grup kayaclarin
zenginlesmis okyanus ortasi sirt1 bazaltina (Z-OOSB) benzeyen desenleri ise okyanusal yayin
arkasinda gelismis yine gerilmeli bir yay ardi ortamini isaret etmektedir. Ayrica iz element
desenleri ve oranlari, toleyitik karakterli 1.grup icin daha fazla tiiketilmis ve spinel-lerzolitik
bir manto kaynagina, 2.grup icin ise nispeten daha az tiiketilmis astenosferik manto kaynagina
isaret etmektedir.

Tektonik ayirtman diyagramlara gore incelen volkanitler, okyanus i¢i yitim zonunda
okyanusal yayin riftlesmesine bagl olarak, yay igi-yay ardi sisteminde gelismis, ada yay1
toleyitleri (AYT) ile zenginlesmis okyanus ortasi sirti bazalti (Z-OOSB) benzeri arasinda
gecis gosteren bilesime sahip bazik volkanik kayag dizisinden olusurlar.

En taze orneklerden hareketle Sr-Nd-Pb izotop sistematigi ortaya ¢ikarilan volkanitlerin
(*’St/**Sr); oranlar1 0.703660-0.706263 arasinda, (‘**Nd/'**Nd); oranlar1 ise 0.512729-
0.512934 ve eNd; degerleri +4.03 ila +8.03 arasindadir. Aymi Srneklerin ***Pb/**°Pb izotop
oranlar1 38.3216 ila 39.3400; **’Pb/*°°Pb izotop oranlar1 15.5018 ila 15.6524 ve **°Pb/***Pb
izotop oranlart 18.5655 ila 19.3209 arasindadir. Sr-Nd-Pb izotop verileri, bu kayaglarin
izotopik olarak tiiketilmis manto kaynagindan tiirediklerine ve gelisimlerinde kitasal kabugun
rol oynamadigina isaret etmektedir. Sonug¢ olarak elde edilen petrokimya verileri bolgesel
jeoloji ile birlikte degerlendirildiginde, Elazig ve Malatya ¢evresinde yiizeyleyen Geg Kretase
yasli bazik volkanitlerin ayn1 okyanus i¢i yitim ve yay ardi ortaminda gelistikleri ileri
stirtilebilir.

Anahtar Kelimeler: Bazik volkanit, petrokimya, Sr-Nd-Pb izotop, yay ardi havza,
Yiiksekova Karmasigi, Tiirkiye
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WHOLE-ROCK PETROCHEMISTRY and Sr-Nd-Pb ISOTOPE
SYSTEMATIC of LATE CRETACEOUS BASIC VOLCANICS of THE
YUKSEKOVA COMPLEX AROUND ELAZIG and MALATYA (EAST
ANATOLIA, TURKEY)

Abstract: The Late Cretaceous aged massive and pillow lavas of Yiiksekova Complex croping
out in the SE of Elazig (Maden-Killan-Hazar region) and E-SE of Malatya (around Yaygin-
Uslu-Piitiirge) are basaltic in composition and show tholeiitic and tholeiitic-calc-alkaline
transitional character. Petrochemically, the studied volcanics were divided into two groups as
Group 1 and Group 2.

Zr versus immobile element binary variation plots suggest that the studied volcanics have
evolved dominantly by fractional crystallization process. Group 1 rocks show similar
compositional range between mid-ocean ridge basalt (MORB) and island arc tholeiite (IAT),
revealing extensional arc setting (intra-arc) whereas Group 2 rocks exhibit similar patterns
to enriched mid-ocean ridge basalt (E-MORB) suggesting extensional back-arc basin setting.
In addition, trace element patterns and ratios reveal much depleted and spinel-lherzolitic
mantle source for Group 1 and relatively depleted asthenospheric mantle source for Group 2.

Based on the tectonic discrimination diagrams, the studied volcanic rocks were formed
from a basic rock series which is transitional between enriched- mid ocean ridge basalt (E-
MORB) and island arc tholeiitic (IAT) series in an intra arc- back arc setting, formed by
oceanic arc rifting above a subduction zone.

Taking account the freshest samples, Sr-Nd Pb isotope systematic of the volcanics have
been found out as (*'Sr/*°Sr); values from 0.703660 to 0.706263, the (‘*Nd/'**Nd); values
from 0.512729 to 0.512934, and eNd; values from +4.03 to +8.03. Besides, 208Pb/206Pb,
2 Pb/Pb and *"'Pb/™Pb ratios of the rocks vary from 15.5018 to 15.6524, from 15.5018 to
15.6524 and from 18.5655 to 19.3209, respectively. Sr-Nd-Pb isotope data indicate that the
rocks were derived from the depleted mantle source and that the continental crust does not
play a role in their development. Conclusively, obtained petrochemical data together with
regional geology may suggest that Late Cretaceous aged basic volcanics of Elazig and
Malatya region have developed in the same oceanic arc and back arc setting.

Key Words: Basic volcanic, petrochemistry, Sr-Nd-Pb isotope, back-arc basin, Yiiksekova
Complex, Turkey
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PLIYOSEN ETRUSK VOLKANININ (VAN GOLU KUZEYDOGUSU)
PETROLOJIK EVRIMi VE MAGMATIK SURECLERIN (ERGIME,
KARISMA, TAZELEME, KRISTALLENME) MODELLENMESI

Vural Oyan', Mehmet Keskin’, Vladimir A. Lebedev’, Andrey V. Chugaev’, Evgenii V.
Sharkov’

5 Van Yiizinci Yil Universitesi, Jeoloji Miihendisligi Bolimi, Van (vuraloyan@yyu.edu.tr)
* [stanbul Universitesi, Jeoloji Miihendisligi Boliimii, Istanbul (keskin@istanbul.edu.tr)
% Rus Bilimler Akademisi, Maden Yataklari, Mineraloji ve Jeokimya Enstitiisii, Moskova, Rusya

Ozet: Van Golii’niin kuzeydogusunda yer alan Pliyosen yash Etriisk stratovolkani, atnali-
sekilli kalderas1 ve 3100 m yiiksekligi ile Dogu Anadolu’da carpismayla iliskili en énemli
volkanik ¢ikis merkezlerinden biridir. K-Ar jeokronolojik yas verilerimiz 4.9-4.5 My arasinda
bolgede bazalik-hawaiitik lavlar piiskiirtmiis yaygin bir volkanizmanin egemen oldugunu,
Etriisk volkanik sisteminin ana gdvdesinin ise bu ilk volkanik evreden sonra 4.3-3.6 My
zaman araliginda olustuguna isaret etmektedir. Etriisk volkaninin ilk {iriinleri trakitik ve latitik
lavlar, kaya ¢i1g1 c¢okelleri ve bu birimleri radyal olarak kesen dayk sistemleridir. Kaldera
yaklastk 4 My once volkanin ¢okmesiyle olusmus, ardindan volkanin yamaglarindan
trakidasitik ve riyolitik lavlar pliskiirmiistiir. Etriisk volkaninin lavlar1 Plg-Cpx-Opx-Bio-K-
feldspat ve az oranda Ol-Amp minerallerini igerirken, bazaltik ve hawaiitk lavlar OI-Plg-Cpx
mineral toplulugundan olusur.

Petrografik (plajiyoklaz fenokristallerinde cam kapanimlar1 ve elek dokusu, biyotit
fenokristallerinde bigagimsi yapi), jeokimyasal ve izotopik bulgularimiz Etriisk volkaninin
altindaki magma odasinda magma karisimi ve AFC siireglerinin 6nemli olduguna isaret
etmektedir. Petrolojik modelleme sonuclar1 (en kii¢lik kareler yontemi, recharge, AFC, EC-
AFC), Etriisk volkaninin altindaki magma odasindaki evrimlesmis trakitik magmanin bazaltik
magma ile periyodik olarak tazelendigini ve volkanin evrimlesmis lavlarinda kitasal
kirlenmenin ve fraksiyonel kristallenmenin 6nemli islemler oldugunu ortaya koymustur.

En primitif lav 6rneklerinde HFS elementlerin LIL ve LREE elementlere gore belirgin
olarak tiiketilmesi ve lavlarin izotop jeokimyasi manto kaynak alaninin yitim bileseni ile
zenginlestigini gostermektedir. Kismi ergime modellemeleri zaman i¢inde granat peridotitik
kaynak mineralojisinden spinel peridotitik kaynak mineralojisine dogru degisime ve ergime
derecesinin de arttigina isaret eder. Tiim bu bulgular, Etriisk volkaninin evriminde derin ve s1g
manto alanlarindan tiiremis ergiyiklerin karisimina ve belirgin bir yitim bileseninin varligina
isaret etmektedir.

Anahtar Kelimeler: Dogu Anadolu, Etriisk volkani, petrolojik modelleme, manto kaynagi
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PETROLOGIC EVOLUTION and MODELING of MAGMATIC
PROCESSES (MELTING, MIXING, REPLENISHMENT,
CRYSTALLIZATION) of THE PLIOCENE ETRUSK VOLCANO
(NORTHEAST of LAKE VAN)

Abstract: Pliocene Etriisk stratovolcano, located in the northeast of Lake Van, is one of the
most important collision-related volcanic centers in Eastern Anatolia. It has an elevation of
3100 m and a horseshoe-shaped caldera. Our K/Ar age determinations indicate that a
widespread basaltic and hawaiitic volcanism occurred between 4.9 and 4.5 Ma before the
eruptions that created the volcanic edifice of the Etriisk volcanic system formed in the period
between 4.3 and 3.6 Ma. Initial products of Etriisk are the trachytic-latitic lavas, debris
avalanche deposits and a set of radial dykes cutting them. The caldera formed around 4 Ma
as a result of a major landslide to the south. This was followed by the eruption of
trachydacite-rhyolite  lavas  from the flanks of Etriisk. Etriisk lavas contain
Plg+Cpx+Opx+Bio+K-feldspar and minor Ol+Amp whereas basaltic and hawaiitic lavas
consist of Ol+Plg+Cpx.

Findings from our petrographical (e.g. glass inclusions and sieve texture in plagioclase
phenocrysts and knife-shaped biotite), geochemical and isotopic studies indicate that magma
mixing and AFC might have been important processes in the magma chamber evolution
beneath Mt. Etriisk. Our petrologic modeling (least square mixing calculation, recharge, AFC
and EC-AFC) results reveal that trachytic magma chamber beneath Mt. Etriisk was
periodically replenished with primitive basaltic magmas while AFC was also an important
processes in evolved lavas.

Depletion of HFS elements relative to LIL&LREFE in most primitive lavas and combined
with isotopic variations implies that mantle source region was enriched by a subduction
component. Partial melting models suggest a temporal change in source mineralogy from
garnet to spinel peridotite and an increase in the degree of melting in time. All these finding
imply mixing of melts generated from both deep and shallow mantle regions, containing a
distinct subduction signature.

Key Words: East Anatolia, Etriisk volcano, petrologic modeling, mantle source
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KOCALI (ADIYAMAN - GUNEYDOGU ANADOLU) OFiYOLITINE
AIT VOLKANIK KAYACLARIN JEOKIMYASAL OZELLIKLERIi

Muharrem Akgiill, Omer Nedim Alcicek’® ve Biinyamin Akgiil1
" Firat Universitesi, Jeoloji Miihendisligi Boliimii - Elazig, (makgul@firat.edu.tr)
% MTA Bolge Mudiirliigii - Malatya

Ozet: Tiirkiye’deki ofiyolitler genellikle bes zonda bulunur. Kocali ofiyoliti Giineydogu
Anadolu Orojenik kusaginda yer alir. Bu ofiyolitler, tektonitler, kiimiilatlar, izotrop gabrolar,
levha dayk karmasigi, plajiyogranitler, volkanikler ve sedimanter kayaclar ile temsil olunur.
Bu calismada, Kocali ofiyolitine ait Kocali kdyliniin kuzeybatisinda yer alan volkanik
kayaclarin petrografik ve jeokimyasal 6zellikleri aragtirillmistir. Volkanik kayaclar petrografik
olarak bazaltik bilesimdedir ve doleritik, intersertal, mikrolitic ve mikroporfirik dokulara
sahiptir.

N-MORB’a normallestirilmis ¢oklu element diyagramlarinda biitiin volkanik kayaclar
biiylik iyon yarigapl elementlerce zenginlesme (LILE: Cs, Rb, Ba, K, Sr, Pb ) ve kalicilig
yliksek elementlerce (HFSE: Nb, Ta, Hf) tliketilme ile karakterize edilirler. Negatif Nb ve Ta
anomalilerinin varli1 ve bazi iz element oranlar1 (Ba/Nb, Ba/Th, Ba/La, Nb/Yb, Th/Yb) ve
normalize edilmis REE gidisleri yitimle iligkili volkanizmanin ve/veya kabuksal kirlenme
stireclerinin etkili oldugunun gostergesidir.

Calisilan volkanik kayaclarin jeokimyasal 6zellikleri Kogali ofiyolitinin yitimle iligkili bir
tektonik ortamda olustugunu igaret etmektedir.

Anahtar Kelimeler: Kogali Ofiyoliti, bazik volkanikler, jeokimya, SSZ, GD Anadolu,
Turkey.
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GEOGHEMICAL PROPERTIES of VOLCANIC ROCKS FROM KOCALI
OPHIOLITE (ADIYAMAN - SOUTHEAST ANATOLIA)

Abstract: Ophiolites in Turkey are mainly located in five zones. Kogali ophiolite is located in
the Southeast Anatolian Orogenic Belt. This ophiolite is represented by tectonites, cumulates,
isotropic gabbros, sheeted dike complex, plagiogranites, volcanics and sedimentary rocks. In
this study, petrografical and geochemical properties of volcanics from the Kogali ophiolite
which are located to the northwest of Kogali village (Adiyaman) have been investigated.
Petrographically, volcanic rocks are basaltic in composition and have doleritic, intersertal,
microlitic and microporphyritic textures.

In the N-MORB normalized multi element diagram all of the volcanic rocks are
characterized by enrichment of large ion lithophile elements (LILE: Cs, Rb, Ba, K, Sr, Pb )
and depletion of high field strength elements (HFSE: Nb, Ta, Hf). The presence of negative
Nb, and Ta anomalies and the ratios of selected trace elements (Ba/Nb, Ba/Th, Ba/La, Nb/Yb,
Th/Yb) and normalized REE patterns all are indicative of a subduction related volcanism
and/or effective crustal contamination process.

The geochemical features of the studied volcanic rocks indicate that the Kogali ophiolite
formed in a suprasubduction zone (SSZ) tectonic setting.

Key Words: Kogali Ophiolite, basic volcanics, geochemistry, SSZ, SE Anatolia, Turkey.
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VAN GOLU CEVRESINDEKi JEOTERMAL AKISKANLARIN He ve C
iZOTOP BILESIMLERI: ALANSAL DAGILIMLARIN MANTO-KABUK
DINAMIGI ACISINDAN DEGERLENDIRILMESI

Nilgiin Giileg'
"“Orta Dogu Teknik Universitesi, Jeoloji Miih. BSliimii, Ankara (nilgun@metu.edu.tr)

Ozet: Bu calisma, Dogu Anadolu Bolgesinde Van Golii civarinda yerlesik jeotermal
lokalitelerden toplanan akiskan drneklerinin helyum ve karbon izotop bilesimleri (‘He/*He ve
813C) ile CO,/*He gaz oranlarin1 konu almaktadir. Atmosferik bilesime oranlanmis olan
SHe/*He degerleri, 0.85 Rx ile 7.76 Ra(Ra = atmosferik 3He/4He) arasinda degisen genis bir
aralig1 kapsamakta olup, en yiiksek deger (7.76 Ra) Nemrut kalderasindan elde edilmistir.
Akiskanlardaki manto kokenli helyum bileseni, toplam helyum igeriginin %96’sina kadar
ulasan bir orana sahiptir ve mantodan kabuga taginimi, olasilikla, bdlgedeki gen¢ magmatik
etkinlikler yoluyla ger¢eklesmistir. Akiskan orneklerinin CO»/°He oranlari hayli yiiksek bir
degisim araligi (2.4 x 10° — 3.8 x 10"%) sergilemekte ve manto igin tipik olan degerlerin (~2 x
10%) iizerine ¢ikmaktadir. "°C 6lgiimleri gaz ornekleri (CO,) ve iliskin su érnekleri (DIC)
tizerinde gerceklestirilmis olup, -17.5 ile 5.55 %o (vs. BDP) arasinda degismektedir. Gaz
ornekleri, eslenikleri olan su orneklerine oranla daha diisik 8"°C degerlerine sahiptir ve
sozkonusu bilesimler akigkandan CO, gaz kaybi siireci ile uyumlu goziikmektedir. Dogu
Anadolu jeotermal akiskanlarinin karbon izotop bilesimleri, manto ve kabuk bilesenleri
arasindaki karisim siirecleri ile kontrol edilmekte olup, kabuk bilesenindeki CO, gazi esas
olarak (toplam karbon biitgesinin yaklagik %85-%98’lik bir bolimi) kirectast kokenlidir.
Dogu Anadolu bolgesindeki kabuk kokenli karbon akisi, manto kdkenli karbon akisindan 10
kat daha fazladir. Tarihsel zamanlarda etkin olmus volkanlarin yerlesik oldugu Van Goli
batisinda diisiik kabuk kalinlig: ile paralellik gdsteren yiiksek *He/*He oranlari, manto- ve
kabuk-¢ikislt gazlar arasindaki dengenin, bdlgedeki volkanik-magmatik etkinliklerce
denetlendigine isaret etmektedir.

Anahtar Kelimeler: Dogu Anadolu, Jeotermal, Helyum, Karbon, izotop
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He and C ISOTOPE COMPOSITION of GEOTHERMAL FLUIDS
AROUND LAKE VAN: SPATIAL VARIATIONS in RELATION TO
MANTLE-CRUST DYNAMICS

Abstract: This study is concerned with helium and carbon isotope compositions (*He/'He,
6"°C) and CO,/He gas ratios of geothermal fluids from a number of localities around Lake
Van in Eastern Anatolia. Air-corrected *He/'He ratios of gas samples vary over a wide range
from 0.85 Ry to 7.76 Ry (where Ry = air "He/'He), the latter being recorded from Nemrut
caldera. The mantle-derived helium component constitutes up to 96% of the total He contents
in fluids, and is likely transferred to the crust by recent magmatism. CO,/He ratios span a
wide range (2.4 x 10° — 3.8 x 10") and are mostly higher than that of the nominal upper
mantle (~2 x 10°). 6" C, measured for both gas (CO,) and associated water (DIC) samples,
cover a range from -17.5 to 5.55 %o (vs. BDP); the values for gas samples are lower than
those of their water counterparts being consistent with loss of CO; from fluids by degassing.
C-isotope composition of Eastern Anatolian fluids seems to be controlled by mixing between
mantle and crustal components, the latter being originated mainly from limestone (~85 to
98% of the total carbon inventory). The carbon flux from the crust is at least 10 times higher
than that from the mantle. The balance between mantle and crustal-derived volatiles seems to
be governed by volcanic and magmatic activity in the region as suggested by the broad
correlation between high *He/'He ratios and thinner crust along the western part of the Lake
Van region where historically active volcanoes are located.

Key Words: Eastern Anatolia, Geothermal, Helium, Carbon, Isotope
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JEOTERMAL KAYNAKLARIN ARASTIRILMASINDA ASAL GAZ
IZOTOPLARININ KULLANIMI

Duru Aral', Halim Mutlu', Nilgiin Giile¢’
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Ozet: Jeotermal aktivite, volkanizmanin yani sira, ugucular igin uygun kanal gérevi iistlenen
derin fay diizlemleri boyunca alt kabuga kadar inen meteorik su akiglar1 ile de yakindan
iligkilidir. Bu tasinma sirasinda kabuk ve/veya manto kokenli akigkanlar birbirleri veya cevre
kayaclarla etkilesime girerler. Ancak asal gazlar (He, Ne, Ar, Kr ve Xe) eylemsiz element
olmalar1 nedeniyle bu tiir fizikokimyasal siire¢lerden en az derecede etkilenirler ve bu
nedenle, 1s1 ve akigkan kaynaginin tespit edilmesinde potansiyel izleyici olarak kullanilirlar.
Her kaynak boélge icin farkli izotop oranlar1 gdsteren helyum bu kapsamda en yaygin olarak
kullamlan asal gazdir. *He/*He (R) veya atmosferdeki bilesimine (Ra) oranlanarak R/Rx
seklinde ifade edilen helyum izotop bollugu, manto kaynakli akiskanlarda oldukca yiiksek
iken (8 — 30 R,) kabuksal litolojilerde ¢ok daha diisiik degerler sergiler (0.05 Rp). Boylece
manto, kabuk ve atmosferde farkli izotopik degerlerle temsil edilen asal gazlar, termal
sinyallerin yaninda akiskanin tiiredigi rezervuar hakkinda da bilgi saglarlar.

Anahtar Kelimeler: Asal gaz izotoplari, manto, kabuk, jeotermal potansiyel.

THE USE of NOBLE GAS ISOTOPES FOR INVESTIGATION of
GEOTHERMAL RESOURCES

Abstract: Geothermal activity is not limited to volcanism but also closely associated with
meteoric water flows ascending to the lower crust through deep fault planes which act as
suitable conduit for the volatile flux. During this transport, crust and/or mantle fluids are
interacted with each other or reservoir rocks. Because noble gases (He, Ne, Ar, Kr, and Xe)
are inert elements, they are less affected from such physiochemical processes and, therefore,
are used as potential tracers for determination of origin of heat and fluids. Helium is the most
commonly used noble gas which displays unique isotope ratios for various source
provenances. Helium isotope values which are expressed as ‘He/'He (R) or R/R,
(proportional to the atmospheric helium composition) are high in mantle-derived fluids (8 —
30 Ry) and extremely low in fluids from crustal lithologies (0.05 R,). Consequently, noble
gases, which are represented by different values in mantle, crust and atmosphere, yield
information on thermal signals and also the type of reservoir from which fluids are derived.

Key Words: Noble gas isotopes, mantle, crust, geothermal potential.
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BUYUK MENDERES GRABENI iICINDEKI JEOTERMAL
AKISKANLARDAKI HELYUM VE KARBON IZOTOP ORANLARININ
KONUMSAL DEGISIiMI

Hiiseyin Karakusl ve Sakir Simsek2
t Dumlupinar Universitesi, Jeoloji Miihendisligi Béliimii, Kiitahya (karakus@dpu.edu.tr)
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Ozet: Tiirkiye, sahip oldugu jeolojik ve tektonik yapisi nedeniyle jeotermal enerji agisindan
oldukca onemli bir potansiyele sahiptir. En onemli ve en yiiksek 1s1 potansiyeline sahip
jeotermal alanlar, Bati Anadolu’daki graben sistemlerinde gelismistir. Rezervuar sicakligi 232
°C’ye kadar ulasan Aydin-Germencik ve 242 °C’ye ulasan Denizli-Kizildere sahalari ¢alisma
konusu olan Biiyilk Menderes Grabeni (BMG) i¢inde yer almaktadir. Bununla birlikte
BMG'in D-B dogrultusundaki uzanimi boyunca siralanan c¢ikis sicakliklar1 25-100 °C
arasinda degisen cok sayida sicak su kaynagi bulunmaktadir. Sunulan bu ¢alismada BMG
icinde yer alan bazi jeotermal sahalardaki termal bosalimlarin helyum ve karbon izotop
oranlarinin konumsal degisimi degerlendirilmistir.

Bolgede yer alan termal akiskanlarin R/R4 oranlari 0.15 ile 2.52 aralifinda degismektedir.
BMG’nin dogu bdliimiindeki sahalarda goreceli olarak yiliksek R/R, degerleri mantosal
kokenli helyumun varligini yansitirken, Bat1 yoniinde ilerledikge mantosal kdken oraninin
azalisin1 yansitacak seklide R/R, degerleri tedrici olarak azalmaktadir. Batida, 6zellikle
Germencik sahasinda bu deger 0.21 R4 ya kadar diiserek, kabuk kokenli radyojenik helyum
baskin duruma ge¢mektedir.

BMG boyunca siralanan jeotermal sahalardaki akiskanlarm gaz fazindaki 8'°Ccon
degerleri %o 0.02 ile %o -1.5 (VPDB) araliginda degismektedir. CO,/°He oranlari ile 8"°Cco,
degerleri arasindaki iliskiye gore, BMG’ndeki termal akiskanlardaki CO;’in %90 dan daha
fazlasi, denizel kiregtaslarinin bozunmasindan kaynaklanmaktadir. Mantosal karbon orani
cogunlukla %1 den diisiikk olmasina ragmen bu oran, R/R4 degerleri gibi batiya dogru diizenli
bir azalig sergilemektedir.

Anahtar Kelimeler: Biiylik Menderes Grabeni, jeotermal, izotop, helyum, karbon
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SPATIAL VARIATIONS of CARBON and HELIUM ISOTOPE RATIOS in
GEOTHERMAL FLUIDS of BUYUK MENDERES GRABEN

Abstract: Turkey has a considerably high level of geothermal energy potential due fto its
geological and tectonic setting. Most important geothermal fields which having the highest
geothermal potential are developed in Western Aegean graben systems. Bottom hole
temperatures of wells reach up to 232 °C in Aydin-Germencik field and 242 °C in Denizli-
Kizildere field of Biiyiik Menderes Graben (BMG). Also there are numerous hot springs
aligned along E to W direction of BMG with discharge temperatures lies between 25-100 °C.
This study represents spatial variations of carbon and helium isotope ratios in thermal
manifestations of some geothermal fields of BMG.

The R/R, ratios of thermal fluids in the region are in range of 0.15 and 2.52. Relatively
higher helium isotope ratios of geothermal areas in eastern part of BMG reflect existence
magmatic origin of helium. Moving from this area helium isotope ratio shows gradual
decrease toward the west. Especially, the ratio decreases down to 0. 21 R/R, in Germencik
field indicating strong evidence of crustal origin.

6" Ccos values of thermal fluid in geothermal field aligned along BMG are change
between %o 0.02 and %o -1.5 (VPDB). According to the relationship between CO,/He ratios
and 6Ccop values, the main source of the crustal CO; in thermal fluids of BMG is
decomposition of marine carbonates. Mantle portion of carbon is generally less than 1 % but
it also gradually decreases toward to west.

Key Words: Biiyiik Menderes Graben, geothermal, isotope, helium, carbon
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BUYUK MENDERES GRABENI JEOTERMAL
ALANLARINDAKIKABUKLASMA PROBLEMLERININ
JEOKIMYASAL INCELENMESI
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Karamanderesi’
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Ozet: Bu calismada, Biiyilk Menderes Grabeni’ndeki jeotermal alanlarda karsilasilan
kabuklagsma sorunu ile bu alanlarin hidrojeolojik ve jeokimyasal 6zellikleri incelenmistir.
Denizli’den 1-Pamukkale, 2-Karahayit, 3-Golemezli, 4-Yenicekent, 5-Kizildere, 6-
Tekkehamam; Aydin’dan 1-Ortaklar-Soke, 2-Germencik, 3-Aydin, 4-imamkdy, 5-Salavatlh
incelenen jeotermal alanlardir. Kabuklagsma, jeotermal alanlarda iiretimin azalmasina neden
oldugu gibi olustugu yerlerdeki mekanik tesisatin calismasini engelleyerek 1s1 transferini
olumsuz etkiler. Bunlarin sonucu olarak daha az enerji tretilir. Uygun Onlem alinmazsa
iretim ve geri basim kuyularinin tikanarak kaybedilmesine neden olur.

Bu kapsamda, yukarida deginilen 11 ayr alanda toplam 48 farkli su noktasindan alinan
98 su Orneginin kimyasal analizleri ile bazi1 secilen su Orneklerinin izotop (oksijen-18,
doteryum ve trityum) analizleri yapilmistir. Ayrica farkli yerlerden Orneklenen 48 adet
kabuklagsma, kaya¢ ve toprak oOrneklerinin jeokimyasal ve XRD analizleri yapilmistir.
Jeotermal akiferlerden gelen Ortaklar ve Germencik sular1 Na-ClI-HCOs; Aydin ve Salavath
sular1 Na-HCO;, Kizildere ve Tekkehamam sular1 Na-HCOs3-SO4, Pamukkale, Karahayat,
Golemezli sulart Ca-Mg-HCO3-SOy su tipini yansitirlar. '*0, *H ve *H igeriklerine gére tim
sular meteorik kokenlidir. Trityum igermeyen ve '*O zenginlesmesi gosteren yiiksek sicaklikli
alanlardaki sular derin dolagimli ve en az 50 yillik bir yeralti cevrimine sahiptir.

PhreeqCi programiyla ornekleme sicakliginda yapilan mineral doygunluk hesaplamalari
gostermektedir ki; kalsit, aragonit ve dolomit ¢cogunlukla, amorf silis, stronsiyanit ve barit
kismen kabuklasma olusturabilecek minerallerdir. Sonuglar kabuklasma Orneklerinin
kimyasal ve XRD analizleriyle de (barit ve dolomit disinda) desteklenmektedir. WATCH
programiyla yapilan jeokimyasal modellemelere gore, kalsit kabuklasmasi iiretim ve geri
basim kuyulart ile yilizey donanimlari i¢in her sicaklikta kaginilmazdir. Amorf silis
kabuklagmasi ise Ozellikle geri basim kuyularinda tehlike olusturmaktadir. Kabuklagsmadan
kaginmak veya en aza indirgemek i¢in geri basim sicakliginin belirlenmesi bu ¢aligmanin en
onemli sonuclarindandir.

Anahtar Kelimeler: Biiyiik Menderes Grabeni, jeotermal alanlar, kabuklagsma problemi,
jeokimyasal modelleme, mineral doygunlugu.
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GEOCHEMICAL STUDY UPON SCALING PROBLEMS of THE
GEOTHERMAL FIELDS in BUYUK MENDERES GRABEN

Abstract: Scaling problems in the geothermal fields of the Biiyiik Menderes graben and
hydrogeological and geochemical properties of these fields were investigated in this study.
From Denizli, [1-Pamukkale, 2-Karahayit, 3-Golemezli, 4-Yenicekent, 5-Kizildere, 6-
Tekkehamam; from Aydin 1-Ortaklar-Soke, 2-Germencik, 3-Aydin, 4-Imamkéy, 5-Salavatl
are the investigated geothermal fields. Scaling causes the decreasing of fluid production and
obstructions of mechanical instrument in geothermal fields. Consequently, heat transfer is
negatively affected causing the less energy production. Unless the suitable precautions take
place, the production and re-injection wells can be stopped up.

In this content, 98 water samples of 48 water points from 11 geothermal fields mentioned
above were collected and chemical and isotope analyses were performed. Additionally,
geochemical and XRD analyses of the scales, rocks and soils were done. Geothermal aquifer
waters reflect the water types of Na-CI-HCOj in Ortaklar and Germencik, Na-HCQO3 in Aydin
and Salavath, Na-HCO3-SOy, in Kizildere and Tekkehamam, and Ca-Mg-HCO3-SOy in
Pamukkale, Karahayit and Gélemezli fields. All the waters are of meteoric origin according
to the %0, °H and *H contents. The high temperature waters show °O shift and have hardly
any tritium corresponding to deep circulation and at least 50 years age.

Mineral saturations at measured sampling temperature by using PhreeqCi code suggest
that mostly calcite, aragonite and dolomite and partly amorphous silica, strontianite and
barite are the most likely to be precipitated as scales. These results with the exceptional of
barite and dolomite are supported by the results of the chemical and XRD analyses of the
scale samples. Geochemical modeling by using WATCH speciation code show that calcite
precipitations at any temperatures are inevitable for production and re-injection wells and
surface equipments and amorphous silica scaling is the important risk for re-injection wells.
To be avoided or minimized the scaling problems, determinations of the safety re-injection
temperatures are the important part of this study.

Key Words: Biiyiik Menderes Graben, geothermal fields, scaling problems, geochemical
modeling, mineral saturation.
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BALIKLI KAPLICA’NIN (KANGAL-SIVAS) HIDROJEOLOJI VE SU
KiMYASI INCELEMESI

Fikret Kacaroglu'
"“Mugla Universitesi Jeoloji Mithendisligi Boliimii, Mugla (fkacaroglu@mu.edu.tr)

Ozet: Jeotermal sular, Sivas civarmin &nemli dogal kaynaklarindandir. Kangal ilgesinin
kuzeydogusunda yeralan Balikli Kaplica bu termal kaynaklarin en ¢ok bilinenlerinden biridir.
Bu kaplica Tiirkiye’deki kaplicalar arasinda farkli bir yere sahiptir ve sedef hastaliginin
tedavisinde kullanilmaktadir. Balikli Kaplica suyundaki major iyonlar ile bazi minor ve iz
elementlerin kimyasi, Temmuz 2004-Haziran 2006 arasindaki dénemde incelenmistir. Balikli
Kaplica suyunun sicakligi 33.6-35.4 °C, debisi 145-220 L/s arasinda degismektedir. Kaplica
suyunun toplam ¢oziinmiis katt (TCK) miktar1 348-395 mg/L arasindadir. Termal kaplica
suyundaki ana iyonlar Ca, Mg ve HCOs olup, su kalsiyum bikarbonatli tiptedir. Balneolojik
siniflama agisindan Balikli Kaplica suyu “akrototermal su”dur. Mindr ve iz elementlerin (As,
B, Ba, Cr, Cu, Fe, Hg, Mn, Pb, Se, Sr, Zn) kaplica suyundaki derigimleri 1 mg/L’nin
altindadir. Balikli Kaplica suyunun kararli izotop (oksijen-18 ve doteryum) igerigi termal
suyun meteorik kokenli olduguna isaret etmektedir.

Anahtar Kelimeler: Hidrojeoloji, su kimyasi, termal kaynak, Balikli Kaplica, Sivas.

HYDROGEOLOGICAL and HYDROCHEMICAL INVESTIGATION of THE
BALIKLI SPA (KANGAL-SIVAS)

Abstract: Geothermal waters are one of the most important natural resources of the Sivas
region. Balikli Spa is most known of this thermal spring which is situated to the northeast of
Kangal district centre, Sivas. This spa is of a particular place amongst the thermal baths
found in Turkey and is used in the treatment of psoriasis. The chemistry of major ions, and
some minor and trace elements in Balikli Spa water was studied during a monitoring period
starting from July 2004 and ending in June 2006. The temperature and discharge of the
Balikli Spa water range between 33.6 and 35.4 °C, and 145 and 220 L/s, respectively. Total
dissolved solids (TDS) of the Balikli Spa water range between 348 and 395 mg/L,
respectively. Dominant ions of the thermal spa water are Ca, Mg and HCO;, and it is
classified as calcium bicarbonate type water. In terms of balneological classification Balikli
Spa is “acrotothermal water”. Concentrations of the minor and trace elements (4s, B, Ba, Cr,
Cu, Fe, Hg, Mn, Pb, Se, Sr, Zn) in the spa water are below 1 mg/L. The stable isotope
(oxygen-18 and deuterium) composition of the Balikli Spa water suggests that the origin of
the thermal water is meteoric water.

Key Words: Hydrogeology, hydrochemistry, thermal spring, Balikli Spa, Sivas.
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NASRETTIN HOCA KAYNAGININ (SIVRIHISAR, ESKISEHIR)
HIDROJEOKIMYASAL VE IZOTOPIK INCELEMESI

Mehmet Celik®, Ugur Erdem Dokuz', Pakize Elif Tiirkoz', Ozlem Giillii' ve Sebnem

Arslan’

" Ankara Universitesi Fen Bilimleri Enstitiisii, Besevler-Ankara
% Ankara Universitesi, Mithendislik Fakiiltesi, J eoloji Miih. Boliimii, 06100, Tandogan, Ankara
(ugurerdemdokuz@gmail.com)

Ozet: Bu calismanin amaci Nasrettin Hoca kaynaklariin su kalitesi, kirliligi, kayaglarla iliskisi
ve koruma tedbirlerinin arastirilmasidir. Calisma kapsaminda Nasrettin Hoca kaynaklarinin yagis
alam ve gevresindeki su noktalar1 incelenmistir. Incelenen su kaynaklar1 Bagbasi kaynaklari,
Hatip Pmar1, Ali Pmari, Gavur Pinar1 ve Babadat kaynagidir. Kaynaklar temel hidrokimyasal
ozellikleri bakimindan Ca-Mg-HCO;’li, beslenme bolgesinde yer alan mermer-kirectagi ve
metaofiyolit birimlerinin etkisinde kaldigin1 ve sig dolasim ozelliklerine sahip oldugunu
gostermektedir. Kaynaklarin iz element iceriklerinin ozellikle Sr, Ni, bakimindan karbonatl
kayaclarla, Al ve Mn bakimindan ise sist tiirii litolojilerle iliskili olmasi, rezervuar olan karbonath
kayaclarla gecirimsiz temeli olusturan sistlerin kaynaklar {izerindeki roliinii gostermektedir.
Nasrettin Hoca kaynaklarmin kirlilige karst koruma alanlar1 bdlgenin hidrojeolojik, topografik
ozellikleri ve Tiirk Standartlari’na gore 3 farkli kusak olarak belirlenmistir. Nasrettin Hoca
kaynaklarinin beslenme yiiksekligi, izotop igerigine gore 795 m ve 1377 m arasinda degismekte
olup, bu yiikseklikler yagis alaninin giiney boliimiindeki, 6zellikle mermerlerin yer aldig yiiksek
alanlar ve daha diisiik kotlardaki Pliyosen ve Miyosen yash cakiltagi ve kumtaslarinin bulundugu
alanlara karsilik gelmektedir.

Anahtar Kelimeler: Nasrettin Hoca kaynaklari, hidrojeokimya, izotop, koruma kusagi, iz
element, Sivrihisar-Eskisehir

HYDROGEOCHEMICAL and ISOTOPIC INVESTIGATION of
NASRETTIN HOCA SPRING (SIVRIHISAR, ESKISEHIR)

Abstract: The aims of this study are to investigate the water quality, contamination, water- rock
interaction, with an ultimate aim of establishing protection measures. Within the scope of this study,
the springs in and around the catchment area, which are Bagbasi springs, Hatip spring, Ali spring,
Saracik Fountain and Babadat spring, were investigated. The springs are of Ca-Mg-HCOj; type when
basic hydrogeochemical features are conmsidered, are under the influence of marble-limestone and
metaophiolitic units located in the recharge area and are of shallow circulation. The trace element
contents of the springs show the influence of the carbonate rocks comprising the reservoir (Sr, Ni) and
also the schists comprising the impermeable basement (Al, Mn). The protection areas of Nasrettin
Hoca springs against contamination are determined as three different zones by considering the
hydrogeologic and topographical features of the region and the Turkish Standards. According to the
isotopic content of the springs, the recharge elevations of the Nasrettin Hoca springs are between 795
m and 1377 m, corresponding to the topographically high areas where marbles outcrop and relatively
low areas where Pliocene and Miocene aged conglomerate and sandstones are located.

Key Words: Nasrettin Hoca springs, hydrogeochemistry, isotope, protection area, trace element,
Sivrihisar-Eskigehir
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EDREMIT JEOTERMAL SAHASININ HIDROJEOKIMYASAL
KAVRAMSAL MODELLEMESI

f)zgiir Avsarl, Nilgiin Giileg:z, Mahmut Parlaktuna®
"Mugla Universitesi, Jeoloji Miih. BSliimii, Mugla (ozguravsar@mu.edutr)
% Orta Dogu Teknik Universitesi, Jeoloji Miih. Béliimii, Ankara (nilgun@metu.edu.tr)
% Orta Dogu Teknik Universitesi, Petrol ve Dogal Gaz Miih. Béliimii, Ankara (mahmut@metu.edu.tr)

Ozet: Hidrojeokimyasal kavramsal modelin ¢ikarilmasi amaciyla Edremit jeotermal
sahasinda, 11 adet sicak (>40 °C), 6 adet 1lik (30-40 °C), 4 adet soguk (<30 °C) olmak {izere
toplam 21 kuyudan su 6rnegi alinmistir. Kimyasal analiz sonuglarina gore sicak sular Na+K —
SO, 1lik sular Ca — SOy, soguk sular ise Ca — HCOs tipindedir. Sularin 3'*0-8D bilesimleri
meteorik kokenli olduklarina isaret etmektedir. Kimyasal ve izotopik bilesimler, “karisim” ve
“akigkan-kayac etkilesimi” siire¢lerinin sahadaki baslica yeralti siire¢leri oldugunu ve sicak su
akiferlerinin, yiliksek kotlardaki yagmur sular ile beslendigini gostermektedir. Faylar sahanin
hidrojeolojisini fazlasiyla etkilemektedir. Yeralt: suyu derin basamak faylarindan sizmakta,
derinde 1s1n1p, graben ortasi faylar boyunca tekrar yiikselip yeryliziine ¢ikmaktadir.

Anahtar Kelimeler: Edremit jeotermal sahasi, su kimyasi, oksijen ve hidrojen izotoplari,
hidrojeokimyasal kavramsal model.

HYDROGEOCHEMICAL CONCEPTUAL MODELLING of
EDREMIT GEOTHERMAL FIELD

Abstract: For the purpose of hydrogeochemical conceptual modelling, sampling was
performed from a total of 21 water wells in Edremit geothermal field, comprising 11 hot (>40
°C), 6 warm (30-40 °C), 4 cold (<30 °C) waters. According to the results of chemical
analyses, hot waters are Na+K — SO,, warm waters are Ca — SOy and cold waters are Ca —
HCO; type. 6"°0-6D compositions indicate a meteoric origin for the waters. Chemical and
isotopic compositions suggests that “mixing” and “fluid-rock interaction” are the major
subsurface processes in the field and that hot water aquifers are recharged by precipitation
from high lands. Faults are highly affecting the hydrogeology of the region. The groundwater
percolating via deep-seated step faults is heated at depth, and ascends to the surface through
mid-graben faults.

Key Words: Edremit geothermal field, water chemistry, oxygen and hydrogen isotopes,
hydrogeochemical conceptual modelling.
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BEYLERLI JEOTERMAL SAHASININ (CARDAK-DENIZLI)
HIDROJEOKIMYASAL INCELEMESI

Taylan Akin' ve Ali Gokgoz'
" Pamukkale Universitesi Jeoloji Mithendisligi Boliimii, Denizli (takin@pau.edu.tr), (agokgoz@pau.edu.tr)

Ozet: Beylerli jeotermal sahasi (Cardak) Denizli il merkezinin 60 km kuzeydogusunda
bulunur. Sicak sularin rezervuar kayaglarin1 Jura-Kretase yasli Yandag kirectaslart ve
olasilikla Apsiyen-Albiyen yaslh peridotitlerdir. Neojen yash gegirimsiz birimler 6rtli kayay1
olusturur. Sahadaki sicak ve mineralli sular, 24.1°C sicakligindaki Cumali 1licas1 ve
sondajdan alman 38.1°C sicakligindaki Efem kaplica suyudur. Ayrica, Denizli i1 Ozel Idaresi,
DSI ve sahislar tarafindan agilan sondajlardan da 20.2-28.2°C sicakliklarda yeraltisuyu
alinmistir. Beylerli ve Cumali sicak ve mineralli sularinin elektriksel iletkenlik ve pH
degerleri sirasiyla 6.90-7.04 ve 1407-1972 pmho/cm arasindadir. Egemen iyonlar Ca, Na,
Mg, SO4, HCO3 olup su tipleri Ca-Mg-SO4-HCO; ve Na-Ca-Mg-SO4-Cl dur. Sicak sulardaki
Sr degeri maksimum 5.69 mg/l, B degeri ise 1.38 mg/I’dir. Diger mindr ve iz elementlerin
derisimi 1 mg/I’den azdir. Termal sularm kararli izotop degerleri 8'*0 igin %07.93-8.82 ve
8”H i¢in %054.0-57.3 (VSMOW) arasindadir. Bu degerler termal sularin kokeninin meteorik
oldugunu géstermektedir. Inceleme alanindaki termal sulara uygulanan silis jeotermometreleri
44-94°C arasinda hazne kaya sicaklig1 degerleri vermistir.

Anahtar Kelimeler: Beylerli, jeotermal, hidrojeokimya

HYDROGEOCHEMICAL INVESTIGATION of BEYLERLI
GEOTHERMAL FIELD (CARDAK-DENIZLI)

Abstract: Beylerli geothermal field (Cardak) is located at 60 km northeast of Denizli city
center. The reservoir rocks of the thermal waters are Jura-Cretaseous Yandag limestone and
probably Cretaseous peridotite. The caprock is impermeable layers of Neogene units. Hot and
mineralized waters in the study area are Cumali spring (24.1°C) and Efem geothermal well
water (38.1°C). In addition, temperatures of waters discharged from wells drilled by Denizli
Governorship, State Hydraulics Work of Turkey and people vary between 20.2 and 28.2 °C.
The electrical conductivity and pH values Beylerli and Cumali hot and mineralized waters
range between 1407 and 1972 umho/cm, and 6.90 and 7.04, respectively. Dominant ions in
thermal waters are Ca, Na, Mg, SO,, HCO; and the waters are Ca-Mg-SO,~HCO; and Na-
Ca-Mg-SO4-Cl types. Maximum Sr value in the waters is 5.69 mg/l and B 1.38 mg/l, while
concentrations of other minor and trace elements are lower than 1 mg/l. The 6'°0 and &°H
isotope compositions of the thermal waters are 7.93-8.82%0 and 54.0-57.3%o0 (VSMOW),
respectively. These compositions indicate a meteoric origin. Silica geothermometers applied
the thermal waters in the study area gave a reservoir temperatures ranged from 44°C to
94°C.

Key Words: Beylerli, geothermal, hydrogeochemistry.
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DIYADIN (AGRI) VE ERCIS (ZILAN-VAN) SICAK VE MINERALLI
SULARIN KARSILASTIRMALI INCELENMESI

Suzan Pasvanoglu' ve Serkan Vural®
" Kocaeli Universitesi, Jeoloji Miih. Béliimi Umuttepe Kampusu-IZMIT (suzan@kocaeli.edu.tr)
* Gayzer Yerbilimleri, Bornova-izmir (jeo_serkan@hotmail.com)

Ozet: Tiirkiye’de kita ici volkanizmasinin hakim oldugu bir sistem ile ilgili olarak gelisen
volkanik orijinli jeotermal sistemler bulunmaktadir. Diyadin (Agri1) ve Er¢is (Zilan-Van)
jeotermal sahalari’da engebeli arazide olusan volkanik orijinli jeotermal sistemlerdir. Bu
kaynaklar 1sitmada ve balneolojik acidan turistik tesislerde kullanilmaktadir. Diyadin
yoresinde bulunan sularin sicakliklar1 kaynaklarda 25-64°C, sondajlarda ise 62-78°C
arasinda olup Zilan kaplica alanindaki sicak kaynak ve sondaj sularimin sicakliklari sirasiyla
22-78°C ve 80-98°C arasinda degismektedir. EC degeri Diyadin sicak sularinda 1661- 5750
puS/cm arasinda olup, Zilan sicak sularinda 360-9560 pS/cm arasindadir. Diyadin yoresi
sicak sular1 Ca-Na-HCOs, Zilan yoresi sicak sulari ise Na-Ca-HCO;-Cl su tipindedir. Her iki
yoreye ait soguk kaynak sular1 Ca-Mg-HCO; tipinde 6zellik sunmaktadir. Cevresel izotop
caligmalarina gore Diyadin ve Zilan sicak sular meteorik veya magmatik sokulum olan bir
kupolden yayilan sicaklik ile 1sinan meteorik kokenlidir. Meteorik sular, yerin altina ¢atlak,
kirik ve faylar boyunca siiziilmekte ve bu siirecte sogumamis magmatik kupoldan veya
jeotermal gradyanla da ismmarak kendisine hidrotermal kanal 6devi goren fay veya etkili
catlaklar boyunca yiikselerek yeryliziine dondiigii anlasilmistir. Silis karisim modeli ile
hesaplanan sicak sularin hazne kaya sicakliklar1 Diyadin i¢in 110-135°C ve Zilan jeotermal
sahas1 i¢in 145-178°C olarak hesaplanmistir. Diyadin sicak sularindaki B, Li, Fe, Mn, Br,
Al As, Sr, Se, Cr ve Cu gibi agir metal igerikleri Zilan sicak sularina gore daha diisiiktiir. Her
iki bolgedeki termal sularin derinlerde 1sinmadan Once veya sonra ylizey veya sig yer alti
sulariyla karistiklar belirlenmistir.

Anahtar Kelimeler: Sicak sular, Hidrojeokimya, Diyadin, Ercis, Dogu Anadolu
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A COMPARETIVELY INVESTIGATION of THERMAL and
MINERALIZED WATERS of DIYADIN (AGRI) and ERCIS (ZILAN-VAN)

Abstract: In Turkey, most geothermal systems are associated with plate volcanism. The
Diyadin (Agri) and Er¢is (Zilan-Van) geothermal systems occur in a volcanic terrain, with
interconnected fault/fracture networks providing conduits for water flow. Thermal waters are
used for district heating, industrial process and for baths and treatments. The Diyadin
thermal areas is characterized by many closely spaced thermal springs, with measured
temperatures of 25-64°C, and thermal waters with temperature of 62-78°C has been
prodused. The temperatures of the thermal springs and wells in the Zilan spa area is between
22-78C and 80-98 °C respectively. While the values of EC in the Diyadin thermal waters
range from 1661 to 5750 uS/cm, the Zilan thermal waters range from 360-9560 uS/cm. The
water types of Diyadin and Zilan areas are Ca-Na-HCOj; and Na-Ca-HCQO;3-Cl, respectively.
The water types of cold waters in Diyadin and Zilan are Ca-Mg-HCOj3;. According to results
of environmental isotopes the thermal waters of Diyadin and Zilan are of meteoric origin.
The rainwater infiltrated downward through fractures and fault systems is heated by an
intrusive-cupola and then rises to the surface along faults and effective fractures that act as
hydrothermal conduits. The silica-enthalpy models, suggest a reservoir temperature between
110 -135°C for Diyadin and 145 -178°C for Zilan area. The concentration o f heavy metal B,
Li, Fe, Mn, Br, Al, As, Sr, Se, Cr and Cu in the Diyadin thermal waters are lower than those
of Zilan waters. The obtained results from hydrogeochemistry, during their rise to the surface,
Diyadin and Zilan thermal waters are inferred to lose some heat due to possible mixing with
cold waters along the fracture zones.

Key Words: Thermal springs, Hydrogeochemistry, Diyadin, Zilan, Eastern Anatolia.
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NiGDE BOLGESI YERALTI VEYUZEY SULARININ
HIDROJEOKIMYASI, SU KALITESI VE iICILEBILIiRLIK ACISINDAN
INCELENMESI

Emin Ciftg:il, Abdurrahman Lermi’ ve irfan Yolcubal®
"ITU Maden Fakiiltesi, jeoloji Miihendisligi Boliimii, Ayazaga Kampiisii - Istanbul.
%N U Miihendislik Fakiiltesi Jeoloji Miihendisligi BSliimii, Kampiis - Nigde, (alermi@nigde.edu.tr)
3 KOU Miihendislik Mimarlik Fakiiltesi, Jeoloji Miihendisligi Béliimii Umuttepe Kampiisii - Kocaeli.

Ozet: Bu ¢alismada I¢ Anadolu Kapadokya Bélgesi illerinden biri olan Nigde ilinden secilmis
yeraltt ve kaynak sularinin temel hidrojeokimyasal karakteristiklerini, potansiyel toksik
element iceriklerinin belirlenmesine ¢alisilmistir. Ornekleme, ana parametrelerdeki mevsimsel
degisimi kontrol etmek amaciyla 2010 kis ve 2011 bahar sezonunda yapilmistir. S1g ve derin
kuyulardan yeralt1 ve kaynak sularindan alinan su 6rneklerinde As, Cd, Pb, Ag, Hg, Ni, Cu ve
diger parametreler (T, pH, EC, Na", K", Ca*", Mg*", CI', NO*, SO,*, HCOs, and Mn)
acisindan kimyasal analizleri yapilmistir. Hidrojeokimyasal veriler 1s18inda Nigde Bolgesi
yeralt1 ve kaynak sularinda HCO;baskin anyon ve diger hidrokimyasal fasiyesler az olmakla
birlikte genel olarak Ca-Mg-HCO; ve Mg-Ca-HCO;s tipte sularin baskin oldugu sdylenebilir.

Sulardaki ¢6ziinmiis arsenik 0.99 ile 22.7 7ng/1 arasinda degismekte, bazi kuyularda igme
suyu kabul edilebilir limitlerini (10pg/l) asmis durumdadir. Arsenik genel olarak ¢ogu yer alti
ve kaynak sularinda kabul edilebilir sinirlar igerisindedir. Calisilan lokasyonlardan elde edilen
parametrelerin degerlendirilmesinde korelasyon ve temel bilesenler analizi (PCA) kullanilda.
As, Se ve Mn arasinda korelasyon ve PCA analizinyle belirlenen yiiksek pozitif korelasyon,
Fe-Mn oksihidroksitlerin As’in ana kaynagin1 ve tasiyicisi oldugunu gostermektedir. Bu
baglamda Nigde civarinda halk tarafindan iyi bilinen kaynak sularinin su kalitesi ve
icilebilirlik agisindan dikkatle izlenmesi gerekir.

Anahtar Kelimeler: Hidrojeokimya, Arsenik, Su kalitesi, Su kirliligi, Temel bilesenler
analizi.
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HYDROGEOCHEMICAL STUDY of GROUND and SPRING WATERS in
THE NIGDEAREA (SOUTH CENTRAL ANATOLIA-TURKEY) WITHIN
THE CONTEXT of WATER QUALITY and DRINKABILITY

Abstract: This study has been carried out to determine distribution and occurrence of
potentially toxic element contents and major hydrogeochemical characteristics of selected
ground and spring waters in the city of Nigde, one of the Cappadocian cities in Central
Anatolia. Samples have been taken in winter and spring seasons in 2010 and 2011 to check
seasonal variations of the major parameters. As, Cd, Pb, Ag, Hg, Ni, Cu, Se and other
parameters (T, pH, EC, Na*, K", Ca’*, Mg’",CI, NO*, SO, HCOs, andMn) have been
measured in water samples collected from shallow/deep wells at different depths and springs.
Hydrogeochemical data suggest that the ground and spring waters aregenerally Ca-Mg-
HCOj; and Mg-Ca-SO+HCOj; types withbicarbonate (HCO5') as the dominant anion, though
theother type of waters has also been observed to a lesser extent.

Dissolvedarsenic inwaters ranged from 0.99 to 22.7ug/l, which exceeded the limit for
safe drinking water (10ug/l) for certain wells. It is generally within the accepted ranges for
most of the samples. Correlation and principal component analysis (PCA) have been
performed to findout possible relationships among the examined parameters in the studied
localities. The significantly positive correlation of As with Se and Mn as observed with
Spearman’s correlation coefficient calculation and the PCA suggests that Fe-Mn
oxyhydroxides are major sources and carriers of As. In the meantime, water quality and
drinkability of well-known springs around the city of Nigde were also considered.

Key Words: Hydrogeochemistry, Arsenic, Water quality, Water contamination, PCA.
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JEOTERMAL SAHALARDA ARASTIRMA VE iSLETME DONEMINDE
YAPILMASI GEREKEN HIDROJEOKIMYASAL CALISMALAR:
KIZILDERE JEOTERMAL SAHASI MODELI

Fiisun Servin Tut Hakhdir' ve Jill Robinson Haizlip2
': Zorlu Enerji Grubu, istanbul, TR (fusun.tut@zorlu.com)
?: Geologica, San Francisco, ABD (jhaizlip@geologica.net)

Ozet: Jeotermal sahalarda arama calismalar1 sirasinda, agilan sondajlarin ardindan kuyu
bitirme testleri esnasinda ve isletme donemlerinde hidrojeokimyasal c¢aligmalar ve
modellemeler gerek sahanin, rezervuarin Ozelliklerinin anlasilmasi gerekse iiretime
gecildiginde karsilasilabilecek performans diisiislerinin engellenmesi, iiretim verimliliginin
korunmasi, ¢evresel etkilerin degerlendirilmesi agisindan 6nem sunmaktadir.

Arama calismalarinda sahalarin jeolojik, tektonik, jeofizik, alterasyon ozelliklerinin
belirlenmesi, saha ve ¢evresinde bulunan akiskanlarin kompozisyonlarinin ortaya konulmasi
ile biitiinliik kazanmaktadir. A¢ilan sondajlarin ardindan kuyu test ekipmanlar1 yardimiyla
gerceklestirilen rezervuar iiretim testleri ile liretim debileri, statik, dinamik sicaklik, basing
verilerinin alinmasi rezervuar hakkinda temel bilgileri saglarken, ornekleme seperatorleri,
ornekleme ekipmanlariyla Kizildere gibi ¢ift fazli rezervuarlarda yogusmayan gaz, sivi
akiskan, yogusmus buhar Ornekleri alinmaktadir. Sivi fazda yerinde yapilmasi gereken
Olciimlerin yani1 sira kimyasal kompozisyonlarinin belirlenmesi amaciyla major, anyon katyon
ve iz element Ornekleri alinmakta, su-kaya etkilesimleri ve buharlagma oranlarinin hesabinda
kullanmak amaciyla 80 — & D izotop 6rnekleri almmaktadir. Rezervuardaki sularin yas
tayinlerinin yapilmasi, kiikiirt kaynaklarinin tesbiti amaciyla '*C, 3234 srnekleri alinmaktadir.
Gaz fazindan 6zel metodlarla aliman gaz Ornekleri CO,, H,S gibi 6nemli parametrelerin
analizi i¢in, sahadaki karbondioksitin kokeninin arastirilmasi amaciyla °C gaz érnekleri de
alinabilmektedir. Bu gaz 6rneklerinin alinmasi sirasinda yogusmus buhar 6rnekleri de alinarak
kimyasal kompozisyonlar1 belirlenmektedir.

Isletme donemine gegislerde iiretim ve reenjeksiyon amacli acilan kuyulardan alian
hidrojeokimyasal veriler, rezervuar kosullarina indirgenerek, sicaklik ve basing verileriyle
rezervuar modellemelerinde kullanilmaktadir. Sonuglar proje tasarirminda kaynagin
karakteristik 0Ozelliklerinde ve rezervuar iiretim ve reenjeksiyonun sonuglarina bagh
rezervuardaki degisimlerin izlenmesinde kullanilir. Bu alandaki 6nemli konular yogusmayan
gazlar, material se¢imi, iiretim kuyularinda olasi kalsit kabuklagsmasi ve reenjeksiyon
kuyularinda olas silica kabuklagmalaridir.

Anahtar Kelimeler: Kizildere, jeotermal, hidrojeokimya, drnekleme, akigkan
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REQUIRED HYDROGEOCHEMICAL STUDIES DURING SURVEY and
PRODUCTION PERIODS in GEOTHERMAL FIELDS: WITH KIZILDERE
GEOTHERMAL FIELD MODEL

Abstract: Hydrogeochemical studies and modeling are of importance during research studies,
after drillings well complete tests and production periods both understanding of reservoir
characteristics and prevent to decrease of performance, conservation productivity, aspect of
environmental impact assessments in geothermal field.

Geological, geophysical, tectonic studies, identification of alterations and geochemical
studies have been evaluated together for geothermal surveys. After drillings, reservoir tests
such as deliverity, static, dynamic temperature and pressure tests have been provided by well
test equipments and sampling separator and sampling equipments have been provided to take
noncondensable gas, liquid, condensate steam samples from two phases reservoirs such as
Kizildere. Besides on site measurements have been performed for liquid phase, major anion,
cation and trace element samples are taken to determine chemical compositions, 6'"°O - 6 D
samples are taken to determine of water-rock interactions and calculation of vaporization
proportion of fluids from reservoir. It is taken water samples for '*C, **7'S determination age
of waters and origin of sulphate in field. It is also taken ">C gas samples for determination of
some important parameters such as CO,, H,S and taken determination of carbon dioxide
origin from gas phase with special equipments in geothermal wells. Condensate steam
samples are also taken to reveal of chemical composition from gas phase.

All hydrogeochemical data are providing from production and reinjection wells convert
to reservoir conditions by calculations and they use with temperature and pressure values for
reservoir modeling studies. Results are used to characterize the resource for project design
and to monitor reservoir changes as a result of injection and production. Some of the key
design issues are noncondensible gas loading, material selection, calcite scaling potential in
production and potential for silica scaling in injection.

Key Words: Kizildere, geothermal, hydrogeochemistry, sampling, fluids
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DENIZLi-KIZILDERE JEOTERMAL SONDAJ ORNEGI: R2
REENJEKSIYON KUYUSU

Oykii Bilgin' ve Erciiment Kog'
" Atatiirk Universitesi, Maden Miihendisligi Béliimii - Erzurum (ykbilgin@atauni.edu.tr)

Ozet: Jeotermal enerji, yerkabugunun derinliklerinde birikmis 1s1nin olusturdugu, sicaklig
stirekli 20 °C” den fazla, ¢evresindeki yeralt1 ve yerlistii sularina oranla daha fazla erimis
mineral, cesitli tuzlar ve gazlar igerebilen, sicak su ve buhar olarak tanimlanmaktadir. Diistik,
orta ve yiiksek sicaklikli olmak iizere ii¢ gruba ayrilmaktadir. Yiiksek sicaklikli akiskandan
elektrik tiretiminde, diisiik ve orta sicaklikli akiskandan ise seralarin, konutlarin, havaalani
pistlerinin, hayvan ciftliklerinin ve yiizme havuzlar1 gibi yerlerin 1sitilmasi, kimyasal madde
tiretimi, kiiltiir balik¢iligi, ¢esitli yiyeceklerin kurutulmasi, deniz suyundan tuz elde edilmesi
ve turizm gibi amaglarla da yararlanilabilmektedir. Tiirkiye’nin ilk jeotermal elektrik santrali
Denizli ili Kizildere havzasinda kurulmustur. Bu santralden yaklagik 147 °C Sicakhiginda
1000 t/s atitk su bosalmaktadir. Atik suyun Menderes Nehrine atilarak cevre kirliligi
yaratmasini Onlemek ve rezervuara geri basilmasini saglamak amaci ile R-2 Sondaj kuyusu
acilmistir. Bu calismada Denizli-Kizildere R-2 Sondaj kuyusunun ozellikleri ve agilmasina
kadar gecen agamalar anlatilmaktadir.

Anahtar Kelimeler: Jeotermal enerji, jeotermal su sondaji, Denizli-Kizildere, R-2 kuyusu.

A CASE STUDY of DENIZLI-KIZILDERE GEOTHERMAL DRILLING:
R-2 REINJECTION WELL

Abstract: Geothermal energy is defined as hot water and steam which is formed by heat that
accumulated in various depths of the Earth's crust; with more than 20 °C temperature and
which contain more than fused minerals, various salts and gases than normal underground
and ground water. It is divided into three groups as low, medium and high temperature. High-
temperature fluid is used in electricity generation, low and medium temperature fluid are
used in greenhouses, houses, airport runways, animal farms and swimming pools heating,
chemical production, aquaculture, drying foods, salt from sea water and tourism. Turkey’s
first geothermal power plant was constructed in Denizli Kizildere. In this power plant 147 °C
temperature 1000 t/s flow rate waste water drained. The R-2 drilling well was drilled to
prevent environmental pollution and in order to get waste water to the reservoir. In this study
is explained Denizli Kizildere R-2 drilling well’s properties and the stages until the opening
time.

Key Words: Geothermal energy, geothermal water drilling, Denizli-Kizildere, R-2 well
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HIDIRLAR (CANAKKALE) JEOTERMAL SISTEMININ
HIDROJEOLOJIK VE HIDROJEOKIMYASAL OZELLIKLERI

Ozkan Atesl, Alper Baba’ ve Salih Zeki Tutkun'
" Canakkale Onsekiz Mart Universitesi, Miih-Mim. Fakiiltesi, Jeoloji Mithendisligi Boliimii, Canakkale.
* [zmir Yiiksek Teknoloji Enstitiisii, Jeotermal Enerji Arastirma ve Uygulama Merkezi, Urla-izmir,
(alperbaba@iyte.edu.tr)

Ozet: Kuzeybati Anadolu’da Kuzey Anadolu Fayr’min giiney kolu iizerinde yer alan Biga
Yarimadasi, birgcok Onemli jeotermal alani barindirmaktadir. Hidirlar Jeotermal Alani,
yarimadanin giineydogusunda, fay denetimli bir tektonosedimanter havza goriintiisii sunan bir
cokiintii alaninin kuzeybatisinda bulunmaktadir. Alanin temelini Alt-Orta Triyas yash
Karakaya Kompleksi’ne ait Niliifer Birimi olusturmaktadir. Temel kayalarin {izerinde
uyumsuzlukla Ust Oligosen yashi Cakiroba granodiyoriti ve Ust Oligosen yasli Can
Volkanitleri yer almaktadir. Neojen yasli Orencik Formasyonu ile Kuvaterner yasl yamag
molozlar ve aliivyon ¢aligma alanindaki tiim birimleri uyumsuz olarak tizerlemektedir.

Hidirlar Jeotermal Alani’nda iic 6nemli bolgede (Hidirlar Kaplicasi, Hidirlar Koyii KB
sindaki kaynak ve Uyuz kaynagl) jeotermal kaynaklar bulunmaktadir. Bu ¢aligma
kapsaminda, Hidirlar Jeotermal Alani’nda 2005-2007 yillar1 arasinda diizenli olarak bazi
kaynaklarin hidrojeokimyasal 6zellikleri incelenmistir. Elde edilen verilere gore, bolgedeki
jeotermal kaynaklarinin yiizey sicakliklarinin 54.6 ile 84 °C arasinda degistigi saptanmustir.
Bolgede yapilan hidrojeokimyasal caligmalar sonucu sicak sular Na-SO4 ve Na-SO4-HCO;3,
soguk sular ise Ca-Mg-HCOj 11 su tipini yansitmaktadirlar. Bolgedeki jeotermal kaynaklarinin
rezervuar sicakliklarini belirlemek amaci ile katyon jeotermometreleri uygulanmistir. Elde
edilen veriler, bu kaynaklarin rezervuar sicakliklarinin 81 ile 163 °C arasinda degisebilecegini
gostermistir. Hidrojeokimyasal veriler, mineral doygunluk indeksi grafikleride de
degerlendirildiginde tim sicak su kaynaklari icin ortalama 125-140 °C rezervuar sicakhk
degerleri belirlenmigstir. Alandaki tiim sicak su kaynaklarinin yerel meteorik su dogrusu
iizerinde yer almalarn bolgedeki jeotermal akiferlerin meteorik kokenli yagislardan
beslendigini gdstermektedir. Sicak su kaynaklarinin farkli 6rnekleme donemlerinde diyagram
iizerinde farkli noktalarda yer almalarinin bu kaynaklarin s1g veya derin dolasim sistemine
sahip yeraltisulari ile karigimlarindan kaynaklandig: diistintilmektedir.

Anahtar Kelimeler: Jeotermal Kaynaklar, hidrojeokimya, izotop, Biga Yarimadasi
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HYDROGEOLOGICAL and HYDROGEOCHEMICAL PROPERTIES of
HIDIRLAR (CANAKKALE) GEOTHERMAL SYSTEM

Abstract: Biga Peninsula, where is located in the western part of the North Anatolian Fault,
has many important geothermal resources. Hidwrlar Geothermal Field, which is closely
related to active tectonic controls and its looks like graben basin, is located on southeast of
peninsula. Early and Middle Triassic Niliifer unit of Karakaya complex is the basement of the
Hidirlar Geothermal Area. Upper Oligocene Cakiroba granotoide and Can volcanics overlies
an unconformably this basement rocks. Neogen Orencik Formation, Quaternary slop debris
and alluvium can be seen in study area and these geologic units overlies an unconformably
all units.

Three important geothermal resources (Hidirlar main hot spring, spring from NW of
Hidirlar village and Hidwlar-Uyuz springs) find in Hidirlar Geothermal area.
Hydrogeochemical properties of some spring in Hidirlar Geothermal Area were investigated
regularly from 2005 to 2007. The result show that the surface temperature of these springs
are ranging from 54,6 to 84 "C. Also hydrogeochemical results indicate that hot springs are
enriched with Na-SO4 and Na-SO,HCO;, and cold spring enriched with Ca-Mg-HCO;.
Cation geothermometer was used for determining reservoir temperature of geothermal
resources in region. The results show that reservoir temperature of these geothermal
resources change between 81 and 163 "C. Also, hydrogeochemical data evaluated by mineral
saturation index and it seen that the average temperature of the reservoir is ranging from
125-140 °C. All springs located on meteoric water line. The isotopic data indicate that the
thermal waters are formed by local recharge and deep circulation of meteoric waters.

Key Words: Geothermal resources, hydrogeochemical, isotope, Biga Peninsula
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ELEKDAGI METAOFIYOLITi (ORTA PONTID, KUZEY TURKIYE)
KROMITIT ve PLATIN GRUBU ELEMET JEOKIMYASI

Cahit Donmez', Kurtulus Giinay', Aydin Olcay Colakoglu', Serdar Keskin', Aytekin

Tiirkel’, ibrahim Uysal’, Omer Faruk Giiltash’ ve ilhan Odabas'
"MTA Genel Miidiirliigii, Maden Etiit ve Arama Dairesi - Ankara (cahit@mta.gov.tr)
*MTA Ege Bolge Mudiirliigii - izmir
3*Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Boliimii - Trabzon

Ozet: Bu ¢alisma, Orta Pontidler’in Sakarya Zonu kisminda yer alan Elekdagi metaofiyoliti
icinde 31 ayr1 lokasyondaki kromititlerin tiim kayag analizleri, Platin Grubu Element (PGE)
ve mineral kimyasi aragtirmalarini icermektedir. Kromitit mercek ve bantlarini igeren
terslenmis peridotit sekans, {iistte tektonitler, altta ise kiimiilat peridotitlerden olusur.
Kromititler, ileri derecede serpantinlesmis kesimlerde, degisken kalinliklarda diinitik kilif
iceren mercekler halinde bulunmaktadir. Kiiclik 6lgekli ocaklardan ve yarmalardan alinan
kromitit 6rnekleri, sacinimli, bantli, masif ve nodiiler tiplerdedir.

Tiim kaya¢ jeokimyasal analiz sonuglarina gore kromititler (n=31) ortalama % 39 Cr,03
tendriine sahiptir. Kromititler, % 18 MgO, % 9 ALOs, % 12 SiO; ve % 14 FeOr igerigi ile
metalurji sanayiinde kullanilabilir niteliktedir. Mineral kimyasi ¢alismalarinda (n=163 nokta
analizi, 47-73 Mg# ve 55-83 Cr# degerleri) kromititler, magnezyumkromit olarak
siniflandirilmistir. incelenen kromititler ortalama % 14.4 Al,03, % 55.5 Cr,03 ve % 0.2 TiO,
degerleri ile podiform tip kromitlerin tipik 6zelliklerini sergilerler. Yiiksek Cr# (83), diisiik
TiO, (% 0.2) degerleri, bu kromititlerin “Yiiksek-Cr Kromititleri” oldugunu ve yitim zonu
istli ofiyolitleri ile iligkili boninitik bir magmadan kristallendiklerini gosterir. Kromitit
mineral kimyasi1 sonuclari, Elekdagi metaofiyolitinin, yitim zonu ile iligkili bir ortamda olusan
yay Onii ofiyoliti oldugunu ortaya koymaktadir. Kromititlerden (n=32) yapilan PGE analizleri
sonucunda elde edilen en yiiksek deger (XPGE) 1466 ppb’dir. Ir grubu elementler (Os, Ir, Ru),
Pd grubu elementlere (Rh, Pt, Pd) gore zenginlesmis olup ornekler, kondrit normalize
diyagraminda klasik ofiyolitik trend i¢inde yer alirlar. Kromititlerdeki diisiik Pd/Ir oranlari
(0.1 - 0.8), Elekdagi Metaofiyolitindeki kromititleri olusturan {ist manto ergiyiklerinde, artan
kismi ergime derecesinin varligina isaret etmektedir.

Anahtar Kelimeler: Elekdag, Metaofiyolit, Kromitit, PGE, Yay Onii Ofiyolitleri.
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THE GEOCHEMISTRY of CHROMITITES and PLATINIUM-GROUP
ELEMENTS of ELEKDAGI META-OPHIOLITE in THE CENTRAL
PONTIDES, NORTHERN TURKEY

Abstract: This study includes the investigations of the whole-rock analyses of chromitites,
platinium-group elements and mineral geochemistry of 31 different locations in the Elekdag
meta-ophiolite which is located in the Sakarya Zone of the Central Pontides. The overturned
peridotite sequence containing chromitite lenses and bands is composed of tectonites at the
top and cumulates at the bottom. Chromitites are situated as lense shaped including at
variable thicknesses of dunite envelope in highly serpantinized areas. The chromitites samples
obtained from small-scale mines and incisions are disseminated, banded, massive and
nodular in forms.

According to the whole-rock geochemical data, the chromitites (n=31) have an average
of 39 wt% of Cr,0; grade. The chromitites are useable in metallurgical industry, with respect
to their 18 wt% MgO, 9 wt% AI203, 12 wt% SiO2 and 14 wt% FeOr contents. In mineral
chemistry studies, the chromitites were classified as magnesium-chromite (n=163-point
analysis, 47-73 Mg # and 65-83 Cr # values). The studied chromitites, with the values of
average 14.4 wt% A;0;, 55.5 wt% Cr,0; and 0.2 wt% TiO; exhibit typical features of
podiform chromitites. High Cr # (83), and low TiO, (0.2 wt %) values show that these
chromitites are ‘‘High-Cr Chromitites’’ and crystallized from a boninitic magma which is
related to supra-subduction zone ophiolites. The mineral chemistry data of chromitite mineral
chemistry show that Elekdagi meta-ophiolite is the fore-arc ophiolite which was associated
with forming in the subduction zone enviroment. The highest value obtained from the analyses
of PGE (XPGE) in the chromitites (n=32), is 1466 ppb. Ir - group elements (Os, Ir, Ru)
enriched relative to the Pd - group elements (Rh, Pt, Pd), and samples are located in classic
ophiolitic trend in chondrite normalized diagram. The low Pd/Ir ratios (0.1-0.8) of
chromitites indicate that the presence of increasing degree of partial melting of the upper
mantle melts form the chromitities in Elekdag meta-ophiolite.

Key Words: Elekdag, Meta-ophiolite, Chromitite, PGE, Fore-Arc Ophiolites.
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TURMALINLI KUVARSITLERIN KOKENI: KARAKAYA (KAYMAZ)
INTRUZIF KUTLESI ESKISEHIR, TURKIYE

Bahattin Giilli' ve Yusuf Kagan Kadioglu®
) " Ankara Universitesi Jeoloji Miithendisligi Bolimii
* Ankara Universitesi Yer Bilimleri Arastirma ve Uygulama Merkezi (YEBIM), 06100 Tandogan-Ankara

Ozet: Karakaya intriizif kiitlesi Kuzeybati Anadolu Magmatik Kusaginin en dogu kesiminde
yer almaktadir. Holokristalin tanesel doku o6zelligi gosteren birim Kuvars, ortoklaz,
plajiyoklaz, biyotit, turmalin, = allanit, + zirkon bilesimindedir.

Karakaya graniti, boyutlar1 1-15cm arasinda degisen ve nefelin igeren oval-yuvarlagimsi
mafik magmatik anklavlar icermektedir.

Biyotit granit bilesimli Karakaya Intriizif kiitlesi, K20-35°B y&nelimine sahip ve
kalinliklar1 5-60cm arasinda degisen kuvars damarlar tarafindan kesilmektedir. Kuvarsca
zengin olan bu damarlar kuvarsit bilesiminde olup, granit igerisinde morfolojik olarak sert
yiizlekler sunmaktadir. Kuvarsitler, dokusal olarak ince taneli ve iri taneli olmak {izere 2 farkli
bilesimde gozlenmektedir. Karakaya sokulumunun, ozellikle bati kenarinda gozlenen ince
taneli kuvars damarlarinda yaygin turmalinler gozlenmektedir. Genellikle sorl bilesiminde
olan turmalinlerin baz1 kristalleri merkeze dogru elbait bilesimine dogru zonlu doku ile gegis
gostermektedir.

Turmalin ve kuvarsitlerin tiim kaya analiz sonuglart Mn, Na, Fe, Mg, Ti, Th, Zr ve Nb
icerik oranlar1 acgisindan belirgin farkliliklar sergilemektedir. Turmalinlerin kuvarsitlere gére
normalize edilmis element dagilim diyagramlarinda Mn, Na, Fe, Mg, Ti, Th, Zr ve Nb
elementlerinin turmalinlerde belirgin zenginlesme gosterdikleri belirlenmistir.

Turmalin iceren kuvarsitler, tiim kaya analiz sonuglarina gore diisik Na icerigiyle
karakterize edilmektedir. Turmalinli kuvarsitler, kuvars damarlarinin Na’ca tiiketilmis artik
sulu bir magmanin {riinii seklinde Karakaya graniti yerlesiminin en son evresini
gosterebilmektedir.

Anahtar Kelimeler: Kuvarsit, Turmalin, Karakaya Graniti, Turmalinli Kuvarsit
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NATURE of TOURMALINE BEARING QUARTZITE: KARAKAYA
INTRUSIVE ROCKS, ESKISEHIR, TURKEY

Abstract: Karakaya intrusive rocks are located 30 km to NW of Sivrihisar (Eskisehir) of the
Western Anatolia magmatic belt. It has holocrystalline granular texture and mainly composed
of quartz, orthoclase, oligoclase, biotite, tourmaline, + allanite, + zirkon.

Karakaya granite has nepheline bearing mafic magmatic enclaves with angular to sub
angular in shape and ranging from 1 cm up to 75 cm in size.

Karakaya biotite granite cut by quartz veins with N20-35°W direction and have various
thicknesses ranging from 5 up to 60cm. The quartz veins have sharp with hard outcrops
within the granite host rock. The quartz veins are observed in 2 different textures as fine-
grained and coarse-grained texture. The fine grained quartz veins which are especially
observed on the western edge of the Pluton, tourmalines are formed the main mineral
composition of the rock unit. Tourmalines usually have Schorl composition however, some
crystals changed to Elbaite composition towards the inner part in the form of zoned texture.

Whole geochemical data of the quartzite and tourmaline reveal a clear distinction of the
Mn, Na, Fe, Mg, Ti, Th, Zr and Nb element contents. Tourmaline to quartzite normalized
elemental patterns show that there is enrichment of Mn, Na, Fe, Mg, Ti, Th, Zr and Nb within
the turmaline minerals.

Tourmalines bearing quartzite is characterized by low Na contents in terms of chemical
composition. The tourmalines bearing quartzite indicate that the quartz veins is derived from,
a residual hydrated magma which depleted by Na and represents the last phase of the
crystallization of Karakaya granite.

Key Words: Quartzite, Tourmaline, Karakaya Granite, Tourmaline Bearing Quartzite
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KOKCHETAYV MASIFI’'NDEKI (KUZEY KAZAKISTAN) BAZI COK
YUKSEK BASINC KAYACLARINDAKI GRANATLARIN
JEOKIMYASI

Citilina Ciortescu'”, Ovidiu Gabriel Iancu®, Roberto Compagnoniz, Ahmet Sasmaz'
' Firat Universitesi Miihendislik Fakiiltesi Jeoloji Boliimii 23119 Elazig - Turkiye.
% University of Alexandru Ioan Cuza, Faculty of Geography and Geology, 700505 Iasi - Romania

Ozet: Kokchetav Masifi, Kuzey Kazakistan’daki ultra yiiksek basing metamorfizmasmin en
tipik Orneklerinden birisidir. Son on yilda yapilan petrografik caligmalar, elmas olusturan
kayaclarin120 km’den daha fazla bir manto derinligi ve 4.0GPa’nin iizerinde bir basinca sahip
oldugunu kanitlamistir.

Dobretsov ve ark. (1995)’ na gore, Kokhetav Masifi, ¢ok yiiksek ve yiiksek basing (Birim
1 ve II), orta basing (Barrow tipi metamorfizma, Birim III) ve diisiik basing kayaclarin dilim
ve bloklarindan olusan zit bir megamelanjdir. Cok yiiksek basing ve yiiksek basing kayaglari
sirastyla batt (Kumdy-Kol) ve dogu (Kulet) olmak {izere iki etki alanina bolinmiistiir
(Dobretsov vd., 1998). Bu boliinmeler metamorfizmanin farkli P ve T sartlar1 ve dogu ve bati
bloklarin neden oldugu farkli deformasyon tipleriyle iliskilendirilmistir (Theunissen et al.,
2000a,b).

Bu calismanin temel amacit Kumdy-Kol bdlgesine ait bazi granofels ve mermerlerin
icindeki granatlar1 incelemektir. Bu bolgedeki bazi kayaglar mikro elmaslar ve 6zellikle de
granat icerisinde inkliizyonlar halinde olan koezitin varligini karakterize eder. Bu ¢aligmada
kullanilan ince kesitlerdeki granatlarin kimyasal analizleri, Torino Universitesi, Mineraloji -
Petroloji Bilimleri ve Deneysel Fizik Bolimii’'nde Oxford MONO-CL ve INCA (Suite
Version 4.01) yazilimli SEM (Cambridge Stereoscan model 360) ile yapilmistir. Granofels ve
dolomitik mermerler i¢cinde gozlenen granatlar bilesimsel olarak Almiso9 Andas3; Grsosoq
Prpaz-so ve Almg_30 Andg 554 Prpis32 Gr 4260 seklinde bilesimsel bir farklilik gosterir.

Dolomitik mermerlerdeki granatlar diger kayaglardaki granatlarin bilesimlerinden 6nemli
oranda farklidir ve yiiksek Mg/(Mg+Fe) oran1 ve CaO igerigine sahiptir. Grossular bileseni
granofelslerdeki granatlarla karsilastirildiginda oldukga yiiksektir. Granat porfiroblastlari,
¢ekirdekten kenarlara dogru artan bilesimsel bir degisim gosterir. Mg>", Ca™", Fe*" ve Zr*"
icin dagilim haritalart kullanilarak, bu c¢alismada granatlar igerisinde bulunan &zellikle
karbonat ve zirkon inkliizyon tipleri ortaya konmustur.

Granatlarin kimyasal bilesimlerine dayanarak, granat olusturan kayaclar i¢in basing ve
sicaklik sartlar1 gelistirilmistir ve Shatsky & Sobolev (2003)’ in gelistirdigi metamorfizma
donemlerinde boliim IIT ve IV’e karsilik gelen, granofelsler igin basing 1-1.2 GP ve sicaklik
1se 750-822°C, dolomitik mermerler i¢in basing 1 GP’nin altinda ve sicaklik ise 655-693°C
arasinda bulunmustur.

Anahtar Kelimeler: Kokchetav Masifi, granat, yliksek basing metamorfizma
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GEOCHEMISTRY of GARNETS FROM SOME ULTRA HIGH PRESSURE
ROCKS FROM KOKCHETAV MASSIF, NORTHERN KAZAKHSTAN

Abstract: The Kokchetav Massif of northern Kazakhstan is a typical example of UHP
metamorphism. The petrographic studies performed in the last decade have proved that the
diamond bearing rocks have experienced pressures in excess of 4.0 GPa, corresponding to
mantle depths greater than 120 km.

According to Dobretsov et al. (1995), the Kokchetav Massif is a contrasting
megamelange composed of slices and blocks of ultrahigh (UHP) and high pressure (HP)
(Units I and II), medium pressure (MP) (Barrow-type metamorphism, unit II), and low
pressure (LP) rocks. In turn, the UHP and HP rocks are subdivided into two domains
(Dobretsov et al., 1998): western (Kumdy-Kol) and eastern (Kulet), which are characterised
by different P-T conditions of metamorphism and deformation types, suggesting different
mechanisms of exhumation in the western and eastern blocks (Theunissen et al., 2000a,b).

The main purpose of this study is to investigate the garnets from some marbles and
granofelses belonging to the Kumdy-Kol domain. Some rocks from this region are
characterized by the presence of microdiamonds and coesite, especially as inclusions in
garnets. Chemical analyses of garnets from the thin sections used in this study were made
with a SEM Cambridge Stereoscan model 360 equipped with an Oxford MONO-CL and INCA
software (Suite Version 4.01) at the Universita" di Torino, Departments of Mineralogical and
Petrological Sciences, and of Experimental Physics. Garnets from the investigated granofels
and dolomitic marble show a compositional variation characterized by the following: Alms 29
And>s.31 Grsg.59-4 Prpyz-so and Alme.zo Andy 55.4 Prpis-3> Gr 42-60.

The garnets from dolomitic marbles differ significantly in their composition from other
types of rocks: they have a high Mg/ (Mg+Fe) ratio and CaO content. The grossular
component is significantly higher compared to garnets from granofelses. Garnet
porphiroblasts show a compositional variation of the grossular component which increases
firom the core to the rim as well. By having distribution maps for Mg**, Ca’*, Fe’™ and Zr**
we inferred the type of inclusions (especially carbonates and zircon) present in the garnets
from the two petrographic types analyzed in this study.

The chemical composition of garnet was also used to estimate the P-T conditions for the
investigated garnet-bearing rocks: P = 1.00 ~ 1.2 GP and T = 750 ~ 822°C for granofelses
and P slightly below 1GP and T between 655-693 °C for dolomitic marbles, corresponding to
metamorphic stages Il and IV as of Shatsky & Sobolev (2003).

Key Words: Kokchetav Massif, granat, UHP metamorphism
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KARADERE (ESKISEHIR) METAMORFIiKLERININ PETROLOJISI:
XRF VE RAMAN KONFOKAL SPEKROSKOPIiK YONTEMELER

Meral Giirel"?, Yusuf Kagan Kadlogluz, Mehmet Duru’

) “MTA Genel Miidiirliigii, Jeoloji Etiitleri Dairesi (mer.al.gurel@hotmail.com)
* Ankara Universitesi Yer Bilimleri Arastirma ve Uygulama Merkezi (YEBIM), 06100 Tandogan-Ankara

Ozet: Orta Sakarya Bolgesinde Eskisehir ilinin yaklasik 18 km kuzeyinde yer alan Karadere
metamorfikleri; eklojit, mavisist ve yesilsist fasiyes alanlarinda yer almaktadir. Bu kayalar
metakirintili, metabazik ve bunlarla ardalanmali mermerlerden olugmakta ayrica aralarda
eklojit ve epidot amfibolit dilimleri mercekler seklinde gdzlenmektedir. Calisma alaninda yer
alan kayalardaki ayrintili petrojenez incelemelerinde yaygin mavisist mineral topluluguna Na-
amfibol+albittklorit+muskovit+granat, yesilsist mineral topluluguna
Albit+muskovittklorit+epidot+kuvars+granat ayrica serisit+kuvars+grafit ve
stilpnomelan+kuvars eslik etmektedir. Mavisist ve yesilgist fasiyesinde yapilan ayrintili
sicaklik basing incelemeleri sonucunda yaklasik 7-9 KB basing ve 500-700 C° sicaklik
araliginda olugmus olabilecekleri ortaya konmustur. Metamorfik fasiyeslerin belirlenmesinde
granat, amfibol ve plajiyoklaz mineralleri Konfokal Raman spektroskopisinde incelenmistir.
Kayalardaki granatlar Raman spektroskopik incelemelerde silikat yapisinin belirgin olmasi ve
kristal sistemlerindeki yiiksek simetriden dolay1 belirgin ve yiiksek spektrum sergiledigi
ortaya konulmugstur. Granatta yapilan Raman spektra sonuglar1 almandin, almandin-spessartin,
pirop, pirop-spessartin bilesimini, amfibollerde yapilan Raman spektra sonuglar1 aktinolit,
glokofan bilesimini, feldispatlarda yapilan Raman spektra sonuclari ise albit ve oligoklaz
bilesimini vermektedir. Ayrintili petrografi ve tiim kaya jeokimyasi sonuglarina gore Sakarya
kitas1 evrimi sirasinda mavisist ve yesilsist fasiyesindeki kayalarin farkli P-T kosullarinda
mafik magmatik kayalarin metamorfizmasina ugramasi sirasinda tiiremis olabileceklerini
ortaya koymaktadir.

Anahtar Kelimeler: Karadere(Eskisehir), Konfokal Raman spektrometri, mavisist, eklojit,
yesilsist
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PETROLOGY of KARADERE (ESKISEHIR) METAMORPHICS: XRF and
RAMAN CONFOCAL SPECTROSCOPIC METHODS

Abstract: Karadere metamorphics are comprised a part Central Sakarya Province and
located approximately 18 km North of Eskisehir and mainly represented by eclogite,
blueschist and greenschist facies products. They consist of metaclastics, metabasite and
interbedded marble units. Eclogite and epidot amphibolite slices also are observed. The
detailed petrogenetic analysis of the rocks of the study area exhibits blueschist mineral
assemblage as Na-amphibole+albite+chlorite+muscovitexgarnet, greenschist mineral
assemblage as albite+muscovite+chlorite+epidote+quartztgarnet and
serisitet+quartztgraphite and stilpnomelane+quartz. The detailed temprature and pressure
analysis of the blueschist and greenschist facies show that, they have formed at 7-9 kb and
500-700 °C temperature. The garnet, amphibole and plagioclase were examined by using
Confocal Raman Spectroscopy to determine the metamorphic facies in the region. The results
of the Confocal Raman spectroscopy reveal that the garnet minerals give precise and high
spectrum because of their precise silicate structure and high symmetry in crystal system. The
Raman spectra results exhibit almandin, almandin-spessartine, pyrop, and pyrop-spessartine
assembleges for garnet, actinolite, glaucophane assembleges for amphibole and albite and
oligoclase assembleges for feldspars. Petrography and whole rocks of the geochemical data
reveal that the rocks of the blueschist and greenschist facies might be derived from mafic
magmatic rocks under different P-T conditions during the evolution of the sakarya continent.

Key Words: Karadere (Eskigehir), Confocal Raman Spectrometry, blueschist, eclogite,
greenschist
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THE HIGH TEMPERATURE-HIGH PRESSURE MINERAL PHYSICS of
HYDROUS MINERALS: A KEY TO UNDERSTAND THE EARTH
GEODYNAMIC

Paola Comodi’
“Dipartimento di Scienze della Terra, Universita di Perugia - Italy

Abstract: The evolution with pressure and temperature of the physical properties of minerals
represent an important tool to determine mineralogical models of the earth system which
allow inverting macro-model based on geophysical (seismological data) or thermal data. In
particular the phase stabilities of hydrous minerals, which in turn condition how the water is
stored with depth, strongly affect numerous phenomena at large scale: they influence the
back-arc magmatism, the seismic properties of the crust-mantle interface of subducting slabs,
the buoyancy and the exhumation processes, as well as fluids generated from dehydration
process in the subducting slabs are responsible of the metasomatism of mantle wedge.
Moreover the development of excess pore fluid pressures by dehydration reactions may cause
a decrease in strength, thus favoring brittle failure with hydrofracturing and faulting

The recent advances on HP and HT techniques has provided new and accurate results,
unthinkable few years ago, on the evolution of mineral stabilities, their phase transitions or
decomposition, and have improved the knowledge on the very deep cycle of elements as well
on the global geodynamic.

As concern the stability of the phases in the CaSO4+H,0 and MgO-SiO,-H>O systems at
different P-T condition several sets of diffractometric and spectroscopic data were collected
up to 20 GPa and 800 °C by using diamond anvil cells and microfurnaces. This way the phase
transition of gypsum was found at 4.5 GPa as well the P/T condition of dehydration and the
reversibility or not of the process. In the system MgO-SiO,-H>O special attention was devoted
to 10 A phase, Mg3Si,09(0OH);H,0, a synthetic phase which may be important for the
storage, transport and release water in subducting slabs to depth exceeding the stability field
of talc. The HP-HT spectroscopic and diffractometric data on this phase showed how the
water may be hosted in its layered structure by increasing the strength of the hydrogen bond,
as a function of P/T gradient. As consequence depending on the thermal structure of a
subducting slab the stability field of 10 A phase can reach that of phase A (another synthetic
phase) and transfers water deep into the mantle or the water is resealed and goes into the
mantle wedge.

Key Words: High pressure-high temperature, hydrous minerals, X-ray diffraction, Raman
spectroscopy, geodynamic
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IKiZDERE PLUTONU’NUN (KD-TURKIiYE) U-Pb JEOKRONOLOJiSI,
PETROLOJISI VE JEODINAMIK
ONEMI

Ozmen Evcimenl, Orhan Karsl?
"MTA Genel Mudirlugi, Jeoloji Etiitleri Dairesi, 06520, Balgat, Ankara (ozmen@mta.gov.tr)
% Rize Universitesi Jeoloji Miihendisligi Béliimii, 53000 Fener, Rize (okarsli@gmail.com)

Ozet: Bu calismada, Ikizdere Pliitonu’na ait (KD, Tiirkiye) jeokimyasal ve jeokronolojik
bulgularin sunulmasi, pliitonu olusturan magmanin kaynagr ve jeodinamik ortamin
belirlenmesi amag¢lanmistir. Pliiton, granit, granodiyorit, tonalit, kuvars monzonit, diyorit ve
gabroyik diyorit (Si02=55.29-74.74 %ag.) ana kayaglari ile monzonit, monzodiyorit ve
monzo gabro (S102=50.63-61.65 %ag.) bilesimli anklavlardan olusmaktadir. Kayaclar
coklukla diisiik Mg# (<22-54)icerigine sahiptir. SHRIMP U-Pb zirkon yaslandirmasi, bu
kayaglarin yaklasik 75 milyon yilda kristallenmis olabileceklerine isaret etmektedir. Ornekler,
yiiksek-K kalk-alkalin ve kalk-alkalin bilesimsel yonseme ve I-tipi metaluminden peralumine
dogru degisen oOzellik sunmaktadir. Kondrite gore normalize edilmis NTE modelleri,
orneklerin farklilagtigint  [(La/Yb)n=2.43-16.40] ve =zayif Eu anomalisi sundugunu
(Eu/Eu*=0.46-0.99) gostermektedir. Pliitona ait kayaclar, biiyiik iyon yarigapli elementlerce
(Ba, Th, Rb, K) 6nemli derecede zenginlesme gosterirken, yiiksek alan enerjili elementlerce
(Ti, Nb) tiiketilmislerdir. Tiim jeokimyasal 6zellikler, pliitonun carpisma sonrasi genislemeli
rejimde, saf bir kitasal kabuk ergiyiginden tiiremis olmayacagini, bunun aksine bir yitim
ortaminda hibrit bir magmadan kaynaklanmis olabilecegini gostermektedir. Bolgede, bu tarz
yiiksek-K bilesimli kayaglar1 olusturan ergimeye, Ge¢ Kretase yash Izmir-Ankara- Erzincan
okyanus kabugunun Avrazya blogu altina dogru yitmesi sirasinda gelisen dinamik olaylar
sebep olmus olabilir. Bdyle bir dinamik sistemde, yay gerisi ekstansiyonel olaylar, litosferik
mantonun ergimesine ve dolayisiyla bazik magmanin olusumuna neden olur. S6z konusu
bazik magma, alt kabugun altina yerleserek biiyiik 6l¢iide ergimeye olanak saglar. Boyle bir
modelde, litosferik manto tiirevli bazaltik magma ve kabuksal kaynakli daha felsik magma
kabuksal derinliklerde karigir. Sonra, bu hibrid ergiyik, fraksiyonel kristallenme ve bir
miktarda kabuksal asimilasyona maruz kalir; kabugun s1g derinliklerine dogru yiikselir ve
gabroyik diyoritten granite kadar bilesim degisimi sunan pliitonu olusturur. Jeokimyasal ve
SHRIMP U-Pb zirkon yas verileri ile bdlgesel jeolojik galismalar birlestirildiginde, Ikizdere
Pliitonunun, Dogu Karadeniz Bolgesinin kuzeyinde yitimle iligkili bir ortamda gelistigi ve
bolgede yay gerisi ekstansiyonel periyodun 75-81 milyon yillarinda baglamis olacagi
anlagilmaktadir.

Anahtar Kelimeler: Dogu Karadeniz Bolgesi, yiiksek-K kalk-alkalin granitoyidler, hibrid
ergiyik, yay gerisi ekstansiyon, U-Pb Jeokronolojisi
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U-Pb GEOCHRONOLOGY, PETROLOGY and GEODYNAMIC
SIGNIFICANCE of IKIZDERE PLUTON (NE-TURKEY)

Abstract: We present elemental data for the magmatic suite of the Ikizdere pluton, from the
Eastern Black Sea region (NE Turkey), with the aim of determining its magma source and
geodynamic evolution. The pluton comprises granite, granodiorite, tonalite and minor diorite
(Si02=55.29-74.74 % ag.), with only minor gabbroic diorite mafic microgranular enclaves in
composition (Si02=50.63-61.65 % ag.), and exhibits low Mg# (<54). SHRIMP zircon U-Pb
technique yielded the mean age of 76.21 + 0.79 Ma, interpreted as dating magma
crystallization. All samples show a high-K calc-alkaline differentiation trend and I-type
metaluminous to peraluminous features. The chondritenormalized REE patterns are
fractionated [(La/Yb)n=2.43-16.40] and display weak Eu anomalies (Eu/Eu*=0.46-0.99).
The rocks are characterized by enrichment of LILE and depletion of HFSE. These
geochemical data rule out pure crustal-derived magma genesis in a post-collision extensional
stage and suggest mixed-origin magma generation in a subduction setting. The melting that
generated these high-K granitoidic rocks may have resulted from the upper Cretaceous
subduction of the Izmir-Ankara- Erzincan oceanic slab beneath the Eurasian block in the
region. The back-arc extensional events would have caused melting of the enriched
subcontinental lithospheric mantle and formed mafic magma. The underplating of the lower
crust by mafic magmas would have played a significant role in the generation of high-K
magma. Thus, a thermal anomaly induced by underplated basic magma into a hot crust would
have caused partial melting in the lower part of the crust. In this scenario, the lithospheric
mantle-derived basaltic melt first mixed with granitic magma of crustal origin at depth. Then,
the melts, which subsequently underwent a fractional crystallization and crustal assimilation
processes, could ascend to shallower crustal levels to generate a variety of rock types ranging
from gabbroic diorite to granite. Further, geochemical data and the SHRIMP U-Pb zircon
ages, combined with regional studies, imply that the Ikizdere pluton formed in a subduction
setting and that the backarc extensional period started by least 75 Ma in the Eastern Black
Sea region.

Key Words: Eastern Black Sea region, high-K calc-alkanine granitoids, lowers crustal
melting, back-arc extension, U-Pb Geocronology
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OFiYOLITLER: DENiZ TABANI YAYILMASINDAN YERLESMEYE

Osman Parlak'
" Cukurova Universitesi, Jeoloji Miihendisligi BSliimii - Adana (parlak@cukurova.edu.tr)

Ozet: Kita iizerine yerlesmis okyanusal litosfer parcalar1 olan ofiyolitler, okyanusal basenlerin
evrimindeki siire¢lerin anlasilmasinda anahtar rol oynamaktadirlar. Ofiyolitler farkli yaslardaki
orojenik kusaklarda degisken igyapi, stratigrafi, kimyasal kompozisyon ve ozellikler sergilerler.
Bu kaya toplulugunun okyanus ortasi sirt1, heniiz olgunlagmamis bir yay, yay-Onii ve yay-gerisi
gibi tektonik ortamlarda olusabilecegi one siiriilmektedir. Okyanusal kabugun olusumu, tektonik
yerlesimi ve hidrotermal cevher gelisimi ile ilgili bircok model bulunmaktadir. Ofiyolitlerle
iligkili metamorfik dilimler kitasal litosfere iizerine yerlesmeden Oncesindeki okyanus igi
sitkismanin kanitlarin1 sunmaktadir. Penrose tipi ofiyolit stratigrafisinde manto tektonitleri,
ultramafik-mafik kiimiilatlar, izotrop gabrolar, plagiogranit intriizyonu igeren levha dayk
kompleksi, volkanik kompleks ve ilgili sedimanlar bulunmaktadir. Manto tektonitleri genel olarak
cesitli derecelerde serpantinlesmis, dunit ve kromit podlar1 igeren harzburjit ve lerzolitten
olusmaktadir. Bu kayaglar, ortopiroksen ve krom spinellerin diizlemsel dizilimleri ile tanimlanan
yaygin foliasyon ve foliasyona paralel ya da yar1 paralel dizilmis olivin ve ortopiroksence zengin
segregasyon bantlagsmalar1 gosterirler. Krom spinel manto ergime tarihgesi i¢in uygun bir
mineraldir. Yitim zonunda ugucularin etkisiyle mantodan yiiksek kismi ergime derecesi sonucu
olusan peridotitler yiiksek oksijen fugasitesi (fO2) ve yiiksek krom numarasi (Cr#) ile temsil
edilirken, ugucu etkisinin olmadig1r ve goreceli olarak mantodan diisiikk kismi ergime sonucu
okyanus ortasi sirtlarda olusan peridotitler ise diisiik oksijen fugasitesi (fO2) ve diisik krom
numarasi (Cr#) ile temsil edilirler. Kiimiilatlar, genel olarak tabanda ultramafik kiimiilatlar (dunit,
verlit, klinopiroksenit, vebsterit) ile baglamakta ve daha iist seviyelerde ise gabroyik kiimiilatlarla
(gabbro, norit, troktolit) devam etmektedir. Cogu zaman milimetrik ya da metrik diizeyde kiimiilat
tabakalanmasi1 ve kiimiilat dokusu gosterirler. Dereceli faz, oransal ve boyutsal tabakalanma,
capraz tabakalanma ve slump yapilar1 magma odasi proseslerini yansitan genel yapilardandir.
Tabakalanma genel olarak olivin, klinipiroksen ve plajiyoklastan olusan ii¢ kiimiiliis fazin géreceli
bolluk ve/veya boyutuna goére degiskenlikle tanimlanmaktadir. Klinopiroksenin plajiyoklastan
once kristallenmesi ve yiiksek-Ca igerikli plajiyoklaslar yitim ile iligkili kayaglar1 okyanus ortasi
sirtta olusanlardan ayirmaktadir. Kiimiiliis fazlardaki sinirli kimyasal degisimler magma odasinin
kapali sistemlere gore periyodik olarak devamli beslendigine isaret edebilmektedir. izotrop
gabrolar ile levha dayklar1 arasinda yer alan geg¢is zonu, levha dayklarmin temelini seklinde
degerlendirilebilir. Levha dayklarindaki kesme-kesilme iliskileri, dokusal ve kompozisyon
degisiklikleri farkli boyutlarda dayk gelisimlerinin varligini isaret etmektedir. Plajiyogranitler,
genel olarak ya isotrop gabro-dayk gecisine ya da levha dayklar1 igerisine magmatik
differansiyasyonun ge¢ evre lirlinleri olarak sokulum yapmis olarak goriiliirler. Bu kayaclar
okyanusal kabugun kristallenme yasini tespit etmede oldukca yararlhidirlar. Ofiyolitlerde yer alan
volkanikler tektonik ortama bagli olarak okyanus ortasi sirt1 bazalti, yay gerisi basen bazalti, ada
yay1 toleyitleri ve boninitler gibi farkli kimyasal 6zellikteki kayalarla temsil edilebilirler. Farkli
tektonik ortamlarda olusan ofiyolitlerin petrografik ve petrolojik 6zellikleri ¢ok evreli magmatik
evrimlesme ile olustuklarini isaret etmektedir.

Bu calismada Alp-Himalaya kusagindaki farkli 6rneklerden yola g¢ikarak ofiyolitlerin deniz
tabani yayilmasindan kita iizerine yerlesmeye kadar gecen yasam dongiileri sunulacaktir.

Anahtar Kelimeler: Ofiyolitler, okyanusal litosfer, yay, yay-onii, yay-gerisi, okyanus ortasi sirt
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OPHIOLITES: FROM SPREADING TO EMPLACEMENT

Abstract: Ophiolites, on-land fragments of oceanic lithosphere, are the key to understanding
processes involved in the evolution of oceanic basins. Ophiolites display variable internal
structure, pseudostratigraphy and chemical composition and feature in many different
orogenic belts of different age. They are interpreted to have formed in a wide range of
tectonic settings, including mid-ocean ridge, nascent arc, fore-arc and back-arc. Numerous
models exist for oceanic crust generation, tectonic emplacement and hydrothermal ore
genesis. The commonly associated metamorphic soles provide evidence of intra-oceanic
convergence prior to tectonic emplacement onto continental lithosphere. A typical “Penrose
Type” ophiolite pseudostratigraphy includes mantle tectonites, ultramafic to mafic cumulates,
isotropic gabbros, sheeted dike complex with plagiogranite, volcanic complex and associated
sediments. The mantle section is represented by harzburgite to lherzolite and associated
dunites with chromite pods that are variably serpentinized. They display pervasive foliation
defined by the planar alignment of orthopyroxene and spinel grains, and foliation-parallel to
subparallel segregation of olivine and orthopyroxene rich bands. Chromium spinel is a good
candidate for mantle melting history. Peridotites from subduction-related environment have
high oxygen fugacity (fO2) and high chromium number (Cr#) resulting from high degrees of
wet melting, whereas peridotites from Mid-Ocean Ridge (MOR) setting have low fO2 and
relatively low Cr# resulting from lower degrees of dry melting. The cumulates are
characterized by ultramafic cumulates (dunite, wehrlite, clinopyroxenite, websterite) which
are most common near the base and followed by gabbroic cumulates (gabbro, norite,
troctolite) at higher stratigraphic levels. These rocks display ubiquitous cumulus layering that
varies in thickness from mm to 10-m scale and by well-developed cumulus textures. Graded
phase, ratio and size layering, cross bedding and slump structures are common and give
evidence for magma chamber processes. Layering is defined by variation in relative
abundance and/or size of mainly three cumulus phases: olivine, clinopyroxene and
plagioclases. Crystallization of clinopyroxene before plagioclase and high-Ca content of
plagioclases in cumulates distinguish subduction-related settings from MOR-setting. Limited
cryptic variation in cumulus phases may suggest periodically replenished open system magma
chamber by primitive melt compared to closed system. From isotropic gabbros to sheeted
dykes, there is a transition zone which appears to be the root zone of the sheeted dike
complex. Crosscutting relations, textural and compositional differences indicate existence of
distinct dike generations with different thicknesses. The plagiogranite intrusions are generally
observed either in gabbro-dike transition zone or in the sheeted dikes as late stage products.
They are very useful for finding crystallization age of oceanic crust. The volcanic complex in
ophiolites may be represented by wide compositional range such as mid-ocean ridge basalts
(MORB), backarc basin basalts (BABB), island arc tholeiites (IAT) and boninites depending
on their tectonic setting. Ophiolites in different tectonic settings indicate a multi-stage
magmatic evolution on the basis of cross-cutting relations and petrology of intrusive/extrusive
rocks.

Life cycle of ophiolites from spreading to emplacement will be documented from different
examples of the Alpine-Himalayan orogenic belt.

Key Words: Ophiolites, oceanic lithosphere, arc, fore-arc, back-arc, mid-ocean ridge
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BAHCE (OSMANIYE) OFIYOLITININ PETROJENEZI VE
JEODINAMIK ACIDAN ONEMI

Ender Sarifakioglu', Yildirim Dilek’ ve ibrahim Uysal3
" MTA Genel Miidiirliigii, Jeoloji Etiitleri Dairesi, 06800 - Ankara (esarifakioglu@mta.gov.tr)
% Miami University, Department of Geology, OH 45056 - USA (dileky@muohio.edu)
% Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Béliimii, 61080 - Trabzon (uysal.ibrahim@gmail.com)

Ozet: Anatolid-Torid Platformu ile Arap Platformunun smirinda yer alan Bahge (Osmaniye-
Adana) ofiyoliti, Kizildag (Hatay) ofiyolitinin kuzey wuzantisidir. Bahge dolayindaki
ultramafik-mafik kayalar, Amanoslarin Paleozoyik yasli metamorfik ve metamorfik olmayan
birimleri ile Mesozoyik karbonat istifinin {izerinde tektonik olarak bulunur. Ofiyolit napinin
iizerinde Ust Kretase yasl kumtasi, killi kiregtas: ve marnlardan olusan flisel kayalar bulunur.

Bahge dolayinda gozlenen ofiyolitik istifte, iist manto peridotitleri olarak ¢ogunlukla
harzburjitler ve bunlarin igerisinde kromit cevherlesmesini igeren dunit band-mercekleri
bulunmaktadir. Masif ve katmanli gabrolar, peridotitlerin iizerinde tektonik dokanaklidir.
Jeokimyasal ¢aligmalarda, manto peridotitlerinin diisikk Al,O3 (%ag. 0.12-2.06), CaO (%ag.
0.03-0.28), TiO; (<%ag. 0.03) icerdikleri ve Lantanit Grubu Element (LGE) igeriklerinin 0.1
ppm’den disiik oldugu tespit edilmistir. Ayrica, kondrit degerlerine oranlanmis LGE
icerikleri, U-gekilli dagilim sunar. Bu nedenle, manto peridotitlerinin okyanus ortasi sirtlarda
gelisen normal bir kismi ergime kalintis1 olmadiklari, buna karsilik 6nceden olugsmus kismi
ergime kalintist peridotitlerin yitim zonlarinda gelisen ergiyik ve akiskanlarca
metazomatizmaya ugradiklar1 ve bir miktar daha tiiketildikleri diisiiniilmektedir.

Ofiyolitik mélanjda bulunan okyanusal kabuga ait bazik kaya (diyabaz-bazalt) bloklar
MORB, IAT, E-MORB ve boninit karakterlidir. Kismen okyanus tabani metamorfizmasi
gecirmis MORB karakterli metadiyabaz kayasi, **Ar-*’Ar radyometrik yas yontemi ile
213.2+£19.3My olarak yaslandirilmistir. Bu da Neotetis okyanusunun en azindan Geg-Orta
Triyas’ta var olduguna isaret eder.

Bahge dolayinda gozlenen manto peridotitleri gabro ve/veya trondjemit-tonalit bilesimli
plajiyogranit damar ve kiiclik stoklar1 tarafindan kesilir. Plajiyogranitler, magmatik zirkon
kristallerinden yapilan U-Pb yas tayini ile 90.8My olarak yaslandirilmistir. Bununla birlikte,
detritik zirkonlardan elde edilen 2.890 My yas, bu zirkonlarin asidik magma kaynagina Afro-
Arap kitasindan geldigini akla getirmektedir.

Jeokronolojik bulgulara gore, Mesozoyik baslangicinda gelistigi diisiiniilen riftlesme ile
Neotetis okyanusunun yayilma donemi baslamistir. Geg¢ Kretase’den itibaren kapanmaya
baslayan okyanusta, okyanus-i¢i yitim zonunda Kizildag ve onun kuzey uzantisi1 olan Bahge
ofiyoliti olugsmustur. Ofiyolitik istif, bolgeye yerlestikten sonra Kuvaterner yash kita-igi
alkalin karakterli bazaltlar tarafindan kesilmistir.

Anahtar Kelimeler: Bahge ofiyoliti, Neotetis okyanusu, manto peridotitleri, plajiyogranitler,
okyanus-i¢i yitim zonu
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THE PETROGENESIS and GEODYNAMIC SIGNIFICANCE of
BAHCE (OSMANIYE) OPHIOLITE

Abstract: The Bahge ophiolite found on boundary between the Antolide-Toride Platform and
the Arabian Platform is an northern extension of the Kizildag ophiolite. The ultramafic-mafic
rocks of the Bahge ophiolite overthrusted onto Paleozoic metamorphic rocks and non-
metamorphic, and Mesozoic carbonate sequence. The Late Cretaceous flyshoidal rocks
containing sandstone, clayey limestone and marl are found onto the ophiolite nappes.

The mantle peridotites of the Bahge ophiolite are mainly made of harzburgites containing
chromite bearing dunite bands and lenses. The isotropic and layered gabbros are tectonically
found onto the mantle peridotites. In geochemical studies, the mantle peridotites have been
determined having low ALL,O; (Y%owt 0.12-2.06), CaO (%wt 0.03-0.28), TiO, (<%wt 0.03) and
Lantanite Group Element (LGE<Ippm) contents. Also, chondrite-normalized LGE patterns
show U-shaped patterns. Therefore, the mantle peridotites were not formed by normal partial
melting but former peridotites a little bit more depleted and metasomatized by slab-derived
fluids and melts.

According to geochemical analyses the blocks of basic rocks (diabase-basalt) within
ophiolitic mélange show MORB-, IAT-, E-MORB-, and boninite characteristics. The 413 ar
dating of the MORB-type metadiabase has revealed 213+19.3Ma. This indicates the existance
of Neotethys Ocean during Middle-Late Triassic.

The mantle peridotites are cut by gabbroic and/or trondhjemite-tonalitic plagiogranite
dyke and small stocks. The U-Pb age dating from magmatic zircons in the plagiogranite gives
90.8My. Also, the detritic zircons are aged of 2.890My. It is thought that these detritic zircons
transferred to the asidic magma source from Afro-Arabia Platform.

Accourding to geochronological data the Neotethys Ocean started the first extentional
period by the rifting developed in the beginning of Mesozoic. The Kizildag ophiolite and its
northern extension, the Bahge ophiolite, formed in the intra-oceanic suduction zone when
Neotethys Ocean began to close in Late Cretaceous. After obduction of ophiolite sequence it
was cut by Quaternary basalts with within-plate alkaline character.

Key Words: Bahge ophiolite, Neotethys Ocean, mantle peridotites, plagiogranites, inta-
oceanic subduction
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KIZILDAG (HATAY-TURKIYE) OFiYOLITININ U-Pb VE Sm-Nd
JEOKRONOLOJIiSi: GUNEY NEO-TETiS’DE OKYANUS iCi YITIM
KUSAGI TiPi OKYANUSAL LITOSFERIN OLUSUM ZAMANI VE
SURESINE AiT VERILER

Fatih Karaoglanl, Osman Parlakl, Urs Kliitzliz, Martin Thoni’ ve Friedrich Koller?

" Cukurova Universitesi Jeoloji Miihendisligi Béliimii - Adana (fkaraoglan@cukurova.edu.tr)
% University of Vienna, Center for Earth Sciences, Viyana - Avusturya

Ozet: Tiirkiye’de bulunan Kizildag ofiyoliti giiney Neo-Tetisin kalintilarin1 temsil etmektedir.
Birim Geg¢ Kretase zamaninda kuzeye dalimli okyanus i¢i yitim zonu iizerinde ada yay1
ortaminda olusmus ve Mestrihtiyen zamaninda Baer-Bassit ofiyoliti ile birlikte giineye dogru
Arap platformu {izerine yerlesmistir. Kizildag ofiyolitinin kristallenme yasi ve magmatik
aktivitenin stiresini hesaplamak i¢in U-Pb ve Sm-Nd yaslandirma yontemleri kullanilmigtir.
U-Pb yaslandirmasi ile plajiyogranitlerden 91.7+1.9 My ve kiimiilat gabrolardan 91.6+3.8 My
yaslar1 hesaplanmigtir. Sm-Nd yaslandirma yOntemi ile kiimiilat gabrolardan 95.3+6.9 My ve
110+11 My yaslar1 hesaplanmustir. Olgiilen bu yaslar okyanusal kabugun gabro seviyelerinin
plajiyogranitlerden daha once olustugunu ve Kizildag ofiyolitinin okyanusal kabugunun en az
6-8 My zaman araliginda olustugunu gostermektedir. Plajiyogranitten Olgiilen U-Pb yasi
(91.7£1.9 My) ve Baer-Bassit ofiyolitinin altinda bulunan metamorfik dilimin yas1 birlikte
diistintildiiginde, metamorfik dilim olustugunda SSZ-tip Kizildag (Hatay) ofiyolitinin ~1 My
yasinda oldugunu gostermektedir. Kizildag (Hatay) ve Baer-Bassit (Suriye) ofiyolitleri ve
metamorfik dilim kayaglarinin zaman-mekan iliskileri, ya geng bir okyanusal litosferden
gelen 1s1 kaynagi ile birlikte yay onii ortamindan kaynaklanan yiiksek 1s1 akist ile metamorfik
dilimin 500 °C’nin altina sogumasini engellemistir, ya da dalan kabugun geriye dogru
donmesi Baer-Bassit ofiyolitinin altinda olusan 6nceki metamorfik dilimin kaybolmasina
neden oldugunu gostermektedir. Bu nedenle metamorfik dilimin yasi, yayonii ofiyolit
olusumundan daha sonraki bir zamanin yasini1 vermektedir.

Anahtar Kelimeler: U-Pb yaslandirmasi, Sm-Nd yaslandirmasi, gabro, plajiyogranit,
Kizildag, yayonii, Tiirkiye
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U-Pb and Sm-Nd GEOCHRONOLOGY of THE KIZILDAG (HATAY,
TURKEY) OPHIOLITE: IMPLICATIONS FOR THE TIMING and
DURATION of SUPRASUBDUCTION ZONE TYPE OCEANIC CRUST
FORMATION in SOUTHERN NEOTETHYS

Abstract: The Kizildag (Hatay) ophiolite in Southern Turkey represents remnants of the
southern Neotethyan Ocean. It formed in a forearc setting above a north-dipping intraoceanic
subduction zone in late Cretaceous and emplaced southward onto the Arabian platform
together with the Baer-Bassit ophiolite in Maastrichtian. The U-Pb and Sm-Nd age datings
are used to constrain the timing of crystallization age and duration of magmatic activity of
the Kizildag (Hatay) ophiolite. The U-Pb dating yielded 91.7+1.9 Ma for the plagiogranite
and 91.6x3.8 Ma for the cumulate garbo, whereas the Sm-Nd isochron ages from the
cumulate gabbros yielded 95.3+6.9 Ma and 110+11 Ma. The measured ages show that the
gabbroic section of the oceanic crust formed earlier than the plagiogranite. This suggests that
the oceanic crust of the Kizildag ophiolite have been formed in a time period of maximum 6 to
8 my. The U-Pb zircon age (91.7€1.9 Ma) from the plagiogranite and the age of the
metamorphic sole beneath the Baer-Bassit ophiolite suggest that the SSZ-type Kizildag
(Hatay) oceanic lithosphere was ~ I my old when the metamorphic sole rocks were formed.
The spatial and temporal relations of metamorphic sole and the oceanic crustal rocks from
Kizildag (Hatay) and Baer-Bassit (Syria) suggest that either a high heat flow in forearc
setting together with a heat source from young oceanic lithosphere may have been
responsible for preventing the metamorphic sole from cooling below 500 °C, or subduction
rollback mechanism may have caused disappearance of early formed metamorphic sole to be
attached to the base of the Baer-Bassit ophiolite. Thus, the metamorphic sole apparently
postdates the forearc ophiolite genesis.

Key Words: U-Pb dating, Sm-Nd dating, gabbro, plagiogranite, Kizildag, forearc, Turkey
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KURE OFIYOLITINIi TEMSIL EDEN PERIDOTITLERIN ANA OKSIT
VE iZ ELEMENT JEOKIMYASI

Necla Ktipriibasl1 ve Fatma Sisman Tiikel'
" Kocaeli Universitesi Jeoloji Miihendisligi Béliimii - Kocaeli (nec_kopru@yahoo.com)

Ozet: Bu calisma da Pontid kusag: igerisinde intra - Pontid - Erzincan kenedinin kuzeyinde
yer alan Kiire ofiyolitini temsil eden peridotit 6rnekleri incelenmis olup; ana oksit, iz ve nadir
toprak element jeokimyasi1 degerlendirilmistir.

Incelenen peridotitlerdeki MgO zenginlesmesi % 35 - 40 arasindadir ve bu artis, kayacin
daha fazla tiiketildiginin ve olivince daha zengin oldugunun bir gostergesidir. CaO igerikleri
(%Ca0 <0,95 ) distktiir. Al’ ca (%Al,05; <1) ve alkalilerce fakirdir. Tiim kaya analizleri
gostermektedir ki, peridotitler artan MgO igerigi ile Ca, Al, Na gibi ergiyebilir elementlerce
artan bir tiikketim egilimi gostermektedirler. Ornekler CaO-Al,05-MgO iiggen diyagraminda
degerlendirildiklerinde Orneklerin hepsinin metamorfik peridoitit alanina diistiikleri
goriilmiistiir.

Peridotit 6rneklerinin iz element karakteristiklerini degerlendirmek i¢in Y, Th gibi cesitli
elementlerin MgO ve Al,Os’e degisimleri diyagramlarda degerlendirilmistir. La ve Th’da
pozitif korelasyonlar gozlenirken Sm, Yb, Lu ve Y‘de negatif korelasyon goriilmektedir. Ni
MgO’e gore korelasyonunda, Ni mobil element oldugu i¢in pozitif korelasyon gostermektedir.

Incelenen peridotit drneklerinde tiim kaya hafif nadir toprak ile ortag nadir toprak
oranlarinda goriilen zenginlesme ( La/Sm), ergime sonrasi akigkan ile etkilesimlerinden dolay1
ya da ergimenin son evresinde olmustur (Ozawa ve Shimizu, 1995 ).

(Calisma alanindaki peridotit Orneklerinin siilfiir miktarlari 45-125 ppm arasinda
degismektedir ve Cu ve S miktarlari arasinda pozitif korelasyon goriiliir. Ortalama primitif {ist
manto bilesimine gdére Cu/S oranindaki yiikselmeler peridotit kanallar i¢ine perkole olan
bazaltik ergiyiklerden bakirca zengin siilfidlerin ¢okelimini yansitmasi olarak yorumlanabilir
(Alard vd.,2000; Lorard vd.,1999).

Anahtar Kelimeler: Peridotit, Kiire, ofiyolit
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THE GEOCHEMISTRY of TRACE ELEMENT and MAIN OXIDE of
PERIDOTITES REPRESENTATIVING KURE OPHIOLITE

Abstract: In this study representing Kiire ophiolite peridotite samples, which is located in
north of Intra - Pontid - Erzincan suture, have been examined, major oxide, trace and rare
earth element geochemistry are evaluated.

The enrichment of MgO in the peridotites between % 35 - 40, and this increase show that
the rocks were more depleted and also this rocks more rich olivine. The content of CaO(<
20,95) is low, also the samples content of Al,O3 (< %1 ) and alkaline are poor. Whole rock
analyses show that content of increasing MgQO in peridotites with Ca, Al, Na which are
melting elements increasing og propensity to consume. When samples evaluated in CaO -
AlL,O3 - MgO triangular diyagram, these samples showed in the field of metamorphic
peridotite.

Samples of peridotite to assess the trace element characteristics, so as various elements
such as Y, Th, changes on MgO and Al,O;3 are evaluated diyagrams. Sm, Yb, Lu and Y have
negative correlation however La nad Th have positive correlation. Ni which is mobile element
showed positive correlation in the correlation of Ni to MgO.

Enrichment in whole rock LREE and MREE ration ( La / Sm ) has been ocured after
melting or melting due to interactions with the fluid ( Ozawa and Shimizu, 1995 ).

The amount of sulfur cahnges between 45 - 125 ppm in peridotite samples and these
samples shown that positivie correlation between the amount of Cu and S. According to the
average composition of primitive upper mantle Cu/S ratio of basaltic melt, which increases
the copper-rich sulphides perkole peridotite deposition into the channels can be interpreted
as reflecting ( Alard et al.,2000; Lorard et al., 1999 ).

Key Words: Peridotite, Kiire, ophiolite.
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REFAHIYE-ERZINCAN OFIiYOLITI (KD TURKIYE) MANTO
PERIDOTITLERI: KISMi ERGIME VE ZENGINLESME
OLAYLARININ LGE VE MINERAL KIMYASI MODELLEMELERI

Ibrahim Uysall, E. Yal¢in Ersoyz, Yildirim Dilek’ , Ender Sar1fak10g1u4, Faruk Aydinl,

Chris J. Ottley®
" Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Boliimii, 61080 Trabzon - Tiirkiye (iuysal@ktu.edu.tr)
* Dokuz Eyliil Universitesi, Jeoloji Miithendisligi Boliimii, 35160 Izmir - Tiirkiye
% Department of Geology & Env. Earth Science, Miami University, Oxford, OH, 45056 - USA
*MTA Genel Miidiirliigii, Jeoloji Etiitleri Dairesi, 06520 Ankara - Tiirkiye
SNCIET, Department of Earth Sciences, University of Durham, DHI1 3LE Durham, - U.K.

Ozet: Tiirkiye’'nin kuzeydogusunda bulunan Refahiye-Erzincan Ofiyolitine (REO) ait iist
manto peridotitleri klinopiroksence zengin ve tiiketilmis harzburjitler olmak iizere iki farkl
karakterde kaya¢ gruplarindan olusur. Daha az tiiketilmis klinopiroksence zengin manto
harzburjitleri, daha yiiksek Al ve Ca igeriklerine sahip olup, Cr# degerleri 33—38 arasinda
degisir. Bu peridotitlerin Lantanit Grubu Element (LGE) grafikleri, ilksel tist mantonun OOS-
tipi okyanusal kabuk olusumu sirasinda diisiik dereceli kismi ergimesi sonucu olusan abisal
manto kalintilarina benzerlik sunarlar. Buna karsilik baz1 peridotit 6rnekleri klinopiroksence
oldukca fakir olup, ¢ok diisikk Al ve Ca igermektedir. Bu 6rneklerdeki spinel fazlarinin Cr#
degerleri 57—74 arasinda olup, yiiksek dereceli kismi ergime kalintis1 olduklarina isaret eder.

Az tiiketilmis klinopiroksence zengin harzburjitlerin LGE igerikleri, ilksel {ist mantonun
%10-12 ergime kalintilar1 olarak basit¢e modellenebilmektedir. Buna karsilik s6z konusu
kayaclara ait spinel kristallerinin kismen yiiksek olan Cr# degerleri %10-12’lik bir kismi
ergime ile aciklanamaz ve %18’lere ulasan bir kismi ergimeyi gerektirir. Bu durum, manto
peridotitlerinin tiiketilme derecesini yansitan LGE ve spinel Cr# degerlerinin bir biri ile
uyusmadigini gosterir. Dolayisiyla, okyanus ortasi sirt1 agilimi sirasinda diisiik dereceli kismi
ergime kalintis1 manto peridotitlerinin, yay gerisi bir ortamda tekrar diisiik dereceli kismi
ergimeleri ve bu ergime ile iligkili zenginlesme olaylari, sz konusu kayacglarin yliksek LGE
iceriklerine karsilik spinel kristallerinin kismen yliksek Cr# degerlerini agiklayabilmektedir.
Olduk¢a diisiik LGE igeriklerine karsilik yiiksek spinel Cr# degerleri ile temsil edilen
tiikketilmis harzburjit 6rnekleri yitim karakterli manto peridotitlerine benzerler. S6z konusu
ornekler daha dnceden OOS agilimi esnasinda yaklagik %12 tiiketilmis abisal peridotitlerinin
yay Onii ortaminda %17-22 oranlarinda tekrar tiiketilmesi ile modellenebilmektedir. Bu
kayaclar biinyesindeki bazi spinel kristallerinin Ti igerikleri deneysel olarak belirlenmis
degerlere gore bir artis gosterirler; bu durum s6z konusu kayaglarin titanyumca kismen zengin
boninitik ergiyiklerle etkilesimi ile agiklanabilmektedir.

Anahtar Kelimeler: Refahiye-Erzincan Ofiyoliti, manto peridotitleri, jeokimya, mineral
kimyasi, kismi ergime ve zenginlesme modellemesi
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LGE and MINERAL CHEMICAL MODELING of PARTIAL MELTING and
REFERTILIZATION PROCESSES of THE UPPER MANTLE
PERIDOTITES FROM THE REFAHIYE-ERZINCAN OPHIOLITE, NE-
TURKEY

Abstract: We have identified two types of upper mantle peridotites; cpx-rich harzburgites and
depleted harzburgites from the Refahiye-Erzincan ophiolite, NE Turkey. Less depleted, cpx-
rich mantle harzburgites have higher concentrations of Al and Ca, and contain spinel phases
with Cr# ranging between 33 and 38. These samples display Lanthanide Group Elements
(LGE) patterns that are highly similar to those of abyssal peridotites, the low degree partial
melting residues of primitive mantle. Some peridotite samples, on the other hand, are highly
depleted in cpx and display extremely low contents of Al and Ca. Spinel phases in these
samples have Cr# ranging between 57 and 73, indicating that they represent the residues of
high degrees of partial melting.

The less depleted cpx-harzburgites can simply be modeled by 12—10% melt extraction
from a primitive mantle (PM). However, Cr# of spinel in these samples, indicates higher
degrees of depletion, close to ~18%, and cannot be explained with this model. This
observation implies that the depletion ratios indicated by spinel Cr# and LGE abundances
show an apparent contradiction. We, therefore, suggest a later, low-degree re-melting and
refertilization of the old, MOR-type residue in a back arc environment that better explain the
higher Cr# of spinel against their higher concentrations of LGE. Consistent with their low
content of LGE, the depleted harzburgites contain spinel with high Cr#, and resemble highly
depleted SSZ mantle residues. They can be reproduced by 17 to 22% melt extraction from the
previously depleted (~12%) old, MOR-type mantle residue in a fore-arc tectonic setting. Some
spinels in these samples contain Ti contents higher than those experimentally determined, and
indicate interaction with Ti-rich bonititic melt.

Key Words: Refahiye-Erzincan Ophiolite, mantle peridotites, geochemistry, mineral
chemistry, partial metling and refertilization modeling
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DOGU ANADOLU (VAN-OZALP) OFIYOLITIK MELANJINA AiT
BAZIK BIRIMLERIN PETROLOJIiSi VE JEOKIMYASAL
OZELLIKLERI

Ali Riza Colakoglu', Kurtulus Giinay’, M. Cemal Génciioglu *, Vural Oyan'

ve Uner Caklr4
" Yiiziincii Y1l Universitesi, Jeoloji Miihendisligi Boliimii - Van (arc.geologist@yyu.edu.tr)
*Maden Tetkik ve Arama Genel Miidiirliigii - Ankara
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* Hacettepe Universitesi, Jeoloji Mithendisligi Boliimii - Ankara

Ozet: Dogu Anadolu ofiyolitik melanji cografik olarak Anadolu ve Iran arasinda yeralir. Bu
calismada Dogu Anadoludaki ofiyolitlere ait bazaltlarla arakatkili bulunan pelajik
kiregtaglarinin iligkileri ve bazik olusumlarin jeokimyasal karakteristikleri sunulmustur.
Bazaltlar fosilce zengin kirmizimsi pelajik kirectasi, ¢amurtasi, kiltas1 ve radyolaryali
cortlerden olusan sedimanter kayaclar ile arakatkilidir. Bazaltlar ile gecisli olan ve Geg
Mastrihtyen fosilleri igeren pelajik kirectaslari, Neotetisin kapanmasi siirecindeki en geg
bazalt olusumuna isaret eder. Bazaltlar intersertal ve doleritik dokulara sahiptir ve baslica
plajiyoklaz fenokristalleri ve % 90’ dan fazla plajiyoklaz mikrolitlerinden olusurlar.
Intersertal bazaltlar ince plajiyoklaz mikrolitleri ve nadir fenokristallere sahiptirler. Bazaltlari
kesen lamprofirler porfiritik dokuludur ve baslica titanojit (%35) ve barkevit (% 30)
fenokristallerinden olugmuslardir. Bu mineraller taze, 6zsekilli ve zonludurlar ve 1-4 mm
arasinda degisen tane boyuna sahiptirler.

Calisilmis 6rneklerin tiimii LIL ve REE elementlere gore pozitif Pb anomalisi ve zayifca
negatif Nb-Ta-Ti anomalisi sergilerler ve bu onlarin tipik olarak normal MORB ve (veya)
OIB benzeri manto kaynaklarindan tlireyemeyeceklerine isaret eder. Bu gozlemler lav ve
dayk orneklerinin direkt olarak normal astenosferik kaynaklardan ziyade farkli kaynak
kompozisyonlarmin karisimi ile tiireyebileceklerini gdstermektedir. Orneklerin  Nb/Ce
oranlar1 0.5- ile 3 arasinda degisir. Bu veriler ¢alisilmis 6rneklerin yitim bileseni ile az oranda
zenginlesmis ve OIB benzeri manto kaynaklari arasindaki karigim ile tlireyebileceklerine
isaret etmektedir.

Anahtar Kelimeler: Ofiyolitik mélanj, Jeokimya, Pelajik kirectasi, Bazalt
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PETROLOGY and GEOCHEMICAL CHARACTERISTICS of BASIC SUITS
FROM (VAN-OZALP) OPHIOLITIC MELANGE,
EASTERN ANATOLIA

Abstract: Eastern Anatolia ophiolitic melange is situated geographically between Anatolia
and Iran. This study presents a new information belongs to ophiolite melange from eastern
Turkey. We present new mineralogical and chemical analytical data concerning ophiolitic
mélange of basic suits and intermittent pinkish pelagic (micritic) limestone in eastern Turkey.
Basalts is interclated with the sedimentary rocks of reddish pelagic fossiliferous limestone,
mudstone, claystone and radiolarian chert. Pelagic limestone interclated with basalt and
contains of Late Maastrichtian fossils, suggesting a Late Maastrichtian age for the youngest
basalt during closure of the neotethys. Basalts have intersertal and doleritic texture and they
are formed principally by plagioclase as microlites >%90 and phenocrysts. Intersertal
basalts have fine plagioclase microlites and rare phenochrysts. Lamprophyres have
porphyritic texture and are formed principally by phenocrysts of titanaugite (35%) and
barkevicite (30%). These minerals are fresh, euhedral and zoned and have grain size between
1-4dmm.

All of the studied samples display less negative Nb—Ta—Ti anomalies and positive Pb
anomalies with respect to LIL elements and REE, indicating that they were not typically
derived from normal MORB and (or) OIB source mantle. These observations imply that dyke
and lava samples could be derived form mixing of different source composition rather than
directly normal astenospheric source. All of the samples are plotted between Nb/Ce ratios
change from 0.5 to 3. These data imply that the studied samples could be derived from mixing
between mantle source less enriched by subduction component and OIB-like mantle source.

Key Words: Ophiolitic mélange, Geochemistry, Pelagic limestone, Basalt
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KONYA KB’SINDA (AFYON ZONU) GEC TRiYAS YASLI KABUKSAL
GERILME: KADINHANI META-VOLKANIKLERI VE LADIK DAYK
KUMESININ LA-ICP-MS U-Pb ZIRKON YASLANDIRMASINDAN
ELDE EDILEN YENI BULGULAR

Abdiissamed Giiven', Timur Ustaomer', Irena Peytcheva2
" Istanbul Universitesi Jeoloji Miihendisligi Boliimii - Istanbul (sametguven@gmail.com)
% Bulgar Bilimler Akademisi, Jeoloji Enstitiisii, Sofya - Bulgaristan

Ozet: Anatolid-Torid Platformu’nun Paleosende yiiksek basing metamorfizmasina maruz
kalmig bolimiinii olusturan Afyon Zonu’nun Konya KB’sindaki yiizlekleri dayklar (Ladik
dayk kiimesi) veya lav ve volkaniklastik birimler (Kadinhani volkanikleri) halinde gesitli
magmatik kaya birimlerini kapsar. Bu magmatik kayaclar onceki ¢alismalarda ¢cogunlukla
Devoniyen-Alt Karbonifer-Permiyen yash olarak diisiiniilmiistiir. Bu ¢alismada Ladik dayk
kiimesine ait bir dayk (meta-tonalit) ve Kadimhani volkaniklerine ait bir lav (meta-trakit)
tizerinde gerceklestirdigimiz LA-ICP-MS U-Pb zirkon yas tayini bulgulari sunulmakta ve
bulgularin tektonik anlami tartigilmaktadir.

Ladik batisinda, Karbonifer yashi melanj lizerinde tektonik olarak yer alan Siliiriyen-
Devoniyen yashi Bozdag meta-karbonat platformu dilimi diyabaz, mikrogabro ve tonalit
bilesimli dayklar ile kesilir. Dayklar ¢ogunlukla birbirine paralel, 1 ila 5 metre genislikli ve
kilometrelerce uzunluklu olup KB-GD dogrultulu bir kiime olusturur. Jeokimyasal ozellikleri,
farkli bilesimdeki dayklarin ayn1 magmadan fraksiyonel kristalizasyon ile tiiredigini ortaya
koymaktadir. N-MORB’a normalize oriimcek diyagramlarda bazik dayklar yatay desen
sergiler ve Nb-fakirlesmesi gosterirler.

Kadinhan ilgesinin GD kesiminde ise meta-trakitik lavlar ve iligkili meta-volkaniklastik
sedimentler yer alir. Lavlarin jeokimyasi yitim bileseni igeren bir kaynak alandan kabuksal
gerilme ortaminda olusumu yansitir.

Kadihani meta-trakitlerinden ayrilan zirkonlarin U-Pb izotop analizinden 229+1.3 My
konkordiya yast (MSWD 1.19) elde edilmistir. Ladik dayk kiimesine ait meta-tonalitten
ayiklanan zirkonlarda énemli Pb kaybi bulunmaktadir. Ancak veri seti i¢cinde en konkordan
analizleri kullanilarak meta-tonalitten 221+4.1 My yasi elde edilmistir.

Bu ¢alismada elde edilen bulgular gerek Ladik dayk kiimesinin gerekse Kadinhani meta-
trakitlerinin Ust Triyas sirasinda, Gondwana kuzey kenarimin riftlesmesi sonucu yerlestigini
ortaya koymaktadir.

Anahtar Kelimeler: Afyon Zonu, Dayk Kiimesi, U-Pb zirkon yas tayini, Mavi Sist,
Jeokimya

122



V. JEOKIMYA SEMPOZYUMU 5" GEOCHEMISTRY SYMPOSIUM
23-25 Mayis 2012 23-25 May 2012
Pamukkale Universitesi - Denizli Pamukkale University — Denizli / TURKEY

LATE TRIASSIC CRUSTAL EXTENSION in NW KONYA (AFYON ZONE):
NEW FINDING FROM LA-ICP-MS U-Pb ZIRCON DATING of THE
LADIK DYKE SWARM and THE KADINHANI META-VOLCANICS

Abstract: The exposures of the Afyon Zone, which forms part of the Anatolid-Tauride
platform that underwent high pressure metamorphism during Palaeocene, in the NW Konya
area include magmatic rocks in the form of dykes (Ladik dyke swarm) or lavas and
volcaniclastic sediments (Kadinhant volcanics). These magmatic rocks were previously
considered to be Devonian-Lower Carboniferous-Permian in age. Here, we report the results
of LA-ICP-MS U-Pb zircon dating carried out on a dyke sample (meta-tonalite) from the
Ladik dyke swarm and a lava sample (meta-trachyte) from the Kadinhani volcanics and
discuss the tectonic implications of these new age data.

Silurian-Devonian Bozdag meta-carbonate platform slice above the Carboniferous
melange in the W of Ladik is intruded by dykes of diabase, microgabro and tonalite. The
dykes are mostly parallel to each other, I to 5 m wide and a few km long, forming a NW-SE
trending swarm. The chemical composition of these dykes indicates that they were derived
from the same magma by fractional crystalization. The basic dykes display horizontal
patterns on the N-MORB normalised spidergram and show Nb-depletion.

The meta-trachytic lavas and associated meta-volcaniclastic sediments crop out to the SE
of Kadinhani. Geochemistry of the lavas is compatible with generation from a subduction
influenced source area at an extensional setting.

U-Pb dating of zircons separated from the sample of Kadinhant meta-trachyandesites
yielded a concordia age of 229+1.3 Ma (MSWD 1.19). Significant Pb loss is encountered in
the meta-tonalite of the Ladik dyke swarm. Using the most concordant ages, we obtained
weighted mean age of 221+4.1 Ma from the meta-tonalite.

The data obtained in this study indicate that both the Ladik dyke swarm and the
Kadinhant meta-trachytes were formed during the Late Triassic by rifting of the northern
margin of Gondwana.

Key Words: Afyon Zone, Dyke Swarm, U-Pb Zircon dating, Blueschist, Geochemistry
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IC ISPARTA ACISI KITASAL EKSTANSIYONU ICINDE
TEKTONOMAGMATIK BIR IZLEYiCi OLARAK LAMPROFIRIiK
DAYKLAR

Hakan Cobanl, Semsettin Caran' ve Martin F.J . Flower’
" Siileyman Demirel Universitesi, Jeoloji Miihendisligi BSliimii - Isparta (hakancoban@sdu.edu.tr),
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Ozet: Isparta Acist kitasal ekstansiyonu igerisinde, Neo-tektonik dénemdeki ilk magmatik
cikiglar, Ge¢ Miyosen yaslt minet-tiirii, alkalin karakterli, ultrapotasik lamprofirik dayklarin
yerlesimi ile baslar (Coban, 2005). Lamprofirik dayklar, bol flogopit, klinopiroksen igerikleri
ve hamurda sanidinin egemen oldugu, apatit ve opak minerallerle karakteristiktirler. Yiiksek
oranda, Zr, Ba, Rb ve Sr element icerikleri, metasomatize, kita-alt1 litosferik manto tiirevli
lamprofirik daylarin en tipik Ozelliklerindendir. Bu dayk sistemlerinin yerlesimi ile bolge
jeodinamiginin yakin bir iliskisi vardir. Isparta Agisindaki carpigsma-sonrasi diger volkanik
aktiviteler, Pliyo-Kuvaterner araliginda gozlenmektedir. Bolgede Davraz ve Akdag
ylikselimlerinin yiiksek kodlarinda (1600 m) bulunan Miyosen yashi gen¢ konglomeralar,
herhangi bir volkanik katki icermemektedir. Bu olay, yaklastk Ge¢ Miyosen-Erken
Pliyosende bdlgenin yiikselimini ve Ge¢ Miyosen lamprofirik dayklarin yerlesimini
aciklamaktadir. Bolgesel yiikselim biiyiik olasilikla Kibris yaymin s1g yitimi ile iligkilidir.
Bolgedeki diger volkanik {iriinler (lamproit, sosonitik trakiandezit, absarokit, fonotefritler)
Pliyo-Kuvaterner tektonigi ile iliskili olarak bolgeye yerlesmislerdir. Tiim bu gdzlemler,
lamprofirik dayklarin yerlesiminin, tektonomagmatik bir izleyici olarak, bolgesel yiikselimin
son sathasint ve ekstansiyonel basen olusumlarininda ilk evresini isaretledigini
gostermektedir. Bu sonuglar, Bat1 Anadoluda ¢arpigsma-sonrast donemde gozlenen ilk potasik
magma ¢ikiglarinin tektonomagmatik isaretleri ile (Coban vd., 2012) uyumlu goéziikmektedir.

Anahtar Kelimeler: Lamprofirik dayklar, tectonik izleyici, Isparta A¢isi, GB Tiirkiye
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LAMPROPHYRIC DIKES AS A TECTONOMAGMATIC MARKER in THE
INNER ISPARTA ANGLE CONTINENTAL EXTENSION

Abstract: Igneous activities of Neo-tectonic period in the Inner Isparta Angle continental
extension commence with the emplacement of lamprophyric dikes (Coban, 2005).
Lamprophyre clan rocks are characterized by the presence of abundant phlogopite and
clinopyroxene minerals, in the extent of groundmass sanidine, apatite and opaque minerals.
The enrichments in Zr, Ba, Rb and Sr elements are a typical of lamprophyres derived from a
metasomatised subcontinental lithospheric mantle. The emplacement of these dyke systems
shows a close association with the geodynamic evolution of the region. Other Isparta Angle
post-collisional volcanic activities appeared during Plio-Quaternary time. The presence of
Miocene aged conglomerates without including volcanic fragments on the elevated
topographical locations (1600 m) of uplifted Davraz and Akdag mountains suggest the post-
Miocene (probably Late Miocene- Early Pliocene) uplifting of the region and Late Miocene
emplacement of lamprophyric dikes. The regional uplifting probably occurred as a result of
shallow oceanic subduction of Cyprus arc. The other volcanic products (lamproite,
shoshonitic trachyandesite, absarokite, phonotephrite) emplaced in the region as associated
with the Plio-Quaternary extensional tectonic. Overall observations show that the
emplacement of the lamprophyric dike swarms appears as a tectonomagmatic tracker, for the
last stage of regional uplifting and onset of extensional basin formations. These results are
consistent with the tectonomagmatic signals of first pulses of Western Anatolian post-
collisional potassic magmas (Coban et al., 2012).

Key Words: Lamprophyre dikes, tectonic tracer, Isparta Angle, SW Turkey
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KEBAN ALKALEN KAYACLARI: PETROGRAFIi, MINERAL VE TUM
KAYAC KIMYASI

Sevcan Kiiriim'
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Ozet: Keban alkalen kayaglari, siyenit porfir ve monzonit porfir 6zellikli kayaglardir.
Birbirlerinden bagimsiz, s1g sokulumlu dayk, sill ve dom seklinde ylizeyleyen bu kayagclar,
tipik olarak fanaritik-porfiritik dokuya sahip ve esas olarak K-feldispat, plajiyoklas ve az
oranda amfibol, biyotit, kuvars, granat, piroksen ve opak minerallerden olusmustur.
Kayaclarda aksesuar minerali olarak 6zellikle titanitle beraber zirkon, apatit ve zeolit bulunur.
Degisik yerlesimli tiim bu kayaclarda yogun olarak bulunan ve kayag icerisinde homojen bir
dagilim gosteren ve boyutlar1 0.5-3cm arasinda degisen K-feldispat megakristalleri (Kfm),
mikroskopik olarak ¢ok sayida ve degisik boyutta mafik ve felsik inkliizyonlar igerirler. Bu
inkliizyonlar ¢ogunlukla tasiyici mineralin uzun eksenlerinde, ikiz diizlemleri boyunca bazen
de zonlanmalar arasina dizilmislerdir. Inkliizyonlarin genellikle kfmlerin uzun ekseni boyunca
ve kenar zonlarda bulunmalar1 magma ergiyik oraninin hala yiiksek oldugunu gosterir. Tiim
bu petrografik ozellikler K-feldispat megakristallerinin ¢ok evreli bir kristallesme ve
kristallesme siiresince biiyiimeye devam ettiginin isareti olarak kabul edilir.

Elektron mikroprob analizi (EMPA) yapilan bes Kfm (K-7,-12, -14, -20,-23) 6rneginde,
Kfmlerin boyutuna gore 23-47 arasinda degisen noktada analiz yapilmis ve her bir analiz
noktasinda fotograf ¢ekilmistir. Analiz yapilan Kfmlerdeki travers boyunca 6zellikle kristalin
kenarlarinda K-feldispat ve plajiyoklas inkliizyonlar ile birlikte Ti, Ba, Ca yogunlagsmalar1 ve
ozsekilli rutil, zirkon inklizyonuna rastlanmistir. Plajiyoklas inkliizyonlarindan bazilarinin
kenarlarinda K-feldispat biiyiime yapilar1 gozlenir (Rapakivi texture). Orneklerde, analiz
yapilan elementlere bagli olarak %Or degerlerinin dagilimi, olduk¢a diizensizdir. Ancak
elementlerdeki bu diizensiz dagilim, osilatér zonlanmaya isaret etmektedir. Bazi Kfmlerin
merkez ve merkeze yakin kenarlarinda Or dagilimi %60-69 arasinda degisirken, en dis
kenarlarda ise Or=%068-75 arasindadir. Kfmlerdeki plajiyoklas inkliizyonlar1 oligoklas-
andezin (16<mol % An<34) bilesimlidir.

Yiiksek silika icerikli ve diisiik aliiminyum indeksine sahip bu kayaclarin diger
petrokimyasal 6zellikleri, manto-alt kabuk kdkenli olabilecegine isarettir.

Anahtar Kelimeler: Keban alkalen kayaclari, K-feldispat mega kristal, mineral kimyasi
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KEBAN ALKALINE ROCKS: PETROGRAPHY, MINERAL and WHOLE
ROCK CHEMISTRY

Abstract: Keban alkaline rocks which are composed of syenite and monzonite porphyry.
These rocks crops out as an independent of each other as shallow-seated in the form of dayk,
sill and dome. These rocks typically composed of phaneritic, porphyritic texture are mainly
made up of K-feldispar, plajioklas, and and small amounts of amphibole, biotite, quartz,
piroxene, garnet and opaque minerals. As accessory mineral, there are zircon, apatite, zeolite
together with particular titanite. The K-feldspar mega crystals (Kfm) vary between 0.5 and 3
cm in these rocks are different crops out show a homogenous distribution. These Kfms
contain a lot of mafic and felsic inclusions. These inclusions contained are usually located
along twinning planes and the longer axis of the minerals. The fact that the inclusions are
usually placed along the longer axis of the K-feldspars and their marginal zones, indicates
that the melting ratio of the magma was still high towards the end of the cooling. All of the
petrographic features indicates that the Kfms shows very phase crystallization and continues
the grow during the crystallization.

For the electron microprobe analysis (EMPA) the five Kfm samples (K-7, -12, -14, -20, -
23) were chosen. Depending on the size of the Kfms, the numbers of analyzed points vary
between 23 and 47 and all the analysis points were photographed. In the Kfm samples, along
the analyzed traverse, K-feldspar and plagioclase inclusion, Ti, Ba, Ca concentrations and
euhedral rutile and zircon inclusions were encountered. K-feldspar phenocrystals form
growth structures around plagioclase crystals in some cases and re-growth structures around
K-feldspars in others. In some samples, K-feldspars are jacketed by plagioclases (Rapakivi
texture). The ratio of elements and orthoclase composition of the Kfms are variable. This
irregular distribution of elements indicates the oscillatory zoning. Mineral calculations of
Kfms reveal that in the K-feldspars are of orthoclase composition and the ratio of orthoclase
changes between 60-75%. The plagioclase inclusions found in the Kfms are of oligoclase and
andesine (16<mol % An<34) composition.

High silica content and a low index of aluminum with other petrochemical features of
these rocks, mantle-lower crustal origin may be a sign.

Key Words: Keban alkaline rocks, K-feldspar mega crystal, mineral chemistry
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LOSIT VE PSEUDOLOSIT iICEREN BAZALTLARIN KOKENI VE IC
ANADOLU’DAKI ONEMIi: CICEKDAG, KIRSEHIR, TURKIYE
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Ozet: I¢ Anadolu’nun i¢ kisimlarinda gozlenen alkalen magmatik kayaclar Ge¢ Mesozoyik
carpisma sonrasi magmatizmasinin lriinlerini temsil etmektedirler. Genellikle kuvars siyenit,
siyenit, foid siyenit ve pseudoldsit siyenit bilesiminde I¢ Anadolu’daki metamorfik ve
ofiyolitik birimlere sokulum yapmaktadirlar. Cicekhane Tepesi I¢ Anadolu’daki Yozgat
[li’nin Yerkdy ilcesinin batisindaki ve Alankdy’iin giineybatisindaki biiyiik alkalen volkanik
kiitlelerden birini temsil etmektedir. Kiitle yaklasik olarak elips seklinde Cicekhane Tepe’de
gozlenmektedir. Alkali bazalt ve bazanit bilesiminde I¢ Anadolu’nun ofiyolitik birimlerini
kesmektedir. Cigekhane Tepe alkali bazaltlar1 yesilimsi siyah ve siyah renktedir. Cogunlukla
nefelin, kristalit ve mikrolit matriks igerisinde plajioklaz fenokristalleri ile piroksen, olivin,
16sit, nozayan, pseudoldsit ve opak minerallerden meydana gelmektedir. Tiim kaya jeokimya
verileri Cigcekhane Tepe alkali bazaltlarinin ve bazanitlerinin silikaca doygun olmayan alkalen
kokende oldugunu belirtmektedir. Cogunlukla metaliiminyumlu kayacglarla temsil
edilmektedirler. Tektonik smiflama diyagrami levha ic¢i granit kokenini gostermektedir.
Oriimcek diyagramlarindaki iz elementlerin MORB’a gére normalize edilmis elementel
modelleri LIL ve HFS zenginlesmesiyle ilgili olarak alkalen kokeni isaret etmektedir. Jeoloji,
petrografi ve jeokimyasal veriler Cicekhane Tepe alkalen volkanik kayaglarin silikaca
doygun olmayan iiriinler oldugunu ve Ge¢ Mesozoik ve Erken Senozoik devirlerinde I¢
Anadolu’daki genlesmeye bagli kabuksal incelmeden tiiremis olabilecegini gdstermektedir.

Anahtar Kelimeler: Cigcekhane Tepe, alkali bazalt, bazanit, 16sit, pseudoldsit.
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ORIGIN of LEUCITE and PSEUDOLEUCITE BEARING BASALTS and
THEIR SIGNIFICANCE WITHIN CENTRAL ANATOLIA: CICEKDAG,
KIRSEHIR, TURKEY

Abstract: Alkaline intrusive rocks which crop out at the inner part of Central Anatolia are
products of Late Mesozoic post-collisional magmatism. Generally they are intruded into the
metamorphic and ophiolitic rocks of Central Anatolia in the composition of quartz syenite,
syenite, foid syenite and pseudoleucite syenite. Cicekhane Hill is represented one of bigger
alkaline volkanic body of Yozgat City west of Yerkoy town and southwestern of Alankéy
village in Central Anatolia. The body is typically observed at Cicekhane hill as ellipsoidal in
shape. They are intruded to the ophiolitic units of Central Anatolia in the composition of
alkalen basalt and basanite. Cicekhane Hill alkalen basalts are greenish black and black in
color. They are mainly composed of plagioclase phenocrystal with pyroxene, olivine, leucite,
neosean, pseudoleucite and opaque minerals. Whole rock geochemical data reveal silica
undersaturated alkaline nature of Cicekhane Hill alkalen basalts and basanites. They are
mostly dominated by metaluminous rocks. Tectonic variations diagram suggests Within Plate
Granite nature. The MORB 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 Cicekhane Hill alkaline volcanic
rocks are products of silica undersaturated and may derived from the crustal thinning due to
extension of Central Anatolia during the late period of Mesozoic and early Cenozoic.

Key Words: Cicekhane Hill, alkalen basalt, basanite, leucite, pseudoleucite.
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SAPHANEDAGI LAMPROITI’NIN (BATI ANADOLU) MINERALOJIK
VE JEOKIMYASAL KARAKTERISTIiKLERI

Baris Semizl, Yahya (")zplnarl, Cahit Helvaci’ ve Zeki Billor®
" Pamukkale Universitesi Jeoloji Miihendisligi Boliimii, TR-20070 - Denizli (bsemiz@pau.edu.tr)
¥ Dokuz Eyliil Universitesi Jeoloji Mithendisligi Bliimii, TR-35100, Buca - izmir
* Auburn University, Department of Geology and Geography, Auburn, Alabama 36849-5305 - USA

Ozet: Calisma alani, Bati Anadolu’daki KD-GB uzanimli Neojen havzalardan olan Selendi ve
Usak-Gtire havzalar1 ile D-B uzanimli Kuvaterner yasli Simav Grabeni’nin kesistigi alanin
kuzey kesiminde yer almaktadir. Erken Orta (Langiyen) Miyosen yasli Saphanedagi
Lamproiti baslica mika (flogopit), piroksen (diyopsitik ojit) ve poikitik K-feldispat (sanidin)
fenokristalleri ile apatit, ilmenit ve magnetit gibi aksesuar minerallerinden olusmaktadir. En
onemli mafik minerallerden olan mikalarin Mg’ca zengin (Mg# 70.3-90.1) olduklar1 ve kenar-
merkez Ol¢limleri arasinda belirgin farkliliginin oldugu belirlenmistir. Kenar o6l¢iimleri
sonucunda diisiik MgO (%17.1), yiiksek Fe;Os (%9.9) ve TiO, (%7.4) igerikleri ile Mg’ca
zengin biyotit karakterinde olduklari, merkez 6l¢iimleri sonucunda ise yliksek MgO (%20.2),
ve diisik Fe,Os (%7.5) ve TiO, (%3.9) icerikleri ile flogopit tiirde mikalar olduklari
belirlenmistir.

Saphanedagi Lamproitleri (S10,=%51.69-53.93) Akdeniz tip SiO;’ce zengin lamproitlere
benzerlik gostermektedir. Lamproitlerin  K,O  (%6.34-7.36), MgO (%5.22—6.48) ve
K,0O/Na,O (%2.97-3.50) igerikleri oldukg¢a yiiksek olup alkalin karakterdedir. Petrografi
caligmalarina ilaveten, bu jeokimyasal karakteristikleri kullanarak orneklerinin tipik olarak
lamproitik affiniteli oldugu belirlenmistir. Lamproitler, yiiksek alan enerjili elementler
(YAEE)’e gore biiylik iyon yarigapli elementler (LILE)’de 6nemli 6l¢iide zenginlesmekte ve
Ti, Nb icerikleri agisindan ise tiiketilmektedir. Kondrite gére normalize edilmis nadir toprak
element motiflerinde agir nadir toprak element (ANTE)’lere gore hafif nadir toprak element
(HNTE)’de zenginlesme gostermektedirler. Ayrica lamproitlerde yiiksek *’St/*°Sr oranlari ile
diisiik '*Nd/"**Nd oranlar1 belirlenmistir. Saphanedagi Lamproitlerinin kimyasal ve izotopik
karakteristikleri, lamproitik magmanin tamamen metasomatize olmus mantodan tiiredigini
gostermektedir.

Anahtar Kelimeler: Lamproit, Ultrapotasik, Saphane, Bati Anadolu
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MINERALOGIC and GEOCHEMICAL CHARACTERISTICS of
SAPHANEDAGI LAMPROITE (WESTERN ANATOLIA)

Abstract: The study area is located in the north of the intersection of E—W-trending Plio—
Quaternary Simav Graben and NE-SW-trending Neogene Selendi and Usak-Giire basins in
western Anatolia. Early Middle (Langhian) Miocene aged Saphanedagi Lamproite consist of
mainly mica (phlogopite), pyroxene (diopsitic augite) and poiclitic K-Feldspar (sanidine)
phenocrysts and apatite, ilmenite and magnetite as accessory minerals. Mica, one of the most
mafic minerals, is Mg-rich (Mg# 70.3-90.1) and there is a significant difference between rim-
core measurements. As a result of rim measurements, they are Mg-rich biotite with low MgO
and high Fe;Os (%9.9) and TiO, (%7.4) contents. In the core measurements, they are
phlogopite character with high MgO (%20.2) and low Fe;O3 (%7.5) and TiO, (%3.9)
contents.

Saphanedagi lamproites (Si0,=51.69-53.93 wt.%) are similar to Mediterranean-type
SiOs-rich lamproites. They are relatively high to K;O (6.34—7.36 wt.%), MgO (5.22—6.48
wt.%) and K>O/Na,;O (2.97—3.50 wt.%) contents and alkaline character. In addition to
petrographical investigation, these geochemical characteristics display a typical lamproitic
affinity. Lamproites are enriched in large ion lithophile elements (LILE) relative to high field
strength elements (HFSE) and show depletion in Ti and Nb. Chondrite-normalized rare earth
element patterns exhibit enrichment in light rare earth element (LREE) relative to heavy rare
earth element (HREE). The lamproites have high *’Sr/*°Sr ratios and low " Nd/'"*Nd ratios.
The geochemical and isotopic characteristics of the Saphanedagi Lamproite suggest that
lamproitic magma is derived from highly metasomatized mantle.

Key Words: Lamproite, Ultrapotassic, Saphane, Western Anatolia
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TRABZON-GIRESUN ARASINDAKI TERSIYER ALKALEN
VOLKANITLERININ PETROKIMYASI ve Sr-Nd iZOTOP
JEOKIMYASI, KD TURKIYE

Cem Yiicell, Mehmet Arslanl, irfan Temizel' ve Emel Abdioglul
" Karadeniz Teknik Universitesi Jeoloji Miihendisligi Béliimii, 61080 Trabzon, TURKIYE (cyucel@ktu.edu.tr)

Ozet: Dogu Pontid orojenik kusagi, Jura’dan Kretase’ye kadar Tetis okyanusal kabugunun
yitimi sonucu gelisen iyi korunmus eski bir ada yay1 ortamini temsil etmektedir. Litolojik ve
petrokimyasal veriler 1s181nda, Dogu Pontid Tersiyer Volkanik Provensi (DPTVP) kuzeyde
alkalen ve giineyde kalkalkalen olmak {izere iki alt provense ayrilmistir. Caligilan kuzey zon
alkalen volkanitleri, petrokimyasal olarak hafifce alkalen ve orta—yiiksek-K’lu, orta derecede
alkalen ve sodik-potassik karakterli olmak {izere iki ana gruba ayrilmistir. Ayrica hafifce
alkalen afiniteye sahip grup, basalt, taki-bazalt ve bazaltik traki-andezit (BTB) ve trakit, taki-
andezit (TT) takimlar1 ve orta derecede alkalen afiniteye sahip grup ise bazanit-tefrit (BT)
takimi olmak tizere toplam ii¢ farkl takima ayrilmstir. **Ar-*’Ar yaslandirma metodu ile
BTB ve TT takimlari igin sirastyla 43.2-44.7 My ve 42.4-44.3 My (Orta Eosen- Liitesiyen),
BT takimi i¢in 5.8-6.0 My (Orta Miyosen- Messiniyen) yaslar1 elde edilmistir. Eosen yash
BTB ve TT takimlari izotopik olarak homojen ve dar aralikta degisen (*’Sr/*°Sr); (0.703893-
0.704479) ve ("*Nd/'**Nd); (0.512680-0.512794) oranlarina sahiptirler. Miyosen yashh BT
takimi da dar aralikta degisen (*’St/*°Sr); (0.705178-0.705362) ve (‘**Nd/'**Nd); (0.512666-
0.512689) oranlar1 fakat BTB ve TT takimlarindan daha ytiksek (*’St/**Sr); oranina sahiptir.
Sonu¢ olarak calisilan Tersiyer volkanitlerinin, ¢arpigma sonrasi ekstansiyonel ortamda
olustugu ve yitim akiskanlar1 ile zenginlesen kita alt1 litosferik manto kaynagi ile alt kitasal
kabuk ergiyiklerinin karisimiyla (?) olusan ana magma(lar)dan itibaren tiiredigi
diistiniilmektedir.

Anahtar Kelimeler: Dogu Pontid, alkalen volkanitler, petrokimya, *°Ar-*’Ar yaslandirmasi,
Sr-Nd izotoplar1
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PETROCHEMISTRY and Sr-Nd ISOTOPE GEOCHEMISTRY of THE
TERTIARY ALKALINE VOLCANICS BETWEEN TRABZON and
GIRESUN AREAS, NE TURKEY

Abstract: The eastern Pontide belt (NE Turkey) is a good example for well preserved paleo-
island arc setting formed during subduction of Tethyan oceanic crust from Jurassic to
Cretaceous time. On the light of lithological and petrochemical differences, Eastern Pontide
Tertiary Volcanic Province (EPTVP) was subdivided two into northern alkaline and southern
calc-alkaline one. Petrochemically, the studied northern alkaline volcanics can be separated
as mildly alkaline and moderately alkaline rocks;, medium to high-K and sodic-potassic in
character, respectively. Furthermore, the volcanics were divided into three suites as basalt,
trachy-basalt and basaltic trachy-andesite (BTB) and trachyte and trachy-andesite (TT) suites
mildly alkaline in affinity and basanite-tephrite (BT) suite moderately alkaline in affinity.
4r-¥Ar step-heating dating method yielded 43.2-44.7 Ma and 42.4-44.3 Ma (Middle
Eocene-Lutetian) for the BTB and TT suites, respectively, and 5.8-6.0 Ma (Middle Miocene-
Messinian) for the BT suite. The Eocene aged BTB and TT suites are isotopically homogenous
with limited range of (*’Sr/*°Sr); (0.703893-0.704479) and ("“Nd/'*Nd); (0.512680-
0.512794). The Miocene BT suite is also characterized by limited range of (*'Sr/°Sr);
(0.705178-0.705362) and (" Nd/'**Nd); (0.512666-0.512689) but higher (*’Sr/°Sr); than of
the BTB and TT suites. Conclusively, the studied Tertiary volcanics were probably evolved
from parental magma(s) derived an enriched subcontinental lithospheric mantle source mixed
with lower crustal melts (?) in a post-collisional extensional setting.

Key Words: Eastern Pontide, alkaline volcanics, petrochemistry, 413 Ay dating, Sr-Nd
isotopes
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CIRALI YORESI (ANTALYA, GB TURKIYE) RiFT-ILISKiLI TRiYAS
ALKALIN VOLKANIKLERINDEN OKYANUS-iCi BIR MANTO
SORGUCU ICIN JEOKIMYASAL VE IZOTOPIK BiR KANIT

Semsettin Caran' ve Hakan Coban1
" Siileyman Demirel Universitesi, Jeoloji Miithendisligi Boliimii, Isparta (semsettincaran@sdu.edu.tr),
(hakancoban@sdu.edu.tr)

Ozet: Antalya kompleksinin GB kesiminde, Cirali yoresinde, bazaltik bilesimli volkanik
kayaclar, yastik lav, masif lav, hyaloklastit ve lav bresi seklinde, yaygin olarak yiizeylenirler.
Alt ve st dokanaklarindaki Mesozoik karbonat, radyolarit ve ¢amurtaglar ile stratigrafik
konumlari, Halobia fosilleri igeren kirectaslari ile aratabakali olmalar1 ve iligkili olduklar1
radyolaritlerden elde edilen yas verilerine gére bu volkanikler, dnceki calismalarda Triyas
olarak yaslandirilmigtir. Bazaltik bilesimli volkanikler tipik intergranuler, intersertal, afirik ve
porfirik  bazalt dokusu gosterirler. Modal ylizdeleri plajiyoklazlarda  9%30-40,
klinopiroksenlerde %20-30, olivinlerde %5-10 ve opak minerallerde %35-10 olarak
saptanmustir. Triyas volkanikleri goreceli olarak yiiksek TiO,(1.72-3.9 % Ag.), Cr ve V,
diisik MgO ve Ni degerlerine sahip olup klinopiroksen, Fe-Ti oksit ve olivin
fraksiyonlagmasini isaretlerler. Alkali karakterde olan bu volkanikler bazalt, havait ve
miijearit olarak siniflandirilmiglardir. Ornekler HNTE (Hafif Nadir Toprak Elementler)’ce
zengin olup, zenginlesmis NTE (Nadir Toprak Element) desenleri tipik Okyanusal Yay
Bazaltlarina benzerlik gosterir. Eu anomalisi gostermezler. Nb ve Ta zenginlesmeleri, negativ
Sr ve Pb anomalisi, ANTE (Agir Nadir Toprak Element) ve Y tiiketilmesi, OYB’nin tipik
karakteristigidir. La/Yb - Yb varyasyonu fraksiyonlasma ile birlikte isaretleyici bir kismi
ergimenin kokenlerinde rol oynadigimi gostermektedir. Triyas bazaltlarn tektonik
diskriminasyon diyagramlarinda da tipik kita-i¢i (rift-iliskili) alkalin bazalt karakteri sunarlar.
Triyas volkaniklerinin Sr-Nd-Pb izotopik oranlart sinirli aralik sunar ve zenginlesmis bir
manto kaynagindan g¢esitli derecelerdeki kismi ergimelerle olusumlarin1 isaretler.
Olusumlarinda kabuksal kontaminasyona ait herhangi bir veri goézlenememistir. Benzer
jeokimyasal ve izotopik bilesime sahip olan Triyas yash volkanizmalar, Antalya naplarinin
diger kesimlerinde (Bozcu vd., 2003; Maury vd., 2008) ve Dogu Akdeniz kusaginda, (6rn.,
Kibrista, Lapierre vd., 2007) gozlenmis olup, Ba/Nb ve La/Nb varyasyonlar1 ve Nd'*/'* -
Pp20920 ye pp27M | pp206-204 izotopik bilesimleri HIMU, tiiketilmis MORB ve EM2
(muhtemelen yeniden mantoya girdi yapan denizel sediman) karigimlarinin belirli oranda
katkida bulundugu zenginlesmis bir manto kaynagindan tiiremeyle uyumlu goziikmektedir.
Cirali (Antalya) yoresi Triyas yash plaka-i¢i alkali volkaniklerin petrolojik, mineralojik ve
jeokimyasal 6zellikleri, okyanus-i¢i bir manto sorgucu ile iligkili (plume-related) tektonik bir
ortam i¢inde yerlestiklerini gostermektedir.

Anahtar Kelimeler: Triyas volcanikleri, manto sorgucu, okyanus-igi rift, Antalya, Cirali
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A GEOCHEMICAL and ISOTOPIC EVIDENCE FOR AN INTRA-

OCEANIC MANTLE PLUME FROM RIFT-RELATED TRIASSIC

ALKALINE VOLCANITES in CIRALI DISTRICT (ANTALYA, SW
TURKEY)

Abstract: The volcanic rocks with basaltic composition in Cwali (Antalya) district from
southwestern Antalya complex, SW Turkey commonly outcropped as pillow lavas, massive
lavas, hyaloclastite and lav breccia. On the basis of their stratigraphical relationships with
the Mesozoic carbonates, radiolarites and mudstones from their upper and lower contacts,
intercalated positions with Halobia-bearing limestones, and age determinations from related
radiolarites, these volcanics dated as Triassic from the previous studies. The volcanics with
basaltic compositions show intergranuler, intersertal, aphyric and porphyric texture. Modal
mineralogies comprise 30-40% plagioclase, 20-30% clinopyroxene, 5-10% olivine, and 5-10
% opaque minerals. Triassic volcanics are characterized by high TiO, (1.72-3.9 wt.% ), Cr
and V, and low MgO and Ni contents, indicating the intense clinopyroxene, Fe-Ti oxide, and
lesser olivine fractionation. These volcanics with alkaline affinity are classified as basalt,
hawaite and miigearite. The samples are rich in LREE, and show enriched REE patterns
resembling to that of Ocean Island Basalts. They do not show negative Eu anomaly.
Enrichment in Nb and Ta, negative Sr and Pb anomalies and depletion in HREE and Y are
typical of Ocean Island Basalts. La/Yb — Yb variations suggest that the both fractionation and
partial melting played a significant role on their genesis. Tectonic discrimination diagrams
define these rocks as a typical of intra-plate (rifi-related) alkaline basalts. Sr-Nd-Pb isotopic
compositions of Triassic volcanics show restricted range, and interpreted as formed by
variable degrees of partial melting of an enriched mantle source. There is no evidence for the
role of crustal contamination on their genesis. This type of Triassic volcanism with similar
geochemistry and isotopic compositions also observed in the other parts of the Antalya
nappes (Bozcu et al., 2003; Maury et al., 2008) and in Eastern Mediterranean belt (e.g.,
Cyprus, Lapierre et al., 2007). Ba/Nb and La/Nb variations and Nd'*"'* - Pb"?" and
P70 pp?o-20d isotopic compositions indicate that the enriched mantle components
producing the Triassic volcanics are associated with contributions from different degrees of
DMM, HIMU and EM?2 (probably recycling of pelagic sedimentar) components. Petrological,
mineralogical and geochemical features of Cirali (Antalya) Triassic volcanics demonstrate
that they were emplaced in an intra-oceanic, plume-related tectonic setting.

Key Words: Triassic volcanics, mantle plume, intra-oceanic rifting, Antalya, Cirali
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JEOKIMYASAL CALISMALARA MINERALOJIK VE PETROGRAFIK
ACIDAN ELESTIREL BiR YAKLASIM: EVAPORIT YATAKLARI VE
KAYA TiPLERINDEN ORNEKLER

Cahit Helvaci'
" Dokuz Eyliil Universitesi, Miihendislik Fakiiltesi, Jeoloji Miithendisligi Boliimii, 35160, Buca-izmir
(cahit.helvaci@deu.edu.tr)

Ozet: Jeokimyasal yontem ve analizler, jeolojik verilerle uyumlu bir sekilde kullanilarak pek
cok yerbilimi problemlerini ¢6zmek i¢in temel teskil etmektedir. Burada dnemli olan jeolojik
bir problemin ¢dziimiinde hangi jeokimyasal yontemleri secip kullanacagimizdir.

Kaya¢ ve minerallerin jeokimyasal analizleri, sikca, bizleri jeokimyasal gereksinimlerin
asil hedefine tam anlamiyla ulastirmayabilir. Bu durum 6zellikle, diyajenez gegiren kayag ve
mineraller i¢in gegerlidir. Mineralojik ve petrografik calismalar olmadan, sadece jeokimyasal
analizlerle, birincil, diyajenetik ve otojenik mineral olusumlar1 arasindaki farkin ayirt edilmesi
oldukg¢a zordur. Bu, ayn1 zamanda, silikat ve evaporitik kayaglarda yapilan bir¢ok ¢alisma igin
de gecerlidir. Endiistriyel mineral aramalarinda, dogru sonuglara ulasabilmek icin,
jeokimyasal ve petrografik caligmalarin birlikte kullanilmas1 gerekmektedir. Aksi takdirde,
cogunlukla yanhis sonuclar elde edilebilmektedir. Bu nedenle, jeokimyasal calismalarin,
ayrintili jeolojik ve petrografik ¢aligmalarin ardindan yapilmasi gerekmektedir.

Jeolojik problemlerin cevabini bulmak i¢in ¢ofu zaman, mineralojik, petrografik ve
jeokimyasal yontemler gibi, birkag farkli teknik kullanmaktayiz. Bununla birlikte, bu yontem
veya araclarin uygun ve dogru bir sirada kullanilmasi oldukc¢a 6nemlidir. Aksi takdirde yanlig
ve beklenmedik sonuglar elde ederiz ve ortaya cikan bu sonuglar dogadaki gergegi
yansitmayabilir. Asagida farkli calisma alanlarindan birtakim 6rnekler verilmektedir.

Borat yataklarinda, bir¢cok borat minerali ¢okelme veya diyajenez siiresince birincil
olarak olugmaktadir ve ayni zamanda gomiilmeden sonra birtakim mineral doniistimleri
gerceklesmektedir. Kolemanit ve iileksit arasindaki karsilikli donlisiim siiregleri sinirh
olmasina karsin, kolemanit tarafindan iileksitin ornatimi siklikla gozlenmektedir ve bu da
sadece petrografik incelemelerle saptanabilmektedir. Bazi durumlarda ise ayni zamanda
birincil inyoit bulunabilmekte, bu da mikroskop altinda pseudomorflar seklinde
goriilebilmektedir.

Ana borat mineralleri (boraks, iileksit ve kolemanit) arasindaki bor izotop degisimleri
timilyle, bu minerallerdeki bor atomunun diizenlenmesi ile uyumludur. Bor izotop
modellemeleri, yatak i¢cinde ve yataklar arasindaki bazi mineralojik degisimlerin, boratlar
olusturan ilksel tuzlu gollerin pH degerindeki degisimlerden kaynaklandigina isaret
etmektedir. Ornegin, kolemanit ve iileksit, boraks1 olusturan eriyiklere gore daha diisiik pH
degerine sahip eriyiklerden ¢Okelmektedir. Bu nedenle, boratlarin depolanma modelleri,
sadece mineralojik ve petrografik ¢alismalar yardimiyla ¢oziilebilmektedir.

Gomiilme stiresince, birincil jips yataklar1 anhidrite doniismektedir. Ayn1 zamanda, buna
benzer siirecler, bazi yataklarda anhidrit tarafindan pandermitin kismi ornatimina da neden
olmaktadir. Bu sekilde borat, kalsiyum siilfat olusumunun diyajenetik dongiisii i¢inde arada
gelisebilmektedir. Birimlerin yilizeylemesi sonucu, anhidritin rehidrasyonu ile ikincil jipslerin
olusumu, bir¢ok evaporit yataginda olagan olarak ortaya ¢ikmaktadir.

Na-siilfat, Acigol, Bolluk ve Tersakan golleri gibi giincel olusumlarda ve Cayirhan-
Beypazar1 (Ankara) Na-siilfat madeni gibi fosil yataklarda isletilmektedir. Miyosen Kirmir
Formasyonu i¢indeki Na-siilfat yatagi, Ca-siilfat (jips ve anhidrit) ve Na-stilfat (globerit ve
tenardit) minerallerinden olugmaktadir. Na-stilfat litofasiyesi, 6zsekilli globerit mineralleri ve
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buna eslik eden tenardit minerallerini icermektedir. Yiizeye yakin veya yiizeyde gozlenen
globerit mineralleri ikincil jipse ddniismektedir. ikincil jips, globeritten ornatim siireclerini
karakterize eden, oldukca tipik kristalin bir doku sunmaktadir. Na-siilfat minerallerinden
sonra benzer ikincil jips dokulari, Cankiri-Corum havzasindaki Bozkir Formasyonu icinde de
gozlenmektedir. ikincil jipslere ait bu 6zel kristalin dokular, diger jips yataklarinda yaygin
degildir. Yiizey alterasyon zonlarindan alinan Orneklerin kimyasal analizlerinde, Na-siilfat
yatagl %1 den daha az, olduk¢a diisiik Na,O degerleri sunmaktadir. Bunun disinda, ayni
zonlardan alinan 6rneklerin XRD analizlerinde ise, Na-siilfat mineralleri saptanamamaktadir.
Yagmur, ylizey ve nehir sulari, Na-siilfat yataklarindan Na elementini yikamaktadir. Bu da,
ylizeyden alinan Orneklerdeki Na-siilfat minerallerinin, kimyasal ve XRD analizleri ile
saptanmasini imkansiz hale getirmektedir. Na-siilfat minerallerinin alterasyonu ile olusan
ikincil jipslere ait 6zel dokular, karmasik jeolojik oOzelliklerin mevcut olmasma karsin,
petrografik ¢aligmalarla kolaylikla saptanabilmektedir.

Benzer sekilde, temel jeolojik uygulamalar1 dikkate almadan, sadece jeokimyasal verileri
tek basma kullanirsak, bircok sedimenter, volkanik, diyajenetik ve metamorfik kayagclarla
ilgili calismalarda, yanlis yorumlamalardan kaynaklanan problemlerle kars1 karsiya
kalabiliriz. Dogru sonuglarin elde edilmesi i¢in, belirli kaya¢ ve mineraller (bazi sedimenter
kirintili kayaglar, volkaniklastik kayaclar, metasomatik metamorfik kayaglar; cogu altere
olmus, metasomatizmaya ugramis ve diyajenetik kaya¢ ve mineraller gibi) iizerine yapilan
jeokimyasal ¢alismalarin, mineralojik-petrografik calismalarla birlikte  ylriitiilmesi
gerekmektedir, aksi takdirde elde edilen sonuglar giivenilir olmayacaktir. Bunun yaninda
volkanik ve piroklastik kayaglarin kokeninin belirlenmesinde, TAS, Harker ve Spider
diyagramlar1 kullanilirken, stratigrafi, petrografi ve alterasyonlara ¢ok dikkat edilmesi
gerekmektedir. Bu olmadigi takdirde, giivenilir olmayan sonuglarin elde edilmesi kaginilmaz
olacaktir. Tiim bu siireclerin, arazide 6rnekleme ile basladig1 unutulmamalidir.

Sonug olarak, tam bir arazi ¢alismasi, mineraloji ve petrografik calisma olmaksizin,
sadece jeokimyasal analizlerle, kaya¢ ve minerallerin kokenlerinin ortaya konmasit miimkiin
degildir.

Anahtar Kelimeler: Bor, Evaporit, Jeokimya
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A CRITICAL APPROCH TO GEOCHEMICAL STUDIES BY
MINERALOGIC and PETROGRAPHIC POINT of VIEW: CASE STUDIES
FROM EVAPORIT DEPOSITS and ROCK TYPES

Abstract: Geochemical methods and analyses are essential for solving of many earthscience
problems as long as they are used coordinally with other geologic data. It is also very
important to know that how to choose and handle geolochemical methods and data when
solving a geological problem concerned.

Geochemical analyses of roks and minerels do not often answer the actual position of the
geochemical requirments, especially in the case of diagenetic rocks and minerals which have
undergone of diagenetic transformations. It is often difficult to distinguish the difference
between primary, diagenetic and authogenic mineral formations by only geochemical
analyses without mineralogic-petrographic studies. This also applays to many studies of
silicates and evaporitic minerals etc. Both geochemical and petrographic studies must be
used during industrial mineral explorations in order to get correct results. Otherwise, often
incorrect results can be obtained. Thus, it is vitally important that the geochemical works
must follow after the detailed geological and petrographic studies.

In order to find the answers to geological problems we often use number of different
technics, such as mineralogic, petrographic and geochemical methods. However, it is vitally
important to use these methods or tools in a proper correct progressive order, otherwise, we
often get wrong and unexpected results, and the conclusions obtained may not reflect the
reality in the nature. There are some examples from different field of studies below.

In borate deposits, many borate minerals form as primary during deposition or during
diagenesis, and there are also several mineral transformations after burial. Although, mutual
transformation processes between colemanite and ulexite are limited, but some replacements
of ulexite by colemanite are often observed by using only petrographic macroscopy, and in
some cases primary inyoite borate precursor also exists and it is only visible as
pseudomorphos under the microscope.

Overall, the boron isotope variations between the major borates ( borax, ulexite and
colemanite) are consistent with the co-ordination of the boron atom in these minerals. Boron
isotope modelling indicates that some of the change in mineralogy within and between
deposits is due to changes in the pH of the original brines which formed the borates, with
colemanite and ulexite being precipitated from lower pH solutions than borax. Thus, the final
depositional model of borates can only be solved by the aid of mineralogic and petrographic
studies. During burrial, the primary gypsum deposit was transformed into anhydrite and such
a process also resulted in a partial replacement of pandermite by by anhydrite in some
deposits. Thus, the borate growth intercalated in the diagenetic cycle of this calcium sulphate
formation. In recent exhumation, a final rehydration of anhydrite into secondary gypsum has
occured in many of the evaporite deposits.

Na- sulphate mining is under operation in some recent biter lakes from Acigél, Bolluk
and Tersakan lakes, and the fossil beds of Cayirhan-Beypazari( Ankara)Na-sulphate mine in
Turkey. Na-sulphate deposit in Miocene Kirmir Formation consists of Ca-sulphate (gypsum
and anhydrite) and Na-sulphate minerals (glauberite and thenardite). Na-sulphate lithofacies
has euhedral glauberite minerals and associated thenardite minerals. On the surface or near
to surface, glauberite minerals transform to the secondary gypsum. This secondary gypsum
shows very typical crystalline texture that characterizes replacement process from glauberite
to secondary gypsum. Similar secondary gypsum textures after Na-sulphate minerals can be
seen within the Bozkir Formation in the Cankiri-Corum Basin. Main crystalline textures of
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this secondary gypsum are not common in any other gypsum deposits. Chemical analyses of
the samples taken from surface alteration zones, Na-sulphate deposit shows very low Na2O
percentages and less than %1. Moreover, XRD analysis of the samples from the same zones,
Na- sulphate minerals could not be detected. Rain, ground and river waters have leached Na
element from Na-sulphate deposits. This makes impossible to detect Na-sulphate minerals in
those samples collected from the surface by chemical and XRD analysis. Special textures of
secondary gypsum formed by alteration of Na-sulphate minerals can be detected by
petrographical studies, although complex geological features are present.

Similarly, we can face to common problems of wrong interpretatoins in many of those
sedimantery, volcanic, diagenetic and metamorphic rocks, if we do use only geochemical data
alone without considering the main geological applications. Geochemical works on spesific
rocks and minerals (such as some sedimentary clastic rocks, volcaniclastic rocks,
metasomatic metamorphic rocks, many of those altered, metasotized and diagenetic rocks and
minerals) must be combined with mineralogic- petrographic studies in order to get correct
results, otherwise the obtained results will be unreliable. It must be paid a special attention
to stratigraphy, petrography, alterations and sources of those volcanic and pryroclastic rocks
in the case of TAS, Harker and Spider etc. diagrams are used, otherwise the results will not
be reliable. One can not forget that all this prossess will start with sampling in the field.

As a result, it is not possible to get a complete history and genesis of the rocks and
minerals by only geochemical analyses without having complete field geology, mineralogy
and petrographic studies.

Key Words: Bor, Evaporite, Geochemistry
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TEMPERATURE and PRECIPIATION VARIATIONS in THE MID-
HOLOCENE BASED on COMBINED EVALUATION of STABLE
ISOTOPE COMPOSITIONS of SPELEOTHEMS and FRESHWATER
BIVALVE SHELLS in HUNGARY

Attila Demeny’
" Institute for Geological and Geochemical Research, Research Centre for Astronomy and Earth Sciences,
Hungarian Academy of Sciences, H-1112 Budapest (demeny@geochem.hu)

Abstract: Hundreds of studies have demonstrated that climate signals may be preserved in
speleothems, although local effects frequently obscure signs of regional or global processes.
Beside the influences of local factors that produce differences even among stalagmites of the
same location, the interpretation of isotope records is hampered by the complex interplay of
temperature and water composition variations sometimes acting in opposite directions. For
more reliable interpretation speleothem data should be compared with independent results.
This paper presents stable C and O isotope data from stalagmites from two caves in Central
Hungary and from freshwater bivalve shells collected from lacustrine (W-Hungary) and
fluvial (E-Hungary) sediments. The studied stalagmites and sediments were dated by Th/U
series and '*C age dating methods, respectively, showing an overlapping period of 10 to 4 ky
BP. The isotope records show both correlations and anticorrelations in certain time periods.
The reason for the differences can be found in the growing period of the studied carbonate
(stalagmite: varying, but entire year, bivalve shell: warm seasons above ~13 °C), temperature
differences and variations in water origin and evolution. The stable isotope data from these
independent records will be interpreted as a result of complex interplay of these variables and
the variations will be compared with meteorological processes in the North Atlantic realm.

Key Words: Stalagmite, bivalve shell, stable isotope compositions, fluid inclusion, North
Atlantic Oscillation
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GEOTHERMAL EXPLORATION WITH FLUID GEOCHEMICAL TOOLS
in YEMEN: 2001-2010

Angelo Minissale'
! CNR-National Research Council of Italy, Institute of Geosciences and Earth Resources (IGG). Via La Pira 4,
50121 Florence, Italy

Abstract: In 2001 and 2002 a geochemical survey on all thermal emergences in Yemen
including: thermal springs, fumaroles, gas vents was carried out on a country scale. By using
main chemical and isotopic components in water and gas phase, among which *He/'He ratios
the most promising area for further geothermal investigations was selected in the Dhamar
area some 200 km south of the capital Sana’a. In this area in 2006-2008 a detailed
geochemical survey was carried out in the shallow aquifer hosted in volcanic pyroclastics and
lavas, which made it possible to clearly delimitate enclosed thermal anomaly and paralled
closed chemical anomalies. Calculations on the thermal gradient based on the measured
temperature in the investigated wells suggested several areas of likely rising fluids from depth
where temperature at 1000 m should be more than 120-130 °C, up to 250 °C. A deep well will
be drilled in 2012 with funds derived by the UN Environmental Program after a GEF (Global
Environmental Facilities) prepared by the author in 2006 and finally signed in 2010.

Key Words: Yemen, geochemical prospecting, themal anomalies
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NEOJEN YASLI DENIZEL ALIBONCA FORMASYONU VE
YAMADAG VOLKANITLERI’NE AiT GOLSEL SEDIMANLARIN KIiL
MINERALOJISi VE JEOKIMYASI, ARAPGIR GUNEYDOGUSU
(MALATYA)

Dicle Bal Akkoca' ve Zeynep Baytasoglu1
" Firat Universitesi, Jeoloji Miihendisligi Boliimii, Elazig, (dbal@firat.edu.tr)

Ozet: Bu calismada Arapgir (Malatya) giineydogusunda yer alan Eski Arapgir ve Dibekli
koyleri civarinda Yamadag volkanizmasindan malzeme almis olan denizel Alibonca
Formasyonu’nun alt seviyeleri (Akk), {ist seviyeleri (Alt) ve Yamadag Volkanitleri’ne ait gol
cokellerinden (Mlt) 6rnekleme yapilmis, ¢okellerin mineraloji ve jeokimyasi belirlenerek her
iki birim mineralojik ve jeokimyasal yonden karsilastirilmisgtir.

Alibonca Formasyonu si1g deniz ortaminda ¢Okelmis olan killi karbonatli kayaglar ve
altere tiifler ile temsil edilmektedir. Birimle yanal-diisey gecisli gol ortaminda ¢okelmis
Yamadag Volkanitleri sedimanlari ise altta kalin bir tiif seviyesi ile baslayip, organik maddece
zengin tiiflii killi karbonath kayaglarla ardalanmali bazaltik bilesimli lav akintilar1 ve en iist
seviyelerde ¢ortlii kirectaslar ile son bulmaktadir. Tiim kayac ortalamalari1 esas alindiginda
Akk orneklerinde sirasiyla kalsit, kil, feldispat, kuvars, dolomit, opal, Alt ve Mlt 6rneklerinde
feldispat, kil, kalsit, opal, dolomit, kuvars mevcuttur. Golsel ¢okellerin organik maddece
zengin seviyelerinde de az oranda pirit gozlenmistir. Kil fraksiyonunda egemen kil minerali
smektit olup, bunu paligorskit, S-C ve illit izlemektedir. SEM incelemelerinde otijenik
smektit ve paligorskite rastlanilmistir. AI-Ti, Al-Na, Fe-Co, Fe-Ti, Mg-K, Ca-NTE, Sr ile Mg,
Al- Na, Na-Si-Al, Al-Ca, Ba-K, Cu-Co, Zn-Ca, Zn-Fe, Mg, Ni, Co-Cu-Pb-Zn, Fe-Co, Sr-Na,
Zr-Ti elementleri aralarindaki korelasyonlar bazik detritik katkisi, siilfid fazi, silikat-karbonat
faz1 ayriligini orataya koymustur. Cr/Th ve Sc/Th bazalt seviyelerine yakin alinan 6rneklerde
belirgin miktarda yiliksek ¢cikmistir. Her {i¢ kaya¢ grubunda toplam NTE’nin benzer olmasi,
Alibonca Formasyonu ile Yamadag Volkanitleri sedimanlarina ait 6rneklerdeki benzerligi,
Alibonca Formasyonu’nun Neojen volkanizmasindan malzeme aldigin1 yani volkanizma
yasinin Alt Miyosen’ de baslama olasiliginin yiiksek oldugunu gosteren bir veridir. Bununla
birlikte ayn1 alandan alinmasina ragmen alterasyona ugramamis volkanik kayaclar ile deniz,
g0l ortaminda altere olmus killi karbonatl kayaclarin farkli jeokimyaya sahip oldugu ortaya
cikarilmstir.

Anahtar Kelimeler: Yamadag Volkanitleri, Alibonca Formasyonu, Smektit, Paligorskit,
Siilfid fazi.
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CLAY MINERALOGY and GEOCHEMISTRY of NEOGENE MARINE
ALIBONCA FORMATION and LACUSTRINE SEDIMENTARY UNIT of
YAMADAG VOLCANICS, SOUTHEAST of ARAPGIR (MALATYA)

Abstract: In this study, samples from lower and upper levels of marine Alibonca Formation
(Akk and Alt samples), lacustrine sedimets of Yamadag Volcanics (Mlt samples), which taken
material from Yamadag Volcanism, were sampled at the southeastern of Arapgir (Malatya)
around the town of Eski Arapgir and Dibekli. Mineralogical and geochemical properties of
samples were investigated.

Alibonca Formation is represented by shallow marine clayey carbonates and altered
tuffs. Lacustrine sediments of YamadagVolcanics start with thick tuff levels at the bottom, and
continue with basaltic lavas which are intercalated with organic rich clayey carbonated
rocks, and abuts againts the cherty limestones. Akk samples have calcite, clay, feldispar,
quartz, dolomite, opal, and Alt and Mlt samples have feldispar, clay, calcite, opal, dolomite,
quartz with the respectively. Pryte is shown at the organic rich levels. The dominant clay
mineral is smectite, and paligorskite, S-C and illite are also shown. Correlations between Al-
Ti, Al-Na, Fe-Co, Fe-Ti, Mg-K, Ca-NTE, Sr ile Mg, Al- Na, Na-Si-Al, Al-Ca, Ba-K, Cu-Co,
Zn-Ca, Zn-Fe, Mg, Ni, Co-Cu-Pb- Zn, Fe-Co, Sr-Na, Zr-Ti elements show the contribution of
basic detritics, sulphide phase, and discrimination of silicate-carbonate phases. Cr/Th and
Sc/Th ratios are distinctive higher at the near levels of basalt. Total REE are similar at the
three rock groups, show that Alibonca Formation and sediments of Yamadag Volcanic are
similar, and Alibonca Formation took material from Neogene Volcanism. This suggest
volcanic activity started in Lower Miocene. And however, althougt fresh volcanic rocks and
marine-lacustrine altered volcano-sedimentary rocks are at the same area, they have different
geochemistry.

Key Words: Yamadag Volcanics, Alibonca Formation, Smectite, Paligorskite, Sulphide phase.
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ILLINOIS BASENI VE ILLINOIS-KENTUCKY FLUORIT BOLGESI
ALT CHESTERIYAN KiRECTASLARININ
OKSIJEN VE KARBON iZOTOP DEGISIMLERI

F. Brett Denny', Liliana Lefticariu’, Jared T. Freiburg®, Tamer Rlzaoglu4 ve Yusuf

Uras®
"ISGS, Prairie Research Institute-University of Illinois, Carterville-IL 62918-USA (fdenny@jillinois.edu)
* Department of Geology, Southern Illinois University Carbondale, Carbondale,IL 62901-USA
(lefticar@siu.edu)
3 ISGS, Prairie Research Institute-University of Illinois, Champaign, IL 61820-USA (freiburg@illinois.edu)
* K.S.U,Jeoloji Miihendisligi Boliimii,Kahramanmaras, TR 46100-TURKIYE
(tamer@ksu.edu.tr),(yuras@ksu.edu.tr)

Ozet: The Illinois-Kentucky Fluorit Bélgesi (IKFD) Amerika Birlesik Devletlerinde 175 yili
askin bir siireden beri verimli bir mineral bolgesidir. Misssipi Vadisi Tipi (MVT) olarak
siniflandirilan bu yataktan Fluorit, sfalerit, barit ve galen elde edilmektedir. Onceki calismalar
Missisipi tipi yataklarda yatay yonde yankayag olan kirectagindan cevher katmanina dogru
oksijen ve karbon izotoplarinin diistiigiinii gostermektedir. Bu c¢alisma Cave-in-Rock alt
bolgesinde 06zel minerallesmis stratigrafik katmanlarla cevherlesme alanindaki aym
stratigrafik katmanlar1 kateden kuyulardan c¢ikarilmis Orneklerin karbon ve oksijen
izotoplarinin karsilastirilmasina dayanmaktadir. Bu ¢alisma Illinois State Geological Survey
(ABD), Southern Illinois University (ABD), ve Kahramanmaras Sitcii Imam Universitesi
(TURKIYE) tarafindan yiiriitiilmektedir. Birincisi Cave-in-Rock alt bolgesinin giiney
boliimiinde cevher tabakasi (Alt Chesteriyan dan Ust Valmeyerana) boyunca siirekli bir
cekirdek ve ikincisi ise Illinois Kentucky Fluorit Yataginin yaklasik 20 mil batisinda ayni
tabakalarda sondaj yapilmistir. Her kuyunun detayli stratigrafisini tanimlamak {izere
cekirdegin detayli loglamasi devam etmektedir. Cave-in-Rock alt bolgesindeki damarlardan
ilksel karbon ve oksijen izotop analizi i¢in cevherlesme evresi kalsitlerin 6rneklenmesinde
normal 151k ve katodoliimiinesans mikroskopisi kullanilmistir. Oksijen ve karbon izotop
analizi icin 26 adet cevherlesme evresi damar kalsit ve kiregtasi yankayaci 6rnegi analiz
edilmistir. '*O (SMOW) degerleri 16.9 ile 30.24 arasinda ve'’C (VDPD) degerleri -8.54 ile
4.18 arasinda degismektedir. Bu sonuglar; Illinois Kentucky Fluorit Yatagindaki cevheri
olusturan sivilarinin kdkenini tahmin etmek ve gelecekteki cevher arastirma ¢abasi igin bir
arastirma araci gelistirmek tlizere kiregtasi ¢ekirdegin izotop oranlar ile karsilastirilacaktir.

Anahtar Kelimeler: Fluorit, Karbon izotopu, Missisipi Vadisi Tipi Yatak, IKFD
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OXYGEN and CARBON ISOTOPIC VARIATIONS of LOWER
CHESTERIAN LIMESTONES of THE ILLINOIS BASIN and THE
ILLINOIS-KENTUCKY FLUORITE DISTRICT

Abstract: The Illinois-Kentucky Fluorite District (IKFD), USA has been a productive mineral
district for over 175 years. Fluorite, sphalerite, barite, and galena have been recovered from
ore deposits, which have been classified as Mississippi Valley-type (MVT) deposits. Previous
studies have shown the oxygen and carbon isotope values decrease toward the ore horizon
within MV'T limestone host rocks in a horizontal direction. This study will focus on the carbon
and oxygen isotopes at specific mineralized stratigraphic horizons with the Cave-in-Rock
Sub-District as compared to the identical stratigraphic horizons well out of the mineralized
area. The study is being conducted by the lllinois State Geological Survey (USA), Southern
Hllinois University (USA), and Kahramanmaras Siit¢ii Imam University (TURKEY). A
continuous core has been drilled through the ore horizon (Lower Chesterian into the Upper
Valmeyeran Series) in the southern portion of the Cave-in-Rock Sub-District and a second
core was drilled through the same strata approximately 20 miles west of the IKFD. Detailed
logging of the core is on-going to determine the stratigraphy of each well. Plane-light and
cathodoluminescence microscopy have been used to sample ore-stage calcite from vein
material within the Cave-in-Rock Sub-District for preliminary oxygen and carbon isotopes.
Twenty-six samples of ore-stage vein calcite and limestone host rock have been analyzed for
oxygen and carbon isotopes. The 'O (SMOW) values ranged from 16.9 to 30.24 and C
(VDPD) values ranged from -8.54 to 4.18. These results will be compared to the isotopic
ratios from the limestone core to speculate on the origin of the ores fluids, and to develop an
exploration tool for future exploration efforts within the IKFD.

Key Words: Fluorite, Carbon Isotope, Missisipi Valley Type Deposits, IKFD

145



V. JEOKIMYA SEMPOZYUMU 5" GEOCHEMISTRY SYMPOSIUM
23-25 Mayis 2012 23-25 May 2012
Pamukkale Universitesi - Denizli Pamukkale University — Denizli / TURKEY

ERKEN-ORTA JURA YASLI KUMTASI VE SEYLLERIN
JEOKIMYASAL OZELLIKLERI VE KAYNAK ALAN
KARAKTERISTIKLERI, GUMUSHANE-BAYBURT, KD TURKIYE

Remziye Akdogan"?, Mehmet Turan’ ve Abdurrahman Dokuz’
" {stanbul Teknik Universitesi, Fen Bilimleri Enstitiisii, Jeoloji Miihendisligi Boliimii, 34469, Istanbul, Tiirkiye
(remziyeak@gmail.com)
% Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Boliimii, 61080, Trabzon, Tiirkiye
(mturan@ktu.edu.tr)
3 Giimiishane Universitesi, Jeoloji Mithendisligi Boliimii, 29000, Giimiishane, Tiirkiye
(dokuzabdurrahman@gmail.com)

Ozet: Dogu Pontidler de Mesozoyik havzasini dolduran ¢okeller Mesozoyik boyunca kaynak
alan durumunda kalmaya devam eden Hersiniyen alanlardan gelmis olmalidir. Bu nedenle
Dogu Karadeniz Erken-Orta Jura kirintililari, Jura 6ncesi yash temelin asindirilan kismina ait
litolojiler hakkinda bilgi verebilecek kayaclar durumundadir. Ancak, bir miktar malzemenin
Erken Jura’da aktif olan bazik yay volkanizmasindan gelme ihtimali dikkate alinmas1 gereken
bir durumdur.

Bu kapsamda, Giimiishane yoresinde iki ve Bayburt’da bir adet olmak iizere toplam {i¢
adet Erken-Orta Jura istifi 6zellikle kumtas1 ve seyl gibi kaynak alan karakteristiklerini iyi
yansitan kirmtilt kayaclar acgisindan incelenmistir. Petrografik incelemeler bazik volkanik
kayag pargalart ile piroksen ve amfibol gibi ferromagnezyen minerallerin ¢okelme ile es yasl
(Erken Jura) bazik yay volkanizmasindan kaynaklanabilecegini ortaya koymaktadir. Kuvars,
feldspat ve feslik kayac pargasi gibi diger bilesenler ise Erken Jura boyunca kaynak alan
durumundaki Paleozoyik temel kayaclarina isaret etmektedir.

Kumtasi1 ve seyllerin tiim-kayac¢ ana ve iz element icerikleri petrografik gozlemler ile
uyumludur. Kirintili kayaglarda mafik bilesenlerin bulunma oranini temsil eden Sc, Cr ve Co
gibi gecis elementleri ile Sr ve Th gibi feslik bilesenlerin oranini temsil eden litofil elementler
genis dagilim araliklart sunmaktadirlar. Bu durum, kaynak alanda litolojik agidan mafikten
felsige kadar oldukca genis bir bilesimsel degisim araligi sunan kayaglarin varligina isaret
etmektedir. Ancak Erken-Orta Jura boyunca g¢alisilan bolgede yitim karakterli bazik yay
volkanizmasinin varligr bilinmektedir. Bu durumda felsik bilesenlerin kaynak alan
durumundaki Paleozoyik temelden, mafik bilesenlerin ise Onemli oranlarda Erken Jura
volkanizmasindan kaynaklanmasi s6z konusudur. Kayaglarin tektonik ortam diyagramlarinda
0zel bir tektonik ortamda toplanmamasi, ada yayi, aktif kitasal kenar ve pasif kenar gibi genis
bir aralik sunmalar1 bu durumun bir yansimasi olarak diisliniilmektedir.

Anahtar Kelimeler: Erken-Orta Jura kirintili kayaglari, Jeokimya, Kaynak Alan, Tektonik
Ortam, KD Tiirkiye

146



V. JEOKIMYA SEMPOZYUMU 5" GEOCHEMISTRY SYMPOSIUM
23-25 Mayis 2012 23-25 May 2012
Pamukkale Universitesi - Denizli Pamukkale University — Denizli / TURKEY

GEOCHEMICAL PROPERTIES and PROVENANCE CHARACTERISTICS
of THE EARLY-MIDDLE JURASSIC SANDSTONE and SHALES, NE
TURKEY

Abstract: The sediments deposited in the Mesozoic basins of the Eastern Pontides should
have been derived from Hercynian basement which continued to remain as provenance
throughout the Mesozoic. Therefore, Early Jurassic clastic rocks can supply significant
information on the lithological components of eroded portions of the basement. However, the
case should be taken to account that certain amount of material would have been transferred
from Early Jurassic basic arc volcanism into the basin.

Within this context, totally there stratigraphic successions, which one is from the Bayburt
and other two are from the Giimiishane, were investigated in terms of their sandstones and
shales, which are thought to reflect well the source area characteristics. Petrographical
observations suggest that basic volcanic rock fragments as well as pyroxene and amphibole
clasts could have been moved to the basin from syncronous basic arc volcanism. Others, such
as quartz, feldspar and felsic rock fragments, point to the Paleozoic basement which
continued to remain as provenance throughout the Early Jurassic.

Whole-rock major and trace element contents of the sandstones and shales are consistent
with the petrographical observations. Transition elements, such as Sc, Cr and Co, which
represent the proportions of mafic components in the clastic rocks and lithophyle elements,
such as Th and U, which measure the proportion of felsic component display large
distribution intervals in these rock. This situation also points out that the rocks in the source
area display a wide compositional spectrum varying from mafic to felsic. However, in the
region studied was the subduction related basic volcanism known throughout the Early to
Middle Jurassic. In this case, there is a possibility that felsic components were derived from
Paleozoic basement, whereas much of the mafic component was moved into the basin from
Early Jurassic basic arc volcanism. In the tectonic discrimination diagrams, the rocks define
more than one setting, e.g., island arc, active continental margin and passive margin, which
is thought to be a result of above described situation.

Key Words: Early-Middle Jurassic Clastic Rocks, Geochemistry, Provenance, Tectonic
Setting, NE Turkey
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DOGU ANADOLU FAY SISTEMi UZERINDEKiI TRAVERTEN
OLUSUMLARININ KARSILASTIRMALI JEOKIMYASI

Mehmet (")zkull, Serap Colak 2, Ercan Aksoy 2, Sandor Kele®
" Pamukkale Universitesi Mithendislik Fakiiltesi Jeoloji Miihendisligi Béliimii, 20070 Kinikli kampiisii, Denizli
(mozkul@pau.edu.tr)
*Firat Universitesi Mithendislik Fakiiltesi Jeoloji Miihendisligi Boliimii, 23119 Elazig
*Institute for Geological and Geochemical Research, Research Centre for Astronomy and Earth Sciences,
Hungarian Academy of Sciences, H-1112 Budapest, Budaorsi u 45

Ozet: Sol yanal dogrultu atimli Dogu Anadolu fay Sistemi’nin dogu kesiminde, Elazig-
Bingol yorelerinde, degisik segmentler iizerinde Kuvaterner donemine ait traverten (ve tufa)
olusumlar1 gozlenmektedir. Traverten olusumlari, tercihli olarak dogrultu atimli rejim iginde
ortaya ¢ikmis genislemeli alanlarda yer almaktadirlar. Bu traverten olusumlarindan 318.000
yil ile 301 y1l arasinda degisen U-Th yaglar1 elde edilmistir.

Bu caligmada, farkli segmentler iizerinde yer alan travertenler jeokimyasal olarak
karsilastirlmistir. 8'°C izotop degerleri +11.2 ile -11.0 (%o PDP) arasinda, 8'°0 izotop
degerleri ise -6.3 ile -18.6 (%o PDP) arasinda degisir. En yiiksek 8"°C degerleri, Goyniik-
Karliova segmenti tizerindeki Elmali’da +11.2%o, Hacilar’da +6.1%o, Sivrice fayi tizerindeki
Kiligkaya’da +6.7%o’dir. Elmali ve Kiligkaya’daki degerlerinin yiiksek olmasi, yamag asagi
akis swrasmndaki "’C  zenginlesmesiden kaynaklanmistir. Kaf sahasindaki damar tipi
travertenlerin 8'°C degeri [+3.7%0 — (-2.3%0)] ve (-11.0%0 ve -5.1%0) olmak {izere iki farkl
grupta toplanmuslardir. Ik grup damarlar, pozitif '°C degerlerine gére hidrotermal kokeni
isaret ederken, negatif degerlerle temsil edilen ikinci grup damarlar, catlaklara siiziilen ylizey
sularinin (meteoric) iiriinleridir. Ikinci grup damarlar, magaralardaki akmatas ya da sarkit-
dikitlerle benzer izotopik 6zellikler sunarlar.

Element bilesimlerine bakildiginda, en yiiksek Sr miktarlar1 16292 ppm ile Hacilar’dan,
en diislik degerler ise Baglarbasi sahasindaki ikinci grup kalsit damarlarindan ve Bagdere tufa
orneklerinden elde edilmistir. Fe ve Mg degerlerinin yiiksek oldugu Baglarbasi (~11121ppm’e
kadar), Kaf, Akseki ve Hacilar sahalarinda kayac-akigkan etkilesiminin daha ¢ok bazik-
ultrabazik kayagclarla iligkili oldugu disiiniilmektedir. GOyniik segmenti {lizerinde yer alan
travertenlerin daha pozitif 5"°C ve daha yiiksek Sr degerleri, tipik termojen kokeni isaret
etmektedir. Mevcut U/Th yaslar1 ve jeokimyasal verilere gore, Dogu Anadolu Fay Sistemi
icinde, Goyniik-Karliova segmenti boyunca tektonik aktivitenin goreceli olarak daha ytiksek
oldugu kabul edilebilir.

Anahtar Kelimeler: Traverten, Dogu Anadolu Fay Sistemi, durayli izotoplar, jeokimya,
U/Th yaslandirmasi
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COMPARATIVE GEOCHEMISTRY of TRAVERTINE OCCURENCES
WITHIN THE EASTERN ANATOLIAN FAULT SYSTEM

Abstract: Quaternary travertines (and tufas) around Elazig-Bingol are occurred in different
segments at the eastern parts of the left lateral strike slip East Anatolian Fault System. These
travertine deposits are located preferentially in the extensional fields occurring through the
strike slip regime. U/Th age data, ranging from 318.000 to 301 years, were obtained from the
travertines.

In this study, travertine deposits located in different segments were compared
geochemically. Their 0°C values are between +11.2 and -11.0 (%o PDB), while the 5'°0
values vary between -6.3 and -18.6 (%o PDB). The highest 8" C values are +11.2 %o at Elmal
and +6.1 %o at Hacilar, which are located in the Goyniik-Karliova segment, and +6.7 %o at
Kilickaya on the Sivrice fault. Reason of high values at the Elmali ve Kilickaya sites is the °C
enrichment during the downslope water flow. The 6"°C values of the vein travertines in the
Kaf site form two different groups as [(+3.7 %o) — (-2.3 %0)] and [(-11.0 %) — (-5.1 %o)]. The
first group includes was attributed to hydrothermal origin based on 6" C positive values),
whereas the values of the second group are influenced by surface (or meteoric) waters
circulating through the fractures. The second group displays isotopic features similar to those
of found in speleothems.

Looking at the elemental compositions, the highest Sr content (16292 ppm) is from
Hacilar, while the lowest values are from the second group of the vein travertines at
Baglarbas: site and the Bagdere tufa site. At the Baglarbasi, Kaf, Akseki and Hacilar sites,
where Fe and Mg values are high (up to ~11121 ppm), it is considered that the subsurface
water-rock interaction was related to the basic-ultrabasic units as well as carbonates. Higher
6"°C and Sr values of the travertines, occurred in the Goyniik segment indicate their
thermogene origin. Based on the present geochemical and U/Th age data we can conclude
that the tectonic activity is still relatively high along the Goyniik-Karliova segment in the
Eastern Anatolian Fault System.

Key Words: Travertine, East Anatolian Fault System, stable isotopes, geochemistry, U/Th
dating.
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JEOLOJIK KAYITLARDA IKLIiM DEGISIKLIGI

Halim Mutlu'
" Eskisehir Osmangazi Universitesi, Jeoloji Miihendisligi Béliimii, Eskisehir (hmutlu@ogu.edu.tr)

Ozet: Yerkiirenin y&riingesindeki degisimler, volkanik piiskiirmeler, goktasi ¢arpmalari,
okyanus akintilar1 ve Giinesteki degisimler iklim degisikligine neden olan baslica dogal
stireglerdir. Buna karsin, artan tarim faaliyetleri ve fosil yakit kullanimi ve ormanlarin yol
edilmesi ise insan kaynakli etkenlerin en dnemlileri arasindadir. iklim degisiklikleri, ilk¢ag
uygarliklarindan giiniimiize kadar diinya ekosistemini ve uygarhigini etkilemis ve tarim,
saglik, ekonomi, sosyal yapilanma, go¢ ve hatta edebiyat ve sanat iizerinde derin izler
birakmistir. “Kartopu Yerkiire” teorisine gore, yeryiiziindeki ilk ciddi ve uzun siireli iklim
degisikligi giiniimiizden 716 my once yasanmistir. Yerkiirenin yoriinge bigiminin, ekvator
konumunun ve ekseninin yatim acisindaki degisimlere bagli olarak her 20 binyil ile 400 binyil
arasinda iklimde tedrici degisimler meydana gelmektedir. Yanardag piiskiirmeleri ise kisa
(Tambora: 1 yil) ve uzun (Toba ve Yellowstone: binlerce yil) dénem kiiresel sogumalara
neden olmustur.

Sanayilesme ile birlikte artan fosil yakit tiiketimi atmosferdeki CO, konsantrasyonunu
ozellikle son yiizyilda %20 kadar yiikseltmistir. En 6nemli sera gazlarindan biri olan CO,
yeryiizii sicakliginin ayni donemde takriben 1°C artmasini saglamistir. Atmosferde Giines
1sinin tutulmasi bakimindan karbondioksite gore yaklasik 20 kat daha etkin olan metan gaz
ise iklim iizerinde tiirlerin yok olusuna kadar varabilen bir etkiye sahiptir. Magara ¢okelleri,
buzul c¢okelleri, deniz ve gol sedimanlar1 ve aga¢ halkalar1 paleo iklim degisikligi izlerinin
arastirldign baslica malzemelerdir. Durayli izotoplar (8'°0-8"°C) ve etkin yaslandirma
yontemleri (*C, 2'°Pb, *’Cs, U-Th) bu malzemelerde kaydedilen iklim arsivlerinin detayh
incelenmesine olanak tanimaktadir.

Anahtar Kelimeler: iklim degisikligi, durayli izotoplar, yaslandirma yontemleri, CO, ve CH,4
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CLIMATE CHANGE in GEOLOGIC RECORDS

Abstract: Orbital changes, volcanic eruptions, meteorite impacts, ocean currents and solar
changes are the main natural agents that cause climate change. Increasing agricultural
activities and fossil fuel use and deforestation are among the anthropogenic instruments. The
climate changes have affected the world ecosystem and civilization since the ancient periods
and left deep marks on agriculture, health, economy, social structuring, migration and even
literature and art. According to “Snowball Earth” theory, the first serious and long-term
climate change on the Earth was occurred 710 million years ago. Excentricity, precession
and obliquity of Earth's movements lead to gradual changes in climate in every 20 to 40
thousand years. Volcanic eruptions have resulted in short- (Tambora: 1 year) and long-term
(Toba and Yellowstone: thousands of years) global cooling.

Increasing fossil fuel use in the last century has increased CO; concentration in
atmosphere as much as 20%. During this period, CO,, which is one of the most important
greenhouse gases, has given rise to 1°C increase in temperature of the Earth’s surface.
Methane, which is about 20 times more effective than carbon dioxide by means of trapping
solar heat in the atmosphere, may have an impact on climate with an extent to extinction of
species. Speleothems, ice deposits, marine and lake deposits and tree rings are the main
materials on which signs of paleoclimate change are studied. Stable isotopes (5°0-8°C) and
effective dating methods ("*C, *'’Pb, '¥'Cs, U-Th) give rise to detailed assessment of climate
archives recorded in such materials.

Key Words: Climate change, stable isotopes, dating methods, CO, and CH,
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GEC KUVATERNER YASLI KOCABAS TRAVERTENLERININ C ve O
DURAYLI iZOTOPLARIYLA PLAEOIKLIMSEL PARAMETRELERIN
KARSILASTIRILMASI, DENiZLI, GB TURKIYE

Ezher Toker', Mehmet Ozkul' ve Sandor Kele®
" Pamukkale Universitesi Mithendislik Fakiiltesi Jeoloji Miihendisligi B&liimii, 20070 Kinikli kampiisii, Denizli
(egulbas@pau.edu.tr)
% Institute for Geological and Geochemical Research, Research Centre for Astronomy and Earth Sciences,
Hungarian Academy of Sciences, H-1112 Budapest, Budaorsi u 45

Ozet: Bu ¢alismada, Denizli il merkezinin 20 km dogusunda yeralan Ge¢ Kuvaterner yash
Kocabas travertenlerinin depolanma ozellikleri incelenmistir. Ayrica alinan traverten
orneklerinden elde edilen jeokimyasal ve durayli izotop analiz sonuglar1 depolanma
doneminin paleoiklim bilgileri ile iliskilendirilmistir.

Depolanma ozellikleri gore Kocabas (Denizli, GB Tiirkiye) cevresindeki Kuvaterner
travertenleri, ¢okiintii veya s1g gol ortaminda ¢okelmislerdir. Traverten istifinden 136.000 ile
85.000 y1l arasinda degisen U/Th yas verileri elde edilmistir.

Traverten Orneklerinin Sr igerikleri 642 ppm ile 1296 ppm arasinda degisir. Bu Sr
degerleri Pamukkale’deki giincel yamag travertenlerindeki degerlere gore diisiik, kuzeydeki
Ballik travertenlerindeki degerlere gore yiiksektir. 8'°C degerleri +1.1 - +2.6 (%0 PDB), §'*0
degerleri +20.1 - +24.3 (%0 SMOW)’dur. Durayl izotop sonuglarina gore, depolanma
ortamindaki sular genel olarak termal kokenli olup, zaman zaman ylizeysel meteorik su
girdilerinin oldugu diistiniilmektedir.

Izotop ve yaslandirma analizleri, Kocabas travertenlerinin genel olarak 1sinmaya dogru
bir egilim gosteren iklim kosullarinda ¢okeldigini gostermektedir. Bu travertenlerin izotopik
profilleri, iklimsel dalgalanmalarin oldugu Denizel izotop Safhasi (MIS) 5 boyunca ortaya
cikmaktadir. (MIS) 5, ¢alisma alaninda dort faz olarak goriilmektedir. Eemiyen sathasi olarak
da bilinen (MIS) 5e son buzularasi donemi gostermektedir. Eemian son buzularast donem
(136.000-130.000), baslica sogumanin ve 1sinmanin oldugu olaylardan olugsmaktadir. Calisma
alaninda ayrica 5d (Herning-stadial; 106.000 yil), 5¢ (Brerup interstadial; 99.000) ve Sb
(Hederstall stadial; 85.000) paleoiklim fazlarina rastlanilmustir.

Bu calisma, Pamukkale Universitesi, Bilimsel Arastirma Projesi ile desteklenmistir (Proje
No. 2010 BSP 005).

Anahtar Kelimeler: Kocabas travertenleri, Durayli izotoplar, U/Th yaslandirmasi,
Paleoiklim, Ge¢ Kuvaterner
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COMPARISON of PALAEOCLIMATIC PARAMETERS WITH THE
STABLE C and O ISOTOPE DATA of THE LATE QUATERNARY
KOCABAS TRAVERTINES, DENIZLI, SW TURKEY

Abstract: In this study, depositional features of Late Quaternary travertines located between
Kogabas and Giirlek villages, 20 km east of the city center of Denizli were investigated. In
addition, results of geochemical and stable isotopic measurements have been associated with
palaeoclimatic knowledge of the depositional period. The late Quaternary travertines around
Kocabas deposited in a depression or shallow lake environment based on their depositional
features. The U/Th ages were yielded ranging from136.000 to 85.000 years.

Strontium contents of the travertines change between 642 and 1296 ppm, which values
are lower than those of the recent slope travertines at Pamukkale, and higher than the values
firom the Ballik locality to the north. 6"°C and 6"°0 values are between +1.1 to +2.6 (%o PDB)
and -10.5 to -6.4 (%o PDB), respectively. According to our results, the less positive 6"°C
values of travertines indicate that the water supply in the depositional environment was
mostly thermal in origin however, meteoric water input from the surface occurs occasionally.

Based on both the stable isotope data and U/Th ages, Kocabas travertines have been
deposited in a general trend of climate warming conditions. Isotope profile of the travertine
sequence reveals several climatic oscillations during Marine Isotopic Stages (MIS) 5. (MIS) 5
may appear to four phases in the study area. (MIS) Se also called the Eemian, has showed the
last interglacial term. Eemian interglacial period mainly has composed of warm and cold
events (Eemian-interglacial; 136-130ka). In addition, 5d (Herning-stadial; 106ka), 5c
(Brorup interstadial; 99ka), 5b (Hederstall stadial; 85ka) palaeoclimatical phases can be
noticed in the study area.

This study was supported financially by Scientific Research Unit of Pamukkale University
(Project No. 2010 BSP 005).

Key Words: Kocabas Travertines, Stable isotopes, U/Th dating, Palaeoclimate, Late
Quaternary.

153



V. JEOKIMYA SEMPOZYUMU 5" GEOCHEMISTRY SYMPOSIUM
23-25 Mayis 2012 23-25 May 2012
Pamukkale Universitesi - Denizli Pamukkale University — Denizli / TURKEY

EXTENDED RANGE of U-SERIES DISEQUILIBRIUM DATING USING
THE **U/%U EXCESS AS A DATING TOOL

Bassam Ghaleb', Christophe. Falguéresz, Jean-Pierre Pozzi’
" GEOTOP, Université du Québec A Montréal, Montreal, (ghaleb.bassam@ugam.ca)
% Département de Préhistoire MNHN, Paris, (falguere@mnhn.fr)
% Ecole Normale Supérieure, Paris, (pozzi@geologie.ens.fr)

Abstract: U-series disequilibrium offers a powerful tool for dating biogenic CaCOj3 such as
coral reefs formations as well as inorganic CaCOj; such as travertine or speleothems
precipitations for the last 500 ka. The “’Th-dating method is very well established, but little
attention is given to apply the PUPBU excess dating except in marine environments.
Difficulties in estimating the initial **U/*U activity ratio is the cause for this lack of
interest. The main interest of **U/°U excess dating arises from the fact that it can measure
deposits up to 10° y. In this work we investigate the “*U/*U dating potential for a
hydrothermal travertine formation from SE Morocco.

A continuous core of 12 m consisting mainly of pure CaCO;, alternating with detrital
layers of clay was sub-sampled for U-series dating (pure CaCOj3) and for magnetic properties
in layers rich in detritus. The magnetic record results indicated two main features: 1) normal
polarity inclinations with a mean value around 40° is found for all measured samples from
the surface down to 9.03 meter and 2) starting at 9.05 meters down to 12 m, a reverse
polarity inclination abruptly appear (—40° on average). This polarity inversion was attributed
to the Brunhes-Matuyama transition.

U-series dating indicates that samples from the top of the core up down to 5.6 m yield
GThA0), FPUAPU) ages stratigraphically compatible and ranges from present-day to
500 ka. On the other hand, all samples below 5.6 m yielded infinite “*’Th ages implying that
B0ThAU secular radioactive equilibrium is reached from this depth down. 2?U/°U excess
dating extended the chronology further down the core. For the Brunhes-Matuyama transition
we obtained an age of 80050 ka, which is in good agreement with the accepted age for this
event (780 ka).

Key Words: U-series dating, Brunhes-Matuyama transition, travertine
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URANIUM-SERIES DATING of TRAVERTINE FROM SODA DAM, NEW
MEXICO: CONSTRUCTING A HISTORY of DEPOSITION, WITH
IMPLICATIONS FOR LANDSCAPE EVOLUTION, PALEOHYDROLOGY
and PALEOCLIMATOLOGY

Tafoya, A.J, Crossey, L.JI., Karlstrom, K. K. I, Kolomaznik, M., Polyak, V.I, Asmerom, Y.,

and Cox, C.
I University of New Mexico, Earth & Planetary Sciences, Albuquerque, (arp3201@unm.edu)

Abstract: We applied high precision uranium series geochronology to decipher rates of
change in travertine growth at Soda Dam, New Mexico, which preserves a paleohydrology
record for the last 500 ka. Modern travertine-depositing hot springs occur along the
intersection of the Soda Dam fault and the Jemez River and are part of the Valles Caldera
geothermal system, which has been active throughout the Quaternary. New dates provided
improved geochronologic and geologic context with respect to incision rates of the Jemez
River and timing of travertine accumulation. Large volumes of travertine high in the
landscape (?) yield an age of 560.3 + 324 ka. Inset into this deposit are ancestral Jemez River
gravels with travertine coating yielding an age of 200.6x2.1 ka and sparite sills of 109 = 1.5
ka. A mound accumulation that developed on a banded central fissure ridge is 138.4 = 1.1 ka
near the base and 78.2 £ 1.6 ka at the top, the central fissure vein system yields a more
restricted age range. The combined data indicate that the fissure/mound system was active
from 138-78 ka, spanning the transition from glacial marine isotope stage 6 into interglacial
marine isotope stage 5.

Our results produce incision rates that suggest semi-steady bedrock river incision. The
dates also indicate persistent deposition, with hydrologic head variation, over at least 500
thousand years. Stable isotope values of the dated travertines range from 60 = -19 to -6.5
%o (PDB), reflecting variations in local spring chemistry and a paleoclimate record
investigated using multiple proxies.

Key Words: Geothermal, stable isotopes, microprobe, geochemistry
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U-Th-Ra SYSTEMATICS in SOLITARY CORALS FROM RAISED
MARINE DEPOSITS of THE LAST INTERGACIAL

Claude Hillaire-Marcel' and Bassam Ghaleb’
" GEOTOP-UQAM, BP 8888, Montreal (Qc) H3C 3P8 Canada (chm@ugam.ca)

Abstract: Within methods that may provide relatively precise ages of deposits relating to last
interglacial (MIS 5e) high sea-levels, the U-series dating method stands out. Most other
geochronometers (e.g., OSL, fission-track, Ar/Ar dating) lack precision and are not
necessarily directly applicable to marine deposits. In principle, modern analytical techniques
permit to calculate “’Th-ages with a fairly high precision. Unfortunately, closed chemical
systems are rarely secured in such deposits, with the exception of stalagmites directly linked
to paleosea-levels. In the general case of marine biogenic carbonates, such as solitary corals,
PBUUPTh data do not permit to assess the closure of the radio-active system with the
degree of precision required to estimate age differences of the order of ~10° yr, when the time
comes to correlate relative sea-level (RSL) data from one site to another. Furthermore,
uncertainties of the U-series decay constants already result in an age uncertainty of about 0.5
to ~ 1 ka depending on the literature data on decay constants (2 sigma) within MIS Se age
ranges. Thus, one must conclude that the precise documenting of temporal offsets between
such RSL ages remains practically out of reach. Nevertheless, the assignment of a given high-
RSL to a 2 to 3 ka-time window of interval might be possible with a careful assessment of the
relative chemical closure of the radioactive system using notably “*Ra/**’Th, *°Th/?*U and
P1UPSU pseudo-concordias, as we intend to illustrate here, based notably on sequential
analyses in a muli-growth phase solitary coral of MIS 5e deposits from Sal Island (Cabo
Verde). Other examples illustrated will include solitary corals from Mediterranean MIS Se
and MIS 7 deposits.

Key Words: Uranium-Thorium-Radium dating, solitary corals, Last Interglacial
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SIGNIFICANCE of TRAVERTINE GEOCHEMISTRY in PALEOCLIMATE
RESEARCH

Sdandor Kele'

" Institute for Geological and Geochemical Research, Research Centre for Astronomy and Earth Sciences,
Hungarian Academy of Sciences, H-1112 Budapest (keles@geochem.hu)

Abstract: Geochemical study of nonmarine carbonates (travertines, freshwater tufa, and
speleothems) means mainly the analyses and interpretation of the stable isotope and trace
elemental composition and these data are very useful both in paleoenvironmental and
paleoclimate researches, including the determination of the origin of different carbon
sources. Although most of the previous studies (e.g. Andrews 20006) investigated freshwater
tufa deposits, thermogene travertines can also serve as important paleoclimatic archives.
Interpretation of geochemical signatures of travertines, however, needs special attention
because the CO, may be derived from various sources and isotope fractionation processes
that accompany travertine deposition may also overprint the original climate imprint. In
order to obtain more reliable conclusions from ancient travertines, a better understanding of
the processes governing their precipitation and geochemical composition is needed.

One of the most important application of stable isotope geochemistry of carbonates is the
calculation of formation temperatures. Calcite oxygen isotope paleothermometry generally
uses equations assuming equilibrium isotope fractionation during carbonate precipitation.
However, isotopic equilibrium is rarely maintained under natural conditions during calcite
precipitation (e.g. Coplen 2007; Kele et al. 2008, 2011). Thus, the study of calcite-water
oxygen isotopic fractionation during travertine deposition is essential for paleotemperature
calculations. The presentation summarizes the results of current studies performed at several
recent travertine sites in the temperature range between 13-67 °C and aims to refine the way
of temperaure calculations in order to get more reliable paleoclimatic signals from hot-spring
carbonate deposits, while the second part of the talk presents some applications of the recent
observations.

Key Words: Travertine, geochemistry, paleoclimate, stable isotope, non-equilibrium
fractionation
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GEOCHRONOLOGY and STABLE ISOTOPE GEOCHEMISTRY of
LARGE-VOLUME TRAVERTINE DEPOSITS in THE SOUTHWESTERN
UNITED STATES: IMPLICATIONS FOR PALEOHYDROLOGY,
PALEOCLIMATE and LANDSCAPE EVOLUTION

Priewisch, A. I, Crossey, L.J. I, Embid, E. I, Karlstrom, K.E. 1, Polyak, V.I, Asmerom, Y.! and

Ricketts, J.!
I University of New Mexico, Earth & Planetary Sciences, Albuquerque (arp3201@unm.edu)

Abstract: CO; springs and associated travertine deposits offer a unique tool to better
understand Cenozoic paleohydrology and paleoclimate in the context of the geomorphic and
neotectonic evolution of the southwestern United States. Travertine accumulations represent
places of persistent and significant mantle CO; degassing in high discharge spring systems
that are found along faults and above magmatic systems. New Mexico and Arizona host
several exceptionally well-preserved, large-volume (0.2-0.9 km’) travertine deposits that
extend from 10 - 40 km?, with thicknesses ranging from 5 to more than 60 m. U-series data
show that travertine deposition occurred episodically at 36-100 ka, 200-380 ka, and 520-660
ka. Stable isotope analyses overlap substantially, exhibiting high 6"°C values, +2.0%o to
+8.3%0 (PDB), and 6'°0 values that range between -13.5%o to -4%o (PDB). Times of high
accumulation rates are interpreted as times of high groundwater flow and hence as a proxy
for regional paleohydrology/paleoclimate controls while the locations of the travertine
occurrences (along faults of the Jemez lineament and Rio Grande rift) reflect more local CO;-
discharge and hence tectonic controls. The paleohydrologic conditions control depositional
environments of travertine, e. g. spring mound, barrage, marsh, and consequently, travertine
facies, which affect the stable isotopic composition of the travertine. Large-volume travertine
deposits are important indicators of the extent of ancient CO; reservoirs and past natural
CO; leakage and provide valuable information for carbon sequestration models. The
travertine platforms which now occupy positions high in the landscape (inverted topography)
can be used to calculate scales and timing of regional landscape denudation.

Key Words: Travertine, Paleoclimate, Paleohydrology, U-series dating, Stable isotope
geochemistry
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ISTANBUL-ZONGULDAK BIRLIGI’NIN TEKTONO-METAMORFIiK
TARIHINE ILLIT JEOKIMYASI iLE YENI KATKILAR

Omer Bozkaya', Hiiseyin Yal¢in® ve M. Cemal Gonciioglu®
" Cumhuriyet Universitesi Jeoloji Mithendisligi Boliimii, Sivas (bozkaya@cumbhuriyet.edu.tr)
% Cumhuriyet Universitesi Jeoloji Miihendisligi Boliimil, Sivas (yalcin@cumhuriyet.edu.tr)
% Orta Dogu Teknik Universitesi, Jeoloji Miihendisligi Boliimii, Ankara (mcgoncu@metu.edu.tr)

Ozet: Gondwana’dan tiireyen mikro-kitalar olarak diisiiniilen Istanbul ve Zonguldak
Birlikleri; KB Anadolu’da Kadomiyen metamorfik bir temel iizerinde uyumsuzlukla yer alan
Paleozoyik yash (meta-)sedimanter istifleri kapsamaktadir. Bu birliklerin Ordoviziyen-Alt
Siliiriyen kesimi benzer, buna karsmn Ust Siliiriyen-Karbonifer kesimi farkli stratigrafik
ozellikler sergilemektedir. Zonguldak Birligi’'nde Ust Siliiriyen-Alt Devoniyen arasinda agisal
bir uyumsuzluk bulunmakta olup, Istanbul Birligi’nden farkli bir evrime sahiptir. Bu
calismada her iki birligin stratigrafik-litolojik ve mineralojik verilerinde saptanan
farkliliklarin illit kimyas: acisindan da degerlendirilmesi amaglanmistir. Bu kapsamda, her
birlikten bes adet olmak iizere toplam on adet saf illit {izerinde ana, iz (+REE) ve durayh
izotop (O, H) jeokimyasi1 ¢aligmalar1 gergeklestirilmistir.

Dioktahedral bilesimli (doso = 1.497-1.505 A) illitler diisiik diyajenetik-ankimetamorfik
(KI = 0.41-1.22 A°20) kosullar1 yansitmaktadir. Istanbul Birligi'nde daha yiiksek olan
diyajenez / metamorfizma derecesi yashi birimlere dogru artmaktadir. Illitlerin kimyasal
verileri Istanbul ve Zonguldak birliklerinde farkliliklar sunmaktadir. Ortalama derisimler
dikkate alindiginda, iz element (+REE) icerikleri Zonguldak Birligi illitlerinde zenginlesme
gostermektedir. Diger taraftan, illitlerin kondrit normalize iz element (+REE) degerleri
Ordoviziyen, Siliiriyen ve Devoniyen birimleri i¢in Zonguldak Birligi’nde farkli, buna karsin
Istanbul Birligi'nde benzer dagilim sunmaktadir. Diyajenez/metamorfizma derecesiyle
illitlerde oktahedral Fe+Mg ve yapraklararas: Na+K icerikleri artmakta, buna karsmn 8'°0 ve
oD degerleri azalmaktadir. 880 ve 8D verileri illitleri olusturan sivinin meteorik ve deniz
suyu arasinda bir bilesime sahip oldugunu gostermektedir. Ordoviziyen-Alt Siliiriyen illitleri
hipojen kdkenli ve meteorik; ancak Ust Siliiriyen-Karbonifer illitleri ise siiperjen kokenli ve
deniz suyu bakimindan daha zengindir. illitlerin kimyas1 diyajenez/metamorfizma derecesinin
yani sira, birliklere gére de degisimler sunmaktadir. Diger bir ifadeyle; istanbul ve Zonguldak
birliklerinin jeolojik evrimlerindeki farkliliklar; illit kimyasina da belirgin bir bigcimde
yansimistir.

Anahtar Kelimeler: Paleozoyik, kil mineralojisi, ana-iz-durayli izotop jeokimyasi
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NEW CONTRIBUTIONS TO THE TECTONO-METAMORPHIC HISTORY
of ISTANBUL-ZONGULDAK UNIT BY ILLITE GEOCHEMISTRY

Abstract: Istanbul and Zonguldak units, assumed as the micro-continents derived from
Gondwana, cover the Paleozoic (meta-) sedimentary successions which are unconformably
located on a Cadomian metamorphic basement in the NW Anatolia. For these units, the part
of Ordoviziyen-Lower Silurian of is similar to each other, whereas the part of Upper Silurian-
Carboniferous exhibits different stratigraphic features. There is an angular unconformity
between Upper Silurian and Lower Devonian in the Zonguldak Unit and it has a different
evolution than that of Istanbul Unit. This study aims to evaluate in terms of illite chemistry as
well as the differences determined on the stratigraphic-lithological and mineralogical data of
both units. In this context, studies of major-trace (+REE) and stable isotope (O, H)
geochemistry were performed on a total of ten pure illites as five numbers for each unit.

1llites with dioctahedral composition (dpsy = 1.497-1.505 AO) reflect low diagenetic-
anchimetamorphic conditions (KI = 0.41-1.22 A°20). The degree of diagenesis/metamorphism
is high in the Istanbul Unit and increase toward older units. The chemical data of illites show
differences in the Istanbul and Zonguldak units. Trace elements (+REE) contents enriched in
the illites of Zonguldak Unit on the basis of average concentrations. On the other hand,
chondrite-normalized values of illites are different for Ordovician, Silurian and Devonian
units in Zonguldak Unit, but they illustrate a similar distribution for same aged units in the
Istanbul Unit. The contents of octahedral Fe+Mg and interlayer Na+K are increased,
however 6"°0 and 0D values are decreased in the illites by diagenesis/metamorphism grade.
60 and 0D data indicate that the fluids forming the illites have a composition between
meteoric and sea water.

Illites of Ordovician-Lower Silurian units are of hypogene origin and rich in meteric
water, while those of Upper Silurian-Carboniferous units are of supergene origin and rich in
sea water. The chemistry of illites demonstrates variations according to units as well as
diagenesis/metamorphism grade. In other words, the differences on the geological evolutions
of Istanbul and Zonguldak units were clearly reflected on the chemistry of illite as well.

Key Words: Paleozoic, clay mineralogy, major-trace-stable isotope geochemistry
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MENDERES MASIFi’NDEKIi (BATI ANADOLU / TURKIYE)
GRANULIT FASIYESI METAMORFIZMASININ YASI: SHRIMP VE
LA-ICP-MS U-Pb ZIRKON YASLANDIRMASI

O.Ersin Koralay'

" Dokuz Eyliil Universitesi, Jeoloji Miihendisligi Boliimii - izmir (ersin.koralay@deu.edu.tr)

Ozet: Menderes Masifi’'nin  Pan-Afrikan temeli, kismen migmatizasyona ugramis
paragnayslar ve metapelitlerden yapili metasedimentler ve bunlar igerisine sokulmus ¢oklu
metamorfik Prekambriyen gabrolar ve metamorfizmayla es yash ve/veya izleyen evreye ait
Pan-Afrikan metagranitler / ortognayslardan olugmaktadir. Granulit ve eklojit fasiyesi
kosullarindaki Pan-Afrikan metamorfik evrimi tanimlayan kalinti faz ve topluluklar temel
serilerinde yaygin olarak saptanmistir. Kalint1 granulit fasiyesi metamorfizmasi, ortopiroksen
iceren ortognays, pelitik granulit ve metatonalitlerle temsil edilmektedir. Ayrica, yaygin
migmatizasyon ve anatektik granit olusumlarina temelde sikca rastlanmaktadir.

Bu calismada, Menderes Masifi’nin Pan-Afrikan temelini etkileyen granulit fasiyesi
metamorfizmasi ve lizerleyen migmatizasyonun yaslarinin belirlenmesinde SHRIMP ve LA-
ICP-MS yontemleri uygulanmigtir. Tire’nin dogusunda goézlenen ortopiroksenli pelitik
granulitlerden ayiklanan zirkonlarin katodoluminesans fotograflari, tanelerin biiyiik kisminin
kalint1 ¢ekirdek {izerine zonsuz metamorfik biliylimeler ve eriyikten olusma diizlemsel
zonlanmalar sundugunu ortaya koymaktadir. Dokusal iligkiler, granulit fasiyesine ait zonsuz
zirkon bliylimelerinin, anatektik eriyikten kristallesmeye isaret eden diizlemsel
zonlanmalardan dnce olustugunu gostermektedir. SHRIMP yontemiyle zonsuz biiyiimelerden
yapilan analizler 582.0 + 5.3 my ve kristallerin en dis kesiminde gozlenen diizlemsel zonlu
zirkon biiylimeleri ise 565.0 = 5.4 my konkordiya yas1 vermistir. Zonsuz biiylimelerden LA-
ICP-MS yontemiyle ise 586.0 + 15.0 my konkordiya yasi bulunmustur. Birgi KD’sundaki
metatonalitlerin zirkonlar1 magmatik kristalizasyona ve yiiksek sicaklik metamorfizmasina ait
dokusal 6zelliklere sahiptir. Magmatik zirkonlardan LA-ICP-MS yontemiyle 591.0 + 6.9 my,
bu zirkonlarin ¢evresinde gozlenen zonsuz biiylimelerden ise 578.4 + 8.2 my konkordiya
yaslar1 elde edilmistir. 590 my’lik yas metatonalitlerin ilksel kayasinin kristalizasyon yasi
olarak yorumlanmistir. Elde edilen yaslardan temel serilerinin, 580-585 my da granulit
fasiyesi kosullarinda metamorfizmaya ugradigi ve bunu izleyen evrede, 565 my da, ise
migmatizasyonun gelistigini gostermektedir. Bu yaslarin timii, Ge¢ Neoproterozoyik’te
Mozambik Okyanusu’nun kapanmas: ile iliskili, Gondvana siiper kitasinin biitiinlesme
stirecinin son evresiyle iliskilendirilebilir.

Anahtar Kelimeler: Granulit, YS metamorfizmasi, zirkon U-Pb jeokronolojisi, Menderes
Masifi, Mozambik Okyanusu
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AGE of GRANULITE FACIES METAMORPHISM in THE MENDERES
MASSIF, WESTERN ANATOLIA/ TURKEY: SHRIMP U-Pb and LA-ICP-
MS ZIRCON DATING

Abstract: The Pan-African basement of the Menderes Massif consists of partially migmatized
metasediments, i.e. paragneisses and metapelites, which were intruded by numerous poly-
metamorphic Precambrian gabbros and syn-to post-metamorphic Pan-African metagranites /
orthogneisses. The relict phases and assemblages attributed to the Pan-African metamorphic
evolution at granulite- and eclogite-facies conditions have been recognized in the basement.
The relicts of granulite facies metamorphism are represented by orthopyroxene bearing-
orthogneisses, pelitic granulites and metatonalites. In addition to granulite facies
metamorphism, widespread migmatization and anatectic granite generation occur in the
basement.

In this study, SHRIMP and LA-ICP-MS were applied to provide timing constraints on the
granulite facies metamorphism and overprinting migmatization, which affected the Pan-
African basement of the Menderes Massif. Cathodoluminescence imaging of zircons separated
from pelitic granulites occurring in the southern part of Odemis-Kiraz submassif (SE of Tire)
reveals that many of the grains contain unzoned and/or planar zoned overgrowth textures
representing metamorphic growth on inherited cores. Textural relationships clearly reveal
that granulite facies unzoned zircon overgrowth must have occurred prior to planar zoned
overgrowth reflecting crystallization from anatectic melts. SHRIMP analyses of unzoned
overgrowths yield concordia age of 582.0 = 5.3 Ma. Whereas, planar zoned zircon
overgrowths occurring in the outermost parts of the crystals gave concordia age of 565.0
5.4 Ma. LA-ICP-MS analyses of unzoned overgrowths yield concordia age of 582.0 + 5.3 Ma.
The zircons separated from metatonalite at the centre of Odemis-Kiraz submassif (northeast of
Birgi area) show that many of the grains contain magmatic crystallization texture and unzoned
overgrowths representing the high temperature metamorphism. Oscillatory zoned magmatic
zircons yielded a concordia age of 591.0 + 6.9 Ma and unzoned overgrowths occurring in the
outermost parts of the magmatic zircons gave a concordia age of 578.4 + 8.2 Ma by LA-ICP-
MS U-Pb analyses. Thus, c. 590 Ma is interpreted the crystallization age the protolith of
metatonalite. A 580-585 Ma is interpreted the age of granulite facies metamorphism and 565
Ma can be accepted as the age of migmatization affected the basement series. All ages
coincide with final amalgamation processes resulting in the formation of the Gondwana super
continent as a consequence of the closure of the Mozambique Ocean during the Late
Neoproterozoic.

Key Words: Granulite, HT metamorphism, zircon U-Pb geochronology, Menderes Massif,
Mozambique Ocean
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DADAY-DEVREKANI (KASTAMONU, TURKIYE) MASIFI GNAYS VE
AMFIBOLITLERININ PETROKIMYASAL OZELLIKLERIi

Mehmet Ali Giicer' ve Mehmet Arslan’
" Giimiishane Uni"versitesi Miih. Fak. Jeoloji Miihendisligi Boliimii, Giimiishane (maligucer@gmail.com)
% Karadeniz Teknik Universitesi Miih. Fak. Jeoloji Miihendisligi BSliimii, 61080-Trabzon (marslan@ktu.edu.tr)

Ozet: Orta Pontidlerde Sakarya Zonu’nda yer alan Daday-Devrekani (Kastamonu, K Tiirkiye)
Masifinde yaygin olarak gnayslar ve az oranda da amfibolitler yayilim gostermektedir.
Gnayslar genellikle paragnays ve nadiren ortognays ozellikler sergilemektedir. Amfibolitler,
gnayslart kesen ince damarlar, kii¢ilk kafalar ve mercekler seklinde goriilmekte ve
ortoamfibolit karakterindedir. Mineral parajenezlerine gore gnayslar; hornblend, biyotit-
hornblend, kordiyerit-biyotit, sillimanit-biyotit, granat-biyotit, sillimanit-kordiyerit-mika,
sillimanit-granat-mika, sillimanit-kordiyerit-granat-mika, mikroklin-biyotit, —muskovit-
mikroklin-biyotit ve sillimanit-granat-kordiyerit-mikroklin-biyotit ve kuvars-feldispatik
gnayslar olarak tanimlanmistir. Amfibolitler ise baslica hornblend, oligoklas-andezin, K-
feldispat ve Fe-Ti oksit mineralleri icerir. Bu ¢alismada gnays ve amfibolit 6rneklerinin tiim-
kayac¢ ana oksit, iz ve nadir toprak element analizlerine dayanarak petrokimyasal 6zellikleri,
protolit karakteristikleri ve tektonik ortamlar1 belirlenmeye ¢alisilmistir.

Paragnays ornekleri, SiO,, Al,Os, Fe203* ve MgO igerikleri bakimindan genis araliga
sahip olup, SiO, igeriklerine gore kokensel olarak daha ¢ok psammitik protoliti isaret
etmektedir. Ayrica orneklerin Zr/TiO, oran1 ve Ni icerikleri sedimanter kdkeni gostermekte,
baskin olarak grovak (psammitik), az oranda ise litik arenit bilesimi yansitmaktadir.
Paragnays oOrneklerinin MgO/CaO oranlar1 diisiik olup, bu durum protolit grovaklarin
mafikten ziyade ortac-asidik (?) bilesimli magmatik kayaglardan tiireyen sedimanlardan
olustugunu gostermektedir. Paragnayslarin Rb/Sr orani protolit sedimanlarda Sr bakimindan
zengin feldispatlarin goreceli olarak daha az bozundugunu gdstermekte ve tam olgunlagmamis
bir sediman 6zelligini yansitmaktadir. Tektonik ayirim diyagramlarina gore paragnayslarin
sedimanter protolitleri, aktif kita kenar1 veya adayayr ortaminda olusmus olmalidirlar.
Ortognays ornekleri, SiO,’ye karsi P,Os, Pb ve Zr degisimlerine gore I-tipi, aliiminyum
doygunluk indeksine (ASI) gore I-S- tipi gegisli ve peraliimin bilesimli olup, orta-yiiksek
potasik kalkalkalen karakter sergilerler. Ayrica 6rneklerinin kimyasal siniflamalarina gore
cogunlukla granitik ve az oranda granodiyoritik protoliti yansitmaktadir. Tektonik ayirim
diyagramlarina gore ise ortognayslarin protolitleri volkanik yay carpisma granitlerine
benzerlik gostermektedir.

Amfibolit ornekleri, yiiksek Al,Os; ve CaO igeriklerine, yiiksek Cr/Th oranina, diisiik
Si0, igeriklerine, diisiikk CaO/Al,O3; ve Th/La oranlarina sahiptirler. Bunlarin yanisira yiiksek
Zr/T1 oranlar1 ve diisiik Ni igerikleri protolitlerinin magmatik kokenli olduguna isaret
etmektedir. Zr/Ti ve Zr/Y oranlar1 amfibolitlerin ayni kdkenden itibaren olustugunu
desteklemekte, Zr/Ti ve Nb/Y oranlar1 ise protolitlerinin subalkalin bazalt olabilecegini
gostermektedir. Orneklerin FeO/MgO oranlarina gére ise protolitlerinin yiiksek Mg igerikli
bazalt oldugu sdylenebilir. Tektonik ayirim diyagramlarina gére amfibolitlerin protolitleri,
adayay1 toleyitik bazaltlarina benzer 6zellik gostermektedir.

Anahtar Kelimeler: Daday-Devrekani masifi, metamorfizma, gnays, amfibolit, petrokimya,
tektonik ortam
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PETROCHEMICAL FEATURES of GNEISSES and AMPHIBOLITES
FROM THE DADAY-DEVREKANI (KASTAMONU, TURKEY) MASSIF

Abstract: The Daday-Devrekani (Kastamonu, N Turkey) massif, located at the Sakarya zone
in the central Pontides, consist of a wide spread gneisses and lesser extend amphibolites.
Gneisses exhibit dominantly paragneissic and some ortogneissic characteristics. The
amphibolites are present as cross cutting the foliation of the gneisses, thin layers (bands) and
discontinuous pod/small lenses, and show orthoamphibolitic features. According to mineral
assemblages, the gneissic rocks are defined as hornblende, biotite-hornblend, cordierite-
biotite, sillimanite-biotite, garnet-biotite, sillimanite-cordierite-mica, sillimanite-garnet-mica,
sillimanite-cordierite-garnet-mica, microcline-biotite, muscovite-microcline-biotite,
sillimanite-garnet-cordierite-microcline-biotite  and  quartz-feldspathic — gneisses.  The
amphibolites contain hornblende, oligoclase-andesine, K-feldspar and Fe-Ti oxides. This
study is aimed to determine of petrochemical features, protolith characteristics and tectonic
discrimination of the gneissic and amphibolitic rocks by using whole-rock major oxide, trace
and rare earth element analysis.

Paragneiss samples display a wide range of compositions in terms of SiO,, A,O3, F 05"
and MgO contents, and SiO; contents reveal a psammitic protolith. In addition, Zr/TiO, ratios
and Ni contents of samples show sedimentary protolith, predominantly greywacke
(psammitic) and a lesser extent lithic arenite composition. Paragneiss samples are also
characterised by low MgO/CaO ratios, referring the protolith greywacke sediments derived
from intermediate-acidic (?) igneous rocks rather than mafic compositions. Rb/Sr ratios of
paragneisses indicate that Sr-rich feldspars in the original sediment had undergone relatively
little degradation into clay minerals, reflecting the immature sediments. Based on tectonic
discrimination diagrams, the sedimentary protolith of the paragneisses may have been
deposited in an active continental margin or island arc environment. Orthogneiss samples
indicate I-type characteristics for most samples on the SiO; vs. P,Os, Pb and Zr variations,
and I-S-type transitional and peraluminous features taking account the alumina saturation
index (ASI), and have medium to high-potassic calc-alkaline characteristic. Besides, the
chemical classification of orthogneiss samples suggests mostly granitic and less granodioritic
protoliths. Tectonic discrimination diagrams also reveal that the protoliths of the orthogneiss
are similar to volcanic arc collisional granites.

Amphibolite samples have high Al,O3; and CaO contents, high Cr/Th ratio, low SiO,
contents, low CaO/Al;O; and Th/La ratios. In addition, the high Zr/Ti ratio and low Ni
contents also reveal an igneous protoliths. Zr/Ti and Zr/Y ratios of amphibolite samples
suggest a co-genetic source, and Zr/Ti and Nb/Y ratios indicate a subalkaline basaltic
composition for the protolith. FeO/MgO ratios of the samples also show a high-Mg bearing
basaltic protolith. Tectonic discrimination plots indicate that the protolith of amphibolites is
similar to island arc tholeiitic basalts.

Key Words: Daday-Devrekani massif, metamorphism, gneiss, amphibolite, petrochemical,
tectonic discrimination
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GUMUSKOY (KUTAHYA) MADEN SAHASINDA DOGAL OLARAK
BUYUMUS KARASAL OTSU BITKILERDE KURSUN VE CINKO
BiRiKMESI VE DAGILIMI

Derya Ylldmml, Catalina Ciortescul’z, Ahmet Sasmaz'
" Firat Universitesi Miih. Fak. Jeoloji Bol. 23119 - Elazig (asasmaz@firat.edu.tr)
% University of Alexandru Ioan Cuza, Faculty of Geography and Geology, 20A Carol I Boulevard 700505 Iasi -
Romania

Ozet: Giimiiskdy Ag yatagi, Kiitahya’nin yaklasik 20 km. batisinda, Giimiiskdy, Kopriikdy ve
Sahin koyleri ¢evresinde yer almaktadir. Cevherlesmeler, polimetalik tipte olup, Ag ile
beraber As, Pb, Zn, Sb ve TI gibi zenginlesmeler de icermektedir. Bu ¢alisma 12 farkli bitki
tiirliniin [Alyssum saxatile (AL), Anchusa arvensis (AN), Centaurea cyanus (CE), Carduus
nutans (CR), Cynoglossum officinale (CY), Glaucium flavum (GL), Isatis sp. (IS), Onosma
sp. (ON), Phlomis sp. (PH), Silene compacta (SL), Tripleurospermum maritimum (TR), and
Verbascum Thapsus (VR)] kok ve dallarindaki kursun ve c¢inko birikimi ve dagilimi
incelenerek, topraktan bitkinin farkli kisimlarina kursun ve ¢inko taginimi incelenmistir.
Calisma alanindaki bu bitkiler, 1liman karasal iklime sahip, Glimiiskoy (Kiitahya) Ag-Pb
maden sahasinin yiizey topraklarinda dogal olarak biiytimiislerdir. Bitki 6rnekleri ve iliskili
topraklar araziden toplanmis ve ICP-MS’de kursun ve ¢inko igeriklerini belirlemek i¢in analiz
edilmistir. Bitki 6rneklerinin dal, kok ve topraklarindaki ortalama kursun degerleri sirastyla
4320, 1378 vel023 ppm, ¢inko degerleri ise 5343, 2996 ve 2441 ppm seklindedir. Calisma
alanindaki bitkilerin kokleri (ECR) ve dallar1 (ECS) icin ortalama zenginlesme katsayilari
kursun icin 0.45 ve 0.30, ¢inko i¢in 0.98 ve 0.71 seklinde siralanmustir. Bu bitkiler ECR ve
ECS temelinde gruplara ayrilmistir. Kursun i¢cin CR, AN ve PH bitkileri, ¢inko i¢in ise GL,
SL, VR ve PH bitkileri 1’den biiylik veya 1’ e yakin ECR ve ECS degerlerine sahip
olmasindan dolay1 ¢ok 1iyi birer biyoakiimiilator/hiperakiimiilator bitkiler olarak
gruplandirilmistir. Bu yiizden, bu bitkiler fitoremediasyon c¢alismalarinda ozellikle yararh
olabilir ve dolayisiyla da kursun ve ¢inko ile kirlenmis toprak ve alanlarin rehabilitasyonu ve
temizlenmesi ¢alismalarinda kullanilabilirler. Bu bitkilerin Pb ve Zn i¢in translokasyon (TLF)
degerleri, bitki kokiinden bitki dalina olan Pb ve Zn taginim yetenegini isaret etmektedir.
Calisma alanindaki bitkilerin TLF degerleri incelendiginde; bu transfer, kursun i¢in ON, CY,
CE, SL ve TR, ¢inko i¢in ise CR, CY, AL, ON ve PH bitkilerinde daha etkili olmustur.

Anahtar Kelimeler: Pb ve Zn alimi, karasal bitkiler, zenginlesme katsayisi, translokasyon
faktorii, fitoremediasyon, Giimiisk0y maden sahasi
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DISTRIBUTION AND ACCUMULATION OF LEAD AND ZINC IN
TERRESTRIAL (HERBIVOROUS) PLANTS GROWING NATURALLY IN
THE GUMUSKOY (KUTAHYA) MINING AREA, TURKEY

Abstract: Gumuskoy Ag deposit is located about 20 km west of Kutahya and around
Giimiigkoy, Kopriikoy and Sahin villages. The mineralization in the study area is a
polymetalic ore deposit type represented by As, Pb, Zn, Sb and TI. This study investigated
lead (Pb) and zinc (Zn) uptake and transport from the soil to different plant parts by
documenting the distribution and accumulations of Pb and Zn in the roots and shoots of 12
plant species [Alyssum saxatile (AL), Anchusa arvensis (AN), Centaurea cyanus (CE),
Carduus nutans (CR), Cynoglossum officinale (CY), Glaucium flavum (GL), Isatis sp. (IS),
Onosma sp. (ON), Phlomis sp. (PH), Silene compacta (SL), Tripleurospermum maritimum
(TR), and Verbascum Thapsus (VR)]. A/l of these plants were growing naturally in surface
soils of the Gumuskoy Ag-Pb mining area (Kutahya, Turkey), a region with a mild continental
climate. Plant samples and their associated soils were collected and analyzed for Pb and Zn
contents by inductively coupled plasma mass spectrometry (ICP-MS). Mean values in the
soils, roots, and shoots of all plants were 4320, 1378 and 1023 ppm for Pb and 5343, 2996
and 2441 ppm, respectively for Zn. The mean enrichment factors for root (ECR) and shoot
(ECS) of these plants were 0.45 and 0.30 for Pb, and 0.98 and 0.71 for Zn, respectively. The
plants in the study area were separated into different groups based on ECR and ECS values.
The results showed that CR, AN and PH plants for Pb and GL, SL, VR and PH plants for Zn
were very good bioaccumulator/hyperaccumulator because their ECRs and ECSs are higher
than 1 or close to 1. Therefore, these plants may be particularly useful in phytoremediation
and they can also be used to clean or rehabilitate soils and areas contaminated with Pb and
Zn. The TLF values indicated that the ability to transfer Pb and Zn from the roots to the
shoot. According to the results of TLF values, that transfer was more efficient in ON, CY,
CE, SL and TR plants for Pb and CR, CY, AL, ON and PH plants for Zn.

Key Words: Pb and Zn uptake, terrestrial plants, enrichment coefficient, translocation factor,
phytoremediation, Giimiiskoy mining area
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ESPiYE BOLGESI (GIRESUN, KD TURKIYE) VOLKANOJENIK
MASIF SULFIT YATAKLARI CEVRESINDEKI SULFIiD iCEREN
MADEN ATIKLARININ CEVRESEL ETKILERI UZERINE GENEL BiR
BAKIS

Emine Selva Saglam', Migra¢ Ak¢ay' ve Dilsat Nigar Colak’
" Karadeniz Teknik Uniyersitesi, Jeoloji Miihendisligi Boliimii, 61080 - Trabzon, (ssaglam@ktu.edu.tr)
% Karadeniz Teknik Universitesi, Biyoloji Boliimii, 61080 - Trabzon, (dilsatcolak@hotmail.com)

Ozet: Volkanojenik masif siilfit yataklar1 Giresun cevresinde ve dzellikle Tirebolu ve Espiye
yorelerinde bulunmaktadir. Bu c¢aligma, Espiye'de aktif calisan Lahanos madeni ve
terkedilmis Killik, Kizilkaya, Karilar, Agalik ve Karaerik madenlerini iceren VMS yataklar
iizerine odaklanmakta ve 2010 yilinda gergeklestirilen kuru sezon 6rnekleme 6n bulgularini
Ozetlemektedir. Calisilan VMS yataklar1 ¢evresinde olduk¢a fazla miktarda bulunan ciiruf
yigmlart ve siilfidli maden atiklar1 bolgesel asidik maden drenaj1 gelistirdiginden ciddi ¢evre
kirliligi olusturmaktadir. Dasidik-riyodasidik piroklastik kayaclar i¢inde yer alan ve genellikle
riyolit veya dasit tarafindan {izerlenen maden yataklar1 baskin sekilde pirit, markazit,
kalkopirit, sfalerit ve bornit ile az miktarda fahlers, galen, enarjit, kovellin, kalkosin, dijenit ve
idayit icermektedir. Ciiruf orneklerinde pirit, kalkopirit, idayit, kovellin, kalkosin ve dijenit
minerallerinin yan1 sira manyetit, gotit, lepidokrozit, hematit, limonit ile nabit bakir ve kuprit
belirlenmistir.

Dere kumu 6rnekleri 2.88 to 42.20 % Fe, 0.02 to 31.28% S, 3.80 to 2265.40 ppm As, 170
to 48701 ppm Ba, 6.60 to 2598.60 ppm Cu, 47 to 2486 ppm Zn, 12.10 to 1554 ppm Pb, 0.1 to
13.70 ppm Cd, 0.01 to 3.98 ppm Hg, and 0.6-1470.70 ppb Au igermektedir. Bu sonuclar
sedimanlarin ciiruf ve silfidli maden atiklarindan yogun bir sekilde etkilendigini
gostermektedir.

Dereler boyunca alinan su ornekleri ve kaynak sulari1 Ficklin diyagraminda dort grup
sunmaktadir: 1) yiiksek asit-yliksek metal - yiiksek asit-cok yogun metal grubu (Karaerik
madeni c¢evresinden alinan Ornekler), 2) yiiksek asit-yiiksek metal grubu (Karilar madeni
cevresinden alinan Ornekler), 3) asit-yiikksek metal grubu (Killik, Kizilkaya, Agalik ve
Lahanos madeni ¢evresinden alinan ornekler), 4) notr-diisiik metal grubu (Maden etkisinden
uzak kesimlerden alinan ve kaynak sulari). Karaerik madeni incelenen maden sahalari
icerisinde en fazla etkilenmis sahadir ve =2.4 pH, 1130 mg/L Fe, 2150 pg/L As ve 5410 mg/L
SOy, igerigi ile 6nemli derecede asidik maden drenaji olusturmaktadir. Bu durum, kismen de
olsa 16S rRNA analizi ile Leptospirillum ferrooxidans, Acidithiobacillus ferrooxidans ve
Acidiphilium multivorum oldugu belirlenen kemolitotrofik mikroorganizmalarin metabolik
faaliyetleri sonucu gelismistir.

Anahtar Kelimeler: Karaerik, Lahanos, Agalik, Karilar, Killik, masif siilfit yatagi, asidik
maden drenaji, ciiruf, ferrooksidans.
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AN OVERVIEW of THE IMPACT of SULPHIDE-BEARING MINE WASTE
AROUND VMS DEPOSITS of THE ESPIYE REGION, GIRESUN (NE
TURKEY)

Abstract: Volcanogenic massive sulfide deposits are widespread near Giresun and cluster
mainly in Tirebolu and Espiye regions. This study concentrates on the VMS deposits in the
Espiye that include the currently active mine of Lahanos, and abandoned workings of Killik,
Kizilkaya, Karilar, Agalik and Karaerik, and summarizes the preliminary findings of the dry
season sampling in 2010. Large amounts of slag piles and boulders of sulphidic mine waste in
the vicinity of the studied VMS deposits result in serious environmental pollution due to local
development of acid mine drainage. Hosted within dacitic-riyodacitic pyroclastic rocks and
covered usually by a pile of riyolite or dacite, the deposits contain highly prevalent pyrite,
subordinate marcasite, chalcopyrite, sphalerite and bornite, and sporadic fahlore, galena,
enargite, covellite, chalcocite, digenite and idaite. Besides, pyrite, chalcopyrite, idaite,
covellite, chalcosine, and digenite, manyetite, goethite, lepidocrocite, hematite, limonite,
native copper and cuprite are determined in the slag samples.

Grab samples collected from the streams in the vicinity contain 2.88 to 42.20 % Fe, 0.02
to 31.28% S, 3.80 to 2265.40 ppm As, 170 to 48701 ppm Ba, 6.60 to 2598.60 ppm Cu, 47 to
2486 ppm Zn, 12.10 to 1554 ppm Pb, 0.1 to 13.70 ppm Cd, 0.01 to 3.98 ppm Hg, and 0.6-
1470 ppb Au. These results indicate that the sediments are strongly influenced by the slags
and sulphidic mine waste.

The Ficklin diagram produced from the water samples from different creeks and spring
waters put forward four groups: 1) high acid-high metal to high acid-extreme metal waters
were collected from the Karaerik mine, 2) high acid-high metal-waters were obtained from
the Karilar mine, 3) acid-high metal-waters came from the vicinity of the Killik, Kizilkaya,
Agalik and Lahanos mines, 4) near-neutral —low metal waters came from upstream from the
polluted areas and spring waters. The Karaerik mine is by far the most affected zone and
includes significant acid mine drainage with an overall pH of about 2.4 and iron, arsenic and
sulphate contents of up to 1200 mg/l, 3000 mg/l, 5410 mg/l, respectively. These conditions
were generated, at least partly, by the metabolic activity of chemolithotrophic
microorganisms which were determined to be Leptospirillum ferrooxidans, Acidithiobacillus
ferrooxidans and Acidiphilium multivorum based on 16S rRNA gene amplification studies.

Key Words: Karaerik, Lahanos, Agalik, Karilar, Killik, massive sulfide deposits, acid mine
drainage, slag, ferrooxidans.
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AYRISMA INDEKSLERINI KULLANARAK PEDOJENIK
ORTAMLARDAKI YAGIS MiKTARININ TAHMINI UZERINE BiR
CALISMA

Sonay Boyraz" Nizamettin Kazanc1 ve Tiilay Tuncay2
' Ankara Universitesi, Jeoloji Miihendisligi Béliimii, Ankara (sonayboyraz@hotmail.com)
" Ankara Universitesi, Jeoloji Miihendisligi Béliimii, Ankara (kazanci@eng.ankara.edu.tr)
% Ankara Universitesi, Yerbilimleri Uygulama ve Arastirma Merkezi, Ankara(tuncay@agri.ankara.edu.tr)

Ozet: Paleosoller karasal ortamlarm onemli iklimsel belirtecleri arasindadir ve paleosol
jeokimyast bu iklimsel kayitlar1 belirlemede olduk¢a 6nemli rol oynar. Bu ¢alismada, Geg
Miyosen-Pliyosen yashi Caglayan formasyonunun iist kesimlerinde depolanmis olan
paleosollerin ana oksit degerlerini kullanarak, pedojenez siiresince etkili olan
paleoklimatolojik kosullar hakkinda bilgi elde edilebilmistir.

Topraklarin ana oksit degerlerinden elde edilen molekiiler ayrisma oranlart hem giincel
toprak hem de paleosollerdeki ayrigma siireclerinin derecesini belirlemede kullanilir.
Kimyasal ayrigma indeksleri olan CIA-K ve yakin zamanda tanimlanan CALMAG, ortalama
yillik yagis miktar1 (Mean Annual Precipitation-MAP) ile kuvvetli bir korelasyona sahiptir.
MAP degerleri paleosol horizonlar1 i¢in 1271+£82 mm, pedojenik kalislerde 3284159 mm’ye
cikmaktadir. Eger bu degerler giiniimiiz cografik kosullariyla kiyaslanacak olursa, pek
uyusmadiklar1 goriilmektedir.

Anahtar Kelimeler: Paleosol, molekiiler ayrisma, MAP, Denizli, Cal

A STUDY on ESTIMATION of PALEORAINFALL AMOUNT in
PEDOGENIC ENVIRONMENTS USING WEATHERING INDEXES

Abstract: Paleosols are among the important climatic indicators of terrestrial environments
and its geochemistry plays an important role in determining these climatic records. In this
study, using the major oxide values of paleosols deposited the upper part of Late Miocene-
Pliocene aged Caglayan formation could be obtained information about effective
paleoclimatic conditions during the pedogenesis.

The molecular weathering ratios gained from soil major oxide values used to determine
the degree of weathering processes in both recent soil and paleosols. The CIA-K and recently
defined CALMAG, which are chemical weathering indexes, have powerful correlation with
mean annual precipitation (MAP). The MAP values are up to the 1271+82 mm for paleosol
horiozons and 328159 mm for all pedogenic caliches. If these all values correlate recent
geographical conditions, it seems that they might not coincide to each other.

Key Words: Paleosol, molecular weathering, MAP, Denizli, Cal
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CAMDERE Pb-Zn YATAGI DOGUSUNDAKI TERSAKAN NEHRINDE
AGIRMETAL DAGILIMI, ADANA (HORZUM), TURKIYE

Durdane Yilmaz' ve Asuman Kahya2
) " Aksaray Universitesi, Mithendislik Fakiiltesi, Cevre Miithendisligi Boliimii - Aksaray
% Aksaray Universitesi, Mithendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii - Aksaray (asuman27@gmail.com)

Ozet: Bilindigi gibi Toroslarda yaygin olarak karbonatl kayaglar icinde olusmus Pb-Zn yataklar
vardir. Horzum (Adana) Camdere Kdyii’niin 1 km GD’sunda yer alan Pb-Zn yatagi 1/25 000
Olcekli Kozan M35cl ve M35 c4 paftalarinda yer almaktadir. Cevherlesme Orta Toroslarda
Geyikdag1 tektonik birliginde, Orta kambriyen yash kirectaglariin karstik bosluklarinda
olusmustur. Daha Once yapilan ¢alismalarda, siilfidli cevher mineralleri olarak sfalerit, pirit,
galenit, kalkopirit, arsenopirit, markasit, bornit ve kalkosin, fahlerz, nabit altin, nabit giimiis;
Karbonath cevher mineralleri olarak ise, smitsonit, seriizit, aurikalsit ve gang mineralleri olarakta,
kalsit, dolomit, aragonit, barit, kuvars, serisit, klorit ve diger kil mineralleri vardir. Madencilik,
cevre acisindan en biiylik agir metal kaynagidir. Cevher minerallerinin dogal siire¢ igerisinde
bozusmasi ile metaller ¢cevredeki toprak ve suya karisarak dagilmaktadir. Bu ¢aligmada, calisma
alanindaki dere ve civarindaki icme sularinin agir metal kirliligini belirlemek amaciyla yataga en
yakin dereden (0-500 m araliklarla) ve igme sularindan yagisli donemlerde o6rnekler alinmis ve
Ag, Ba, Cd, Pb, Zn, Mn, B gibi analizi yapilan bu elementlerin dagilimi incelenmistir. Ba igerigi
0,053 mg/L ile 0,118 mg/L, Zn ise 0,026 ile 5,487 mg/L, B ise 1,443 ile 4,716 mg/L, Mn ise 0 ile
0,123 mg/L arasinda degistigi belirlenmistir. Sonuglar Yonetmelige gore degerlendirildiginde Zn,
Mn agisindan %20, B agisindan %100 kirlilik oldugu belirlenmistir.

Anahtar Kelimeler: Agir metal kirligi, Pb-Zn yatagi, Horzum, Adana

DISTRIBUTION of HEAVY METAL CONTENT in THE TERSAKAN RIVER,
EAST of CAMDERE Pb-Zn DEPOSITS, ADANA (HORZUM), TURKEY

Abstract: As is known Pb-Zn deposits widely occur in carbonated rocks in Taurus. The Pb-Zn
mineralization which located in the 1 km SE of Horzum (Adana) Camdere village and on the
Kozan M35cl and M35 c4 (1/25 000) sheet. Mineralization occurs in carstic cavity of Middle
Cambrian limestone in Geyikdagi tectonic units of Middle Taurus. Sulfide minerals are:
sphalerite, pyrite, galena, chalcopyrite, arsenopyrite, marcasite, bornite, chalcosine, fahlerz,
native gold, native silver;, Carbonated ore minerals are: smithsonite, cerusite, aurichalcite; the
gang minerals are calcite, dolomite, aragonite, barite, quartzite, cerusite, chlorite and clay
minerals were determined by previous studied. Mining is the largest heavy metals source of
environment. Metals are distributed with soil and water with the alteration of ore minerals in the
natural process. In this study, to determine the heavy metal content of river and drinking water, in
the rainy period water samples were taken from the river (0-500 m interval) which is the nearest
of the deposits area and the drinking water, and investigate the scatters of Ag, Ba, Cd, Pb, Zn,
Mn, B such as. It is determined that Ba content is 0.053 mg /L and 0.118 mg / L; Zn is 5.487 and
the 0.026 mg/L; Bis 1.443 and 4.716 mg / L; Mn is 0 and 0,123 mg/L ranged between. When the
results are evaluated by Regulation of Turkish Republic, the Zn and Mn occurred 20% , B
occurred 100% pollution to be determined.

Key Words: Heavy metal pollution, Pb-Zn deposits, Horzum, Adana
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GELI DERE (BASKIL-ELAZIG) CIVARINDA DERE KUMU
JEOKIMYASI

Suna Cicek Ug:ar1 ve Leyla Kalender'
" Firat Universitesi, Jeoloji Miihendisligi Boliimii, 23119 - Elaz1g (leylakalender@firat.edu.tr)

Ozet: Calisma alan1 Elazig ili Baskil ilgesi 5 km giiney batisinda 4257362 kuzey paralelleri
ile 37483652 dogu meridyenleri arasinda yer almaktadir.

Bolgede en yash birimler Ust Kretase yash Komiirhan Ofiyolitleri ve Ust Kretase yash
Elazig Magmatitleridir. Geng birimler ise Orta Eosen yasli Maden Karmasig1 ve Ust Paleosen
yasli Seske Formasyonudur.

Ornekler, dere suyu akim yiiniinde, yanal ve diisey yonde (kumbari) alinmistir. Dere
kumu orneklerindeki metal iceriklerinin Baskil civarinda yiizeyleyen granitik ve diyoritik
kayaglar ile karsilastirildiginda birkag on kat yiiksek oldugu belirlenmistir. Ozellikle Mn, Cu,
Zn, As ve Fe’ in yanal yonde mesafeye gore dagilimlarinin dere yataginda suyun akis hizinin
azaldig1 ve yatagin genisledigi alanlarda yiiksek derisime sahip oldugu goriilmektedir. Diisey
yondeki metal dagilimlarinin farkli seviyelerde, farkli derisim sundugu goézlenmektedir.
Ozellikle kumlu seviyeler arasinda yiiksek poroziteden dolayr metallerin klastik olarak
zenginlesmis olabilecegi, killi ve organik maddece zengin seviyelerde ise adsorbsiyonla
cokelmis olabilecegi diisiiniilmektedir. Dere yatagi boyunca Cu, Pb, Zn, Ag, As, Sb
derigimleri ile Sn, W, Sr, U, Th, NTE derisimlerinin zit yonlii dagilim1 dikkat ¢ekmektedir.
Yapilan faktor analizi sonucunda, derekumu element derisimleri tizerinde tli¢ farkli faktoriin
etkili oldugu belirlenmistir. Birinci faktoriin, granodiyoritik kayaglar oldugu ve dere
kumlarinda Sn, W, Sr, Th, U ve NTE derisimlerini etkiledigi; ikinci faktoriin hidrotermal
damar tipi cevherlesmeler oldugu ve Mo, Pb, Ag, As, Ni, Cd ve Ba derisimlerini etkiledigi ve
ticlincii faktoriin ise sedimanter birimleri temsil ettigi ve Fe, Mn derisimleri iizerinde etkili
oldugu diisiiniilmektedir.

Dere suyu oOrneklerinin element igeriklerinin, diinya nehir suyu ortalamalariyla
karsilastirildiginda yiiksek element derisimine sahip oldugu goriilmektedir. Bazik pH ve
yiiksek alkalinitenin metal ¢okelimi lizerinde etkili oldugu diigtiniilmektedir.

Sonu¢ olarak, dere kumlar1 olast cevherlesmelerden, granodiyoritik ve sedimanter
kayaclardan etkilenmistir. Bununla birlikte, jeokimyasal prospeksiyon ¢aligmalari muhtemel
cevherlesmelerin ¢alisma alaninin kuzeybatisinda yer aldigini géstermektedir.

Anahtar Kelimeler: Baskil, Geli River, river sediment, geochemical prospestion
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STREAM SEDIMENT GEOCHEMISTRY of THE GELI DERE (BASKIL-
ELAZIG) AREA

Abstract: The study area is located in 5 km southwest of the province Elazig at Baskil
township and between 4257362 north latitude and 37483652 east longitude.

The oldest units of the study area are Komiirhan ophiolite and Elazig Magmatits of
Upper Cretaceous age. The youngest units are Maden Melange and Seske Formation belongs
to the Middle Eocene and Upper Pliocene age, respectively.

The samples were collected from horizontal, vertical (sandbar) and along the stream
sediments. The metal concentration in the stream sediments are higher a few tenfold than
basement rocks according to the comparison between metal content of the stream sediment
and metal content of the granodioritic rocks. Particularly, the horizontal distribution of Mn,
Cu, Zn, As and Fe is the highest in large parts of the river bed where water flow rate decrease
and metals contents increase. The vertical distribution of the elements in different level in the
sand bar is complicated. The metals may be enriched as clastic in the sandbar level due to
high porosity and precipitated by adsorption on clay and organic matter levels. There is
negative correlation relationship between Cu, Pb, Zn, Ag, As, Sb concentrations and Sn, W,
Sr, U, Th, NTE along the river bed sediments. Results of factor analysis are showed that three
different factors effect on elements distribution on the stream sediments. The first factor is
determined as granodioritic rocks due to Sn, W, Sr, Th, U and NTE concentrations, second
factor as hydrothermal mineralizations due to Mo, Pb, Ag, As, Ni, Cd and Ba concentrations,
third factors as sedimentary formations due to Fe, Mn concentrations in the river bed and
tributaries.

It was observed that river water element concentrations are higher than average of the
world river water due to possible mineralization. The basic pH and high alkalinity values are
considered to be significant on metals precipitation.

As a result, the stream sediments have been affected from alteration possible
mineralizations, granodioritic rocks and sedimentary rocks. In addition to, the geochemical
prospection explorations show to be located in the northwest of the study area of the possible
mineralizations.

Key Words: Baskil, Geli Dere, stream sediments, geochemical prospection
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KUTAHYA YERLESIM ALANI TOPRAK AGIR METAL DERIiSIMININ
BELIRLENMESI

Cafer Ozkul' ve Enes Zengin'
“Dumlupmar Universitesi Jeoloji Miihendisligi Boliimii, Kiitahya
(caferozkul@dumlupinar.edu.tr)(eneszengin@dumlupinar.edu.tr)

Ozet: Kiitahya ili gectigimiz yiizyilin son ceyreginden baslayarak hizla endiistrilesme
stirecine girmistir. Ulasim, ova konumu ve su kaynaklarinin bollugu endiistrilesmeye neden
olan etkenlerdir. Bu endiistrilesmenin ¢evrede antropojenik agir metal kirliligine neden olmasi
kaginilmazdir. Bu nedenle bolgede yer alan her bir fabrika muhtemel kirletici konumundadir.
Ayrica yerlesim alan1t maden potansiyeli agisindan 6nemli bir bolgede yer almaktadir. Bundan
dolay1 dogal kirletici kaynaklarinda g6z ardi edilmemesi gerekmektedir. Havzada en 6nemli
kirletici kaynaklar; azot, seker, porselen ve Kiimas (manyezit) fabrikalari, Seyitomer Termik
Santrali, evsel ve sanayi atik sulari, maden ocaklari ile tarimsal kokenli kirleticilerdir. Ayrica
karayollarini1 kullanan araglardan ¢ikan emisyon gazlarida kirletici diger kaynaklarin baginda
gelmektedir (Pb kirlenmesi). Bir oOncel calisma olarak bolgede, endiistrilesmenin
(antropojenik) ve jeolojik yapinin (jeojenik) neden oldugu toprak kirliligini olusturabilecek
agir metal derisimleri saptanmaya calisilmistir.

Bu amagla Kiitahya yerlesim alani icinde 70 noktadan toplam 75 toprak 6rnegi alinmustir.
Ust toprakta (A zonu) 10-15 cm arasindaki derinliklerden alinan &rneklerde As, Pb, Zn, Ni,
Cu, Co, Cd, Cr, Hg ve Sb agir metallerinin analizleri yapilmistir. Cozeltiler i¢in sicak A.R.
(aqua regia) kullanilmis ve son Ol¢limler ICP-MS teknolojisi ile gerceklestirilmistir. Elde
edilen verilerle esdeger derisim haritalar1 olusturulmus ve riskli alanlar belirlenmistir.

Anahtar Kelimeler: Kiitahya, toprak, agir metal kirliligi.
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DETERMINATION of HEAVY METAL CONCENTRATION in
SETTLEMENT AREA of KUTAHYA

Abstract: Kiitahya province has been entered to period of rapid industrialization from the last
quarter of the last century. Transportation, plain location and abundance of water resources
are factors that cause the industrialization. Anthropogenic heavy metal pollution of
industrialization is inevitable that this environment. For this reason, each a factory in the
region is a possible contaminant source. In addition, the residential area is located in a
region important in terms of mineral potential. Therefore, the natural pollutant sources
should not be ignored. The most important pollution sources in the basin are nitrogen, sugar,
porcelain and Kiimas (magnesite) factories, Seyitomer Power Plant; domestic and industrial
waste waters, mines and agricultural-based pollutants. Pollutant emissions from vehicles are
also one of the other resources (Pb contamination). As a prior study in the region, we tried to
estimate the heavy metal loads that can cause pollution of the soil due to industrialization
(anthropogenic) and geological structure (geogenic).

For this purpose, total of 75 soil samples at 70 points were collected in the residential
area of Kiitahya. The samples were taken from 10-15 cm depth of the top soil (A zone) and As,
Pb, Zn, Ni, Cu, Co, Cd, Cr, Hg and Sb analyses of heavy metals were conducted. A.R. (aqua
regia) was used for solutions and the final analyses were performed with ICP-MS technology.
Finally, isoconcentration maps were produced and risk areas were determined.

Key Words: Kiitahya, soil, heavy metal pollution.
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KOMUR ACIK iSLETME GOLETLERINDE SU ve CEVRESEL
ETKILERIN ANALIiZi

M. Suat Delibalta' ve Nigmet Uzal’
" Nigde Ur}jversitesi Miihendislik Fak. Maden Miihendisligi Boliimii, Nigde (msdelibalta@nigde.edu.tr)
* Nigde Universitesi Miihendislik Fak. Cevre Miihendisligi Boliimii, Nigde (nimetuzal @gmail.com)

Ozet: Maden yataklarinin aranmasi, iiretimi ve zenginlestirilmesi siireglerinde uygulanan
islemler; hava, toprak, su kaynaklarini, dolayisiyla ¢evreyi ve g¢evrede yasayan canlilari
etkilemektedir. Genel olarak komiir acik isletme madenciliginin ¢evre iizerindeki olumsuz
etkileri, yeraltt madenciligi ve cevher hazirlama ¢alismalarina oranla ¢ok daha fazladir.

Komiir agik isletme sonrasti olusan Ttretim cukurlarimin dekapaj malzemesiyle
doldurulmamas1 halinde, yiizey sular1 ve yeralti su seviyesinin yiikselmesi ile biiylik veya
kiigiik goletler olusmaktadir. Diisiik pH degeri (asidik karakteristik) ve yiiksek metal
konsantrasyonu (Fe, Mn, Al, Cu, Pb, Zn vs.) iceren bu goletlerde, baskin halde bulunabilen
stlfirlii mineraller (SO4) ve atik malzemeler, dogal kaynaklarin siirdiiriilebilirligi i¢in en
biiylik ¢evresel sorunlardan birini olusturmaktadir.

Stirdiiriilen bilimsel arastirma projesi kapsaminda (FEB2011/17), Tirkiye Komiir
Isletmeleri Kurumuna bagl TKi-Giiney Ege Linyit isletmeleri Miiessesesi Yatagan/Mugla ve
Yenikdy Linyit Isletmesi Milas/Mugla sahasindaki 3 farkli gdletten su rnekleri alinarak su
kirlilik izlemeleri yapilarak, belirlenen sonuglar ilgili yoOnetmelikler c¢ergevesinde
incelenmistir. Yapilan ilk analizlerde li¢ adet golet’in ortalama pH degeri 6.75, bulaniklik
(NTU) 0.92, siilfat icerigi 1060 mg/L, KOI 42.62 mg/L ve elektriksel iletkenlik degeri 2.26
mS/cm olarak Ol¢iilmiistiir. Analizler {i¢ aylik periyotlarla tekrar edilecektir. Ayrica,
laboratuarda saha simiilasyon deneyleri yapilmaktadir.

Bu c¢alismada, komiir agik isletme madenciliginde siirdiiriilebilir su ve arazi
rehabilitasyonuna katkida bulunmak maksadiyla, sorunlarin tespiti ve ¢oziimii i¢in madencilik
faaliyetlerinden kaynaklanan ¢evresel etkiler arastirilmistir.

Anahtar Kelimeler: Komiir acik isletmeler, ¢evre, jeokimya, su ve arazi rehabilitasyonu
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ANALYSIS of WATER and ENVIRONMENTAL IMPACTS of the
OPENCAST COAL MINE LAKES

Abstract: The processes during the search, production and enrichment of mining operations
naturally affects the air, soil, water resources in turn the natural environment and living
organisms. In general, the environmental impact of coal opencast mining operations is much
more significant than that of underground mining and mineral processing.

After stripping of the material filling the holes in coal opencast production, with the rise
of surface water and ground water level is composed of large or small ponds. Low pH (acidic
characteristic) and high metal concentrations (Fe, Mn, Al, Cu, Pb, Zn etc..) of these ponds,
besides the sulfide minerals containing (SO,4) the waste materials, for the sustainability of
natural resources is one of the biggest environmental problems.

Within the context of an ongoing project (FEB2011/17), three different (General
Directorate of Turkish Coal Enterprises TKI Giiney Ege Linyit Isletmeleri Yatagan/Mugla,
Yenikoy Linyit Isletmesi Milas/Mugla) lignite opencast mine post-production lakes of acid
with structure of geochemical, environmental pollution situation will be monitored and the
results will be evaluated within the framework of relevant laws and regulations. Based on the
first analysis conducted in 3 of such lakes, average pH level 6.75, turbidity (NTU) 0.92,
sulfate content 1060 mg/L, KOI 42.62 mg/L and electrical conductivity 2.26 mS/cm values
were found to be respectively. Analysis will be repeated three-monthly periods. In addition,
simulation experiments are continuing the laboratory field.

In this study, the environmental impacts caused by mining activities for the identification
and resolution of issues have been investigated in order to contribute towards sustainable
water and land rehabilitation in the coal opencast mining.

Key Words: Coal opencast mines, environment, geochemical, water and land rehabilitation
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SEDIMENTLERDE MONOAROMATIK HIDROKARBON KAYNAKLI
KIRLILIGIN DEGERLENDIRILMESI; KIYI ALANI ORNEKLERI

Selma Unlii' ve Bedri Alpar’
" {stanbul Universitesi, Deniz Bilimleri ve isletmeciligi Enstitiisii, istanbul
(su@istanbul.edu.tr)(alparb@istanbul.edu.tr)

Ozet: Kiy1 alanlarinda endiistri merkezlerinin yayginlasmasi ve niifusun artmasi paralelinde
kirlenme hiz1 biiyiik oranda artmis, dnlemlerin alinmayisina bagli olarak da su kiitlelerindeki
atik yiikleri kaldirilamayacak diizeye ulagsmistir. Dogal olmayan bu gibi degisimlerden birinci
derecede etkilenen bolgelerde, c¢esitli petrol ve tiirevleri akarsu drenajlari, aritimdan
gecmemis kentsel kanalizasyonlar ve endiistriyel atik sularla alict ortama katilirlar.
Calismada, ¢evre ve halk saglig1 acisindan monoaraomatik hidrokarbon kirliliginin varligini
arastirmak icin Tiirkiye’nin kritik derecede kirlendigi diisiiniilen baz1 kiy1 alanlarindan giincel
¢Okel oOrnekleri alinmistir. Monoaromatik hidrokarbonlar, benzen, toluen, etilbenzen ve
ksilenler yaygin adi olarak tanimlanmakta ve ucgucu organik bilesiklerin 6nemli bir
boliingiisiinii olusturmaktadirlar. Diisiik molekiil agirlikli bu bilesikler ara¢ egzozlarinda
tastyict kaynak olarak, komiir yanmasi, 1sinma, atik yakma, petrol rafineri islemleri ve
aliminyum {retimi gibi tasityici kaynaklarda bulunurlar. Bu nedenle ¢ogunlukla atmosfer
hava, kara ve su sistemleri arasinda kolayca tasinabilen toksik hidrokarbon bilesenleri ABD
Cevre Koruma Ajans: tarafindan oncelikli kirleticiler listesine almmustir. Ulkemizin kritik
derecede kirlendigi diisiiniilen baz1 kiy1 alanlarindan toplanan taban c¢okellerinde
monoaromatik hidrokarbon kaynakli kirliligin varlig1 belirlenmistir. Bu kirlilige sebep olan en
yaygin kirleticilerin gazoline ve diger yaygin c¢evresel kirleticilerden olan petrol ve tiirevli
tiriinler ve organik maddenin kismen yanmasi sonucu olusan tamamlanmamis yanma
iirtinlerinin oldugu tespit edilmistir. Bu calisma, elde edilen ilk veriler 1s18inda iilkemizde
kritik 6neme sahip bu tip alanlarin arastirma programlarina bu konuda istenen verilerin
saglanabilmesi agisindan 6nem arz etmektedir.

Anahtar Kelimeler: sediment, monoaromatik hidrokarbonlar, kirlilik, headspace-GCMS
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EVALUATION of MONOAROMATIC HYDROCARBON SOURCE
POLLUTION SEDIMENTS; SAMPLES FROM COASTAL AREAS

Abstract: The sediment samples from some critically polluted coastal areas in Turkey were
collected and analyzed for monoaromatic hydrocarbon compounds to determine whether
contamination has occurred that is detrimental to the public health and environment. In fact,
monoaromatic hydrocarbons, as a collective name for benzene, toluene, ethylbenzene, and
xylenes (BTEX or BTX compounds), constitute an important fraction of volatile organic
compounds. These are non-biodegradable, low-molecular weight compounds and found in
vehicle exhaust (mobile source), coal burning and residential heating, waste incineration,
petroleum refining processes, coke and aluminum production (stationary sources). Therefore
they are considered to be most mobile and toxic hydrocarbon constituents, and included in the
USEPA priority pollutants list. The results indicated that the most common source is the
incomplete combustion of organic matter as encountered at the most polluted coastal areas,
which are often in front of discharges and near the sources of petroleum products such as
gasoline, and other common environmental contaminants. These places are acutely toxic to
aquatic organisms if contact is maintained.

Key Words: sediment, monoaraomatic hydrocarbons, pollution, headspace-GCMS
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CEVRESEL JEOKIMYASAL MODELLEMENIN GEREKLILIiGI

Sevgi Tokgoz Giines', Cihan Giines’, Murat Tokcaer’
" Dokuz Eyliil Universitesi Cevre Miithendisligi Boliimii, izmir (sevgi.tokgoz@deu.edu.tr)
* Dokuz Eyliil Universitesi Jeoloji Mithendisligi Boliimii, izmir (cihan.gunes@deu.edu.tr)
* Dokuz Eyliil Universitesi Jeoloji Miihendisligi Boliimii, izmir (murat.tokcaer@deu.edu.tr)

Ozet: Yasal yaptinimlar ¢evresel ¢alismalara yon vermektedir. Mevzuat dogal kaynaklarin ve
enerjinin korunumu, {iretilen atifin geri kazanimi ve minimizasyonu ve cevre dostu atik
yonetimi uygulamalarini gerektirmektedir.

Arazi bazli pek cok cevresel problemde, kirlilik ve su ihtiyact problemleri, ¢ozelti
konsantrasyonlarinin alanda ve zamanda bilinmesine veya tahmin edilmesine gereksinim
duymaktadir. Cozelti konsantrasyonlarinin alansal ve zamansal dagilimi yeraltinda gergeklesen
kompleks bir proses olan kiitle transferi ile hesaplanmaktadir. Alanda ve zamanda ¢ozelti
konsantrasyonlar1 ve bunlarin degisimleri; fiziksel taginim siirecleri, kimyasal siiregler ve
biyolojik aktivitelerin sonuglaridir. Cevresel jeokimyasal modelleme bu siireclerin
tanimlanmasinda yararl bir aragtir ve yasal gereksinimler i¢in yapilmalidir.

Bu calismada, cevresel problemlerin ¢oziimiinde cevresel jeokimyasal modellemenin
uygulama alanlar aragtirtlmistir. Calismadaki yaklasim, ¢evresel yoneticiler ve ilgili ¢calisma
alanindaki gruplar tarafindan kullanilabilir. Tavsiyeler 6zellikle ¢evresel etki degerlendirme
caligmalarini gelistirmek i¢in yapilmustir.

REQUIREMENT of ENVIRONMENTAL GEOCHEMICAL MODELING

Abstract: Regulatory mandates drive environmental work. The regulations call for
conservation of natural resources and energy, recovery and reduction in waste generated, and
environmentally sound waste management practice.

In almost all field-based environmental problems, contamination and water problems,
there is a need for knowledge or predictions of the solute concentrations in space and time.
The spatial and temporal distribution of a solute concentration is determined by mass
transport that is a complex process in the subsurface. The concentrations of solute and their
variations in space and time are the outcomes of physical transport processes, chemical
reactions, and biological activities. Environmental geochemical modeling is useful tool in
quantifying these processes and must be done because of regulatory requirements.

In this study, the application areas of environmental geochemical modeling in the
solutions of environmental problems are reviewed. The approach of this study could be used
by environmental managers and community groups. Recommendations are made especially
for improvement in environmental impact assessment studies.

Key Words: Environmental problem, regulations, environmental impact assessment (EIA),
environmental geochemical modeling.
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JEOLOJIK NUMUNELERDE
EDXRF SPEKTROMETRESI iLE ANA BILESEN TAYINi

M. Akif Cimenoglu', Aml Cetinoglu', Murat Kayar’ ve Seref Giicer”
"TUBITAK - BUTAL Gaziakdemir Mah. Merinos Cad. No:11 16190 - Bursa (akif.cimenoglu@tubitak.gov.tr)
¥ Uludag Universitesi Fen-Edebiyat Fakiiltesi Kimya Béliimii 16059 — Bursa

Ozet: Enerji Dagilimli X-Isin1 Fliioresans (EDXRF) Spektroskopisi bircok alanda uygulama
imkanma sahip bir ¢oklu element teknigidir. Bu teknik kullanilarak sivi, kati ve toz
numunelerde, hizli bir sekilde, nitel ve nicel analiz yapilabilmektedir.

Bu caligmada, jeolojik numunelerde ana bilesen (oksitli) diizeylerinin tayini i¢in, polarize
EDXRF spektrometresinin (Spectro X-Lab 2000) iiretici firmasi tarafindan BUTAL ig¢in
tiretilen, iki farkli Olglim ve degerlendirme yazilimi, TurboQuant-Pres ve Eritis, test
edilmistir. Birgok standart numuneyi de biinyelerinde bulunduran bu yazilimlarda; matriks
etkileri elimine edilerek, kalibrasyon i¢in temel parametreler yaklasimi kullanilir. Boylece,
ayni kalibrasyon i¢in farkli orijinli numuneler ile ¢alismak miimkiindiir. Her bir 6l¢iim ve
degerlendirme siireci igin farkli 6rnek hazirlama sekli s6z konusudur.

Cesitli referans maddeler her iki yontemle analiz edilerek, sonuglar gerceklik ve kesinlik
acisindan degerlendirilmistir. Ayrica, gercek bir jeolojik numune iizerinde ¢alisilarak her iki
siire¢ karsilastirilmistir.

Anahtar Kelimeler: EDXREF, Eritis, XRF Spektroskopisi, Oksitli Bilesenler.

DETERMINATION of MAIN COMPONENTS BY EDXRF
SPECTROMETER in GEOLOGICAL SAMPLES

Abstract: Energy Dispersive X-Ray Fluorescence (EDXRF) Spectroscopy is a multi element
technique applied in many fields. Qualitative and quantitative analysis can be done rapidly in
liquid, solid and powder samples by using this technique.

In this study, two different softwares of polarized EDXRF spectrometer (Spectro X-Lab
2000) called as TurboQuant-Press and Melt that were produced for BUTAL by the
spectrometer’s manufacturer were tested for the determination of levels of main components
(oxides) in geological samples. In these softwares which include many different standard
samples, matrix effects are eliminated and fundamental parameters method is used for
calibration. Thus, it is possible to work with the samples of different origin for the same
calibration. There is a unique sample preparation type for each measurement and evaluation
process.

Various reference materials were analysed by using both methods and the results were
evaluated in terms of trueness and precision. In addition, by working on a real geological
sample, both processes were compared.

Key Words: EDXRF, Melt, XRF Spectroscopy, Oxides.
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DUNYADA VE TURKIYE’DE JEOKIMYA VERITABANI
CALISMALARI

Cahit Donmez', Hayrullah Yildiz', Pinar Sen', Yahya Ciftci', Sabriye Metin' ve Ayse

Demirci'
“MTA Genel Miidiirligii, Maden Etiit ve Arama Dairesi Bagskanligi, Cankaya - ANKARA,(cahit@mta.gov.tr)

Ozet: Jeokimya, yerkabugunu olusturan kayaclardaki elementlerin fizikokimyasal
ozelliklerini arastirmasi nedeniyle yerbilimsel arastirmalarin merkezi konumundadir. Ayrica
20. Yy.’dan itibaren ivme kazanan sanayilesme ve kentlesmeden kaynaklanan cevresel
etkilerin aragtirllmasinda da ilk adimi olusturur. Bu nedenle, yerkabugu ve cevre ile ilgili
sorunlarin belirlenmesinde ve ¢oziimiinde en 6nemli ara¢ durumundadir. Giiniimiizde gelisen
cevre bilinciyle, jeokimya haritalari, g¢evresel uygulamalara kaynaklik etmesi agisindan
onemli bir islev yerine getirmektedir. Sanayilesmenin ilerlemesiyle yerlesim alanlar1 sanayi
bolgeleri ile ¢cogunlukla i¢ ice gegmistir. Bu durum, diinyada bolgesel ve kiiresel jeokimya
haritalarina olan gereksinimi arttirmaktadir. Bu nedenle, bir¢ok iilkede maden aramalari
ve jeolojik sorunlarin ¢zlimiin yan1 sira, tarim, hayvancilik, yerlesim alani se¢imi gibi ¢esitli
disiplinlere de hitap eden jeokimya haritalar iiretilmektedir.

Diinyada ilk kiiresel dlcekli jeokimya calismasi 1988 yilinda UNESCO tarafindan
uygulanan 259 no.lu projeye dayanmaktadir. Projenin hedefleri, UNESCO’nun “Cevre ve
Kaynak Yonetiminde Kiiresel Jeokimya Veri Taban1” baglikli 19. Raporunda yayimlanmaistir.
Ayrica, Avrupa Birligi iilkeleri de EuroGeoSurveys araciligi ile 1996’da bir temel jeokimya
programi baglatmiglardir. Calismada, 26 Avrupa {ilkesinden toplanan dere suyu, dere
sedimani, tagkin ova sedimani (veya aliivyal toprak), kalint1 toprak ve humus 6rneklerinin
analizleri yapilmis ve 2005°te “Avrupa Jeokimya Atlas1” hazirlanmis olup kurumun web
sayfasinda ortak kullanima acilmigtir. 2000°’li yillardan bu yana da Diinyada “Global
Geochemical Baselines” projesi kapsaminda bolgesel ve kiiresel jeokimya haritalar1 agisindan
onemli ¢aligmalar yiiriitilmektedir. Bu konuyu 6ncelikli bilimsel proje olarak degerlendiren
Ingiltere disinda Cin, Hindistan, Avustralya gibi iilkeler de projeye eklemlenmektedirler.

Ulkemizde jeokimyasal arastirmalar 60’11 yillarin ortalarinda MTA ile baslamistir. Ancak
bu calismalar sinirli alanlarda ve sinirli elementlerin analizi seklinde, ¢ogunlukla maden
arama amagl gergeklestirilmistir. Jeokimya atlaslarinin sadece maden aramalarinda degil
cevresel arastirmalar icin de bir veri tabani olusturmaya baslamasi nedeniyle MTA, 1996-
2000 yillar1 arasinda “Tiirkiye Genel Jeokimya Haritalarinin hazirlanmasi Projesi’ni
uygulamaya koymustur. Bu tarihten 2011 yilina kadar ara verilen proje giiniimiizde tekrar
hayata gecirilmistir. Calismalar, ililkemizin yaklasik 320 adet 1/100.000’lik paftadan olusan
alanin1 kapsamaktadir. Her pafta her biri 5 km2 alani temsil eden dere kumu 6rnegi agi ile
taranacaktir. Derlenen -80 mesh elek alti kismindan 6ncelikle 30 elementin analizi yapilacak
olup, sahit 6rnekler olas1 ek analizler i¢in siiresiz saklanacaktir.

Anahtar Kelimeler: Jeokimya, Atlas, UNESCO, MTA
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GEOCHEMICAL BASELINE STUDIES AROUND THE WORLD and
TURKEY

Abstract: Geochemistry is at the center of many geoscience studies owing to investigate the
physicochemical principles of elements in rock forming minerals in the earth. In adition this
studies are the main subject to investigate the environmental effects driving from Industry and
settlements which is increased during 20th century. Geochemistry is, therefore, a tool to
answer the questions about the earth and environmental problems. By increasing in
environmental awareness, geochemical maps play significant role in the basis of
environmental applications in recent years. Industrial developments causing the
amalgamation of urban and industrial areas to each other. Thus revealed the necessity of
global and regional geochemical maps in the world. Many geochemical maps, addressing
various diciplines such as mineral exploration, solution of geological problems,
hydrogeology, agriculture and livestock, residential area selection etc, have been in process
for 3 decades in the world.

The first global geochemical study in the world was the project numbered 259 which
were carried out by UNESCO in 1988. The aim of this project was printed in the 19th report
entitled “A Global Geochemical Database for Environmental and Resources Management”.
Except that study, a basic geochemistry survey was commenced in 1996 by European Union
countries via EuroGeoSurveys. In this study, stream water, stream sediment, flood plain
sediment (alluvial soil), regolith and humus samples collected from 26 European countries
were analyzed. As a result of this study, “Geochemical Atlas of Europe” was printed out in
2005 by those geochemical data obtained from the study. Open file reports and maps of this
study are available online in the web page of eurogeosurvey. During the 2000s, important
geochemical studies have been realized in order to produce global and regional geochemistry
maps under the scope of “Global Geochemical Baselines” project in the world. In adition to
GB Geological Survey, which is marked this Project “as a major scientific project”, mant
countries such as China, India, also joined this global geochemical work.

First geochemical studies were held by MTA Institute in the middle of 60’ies. These
studies were applied to limited areas in the scope op mineral exploration with few elements.
MTA has joined to Global Geochemical Baselines Project of UNESCO in 1996. Geochemical
studies were stopped between 2000 and 2011. In this year the institution has reactivated the
General Geochemistry Maps of Turkey and aimed to complete 1:100.000 scaled 320 sheet
coverage in order to 5 km’ stream-sediment sample grid. Eighty mesh sieve fraction will
analysed for 30 elements and remain samples will stored for future analysis.

Key Words: Geochemistry, Atlas, UNESCO, MTA
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SEQUENTIAL EXTRACTION of VANADIUM in DIFFERENT SOIL
SAMPLES USING CONVENTIONAL and ULTRASONIC DEVICES

Jameel Ahmed Baig1’2 Latif Elci’, Tasneem Gul Kazi'
!- NCEAC, University of Sindh Jamshoro - Pakistan (jab_mughal@yahoo.com)
2 Pamukkale University, Department of Chemistry - Denizli (jmughal@pau.edu.tr)

Abstract: A rapid and time saving ultrasound accelerated sequential extraction (UASE)
procedure has been used to developed sequential extraction method proposed by community
Bureau of Reference European Union (BCR) for geochemical fractions like carbonated
bounded, reducible, oxidizable and silica bounded phases. The effects of ultrasonic treatment
on the extraction of vanadium in different soil samples collected from the vicinity of thermal
power plants and agricultural areas of Pakistan were studied in detail. The extraction time 16
hours for each extraction steps of conventional BCR-UASE method was reduced upto 45
minutes for each step of the UASE (excluding the hydrogen peroxide digestion in step 3,
which was carried out conventionally) by the use of ultrasound energy. Analysis of the
extracts was carried out by electrothermal atomic absorption spectrometry. The total contents
of vanadium were obtained by digestion with two acidic mixtures (H;O,: HF: HNO;: H,SOy)
and (HCIO4: HF: HNO;: H,SO,). Validation was performed by standard addition method.
According to statistical evaluation of the results, the proposed accelerated extraction method
is valid alternative to conventional shaking with much shorter extraction time with p value
<0.05. The total content of vanadium in five soil fractions was in good correlation with the
total content of this element in understudy soil samples.

KEY WORDS: Vanadium, sequential extraction, thermal power plant, ultrasonic bath
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KOCALi KARMASIGI (ADIYAMAN) iLE iLiSKiLi MANGAN
CEVHERLESMELERININ JEOKIMYASI

Burcu Goren' ve Mustafa Akyildiz'

" Cukurova Universitesi Jeoloji Miihendisligi Béliimii, Adana (bgoren@cu.edu.tr)

Ozet: Calisma alani Cagalalitepe ve Bezardagi (Adiyaman) olmak iizere iki adet manganez
cevherlesmesini kapsamaktadir. Cevherlesmeler GiineyDogu Anadolu Orojenik Kusagi igerisinde
Arap platformu iizerine Ust Kretase’de bindirmis olan Kogali Karmasigi'nin iist seviyelerini
olusturan radyolaritler igerisinde bulunmaktadir.

Cevherlesmede pirolusit, psilomelan ve manganit bulunmakta ve arazide bu mangan
cevherleri yan kayagclarla uyumlu olarak bazen de masif ¢atlak dolgusu seklinde gozlenmektedir.

Jeokimyasal incelemelerde cevherlerin ana oksit i¢erikleri MnO: %8.98-73.64, Si02: %3.26-
%86.19 arasinda degerler sunmaktadir. Cevherlesmelerin Fe/Mn oranlar1 0.001-0.019 araliginda
degismektedir. Ce elementinin pozitif anomali gostermesi Hidrojenetik yataklari, Ce ‘un pozitif
anomali gdstermesi ise Hidrotemal yataklar1 belirtmektedir. Kogali karmasig: ile iligkili cevher
orneklerinde ise Ce negatif anomali gostermektedir

Cevher ornekleri iizerinde yapilan oksijen izotop analiz sonuglarma gore Cagalali Tepe
manganez cevher 6rneklerinde '*O degeri %o 3.9-10, Bezardagi manganez cevher drneklerinde ise
%o 11.2-11.6 arasindadir. Bu sonuglar degerlendirildiginde 8'*O izotopundaki zenginlesmenin
volkanizmaya eslik eden hidrotermal sivilardan kaynaklandigi ve deniz suyunun manganez
minerallerinin olusumunda kimyasal bilesime katilmadig1 diistintilmektedir

Anahtar Kelimeler: Adiyaman, Kogali, hidrotermal, mangan, jeokimya, '*O izotopu

THE GEOCHEMISTRY of THE MANGANESE MINERALIZATIONS
RELATED TO THE KOCALI COMPLEX (ADIYAMAN)

Abstract: The study area includes two manganese ores, named Cagalalitepe and Bezerdagi
(Adiyaman). The ores are located within radiolarians at the upper levels of the Kogali Complex
that emplaced onto the Arabian platform within the Southeast Anatolian Orogenic Belt at Upper
Cretaceous.

The paragenesis of the manganese ores is pyrolusite, psilomelane and manganite and seen as
concordant with the wall rocks and rarely massive vein fillings in the field.

The major oxide contents of the ores are MnO: %8.98-73.64, SiO2: %3.26-%86.19. The
Fe/Mn ratios of the ores are range between 0.001 and 0.019. The positive anomaly of the Ce
indicates hydrogenetic deposition, whereas the negative anomaly of the Ce indicates
hydrothermal deposition. The ores related to the Kogali Complex shows negative Ce anomaly,
indicating hydrothermal depositon.

According to the results of the oxygen isotope analyses made on ore samples, the %0 value of
the Cagalal Hill manganese ore samples range between %o 3.9 and 10 , whereas , the '*0 value
of the Bezerdagi manganese ore samples range between %o 11.2 and 11.6. These results indicate
that the enrichment in the "*O isotope values were arise from hydrothermal liquids accompanying
with volcanism and sea water was not intruded into the chemical composition of the formation of
the manganese minerals.

Key Words: Adiyaman, Kocali, Hydrothermal, manganese, geochemistry, %0 isotope
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SINANDEDE (SINDIRGI-BALIKESIR) BOLGESI KALK-ALKALEN
VOLKANIZMASININ VE ILiSKiLI KAOLEN OLUSUMLARININ
JEOKIMYASAL OZELLIKLERI

Fazh Coban', Gokhan Biiyiikkahraman', Ciineyt Bircan'
" Balikesir Universitesi Jeoloji Miihendisligi Béliimii, Balikesir (fcoban@balikesir.edu.tr)

Ozet: Bati Anadolu’da bazalt-riyolit arasinda bilesim degisimleri gosteren kalk-alkali
karakterli Senozoyik yasl volkanik {iriinler genis alanlarda yayilim gosterir. Bolge genelinde
bu volkanik iiriinlerin hidrotermal alterasyonu sonucunda ekonomik kaolen yataklar
gelismistir.

Sinandede ve c¢evresinden derlenen numunelerin mineral bilesimi kaolenit + kuvars +
aliinit seklindedir. XRD ve SEM g¢alismalar1 ile belirlenen kaolenit minerali, Bati
Anadolu’daki kalkalkalen volkanizmanin hidrotermal alterasyon {iriinlerine benzer
niteliktedir. Alterasyonun piroklastik kayaclar igerisinde gerceklesmesi hidrotermal
cozeltilerin ilerlemesini kolaylagtirarak bolgedeki alterasyonu yaygin hale getirmistir. Sindirgt
volkanikleri igerisindeki KD-GB gidisli fay hatlar1 boyunca gelisen kaolen olusumlar:
hidrotermal kokeni isaret etmektedir. Alterasyon minerallerindeki aliinit igerigi ise
hidrotermal ¢ozeltilerin siilfat bakimindan zengin oldugunun kanitidir. Jeokimyasal
caligsmalar, kaolen olusumlarini meydana getiren volkaniklerin subalkalen karakterli trakit-
trakiandezit bilesiminde bir magmadan olustuklarini gosterirken; negatif Nb anomalisi
magmanin gelismesi sirasinda yitim ve/veya kabuk etkisine isaret etmektedir. Yiiksek Rb, Ba
ve Zr igerikleri diferansiyasyon sirasinda bir magma kirlenmesinin meydana geldigini
gostermektedir. Buna karsin, bu kayaclardan olusan kaolenlerde ise diisiik eser element
icerikleri, kaolenlesme derecesinin yiiksek oldugunu ve doniisiim sirasinda tliketilmenin
fazlaligin1 ortaya koyar. Normal olarak hidrotermal kaolen olusumlarinda Cu, Pb, Zn ve Li
icerikleri yiizey alterasyonuyla olusan kaolenlere gore daha yiiksektir.

Elde edilen veriler; bolgede kalkalkalen 6zellikli asidik-notr volkaniklerin (diisiik) asit
siilfat tip bir hidrotermal alterasyona ugradiklarin1 ve alterasyona bagli olarak bolgede
propilitlesme, aliinitlesme ve kaolenlesmenin gelistigini ortaya koymustur.

Anahtar Kelimeler: Kaolen, hidrotermal alterasyon, Sinandede, Sindirgi.
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GEOCHEMICAL PROPERTIES of SINANDEDE (SINDIRGI-BALIKESIR)
REGION CALC-ALKALINE VOLCANISM and ASSOCIATED KAOLINE
FORMATIONS

Abstract: Calc-alkaline Cenozoic aged volcanic rocks showing composition variations
between basalt and rhyolite outcrop in larger areas in Western Anatolia. Economical kaoline
deposits develop throughout the region as a result of hydrothermal alteration of the volcanics.

Mineralogical composition of the samples collected from Sinandede and its surrounding
is kaolinite + quartz + alunite. The mineral of kaolinite, determined by XRD and SEM
studies, compares to hydrothermal alteration products of calc-alkaline volcanism in Western
Anatolia. Being the alteration in pyroclastic rocks made the alteration widespread in the
region by simplifying the flowing of hydrothermal solutions. Kaoline formations progressing
along the trend of NE-SW fault lines in the Sindirgt volcanics refer to hydrothermal origin.
Alunite content in alteration minerals is the evidence of those hydrothermal solutions is rich
in sulphate. While geochemical studies indicate that volcanics constituting kaoline
occurrences derived from a magma in character of subalkaline and composition of trachyte-
trachyandesite; negative Nb anomaly points out subduction and/or crust effect during the
progress of magma. High Rb, Ba, and Zr contents show that a magma contamination
occurred during the differantiation. However, lower element contents in the kaolines derived
from those introduce that kaolinization level and depletion during transformation is high.
Ordinarly, Cu, Pb, Zn, and Li contents in hydrothermal kaoline occurrences are higher than
those in kaolines occurred by surface alteration.

Obtaining data state that calc-alkaline, asidic-neutral volcanics were subjected to
(lower) asid-sulpate type hydrothermal alteration and depending on this, propylitization,
alunitization, and kaolinization occurred in the region.

Key Words: Kaoline, hydrothermal alteration, Sinandede, Sindirgt.
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KIZILDERE JEOTERMAL SAHASINDA GOZLENEN ALTERASYON
MINERALLERI ve JEOTERMAL ENERJi POTANSIYELI ACISINDAN
DEGERLENDIRMESI

Ayse Uzun' ve Fiisun S. Tut Hakhdir'

" Zorlu Enerji Grubu, Zorlu Plaza, Avcilar- istanbul - TR, (ayse.uzun@zorlu.com),(fusun.tut@zorlu.com)

Ozet: Kizildere Jeotermal Sahasi, Bati Anadoludaki horst-graben sistemindeki Biiyiik
Menderes grabeninde yer almaktadir. Saha iilkemizde elektrik {iretimine uygun olarak
kesfedilmis ilk saha 6zelligini korumaktadir. Sahada 2009 yilina dek toplam 25 kuyu acilmis
olup, 2009-2011 yillar1 arasi ise 6zellestirilen sahada 20 yeni sondaj yapilmustir.

Kizildere Jeotermal Sahasinda, Paleozoyik yasli Metamorfik kayaclar ve Tersiyer yasl
cokeller yer almaktadir. Paleozoyik yasl sistler (mikasist, kloritsist, gnays) ve mermerlerin
olusturdugu Menderes Masifi Metemorfikleri olarak adlanan birim temeli olusturmaktadir.
Stratigrafik olarak sirasiyla Kizilburun Formasyonu (gakiltasi, kiltasi, kumtasi), Sazak
Formasyonu (kirectasi, silttagi, marn), Kolonkaya Formasyonu (marn, kumtasi, kiregtasi,
silttasi) ve Tosunlar Formasyonu (¢akiltasi, kumtasi, kirectasi) istifinden olusan Tersiyer
cokelleri metamorfitlerin lizerinde uyumsuz olarak c¢okelmistir. Tiim birimler Kuvaterner
yash aliivyon ve travertenlerce ortiiliir. Bat1 Anadolu tektonik yapisi igerisinde degerlendirilen
sahada horst-graben sistemi ¢ok evreli ve yogun tektonik hareketlerle olugsmustur.

Jeotermal sahalarda yogun olarak gozlenen alterasyonlar 6zellikle arama c¢aligmalarinda
onem sunmaktadir. Yiizey alterasyonlar1 ve sondajlarda kirintili Orneklerde gozlenen
alterasyonlar sahalarda jeoternal kapasitenin belirteci olabildigi gibi, rezervuar sicakliklari
hakkinda da ilk yorumlamalarda kullanilabilmektedir.

Kizildere Jeotermal Sahasinin jeolojisi ve tektonigi dikkate alinarak, yapilan yiizey
alterasyonu, acilmis kuyulardaki hidrotermal alterasyon mineralleri incelendiginde bolgede
yaygin olarak; kloritlesme, serisitlesme, silislesme, karbonatlasma gibi alterasyonlar
goriildiigii tespit edilmistir. Rezervuar test sonuglari ile jeoloji raporlar1 karsilastirildiginda,
sicakligin yiiksek oldugu metrelerde kiip sekilli piritlerin, serizit/muskovit ve agik renkli klorit
alterasyon minerallerinin yogun olarak goriildiigl tespit edilmistir. Nispeten daha diisiik
sicakliklarin oldugu derinliklerde daha az altere mineraller ve daha koyu renkte kirintilar
gozlenmis, rezervuar sicakliklarinda alterasyon minerallerin iyi bir pusula rolii iistlendigi
goriilmektedir.

Anahtar Kelimeler: Kizildere, jeotermal, alterasyon, hidrotermal alterasyon
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GEOTHERMAL ENERGY POTENTIAL EVALUATIONS of ALTERATION
MYNERALS, DETERMINED and OBSERVED
AT KIZILDERE GEOTHERMAL FIELD

Abstract: Kizildere field is located at Biiyiik Menderes graben in the Western Anatolian horst-
graben system. Kizildere was discovered as the first geothermal field for electricity
production in Turkey. 25 wells were drilled untill 2009 in the field and after privatization 20
new wells were drilled between 2009-201 1.

Kizildere Geothermal Field consists of Paleozoic aged metamorphics and Tertiary aged
deposits. Paleozoic aged schists (micaschists, chloriteschist, gneiss) and marble contained
Menderes Massive Metamorphics are basement rocks and covered with discordance by
Tertiary Deposits unit. The Tertiary Deposits begin with Kizilburun Formation
(conglomerate, claystone, sandstone) and continues with Sazak Formation (limestone,
siltstone, and marl), Kolonkaya Formation (marl, sandstone, limestone, siltstone) and
Tosunlar Formation (conglomerate, sandstone, limestone). All units are covered by
Quaternary aged alluvium and travertine. The field which is evaluated in the Western
Anatolian tectonic structure, this horst-graben system field is composed of multi-stage and
intense tectonic movements.

In geothermal fields, extensive alterations are of importance especially at exploration
studies. Surface alterations and other type of them that can be observed in drilling cuttings
are not only used for geothermal capacity, but also first clues about reservoir tempratures.
Investigation of surface alterations and hydrothermal alteration minerals in drilled wells, by
based on geology and tectonics of Kizildere Geothermal Field, some alterations such as
chloritization, sericitization, silification, carbonation have been commonly detected in the
region. When reservoir test results and drilling reports compares, cubic pyrite,
sericite/muscovite and light colored chlorite alteration minerals are seen abundantly as a
high temperature depths. Relatively lower temperature meters, less often alteration minerals
and dark colored cuttings are observed and alteration minerals are assumed the role of a
good compass for reservoir temperatures.

Key Words: Kizildere, geothermal, alteration, hyrothermal alteration
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YESILBAGLAR-KABAN (OLUR-ERZURUM) ALTERASYON
ZONLARININ GENEL OZELLIKLERI

Giizide Onal' ve Mustafa Akyildiz'

' Cukurova Universitesi Jeoloji Miithendisligi Boliimii - Adana, (guzideonal@gmail.com),(akyildizm@cu.edu.tr)

Ozet: Dogu Pontidlerin dogu kesimi farkli litostratigrafik dzelliklerine gore KD-GB uzanimli
dort farklh tektonik zona ayrilmistir (Hopa-Borgka zonu, Artvin-Yusufeli zonu, Olur-Tortum
zonu ve Erzurum-Kars ofiyolit zonu). Caligma alani Olur-Tortum zonu igerisinde olup,
Yesilbaglar ve Kaban alterasyonlarini kapsamaktadir. Olur Birligi, tabanda Liyas-Dogger
yash andezitik-bazaltik lav, piroklastiklerden (Oltu Cayr Volkanitleri) ve yanal esdegeri
dasitik lav, piroklastiklerden (Kaban Dasiti) olusmaktadir. Bunun {izerine uyumsuzlukla gelen
Malm yash tiirbiditik ¢okeller (Olurdere Formasyonu) ve iiste dogru Berriyasiyen-Apsiyen
yaslh pelajik-yar1 pelajik kiregtaglara (Soguk¢am Formasyonu) ge¢gmektedir. Bu istifi Erken
Eosen yasli, porfirik dokulu dasitik-riyodasitik karakterli “Coskunlar Dasiti” kesmektedir.

Coskunlar Dasiti, Olur Birligi’ne ait Oltugay1 Volkanitleri ve Soguk¢cam Formasyonu’na
sokulum yaptig1 yerlerde, yaygin bir hidrotermal alterasyona neden olmustur. Yesilbaglar
alterasyonunda, Jura-Kretase yasli bazalt/andezit karakterli volkaniklerle bunlar1 kesen Erken
Eosen yagh “Coskunlar Dasiti”ne ait altere dasitler gozlenmektedir. Alterasyon yaklasik 300
m genisliginde olup K10°-15°D dogrultulu olarak 600 m uzanim gostermektedir. ince kesitler
tizerinde yapilan incelemelerde elde edilen ilk bulgularda; birincil ve ikincil olarak gelisen
kuvars, saginimli opak mineraller; serizitik alterasyonda yer alan kuvars damari ve serizite
rastlanilmistir.  Alterasyon olarak killesme, silislesme, limonitlesme, hematitlesme ve
piritlesme gozlenmektedir. Alterasyon i¢inde agsal kuvars damar/damarciklar1 ve ikincil jips
olusumlari izlenmektedir.

Kaban alterasyonu ise Coskunlar Dasiti’nin, Olur Birligi’ne ait Kaban Dasiti ile Jura-
Kretase yasli Akdag kiregtasinin dokanagina sokulum yapmasi sonucunda geligmistir.
Alterasyon, yaklasik D-B dogrultusunda 300 m uzanim ve 100 m genislik sunan porfirik
dokulu dasitler iginde gelismistir. Bolgede gozlenen alterasyon Yesilbaglar alterasyonu ile
aynt Ozelliklere sahiptir. Porfirik dokulu altere dasit/kirectasi dokanag silislesmis olarak
izlenmektedir. Yesilbaglar ve Kaban alterasyonlarinin, cevher-yan kayag iliskisi, alterasyon
ve cevher Ozelikleri bakimindan porfiri Cu cevherlesmelerine benzerlik gosterdigi
distiniilmektedir.

Anahtar Kelimeler: Dogu Pontidler, Olur-Tortum Zonu, porfiri Cu, Dasit, Eosen.
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GENERAL FEATURES of YESILBAGLAR-KABAN (OLUR-ERZURUM)
ALTERATION ZONES

Abstract: The eastern part of the eastern Pontides were tectonically subdivided into NE-SW
trending four zones based on their distinct lithostratigraphy (Hopa-Bor¢ka zone, Artvin-
Yusufeli zone, Olur-Tortum zone, and Erzurum-Kars ophiolite zone). The study area is
located within the Olur-Tortum zone and includes Yesilbaglar and Kaban alterations. The
Olur unit starts, at the bottom, with Liassic-Dogger andesitic-basaltic lava, pyroclastics (Oltu
Cayr volcanics), and lateraly transitional Kaban Dacite that comprises dacitic lava,
pyroclastics. These units are in turn unconformably overlain by Malm turbidites (Olurdere
Formation) and pass upwards into Berriasian-Aptian pelagic-semipelagic limestones
(Soguk¢cam Formation). These rocks are intruded by Early Eocene Cogskunlar Dacite,
displaying porphyric texture.

The Coskunlar Dacite caused extensive hydrothermal alterations along the boundaries
where intruding Oltu Cayt volcanics and Soguk¢am formation of the Olur unit. In the
Yesilbaglar alteration, Jurassic-Cretaceous basaltic/andesitic volcanics and intruding Early
Eocene Coskunlar Dacite are present. The alteration zone is 300 m width and trending 10-15°
NE in a 600 m elongation. Primary and secondary quartz, disseminated opaque minerals,
quartz vein in sericitic alteration and sericite are observed in thin section studies.
Silicification, limonite, clay, hematite and pyrite alterations are seen in the alteration zone.
Network-type quartz vein/veinlets and secondary gypsium occurences are also seen in the
alteration.

The Kaban alteration zone formed due to intrusion of the Coskunlar Dacite into the
boundary between the Kaban Dacite and Jurassic-Cretaceous Akdag limestone, belonging to
the Olur unit. The E-W trending alteration zone was developed within a 100 m width and 300
m long porphyritic dacite. The alterations in the Kaban region are similar to the alterations
in the Yesilbaglar area. The boundary between altered porphyritic dacite and limestone is
seen as silicified. Based on the relationships between ore and host rock, alteration-ore
features, it is believed that the Yesilbaglar and Kaban region show similarities to typical
porphyry-Cu mineralization.

Key Words: Eastern Pontides, Olur-Tortum Zone, porphyry Cu, Dacite, Eocene.

190



V. JEOKIMYA SEMPOZYUMU 5" GEOCHEMISTRY SYMPOSIUM
23-25 Mayis 2012 23-25 May 2012
Pamukkale Universitesi - Denizli Pamukkale University — Denizli /| TURKEY

GURECE STOGUNUN (LAPSEKI - CANAKKALE) U/PB LA-ICP-MS
ZiRKON JEOKRONOLOJIiSi VE TEKTONIK ORTAMI

Ahmet Cem Korkmaz', Namik Aysall, Petek Ayda Ustaomer” ve Irena Peytcheva3
" [stanbul Universitesi, Jeoloji Mithendisligi Boliimii - istanbul (aysal@istanbul.edu.tr)
% Yildiz Teknik Universitesi, Doga Bilimleri Arastirma Merkezi - Istanbul
3 Bulgar Bilimler Akademisi, Jeoloji Enstitiisii, Sofya - Bulgaristan

Ozet: Kuzeybati Anadolu’da, Marmara Denizinin giineyi boyunca metamorfik kayaglar igine
yerlesmis bir dizi granitik sokulum bulunmaktadir. Bu kusakta yer alan plutonlardan bir tanesi de
kusagin en bat1 ucundaki Giirece stogudur. Giirece stogu iri, es taneli dokulu granodiyorit ve
kuvarsmonzodiyoritler ile yer yer aplitik damarlardan olusmaktadir. U/Pb LA-ICP-MS zirkon yas1
Giirece stogunun 46.19+0.74 My (Liitesiyen) once metamorfik birimler igine yerlestigini
gostermektedir. Stogun SiO; icerigi % 56.05-65.63 arasinda, ASI degerleri ise 0.87 — 1.04
arasinda degisir. Bu haliyle Gtirece stogu I tipi, metaliimiine—peraliimiine granit olarak siniflanir.
K0 igerigi stogun yliksek K’lu—kalkalkalen ve kalkalkalen bir granit oldugunu gosterir. SiO, ye
kars1 anaoksit ve iz element Harker degisim diyagramlari, Giirece stogunun gelisiminde
fraksiyonel kristallenmenin 6nemli rol oynadigma isaret eder. Giirece stogunun fraksiyonel
kristallenme ile uyumlu egilimleri belirgindir. Kondrite normalize Nadir Toprak Element driimcek
diyagramlarinda plajioklas ve amfibol kristalizasyonunun énemli oldugu, yukar: konkav bir desen
goriiliir. Tektonik ortam ayirt diyagramlarinda ise tiim ornekler volkanik yay granitleri bolgesine
diismektedir. Eldeki tiim veriler Giirece stogunun, bolgede yer alan erken Liitesiyen yash bir
kitasal magmatik yayin bir iiyesi oldugunu gostermektedir.

Anahtar Kelimeler: Eosen plutonizmasi, LA-ICP-MS yaslandirma, Biga Yarimadasi, Kitasal
magmatik yay.

U/PB LA-ICP-MS ZIRCON GEOCHRONOLOGY and TECTONIC SETTING
of THE GURECE STOCK (LAPSEKI - CANAKKALE)

Abstract: There are several granitic intrusions emplaced into metamorphic rocks along the
southern coast of the Marmara Sea in NW Anatolia. One of these granitic intrusions is the
Giirece stock located in the western end of this belt. Giirece stock consists of coarse-grained,
equigranular granodiorite, quartzmonzodiorite and occasional aplitic veins. U/Pb LA-ICP-MS
zircon dating revealed that the Giirece stock was emplaced into the metamorphic units at
46.19+0.74 Ma (Liitetian). SiO; content and ASI value of the Giirece stock vary between 56.05-
65.63% and 0.87 — 1.04, respectively. The Giirece stock is therefore classified as a metaluminous-
peraluminous, I-type granite. K,0 contents show that the stock is a high K-calc-alkaline and calc-
alkaline granite. Coherent variation trends on the SiO, versus major and trace element Harker
diagrams give evidence that fractional crystallization played an important role in the genesis of
the Giirece stock. Upward concave patterns on the Chondrite-normalized Rare Earth Element
spidergrams are indicative of the importance of plagioclase and amphibole fractionation. In
tectonic setting discrimination diagrams, all granite samples fall into the volcanic arc granite
field. All the data show that the Giirece stock is a member of a continental margin arc that existed
in this region during the early Lutetian.

Key Words: Eosen plutonism, LA-ICP-MS dating, Biga Peninsula, Continental magmatic arc.
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GUCUNKAYA (AKSARAY) GRANITOYIDININ JEOKIMYASAL -
PETROLOJIK INCELENMESI, ORTA ANADOLU, TURKIYE

Bahattin Giillii' ve Mustafa Yildiz*
" Ankara Universitesi Miih. Fak. Jeoloji Miihendisligi Boliimii 06100 Tandogan - Ankara,
(bgullu@ankara.edu.tr)
% Aksaray Universitesi Miih. Fak. Jeoloji Miihendisligi Boliimii - Aksaray, (jeo.myildiz@gmail.com)

Ozet: Giiciinkaya granitoyidi Orta Anadolu’da Aksaray ili’nin 13 km dogusunda yer
almaktadir. Genel olarak plajiyoklaz (Anys-Ange), kuvars, ortoklaz, hornblend ve biyotit ana
minerallerinden olusan pliitonda titanit, apatit ve zirkon mineralleri tali bilesenler olarak
gbzlenmektedir.

Giiclinkaya granitoyidinde mafik-felsik magmatik sistemlerin etkilesim stireclerini
yansitan mafik mikrograniiler anklavlar (MME) ve poiklitik K-feldispat olusumlari, lata
bicimli plajiyoklaz olusumlar1 ve yer yer hornblend-kuvars ocellar dokular1 gibi bir¢cok 6zel
karistm dokular1 gozlenmektedir. Granitoyid ig¢inde yer yer amfibol ve biyotit gibi mafik
mineral yigisimlariyla karakterize olan segregasyon iiriinleri de gézlenmektedir.

Toplam alkali-silika igerigine gore subalkali karakterde gozlenen Giiclinkaya granitoyidi
AFM diyagraminda kalkalkalen bir yonelim sergilemektedir. Giiciinkaya granitoyidinin
ORG’ye gore iz element dagilimlarin1 gosteren spider diyagramlarinda, biiyiik iyon yaricapl
litofil elementlerde (LIL) bir zenginlesme gozlenirken, kalicilig1 yiiksek elementlerde (HFS)
ise fakirlesme goze c¢arpmaktadir. Kondrite gore normalize edilen nadir toprak element
degisim diyagraminda da hafif nadir toprak elementlerinin (LREE) agir nadir toprak
elementlerine (HREE) oranla bir zenginlesme gostermesi (LREE>HREE) Giicilinkaya
granitoyidini olusturan magmanin kitasal kabukla etkilesimde bulundugunu ifade etmektedir.

Taylor ve Mc Lenan (1985)’1n kitasal kabuk degerleriyle normalize edilen (Rb/Sr)n:2.3,
(St/Ba)xn: 0.46 ve (Sm/Nd)n: 1 oranlar1 her ne kadar kitasal kabuk benzeri bir degisim gosterse
de A/CNK orani 1.16 ve FeOy/(FeO+MgO) orani ise 0.69 olan Giiciinkaya Granitoyidi esas
olarak hibrit karakterli bir magmanin kristallenme 6zelliklerini yansitmaktadir.

Petrolojik ¢alismalar ve bolgesel jeodinamik evrim acisindan degerlendirildiginde,
Giiclinkaya granitoyidinin ¢arpigma ile iliskili yay magmatizmasina bagli manto etkilesimli H
tipi granitler olabilecegi ortaya ¢ikmaktadir.

Anahtar Kelimeler: Anklav, Giiciinkaya (Aksaray) granitoyidi, yay magmatizmasi
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THE GEOCHEMICAL-PETROLOGIC INVESTIGATION of GUCUNKAYA
(AKSARAY) GRANITOIDE CENTRAL ANATOLIA, TURKEY

Abstract: Giiciinkaya Granitoid is located at 13 km east of Aksaray in Central Anatolia.
Plagioclase (An25-An46), quartz, orthoclase, hornblende and biotite are main minerals of the
pluton and the accessory minerals are titanite, apatite and zircon.

Mafic microgranular enclaves and magma mixing textures such as poikilitic formation of
K-feldspar, lath-shaped plagioclase formations and hornblende-quartz ocellar textures which
reflects the process between mafic and felsic magmatic systems are seen in Gucunkaya
Granitoid. Also biotite and amphibole segregations are observed within the granitoids.

Gucunkaya Granitoid is subalkalen in composition due to total alkali-silica content and
show calcalkalen trend in AFM diagram. Trace element patterns point enrichment in LIL
(large ion lithophile) elements and show depletion in HFS (high field strength) elements in
ORG normalized spider diagrams. The LREE (light rare earth elements), shows enrichment in
comparison to HREE (heavy rare earth elements) (LREE>HREE) in chondrite-normalized
spider diagram. This patterns represents that the magma generates the Gucunkaya Granitoid
is interacted with the continental crust.

Although (Rb/Sr)y = 2.3, (Sr/Ba)n: 0.46 and (Sm/Nd)y: 1 ratios which normalised by
Taylor and Mc Lennan (1985)'s continental crust values show a similar trend, A/CNK ratio
(1.16) and FeOt/(FeOt + MgO) ratio (0.69) of Giiciinkaya Granitoid reflects the products of a
hybrid magma.

According to petrological studies and regional geodynamic evolution, Gucunkaya
Granitoid can be H-type granitoids which are generated from collision related arc
magmatism with mantle interact.

Key Words: Enclave, Giiciinkaya (Aksaray) Granitoid, arc magmatism,
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KUZEYBATI ANADOLU GRANITIK PLUTONLARININ (ILICA-
SAMLI VE CATALDAG ) iZ ELEMENT VE RADYOJENIK iZOTOP
KARAKTERISTIiKLERI

Daghan Celebi' ve Nezihi Kopriibasi'
""Kocaeli Universitesi, Jeoloji Mithendisligi Boliimii - Kocaeli, (dcelebi@kocaeli.edu.tr),
(nezihi@kocaeli.edu.tr)

Ozet: Cataldag ve Ilica-Saml1 Pliitonlar1 IAEKK (izmir-Ankara- Erzincan kenet kusagi) nin
kuzeyinde yer almaktadir. Pliitonlardan alinan 6rneklerin yapilan incelemeler sonucu cok
biiylik ¢ogunlugunun granit ve granodiyorit bilesiminde oldugu belirlenmistir. Jeokimyasal
veriler Kuzeybati Anadolu’da carpisma sonrast olusan bu pliitonlarin, kaliciligi yiiksek
elementlere (HFSE) gore genis iyon yarigapl litofil elementler (LILE) ve hafif nadir toprak
elementlerce (LREE) daha fazla zenginlestigini ve nadir toprak elementlerin (REE) fraksiyon
islemleri gecirdigini gostermistir.

Tiim kayag iz element igerikleri kullanilarak olusturulan teorik fraksiyonel kristalizasyon
(FC) model diyagramlarinda oOrneklerin alkali feldispat, plajiyoklaz, biyotit, amfibol
minerallerinin fraksinasyonundan etkilendikleri goriilmektedir. Asimilasyon-fraksiyonel
kristalizasyon (AFC) modellemelerinde ¢izilen degisken kontaminasyon/fraksiyon orani olan
r yiiksek degerlerde cikmustir. Bu degerin yiiksek olmasi bu 6rneklerin tiimiinlin kita
kontaminasyonu isleminden ¢ok fazla etkilendigini gostermistir. Ancak Cataldag 6rneklerinin
kita kontaminasyonunun etkisi diger 6rneklere gére daha fazladir. Carpisma sonrasi olusmus
bu granitoyidik kiitlelerin, manto kdkenli mafik magmanin fraksiyonel kristallenmesi ve
bununla eszamanli, sig veya orta diizeydeki manto odalarinda kabuk ergiyigiyle
kontaminasyonundan olusan bir kokenden meydana geldigi sonucu ¢ikarilmistir.

Anahtar Kelimeler: Kuzeybati Anadolu, Magma Karisimi, Fraksiyonel Kristalizasyon,
Asimilasyon-Fraksiyonel Kristalizasyon
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TRACE ELEMENT and RADIOGENIC ISOTOPE CHARACTERISTIC of
NORTHWEST ANATOLIAN GRANITOIDS (ILICA-SAMLI and
CATALDAG)

Abstract: The Cataldag and Ilica-Samli Plutons are located to the North of IAESZ (Izmir-
Ankara-Erzincan Suture Zone). Investigations show that most of the rocks sampled from the
plutons are granite and granodiorit compositions. Geochemical data indicate that these
plutons, formed after the continent collisions and are rich Large-lon Lithophile Elements
(LILE) and Light Rare Earth Elements (LREE) relative High Field Strength Elements(HFSE)
and Rare Earth Elements(REE).

Theoretical Fractional Crystallization (FC) model is applied by using trace element
contents. Model diagrams show that the samples are affected by fractionation of, K-feldspar,
plagioclase, biotite and amphibole minerals. Assimilation and Fractional Crystallization
(AFC) modellings indicates that, r value, proportion of variable contamination to fraction, is
high. High r value denotes that the samples were affected by crustal contamination process
significantly. However, the effect of crustal contamination on Cataldag samples is higher
relative to the other samples. Post-collisional granitoidic suites infer an origin by fractional
crystallization of mantle-derived mafic magma and simultaneous contamination with crustal
melts (AFC) in lower to middle crustal magma chambers.

Key Words: Northwest Anatolia, Granitoidic Magmatism, Magma mixing, Fractional
crystallization, assimilation and fractional crystallization
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HATILDAG SAHASI (GOYNUK-BOLU) BITUMLU SEYLLERININ
CIMENTO SANAYINDE KULLANILABILIRLiIGI

Ayse Yurtoglul, Ali Sart, Siikrii Kog?, Tugba Unver' ve Ceyda Uzun'
" Ankara Universitesi Fen Bilimleri Enstitiisii, G5lbasi — Ankara, (yurtoglu_07290320@hotmail.com)
* Ankara Universitesi, Jeoloji Miithendisligi Boliimii, Tandogan, Ankara, (Ali.Sari@eng.ankara.edu.tr)

Ozet: Bitiimlii seyllerden; sentetik petrol ve gaz iiretilmesi, termik santrallerde kati yakit
olarak kullanma, artik seyllerden ¢imento hammaddesi olarak yararlanma, igerdigi iz ve nadir
toprak elementleri kazanma, tarimda giibre ve toprak stabilizatorii olarak yararlanma,
adsorban karbon ve aktif karbon iiretimi gibi bir¢cok yararlanma olanaklar1 vardir.

Bitiimli seyllerin atik kiilleri diinyada ¢imento ve seramik sanayinde yaygin bir sekilde
kullanilmaktadir. Bu ¢alismada iilkemizin 6nemli bitlimlii seyl sahalarindan olan Hatildag
(Bolu) sahasina ait bitimlii seyllerin yapilan jeokimyasal analiz sonuglari ile ¢imento
modiilleri hesaplanmis ve sahanin ¢imento sanayinde kullanilabilirligi incelenmistir. Hatildag
sahast bitlimlii seyllerinin ¢imento sanayinde kullanilan standart modiillerinden silislik asit
orani 2.44-3576.97, hidrolik modiil 0.005-63.19, silika modiilii 0.66-2606.30, aliimina moduli
0.225-187.42, kire¢ formiilii -519.151-277.43, kire¢ standardi 0.0278-3083.585dur.
Hesaplanan standart ¢imento modiilleri Hatildag (Bolu) sahasina ait bitiimlii seyllerinin
genelde ¢imento sanayinde kullanimina uygun olmadiklarini1 gostermektedir.

Anahtar Kelimeler: Bitiimlii seyl, ¢cimento sanayi, ¢cimento modiilii, Hatildag

USABILITY of HATILDAG (Géyniik/BOLU) BITUMINOUS SHALE in
CEMENT INDUSTRY

Abstract: Bituminous shale is the source of a number of economical uses including the
production of synthetical oil and gas, energy source for power stations, waste shale, as a raw
material for cement production, extraction of trace and rare earth elements, fertilizer and soil
stabilizer in agriculture and production of adsorbent carbon and active carbon.

Bituminous shale ash has been used extensively in cement and ceramics industries. The
scope of this investigation is to illuminate first the geochemical analyses of Hatildag
bituminous shale fields in Turkey, and then to search its usability in cement industry using its
cement modulus. Standard moduli for Hatildag bituminous shale are follow: The ratio of
silicic acid 2.44-3576.97, hydraulic module 0.005-63.19, modulus of silica 0.66-2606.30,
modulus of alumina 0.225-187.42, lime standard -519.151-277.43. In conclusion, Hatildag
bituminous shale does not satisfy the requirements for use in cement industry.

Key Words: Bituminous shale, cement industry, cement modulus, Hatildag
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OLIGOSEN YASLI HAYRETTIN FORMASYONU KOMURLERININ
(DENIZLI/TURKIYE) ORGANIK JEOKIMYASI

Demet Banu Koralay1
" Pamukkale Universitesi Jeoloji Miithendisligi Boliimii — Denizli, (dbkoralay@pau.edu.tr)

Ozet: Bu calismada cakiltasi ve linyitli camurtasi ara diizeyleri igeren, gesitli tane boylarina
sahip kumtaslarindan olusan Orta-Ust Oligosen yasli Hayrettin Formasyonu’ nun
(Denizli/Tiirkiye) organik jeokimyasal 6zellikleri incelenecektir. Calisma alaninda incelenen
51 adet oOrnekte Rock Eval/TOC analizi yaptirilmistir. Bu analizlere gore Hayrettin
Formasyonu kdmiirlerinin organik karbon miktar1 (Corg) % 0.21 ile % 39.61 (ortalama %
9.73) arasinda, S; degerleri 0.02-2.01 mg HC/g kaya arasinda (ortalama 0.38 mg HC/g kaya),
S, degerleri 0.07-50.29 mg HC/g kaya arasinda (ortalama 9.05 mg HC/g kaya), hidrojen
indeks (HI) degerleri 25-174 mg HC/g kaya arasinda (ortalama 78.71 mg HC/g kaya), Tmax
degerleri 400-437 °C (ortalama 419 °C) ve lretim indeksi (PI) degerleri 0.01-0.33 mg HC/g
kaya (ortalama 0.06 mg HC/g kaya) arasinda degismektedir. Rock Eval/TOC analiz
sonuglarina gore organik maddece zengin Hayrettin Formasyonu” nun kaynak kaya
potansiyeline sahip oldugunu, organik madde tipinin “gaz iiretebilen Tip III kerojen” ve
olgunlagsmasinin da “olgunlagsmamis-erken olgun” asamada oldugunu sdyleyebiliriz. Hayrettin
Formasyonu komiirlerinde organik fasiyes incelemeleri C ve cogunlukla CD organik
fasiyesine isaret etmektedir.

Anahtar Kelimeler: Organik jeokimya, Hayrettin Formasyonu, komiir, organik fasiyes

ORGANIC GEOCHEMISTRY of THE OLIGOCENE HAYRETTIN
FORMATION COALS (DENIZLI/TURKEY)

Abstract: In this study, organic geochemical characteristics of the Middle-Upper Oligocene
Hayrettin Formation 's (Denizli / Turkey) which composed of the conglomerate and lignite-
containing mudstone with intermediate levels and various grain sizes of sandstones are
examined. 51 samples of the study area were analysed by Rock Eval/TOC method. According
to analysis results of Hayrettin Formation coals are; organic carbon (Corg) content ranges
between 0.21 % to 39.61 % (average 9.73 %), S| values ranges between 0.02-2.01 mg HC/g
rock (average 0.38 mg HC/g rock), S> values ranges between 0.07-50.29 mg HC/g rock
(average 9.05 mg HC/g rock), hydrogen index (HI) values ranges between 25-174 mg HC/g
rock (average 78.71 mg HC/g rock), Tmax values ranges between 400-437 °C (average 419
°C) and the production index (PI) values ranges between 0.01-0.33 mg HC/g rock (average
0.06 mg HC/g kaya). Rock Eval/TOC analysis has shown that organic matter rich Hayrettin
Formation’ s has the source rock potential, organic matter type of the Hayrettin Formation is
“gas-producing type IlI kerogen”, and maturation of the Hayrettin Formation is “immature-
early mature”. Organic facies studies indicate that Hayrettin Formation coals have organic
facies C and often organic faices CD.

Key Words: Organic geochemistry, Hayrettin Formation, coal, organic facies.
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ORGANIK MADDECE ZENGIN KAYACLARIN (KURNUC-
GOYNUK/BOLU) ORGANIK KARBON MIKTARININ PETROL
TURUM POTANSIYELINE ETKIiSININ INCELENMESI

Ekin (")zakarl, Ali Sari® ve Siikrii Ko¢?
" Ankara Universitesi Fen Bilimleri Enstitiisii, Golbas1 - Ankara, (ekinozakar@gmail.com.tr)
% Ankara Universitesi, Jeoloji Miihendisligi Boliimii, Tandogan - Ankara,
(Ali.Sari@eng.ankara.edu.tr),(koc@ankara.edu.tr)

Ozet: Kiirnii¢ (Goyniik/Bolu) civarinda yiizlek veren, koyu gri ve koyu kahve renkli, organik
karbonca zengin bitlimlii kayaglarin (bitlimli marn ve bitiimlii seyl) kerojen tipi Tip-I-Tip
II’dir. Bu ¢alismada piroliz analizleri ile incelenen 6rneklerin TOC degerleri 2.52-8.38 wt %
araliginda (ortalama 6.08 wt %) belirlenmistir. Yiiksek organik karbon degerleri her zaman
miitkemmel petrol tiirlim potansiyeli gostergesi olamaz. Odunsu kerojenler (Tip-III kerojen)
ve rework kerojenler (Tip-IV kerojen) yiiksek organik karbon degerlerine sahip olup, diisiik
petrol potansiyeline sahiptirler. Bu c¢alismada, Piroliz analizleri (TOC, HI, OI, Tmax, S1, S2,
S3) ve Gaz Kromatografi (GC) ve Gaz Kromatagrafi - Kiitle Spektrometresi (GC-MS)
yontemleri ile Organik Petrografik Analizler (Alttan Aydinlatmali Mikroskop) kullanilarak,
Kiirnii¢ civar1 organik kokenli kayaclarmin kaynak kaya potansiyelleri degerlendirilmis ve
miikemmel petrol tiirlim potansiyeline sahip olduklari tespit edilmistir.

Anahtar Kelimeler: Organik Jeokimya, Bitiimli Seyl, Organik Madde, Hidrojen indeks,
Oksijen Indeks, Organik Karbon, Kerojen

INVESTIGATION on THE EFFECT of THE ORGANIC CARBON
QUANTITY of THE ORGANIC MATTER RICH ROCKS (KURNUC -
GOYNUK/BOLU) on THE OIL GENERATING POTENTIAL

Abstract: The Kerogen type of the bituminous rocks(bituminous shale and bituminous marl)
which are dark gray-dark brown colored, rich in organic carbon and exposed in Kiirnii¢
area (Goyniik/Turkish Province of Bolu) is Type I and Type II. The TOC values of the samples
examined in this study with pyrolysis analysis were determined to range 2.52 to 8.38 wt%
(average 6.08 wt%). High organic carbon values can not always be a perfect indicator of the
potential for oil genre. Ligneous kerogen ( Type IIl) and rework kerogen (Type IV) have high
organic carbon and low petroleum potential values. In this study, the source rock potential of
rocks of organic origin around Kiirnii¢ was evaluated by using the pyrolysis analysis (TOC,
HI, OI, Tmax, S1, S2, S3) and Gas Chromatography (GC) -Gas Chromatography - Mass
Spectrometry (GC-MS) and organic petrographic analysis (Bottom Illuminated Microscope),
and it has been found out that these rocks have an excellent oil generating potential.

Key Words: Organic Geochemistry, Bituminous Shale, Organic Matter, Hydrojen Index,
Oxygen Index, Organic Carbon, Kerogen
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DEPOLANMA ORTAMI PALEOREDOKS KOSULLARININ ELEMENT
BiRiIKiMINE ETKISi, HATILDAG SAHASI (BOLU)

irem ilbay' Ali Sanr’ ve Siikrii Kog’
" Ankara Universitesi Fen Bilimleri Enstitiisii, G5lbas1 - Ankara, (iremilbay@gmail.com)
% Ankara Universitesi, Jeoloji Miihendisligi Boliimii, Tandogan - Ankara,
(Ali.Sari@eng.ankara.edu.tr),(koc@ankara.edu.tr)

Ozet: Organik maddece zengin kayaclar petrol ve gaz kaynagi olmalarinin yaninda,
ekonomik agidan 6nemli olan nadir ve iz elementleri zenginlestirmeleri bakimindan da ¢ok
onemlidir. Bitiimlii kayaglarda element zenginlesmeleri ile organik bilesiklerin ana elementi
olan organik karbonun miktar1 arasinda gii¢lii bir iliski hakimdir. Organik karbon ve V, Cr, Fe
Mo, Ni, Co, U, Pb, Zn elementleri arasinda kuvvetli bir iliski oldugu bilinmektedir. Bu
caligmada Hatildag havzasi (Goyniik/Bolu) depolanma ortami redoks sartlarinin ana ve iz
element zenginlesmelerine etkileri incelenmistir. Organik maddece zengin olan Emzik Beleni
(GOyniik/Bolu) sahasi bitiimlii kayaglar1 ile organik maddece zengin olmayan Kayabasi
(GOyniik/Bolu) sahas1 seyl tiirii kayaclar1 kiyaslanmis ve depolanma ortamlar1 paleoredoks
sartlarinin oksik veya siilfidik (suboksik/anoksik) olmasinin element zenginlesmelerindeki
onemleri ortaya konulmustur.

Anahtar Kelimeler: Organik madde, ana element, iz element, zenginlesme, paleoredoks,
Hatildag

THE PALEOREDOX CONDITIONS of DEPOSITION ENVIRONMENT’S
EFFECT on ELEMENT ACCUMULATION, HATILDAG FIELD (BOLU)

Abstract: The rocks which are rich in organic matter in addition to being a source of oil and
gas, they are also very important that economically significant enrichments in terms of rare
and trace elements. There is a very strong relation with element enrichment in bituminous
rocks and organic carbon amount that is major element of organic compounds. It is known
that organic carbon and V, Cr, Fe Mo, Ni, Co, U, Pb, Zn have a very intense relation. In this
study, Hatildag Basin’s (Géyniik/Bolu) redox conditions of depositional environment’s effects
on major and trace elements enrichment were investigated. The bituminous rocks of Emzik
Beleni (Goynuk/Bolu) that are rich in organic matter and the shale rocks of Kayabasi
(Goynuk/Bolu) that are poor in organic matter were compared. The importance of deposition
environment’s paleoredox conditions which can be oxic or sulfidic (suboxic/anoxic) on
element enricments were stated.

Key Words: Organic matter, major element, trace element, enrichment, paleoredox, Hatildag
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DAGHACILAR GUNEYI (GOYNUK/BOLU) BITUMLU
KAYACLARININ HIDROKARBON TURUM POTANSIYELLERININ
INCELENMESI

Sonay Bozkurt', Ali Sari® ve Siikrii Ko¢’
" Ankara Universitesi Fen Bilimleri Enstitiisii, Golbas1 - Ankara, (sbozkurt2@ankara.edu.tr)

% Ankara Universitesi, Jeoloji Miihendisligi Boliimii, Tandogan - Ankara,
(Ali.Sari@eng.ankara.edu.tr),(koc@ankara.edu.tr)

Ozet: Bu calismada Daghacilar giineyinden (G&yniik/Bolu) alinan iki adet Olgiilii Stratigrafik
Kesit (Doruk Tepe OSK ve Harmancik Dere OSK) incelenmistir. Bitiimlii marn, bitiimlii
dolomitli marn ve bitiimli seylerin; organik karbon miktar, tiirli, olgunlasmalar1 ve
hidrokarbon tiiriim potansiyellerinin belirlenmesi amaglanmistir. Organik maddeler
cogunlukla petrol (Tip I-Tip II kerojen) tiiretebilecek tiptedir. Incelenenen &rneklerin 1sisal
olgunlagsma diizeyleri i¢in, piroliz analizleriyle maksimum sicaklik (Tmax), tiretim indeksi
(PI) degerleri bulunmus ve ayrica spor-renk indeksi (SCI) de belirlenmistir. Isisal olgunlagsma
diizeyinin genellikle olgunlasmamis ve erken olgun seviyelerde olduklari tespit edilmistir.
Daghacilar giineyi (Goyniik/Bolu) civarindaki bitiimlii kayaglarin organik karbon degerleri
ortalama ) 5.01 wt% olup, iyi-miikemmel kaynak kaya potansiyeline sahiptirler.

Anahtar Kelimeler: Bitiimli seyl, Bitlimlii marn, Organik madde, Hidrokarbon potansiyeli,
Organik Karbon, Kerojen

THE INVESTIGATION of HYDROCARBON GENERATION POTENTIAL
of THE BITUMINOUS ROCKS in THE SOUTH of DAGHACILAR
(GOYNUK/BOLU) AREA

Abstract: In this study, two measured stratigraphic section (Doruk Tepe and Harmancik Dere
Measured Stratigraphic Section) taken in the South of Daghacilar was investigated. The
determination of organic carbon amount, type, maturity and hydrocarbon generation
potential of bituminous marl, bituminous dolomitic marl and bituminous shales is proposed.
Organic matters are generally oil-generated type (Type I — Type II). For Thermal maturity
level of examined samples, maximum temperature (Tmax), production index (PI) are found
with pyrolysis analysis and also spore color index (SCI) is determined. Thermal maturity level
is confirmed immature or early mature stage. Bituminous rocks of in the south Daghacilar
(Goyniik/Bolu) the average of organic carbon values is 5.01 wt% and these rocks have good-
excellent source rock potential.

Key Words: Bituminous Shale, Bituminous Marl, Organic matter, Hydrocarbon potential,
Organic carbon, Kerogen

200



V. JEOKIMYA SEMPOZYUMU 5" GEOCHEMISTRY SYMPOSIUM
23-25 Mayis 2012 23-25 May 2012
Pamukkale Universitesi - Denizli Pamukkale University — Denizli /| TURKEY

ORGANIK KOKENLI KAYACLARIN (HATILDAG-BOLU)
DEPOLANMA ORTAMI REDOKS KOSULLARININ BELIRLENMESI

Tugcan Yar1c11, Ali Sar1® ve Siikrii Koc;2
" Ankara Universitesi Fen Bilimleri Enstitiisii, G5lbas1 - Ankara, (tugcanyarici@gmail.com)
* Ankara Universitesi, Jeoloji Miihendisligi Boliimii, Tandogan - Ankara,
(Ali.Sari@eng.ankara.edu.tr),(koc@ankara.edu.tr)

Ozet: Bu calismada Hatildag (Bolu/Goyniik) havzasma ait organik maddece zengin
kayaglarin depolanma ortami redoks kosullarinin belirlenmesi amaglanmistir. Emzik Beleni
Olgiilii Stratigrafik Kesiti sahadan alinmistir. Incelenen organik kokenli kayaglar (bitiimlii
seyl ve bitiimlii marn), % 2.23 — 8.39 wt arasinda degisen C,, degerlerine sahip (ortalama %
5.14) olup, kaynak kaya potansiyeli agisindan organik maddece zengindirler.

Mo, Mn, Ni, V, U, Cr, Co ve Sc gibi c¢esitli iz elementler paleoredoks kosullari
degerlendirmek i¢in kullanilmaktadir. V/(V+Ni), V/Cr, Ni/Co, V/Sc, U/Th, Th/U, Mo/Mn
gibi oranlar elementlerin jeokimyasal davraniglarina bagli olarak depolanma sirasindaki
redoks kosullarini belirtirler. Bu calismada belirtilen oranlar hesaplanmig ve Hatildag
havzasinin paleoredoks ortam kosullari ¢esitli diyagramlardan yararlanilarak yorumlanmustir.
Ayrica, karbon (C) - siilfiir (S) - demir (Fe) iliskileri de depolanma ortami paleoredoks
kosullarini degerlendirmek kullanilmistir.

Anahtar Kelimeler: Iz element, Organik Karbon, Paleoredoks Kosullar, Bitiimlii Seyl,
Bitlimlii Marn

THE DETERMINATION of DEPOSITIONAL ENVIRONMENT’S REDOX
CONDITIONS FOR ORGANIC SOURCE ROCKS (HATILDAG AREA-
BOLU)

Abstract: The determination of organic matter rich rocks deposited Hatildag Basin
(Bolu/Goyniik) is proposed in this study. Emzik Beleni measured stratigrafic section was
taken in this field. Organik source rocks (Bituminous shale and bituminous marl) have an
interval %2.23 - 8.39 wt (average 5.14) C,.q values and have rich organic matter content in
terms of source rocks potential.

Different trace elements such as Mo, Mn, Ni, V, U, Cr, Co, Sc are used for the assessment
of paleoredox conditions. Ratios such as V/(V+Ni), V/Cr, Ni/Co, V/Sc, U/Th, Th/U, Mo/Mn
imply redox conditons during depositon associated with geochemical behaviour of elements.
In this study, these ratios are calculated and paleoredox conditions of Hatildag Basin
annotated by different diagrams. Moreover, carbon (C), sulphure (S), iron (Fe) relations are
used for the assesment depositional environment’s redox conditions.

Key Words: Trace element, Organic Carbon, Paleoredox Conditions, Bituminous Shale,
Bituminous Marl
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BOZOVA (ANTALYA-TURKIYE) YORESI MESOZOYIK KARBONAT
BIiRIMLERININ ORGANIK PETROGRAFIK VE JEOKIMYASAL
OZELLIKLERI

Selin Hiikerekl, Orhan (")zg:elik1 ve Ferhat Acar?
' Akdeniz Universitesi, Jeoloji Miithendisligi Boliimii, TR 07058 Antalya/Tiirkiye
(selinhokerek@akdeniz.edu.tr)
% Siileyman Demirel Universitesi, Fen Bilimleri Enstitiisii, TR 32260Isparta/Tiirkiye

Ozet: Bu calisma, Tiirkiye giineyinde Bozova (Antalya) ydresine ait Mesozoyik yash
karbonat birimlerinin organik petrografi ve jeokimya (TOC/Rock Eval Pirolizi) 6zelliklerini
igerir. Mesozoyik birimleri stratigrafik olarak alttan iiste dogru Beydaglar1 Formasyonu (Jura-
Kretase) ve Cigdemtepe Formasyonu’ndan (Senoniyen) olusan bir Jura-Kretase istifidir.
Beydaglar1 Formasyonu, Beydaglar1 Otoktonu’nun en yaslt birimi olup neritik 6zellikteki
biyomikritik kiregtaslarindan olusur. Mesozoyik karbonatlarinin en {istiinde yer alan
Cigdemtepe Formasyonu intramikritik kirectaglariyla temsil olunur. Calisma alani, Toros
Orojenik Kusagi’nin bat1 ucunda, Isparta Biikliimii’niin bat1 kanadi’nda ve Likya Naplari’nin
dogusunda yer alir.

210 adet yiizey ornegi, detay organik petrografi ¢aligmalar1 optik yontemler ile Leco ve
Rock Eval determinasyonlariyla incelenmistir. Organik madde, ¢ogunlukla amorf , az
miktarda da bitkisel ve odunsu materyallerden olusmaktadir. Mineral madde genellikle kalsit
olup ¢ok az da kil mineralleri mevcuttur. Alandaki Mesozoyik karbonatlar1 ¢ok az organik
madde igerigine sahiptir. Toplam organik karbon degerleri 0.05 ile 0.20 arasinda elde
edilmistir. Bu bulgular zayif ilksel biyoprodiitiviteye ya da yetersiz organik madde
korunumuna isaret eder. Incelemesi yapilan 6rneklerin Hidrojen indeks (HI) degerleri 60-611
mg HC/g TOC ve S1+S2 degerleri de 0.07-0.46 mg HC/ kaya arasinda degismekte olup ¢ok
az miktarda gaz potansiyelini ifade etmektedir. Ty degerleri 332-535°C arasinda
belirlenmigtir. Bu veriler s6zkonusu birimlerin termal olarak olgunlasmamis-asir1 olgun
araliginda oldugunu gosterir. Beydaglart ve Cigdemtepe Formasyonlarina ait ornekler
tizerinde yapilan petrografik calismalar ve HI-Tpax diyagrami kerojenin Tip II ve Tip III e
karsilik geldigini gostermistir.

Anahtar Kelimeler: Organik Petrografi, Beydaglari1 Otoktonu, kerojen, organik madde, Rock
Eval
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ORGANIC PETROGRAPHICAL and GEOCHEMICAL FEATURES of THE
MESOZOIC CARBONATE UNITS, BOZOVA (ANTALYA), TURKEY

Abstract: This paper presents the characteristics of organic petrography and geochemistry
(TOC/Rock Eval Pyrolysis) of Mesozoic Carbonate Units from Bozova (Antalya) in southern
Turkey. Mesozoic units include a Jurassic/Cretaceous sequence that comprises, from bottom
to top, the following stratigraphic sequence: Beydaglari Formation (Jurrasic-Cretaceous)
and Cigdemtepe Formation (Senonian). Beydaglart Formation is the oldest units of
Beydaglart Autochthonous which consist of neritic biomicrite limestone. The highest level of
the Mesozoic carbonate sediments of Cigdemtepe Formation is represented by intramicritic
limestone. The study area is located in the eastern Lycian Nappes and the western Isparta
Angle which is western part of the Taurus Orogenic Belt.

210 outcrop samples have been subjected to detailed, organic petrographic combined
with optical method, Rock-Eval and Leco determinations. The organic matter of the samples
is mostly comprised of amorphous materials, with small percentages derived from the planty
and woody materials. The mineral matter of the carbonates is comprised mainly of calcite
and partly clay minerals. The Mesozoic carbonates of the area contain small quantities of
organic matter. Total organic carbon values comprised between 0.05 and 0.22% indicate
poor primary bioproductivity or unfavourable organic matter preservation. Hydrogen Index
(HI) values for the studied samples range from 60 to 611 mg HC/g TOC and S1+S2 yields
range from 0.07 to 0.46 mg HC/g rock, suggesting that the carbonates have very little gas
generating potential. T, values between 332 and 535 °C indicate that the units are thermally
immature to marginally mature with respect to hydrocarbon generation. HI versus Ty
diagram and the petrographic study of samples from Beydaglari and Cigdemtepe Formations
showed that the organic matter corresponds to a typell/lll kerogen.

Key Words: Organic Petrography, Beydaglar: Autochthonous, kerogen, organic matter, Rock
Eval
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KURU ORTAM GOL COKELLERINDEKI EVAPORIT
MINERALLERININ ASTER UYDU GORUNTUSU KULLANILARAK
SPEKTRAL ESLESTIRME SINIFLAMASI iLE BELIRLENMESI:
ACIGOL(DENIZLI) , TURKIYE

Muhittin Karamanl, Murat Budakogluz, Mustafa Kumralz, Z.Damla Uca Avc11, Suat

Tasdelen’, Ali Biilbiil’ ve S. Burak Karabel®

"“[stanbul Teknik Universitesi, Uydu Haberlesmesi ve Uzaktan Algilama Merkezi - Istanbul
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Ozet: On islem yapilmaksizn XRD analizi ile belirlenen kuru ortam yiizey evaporit
minerallerinin uzaktan algilama yontemleri ile belirlenmesi degerlendirilmistir. Donemsel
olarak alansal degisim gosteren goliin oldukca kiigiildiigii kurak donem sonunda (Ekim 2011),
yaklagik 50’ye yakin noktada yiizey sediman Orneklemesi golii temsil edecek sekilde
gerceklestirilmistir. On isleme tabi tutulmanus bazi drneklerde jips minerali (CaSO4-2H,0)
karakteristik iken, tespit edilen Kalsiyum Siilfat Hidrat (CaS04.0.67H,0), Bassanit
(CaS040.5H,0) ve Anhidrit (CaSO4) gibi diger evaporit mineralleri jipsin dehidrate
formundadir. Evaporit minerallerinin uzaktan algilama ile dagilimimin belirlenmesinde
goriiniir-yakin kizil 6tesi(VNIR), kisa dalga kizilotesi (SWIR) ve termal bolgede algilama
ozelligine sahip olan ASTER goriintiisii kullanilmistir. SWIR bantlarinda crosstalk etkisinin
giderildigi goriintiide, sensor yansitim verilerindeki atmosferik etkiler QUAC (Quick
Atmospheric Correction) atmosferik diizeltme yontemiyle giderilmistir. Tiim bantlarinin
15m’ye Orneklendigi goriintiiniin, yer kontrol noktalar1 kullanilarak 6m hata ile (RMSE=
0,394) geometrik diizeltmesi yapilmistir. Evaporit minerallerinin ASTER goriintiisiine gore
yeniden orneklendigi spektral yansitim egrileri kullanilarak spektral eslestirme (Endmember
Collection) siniflamasi yapilmistir. Mixture Tuned Matched Filtering (MTMF) algoritmasinin
kullanildig1 siniflama ile evaporit minerallerinin dagilimi belirlenmistir. Siniflandirma
goriintlisiinde evaporit minerallerinin belirlendigi alanlar i¢inde kalan 6rnekleme noktalarinin,
XRD sonuglar1 kullanilarak siniflandirma dogrulamasi yapilmustir. On islemleri tam olarak
uygulanan uydu goriintiilerinde spektral eslestirme siniflamasinin dogru sonuglar verdigi
tespit edilmisgtir.

Anahtar Kelimeler: Evaporit Mineralleri, Uzaktan Algilama, Aster, Mixture Tuned Matched
Filtering
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DETERMINATION of EVAPORITE MINERALS in DRY LAND LAKE
SEDIMENT BY ENDMEMBER COLLECTION CLASSIFICATION USING
ASTER REMOTE SENSING IMAGE: LAKE ACIGOL (DENIZLI),
TURKEY

Abstract: Determination of dry-land surface evaporite minerals assessed by XRD analysis
without pretreatment was evaluated by remote sensing methods. The area of the lake varies
temporally according to the seasonal terms. At the end of the dry season (October 2011) when
the lake was reached its smallest water surface area, sampling collection was performed at
approximately 50 points that were thought to be demonstrating the lake. While some raw
sediments are characteristic with gypsum minerals (CaSOy,2H,0), other determined
evaporite mineral represents dehydrate forms of gypsum such as Calcium Sulfate Hydrate
(CaS0O40.67H>0), Bassanite (CaSOy,0.5H,0) and Anhydrite (CaSOy). To determine the
evaporite minerals distribution by using remote sensing, ASTER data was used which has
sensors detecting visible near infrared (VNIR), shortwave infrared (SWIR) and thermal
infrared portions. In SWIR bands, after removing the crosstalk effect, the atmospheric effects
of the reflection values were corrected by using QUAC (Quick atmospheric Correction)
method. All bands of the satellite image were resampled to 15 meters, and it was
geometrically corrected by using ground control points. The correction was performed with 6
meters, RMS error of 0.394. The evaporite minerals were resampled according to the ASTER
image, and end member collection classification was modeled by using the spectral
reflectance curves. Mixture Tuned Matched Filtering (MTMF) algorithm was used in the
classification of evaporite minerals distribution. The accuracy assessment was realized by
comparing the sampling points in the evaporite mineral areas of the classification result with
the XRD results. It was seen that the classification result of the preprocessing applied satellite
images were successful.

Key Words: Evaporite Minerals, Remote Sensing, Aster, Mixture Tuned Matched Filtering
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YERLESIM ALANLARINDA YUZEY VE DERINLIK MANYETIK
SUSEPTIBILITE OLCUMLERININ KARSILASTIRILMASI, DENiZLi
ORNEGI

Ali Aydin' ve Didem Tamk Denis
" Pamukkale Universitesi, Jeofizik Miithendisligi Boliimii, Denizli (aaydin@pau.edu.tr)

Ozet: Denizli ilinin endiistriyel, agir trafik yol kenarlari, park ve tarimsal alanlarindan toplanmis
ylizey ve derinlik toprak numunelerine ait manyetik siiseptibilite ve agir metal oranlari arasindaki
iligki arastirilmistir. Denizli sehri civarinda kirk bir noktada derinlik profili ve 553 noktada yiizey
toprak numunesine ait Olgiiler alinmistir. Bu inceleme neticesinde eksoz gazi ve diger
kaynaklardan ¢ikan kirliligin dagilimi yiizeysel ve derinlikle ortaya konulmus Bu gibi ¢alismalar
ozellikle sehir yasantisinda insan kaynakli kirliligin gozlenmesi yoniiyle belirli bir standarda
eristirmek ve nitelik saglama yoniiyle Oonem arzetmektedir. MS2B ¢ift frekans sensorii
kullanilaran manyetik siiseptibilite dl¢iileri alinmistir. Kiitle manyetik siiseptibilite dlgiileri (),
alcak frekans manyetik siiseptibilite 6l¢iileri ve yliksek frekans manyetik siiseptibilite dlgiileri ¢ift
frekans Bartington MS2 magnetic susceptibility 6l¢gme cihaziyla alindi. Tomlinson pollution
indeksi (PLI) manyetik siiseptibilite ile kirlilik arasindaki iliskiyi sehrin biitiinii icin ortaya
koymustur. Manyetik siiseptibilite Ol¢iim teknikleri ylizey topragi ile derinlik topraklarinin
kirlilikleri arasindaki iliskinin izlenmesinde de kullanildi.

Anahtar Kelimeler: Agir metal, manyetik siiseptibilite, yilizey topragi

THE CORELATION of MEASUREMENTS of THE SURFACE and THE
DEPTH of MAGNETIC SUSCEPTIBILITY, DENIZLI SAMPLES

Abstract: We showed the relation between measurements of surface soils and underground soil
samples both of the contents of heavy metals and the magnetic susceptibility collected from
industrial, residential and agricultural zones, and around of traffic roads in part of Denizli city,
Turkey. We attempted to investigate these correlations between the forty one depth profiles and
the MS from 553 surface sample sites around Denizli. We saw that the dimensions of pollution
sources distributions which came from car exhausts and other sources around the city with
surface and depth are one of the most important environmental threats. Such as studies let us to
quantify and standardize the MS method, which may have consequences for long term monitoring
of anthropogenic pollution, especially in urban areas. By using a MS2B dual frequency sensor
were taken magnetic susceptibility measurements. The mass magnetic susceptibility (x), low
frequency magnetic susceptibility (xlf) and high frequency magnetic susceptibility (yhf) were
measured by using a dual-frequency Bartington MS2 magnetic susceptibility meter. We used the
Tomlinson pollution load index (PLI) which showed a significant correlation with the magnetic
susceptibility around the city. Also, mhe magnetic susceptibility measuring techniques was
successfully applied in showing heavy metal pollution of top soils and depth soils on the city
territories.

Key Words: Heavy metals, magnetic susceptibility, topsoil
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SUTUN BAZALTLARIN OLUSUMUNDA MEYDANA GELEN
DOKUSAL ve JEOKIMYASAL DEGISIMLER: GUVEM —
KIZILCAHAMAM(ANKARA)

Ozgiir Yedek', Kiymet Deniz® ve Bahattin Giillii®
" Ankara Universitesi Yerbilimleri Uygulama ve Arastirma Merkezi (YEBIM) - Ankara
(ozguryedek@hotmail.com)
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Ozet: Kizilcahamam — Camlidere Jeoparki’nin “Giivem Bazalt Siitunlar1 Jeositi” yol {istiinde
olmasi ve gorkemli arazi goriinlisii sebebiyle ¢ok ziyaret¢i almakta ve olusumu merak
edilmektedir. Bu bazaltlarin en 6nemli 6zelligi altta diizenli, iistte ise diizensiz siitunlarin
birlikte bulunmasidir. Genel olarak dikey diizenli siitunlarin yavas soguma, iistteki diizensiz
siitunlarin ise hizli soguma ile olustugu bilinmektedir. Bu calismada siitun bazaltlarda yanal
ve diisey yonde, sogumaya bagli olarak gelisen kimyasal ve dokusal degisimin olup olmadigi
incelenmistir. Olivin bazalt bilesimindeki kayalarin ana mineral bilesimini plajiyoklas,
plajiyoklas mikrolitleri, piroksen, olivin, volkan cami ve opak mineraller olusturmaktadir.
Petrografik olarak hipokristalen porfirik dokusal 6zellikte gbzlenen kayada, tabandan tavana
dogru ilerledik¢e amigdoloidal doku ile karakterize olunan bosluklar goze ¢arpmaktadir.
Birim genel olarak, taban ve tavan seviyelerinde benzer dokusal 6zellik gdsterse de 6zellikle
olivin minerallerinin taban seviyelerinde Ozsekilli — yar1 6zsekilli ve daha iri formlarda
gbzlenirken, alt seviyelere dogru oOzsekilsiz ve daha ince formlarda gdzlenmektedir.
Bazaltlarda gozlenen bu dokusal degisim bazaltlar1 olusturan magmanin soguma siireciyle
dogrudan iliskili oldugu diisiiniilmektedir. MORB’a gbre normalize edilen bazi iz element
dagilim degerlerine bakildiginda bazaltlarin MORB benzeri bir kaynaktan tiiredigi ancak
yerlesimi esnasinda kitasal kabuk etkilesimiyle bir miktar kirlendigi ortaya ¢ikmaktadir.

Anahtar Kelimeler: Olivin Bazalt, Kizilcahamam, Gilivem, Siitun yapilari
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TEXTURAL and GEOCHEMICAL CHANGES OCCURING in the
FORMATION of COLUMNAR BASALTS: GUVEM — KIZILCAHAMAM
(ANKARA)

Abstract: The “Giivem Columnar Basalt Goosier” of Kizilcahamam — Camlidere Geopark
receives many visitors and their formation is notably wondered due to their location and
magnificent field view. These basalts have regular columns at lower parts and irregular
columns at upper parts and these are their most significant characteristics. As a general idea,
vertical regular columns are formed by slow cooling but irregular columns at the upper parts
are formed by rapid magma flow and rapid cooling. In this study, any chemical and textural
changes due to cooling in both vertical and horizontal direction are tried to determine.
Giivem Basalts are olivine basalt in composition and made up of plagioclase, plagioclase
microlites, and pyroxene, lesser amounts of olivine, opaque minerals and volcanic glass.
Petrologically, these basalts have hyaloplitic texture at lower parts and amygdaloidal texture
at the upper parts. Amygdaloidal texture is characterized by filling of the vesicles in vesicular
texture with secondary calcite and chalcedony. Giivem Basalts show similar textural
properties at lower and upper parts. However, especially olivine minerals are seen as larger
euhedral-subhedral crystals at lower parts but they change their structure as smaller
anhedral crystals at upper parts. This textural conversion is thought to be related with the
cooling process of the magma that produced these basalts. Giivem Basalts are tholeiitic in
composition and they are enriched in Mg. Trace element spider diagram patterns normalized
to MORB values exhibits that, Giivem Basalts are partially enriched in LIL elements and
genetically formed from a MORB-like source but they are contaminated by continental crust
interaction during emplacement.

Key Words: Olivine Basalt, Kizilcahamam, Giivem, Columnar Structures
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KAYA YUNU OZELLIGI TASIYAN BAZALTLARIN JEOKIMYASAL
OZELLIiGI VE TURKIYE’'DEN ORNEKLER
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Ozet: Bazaltlar, bilesimi ve yiiksek sicakligindan dolayr magmanin yeryiiziine yiikselmesi
sonucu katilasan volkanik kayalar igerisinde, akiciligi yiliksek olmasindan dolayr en fazla
yayllim gosteren ve bazik magmadan tiireyen mafik bilesimli kayalardir. Bazaltlar, yiiksek
sicaklikta kristallesmelerinden dolay1 olduk¢a kompakt ve bozunmaya karst oldukca
duraylidir. Bazaltlar, kaya yiinii yapiminda kullanilan kayalarin basinda gelmektedir. Bazalt
yiinil, bazalt kayasinin yaklasik olarak 1600°C’de ergitilerek ya gesitli katki maddeleri ile
birlestirilerek, ya da dogrudan katki maddesiz isleme tabi tutulmasiyla elde edilir. Bazalt
yiinil, yiiksek elastisite dayanimi, milkemmel 1s1 dayanimi, ses yalitma ozelligi, asitlere ve
alkalilere dayanimi, diisiik maliyeti ve saglikli olmasi nedeniyle bircok alanda
kullanilmaktadir. Ayrica kaya yiiniinden elde edilen yapi malzemeleri son zamanlarda
kirislerde demir yerine kullanilmakta ve oldukca iyi sonuglar elde edilmektedir. Yiiksek
dayanimi, hafifligi, manyetik olmamasi, korozyonsuz olmasi ve iyi metal mukavemeti
gostermesi en Oonemli Ozelliklerindendir (Patnaik, 2009). Bazalt yiinii olarak kullanilacak
bazaltlarin SiO; degeri % 48.8-51 arasinda, Al,O3 % 14-15.6, FeO+Fe,0; % 7.3-13.3, CaO %
10, MgO % 6.2-16, Na,0O + K,O % 1.9-2.2, TiO, % 0.9-1.6, MnO % 0.1-0.16 arasinda
olmalidir (Parnas vd., 2007). Tiirkiye’deki bazalt bilesimindeki kayalarin yayilimi
diisiiniildiglinde bu kayalarin kaya yilinli potansiyelinin arastirilmast  gerektigi
diisiiniilmektedir. Ulkemizde Bazalt yayilimi ¢ok fazla olmasma ragmen halen sadece
Kayseri, Gebze ve Eskisehir’de bulunan fabrikalarda kaya yiinii tiretimi yapilmaktadir.

Anahtar Kelimeler: Kaya Yiinii, bazalt, jeokimya, Tiirkiye bazaltlari
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GEOCHEMICAL PROPERTIES of BASALT FIBER and EXAMPLES
FROM TURKEY

Abstract: Basalts are formed the mafic magmatic products of the volcanic rocks. They are
characterized by their high temperature crystalline, high fluidity, high density, and high
conductivity with high solid textural features in the frame of all the volcanic rocks. They are
more durable to the weathering and alteration factors. Basalts can be used in the
manufacturing of the rock fibers in the among of other rock units. Basalts fibers can be
produce by the directly melting around 1600 "C or contributing with some materials and then
melting them for the better production. Basalt fibers attribute by have high elasticity
residence, high heat residence, sound isolation, residence to acidic and alkali effects, low cost
production and health features causing to use them in variable production and constructions.

A good production of the Basalts fibers led them to use in the building construction and
boat lagan insisted of steel or steel like production. Their gentle features, high residence,
nonmagnetic, high residence to metal and nonmetallic corrosion give a main characteristic
feature of the basalts. The fiber basalts should have a composition of SiO, 48.8-51%, Al,O;
14-15.6%, FeO+Fe;03 7.3-13.3%, CaO 10%, MgO 6.2-16%, Na;O + K,O 1.9-2.2%, TiO;
0.9-1.6% and MnO 0.1-0.16%.

Turkey has a wide exposure of the basaltic rocks which led these rocks to be used as
important raw goods in the production of the fibers. Although Turkey has a high amount of
the basalt there only small factory aimed to produce basalt fibers such as Kayseri, Gebze and
Eskisehir cities.

Key Words: Fiber basalt, basalt, geochemistry, Turkey basalts

210



V. JEOKIMYA SEMPOZYUMU 5" GEOCHEMISTRY SYMPOSIUM
23-25 Mayis 2012 23-25 May 2012
Pamukkale Universitesi - Denizli Pamukkale University — Denizli /| TURKEY

BALCILI /ARTVIN-YUSUFELI) GRANITOIDLERININ ALTERASYON
ZONLARI VE CEVHERLESME ILE iLISKiSi: DOGU KARADENIZ,
TURKIYE

Ali iskenderoglu'
" Sayistay Bagkanligi — Ankara, (ali.iskenderoglu@gmail.com)

Ozet: Balcili Granitoidleri Dogu Karadeniz Kackar intruzif kiitlesinin giineydogu boliimiinii
temsil etmektedir. Calisma sahas1 Artvin Yusufeli ilgesinin 25 km kuzeyinde yeralmaktadir.

Balcili Granitoidleri baglica granodiyorit, kuvars diyorit, granit, alkali feldispat granit
bilesimindeki felsik intrusif kayalardan olusmaktadir. Bu birimler genel anlamda dokusal
bazda orta ve ince kristalin olmak iizere iki alt birime ayrilmaktadir. intruzif kiitlenin tamam
genel olarak K10D ve K80B dogrultusunda felsik damar kayalar1 tarafindan kesilmektedir.
Bunun yaninda ayni kiitleyi K ve KB dogrultusunda mafik dayklar tarafindan da
kesilmektedir. Intruzif kiitlenin énemli bir boliimii boyutlar: 1 cm den 1 m ye kadar mafik
magmatik anklavlar icermektedir. Anklavlar ana kayadan daha koyu renkli, keskin dokanakli
ve genel olarak diyorit ve kuvars diyorit bilesimindedir. Anklavlar mikroskop altinda
subofitik dokulu, ignemsi apatit, kamamsi biyotit ve amfibol icermeleri ile karakteristiktir.

Intruzif kiitlenin ayrintili petrografik incelemeleri sonucu 4 alt birime ayrilmistir. Yapilan
tiim kaya analiz sonuglarina gore Balcili granitoidleri TAS diyagraminda subalkalen alanlara
diismektedir. AFM diyagraminda da bu kiitlenin kalkalkalen karekterli yiiksek K ve
metaluminyumlu magmalardan tliremislerdir.

Inceleme alan1 6nemli &lciide hidrotermal diriinler tarafindan kesilerek Cu-Mo
cevherlesmeleri ile birlikte 6nemli alterasyon zonlar1 olugmustur. Alterasyon zonlar1 ¢oktan
aza dogru propilitik, fillik ve potasik seklindedir. Yapilan tiim kaya jeokimyasal analiz
sonuglarina gore Balcili granitoidleri ORG’ye goére normalize edilmis degerlerine
bakildiginda LILE agisindan zenginlesme ve HFSE agisindan ise fakirlesme gosterdigi ortaya
konulmugtur. Balcili granitoidler; tektonik ayirtman diyagramlarina gére VAG alanlarina
diistligii ve genel olarak kabuk kokenli manto etkilesimli iirtinler oldugu anlagilmistir.

Anahtar Kelimeler: Balcili Granitoyid, alterasyon, Kagkar Intriizif kiitlesi
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RELATIONSHIP BETWEEN MINERALIZATION and ALTERATION
ZONES of BALCILI (ARTVIN-YUSUFELI) GRANITOIDS: EASTERN
BLACKSEA, TURKEY

Absract: Balcili granitoids of Eastern Blacksea region represents on southeast section of the
Kackar intrusive mass. The study field is located 25 km from the North of Artvin, Yusufeli
fown.

Balcili granitoids are composed of primarily alkali granite type felsic intrusive rocks, i.e.
granodiorite, quartz, diorite, granite. These units in terms of texture are genrally subdivided
into two medium and fine crystalline groups. The whole of this intrusive mass is intersected by
feslik vein rocks in the direction of K10D and K80B. In addition, the same mass is also cut by
mafic dykes in K and KB directions. A major portion of intrusive mass shelters mafic
magmatic enclave of anywhere from 1 to 100 cm in size. Enclaves are darker than the main
rock with sharper contact and generally of diorite and quartz composition. Enclaves under
microscope are characterized by subofitik texture, needlelike apatite, wedge like biotite and
amphibole. The detailed analysis of intrusive mass is indicative of four groups. The whole
rock analyses reveal that Balcili granitoids falls into subalkaline region in TAS diagram. This
mass in AFM diagram stems from kigh K and metaluminium magmas.

The study area has been cut primarily by hydothermal products along with Cu-Mg
mineralization to form important alterization zones. Alterization zones are sequenced in the
order of high to low propylitic, phyllic ve potassic forms. Whole rock geochemical analyses of
Balcili granitoids normalized to ORG reveal enrichment in LILE, an impoverishment in
HFSE. Examination of Balcili granitoids according to tectonic discrimination diagrams are
shown to fall into VAG field as a result of crust origin manto interactions.

Key Words: Balcili granitoids, alteration, Kagkar Intrusive mass,

212



V. JEOKIMYA SEMPOZYUMU 5" GEOCHEMISTRY SYMPOSIUM
23-25 Mayis 2012 23-25 May 2012
Pamukkale Universitesi - Denizli Pamukkale University — Denizli /| TURKEY

JEOTERMAL SULARIN BALNEOTERAPIDE KULLANIMI VE
TURKIYE’DE BALNEOTERAPI

M. Kiirsat Dilmac'
I Atatiirk Universitesi Oltu Yer Bilimleri Fakiiltesi Maden Miihendisligi Boliimii, 25400 Oltu - Erzurum,
Tiirkiye (mkdilmac@atauni.edu.tr)

Ozet: Jeolojik cevre ve jeotermal kaynaklarin kullanimi ok eski devirlere dayanmaktadir. Bu
baglamda doganin saglik verici Ozelliklerinden yararlanmak isteyen insanlar, termal
kaynaklarin bulundugu yerleri ziyaret ederek, kaybettikleri sagliklarina yeniden kavusmay1
amaglamislardir.

Alternatif enerji kaynaklarindan biri olan jeotermal enerji potansiyeli a¢isindan diinyanin
onde gelen {ilkelerinden biri olan iilkemizde, jeotermal kaynaklar hem debi ve sicakliklar
hem de fiziksel ve kimyasal 6zelliklerinden dolay1 cesitli hastaliklarin tedavisinde kullanilan
ve terapotik jeoloji kapsaminda yer alan balneoterapi uygulamalari ile Avrupa’daki jeotermal
kaynaklardan daha iistiin nitelikler tasimaktadir. Bu c¢alismada jeotermal kaynak sularinin
balneoterapi uygulamalarinda kullanimi, iilkemizde balneoterapi uygulamalar1 ve bunlarin
Ozellikleri incelenmistir.

Anahtar Kelimeler: Jeotermal enerji, kaplica, balneoterapi, saglik

USAGE of GEOTHERMAL WATERS in BALNEOTHERAPY and
BALNEOTHERAPY in TURKEY

Abstract: Usage of geological environment and geothermal resources are date back to old
times. Therefore, people wishing to make use of the treatments offered by nature aim to
return to their health by visiting thermal springs.

Our country has one of the leading country for geothermal capacity, have superior
characteristics than the other thermal springs in Europe with balneotherapy usage in
treatment of various deseases which within the therapeutic geology due to its properties of
volume of flow, hotness, and physical and chemical ingredients. In this study was investigated
geothermal waters usage in balneotherapy, balneotherapy in Turkey and properties.

Key Words: Geothermal energy, spa, balneotherapy, health
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ERGENE HAVZASI, CORLU-CERKEZKOY KESIMINDEKI
YERALTISULARININ HIDROJEOKIMYASAL
DEGERLENDIRILMESI

Orhan ARKOC'
I Kurklareli Universitesi, Teknik Bilimler Meslek Yiiksekokulu, 39100 - Kirklareli
(orhan.arkoc@kirklareli.edu.tr)

Ozet: Bu caligmada Ergene Havzasi, Corlu-Cerkezkdy kesimindeki yeralti suyunun
hidrojeokimyasal ozellikleri arastirilmistir. Calisma alami baslica Corlu ve Cerkezkoy
ilgelerini kapsamaktadir. 2005 su yilinda, hidrolojik havza sinir1 déhilinde bulundugu alani
temsil eden 17 kuyudan alinan yeraltisuyu 6rnekleri alinmistir. Havza bolgede yasayanlar igin
onemli bir tarim alanidir. Havzanin genelinde hidrojeokimyasal verilere gore su tipi Ca-HCO3
iken bir kuyudan alinan 6rneklerde su tipi Ca-Mg-Cl olarak tanimlanmistir. Gibbs diyagrami
havzadaki sularin kayac¢ baskin ortamdan geldigini gostermektedir. Schoeller diyagramina
gore katyon degisimi siralamasi Ca™> Mg™> Na® + K' seklinde iken, anyon degisim
siralamast, HCO3> SO42 >Cl1™ seklindedir. Alman 6rneklerin, sulama suyu agisindan Wilcox
diyagraminda degerlendirilmesi sonucu sular “cok iyi-iyi” ile “iyi-kullanilabilir” olarak
siiflandirilmastir.

Anahtar Kelimeler: Ergene Havzasi, Corlu-Cerkezkdy, yeraltisuyu, Ca-HCOs tip, Ca-Mg-Cl
tip

HYDROGEOCHEMICAL ASSESSMENT of GROUNDWATERS of,
CORLU-CERKEZKOY PART of ERGENE BASIN

Abstract: In this study hydrgeochemical properties of groundwaters of Corlu-Cerkezkéy part
of Ergene Basin are investigated. Study area mainly includes towns of Corlu and Cerkezkéy.
In the water year 2005 samples are collected from the wells, representing the area, inside
hydrological basin. The basin is an important agricultural area for the local people.
According to the hydrogeochemical data groundwater type is mainly Ca-HCOj; type. Only one
sample is Ca-Mg-Cl type. According to Gibbs diagram all the samples fall in the rock
dominance area. Cation exchange order in Schoeller Diagram is Ca™ > Mg™*> Na™ + K,
while anion exchange order is HCOs> SO,° >CI'. Irrigation water qualities of the
groundwaters are “excellent to permissible” and “Good to permissible”.

Key Words: Ergene Basin, Corlu-Cerkezkoy, groundwater, Ca-HCOj3 type, Ca-Mg-Cl type.
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JEOTERMAL SULARIN FARKLI YONTEMLERLE REZERVUAR
SICAKLIKLARININ KARSILASTIRILMASI:
SANDIKLI-AFYON ORNEGI

Selma (Altinkale) Demer', Umit Memis' ve Nevzat (")zgiir1
" Siileyman Demirel Universitesi Jeotermal Enerji, Yeraltisuyu ve Mineral Kaynaklar
Arastirma ve Uygulama Merkezi — Isparta, (selmademer@sdu.edu.tr)

Ozet: Afyon ilinin yaklasik 40 km giineybatisinda yer alan Sandikli-Hiidai jeotermal sahasi
saglik turizmi, seracilik ve konut isitmaciliginda kullanilmaktadir. Calisma alani volkanik,
sedimanter ve metamorfik kayaglardan olusur. Paleozoyik yash Kestel yesilsist formasyonu
temeli olusturmaktadir. Kestel yesilsist formasyonunun {iyesi olan kuvarsitler, Hiidai
jeotermal sisteminin rezervuar kayacidir. Jeotermal sularin rezervuar sicakliklarinin
belirlenebilmesi i¢in ¢esitli yontemler bulunmaktadir. Bu ¢alismada Sandikli-Hiidai jeotermal
alaninda (i) jeokimyasal termometre, (ii) birlesik jeokimyasal termometre uygulamalari, (iii)
karistm modelleri ve (iv) mineral denge-sicaklik diyagramlar1 kullanilarak hesaplanan
rezervuar sicakliklarinin karsilagtirilmasi yapilmistir. Calisma alanindaki jeotermal sularin
kuvars jeokimyasal termometreleri ile 110-120°C ve kalsedon jeokimyasal termometreleri ile
de 85-100 °C civarinda bir rezervuar sicakligi hesaplanmigtir. Na-K-Mg tiggen diyagramina
gore ise bolgedeki jeotermal sular denge durumundan olduk¢a uzak ve olgun olmayan sular
grubuna girmektedir. Dolayisiyla bu sularin rezervuar sicakliginin belirlenmesinde katyon
jeokimyasal termometrelerinin kullanilmasi hatali sonuglar dogurabilir. Calisma alanindaki
jeotermal sularin entalpi-silika karisim modeli, kalsedon i¢in yaklasik 108 °C ve kuvars igin
yaklasik 134 °C rezervuar sicakliklari 6nermektedir. Entalpi-kloriir karisim modelinde ise
kalsedon ve kuvarsa gore, sirasiyla yaklagik 98 ve 120 °C bir rezervuar sicakliklari
onerilmektedir. Sandikli jeotermal sularinin sicaklik-mineral denge grafiklerinde egrilerin
yaklagik denge durumunda kesistikleri yer olan 100-125 °C arasindaki sicaklik degerlerinin
bolgenin rezervuar sicakliklar: oldugu seklinde yorumlanabilir. Sonug olarak Afyon Sandikli-
Hiidai jeotermal sisteminin jeokimyasal termometreler, karistm modelleri ve mineral denge-
sicaklik diyagramlart kullanilarak hesaplanan rezervuar sicakliklarinin birbirleriyle uyumlu
oldugu ortaya konmustur.

Anahtar Kelimeler: Sandikli-Hiidai, rezervuar sicakligi, jeokimyasal termometreler, mineral
denge-sicakilik diyagramlari, karigim modelleri
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COMPARISON of THE RESERVOIR TEMPERATURES of THE
GEOTHERMAL WATERS WITH DIFFERENT METHODS: A CASE
STUDY of SANDIKLI-AFYON

Abstract: Sandikli-Hiidai geothermal field is located approximately 40 km SW of the province
capital of Afyon, and it is used in health tourism, greenhouse activities and heating system.
The study area consists of volcanic, sedimentary and metamorphic rocks. Kestel yesilsist
formation in Paleozoic age forms the basement rocks in the area. Quartzites forming the
member of Kestel yesilsist formation are reservoir rocks of Hiidai geothermal system. There
are various methods to determine reservoir temperature of geothermal waters. In this study,
Sandikli-Hiidai geothermal field reservoir temperatures are calculated by using (i) the
geochemical thermometers, (ii) the combined geochemical thermometer applications, (iii) the
mixing models and (iv) mineral equilibrium-temperature diagrams were compared. The
reservoir temperature of geothermal waters were calculated ranging from 110-120°C with
quartz geochemical thermometers and ranging from 85-100°C with chalcedony geochemical
thermometers in the study area. According to the Na-K-Mg triangular diagram, the
geothermal waters in the region are out of equilibrium state and the waters fall in the region
of immature water. Therefore, in this area, cation geochemical thermometers are not
appropriate to measure the reservoir temperature. Enthalpy-silica and enthalpy-chloride
mixing models suggest reservoir temperatures 108°C for chalcedony and 134°C for quartz in
the study area. Enthalpy-chloride mixing models suggest reservoir temperatures for
chalcedony and quartz approximately 98 and 120 °C, respectively. In mineral equilibrium-
temperature diagrams, where a state of equilibrium intersection of curves between 100-125
°C is interpreted as the reservoir temperature. In summary, the reservoir temperatures of the
Hiidai geothermal system in Sandikli, Afyon calculated by using the methods of the
geochemical thermometer, the mixing models, and mineral equilibrium-temperature diagrams
are compatible with each other.

Key Words: Sandikli-Hiidai, reservoir temperature, geochemical thermometers, mineral
equilibrium-temperature diagrams, mixing models
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ALIKOY (KUTAHYA) VE CIVARINDAKI SULARIN JEOKIMYASAL
OZELLIKLERI

Siikrii Arslan' ve M. Tahir Nalbantcilar’
" Batman (:Jniversitesi Sondaj Teknolojisi Programi - Batman
% Batman Universitesi Jeoloji Mithendisligi Boliimii - Batman

Ozet: Bu caligmada, Kiitahya nin kuzeybatisinda yeralan Alikdy ve ¢evresindeki yeralt1 ve yiizey
sularinin jeokimyasal O6zelliklerinin ortaya konulmasi ile akifer 6zelliklerinin karsilastiriimasi
amaglanmistir. Bu kapsamda ilkbahar ve sonbahar donemlerinde yoreyi temsil edecek sekilde su
noktalarindan Ornekleme yapilmistir. Su Orneklerinin  hidrojeokimyasal analizleri, akifer
ozelligindeki birimlerin mevcut jeokimyasal analizleri ile mukayese edilerek su-kayag iliskisi
ortaya konulmaya c¢aligilmistir.

Inceleme alaninin giineydogu kesiminde yiizeyleyen kiregtast ve volkanosedimanter
kayaglardan olusan akiferlerden kaynaklanan sularin bilesimlerinde 6nemli miktarda Pb, Zn, Ag,
Sb, As, Tl ve Cd konsantrasyonlar1 belirlenmistir. Akifer birimlerinin jeokimyasal analizleri ile su
orneklerinin analizleri irdelendiginde aralarinda 6nemli diizeyde iliski oldugu belirlenmistir.

Sonug olarak, Alikdy ve civarindaki yiizey sulari, kaynaklar ve yeraltisular1 EPA (2003)
standartlarina gore degerlendirildiginde, Al, As, Mg, Ni, Pb ve Sb izin verilebilir kirlilik degerini,
Al, As ve Sb’in ise maksimum izin verilebilir kirlilik degerini gectigi tespit edilmistir. Bu
orneklerdeki element konsantrasyonlarindaki fazlaliga akiferi olusturan kayaclarin jeokimyasal
ozelliklerinin etkili oldugu belirlenmistir.

Anahtar Kelimeler: Akifer, Su, Jeokimya, Kiitahya

THE GEOCHEMICAL PROPERTIES of WATERS of ALIKOY
(KUTAHYA) and ITS VICINITY

Abstract: In this study, to determine geochemical properties of surface and groundwater in Alikoy
and it’s around which is northwestern of Kiitahya and to compare the aquifer properties is
purposed. In this scope, water sampling was collected from water sampling points which
represented the area in spring and fall seasons. The interaction between water and rock was to be
determined by comparing hydrogeochemical analysis of water samples with geochemical analysis
of the units with aquifer properties.

In compound of waters which source from aquifers which consist of limestone which is on
surface of southeastern of the study area and volcanosedimentary, large amount of Pb, Zn, Ag,
Sb, As, TI and Cd concentration was determined. When geochemical analysis of aquifer units and
water samples were investigated, it was determined that they have an important interaction.

As a result, when spring, surface and groundwater were evaluated according to the EPA
(2003) standarts, it was determined that Al, As, Mg, Ni, Pb and Sb passed the acceptable
contaminant level, Al, As and Sb passed maximum acceptable contaminant level. It was
determined that geochemical properties of aquifer rocks were effective on the redundancy on the
element concentration of these samples.

Key Words: Aquifer, Water, Geochemistry, Kiitahya
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KARAHAYIT, GOLEMEZLIi VE YENICEKENT (DENiZL1i)
JEOTERMAL SULARININ MINERAL DOYGUNLUKLARI ILE
KABUK TURLERI ARASINDAKI ILiSKI

Fatma Gokgoz' ve Mehmet Ozkul®
_ 111 Ozel Idaresi — Denizli, (fatmagokgoz@hotmail.com)
% Pamukkale Universitesi Jeoloji Miihendisligi Béliimii — Denizli, (mozkul@pau.edu.tr)

Ozet: Jeotermal su kullammm sirasinda akigkanin kimyasal icerigine bagli olarak olusan
kabuklasma, jeotermal akigkanin gectigi kuyu, boru hatti, esanjor gibi tesis veya sistemlerin
Omriinili, verimliligini olumsuz yonde etkileyen onemli sorunlardan biridir. Bu c¢alismada,
Karahayit, Golemezli ve Yenicekent (Denizli) jeotermal alanlarindan bosalan termal sularin
mineral doygunluklar1 ve kabuklasmaya egilimli mineral tiirleri belirlenmis ve bu sulardan
¢okelen kabuk orneklerindeki mineral tiirleriyle karsilastirilmistir.

Yenicekent jeotermal sahasi Gediz grabeninde, Golemezli ve Karahayit jeotermal
sahalar1 ise Biiyiilk Menderes ve Gediz grabenlerinin kesistigi bolgede bulunur. Her ii¢
jeotermal sahada da rezervuar kayaclar Paleozoyik yasli Menderes masifinin mermer, sist ve
kuvarsitleridir. Neojen yaslh formasyonlarin gegirimsiz litolojileri ortii kayay1 olusturur.

Incelenen jeotermal alanlarda jeotermal akiskanlarin sicaklik, elektriksel iletkenlik ve pH
degerleri sirasiyla 36.4-69.1°C, 2029-4540 umho/cm ve 6.09-6.89 arasinda degismektedir.
Yenicekent ve Golemezli sulart Na-Ca-HCOs3-SO4, Karahayit sulart Ca-Mg-HCO;3-SO4
tipindedir. Her ii¢ saha i¢in jeotermal sularin 8'*0 degerleri -7.53 ile -8.53(%0oVSMOW) ve
8°H degerleri -53.00 ile -60.91 (% VSMOW) arasinda degismektedir. Bu degerler, jeotermal
sularin meteorik kdkenli oldugunu gostermektedir.

Jeotermal sularin bosalim kosullarindaki fiziko-kimyasal ozelliklerine gore yapilan
mineral doygunluk hesaplamalarina gore sularin ¢ogunlugunun laumontit, Ca-, Mg-, K- ve
Mg-montmorillonit, kalsit, fluorit, mikroklin, muskovit, kalseduan ve kuvars ¢okeltme
egiliminde olduklar1 belirlenmistir. XRD sonuglarina gore, sondaj borularindan alinan kabuk
orneklerinde belirlenen mineraller ise en fazla kalsit ve aragonit ve eser miktarda jips ve
kuvarstir.

Anahtar Kelimeler: Yenicekent, Golemezli, Karahayit, jeotermal, kabuklasma, mineral
doygunluklari.
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THE RELATIONSHIP BETWEEN MINERAL SATURATION and SCALE
TYPES of KARAHAYIT, GOLEMEZLI and YENICEKENT GEOTHERMAL
WATERS (DENIZLI)

Abstract: Scaling which was formed depending on the chemical composition of the fluid
during useage of geothermal water, is one of the most serious problem at the geothermal
systems The facilities or systems like well, pipeline and heat exchanger which geothermal
fluid flow is affected negatively from the scaling. In this study, relation of mineral types which
are precipitation tendency and scaling types of geothermal waters are taken off Karahayit,
Golemezli and Yenicekent (Denizli) geothermal fields was determined.

The Yenicekent geothermal field is situated in Gediz graben whereas the Gélemezli and
Karahayit geothermal fields in intersection area of Gediz and Biiyiik Menderes grabens.The
reservoir rocks of these fields are marble, schist and quartzite of Paleozoic aged Menderes
massive. The impermeable layers of Neogene formations form a caprock.

In these geothermal fields, temperature, electrical conductivity and pH values are 36.4-
69.1°C, 2029-4540 umho/cm and 6.09-6.89, respectively. The Yenicekent and Golemezli
thermal waters are of Na-Ca-HCO;3-SOy type and the Karahayit thermal water is of Ca-Mg-
HCO3-S0, type. For the geothermal fluids from each of the three geothermal fields, 6"°O
values vary between -7.53 and -8.53(%0VSMOW), and &°H values between -53.00 and -60.91
(%oVSMOW). These values indicate that the geothermal waters of meteoric origin.

According to mineral saturation indices which are calculated at outlet conditions of the
geothermal fluids, the waters are generally tendency to deposit calcite, calsedony, quartz,
laumontite, Ca-, Mg-, K- and Mg-montmorillonite, fluorite, microkline and muscovite. XRD
analysis showed that mineral types in scale samples taken from the geothermal wells are
mainly calcite and aragonite, and minor gypsum and quartz.

Key Words: Yenicekent, Golemezli, Karahayit, geothermal, scaling, mineral saturations
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HEYBELI (KIZILKIiRSE) JEOTERMAL SAHASININ
HIiDROJEOKIMYASAL OZELLIiKLERI UZERINE ON BULGULAR

Can Basaran', Ali Giikgiiz2 ve Ahmet Yildiz'
" Afyon Kocatepe Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii — Afyonkarahisar/Tiirkiye
(cbasaran@aku.edu.tr), (ayildiz@aku.edu.tr)
* Pamukkale Universitesi, Mithendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii — Denizli/Tiirkiye
(agokgoz@pau.edu.tr)

Ozet: Afyonkarahisar ilinin 25 km giiney-dogusunda yer alan Heybeli (Kizilkirse) jeotermal
sahas1 bolgedeki dnemli jeotermal sahalardan biridir. inceleme alaninda sicak ve mineralli
sularin hazne kayas1 Ust karbonifer-Ust Permiyen yash Karahasan Kirectaslari, ortii kaya ise
Miyosen yasli Gebeceler Formasyonuna ait sedimanter kayaglardir. Bolgede, neotektonik
donemde gelisen Aksehir-Simav fay sistemine (ASFS) bagli olarak KB-GD yonlii normal
faylar ve bunu verev kesen tali faylar mevcuttur. Beslenme alanindaki geg¢irimli kayacglardan
derinlere siiziilerek 1sinan ve ¢oziinmiis kat1 maddelerce zenginlesen meteorik sular bu fay
hatlar1 boyunca ytikselerek jeotermal kaynaklari olusturmustur.

Bolgede, Maden Tetkik Arama Genel Midiirliigii (MTA) ve 6zel kuruluslar tarafindan
acilmis olan sicak ve soguk sondaj kuyular1 bulunmaktadir. Yaklasik 250 m derinliklere sahip
jeotermal kuyulardan toplam debisi 190 1/s olan jeotermal akiskan iiretilmektedir. Bu
jeotermal sular, civardaki seralarda ve Heybeli Termal Tesisinde saglik ve turizm amach
olarak kullanilmaktadir.

Yapilan 6n ¢alismada, inceleme alanindaki sondaj sularinin sicakliklarinin 18-54°C,
elektriksel iletkenliklerinin (EC) 603-3270 pumho/cm ve pH degerlerinin 6.04-7.48 arasinda
degistigi belirlenmistir. Kimyasal analiz sonuglarina gore jeotermal sular genellikle Na-Ca-
HCO;s tipinde olmasina karsin, yiiksek siilfat icerigi nedeniyle Heybeli Termal’e ait sondaj
suyunun tipi Na-Ca-SO4-HCOs5 seklindedir. Yapilan jeotermometre uygulamalarinda Heybeli
Termal ve civarinda yer alan sicak sularin ham sular olduklart belirlenmis ve hazne kaya
sicakliklarinin 100-149°C arasinda olabilecegi 6ngoriilmiistiir.

Anahtar Kelimeler: Afyonkarahisar, Heybeli, Jeotermal, Hidrojeokimya.
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A PRELIMINARY ASSESSMENT ABOUT HYDROGEOCHEMICAL
PROPERTIES of THE HEYBELI (KIZILKIRSE) GEOTHERMAL AREA

Abstract: Heybeli (Kizilkirse) geothermal field located 25 km South-east of Afyonkarahisar
province is one of the most important geothermal site in the region. The reservoir rock of hot
and mineralled waters are Upper Carboniferous - Upper Permian aged Karahasan
limestones and the seal rock is sedimentary rocks of Miocene aged Gebeceler formation. In
the region, there are NW-SE trending normal faults related to Aksehir-Simav fault system
(ASFS) developed in neotectonic period and secondary oblique faults cutting across them.
Meteoric waters percolate (infiltrate) to the permeable rocks in the field of nutrition. They are
heated at depth, enriched with dissolved solids and and ascend to the surface via these major
Sfaults.

In this region there are hot and cold wells drilled by General Directorate of Mineral
Research and Exploration (MTA) and other commercial companies. From these
approximately 250 m deep geothermal wells, geothermal fluid with 190 l/s flow rate is
produced. These waters are used for greenhouse heating and Heybeli Thermal resorts for
tourism and health.

In this preliminary assessment, it was observed that the wells waters temperature in the
research area varied from 18-54°C, electrical conductivity (EC) 603-3270 umho/cm and pH
values 6.04-7.48. According to the results of chemical analysis, whereas the geothermal
waters are usually of the Na-Ca-HCOj; types, Heybeli thermal well water is of the Na-Ca-
SO,HCO:s type because of high sulphate content. In the geothermometer applications it was
determinated that the waters at and around Heybeli thermal are immature and their reservoir
rock temperatures are proposed to be between 100-149°C.

Key Words: Afyonkarahisar, Heybeli, Geothermal, Hydrogeochemistry
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MADEN SULARININ KiMYASAL BILESIMLERI VE
ICILEBILIRLIKLERIi: TURKIYE’DEN ORNEKLER

Dilem Herdem', Metehan Keles', Kiymet Deniz’, Yusuf Kagan Kadioglu'"
" Ankara Universitesi Yerbilimleri Uygulama ve Arastirma Merkezi — Ankara, (dilemhrdm@gmail.com)
% Ankara Universitesi Miihendislik Fakiiltesi Jeoloji Miihendisligi Boliimii — Ankara, (kadi@ankara.edu.tr)

Ozet: Uygun jeolojik sartlarda, dogal olarak olusan, en az 1000 mg/l (ppm) ¢dziinmiis mineral
ve eser element bulunduran, dogal yapisinda karbondioksit ve radyoaktif elementlere sahip olan
yeralt1 sulari, maden suyu olarak adlandirilmaktadir. Maden sulari; sodyum (Na), potasyum (K),
kalsiyum (Ca), magnezyum (Mg), demir (Fe), aliminyum (Al), bakir (Cu), kursun (Pb), krom
(Cr), kloriir (CI'), iyodiir (I'), bromiir (Br"), floriir (F), nitrit (NO,"), nitrat (NOs"), karbonat (CO5
%), bikarbonat (HCO3") vb. iyonlar1 ve serbest gazlari (CO,, O,) ayrica bazi radyoaktif elementleri
(U, Ra, Rn) icerebilmektedir. igerdigi iyon miktarina ve tiiriine gore bikarbonatl, siilfatli,
kloriirlii, kalsiyumlu, magnezyumlu, demirli, floriirlii, sodyumlu ve diisiikk sodyumlu olarak
cesitlendirilir. Maden sulariin igilebilirligi TSE’nin belirlemis oldugu iyonlarin limit degerlerine
gore belirlenir. Tiirkiye’de bilinen 225'e yakin maden suyu kaynagi ve kaynak grubu
bulunmaktadir ve bunlarin yaklasik 30 tanesi siselenmektedir. Siselenenlerin bir kismi lokal, bir
kismi ise ulusal ¢aptadir. Yapilan bu ¢alismada piyasadan toplanan maden sularinin ICP-OES’te
analizleri yapilmistir. Analiz sonuglarina gore siselenen maden sularinin igilebilirligi ve insan
sagligina etkisi yorumlanmustir.

Anahtar Kelimeler: Maden suyu, hidrojeokimya, saglik.

CHEMICAL COMPOSITIONS of MINERAL WATERS and THEIR
POTABLENESS: EXAMPLES FROM TURKEY

Abstract: Mineral water are underground water characterized by its naturally geological formed
and has a composition of not less than 1000mg/| dissolved mineral and trace elements, rich in
carbon dioxide and radioactive elements. The mineral water are mainly composed of sodium
(Na), potassium (K), calcium (Ca), magnesium (Mg), iron (Fe), aluminum (Al), copper (Cu), lead
(Pb), chrome (Cr), chlorine (CI), iodine (I'), brome (Br’), flour (F), nitrite (NO7), nitrate (NOy3),
carbonate (CO5?), bicarbonate (HCOy), other ion and free gases (COs, Os) and some radioactive
elements (U, Ra, Rn). They are nominated as bicarbonate, sulfate, chlorine, calcium, magnesium,
iron, fluorine, high Na and Low Na according to their ion contents and types. The potable of this
mineral water are controlled by the Turkish Standard Institution organization. There are more
than 225 mineral spring water in Turkey and approximately only 30 of them are organized to
bottle for consumption. The bottled mineral water is some organized as national and some as a
local organizing factory. The main scope of this study is to analyze the bottled water from the
market under ICP-OES to figure out their real chemical compositions, their potableness and their
effect on the human health.

Key Words: Mineral water, hydrogeochemistry, human health
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DENIZLI - BEYAGAC BOLGESI KROMIT YATAKLARININ iZ
ELEMENT JEOKIMYASI VE CEVHER MIKROSKOBISI

Mustafa Kumral', Arif Karadag', Murat Soyal', Ayse Kiibra Akay', Salih Burak

Karabell, Numan Elmasl, Mubhittin Karaman' ve Murat Budakoglu1
" [stanbul Teknik Universitesi jeoloji Miihendisligi Béliimii Maslak - Istanbul, (kumral@jitu.edu.tr)

Ozet: Inceleme alan1 Denizli ili Beyagag ilgesinin ii¢ buguk kilometre batisinda bulunan
Asag1 Giinliice bolgesinde yaklasik 30 km® bir alami kapsar. inceleme alaninda goriilen
litolojik birimler, yaslidan gence Kretase yaslh ofiyolitler, ofiyolitlerin i¢inde sokulum olarak
gbzlenen gabrolar, bliylik bir cogunlugu kirectaslarindan olusan sedimanter birim ve
Kuvaterner yash aliivyonlardir. Bolgede gozlenen kromit cevherlesmeleri; masif, nodiiler,
sacinimli ve bantli cevherlesmelerdir. Kromit cevherlesmeleri podiform tipte yataklanmis
olup, % 18-50 arasinda degisen oranlarda zengin Cr,Os3 igeriklidir.

ITU jeokimya arastirma laboratuvarinda analiz edilen Krom numunelerinde Cr,O;
%23.74-50.8, MgO %0.15-1.1, Si0, %5.88-36.58, K,O 0.01,-0.03, Fe,O3 % 12.50 - 36.61,
Ti0,0.16-0.77, Al,O3 % 6.74-16.00, CaO %9,69, P,Os %0.01, MnO %0,10-%0,57, LOI %10
degerlerinde gozlenmistir. Ag 37-76 ppm, Cl 121-386 ppm, S 36-118 ppm, Nd 236-1235
ppm, Ni 1271-2279 ppm, Cu 21-32 ppm, Eu 2100-2800 ppm, W 6-68 ppm, Sr 14-195 ppm, V
44-794 ppm, Zn 86-316 ppm, Sm 236 ppm, Ga ise 32 ppm olarak Ol¢iilmiistiir.

Ultramafik kaya¢ numunelerinde yiiksek oranda gozlenen veriler Al,O3 %9,58, Fe O3
%10,50, K»>0 %0,19, TiO, %0,77, P»Os %0,10, Ag 46 ppm, C1 227 ppm, V 269 ppm, Zr 46
ppm, Sr 173 ppm olarak siralanabilir. Kromit damar1 ve diinit karigimi olan numunede ise
Cr,O3 orant %0,16-%0,69 olarak gozlenmistir. Ek olarak sadece bir numunede Eu
elementinin 1800ppm civarinda var oldugu saptanmastir.

Anahtar Kelimeler: Beyagac, kromit, Nadir elementler, cevher
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TRACE ELEMENTS and ORE MICROSCOPIC INVESTIGATION of
DENIZLI-BEYAGAC CHROMITE DEPOSITS

Abstract: The study area covers around 30 km’ in Asagi Giinliice which is located three and a
half kilometers west of the Beyagag¢ town of Denizli. Lithological units in area from oldest to
youngest were Crateseous aged ophiolites, intrusive gabbros in ophiolites, mostly Mesosoic
aged limestone unit and Quaternary aged alluvials. Chromite mineralizations are mainly
massive, nodular and disseminated. Chromite mineralizations are including %18-50
percentage of Cr;0;.

The Chrome samples were analyzed in ITU geochemistry research laboratory. The
obtained results are observed as Cr;0; %23.74-50.8 MgO %0.15-1.1, SiO, %5.88-36.58,
K>0 0.01-0.03, Fe;03% 12.50 - 36.61 TiO:0.16-0.77 Al:03 % 6.74-16.00, CaO %9,69, P,Os
%0.01, MnO %0,10-%0,57, Lol %10. Ag 37-76 ppm, CI 121-386 ppm, S 36-118 ppm, Nd
236-1235 ppm, Ni 1271-2279 ppm, Cu 21-32 ppm, Eu 2100-2800 ppm, W 6-68 ppm, Sr 14-
195 ppm, V 44-794 ppm, Zn 86-316 ppm, Sm 236 ppm, Ga ise 32 ppm are

The observed high rate data in ultramafic rock samples are Al,03 %9,58, Fe;O3 %10,50,
K>0 %0,19, TiO, %0,77, P,Os %0,10, Ag 46 ppm, Cl 227 ppm, V 269 ppm, Zr 46 ppm, Sr 173
ppm. The rate of Cr,03 in the sample, mixture of the chromite vein and dunite, is observed as
%0,16-%0,69. In addition, Eu element in only one sample was found around 1800 ppm.

Key Words: Beyagag, chromite, rare earth elements, ore
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GORDES ZEOLITLERININ ELEK ANALIZLERINE GORE
KIMYASAL ANALIZ SONUCLARININ iRDELENMESI

Oykii Bilgin'
' Atatiirk Universitesi, Maden Miihendisligi Boliimii — Erzurum, (ykbilgin@atauni.edu.tr)

Ozet: Zeolitler, milyonlarca yil énce volkanik kiillerin su ortaminda degisime ugramasi
sonucunda alkali ve toprak alkalilerin hidratli dogal silikatlarindan olusan bir mineral
grubudurlar. Yapilarinda silikat, aliiminyum, oksijen, katyon, su ve baska molekiiller
mevcuttur. Tlrkiye’de dnemli bir konuma sahip, zeolit yataklar1 Manisa-Gordes Bolgesinde
bulunmaktadir. Bolgede zeolit minerallerinden klinoptilolit, hoylandit ve sabazit tiirleri yer
almaktadir. Bu c¢aligmada zeolitler %85 oraninda klinoptilolit-hoylandit yapisindadir. 100
pwun altina indirilen numunelerin kimyasal analizleri tespit edilmistir. Kimyasal analizlere
gore besleme mal1 basta olmak {izere farkl elek acikliklarinda % Si0O,, Al,O3, Fe,O3, CaO,
MgO, Na,0, K,O ve kizdirma kaybi belirlenmigtir. Hammaddelerin tane iriligi gére mineral
% igerik ve % dagilim grafikleri ¢izilmis ve yorumlanmustir.

Anahtar Kelimeler: Zeolit, elek analiz, kimyasal analiz.

REVIEW of CHEMICAL ANALYSIS BY SIEVE ANALYSIS of GORDES
ZEOLITES

Abstract: Zeolites are a mineral group which as a result of variation of volcanic ashes in the
aquatic environment millions of years ago, consisting of alkaline and alkaline earths’
hydrated natural silicates. They generally contain silica, aluminum, oxygen, cation, water and
other molecules in their composition. In Turkey zeolite deposits which have an important
position with very extensive reserves, are available in Manisa-Gordes. In this region, zeolite
minerals are named clinoptilolite, heulandite, and chabazite. In this study, zeolites are
included approximately 85% clinoptilolite - heulandite mineral. The sieve analyses were
carried out with different sieve apertures. Chemical analyses were carried out for the samples
which have a grain size less than 100u. As for the chemical analyses, SiO,, Al;0;3, Fe0;,
CaO, MgO, Na;O, K;O % and ignition loss were determined, for all the samples but
especially for the feed, in different sieve apertures. Mineral content % and dispersion %
graphics according to raw material grain coarseness are drawn and interpreted.

KEY WORDS: Zeolite, sieve analysis, chemical analysis.
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ISOTOPIC and TRACE-ELEMENT ANALYSIS of THE CONTINENTAL
CARBONATES in THE BALLIK AREA, DENIZLI, TURKEY

Hannes Claesl, Jeroen Soetel, Rudy Swennenl, Anneleen Foubertl, Mehmet Ozkulz,
Mehmet Orug Baykaraz

I Katholieke Universiteit Leuven, Department of Earth & Environmental Sciences, Leuven, Belgium,
(hannes.claes@ees.kuleuven.be)
% Pamukkale University, Department of Geological Engineering, Denizli, Turkey

Abstract: The Ballik continental carbonates were geochemically characterized using
Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES) and a 6'°0, 6"°C and
strontium stable isotopic analysis. The geochemical delineation of the lithofacies,
characterizing certain depositional environments, can be used in a chemo-stratigraphic
approach to correlate the geobodies. Based on the stable isotopic composition the fluido
characteristics and possible source rocks are deduced. The combination of these results
contributes to the reconstruction of the depositional history of the studied travertines.

The continental carbonates are characterized by low trace element concentrations
compared to marine carbonates, with the exception of high strontium concentrations.
Aluminum, iron, nickel, titanium and silicon show similar trends within the different vertical
lithologs, what makes them suited for correlation. Progressive alteration due to diagenetic
stabilization with meteoric waters, as described by Brand and Veizer (1980), is recognized by
a decrease of strontium, sodium, magnesium and a coinciding increase of manganese and
iron towards the top of the different sections.

The Ballik continental carbonates have 6"°C values between -3.83 and 2.60 %o V-PDB
and 6"°0 values from -9.39 to -5.72 %o V-PDB. 6"C values decrease towards the top of the
different vertical sections, while 5'°0 stays more or less constant. The ¥’ Sr/*Sr isotopic ratio
for the analyzed samples is 0.70786 + 0.00005. These results point to deposits from a fluid,
that inherited the carbon and strontium isotopic signature of dissolved Triassic marine
carbonates, and indicate the Lycian Nappes as possible source rock.

Key Words: Travertine - Tufa - Geochemistry - Isotopes - Ballik
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BAKLAN GRANITI (MURATDAGI BOLGESI, BATI ANADOLU) iLE
ILISKiLi SKARN CEVHERLESMELERININ JEOKIMYASAL ve
iZOTOPIK (5*S, Pb) OZELLIKLERI

M.Selman Aydogan1 ve Omer Akincr’
" Dept.of Geological Engineering, Balikesir University, TR-10145 Balikesir, Turkey
(selmanbaklan@hotmail.com)
% Havaci Binbasi Mehmet Sokak, 9/12, Bostanci, istanbul
(otakinci@hotmail.com)

Ozet: Baklan Graniti (Menderes Masifi, Usak) Muratdagi’nin giiney kesiminde yer
almaktadir. Pliiton K-feldspat, plajiyoklas, kuvars, biyotit, hornblend ve aksesuar oranda
apatit, magnetit mineral birligine sahiptir. Kimyasal olarak, Baklan Graniti sub-alkalen,
yiiksek potasyumlu, kalk-alkalen karakterli I-tipi bir pliitondur ve tipik olarak metaluminus-
orta peraluminus [A/CNK of 0.96-1.07, A/NK > 1]’dur, yaygin olarak granodiyorit bilesimine
sahiptir.

Calisma alaninda, Baklan Graniti ¢evresinde 3 adet cevherlesme saptanmistir. Bunlar:
Baklan Tepe Pb-Zn-Cu Cevherlesmesi (eksoskarn), 2) Karabatak Tepe Pb Cevherlesmesi
(endoskarn), 3) Tepedelen Tepe Zn-Pb Cevherlesmesi (hidrotermal). +%00.7-+%06.6 arasinda
degisen 5*S sonuglari, Baklan Graniti cevresindeki cevherlesmelerin magmadan tiireyen
eriyikler ile iliskili oldugunu isaret eder. Buna ek olarak, Pb***/Pb*, Pb>"’/Pb**, Pb*"/Pb*™
oranlar1 (sirasiyla 38.991-39.298, 15.690-15.782, 18.971-19.047) kursunun baslica {ist
kabuktan geldigini gostermektedir. Buna ek olarak, Sivi Kapanim homojenlesme sicakliklar
Baklan Tepe Pb-Zn-Cu Cevherlesmesinde 300-320°C, Karabatak Tepe Pb Cevherlesmesinde
233-391°C, Tepedelen Tepe Zn-Pb Cevherlesmesinde 202-349 °C arasinda degismektedir.

Anahtar Kelimeler: Baklan Graniti, I-tip, skarn, cevherlesme, Muratdagi Bolgesi, Usak, Bati
Anadolu
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GEOCHEMICAL and ISOTOPIC (5"°S, Pb) SIGNATURES of SKARN
MINERALIZATIONS ASSOCIATED WITH BAKLAN GRANITE
(MURATDAGI REGION, WESTERN ANATOLIA)

Abstract: Baklan Granite is located in the southern part of the Muratdag Region (Menderes
Masif, Usak). Pluton has mineral assemblages of K-feldspar, plagioclase, quartz, biotite, and
hornblende, with apatite, titanite, magnetite, as the main accessory phases. Chemically, it is
of sub-alkaline, belongs to the high-K, calc-alkaline series and displays features of typical I-
type affinity. The Baklan Granite is typically metaluminous to mildly peraluminous [A/CNK of
0.96-1.07, A/NK > 1] and classified dominantly as granodiorite in composition. Garnet
bearing skarn mineralisations have been found at the sharp contact of Baklan Granite.

In the studied area, mineralizations around Baklan Granite are divided into three groups
as 1) Baklan Tepe Pb-Zn-Cu Mineralization (eksoskarn), 2) Karabatak Tepe Pb
Mineralization (endoskarn) and 3) Tepedelen Tepe Zn-Pb Mineralization (hydrothermal).
Isotopically &S ratios, ranging from +%o0.7 to +%¢6.6, of from mineralized-zones show that
they are associated with the magma-derived fluids. Accordingly, Pb*"/Pb*" Pb’"/Pb*",
PH*"/Pb*" ratios of sulphide minerals are range between 38.991-39.298, 15.690-15.782,
18.971-19.047, respectively. Most of the Pb isotopic compositions of ore minerals fall well on
the upper crust evolution curve. These also suggest that the lead possibly came mainly from
the upper crust. In addition, fluid inclusion studies from the Baklan Tepe Pb-Zn-Cu,
Karabatak Tepe Pb, Tepedelen Tepe Zn-Pb mineralisations signify the homogenization
temperatures of 300-320°C, 233-391°C, 202-349°C, respectively.

Key words: Baklan Granite, I-type, skarn, mineralizations, Muratdagi Region, Usak, Western
Anatolia
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MUS BARIT YATAKLARININ JEOLOLOJIK VE ENDUSTRIYEL
OZELLIKLERI

H. Alim Baran', Mustafa Kumral’, Hulusi Kargl3, Suat Tasdelen’
" Batman Universitesi Jeoloji Miihendisligi Boliimii — Batman, (alim.baran@batman.edu.tr)
% Istanbul Teknik Universitesi Jeoloji Mithendisligi Bolimii - Istanbul
% Pamukkale Universitesi Jeoloji Miihendisligi boliimii - Denizli

Ozet: Bitlis metamorfikleri Tiirkiye’nin giineydogusunda bulunur ve pekcok cevherlesmeye ev
sahipligi yapan bir komplekstir. Mus baritleri, Orta Devoniyen yasli Meydan Formasyonuna ait
rekristalize (yer yer dolomitik) kiregtaslari i¢erisinde olusmustur. Cevherlesme yan kayaglar1 olan
kiregtaglariyla uyumlu olarak gozlenen SEDEX tip ve yan kayaglar1 kesen MVT tip olmak iizere
iki farkl karakterde gozlenmektedir. Cevherlesmeye az oranda sulfid mineralizasyonu eslik eder.
MVT baritleri SEDEX olusumlara oranla daha fazla sulfid mineralleri igerirler. Mineral
parajenezi barit, pirit, kalkopirirt, sfalerit, galen, kalkozin, kovellin, malakit, azurit, hematit,
limonit ve kuvarstan olusmaktadir. Cevherlesmelerin barit konsantrasyonu % 20-69, yan kayacin
ise % 2-24 arasinda degismektedir.

Baritin endiistride kullanim alanlarindan birisi de agir beton iiretimidir. Bolgeden toplanan kum,
barit ¢cakili ve ¢imento kullanilarak barit agregasi olusturulmustur. Agreganin birim agirligi 2600
ile 3000 kg/m’, 6zgiil agirhg: 3,9 gr/em’ ile 4,3 gr/cm’ arasinda degismektedir. Baritlerinin
ortalama yogunluklar1 4,43 gr/cm®’tiir. Baritlerin en diisik parlaklik degeri 87,4 en yiiksek
parlaklik degeri 89,2°dir. Sarilik indeksi degerleri 6,1 ile 7,1, arasinda gozlenmektedir. Bu
sonuclara gore bolge baritleri endiistriyel kullanima uygundur.

Anahtar kelimeler: Mus, barit, jeoloji, endiistriyel 6zellikler

GEOLOGICAL and INDUSTRIAL FEATURES of MUS BARITE
DEPOSITS

Abstract: Bitlis metamorphic rocks is metamorphic complex which hosts many mineralizations
and located in southeastern Turkey. Barite mineralization occurs in recrystallized dolomitic
limestone of the Devonian Meydan Formation. Mineralization has two character type barite
including SEDEX (concordance with host rocks) and MVT (discordance host rocks). Sulfide
mineralization is accompanied by lesser amounts of barite mineralization. MVT barites include more
sulfide minerals than SEDEX type. Mineral assemblages consist of barite, pyrite, chalcopyrite,
sphalerite, galena, chalcocite, covellite, malachite, azurite, haematite, limonite and quartz Barite
concentration ranges from 20 to 69 wt.% in mineralized veins and from 2 to 24 wt.% in host rock.

One of the industrial uses of barite is production to heavy concrete. Barite aggregates is formed
by using sand, barite gravel and cement collected from area. The unit weight of aggregates ranges
from 2600 to 3000 kg/m’, the specific gravity varied between 3.9 g/em’ and 4.3 g/cm3. Average
density of barites is 4.43 g/cm’. The lowest brightness value of barites is 87,2, and its highest value
89,2. Yellowness index values are observed between from 6.1 to 7.1. According to these results, the
region barites are suitable for industrial use.

Key words: Mus, barite, geology, industrial features
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KAMAN-KIRSEHIR METAMORFIKLERININ INTRUZIF
KUTLELERLE OLAN ILISKiSI: KAMAN, KIRSEHIR, TURKIYE

Cumhur Ozcan Kili¢' ve Yusuf Kagan Kadioglu®
' Ankara Universitesi Mithendislik Fakiiltesi Jeoloji Miihendisligi Boliimii - Ankara,
(cokilic@eng.ankara.edu.tr)

% Ankara Universitesi Yerbilimleri Uygulama ve Arastirma Merkezi — Ankara, (kadi@ankara.edu.tr)

Ozet: Orta Anadolu Kristalen Karmasigi (OAKK), temelde metamorfik kayalar, bunlari
tizerleyen ofiyolitik birimler, bu birimlere sokulum yapan felsik ve mafik intriizif kayaclar ile
en ustte bu birimleri Orten sedimanter kayalardan olusmaktadir. OAKK igerisindeki
metamorfik kayalar, Kaman civarinda yiizlek vermektedir. Kaman civarindaki metamorfik
kayalar genel olarak alttan iiste dogru gnays, biyotit sist, amfibol sist, kuvarsit ve amfibolit
mercekleri ardalanmali olarak yer alir ve bolgenin temel birimlerini olusturmaktadir. Bu
birimler GD’dan KB’ya dogru yesilsist, amfibolit ve {ist amfibolit fasiyeslerinde
metamorfizmaya ugramistir. Kaman metamorfiklerini granit, monzonit ve kuvars siyenit
bilesimindeki sokulum kayalar1 kesmektedir. Farkli jeokimyasal ve mineralojik bilesime sahip
bu kayalar genel olarak plajiyoklaz, biyotit, amfibol, piroksen, ortoklaz ve kuvars
minerallerinden olusmaktadir.

Kaman civarinda yer alan metamorfik kayalar, dnemli 6l¢iide intriizyonlarin etkisi ile
metamorfizmaya ugramistir. Intriizif kiitleler ile metamorfiklerin dokanaginda kontak
metamorfik kayalar yer almaktadir. Intriizyonun yakin kisimlarda metamorfizmada sicaklik
etkiliyken, intriizyondan uzaklastikga sicaklik etkisi yerini agirlikli olarak sokulumun
olusturdugu basing etkisine birakarak yonlii dokunun hakimiyeti ile ortaya c¢ikmaktadir.
Metamorfiklerle intriiziflerin dokanagina yakin kisimlarinda magmatik dokulu hornfelsler
gbzlenirken, uzaklastikca sirasiyla mermer, vollastonit mermer, kalksist, migmatit ve sist
bilesimindeki kayalar gozlenmektedir. Amfibolitler yersel olarak yonlii dokunun hakim
oldugu kayalarda mercek ve oObekler halinde yiizeylemektedir. Yapilan jeokimyasal analiz
sonuglar1 amfibolitlerin mafik magmatik kayalarin baskalagimi ile diger metamorfik kayalar
ise dentritik ve karbonat kayalarin kontakt metasomatizma etkisi ile iliskili olabilecegini
ortaya koymaktadir.

Anahtar Kelimeler: Kaman metamorfikleri, intriizif kayalar, kontak metamorfizma, hornfels,
amfibolit
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RELATIONS BETWEEN KAMAN-KIRSEHIR MET. AMORPHIC ROCKS
and INTRUSIVE ROCKS: KAMAN, KIRSEHIR, TURKIYE

Abstract: Central Anatolian Crystalline Complex (CACC) consists of metamorphic rocks at
the bottom. Ophiolitic units overlay these metamorphic rocks. Both metamorphic and
ophiolitic units are intruded by felsic and mafic rocks and sedimentary units cover the
subjacent units. Metamorphic rocks of CACC are exposed in the vicinity of Kaman.
Metamorphic rocks near Kaman are composed of are gneiss, biotite schist, amphibole schist,
quartzite intercalated with amphibolite lenses constitute the basement of the region. This
metamorphic rocks underwent metamorphism conditions of greenschist, amphibolite and
upper amphibolite facies from SE to NW of the area. Kaman Metamorphics are cut by
granite, monzonite and quartz syenite intrusive rocks. These intrusive rocks have different
geochemical and mineralogic compositions and composed of plagioclase, biotite, amphibole,
pyroxene, orthoclase and quartz minerals in general.

Kaman metamorphic rocks underwent metamorphism significantly from the effect of the
intrusions. Contact metamorphic rocks take part in the contact of metamorphic rocks and the
intrusive rocks. Mostly heat is dominant and effective in the areas near to the intrusions but
mostly pressure gets dominant and effective in the areas away from the intrusions. Oriented
texture is dominantly seen due to effect of pressure in the areas away from the intrusion. In
the areas close to the contact between intrusions and the metamorphic rocks, hornfelses with
magmatic textures are seen and marble, wollastonite marble, calc schist, migmatite and
schists are seen respectively in the areas away from the intrusions. Amphibolites are locally
seen in the rocks which have oriented texture as lenses and heaps. Obtained geochemical
results show that amphibolites may be the formed by metamorphism of mafic magmatic rocks
and the other metamorphic rocks may be formed by contact metasomatism of dentritic and
carbonate rocks.

Key Words: Kaman metamorphics, intrusive rocks, contact metamorphism, hornfels,
amphibolite
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GENISLEME iLE iLISKIiLI GRANITOYIDLERDE ANA-, ESER-
ELEMENT VE SR-ND-PB iZOTOP VERILERININ INCELENMESI:
MENDERES VE KiKLADIK METAMORFIK CEKIiRDEK
KOMPLEKSINDEKI GRANITOYIDLERIN KARSILASTIRILMASI

Fuat Erkiil' ve Sibel Tatar Erkiil’
" Akdeniz Universitesi, Teknik Bilimler Meslek Yiiksekokulu — Antalya, (fuaterkul@akdeniz.edu.tr)
% Akdeniz Universitesi, Jeoloji Miihendisligi Boliimii — Antalya, (statar@akdeniz.edu.tr)

Ozet: Ege bolgesi, Alp-Himalaya orojenik kusagmin bir parcasi olup, garpisma sonrasinda
Eosen’den giiniimiize kadar devam eden farkli karakterdeki etkin bir magmatizma ile temsil
edilir. Bu magmatizmanin olusumu i¢in birgok goriis ileri siiriilmiistiir. Bolgede carpisma
sonrasi genisleme tektoniginin etkisi ile birgok metamorfik ¢ekirdek kompleksi olusmus olup,
bu ¢ekirdek kompleksinin olusumuna granitoyidler eslik etmistir. Granitoyidler, gerek
siyrilma faylarimin taban blogunda, gerekse yiliksek ac¢ili makaslama kusaklarinda si1g
yerlesimli karakterli olarak yer almaktadir. Bu ¢ekirdek kompleksinin zamansal ve mekansal
olarak iligkili oldugu Menderes ve Kikladik olmak iizere iki metamortfik ¢ekirdek kompleksi
yiizlek vermektedir. Menderes Masifi’ndeki granitoyid yerlesimlerinin Erken ve Orta
Miyosen boyunca etkin oldugu goriiliirken Kiklad’larda ise bu siirecin Orta Miyosen’den Geg
Miyosen sonuna kadar devam ettigi goriilmektedir. Batt Anadolu’daki granitoyid yerlesimleri
icin ¢ogunlukla, kabuk ve manto etkilesiminin {iriinii olan hibridik/melez magmalar
onerilirken, Kikladlar’da ise daha ¢ok kabugun etkili oldugu bir kokenden bahsedilmektedir.
Ancak, granitoyidlerin jeokimyasal ve Sr-Nd-Pb-O izotop verilerinin karsilagtirilmasi, gerek
Menderes Masifi gerekse Kiklad’lardaki granitoyidlerin olusturdugu magmatik kusagin
benzerlikler sundugu goriilmiistiir. Bu calismada, Orta Menderes ¢ekirdek kompleksi’ndeki
granitoyidlerden elde edilen yeni Sr-Nd-Pb verileri Kiklad’lardaki granitoyidlere ait izotopik
veriler ile karsilastirilmis ve iki bolgedeki granitoyidlerin kokenleri ile ilgili yaklasimlar bu
calisma ile tekrar gozden gegirilmistir.

Anahtar Kelimeler: Menderes Metamorfik Cekirdek Kompleksi, Kikladlar, genisleme ile es
zamanli gelismis granitoyidler, Sr-Nd-Pb-O izotoplar1
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COMBINED MAJOR-, TRACE-ELEMENT AND SR-ND-PB ISOTOPE
STUDIES OF EXTENSION RELATED GRANITOIDS: CORRELATION
OF GRANITOIDS IN THE MENDERES AND CYCLADIC
METAMORPHIC CORE COMPLEXES

Abstract: Aegean region is a part of the Alpine-Himalayan orogenic belt and is represented
by extensive magmatism that occurred in a post-collisional setting since Eocene. Various
models have been proposed for the origin of these magmatic rocks. A number of metamorphic
core complexes (MCC) have been formed in a post-collisional environment, which were
accompanied by granitoids that are located in the immediate footwall of the detachment faults
and high-angle shear zones. Menderes and Cycladic MCCs appear to be spatially and
temporally associated with each other. Granitoids within the Menderes MCC emplaced
during Early to Middle Miocene while ductile deformation together with granitoid
emplacement occurred during Middle to Late Miocene periods. Hybid magmas have been
proposed for the origin of Menderes granitoids while Cycladic granitoids were thought to be
derived from pure crustal rocks. However, correlation of geochemical and Sr-Nd-Pb-O
isotopic data from these domains indicates that Menderes and Cycladic granitoids appear to
be similar to each other. New Sr-Nd-Pb isotopic data from the Central Menderes granitoids
were correlated with those of the Cycladic granitoids and approach to the origin of these
granitoids were reviewed in this study.

Key Words: Menderes Metamorphic Core Complex, Cyclades, syn-extensional granitoids, Sr-
Nd-Pb-0O isotopes
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FLUORIT OLUSUMUNDA ALKALI MAGMATIK KAYALARIN

ONEMI: iC ANADOLU’DAN ORNEKLER

Biisra Kabakc11, Kiymet Denizz, Cumhur Ozcan Klllg:2 ve Bahattin Giillii*
' Ankara Universitesi Yerbilimleri Uygulama ve Arastirma Merkezi (YEBIM) - Ankara
(kabakcibusra@gmail.com)

% Ankara Universitesi Miihendislik Fakiiltesi Jeoloji Miihendisligi Béliimii - Ankara

Ozet: i¢ Anadolu bolgesi Tiirkiye nin hidrotermal fluorit cevherlesmeleri agisindan en 6nemli
alanlarindan biridir. Bolgedeki fluorit yataklar1 Bayindir, [sahocall, Buzlukdag, Akcakent,
Cokelik, Pohrenk, Sefaatli, Kavik, Yeniyapan ve Alisar koyleri ¢evresinde bulunmaktadir.
Orta Anadolu Fluorit yataklar1 s6zii edilen bolgelerde silikaca doygun olmayan alkalen
magmatizmanin hidrotermal akiskanlariyla iligkili olarak olustugu goriilmektedir. Fluoritler
daha ¢ok silislesmis siyenit ve foid siyenitlerle birlikte bulunmaktadir. Pembe, mor, yesil,
saydam ve sar1 gibi degisik renklerde gozlenebilen floritler genellikle yar1 6zsekilli ve bazi
damarlarda 6zsekilli olarak bulunmaktadir. Mikro kuvars ve kalsit gang mineralleri olarak
gbzlenmektedir.

Fluoritler degisik jeolojik ortamlarda olusabilmekte ve bu nedenle olusumlar1 ¢ok degisik
fiziksel ve kimyasal sartlar altinda gergeklesebilmektedir. i¢ Anadolu Bélgesi'ndeki fluorit
yataklar1 genellikle alkalen magmatik kayaglarinin kirectast ve dolomit gibi karbonat
kayaclarina sokulum yaptig1 bolgelerde yerin derinliklerinden gelen hidrotermal akiskanlarin
bu karbonat kayaclarin kirik ve c¢atlaklarina girmesi sonucunda ve alkalen magmatik
kayaclarda akiskan-kaya etkilesimi sonucu olusmaktadir. Bolgede florit olusumlar1 F ca
zengin hidrotermal ¢6zeltilerin kiregtasi ile reaksiyonu sonucu agiga ¢ikan kalsiyum (Ca) ile F
elementinin birlesmesi sonucu fluorit mineralleri olusmaktadir. Alkalen bilesimdeki
magmalarin 6zellikle florin (F) gibi ugucu elementlerce zengin olmasindan dolay1 flourit
olusumlarina 6zellikle alkalen magmatizmanin gézlendigi bolgelerde sikg¢a rastlanmaktadir.

Anahtar Kelimeler: Fluorit, alkali magmatizma, i¢ Anadolu
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THE IMPORTANCE of ALKALINE IGNEOUS ROCKS in THE
FORMATION of FLUORITE: EXAMPLES FROM THE CENTRAL
ANATOLIA

Abstract: Central Anatolia area is the most important region for hydrothermal fluorite
formation in Turkey. Fluorite deposition are located around the Baywndir, Isahocall,
Buzlukdag, Ak¢akent, Cokelik, Péhrenk, Sefaatli, Kavik, Yeniyapan and Alisar villages of the
Central Anatolia. Central Anatolia fluorite depositions are related to hydrothermal fluids of
silica undersaturated alkaline magmatism in the region. The fluorits are mainly observed
within silicified syenite and foid syenites units. These fluorites are observed in different colors
such as pink, purple, green, colorless and yellow and they are generally subhedral and
euhedral shape in most of the veins. Micro quartz and calcite are observed as gang minerals
with these formations.

Fluorites forms in various different geological settings and therefore their formations
occur under different physical and chemical properties. The Fluorite deposition usually
forms where alkalen igneous rocks intrude to carbonate rocks such as limestone or dolomite
in Central Anatolia. Fluorite forms as a result of entrance of hydrothermal fluids into the
fractures and cracks of these carbonate rocks of the upper crust and acting as fluid-rock
interaction in alkaline magmatic rocks. Fluorite formation forms by combination of F
elements and calcium (Ca) which released as a result of interaction between F-rich
hydrothermal fluids and limestone in the region. Due to magmas in the composition of
alkaline are rich in volatile elements such as fluorine, fluorite formations are frequently seen
in the regions where alkaline magmatism is especially observed.

Key words: Fluorite, alkaline magmatism, Central Anatolia.
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ANKARA - KALECIK-TILKIKOY, AMASYA - GUMUSHACIKOY-
IMIRLER VE BAYBURT - EVEREKHANLARI CIVARLARINDA
YUZEYLENEN ALKALEN VOLKANITLERIN MINERALOJIK VE
JEOKIMYASAL OZELLIKLERI

Handan Tiizenli', Emre Aydincakir’ ve Ciineyt Sen'
" Karadeniz Teknik Universitesi Jeoloji Miihendisligi Boliimii - Trabzon(csen@ktu.edu.tr)
% Gtimiishane Universitesi, Mithendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii - Giimiishane

Ozet: izmir-Ankara-Erzincan siitur zonunun hemen kuzeyinde Pontid tektonik birligi i¢inde yer
alan  Ankara-Kalecik-Tilkikdy, ~Amasya-Giimiishacikdy-Imirler ve Bayburt-Everekhanlari
mevkiinde ¢ok kisith alanlarda yiizeylenen analsim iceren alkalen volkanitler bu ¢aligmanin
konusunu olusturur.

Benzer stratigrafik seviyelerde bulunan her ii¢ lokasyondaki kayaglarm yaslar1 Ust Kretase-
Paleosen(?) araliginda olup, Eosen yash flisler tarafindan uyumsuzlukla ortiiliirler. Her {ig
lokasyonda da, titanli diyopsit-ojit (Wo4s.s0Enys.asFssos) ile belli seviyelerinde yer yer cm
boyutuna varan 6zsekilli analsim (% 9.61-13.11 Na,O ve % 0.06-0.61 K,O igeren) fenokristalleri
iceren volkanitler genellikle porfirik ve mikrolitik porfirik doku gosterirler.

Petrokimyasal olarak, volkanik kayaglar alkali karakterli olup, yiiksek derecede K,O (% 2.0
ila 5.8) igerirler. Volkanitler iz element dagilimlarina gore, hafif nadir toprak elementler (HNTE)
ve biiyiik iyon yarigapl elementler (LILE) bakimindan zenginlesme gosterirken, yiiksek cekim
alanli elementler (HFSE) bakimindan da fakirlesme gostermektedir. Volkanitlerin kondrite
normalize edilmis nadir toprak element dagilimlar: yiiksek derecede zenginlesme (Lan/Lun=9-15)
gostermektedir.

Anahtar Kelimeler: Ankara-Kalecik, Amasya-Glimiishacikdy, Bayburt-Everekhanlari, Alkalen
volkanitler

MINERALOGICAL and GEOCHEMICAL FEATURES of ALKALINE
VOLCANICS FROM ANKARA - KALECIK-T. ILKIKOY, AMASYA-
GUMUSHACIKOY-IMIRLER and BAYBURT-EVEREKHANLARI AREAS

Abstract: The analcime-bearing volcanic rocks exposed in the Ankara-Kalecik-Tilkikéy, Amasya-
Giimiishacikéy-Imirler and Bayburt-Everekhanlart areas within Pontide orogenic belt at the
north of Izmir-Ankara-Erzincan suture zone is the main subject of this study.

The aged of these volcanic rocks are between Late Cretaceous and Paleocene and are
unconformably by the Eocene sedimentary rocks. The volcanic rocks include titan diopside-augite
(Wos.soEns.4sFss.os) and euhedral analcime (containing 9.61-13.11wt% Na,O and 0.06-0.61 wt%
K>0) which up to cm size certain levels phenocrysts that show porphyritic and microlitic
porphyritic textures.

Petrochemically, the volcanic rocks show alkaline, and have high KO (2.0-5.8 wt%) contents.
The trace elements distributions of the volcanic rocks show enriched in light rare earth elements
(LREE) and large ion lithophile (LILE), with pronounced depletion of high fielde strength
elements (HFSE). The chondrite-normalized REE patterns (Lac,/Lu,=9-15) show high
envichment.

Key Words: Ankara-Kalecik, Amasya-Giimiishacikéy, Bayburt-Everekhanlari, Alkalen volcanics
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CIVANADAG BOLGESI (GUGU-BALIKESIR) MAGMATIK
KAYACLARININ JEOKIMYASAL OZELLIKLERI

Murat Kalkan', Yahya (")zplnar2 ve Baris Semiz’
' Aksaray Universitesi Jeoloji Miihendisligi Boliimii — Aksaray,(mkalkan@aksaray.edu.tr)
% Pamukkale Universitesi Jeoloji Mithendisligi Boliimii, TR-20070 — Denizli

Ozet: Calisma alani, KD-GB uzanimli Neojen havzalardan olan Gérdes ve Demirci Havzasi
ile D-B uzanimli Kuvaterner yasli Simav Grabeni’nin kesistigi alanin kuzey kesiminde,
Alacamdag magmatik kompleksi i¢ersinde yer almaktadir. Kompleks, Erken Miyosen yasl
granitik kayaclar (Alagam Graniti) ile andezitten riyolite kadar degisen bilesimdeki
piroklastik ve volkanik (Akdag volkanitleri) kayaglardan olusur.

Alagam Graniti baglica kuvars, plajiyoklas (oligoklas-andezin), K-feldispat (ortoklas),
amfibol (Mg-hornblend), mika (biyotit) fenokristalleri ile apatit, zirkon, magnetit ve serizit
gibi aksesuar minerallerinden olusan granit ve granodiyorit bilesimli kayaglardan meydana
gelmektedir. Bu kayaglarin jeokimyasal analizleri sonucunda kalkalkalen, yiiksek potasik, I
tipi ve ¢carpigma sonrasi karakterli granitler olduklart belirlenmistir. Genis iyon yarigapli (LIL)
elementler (Cs, K,O, Rb, Ba, Th, U) bakimindan zenginlesme, kalicilig1 yiiksek (HFS)
elementler (Nb, Ta, P ve Ti) bakimindan tiiketilmeler goze ¢arpmaktadir. Akdag volkanitleri,
dasit ve riyolit bilesimli piroklastik kayaclar, ekstriizyonlar, lav akintilar1 ve dayklardan
olusmaktadir. Volkanik ve piroklastik kayaclar, petrokimyasal verilere gore, yiliksek-K olup
kalk-alkalen karaktere sahiptir. Volkanik kayaclarin biiyiik iyon yarigapl litofil elementlere
gore azalan Nb ve Ta icerikleri, orta derecede HNTE (hafif nadir toprak element)/ANTE (agir
nadir toprak element) oranlari, volkanitlerin koken magmasinin muhtemelen daha énceden
metazomatizmaya ugratilmigs zenginlesmis bir kaynak bolgeden (muhtemelen litosferik
manto) tiireyebileceklerini ifade etmektedir.

Sonu¢ olarak, Alagamdag magmatik kompleksi igersindeki birimler i¢in yapilan tiim
diyagramlarin birbirleri ile ¢ok iyi uyumluluk gostermesi, bolgedeki magmatik kompleksin
ayni1 tiir magmanin trtinleri oldugunu ortaya koymaktadir.

Anahtar Kelimeler: Jeokimya, Civanadag, Alacam Graniti, Akdag volkanikleri.
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GEOCHEMICAL PROPERTIES of THE MAGMATIC ROCKS in THE
CIVANADAG REGION (GUGU-BALIKESIR)

Abstract: The study area is located in the north of the intersection of NE-SW-trending
Neogene aged Gordes and Demirci basins and E-W trending Ouaternary Simav Graben, in
the Alagamdag magmatic complex. Complex consists of Early Miocene aged granitic rocks
(Alagam Granite) and pyroclastic and volcanic (Akdag volcanics) rocks with the changing
composition from andesite to rhyolite.

Alagam granite is composed of granite and granodiorite rocks, which consist of mainly
quartz, plagioclase (oligoclase-andesine), K-feldispar (orthoclase), amphibole (mg-
hornblende), mica (biotite) phenocrysts and apatite, zircon, magnetite and sericite as
accessory minerals. According to the geochemical analysis results, this rocks have
calcalkaline, high potasic, I type and post collisional characters. They are display enrichment
in the large ion litophile (LIL) elements (Cs, K20, Rb, Ba, Th, U) and depletion in HFS
elements (Nb, Ta, P and Ti). Akdag volcanics consist of pyroclastics rocks with dacite and
rhyolite compositions, extrusions, lava flows and dykes. According to the petrochemical data,
volcanic and pyroclastics rocks are high-K and have calcalkaline character. Volcanic rocks
have depletion in Nb and Ta ratios relative to LILE and moderate LREE/HREFE ratios, all of
which indicate that parental magma(s) probably derived from an enriched source region
(probably lithospheric mantle) which was previously modified by fluids.

As a result, units in the Alacamdag magmatic complex show in very good agreement with
each other in the diagrams, which reveal that the magmatic complex in the region apparently
derived from the products of same type magma.

Key Words: Geochemistry, Civanadag, Alagam Granite, Akdag volcanics.
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KARS VOLKANIK PLATOSU'NUN CILDIR (ARDAHAN ILI)
KUZEYINDEKI KESIMININ VOLKANO-STRATIGRAFISI,
PETROLOJISI VE KIMYASAL STRATIGRAFISI

Olgun Duru' ve Mehmet Keskin'
" {stanbul Universitesi, Mithendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, Istanbul (lineasyon@gmail.com),
(keskin@istanbul.edu.tr)

Ozet: Erzurum-Kars Volkanik Platosu’nun (EKVP) en iyi volkano-stratigrafik kesitlerinden
biri, Cildir kuzeyinde (Ardahan) Giircistan smir1 yakin Kura nehri kanyonu boyunca
goriilmektedir. Derinligi kimi yerde 700 m’ye ulasan Kura kanyonunun dik yamaglarinda
sayilar1 20’yi asan lav yaygilar1 ve piroklastik birimler mostra vermektedir. MTA’nin
caligmalarina gore bu kesit, Orta Miyosen’den Kuvaterner’e kadar neredeyse 15 milyon yillik
bir zaman araligim1 kapsamaktadir. Dolayisiyla Dogu Anadolu carpisma zonunun bu
boliimiiniin Orta Miyosen’den Kuvaterner’e kadar magmatik ve jeodinamik evriminin
kayitlarini igeren bir arsiv niteligi tasimaktadir. Bu ¢alisma, Kura kanyonu kesitinin volkano-
stratigrafisi, petrografisi ve jeokimyasi konusunda ilk bulgularimiz1 6zetlemektedir.

Kura kanyonu’nunda lav istiflerinin en iyi gorildiigi kesitler segilerek istif ayrintili
calisilmig, lav kalinliklar1 o6lgiilerek her birinden karakteristik Ornekler derlenmis ve
“kompozit” bir stratigrafik kesit olusturulmustur. Kura kanyonu istifinin goriiniir tabaninda
kalin aglomeralar yiizeylenmektedir. Uzerlerine afirik plajioklas-piroksen igeren ortag lav
diizeyleri gelir. Daha iistte, mafik mineral oranminin artig1 bazalt-bazaltik andezit
ardalanmalarinin oldugu lavlara gecilir. Bunlar1 afirik+akma bantlagmalari igeren andezitik
lavlar izler. Bolgesel korelasyonlarimza gére olasilikla Orta-Ust Miyosen yash bu istifin
lavlarinda magma tazeleme islemine 6zgii mineral dokular1 yaygindir. Istifin kalinligi ~200
m’dir. Kura kanyonu istifinin daha iist diizeylerinde mikro-kristalli veya afirik dokulu masif
ve yer yer vesikiillii, piroksen-plajioklas-olivin iceren bazalt-bazaltikandezitik lav
ardalanmalar1 bulunur. Bu istifin toplam kalinligt ~100 m’dir. Olasilikla Pliyosen yasli ve
yataya yakin konumlu bu lavlar, en iistte orta¢ lav yaygilar1 ve yerel dasitik-riyolitik domlar
ve kiigiikk skorya/sigratma konileri ile ortiiliirler. Carpisma-kokenli volkanizmanin son
iriinleri, platoyu yer yer orten, olasilikla Kuvaterner yash taze andezit ve bazaltik lavlar ve
bunlarla kokensel iligkili piiskiirme konileridir. Tiim bu istif, tipik bir yay bileseni igerir.

Anahtar Kelimeler: Dogu Anadolu, carpisma volkanizmasi, Erzurum-Kars Volkanik
Platosu, Kura kanyonu.

239



V. JEOKIMYA SEMPOZYUMU 5" GEOCHEMISTRY SYMPOSIUM
23-25 Mayis 2012 23-25 May 2012
Pamukkale Universitesi - Denizli Pamukkale University — Denizli /| TURKEY

VOLCANO-STRATIGRAPHY, PETROLOGY and CHEMICAL-
STRATIGRAPHY of the KARS VOLCANIC PLATEAU in THE NORTH OF
CILDIR (ARDAHAN), NE TURKEY

Abstract: One of the best transects of the Erzurum-Kars Volcanic Plateau (EKVP) is exposed
along the River Kura canyon in the north of the town of Ciuldwr (Ardahan) close to the state
border with Georgia. There are over 20 lava and pyroclastic units on the walls of the Kura
canyon, which reaches in depth up to 700 m in places. MTA’s reports indicate that this
section covers an almost 15 Ma time-span from Middle Miocene to Quaternary. The
aforementioned stratigraphic section can be regarded as an archive that contains the record
of the magmatic and geodynamic evolution of this part of Eastern Anatolia from Middle
Miocene to Quaternary.

We carefully studied the most representative sections along the Kura canyon, measuring
the thickness of individual layers and collecting representative samples across them. By
correlating these sections, we constructed a “composite” stratigraphic section. At the
apparent base of this section, thick agglomerate deposits are exposed. They are overlain by
aphyric-intermediate lavas containing sporadic plagioclase+two-pyroxene phenocrysts,
passing upward into a succession of basaltic/basaltic-andesitic lavas. This succession, ~200
m thick, is overlain by aphyric andesitic lavas displaying flow-banding. This succession,
whose lavas display textures unique to magma-mixing process, is assumed to be Middle-Late
Miocene in age based on regional correlations. Upward, microcrystalline or aphyric-textured
massif basalts and basaltic andesites containing pyroxene+plagioclase+olivine phenocrysts
are exposed. These sub-horizontal plateau lavas with ~100 m thickness are Pliocene in age
based on correlations. The plateau is overlain by numerous local lava flows, dacite-rhyolite
domes and small scoria/spatter cones. The last products of the collision-related volcanism are
the fresh andesite and basalt lavas and associated cones of the Quaternary age. All these
lavas contain a distinct subduction signature.

Key Words: Eastern Anatolia, collision volcanism, Erzurum-Kars Volcanic Plateau, Kura
canyon.
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TOYGAR VOLKANITININ (ALASEHIR-MANISA) PETROGRAFIK VE
JEOKIMYASAL OZELLIKLERIi

Tamer Koralay' ve Yusuf Kagan Kadioglu®
t Pamukkale Universitesi, Jeoloji Miithendisligi Boliimii - Denizli,(tkoralay@pau.edu.tr)
% Ankara Universitesi Yer Bilimleri Arastirma ve Uygulama Merkezi (YEBIM) - Ankara

Ozet: Alt Miyosen yasli Toygar volkaniti, Alasehir (Manisa) grabeninin kuzey kenarinda yer
almaktadir. Ojit-hornblend andezit bilesimli Toygar volkaniti, plajiyoklaz (oligoklas, andezin
ve labrador) + piroksen (ojit) + amfibol (kahverengi hornblend) + biyotit + Fe-Ti oksitler
(manyetit, ilmenit, hematit)’ den olugan mineralojik bilesime sahip olup, hipohiyalin porfirik,
vitrofirik doku goéstermektedir. Toygar volkaniti orta K’ lu, kalkalkalen karakterli olup,
(Al,03/(CaO+Na,0+K;0)) orant 1.23-2.13 arasinda degismektedir. MgO kars1 olusturulan
degisim diyagramlarinda Fe;O;, CaO, TiO,, Sr ve Ta elementleri pozitif korelasyon
gosteriyorken, Nb elementi negatif korelasyon gostermektedir. Toygar volkanitinin bazi
uyumsuz element oranlari; Th/Nb 0.74-1.18, Nb/Ta 1.32-4.19, Ba/Nb 25.70-52.70, Hf/Th
0.22-0.32 arasinda degismekte olup, plaka i¢i zenginlesme gosteren volkanik yay bazaltlarinin
izlerini tagimaktadir. Okyanus Ortas1 Sirtt Bazaltlart (MORB) ve zenginlesmis Okyanus
Ortas1 Sirt1 Bazaltlarina (E-MORB) oranlanmis ¢oklu element degisim diyagraminda Toygar
volkaniti, biiyiik iyon yaricapli elementler (LILE) bakimindan zenginlesme gosteriyorken,
yiksek c¢ekim alanli elementler (HFSE) bakimindan MORB ¢izgisine yakin dagilim
gostermektedir. Ozellikle Sr, Nb ve P elementleri bakimmdan MORB’ a gore ¢ok az bir
zenginlesme, Ti ve Y elementleri bakimindan ise belirgin bir tiiketilme goriilmektedir. Ust
Kita Kabuguna oranlanmis coklu element degisim diyagraminda Toygar volkaniti {ist kita
kabuguna olduk¢a benzer bir dagilim gostermektedir.

Petrografik ve jeokimyasal veriler Toygar volkanitinin olusumunda plajiyoklaz,
klinopiroksen, ve amfibol kontrolli kristallesmenin etkili oldugunu, kabuk bilesenlerince
zenginlesmis bir manto kaynagindan tiiredigini diisiindiirmektedir.

Anahtar Kelimeler: Alasehir, Toygar volkaniti, ojit-hornblend andezit, kabuk igci
zenginlesme, jeokimya
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PETROGRAPHIC and GEOCHEMICAL PROPERTIES of the TOYGAR
VOLCANICS (ALASEHIR-MANISA)

Abstract: Lower Miocene Toygar volcanics, located at the northern border of Alasehir
graben (Manisa) and composed of augite andesite, augite hornblende andesite rocks. In terms
of mineralogical composition, Toygar volcanics are mainly composed of plagioclase
(oligoclase, andesine and labrodorite) + pyroxene (augite) + amphibole (brown hornblende)
+ biotite + Fe-Ti oxides (magnetite, ilmenite, and hematite) and have hypohyaline
porphryric, vitrophyric textures. Toygar volcanics have medium K>O content and calc-
alkaline in character. The ratios of (A1,03/(CaO+Na,0+K,0)) are between 1.23-2.13. The
variation diagrams MgQO versus Fe;O3;, CaO, TiO,, Sr and Ta have positive correlation, on
the other hand, Nb has negative correlation. Toygar volcanics have Th/Nb 0.74-1.18, Nb/Ta
1.32-4.19, Ba/Nb 25.70-52.70, Hf/Th 0.22-0.32 imcompatible element ratios and display
Volcanic Arc Basalts (VAB) with crustal enrichment nature. On MORB and E-MORB
normalized multi-element diagrams, Toygar volcanics exhibit a clear enrichment in LILE and
fear depletion in HFSE almost close to MORB normalized line. Although they are very close
to upper crust value, there are generally slight decreases in the content of Sr, Nb, P, Ti and Y
ratio. This reflects subduction related magma (Wilson, 1989).

Petrographic and geochemical results suggest a significant role of plagioclase,
clinopyroxene hornblende fractionation during the evolution of Toygar volcanics.
Furthermore, these results reveal that the volcanics of Toygar volcanics produced from a
parental magma derived from an enriched source of mixed crustal products.

Key Words: Alasehir, Toygar volcanics, augite-hornblende andesite, crustal enrichment,
geochemistry
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DOGU PONTIDLER, KIRIM VE KUCUK KAFKASLARDA
YUZEYLENEN JURA YASLI VOLKANITLERIN MINERALOJIK VE
JEOKIMYASAL OZELLIKLERININ KARSILASTIRILMASI

Tiilay Bak' ve Ciineyt Sen’
': Karadeniz Teknik Universitesi Jeoloji Miihendisligi Boliimii, 61080 Trabzon, (tulaybak@ktu.edu.tr)

Ozet: Dogu Pontid’lerde yiizeylenen Jura kayagclarinin olustugu jeotektonik ortam hakkindaki
bilgiler tartigmalidir. Bunun nedeni jeotektonik ortamin belirlenecegi magmatik kayaclar
hakkindaki mineralojik, jeokimyasal ve en 6nemlisi izotopik verilerin yetersizliginin yani sira
ayn1 donemde yakin yoresinde olusmus kayaclarla iliskilendirilmemesidir. Bu calismada
Pontid’lerin yakin yoresinde ayni donemde olusmus kayaclar ile Dogu Pontid’lerde
ylizeylenen kayaclarin mineralojik ve jeokimyasal 6zellikleri karsilastirilmistir.

Jura donemine ait paleocografik haritalara gore (Golonka, 2007) Kirim, Kiiciik Kaftkaslar
ve Pontidler Eurasia kitasinin giineyinde Tethys Okyanusunda yer almaktadir. Yine ayni
donemde Tethys Okyanus plakasinin kuzey kismu Eurasia’nin altina yitmektedir. Kirim’da
Triyas bir temel {izerine gelen Jura yash volkanik kayaglar Toarsiyen’den (~180 Ma)
Beriasiyen’e (~140 Ma) kadar viicut bulmustur. Bu kayaclara ait jeokimyasal veriler bu
volkanitlerin ada yay1 oldugunu gostermistir (Meijers vd. 2010). Kiiciik Kafkaslar’da ise Jura
donemi en iyi Sevan Bolgesi’nde Oksfordiyen(~165 Ma) yasindaki ofiyolitik kayaclarla
temsil edilmektedir (Galoyan vd. 2009). S6z konusu ofiyolitik istif Kii¢iik Kafkaslar’in Jura
doneminde bir okyanus tabani oldugunu gostermektedir.

Dogu Pontid’lerde yiizeylenen Jura volkanitlerinin yasi ve olustugu jeotektonik ortam
cok iyi bilinmemekle birlikte elde edilen jeokimyasal verilerin yorumlanmasi ve yapilan
karsilagstirmalar sonucunda Paleozoik bir temel iizerine oturan bu volkanitlerin bazi
jeokimyasal 6zelliklerinin Kirim volkanitlerinde oldugu gibi ada yaylarina biiyiik benzerlik
gosterdigi tespit edilmistir.

Anahtar Kelimeler: Jura, Dogu Pontidler, Kiiclik Kafkaslar, Kirim, Jeokimya
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JURASSIC VOLCANIC ROCKS of EASTERN PONTIDES, CRIMEA and
LESSER CAUCASUS: A COMPARISON of MINERALOGICAL and
GEOCHEMICAL FEATURES

Abstract: Tectonic setting of Jurassic rocks of Eastern Pontides is controversial. Insufficient
mineralogical, geochemical, isotopic data and poor correlation with the rocks formed during
same period at surrounding regions are the main reason to discussions. In this study,
mineralogical and geochemical features of Eastern Pontide Jurassic volcanic rocks compared
with Crimean and Lesser Caucasus volcanic rocks which are formed during same period.

According to paleogeographical maps (Golonka 2004), Crimea, Lesser Caucasus and
Pontides are located in the Tethys Ocean, front of the southern coast of Eurasia. It is also
known that there is a northward subduction at the north of the Tethys Ocean during Jurassic
time. In the Crimea Jurassic rocks sits on Triassic basement and formed from Toarsian (~180
Ma) to Beriasian (~140 Ma). Geochemical features of these rocks offer Island arc character
(Meijers et al. 2010). Jurassic period in the Lesser Caucasus is represented by Oxfordien
(~165 Ma) aged ophiolitic rocks in Sevan area (Galoyan et al. 2009). The Sevan ophiolitic
mélange show that Lesser Caucasus is in the ocean floor during Jurassic period.

Tectonic setting and age relationships of Jurassic volcanic rocks of Eastern Pontides are
poorly constructed. However, after interpretation obtained geochemical data of Eastern
Pontide Jurassic volcanic and compared with Crimea and Lesser Caucasus rocks, it is
obtained that there is great similarities with those of 1sland arc volcanic.

Key Words: Jurassic, Eastern Pontides, Lesser Caucasus, Crimean, Geochemistry
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KARACABEY PLUTONUNUN (BURSA, KB TURKIYE) JEOKIMYASI
VE U/Pb LA-ICP-MS ZiRKON JEOKRONOLOJISi

Namik Aysal' ve Irena Peytcheva®
" {stanbul Universitesi, Mithendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii - Istanbul, (aysal@istanbul.edu.tr)
% Bulgar Bilimler Akademisi, Jeoloji Enstitiisii, Sofya - Bulgaristan

Ozet: Karacabey plutonu Biga Yarimadasinin dogusunda Karacebey ilge merkezinin
kuzeyinde yer almaktadir. Karacabey plutonu iri, es taneli, hipidiyomorfik dokulu ve yer yer
foliasyonlu monzogranit ve granodiyorit bilesimindedir. Ana mineral olarak kuvars, K-
feldspat, plajioklas ve biyotit icerir. Aksesuar fazini ise zirkon, apatit, monazit ve magnetit
olusturur. Yer yer iri taneli muskovitli pegmatitik ve aplitik damarlarla kesilmektedir.
Karacabey granitinin ASI degerleri 0.94—1.63 arasinda degisen degerlerle temsil edilir. Bu
pluton I-tipi karaktere sahip metaliimin ve peraliimin granit olarak smniflandirilir. K,O
icerigine gore granit Ornekleri yliksek K-lu kalkalkalen alanda yer almaktadir. Karacabey
stogunun N-MORB'a normalize 6riimcek diyagramlarinda biiyiik iyon yaricapli elementler
(LILE) ve hafif nadir toprak elementlerinde (LREE) artig, agir nadir toprak elementlerindeki
(HREE) negatif anomali, yitim zonlarindaki manto kamasindaki sulu ergimeleri ve/veya eski
yitim zonu kalintilar1 ile magma kaynagindaki zenginlesmeleri isaret etmektedir. Kondrit'e
normalize nadir toprak element 6riimcek diyagramlar1 plajioklas ve amfibol ayrimlasmasinin
da 6nemli oldugunu gosterebilmektedir. Tektonik ayirt diyagramlarinda tiim granit drnekleri
volkanik yay ve ge¢-carpigsma sonrasi granit alanlarima diismektedir. Karacabey granitinin,
zitkon U/Pb LA-ICP-MS vyas tayini ile 400.3£1.4 My (Alt Devoniyen) yash oldugu
belirlenmistir. Bu yas verisi Karacabey granitinin Biga Yarimadasi’nda tanimlanmis ayn1 yas
konagindaki granitlerin (Aysal ve dig. 2012) bir iiyesi oldugunu ortaya koymaktadir.

Anahtar Kelimeler: Devoniyen magmatizmasi, Biga Yarimadasi, KB Tiirkiye, U/Pb
yaslandirma.
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GEOCHEMISTRY and U/Pb LA-ICP-MS ZIRCON GEOCHRONOLOGY of
KARACABEY PLUTON (BURSA, NW TURKEY)

Abstract: The Karacabey pluton is located to the north of the Karacabey County in the
eastern part of the Biga Peninsula. The Karacabey pluton consists of coarse grained,
equigranular, hypidiomorphic and rarely foliated monzogranite and granodiorite. Main
mineral assemblage of the pluton is composed of quartz, K-feldspar, plagioclase and biotite.
Zircon, apatite, monazite, magnetite and sphene occur as accessory phases. Coarse grained,
muscovite bearing pegmatitic veins and aplitic dykes cut the pluton occasionally. ASI values
of the Karacabey stock vary between 0.94 and 1.63, indicating that the pluton is
metaluminous-peraluminous, I-type granite. The granitoid samples plot in the high K-calc-
alkaline field on the SiO, versus K;O diagram. N-MORB normalized spidergrams of the
Karacabey pluton display envichment in the large ion lithophile elements (LILE), light rare
earth elements (LREE) and depletion in high field strength elements (HFSE), suggesting that
genesis related to hydrous melting of a mantle wedge in a subduction zone and/or melting of
subduction zone influenced source areas. Chondrite-normalized Rare Earth Element
spidergrams are indicative of the importance of plagioclase and amphibole fractionation. In
tectonic setting discrimination diagrams, all granite samples fall into the volcanic arc granite
and late-post collisional granite fields. U/Pb LA-ICP-MS zircon dating of the Karacabey
pluton yielded an age of 400.3+1.4 Ma (Early Devonian), interpreted as the age of igneous
crystallisation. This age data shows that the Karacabey pluton is a member of the Lower to
Mid Devonian granites, recently described from the Biga Peninsula (Aysal et al. 2012).

Key Words: Devonian magmatism, Biga Peninsula, NW Turkey, U/Pb dating.
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TEPKISEL YOLLU (ILERi) MODELLEME VE ORNEK BIR
UYGULAMA: ASIT MADEN DRENAJI

Cihan Giinesl, Sevgi Tokgoz Giines2 ve Murat Tok(;aer1
" Dokuz Eyliil Universitesi Jeoloji Mithendisligi Boliimii - izmir
(cihan.gunes@deu.edu.tr),(murat.tokcaer@deu.edu.tr)
* Dokuz Eyliil Universitesi Cevre Mithendisligi Boliimii, - izmir (sevgi.tokgoz@deu.edu.tr)

Ozet: Gozlemlenen verilerden tanimlanan tepkimeleri kullanarak yapilandirilan  ters
modellemenin aksine, ileri modelleme ileriye doniik herhangi bir veri olmasa bile kavramsal
olarak tanimlanan tepkimelerle evrimlesen bir su kompozisyonunun tahmininde kullanilir.
Tepkisel yollu modelleme ve tepkisel tasinim modellemesi olarak iki adet ileri modelleme tipi
vardir. Tepkisel yollu modellemenin amaci tersinir (denge) veya tersinmez jeokimyasal
tepkimelerin siirticiiliigiindeki su kompozisyonunu tahmin etmektir. Model iceriginde gereken
baslica siirecler; kiitle akimi sirasindaki tepkimeler, sularin karisimi, seyrelmesi, buharlagma,
sucul organik ve inorganik madde tiirlestirmesi ve komplekslesmesi, ylikseltgenme-indirgenme,
iyon degisimi, kat1 lizerine adsorpsiyon ve desorpsiyon, mineral ¢oziinme ve c¢okelimleri ile
biyotik etkilesimleri i¢eren reaksiyonlardir.

Tepkisel yollu modelleme; pH’in iki olmasi durumunda kalsitin ¢oziiniirliigli nedir?, asit
maden suyu i¢inde feldispat ¢oziindiiglinde doygunluga ulasacak olan ilk faz nedir? veya 6zel bir
seri tersinir ve tersinmez tepkime olustugunda su kompozisyonu nedir? gibi bazi kavramsal
sorular1 cevaplayabilmektedir. Bu ¢alismada, kullanilmayan Alagehir Hg madeni ¢evresinden elde
edilen su oOrneklerinin kimyasal karakteristikleri kullanilarak yapilandirilan tepkisel yollu
modelleme sonuglar1 sunulacaktir.

Anahtar Kelimeler: PHREEQC, tepkisel yollu modelleme, asit maden drenaji, hidrojeokimyasal
modelleme.
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REACTION PATH (FORWARD) MODELING and AN EXAMPLE
APPLICATION: ACID MINE DRAINAGE

Abstract: Unlike inverse modeling, which is used to determine reactions based on observed data,
forward modeling predicts the evolution of water composition based on hypothetical reactions,
whether or not data are available. There are two types of forward modeling; reaction path
modeling and reaction transport modeling. The purpose of reaction path modeling is to predict
the composition of water as it undergoes reversible (equilibrium) and irreversible geochemical
reactions. The major processes that they are required to model include mineral dissolution and
precipitation, aqueous inorganic speciation and complexation, solute adsorption and desorption,
ion exchange, oxidation-reduction, organic matter speciation and complexation, evaporation,
dilution, water mixing, reaction during fluid flow, reaction involving biotic interactions.

Reaction path modeling is to answer hypothetical questions, such as: what is the solubility of
calcite if the pH is two? or what is the first phase that becomes saturated as feldspars dissolve in
acid mine water? or what is the composition of the water if a specified set of reversible and
irreversible reactions occur? Here, the results is presented of a reactive path modelling study, in
which the chemical characteristics of representative water sampled from sulphide forming
environment in the inactive Alasehir Hg Mine.

Key Words: PHREEQC, reaction path modeling, acid mine drainage, hidrogeochemical
modeling.
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TERS JEOKIMYASAL MODELLEME VE ORNEK BiR UYGULAMA:
ASIT MADEN DRENAJI

Murat Tokgaer', Cihan Giines' ve Sevgi Tokgoz Giines’
" Dokuz Eyliil Universitesi Jeoloji Miihendisligi Boliimii - izmir (murat.tokcaer@deu.edu.tr),
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Ozet: Yeraltisuyu kimyasimin gesitliligi; suyun hareketi, akifer materyalinin minerolojik
kompozisyonu ve yeraltisuyu arasindaki etkilesimin bir fonksiyonudur. Hidrojeokimyasal
stiregler, ¢oziinme, ¢okelme ve iyon degisimi, akim yolu boyunca olusan bekleme zaman ile
birlikte yeraltisuyunun kimyasal kompozisyonunu kontrol eder ve tiim bu siirecler ters
jeokimyasal modelleme ile yapilandirilabilir. Ters jeokimyasal modelleme genellikle,
yeraltisuyunun akim yolu boyunca ters yonde akifer i¢indeki bir noktadan diger bir noktaya
kadar jeokimyasal evrimlesmesinin yapilandirilmasinda kullanilir.

PHREEQC igerigindeki ters jeokimyasal modelleme (inverse mass balans modeling) bir
yeraltisuyu sistemi i¢indeki akim yolunda sonu¢ ve baglangi¢ su kompozisyonu arasindaki
farkliliklarin kimligini (¢ozeltiden ayrilan ve/veya katilan mineral ve gazlarin mol sayilari)
sadece mol aktarimini temel alarak hesaplar. Yazilim girdileri olarak, en az iki yeraltisuyu
noktasindan elde edilmis kimyasal analizler, akiferdeki gerekli temel gaz ve/veya minerallerin
kurulumu ve varsa iyon degisimini tanimlayacak kimyasal bilesenlerin sec¢imini
gerektirmektedir. Ters modelleme sonuclarmin dogruluk ve gecerliligi, alandaki baskin
jeokimyasal proseslerin anlasilmishik seviyesine, model girdilerinin dogruluk seviyesine,
temel hidrojekimyasal kavram ve prensiplerin gecerliligi ve yeraltisuyu sisteminin dogru bir
sekilde kavramsallastirilmasina baghidir. Bu ¢alisma, asit maden drenajinin tahmini ve
onlenmesinde pratik ters jeokimyasal modelleme uygulamalarini icermektedir.

Anahtar Kelimeler: PHREEQC, hidrojeokimya, ters kiitle-denge modellemesi, asit maden
drenaji, yeraltisuyu kirliligi.
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INVERSE GEOCHEMICAL MODELING and AN EXAMPLE
APPLICATION: ACID MINE DRAINAGE

Abstract: Variation in groundwater chemistry is mainly a function of the interaction between
the groundwater and the mineral composition of the aquifer materials through which it
moves. Hydrogeochemical processes, including dissolution, precipitation, ion-exchange,
sorption, and desorption, together with the residence time occurring along the flow path,
control the variation in chemical composition of groundwater that can be modeled by inverse
geochemical models. Inverse geochemical modeling is commonly used to reconstruct
geochemical evolution of groundwater from one point in an aquifer to another point located
in the inverse direction along the groundwater flow path.

Inverse geochemical modeling in PHREEQC (inverse mass balance modeling) is based
on a geochemical mole-balance model, which calculates the phase mole transfers (the moles
of minerals and gases that must enter or leave a solution) to account for the differences in an
initial and a final water composition along the flow path in a groundwater system. At least
two chemical analyses of groundwater at different points of the flow path, and a set of phases
(minerals and/or gases) which potentially react along this flow path are needed to populate
the program. The soundness or validity of the results in the inverse modeling depends on a
valid conceptualization of the groundwater system, validity of the basic hydrogeochemical
concepts and principles, accuracy of input data into the model, and level of understanding of
the geochemical processes in the area. This paper demonstrates the practical application of
inverse geochemical modeling to the prediction and prevention of acid drainage.

Key Words: PHREEQC, hydrogeochemistry, inverse mass balance modeling, acid mine
drainage, groundwater pollution.
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BILECIK ILINDEKi HAVA KALITESININ TREND ANALIZi iLE
BELIiRLENMESI

Siiheyla Yerel' ve Nurgiil (")zbay2
" Bilecik Universitesi Insaat Mithendisligi Boliimii — Bilecik, (syerel@gmail.com)
% Bilecik Universitesi Kimya ve Siire¢ Miihendisligi Boliimii — Bilecik

Ozet: Gelismekte olan iilkelerde hava kirliligi, endiistrilesme, enerji tiiketimi ve niifus
yogunluguna bagli olarak siirekli artmaktadir. Gilinlimiizde, bu artisa bagli olarak hava
kalitesindeki degisimlerin arastirilmasi biiylikk 6nem kazanmistir. Bu calismada, Bilecik
ilindeki hava kalitesi degisimi meteorolojik parametrelerden SO,, hava sicakligi ve toplam
askidaki kat1 madde miktar1 kullanilarak degerlendirilmistir. Bunun i¢in SO,, hava sicakligi
ve toplam askidaki kati madde miktarinin yillara gore degisiminin incelenmesi igin
istatistiksel analiz tekniklerinden bir tanesi olan trend analizi kullanilmistir. Bu analiz
sonucunda elde edilen verilerle grafik ¢izilmis ve bu grafikler yorumlanarak Bilecik’in yillara
gore hava kalitesindeki degisimler degerlendirilmistir. Sonu¢ olarak istatistiksel analiz
tekniklerinden bir tanesi olan trend analizi ile bolgedeki hava kalitesinin yillara gore
degisiminin incelenebilecegi belirlenmistir.

Anahtar Kelimeler: Hava kalitesi, hava kirliligi, Trend analizi, Bilecik

DETERMINATION of AIR QUALITY BY USING THE TREND ANALYSIS
in BILECIK PROVINCE

Abstract: In developing countries air pollution, industrialization, energy consumption and
population are constantly increasing. Today, it has gained great importance to investigate the
changes in air quality. In this study, the change in air quality in the province of Bilecik were
assessed by using the meteorological parameters including SO,, air temperature and total
suspended solids content. The parameters were evaluated using the one of the statistical
analysis techniques such as trend analysis. As a result of this analysis are drawn the graphs.
These graphs were showed by the changes in air quality over the years in Bilecik. Finally, the
trend analysis technique is showed by using the determinate air quality in the region.

Key Words: Air quality, air pollution, Trend analysis, Bilecik
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ALIFAKI TOPRAKLARININ JEOKIiMYASAL OZELLIKLERI

Tiilay Tung:ay], Yusuf Kagan Kadloglu1 ve iThami Bayramin2
' Ankara Universitesi Yer Bilimleri Uygulama ve Arastirma Merkezi - Ankara (tuncay@agri.ankara.edu.tr),
(Yusuf.Kagan.Kadioglu@ankara.edu.tr)
% Ankara Universitesi Ziraat Fakiiltesi Toprak ve Bitki Besleme Boliimii - Ankara (bayramin@ankara.edu.tr)

Ozet: Bu caligma Mersin- Tarsus Alifaki Kdyii yakinlarinda 1952 yilinda kurulmus Koy
Hizmetleri Tarsus Arastirma Enstitiisi M. Alp Arastirma Istasyonunda yiiriitiilmiistiir.
Arastirma alan1 Tarsus Irmagi ve Seyhan nehirinin Toros Daglar1 eteklerinden tasidig:
sedimentlerden olusmustur. Tasinan sedimentler Asagi Seyhan Ovasinda kalin katmanlar
olusturmustur. Ust katmanlar Kuaterner yashdir. Geng aliiviyal materyal kum, silt ve kilden
ibarettir, yani iskelet malzemesi hemen hi¢ bulunmaz. Kil, diger fraksiyonlara oranla ¢ok
hakimdir. Caligma alani topraklar1 aliivyal kil materyali ilizerinde olusmus Arikli serisi
tizerindedir. Calisma alaninda 3 adet profil ¢ukuru agilmis ve tanimlanmistir. Alinan toprak
orneklerinin bazi fiziksel, kimyasal ve jeokimyasal analizleri yapilmistir. Genel olarak, toprak
alt katmanlarinda drenaj yetersizdir. Toprak alt horizonlar1 yiizey horizonlarina oranla kireg
yoniinden daha zengindir.

Anahtar Kelimeler: Aliivyal topraklar, Cukurova, Jeokimya

GEOCHEMICAL PROPERTIES of ALIFAKI SOILS

Abstract: This study was conducted in Rural Services Tarsus Reserach Institute M. Alp
Research Station established in 1952. This research is station is located around the alifaki
vilage in mersin province, tarsus city. The topsoil of research area is composed of sediments
carried from the foothills of the Tarsus Mountains by Tarsus and Seyhan Rivers. The loaded
sediment material has constituted thick stratify in Lower Seyhan Basin. The uplayers
(Kuaterner) are fairly aged. The young alluvial material consists of sand, silt and clay and
skeleton structures is almost not found. The young alluvial material consists of sand, silt and
clay and skeleton sructures is almost not found. Clay fraction dominates other soil fraction
relatively. The soil of study area is placed over the arikli series which has formed over the
alluvial clay material. Three profile pits were opened and difined in study area. Some
physycal, chemical and geochemical analysis was carried out for the soil samples have taken
from the field. The deeper soil layers are generally characterized by inadequate drainage.
The caco3 amount is relatively higher in top soil layers rather than the deep soil layers.

Key Words: Alluvial soils, Cukurova, Geochemical
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KIRKA (ESKISEHIR), BIGADIC (BALIKESIR) ve EMET (KUTAHYA)
BOR YATAKLARI BOLGESINDE Mn, Zn, Cu, Ni ve Co icin
BiYOJEOKIMYASAL ANOMALILERIN ARASTIRILMASI

Zeynep Ozdemir', Semiha Zorlu® ve Mustafa Akylldlz2
" Mersin Universitesi Miih. Fak. Jeoloji Mithendisligi Boliimii — Mersin, (zozdemir@mersin.edu.tr)
% Cukurova Universitesi Miih. Fak. Jeoloji Miihendisligi Boliimii — Adana, (akyildizm@cu.edu.tr)

Ozet: Bitkiler pek cok elementi biinyelerinde biriktirirler ve bitkilerde element miktarlarinin
saptanmas1 biyojeokimyasal prospeksiyonda onemlidir. Basta Kirka (Eskisehir) olmak {izere
Bigadic (Balikesir) ve Emet (Kiitahya) bolgelerinde 14 bitki tiiriinden, 220 bitki 6rnegi ve
yetistikleri  topraklardan Ornekler toplanmis ve element igerikleri belirlenmistir.
Biyojeokimyasal anomalilerin saptanmasi i¢in bitki ve toprak Ornekleri arasindaki iliski
istatistiksel olarak incelenmistir. Zn, Cu, Ni ve Co elementleri i¢in biyojeokimyasal
anomaliler saptanamazken Mn ¢in Gypsophila perfoliata L bitki tlirtiniin (n=13, r=0.7915,
R?=0.6266, dalda ) belirtgen bitki olabilecegi ve bu belirtgen bitkinin biyojeokimyasal
prospeksiyonda ve ¢evresel izleme araci olarak kullanilabilecegi sonucuna varilmistir. Buna
ilaveten Gypsophila perfoliata L bitki tiiriindeki Mn degerleri ile topraktaki B, Sr, Li, Mn, Zn,
Cu, Ni ve Co degerleri arasindaki inter- element iligkileri de incelenmistir.

Anahtar Kelimeler: Biojeokimya, Mn, belirtgen bitki, Kirka (Eskisehir/Turkey).

AN INVESTIGATION of the BIOGEOCHEMICAL ANOMALIES for Mn,
Zn, Cu, Ni and Co in the KIRKA (ESKISEHIR), BIGADIC (BALIKESIR)
and EMET (KUTAHYA) BORON DEPOSITS AREA

Abstract: Plants accumulates a lot of elements and determination of the amount of elements
in the plants is important for biogeochemical prospecting. The 14 plant species and 220 plant
and soils samples were collected from Kirka (Eskisehir) primarily, Bigadi¢ (Balikesir) and
Emet (Kiitahya) boron deposit area and element contents of plant and soil samples were
determined. The biogeochemical anomalies were determined with the help of the statistical
relations between element contents of the soil and the plant species samples. There are no
statical relations were established between the Zn, Cu, Ni ve Co values of plant and soil
samples. Twigs of Gypsophila perfoliata L (n=13, r=0.7915, R’=0.6266 for Mn) observed
and then the indicator plants were found. The indicator plants could be successfully used for
biogeochemical prospecting and environmental monitoring. In addition, the correlation
analysis was performed in order to determine the inter-elemental relationships between the
soil (for B, Sr, Li, Mn, Zn, Cu, Ni and Co) and the indicator plant

Key Words: Biogeochemistry, Mn, indicator plant, Kirka (Eskigehir/Turkey).
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DENIZLI ILi YERLESIM ALANINA AiT AGIR METALLERIN
DERINLIK ANOMALILERININ MANYETIK SUSEPTIBILITE
OLCUMLERI ILE INCELENMESI

Hilal Ormeci', Fatih Akbay' ve Ali Aydin®
" Pamukkale Universitesi, Jeoloji Miihendisligi Béliimii, Denizli
% Pamukkale Universitesi, Jeofizik Miihendisligi Boliimii, Denizli (aaydin@pau.edu.tr)

Ozet: Manyetik siiseptibilite dlciileri kullanilarak Denizli iline ait topraklarin igermis oldugu
agir metal kirlilikleri ortaya konulmustur. Denizli il merkezine ait 41 6rnel noktasindan
aliman manyetik siiseptibilite Olglimleri ve bunlara ait agir metal konsantrasyonlari
korelasyona tabii tutulmustur. Toprak numuneler endiistriyel sahalar, parklar, yol kenarlar1 ve
dinlenme alanlar1 gibi farkli yerlerden toplanmis olup bu ornekler atomic absorsiyon
spektrometresiyle analiz edilmislerdir. Agir metallerle (Zn ve Co disinda Cu, Ni, Cr, Pb) MS
arasinda giiclii bir korelasyon bulunmustur. Ornekler toprak yiizeyinden toplandig1 kadar
topragin farkli sevilerinden de toplanmustir. Kirk bir 6rnek bolgesinde farkli derinliklerde elde
edilen derinlik profillerinde (0-150 cm) 6l¢iilen MS insan kaynakli ve/veya litolojik katkilar
ortaya koymasi yoniiyle degerlendirilmistir.  Derinlik profillerine ait MS 6l¢iilerinde
maksimum degerlerin 0-20 cm araliginda gozlendigi ve MS degerleri 40x10°* m® kg™' and
300x10°°* m’® kg' degismektedir. Bu ¢alimada da MS yontemi pahali olmayan, hizli ve
zararsiz bir yontem oldugu, agir metal kirliliginin hizli bir sekilde ortaya konuldugu
gozlenilmis olup, agir metal dagiliminin en iyi gostergesi olan Tomlinson pollution load index
(PLI)’lede MS ile belirgin bir korelasyonun oldugu gdsterilmistir.

Anahtar Kelimeler: Agir metal, eksoz gazi, manyetik siiseptibilite, kirlilik
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INVESTIGATIONS THE ANOMALIES WITH MEASUREMENTS of THE
MAGNETIC SUSCEPTIBILITY and HEAVY METALS ALONG THE
DEPTH PROFILES in DENIZLI CITY

Abstract: By using the magnetic susceptibility (MS) measurements in Denizli city, western of
Turkey was carried out the study on topsoil contamination due to heavy metals. Between the
concentration of selected heavy metals and the MS from 41 sample sites around Denizli city
center were attempted to investigate correlations between the concentration of selected heavy
metals. The soil samples collected from different part of the city which were throughout the
industrial areas, the parks, road sides and residential areas were also analyzed by Atomic
Absorption Spectrometer. We found strong correlations between heavy metals (Cu, Ni, Cr and
Pb) and MS, out of Zn and Co. The samples for the measurements were collected from surface
and different levels of underground. MS was examined vertically (0—150 cm) with respect to
anthropogenic and/or lithogenic influences at the fourty one sample sites. The maximum
values were mostly observed in depths of 0-20 cm and the MS values on the depth profiles
vary between 40x107° m’ kg™' and 300x10°% m’ kg™!. MS method was shown an inexpensive,
fast and non-destructive method for the detection and mapping of contaminated soils. Also,
the Tomlinson pollution load index (PLI) shows insignificant correlation with the MS.

Key Words: heavy metals, exhaust gases, magnetic susceptibility, pollution
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PUTURGE METAMORFITLERINE AiT ZIRKONLARIN iC YAPISI VE
METAMORFIK SUREC

Cihat Ates've Ayse Didem Kili¢'
" Firat Universitesi, Jeoloji Miihendisligi Boliimii — Elaz1g, (didem7399@hotmail.com)

Ozet: Amfibolit fasiyesinde ilerleyen ve yesilsist fasiyesinde gerileyen tiirden iki
metamorfizma gecirdigi belirlenen Piitiirge metamorfitleri, gozliignays, amfibolit, amfibolsist,
granitik gnays, distenli kuvarsit, granath mikasist, kalksist ve mermer kaya¢ toplulugundan
olusur. Gozliignayslar mineralojik olarak; Alkali feldispat, plajiyoklas (serizitlesmis),
muskovit, biyotit, kuvars, zirkon, sfen ve apatit minerallerinden, granitik gnayslar ise; Albit,
kuvars, alkali feldispat, disten, granat, biyotit, muskovit, klorit, apatit ve zirkon
minerallerinden olusur. Zirkonlar hem serbest taneler seklinde, hem de kapanti minerali
olarak gozlenmistir.

Zirkon tanelerinden alinan optik Kathodoliiminesans (CL) goriintiileri iki tip zirkonun var
oldugunu; Birinci tip zirkonlarda, ayr1 damar ve kenarlarin gelistigi, ikinci tip zirkonlarin ise
0z sekilli oldugu goriilmektedir. Tanelerin boyutlar1 0.83 mm - 0.12 mm arasindadir. Zirkon
tanelerinin kenar kisimlari, boéliimlenmis bir yap1 sunmaktadir ve CL’ de damarlh zirkonlar
genellikle diistik 1s1ma gosterirken, 6z sekilli taneler yiiksek 1s1ma 6zelligi gostermektedir.
Zirkonlar arasindaki bir diger 6zellik, nadir toprak elementleri (NTE) dagilimlar1 arasindaki
farkliliktir. Damar tipi zirkonlarda, NTE’lerde bir artis, 6z sekilli zirkonlarda ise diizgiin bir
dagilim goriilmektedir. Yapisal ve kimyasal degisimler, kristalin ve amorf kisimlar arasindaki
diisiik atomik yogunluga ve metamorfizmada gelisen kimyasal reaksiyonlarin varligini
diistindiirmektedir.

Anahtar Kelimeler: Metamorfizma, zirkon, kathodoliiminesans, ilerleyen, torid
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STRUCTURAL CHARACTERISTIC of ZIRCONS
and METAMORPHIC PROCESS

Abstract: The Piitiirge metamorphites were detected at least two different metamorphism;
One being of amphibolite phacies in the prograte, the other being greenschist phacies in the
retrograte. The Piitiirge metamorphics are composed of gozliignays, amfibolit, amfibolsist,
granitik gnays, distenli kuvarsit, granatli mikagist, kalksist ve mermer. Mineralogical as a
consists of orthogneisse; Alkali feldispar, plagioclase (serisited), muscovite, biotite, kuartz,
zircon, sphene ve apatite, also granitic gneisse; Albite, kuartz, alkali feldispar, kyanite,
garnet, biotite, muscovite, chlorite, apatite and zircon. Zircon grains are represented by both
free grain and inclusions.

Cathodoluminescence (CL) images show that the zircon grains have developed two type
zircons. While Type I zircons was taken place with rim and vein, type Il is observed euhedral
grain. Sizes of grains are 0.83mm-0,12mm. Rim of these grains is suggests that a fracturing
structure. In the CL image, type I are low radiation character and type II high radiation
character. Another specific character between zircons is different REE contents. Type I is
positive anomaly, besides euhedral zircons are uniform anomalies. Structural and chemical
changes are can explain existence of areas of low atomic density and fast chemical reactions
in the metamorphism.

Key Words: Metamorphism, zircon, cathodoluminescence (CL), prograd, torid
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REFAHIYE (ERZINCAN) OFiYOLITI’NIN YASI VE JEOKIMYASAL
OZELLIKLERI

Ismail Emir Altintas', Omer Faruk Celik', Giiltekin Topuz’, Géneng Gé¢mengil® ve
Mutlu Ozkan®

"Kocaeli Universitesi, Mithendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii - Kocaeli
_ _ (iemiraltintas@hotmail.com) _
* fstanbul Teknik Universitesi, Avrasya Yerbilimleri Enstitiisii — istanbul

Ozet: Erzincan ilinin smirlar1 icerisinde bulunan Refahiye Ofiyoliti, izmir-Ankara-Erzincan
kenedinin dogu boliimiinde yer almaktadir. Refahiye Ofiyoliti, bolgenin metamorfitleri ve
ofiyolitik melanj ile tektonik dokanakli olup Eosen ve daha geng ¢okeller tarafindan ortiiliir.
Refahiye Ofiyoliti genellikle ultramafitler (6r. diinit, harzburjit) ve serpantinize ultramafitlerle
temsil edilmektedir. Ultramafitler, gabro/amfibolit, piroksenit ve plajiyogranit tiirii kayaglar
tarafindan kesilmektedir.

Refahiye Ofiyolti i¢indeki gabro sokulumlari baslica plajiyoklas, klino-piroksen, =+
flogopit, + orto-piroksen ve = olivin mineralleri ile temsil edilir. Bozusmaya bagl olarak
gelisen ikincil mineraller klorit, aktinolit, kalsit ve serpantin mineralleriyle temsil
edilmektedir. Amfibolitler ise plajiyoklas, amfibol ve opak mineraller igermektedir. Kuvars,
prehnit, pumpelleyit ve aktinolit minerallerinin modal bolluk oranlar1 %10’dan daha az olarak
goriilmektedir. Gabrolardan ve amfibolitlerden gergeklestirilen kimyasal analizler, bu
kayaclarin toleyitik nitelikli olduklarini ve yitim sonucunda zenginlesmis okyanus ortasi sirt1
tipi bir kaynaktan tiiremis olduklarini géstermistir.

Refahiye Ofiyoliti’ni kesen plajiyogranitten elde edilen U-Pb yas tayini Alt Jura,
Toarsiyen olusum yasini, gabrolardan elde edilen *’Ar/*’Ar yas tayinleri Orta Jura, Aalenyen
soguma yasim vermektedir. Bu yas verileri ile Izmir-Ankara-Erzincan Kenet Zonu iginde yer
alan bir ofiyolit diliminin yas1 ilk kez bu ¢aligsmayla Jura olarak tespit edilmistir.

Anahtar Kelimeler: Ofiyolit, metamorfizma, Dogu Pontidler, Jura
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THE AGE AND GEOCHEMICAL CHARACTERISTICS OF
REFAHIYE (ERZINCAN) OPHIOLITE

Abstract: Refahiye Ophiolite is located in Erzincan (NE Turkey) and on the eastern part of
Lzmir-Ankara- Erzincan Suture Zone. Refahiye Ophiolite has a tectonic contact with the
metamorphic rocks of the region and the ophiolitic mélange. All these rocks are covered by
Eocene or younger units. Refahiye Ophiolite is commonly represented by ultramafic (e.g.
dunite, harzburgite) and serpentinized ultramafic rocks. Ultramafic rocks were intruded by
gabbros, plagiogranites, clino-pyroxenites and protoliths of amphibolites.

The intrusive gabbros in Refahiye Ophiolite are represented by plagioclase,
clinopyroxene, + phlogopite, + ortopyroxene and + olivine. Chlorite, actinolite, calcite and
serpentine minerals in gabbros are related to the alteration. Amphibolites consist mainly of
plagioclase, amphibole and opaque minerals. Quartz, prehnite, pumpellyite and actinolite in
the amphibolites are less than % 10 in the modal composition. According to whole rock
geochemistry, the gabbros and the amphibolites are tholeiitic and are derived from an E-
MORB source.

U-Pb measurements from meta-plagiogranite of Refahiye Ophiolite yielded an age of
Lower Jurassic, Toarcian. **Ar/”’ Ar measurements for hornblendes from amphibolites yielded
the cooling ages as Middle Jurassic (Aalenian). In this study, an ophiolite slab (Refahiye
Ophiolite) which are located in the Izmir-Ankara-Erzincan Suture Zone was firstly dated as
Jurassic.

Key words: Ophiolite, metamorphism, Eastern Pontides, Jurassic
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HAYDARLI (SANDIKLI, AFYON, GB ANADOLU) YORESININ
JEOLOJISI VE MiYO-PLiYOSEN VOLKANIKLERININ
PETROGRAFISi VE JEOKIMYASI

Menekse Zerener' ve Kamil Yilmaz'
' Siileyman Demirel Universitesi Jeoloji Miihendisligi Boliimii - Isparta
(meneksezerener@sdu.edu.tr),(kamilyilmaz@sdu.edu.tr)

Ozet: Bat1 Anadolu Ge¢ Miyosen-Pliyosen doneminde gerilme tektoniginin etkisinde kalarak
bircok grabenler olugsmustur. Bu gerilme rejimi ile iligkili, birbirine komsu olan havzalarda
alkalin tiirde volkanizmalar meydana gelmistir. GB Anadolu Sandikli (Afyon) bdlgesi,
Haydarli civar1 bu tiir bir volkanizmayla temsil edilir. Bu bolgedeki volkanitler, strato tipi
volkanizmaya ait proklastik {iriinlerle birlikte, dayk, sil ve dom bi¢imindeki lavlardan
meydana gelmislerdir. Kayaglar; toplam alkali-silika diyagraminda trakit, trakiandezit,
fonolit, fonotefrit, tefribazanit ve trakibazalt olarak tanimlanirlar. Bununla birlikte, fonotefrit,
tefribasanit ve trakibazaltlar Al,O03-MgO-CaO degisim diyagraminda alkalin lamprofirler
alaninda yer alirlar. Bu nedenle, alkali lamprofirler olarak siniflandirilirlar. Trakit ve
fonolitlerde; alkali feldispat (sanidin), plajioklas, klinopiroksen, mika ve amfiboller
fenokristaller olarak, aksesuar mineraller olarak ise apatit, rutil, nefelin ve opak mineraller
tanimlanir. Lamprofirlerde; klinopiroksen, mika, olivin ve seyrek olarak amfibol mineralleri
fenokristal fazlari, apatit, sfen, 16sit, nozean ve opak mineraller ise aksesuar mineral fazlaridir.
Bu kayaclar genel olarak porfirik, seriate ve glomoroporfirik doku gosterirler. Hidrotermal ve
atmosferik kosullarda olusmus alterasyon gosterirler. K,O karst Na,O ve Th / Yb kars1 Ta /
Yb diyagramlarinda bu kayalar sosonitler olarak siniflandirilir. Tiim 6rnekler HREE’lere gore
LREE’lerde oldukca fazla zenginlesmislerdir. Eser element degisim diyagramlari LIL
elementlerde zenginlesme ve bazt HFS elementlerde (6rn; Nb, Ta, Ti, P gibi) ise tiiketilme
gostermektedir. SiO,’nin bir fonksiyonu olarak ana oksit degisimleri; K,O ile pozitif bir
korelasyon ve CaO, Fe,Os;, MgO, TiO,, MnO ve P,0s ile negatif bir korelasyon gosterirler.
Gozlenen bilesimsel degisimler temel alindiginda, bu kayaglarin olusumunda, orojenik
magmalarin tipik bir gostergesi olan fraksiyonel kristallesme ve kabuk kirlenmenin 6nemli rol
oynadig diisiiniiliir.

Anahtar Kelimeler: GB Anadolu, Sandikli, Lamprofir, Sosonit
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GEOLOGY of THE HAYDARLI (SANDIKLI, AFYON) DISTRICT, SW
ANATOLIA, and PETROGRAPHICAL and GEOCHEMICAL
CHARACTERISTICS of MIO-PLIOCENE VOLCANICS

Abstract: During Late Miocene-Pliocene period, Western Anatolia remained under the
influences of extensional tectonics, producing graben-type structures. Alkaline-type volcanism
associated with this extensional regime occured in the basins of several places, adjacent to
each other. Haydarl district in the Sandikli (Afyon) region of SW Anatolia represent one of
this type of volcanism. Volcanics occured in this district, are belongs to the strato-type
volcanism and outcrops as dike, sill and domes, as well as pyroclastic products. Total alkali-
silica diagram define these rocks as trachyte, trachyandesite, phonolite, phonotephrite,
tephritebasanite and trachybasalt.. Phonotephrite, tephribasanite and trachybasalt samples,
however, plots in the field of alkaline lamprophyres in AI1203-MgO-CaO variation diagram.
Therefore, they are classified as alkaline lamprophyres. Alkali feldspar (sanidine),
plagioclase, clinopyroxene, mica, amphibole as phenocryst phase, and apatite, rutile,
nepheline and opaque minerals as accessory phase defined in trachyte and phonolites.
Lamprophyres include clinopyroxene, mica, olivine, rare amphibole as phenocryst phase, and
apatite, sphene, leucite, nosean and opaque minerals as accessory mineral phase. In general
these rocks show porphyric, seriate and glomeroporphyric textures. Hydrothermal and
atmospheric alterations are also observed in the thin-sections. The K20 versus Na2O and
Th/Yb versus Ta/Yb diagrams classified these rocks as shoshonites. All samples show much
more enrichment in LREE, relative to HREE. Trace element variation diagrams also show
enrichment in LILE, and depletion in some of HFSE (e.g., Nb, Ta, Ti, P etc.,). Major oxide
variations as a function of SiO2, demonstrate a positive correlation with K20 and a negative
correlation with CaO, Fe203, MgO, TiO2, MnO and P205. On the basis of observed
compositional variations, it is suggested that fractional crystallisation and crustal
contamination played significant role on the genesis of these rocks showing a typical of
orogenic magmas.

Key Words: SW Anatolia, Sandikli, Lamprophyre, shoshonite
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ACIPAYAM-BEYAGAC (DENIZLI) DOLAYINDAKI RODENJITLERIN
PETROGRAFISI VE JEOKIMYASI

Yahya (")Zplnarl, Serkan Kahriman' ve Baris Semiz'
" Pamukkale Universitesi, Jeoloji Miithendisligi Boliimii - Denizli, (yozpinar@pau.edu.tr)

Ozet: Acipayam ve Beyagag (Denizli) bolgelerinde yer alan ofiyolitik serilerdeki
serpantinlesmis peridotitler icerisinde c¢ok sayida rodenjit olusumu tespit edilmistir.
Rodenjitlerin orijinal kayaclart mikrogabro ve doleritlerdir. Serpantinit ve rodenjitler
arasindaki reaksiyon zonlari iki farkli zona ayrilir ve bunlardan birincisi rodenjit zonu olup,
baslica hidrogranat (+vollastonit), kalint1 ojit, klorit (penin ve klinoklor), prehnit, diyopsit,
tremolit/aktinolit, epidot (pistasit, zoisit klinozoisit), sfen ve ilmenitten olusmustur ve digeri
ise, klorit zonu olup biiyiik miktarda kloritten meydana gelmistir. incelenen alanlardaki
rodenjitler, 1 - 3 metre ¢aplarinda, mercek, sferoid ve elipsoidal sekilli ksenobloklardan
olusmaktadir.

Incelenen alanlardaki rodenjitler, protolitlerine gére yiiksek CaO, diisiik SiO,, K,0 ve
Na,O icerikleri ile karakteristiktir. Rodenjitler ile orijinal kayaca ait iz element igerikleri
karsilastirildiginda, rodenjitlerin Sc, Rb ve Ba iceriklerinde elementsel kayiplar olusturduklari
gozlenmistir. Rodenjitlerin REE igerikleri onlarin protolitleri ile ¢ogunlukla uyumludur. Fakat
bazi rodenjit Orneklerinin REE igerikleri kenardan merkeze dogru mobil davranis
gostermektedir. Sonu¢ olarak, disik pH’li ve CO, =zengin olan sivi fazin REE
mobilizasyonunu destekledigi sOylenebilir.

HFSE (high field strength elements) ve Ta/Yb-Th/Yb oranlar1 mafik dayklarin ada yay1
ortamina orijinal olarak yerlesmis oldugunu ve bunlarin daha sonraki donemde bugiinkii
yerlerine taginmis olduklarimi gostermektedir. Calisilan alandaki peridotitler buglinkii
yerlerine yerlesmeden 6nceki bir donemde serpantinlesmis ve es zamanli olarak mikrogabro
ve dolerit dayklar1 da Ca-metasomatizmasina maruz kalmistir. Rodenjitlesmeden
serpantinlesme ile olusan Ca-Mg(OH), zengin alkali sivilar sorumludur. Metasomatizmanin
serpantinlesme ile es zamanli olarak ve/veya serpantinlesmeyi takip eden bir donemde
meydana gelmis oldugu diisiiniilmektedir.

Anahtar Kelimeler: Rodenjit, dolerit-mikrogabro, serpantinlesme, Ca-Metasomatizmasi
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PETROGRAPHY and GEOCHEMISTRY of RODINGITES AROUND
DENIZLI-ACIPAYAM and BEYAGAC (DENIZLI)

Abstract: A large number of rodingites were found in serpantinized peridotites of ophiolitic
sequences in the Acipayam and Beyagag regions. The original rocks of the rodingites are
microgabro and dolerites. Reaction zones between the serpentinite and the original rock are
divided into two zomes; one is rodingite zone composed mainly of hydrogrossular, (*+
wollastonite), augite, chlorite (penine, clinochlore), prehnite, diopside, tremolite/actinolite,
epidote (pistacite, zoisite, clinozoisite), sphene and ilmenite and the other is chlorite zone
which contains large amounts of chlorite. The rodingites in investigated areas occur from
xenoblocks such as spheroid, ellipsoid and lens shapes, which are I to 3 m in diameter.

The rodingites in investigated areas are characterized by the higher contents of CaO, and
the lower contents of SiO,, Na,O and K>O than those in the original rocks. As a result of
comparison of the trace element contents related to original rocks with rodingites, Sc, Rb and
Ba contents in the rodingites is observed elemental losses. REE contents of rodingites are
generally compatible with theirs protolits. But, REE contents of some rodingite samples
exhibit mobile behavior (from rim to center). As a result, it is believed that fluid phases with
CO;-rich and low pH support to REE mobilization.

High-field-strength-element (HFSE) concentrations and Ta/Yb-Th/Yb ratios in the mafic
dykes suggest that the dikes were originally emplaced in an island-arc environment, thus,
they must have been transported to their current location in the late period. Peridotites in the
investigated areas, at a time before emplacement to its present location, are serpentinized and
exposed to contemporaneous Ca-metasomatism of dolerite and microgabro dikes. Ca-Mg
(OH)-rich alkaline fluid which were formed by serpentinization proceses might have been
responsible for rodingisation. Metasomatism think that formed during this period or/and
following the process of serpantinization.

Key Words: Rodingite, dolarite-microgabro, serpentinization, Ca-metasomatism.
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MERMERLERIN PARLATILMASINDA MINERALOJIK-
PETROGRAFIK VE JEOKIMYASAL OZELLIiKLERIN ETKIiSI

Sevgi Giircan', R.Mete Goktan® ve Ahmet Yildiz’
' Afyon Kocatepe Universitesi, Maden Miihendisligi Boliimii Afyonkarahisar (sgurcan@aku.edu.tr)
* Eskisehir Osmangazi Universitesi, Maden Miihendisligi Boliimii Eskisehir (mgoktan@ogu.edu.tr)
% Afyon Kocatepe Universitesi, Jeoloji Miithendisligi Boliimii Afyonkarahisar (ayildiz@aku.edu.tr)

Ozet: Calisma, metamorfik kokenli dogaltas tiirii olan mermerlerin parlatiimasinda
mineralojik-petrografik ve jeokimyasal Ozelliklerin etkisinin incelenmesi amaciyla
yapilmistir. Bu amagla, Afyon seker (AS), Mugla beyaz (MB), Afyon kaplanpostu (AK), ve
Aksehir siyah1 (AS) olarak bilinen dort adet ticari mermer ornegi kullanilmigtir. Parlatma
deneyleri, 60x30x2cm boyutlarindaki mermer 6rneklerinde ayni abrasiv serisi, sabit bant hizi
ve kafa basincinda laboratuvar 6lgekli cila makinasinda yapilmistir. Parlatilmis 6rnekler
tizerinde piriizliiliik ve parlaklik Slglimleri gerceklestirilmistir. Mineralojik-petrografik ve
jeokimyasal 6zelliklerin belirlenmesi i¢in s6z konusu 6rneklere polarizan mikroskop, taramali
elektron mikroskop (SEM), x-isinlar1 difraktometresi (XRD) ve kimyasal analizler
yapilmistir.

Mineralojik incelemelerde mermer orneklerinde en 6nemli karbonat dig1 mineral olarak
mika, klorit, kuvars ve opak mineralleri belirlenmistir. Mikro catlaklar ve damarlar boyunca
kayacta yogunlagan bu minerallerin miktar1 AS’de %15.30, AS’da %10.33 ve AK’da %8.50
olarak Ol¢iilmiistiir. Mermerlerin SiO;, Al,O;, TiO,, Na,O ve K,O igerikleri bunlarin
bilesimindeki karbonat dist minerallerinin miktarlariyla dogru orantili olarak degisim
sunmakta olup, s6z konusu oksitlerin toplam miktar1 %0.18-1.49 arasinda degismektedir.
Yapilan incelemeler sonucunda, mermerlerin piiriizliiliik ve parlaklik performanslari tizerinde
mermerlerin bilesimindeki karbonat dis1 minerallerin miktar1 ve kayag i¢indeki dagiliminin
daha etkili oldugu, bunlar1 sirasiyla kayagtaki mikro catlak yogunlugu ve durumu ile kalsit
kristallerinin mikro yap1 6zelliklerinin izledigi sonucuna varilmstir.

Anahtar Kelimeler: Mermer, parlaklik, petrografi, jeokimya.

264



V. JEOKIMYA SEMPOZYUMU 5" GEOCHEMISTRY SYMPOSIUM
23-25 Mayis 2012 23-25 May 2012
Pamukkale Universitesi - Denizli Pamukkale University — Denizli /| TURKEY

THE INFLUENCE of MINERALOGICAL-PETROGRAPHICAL and
GEOCHEMICAL PROPERTIES on POLISHING of MARBLES

Abstract: In this study, it was intended to investigate the influence of mineralogical-
petrographical and geochemical properties of marbles, which were metamorphic natural
stones, on their polishing properties. To achieve this goal, four marble samples commercially
available in the market, which were named as Afyon Sugar (AS), Mugla White (MB), Afyon
Kaplanpostu (AK) and Aksehir Black (AS), were studied. Using a laboratory-scale polishing
machine, polishing experiments were applied under constant band speed, abrasive head
pressure and abrasive head rotation for samples having 60x30x2 cm dimension. Roughness
and brightness measurements were carried out on pre-determined surfaces of the marble
samples. Polarizing light microscope, scanning electron microscope (SEM), X-ray
diffractometer (XRD) and chemical analysis were conducted to determine mineralogical-
petrographical and geochemical properties of marbles.

Mica, chlorite, quartz, and opaque minerals were major non-carbonate minerals in
studied samples. These minerals were usually observed along micro-fissures and veins. The
semi-quantitative percentages of these minerals were as follows; AS: 15.30%, AS: 10.33%,
and AK: 8.50%. The differences in SiO,, Al;O;, TiO, Na;O, and K;O contents of marbles
were related to their non-carbonate contents and the total amount of these oxides ranged
from 0.18% to 1.49%. As a result of investigations, it was concluded that the amount and
distribution of non-carbonate minerals were more effective than micro-fissure frequency and
micro-structural properties of the calcite minerals on brightness and roughness values of the
studied marbles.

Key Words: Marble, Brightness, Petrography, Geochemistry
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DIAGENESIS of THE AZUAJE ARAGONITIC TRAVERTINE FROM THE
VOLCANIC GRAN CANARIA ISLAND, SPAIN

Alvaro Rodriguez-Berriguete’ & Ana Maria Alonso-Zarza'
" Dpto. Petrologia y Geoquimica, Facultad de Ciencias Geolégicas. Universidad Complutense, 28040 —
Madrid/Spain, (arberriguete@pdi.ucm.es)

Abstract: An aragonitic travertine occurs within the Azuaje Gorge, whose bottom is a 2.500
vears basaltic lava flow. The travertine is composed of aragonite (>70%), calcite (<30%),
phyllosilicates (<10%) and trace amounts of quartz. Their primary facies are mostly
composed of aragonite crystals conforming different textures: Radial (spherulites, fans),
palisades, rafts and dendritic shrubs. The primary facies have undergone different
diagenetic processes which include:
1. Calcite cementation between the aragonite fibres, leading to the formation of large
poikilotopic cements.
2. As cementation progresses it leads to the inversion of the aragonite to calcite.
3. Recrystallization (aggrading neomorphism) occurs on the micritic components and
on rafts, resulting the formation of dirty micro to pseudospar mosaic.
4. Dissolution affects both the primary (aragonite) and the diagenetic (mostly calcite)
fabrics.
5. Micritization affects mainly the fibrous aggregates, but may also progress from pore
walls.
These travertines show 6'°0 values ranging from -2.0 to -11.0%o (PDB) and 6"°C values
ranging from 4.0 to 11.0%o (PDB). The wide variety of diagenetic processes affecting this
travertine reveals that diagenesis started soon after the deposition and could produce
important mineralogical and textural changes in very short (less than 2,500 yr) time
periods without burial. The diagenetic settings are driven by the primary instability of the
aragonitic facies and also by the active hydrologic regime around and within the Gorge.
The different processes reveal different saturation levels of the diagenetic fluids (meteoric
fluids enriched in CO;of volcanic origin).

Key Words: Travertine, Aragonite, Diagenesis
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FAYLARLA ILiSKiLi KARBONAT (KALSiT) OLUSUMLARINDA
SIVI KAPANIMI INCELEMELERINE AiT iLK BULGULAR: MANISA
FAYI (BATI ANADOLU-TURKIYE)

Giilcan Bozkaya' ve Ugur Temiz’
" Cumhuriyet Universitesi Jeoloji Mithendisligi Boliimii — Sivas, (gbozkaya@cumhuriyet.edu.tr)
% Bozok Universitesi, Miihendislik-Mimarlik Fakiiltesi, Jeoloji Miihendisligi Béliimii — Yozgat,
(ugur.temiz@bozok.edu.tr)

Ozet: Fay ve catlaklar genellikle yeralt: sular1 veya cesitli kimyasal soliisyonlarin hareketleri
icin uygun ortamlar1 olustururlar. Bu soliisyonlarin, siireksizliklerde kristallesmeleri karbonat
cokelimlerine (kalsit) neden olmaktadir. Bu ¢okelimler, ya fay diizlemlerinde kalsit sivamalari
ya da damarlar seklinde gelismektedir. Boyle olusumlarin en iyi gozlendigi yapilardan biri de
Gediz Grabenindeki Manisa Fayidir. Manisa Fayi, Gediz Grabeni’nin devami olan Manisa
havzasi’n1 giineyden smirlayan ve doguda Turgutlu, batida Muradiye’ye kadar uzanan
yaklagik 40 km uzunlugunda olan normal fay karakterindeki aktif bir yapidir. Manisa
Fayindaki karbonat c¢okelimlerinden (damarlardan ve kalsit sivamalarindan)  Ornekler
toplanarak sivi kapanim incelemeleri yapilmustir. Sivi  kapanimi ¢aligmalart kalsit
minerallerindeki mineral olusumunu temsil eden birincil kapanimlarda ve daha sonraki
cozeltileri temsil eden ikincil kapanimlarda yapilmistir. Sivi kapanimi incelemelerine gore
kalsit olusumu sirasinda ¢ozeltilerin tuzluluk (ort. %12.09 NaCl esdegeri) ve sicakliklarinin
yiiksek (ort. 282.5°C), daha sonraki donemde ise degerlerin diistiigii (ort. % 5.3 NaCl esdegeri
ve 193°C) goriilmiistiir. Manisa fayindaki kalsit damarlariin faylanma ile iligkili oldugu
g6zoniinde bulundurularak faylanma sirasinda ortamdaki ¢ozeltilerin 254.8 ila 300°C arasinda
degisen sicakliga ve %9.9 ila 12.8 NaCl araliginda tuzluluga sahip oldugu sdylenebilir.

Anahtar Kelimeler: Manisa Fay1, sivi kapanimi, kalsit sivamasi, damar
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PRELIMINARY FLUID INCLUSION STUDIES in FAULT RELATED
CARBONATE (CALCITE) PRECIPITATES: MANISA FAULT (WEST
ANATOLIA-TURKEY)

Abstract: Fault and joint is often associated with ground water or various chemical solutions
circulation from and towards these discontinuities. Crystallization of these solutions in
discontinuities may cause carbonate precipitates (calcite). In these precipitates develop
calcite coating on fault plane or form of calcite veins. One of the best structures are observed
such a fault is Manisa Fault, located in the Gediz Graben. It bounds the southern margin of
the Manisa basin which is continuation of the Gediz Graben. Manisa Fault extends from
Turgutlu in the east to Muradiye in the west. It is a 40 km long and active normal fault
character of the structure Carbonate precipitates, filling joints and calcite coating, were
sampled at different localities on Manisa Fault. Fluid inclusion data were measured at
different localities in the Manisa Fault Zone. The sampling focused on calcite, and
temperature data obtained from the minerals provides information on the conditions of
carbonization. Analyses were made from primary inclusions, incorporated during mineral
precipitation and secondary inclusions in cross-cutting fluids were also analysed,
representing later fluids associated with fracturing and rehealing of the minerals. According
to fluid inclusion studies, fluids have high salinity (avg. 12.09 % NaCl equiv.) and
temperature (avg. 282.5°C) during the formation of calcite, whereas they have lower salinity
(avg. 5.3 % NaCl equiv.) and temperature (avg. 193°C) last episode. Calcite veins in fault
host fluid inclusions that contain trapped samples of fluids present on the fault. Fault fluids in
fluid inclusions were trapped at temperature from 254.8 to 300 °C and salinity from 9.9 to
12.8 %NaCl equiv.

Key words: Manisa Fault, fluid inclusion, calcite coating, vein,
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ERKEN - ORTA JURA YASLI SENKOY FORMASYONU’NDAKI
KUMTASLARININ PETROGRAyisi VE JEOKIMYASI, ESKI
GUMUSHANE (DOGU PONTIDLER)

Levent Duygu' ve Raif Kandemir®
) " MTA, Jeoloji Etiidleri Dairesi - Ankara, (Iduygu@mta.gov.tr)
* Rize Universitesi, Jeoloji Miihendisligi Boliimii — Rize, (raifkandemir@gmail.com)

Ozet: Dogu Pontidler’deki Erken-Orta Jura kirntihilari, Jura éncesi yash kaynak alanlarinin
jeokimyasal karakteristikleri hakkinda 6nemli bilgiler saglayabilecek potansiyele sahiptir.
Eski Giimiishane yoresinde yiizeyleme veren Erken-Orta Jura yash Senkdy Formasyonu’nda
yer alan kumtaglari, kaynak alan karakteristikleri ve tektonik ortamlari agisindan petrografik
ve jeokimyasal olarak incelenmislerdir. Senkdy Formasyonu inceleme alaninda taban
seviyelerinde konglomeralar, iistlere dogru komiir ara seviyeleri igeren kumtaslari ve
volkaniklastik kayaglardan olusmaktadir. Incelenen kumtaslari ortalama QFL: 28;18;54
bilesimlidirler. Incelenen kumtaslarindaki kayac parcalar asidik ve bazik kokenli olmak iizere
iki ana grupta toplanabilirler. Bu kaya¢ parcalarinin hem Jura oncesi temelde bulunmasi
gereken volkanik kayacglar hem de Erken Jura’da bolgede etkin olan bazik yay
volkanizmasinin iiriinleri olabilecegi belirlenmistir. Incelenen kumtaslarinda felsik
bilesenlerin oranmi temsil eden Th ve U gibi iz elementler ile, mafik bilesenlerin oranini
temsil eden Sc, Cr gibi iz elementler genis araliklar sunmaktadirlar. Bu durum kayaclarin
kaynak alanlarinda felsik kayaglarin yami sira 6nemli oranlarda mafik kayaglarin da
bulundugunu isaret etmektedir. Kaynak alan ayrim diyagramlar1 kumtaslarindaki kayag
kirmtilarinin  bazikten asidige kadar degisen genis bir magmatik kaynaktan tiiredigini
gostermektedir. Incelenen kumtaslarmin tiim kayag jeokimyasi ada yay, aktif kitasal kenar ve
pasif kitasal kenar gibi birden ¢ok alana diismektedir. Nadir Toprak Element diyagramlar1 da
kumtaglarmin kitasal yay ortaminda olusan magmatik kayaclara ait dagilimlar ile benzerlik
gostermektedir. Calisilan kumtaslar1 Erken Jura’da yay gerisi konumda olduklar1 dikkate
alindiginda, kirmmtilh kayaglarin hem aktif volkanik yaydan hem de kitadan malzeme
alabilecek havzalarda ¢okeldikleri belirgindir. Calisilan alanlarin Erken Jura’da yay gerisi
konumunda olduklar1 dikkate alindiginda, kirintili kayaglarin kaynak alan ve tektonik ortam
bakimindan genis aralik sunmalar1 anlaml1 goriinmektedir.

Anahtar Kelimeler: Eski Giimiigshane, Erken-Orta Jura, Senkdy Formasyonu, Kumtasi,
Jeokimya, Kaynak alan

269



V. JEOKIMYA SEMPOZYUMU 5" GEOCHEMISTRY SYMPOSIUM
23-25 Mayis 2012 23-25 May 2012
Pamukkale Universitesi - Denizli Pamukkale University — Denizli /| TURKEY

PETROLOGY and GEOCHEMISTRY of SANDSTONES FROM EARLY-
MIDDLE JURASSIC SENKOY FORMATION, ESKI GUMUSHANE
(EASTERN PONTIDES)

Abstract: Early Jurassic clastic rocks of the Eastern Pontides have the capability of supplying
substantial information on the geochemical characteristics of their provenance. Sandstones of
Early to Middle Jurassic Senkoy Formation in the Eski Giimiishane area were
petrographically and geochemically investigated to determine the source area characteristics
and their tectonic environments. The Senkoy Formation starts with basal conglomerate at the
bottom and upward coal bearing sandstone and volcaniclastic rocks form the main
components of the formation. Average modal compositions of investigated sandstones are
OFL: 28; 18; 54. Rock fragments can also be divided into two sub-groups: acidic fragments,
and basic fragments. These rock fragments might be derived from both previous basement
volcanic rocks and contemporaneous basic arc volcanism in the early Jurassic time. Trace
elements, such as Th and U which represent the proportion of felsic components and Sc and
Cr which measure the abundance of mafic components in the clastic rocks, display large
variations in contents. This may suggest that the felsic rocks, as well as mafic rocks in
significant proportions, in the source area might be found. Whole-rock geochemistry of these
rocks defines more than one tectonic environment, e.g., island arc, active continental margin
and passive margin, rather than a specific tectonic environment during their accumulation.
Also, in rare earth element (REE) spider diagrams of the samples, REE patterns are similar
to those of magmatic rocks formed in a continental arc environment. Taking into account that
the deposition of investigated sandstones was in a back arc setting during the Early Jurassic,
it is obvious that the components of sandstones would have been derived from both the
continental arc and active arc volcanism. Taken into account that the study area was in a
back arc position during the Early Jurassic, large intervals in terms of source area
composition and tectonic environment for the clastic rocks studied seem to be reasonable.

Key Words: Eski Giimiishane, Early-Middle Jurassic, Senkoy Formation, Sandstone,
Geochemistry, Provenance
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ISPARTA DEREBOGAZI YORESINDEKI OFiYOLITLERE AiT
MESOZOYIK SEDIMANLARI iLE TERSIYER SEDIMANLARININ iZ
ELEMENT JEOKIMYALARININ iNCELENMESI

Siileyman Polat' ve Hakan Coban®
"Batman Univeristeﬂsi Jeoloji Miihendisligi Boliimii — Batman, (suleyman.polat@batman.edu.tr)
% Siileyman Demirel Universitesi, Jeoloji Miihendisligi Boliimii — Isparta, (hakancoban@sdu.edu.tr)

Ozet: Isparta ili, Antalya yolu iizeri, Derebogazi mevkiinde yiizeylenen ofiyolitler ile iliskili
Triyas yasl sedimanlar ve Tersiyer yash sedimanlarin jeokimyasi incelenmistir. Bu amacgla,
ilgili kaya orneklerinden 10 adet 6rnek {izerinde ana-oksit, 22 adet 6rnek lizerinde de iz ve
nadir toprak element analizleri gerceklestirilmistir. Elde edilen sonuclar, Triyas (radyolaritler
disinda) ve Tersiyer sedimanlarinin diisiik SiO,, Al,O3, K>0, Na,O, Th, U ve yiiksek CaO,
MgO, Cr, Ni, Ba, Sr, Rb, Zr degerleri ile karakterize olduklarini gostermistir. Al,O3 ile K,O,
Na,O, Th, U ve Rb elementleri arasindaki pozitif korelasyon, bu elementlerin kil ve feldispat
mineralleri tarafindan kontrol edildiklerini gdstermektedir. Yiiksek MgO, Cr ve Ni
degerlerinin ofiyolitik (mafik-ultramafik) kaya¢ parcalart ile iliskili oldugu ortaya
konulmustur. Triyas ve Tersiyer yasli kumtaslar litik-arenit olarak siniflandirilmistir. Yapilan
mineralojik-petrografik gdzlemlere ve jeokimyasal analizlere dayali olarak Tersiyer
sedimanlarinin pasif kita-kenar1 bir ortamda olustuklar1 ve bolgeye Ust Kretase sonunda
yerlesmis olan nap sistemlerinden kaynak sagladiklari ve agirlikli olarak ofiyolitik (mafik-
ultramafik) kayagclar ile Mesozoyik karbonat kayaglardan beslendikleri ortaya konulmustur.

Anahtar Kelimeler: Triyas sedimanlari, Tersiyer sedimanlari, jeokimya, iz element,
Derebogazi, Isparta
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INVESTIGATION of TRACE ELEMENT GEOCHEMISTRY in MESOZOIC
SEDIMENTS BELONGS to OPHIOLITES, and TERTIARY SEDIMENTS
FROM ISPARTA DEREBOGAZI REGION

Abstract: Submitted investigation includes the geochemistry of Triassic sediments associated
with ophiolites and Tertiary sediments in Derebogazi district from Isparta city. For this
purpose, selected and powdered 10 samples of related-sediments have been analysed as
major oxides, and 22 samples have been analysed as trace and rare earth elements. Obtained
results indicate that Triassic (except for radiolarites) and Tertiary sediments are
characterized by low SiO,, A,O3;, K>;O, Na;O, Th, U and high CaO, MgO, Cr, Ni, Ba, Sr, Rb,
Zr values. Observed positive correlation between Al,O3; and KO, Na,O, Th, U and Rb
elements show that these elements are mainly controlled by clay and feldspar minerals.

High MgO, Cr and Ni concentrations of sediments revealed that these elements are
associated with ophiolitic (mafic-ultramafic) rocks. Triassic and Tertiary sandstones are
classified as lithic arenite. In terms of the mineralogical-petrographical observations and
geochemical analysis, Tertiary sediments have been discriminated tectonically as passive
margine. They are associated with nappe systems emplaced during end of the Upper
Cretaceous, and feeded from predominantly ophiolitic (mafic-ultramafic) rocks and Mesozoic
carbonate rocks as source region.

Key Words: Triassic sediments, Tertiary sediments, geochemistry, trace element, Derebogazi,
Isparta
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DIAGENESIS of ARAGONITE in CAVES: GEOCHEMICAL
IMPLICATIONS

Rebeca Martin-GarciaI, Ana M. Alonso-Zarza’ and Andrea Martin-Pérez’
" Instituto de Geociencias CSIC-UCM, Madrid/Spain (rmartingarcia@geo.ucm.es)
Z Universidad Complutense de Madrid, Dpto. Petrologia y Geoquimica, Madrid/Spain

Abstract: Aragonite is the polymorph of the CaCOj; stable under high pressures. It is
commonly found in the marine realm, but also forms under subaerial conditions in
speleothems and travertines. Under atmospheric pressures prevailing in subaerial
environments, it is unstable and is affected by various diagenetic transformations that may
change its geochemical initial signal.

Various aragonitic speleothems from different caves in Spain (Castarniar Cave and Lanz
Cave) have been studied in order to describe the transformations and their geochemical
variations. The diagenetic processes affecting aragonite are micritization (diminuition in
crystal size), calcitization (transformation into calcite) and dolomitization (transformation
into dolomite). All these processes collectively modify the primary features of aragonite, like
textures, mineralogy and geochemical signals. The mean 6"C and 6"°0 values of the primary
aragonites are —8.6 %o and —4.6 %o respectively, after the diagenetic process of micritization,
the aragonite isotopic signals averaged —7.6 %o 6"°C and —4.7 %o 6'°0. Where calcitization
took place, some secondary calcites after the aragonite show preserved aragonite relics,
whereas others do not. Where aragonite relics are preserved, the isotopic signatures are very
similar to those of the aragonite micrite. In the dolomitized speleothems the mean values of
dolomite are -3.5 %o 0"°0 and 10 %o 6"°C. In addition, the Sr and Mg contents of the
speleothems became also modified by micritization and/or mineral transformation.

These results highlight how important diagenesis is in caves, and how the initial features
of primary cave minerals can be lost.

Key Words: Speleothems, stable isotopes, diagenesis, aragonite
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COMPLEX SEDIMENTOLOGICAL, GEOCHEMICAL and
GEOPHYSICAL STUDY of THE KAPOLNA-HEGY SPRING - CONE
(BUDA HILLS, HUNGARY)

Agnes Torik’, Viktoria Unnep’, Attila Balizs’, Andrea Mindszenty' & Sdandor Kele’
" Department of Physical and Applied Geology, E6tvés Lordnd University, Budapest, Hungary (email:
Andrea.mindszenty@gmail.com, a.torok.elte@gmail.com)

% Department of Geophysics and Space Sience, Eétvés Lordnd University, Budapest, Hungary (email:
balatt@gmail.com)
¥ Institute for Geological and Geochemical Research, Research Centre for Astronomy and Earth Sciences,
Hungarian Academy of Sciences, H-1112 Budapest (email: keles@geochem.hu)

Abstract: The area of Buda Hills is built up by Mesozoic/Tertiary carbonates and is famous
for its hypogene caves, thermal springs and Quaternary travertine occurrences. Due to
relatively fast uplift throughout the Pleistocene, older spring deposits originally formed at or
close to the base level of erosion, are now situated at higher elevations. Kapolna-hegy (220 m
asl.) is one of the erosional remnants, a mound-shaped deposit exposed by quarrying.
Previous workers qualified the outcrop as an eroded mound (SCHRETER 1951) or a spring-
cone (SCHEUER 1996, 2004), mainly on the basis of geomorphological observations,
although stable isotope studies could not confirm the spring-cone model (KELE 2009).

In our study we examined the validity of the spring-cone model with the help of field
observations, geochemical and geophysical measurements. Selected samples were thin-
sectioned and petrographically studied under optical microscope to describe their
microfacies types. Pore-filling cement was analysed by stable isotopic method, too. Major
lithofacies types indicative of the sedimentary sub-environments were identified. The
laminated, coarse crystalline travertine is probably thermogenic in origin and was possibly
deposited in the proximity of a hypothetic thermal spring. The phytoclastic and oncoidal beds
are considered as lacustrine sediments deposited in a pond. We suggest that the Kapolna-
hegy travertine is a combination of thermogene spring deposits and thermometeogene
lacustrine sediments. Additionally, we performed multielectrode geoelectric profiling on the
field in order to discover the extent and 3D geometry of the occurrence and to get more
information about the structural development of the area during the Quaternary.

Key Words: Travertine, sedimentology, structural geology, stable isotope, Buda Hills,
Hungary

274



V. JEOKIMYA SEMPOZYUMU 5" GEOCHEMISTRY SYMPOSIUM
23-25 Mayis 2012 23-25 May 2012
Pamukkale Universitesi - Denizli Pamukkale University — Denizli /| TURKEY

GUNEYBATI ANADOLU’NUN iKLIiMSEL TARiHi: KELOGLAN
MAGARASI’NDAN ALINAN DIiKiT ORNEKLERI, ACIPAYAM,
TURKIYE

M. Oruc¢ Baykaral, Mehmet (")zkul], Chuan-Chou Shenz, S4andor Kele®
" Pamukkale Universitesi Jeoloji Miithendisligi Boliimii — Denizli, (obaykara@pau.edu.tr)
x High-Precision Mass Spectrometry and Environment Change Laboratory (HISPEC), Department of
Geosciences, National Taiwan University - Taiwan ROC
3 Hungarian Academy of Sciences, Institute for Geochemical Research, Budapest - Hungary

Ozet: Magara cokelleri, 10°-10° yil araliksiz biiyiiyebilmesi, tam ve kesin olarak
yaslandirilabilmesi, iklim degisimlerini kayit edebilmesi ve ¢ok az ikincil alterasyonlar
gosterdiklerinden dolay1r paleo-iklim arastirmacilart i¢in gilivenilir veri kaynagi oldugunu
kanitlamistir.

Avrasya, Asya ve Afrika iklim kusaklar arasinda geg¢is zonunda bulunan Dogu Akdeniz
ve Anadolu, iklim degisimlerine olduk¢a hassas bir noktadadir. Birkag ¢alisma haricinde
bolgede iklim degisimi kayitlar1 sadece jeomorfolojik ve gol c¢okellerinden elde edilen
verilere dayanmaktadir. Dolayisiyla Dogu Akdeniz ve Anadolu i¢in magara c¢okelleri
yardimiyla elde edilecek yeni ge¢cmis iklim kayitlarina ihtiya¢ duyulmaktadir.

Keloglan Magarasi, Denizli-Antalya karayolu iizerinde Denizli Il Merkezine 55 km
uzakliktaki Acipayam lIlgesine baghh Dodurgalar Kasabasi smirinda yer alir. Mali Dagi’nin
dogu yamacinda bulunan magaranin toplam uzunlugu 145 m. dir. Magara’nin deniz
seviyesinden yiiksekligi 1110 m. dir. Yatay olarak olusmus Keloglan Magara’si, gelisimini
tamamlamis fosil bir magara 6zelligi tagir. Karstlagsmaya elverisli Jura-Kretase kiregtaslarinda
olusan ve gelisen magara, sarkit ve dikitlerin birlesimiyle olusan siitunlarin varligi nedeniyle
cok sayida odaciga ayrilmigtir. Magara icerisinde ¢ok sayida sarkit, dikit, siitun ve damlatas
olusumlar1 gozlenmektedir.

Keloglan Magarasi’ndan aliman KO-2 ve KO-7 dikit 6rnekleri {izerinde yapilan U-Th
yaslandirma analizleri sonuclari, 6rneklerin sirasiyla 65 ka. ile 228 ka. ve 55 ka ile 121 ka.
yillar1 arasinda ¢okeldigi saptanmustir. '°O izotoplart oranlari sirastyla -10 ile -6,3 ve -10.9 ile
-5,9 (V-PDB) arasinda degismektedir. B izotop oranlart ise sirasiyla -8,2 ile -2,1 ve -10,7 ile
-1,7 (V-PDB) arasinda ol¢iilmiistir. KO-2 dikit 6rnegi MIS 4 ve 7 arast zaman dilimini
kapsamaktadir. KO-7 dikit 6rnegi ise MIS 3 ve Se aras1 zaman dilimini kapsamaktadir.

Anahtar Kelimeler: Paleoiklim, Magara ¢okelleri, Keloglan Magarasi, Dikit
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CLIMATE HISTORY of THE SOUTHEASTERN ANATOLIA:
STALAGMITE SAMPLES FROM KELOGLAN CAVE, ACIPAYAM,
TURKEY

Abstract: Cave speleothems have advantages of absolute and high-precision chronology and
abundant proxies, and have been used to decipher Quaternary paleoclimate and
paleoenvironment on different time scales. Eastern Mediterranean and Anatolian region is
located at the transition zone between the Eurasian and African climate zone. The regional
climate change in this region mostly relied on geomorphologic structures and lake sediments.
Here we show new speleothem-inferred paleoclimate records for further understanding the
paleoclimatic conditions.

The Keloglan Cave is located on the border of the Dodurgalar town, county of Acipayam,
55 km far from Denizli city center. The cave is located in the eastern slope of Mali Mt. Total
length of the cave is 145 meter and 1110 meter above the sea level. The Keloglan Cave
formed horizontally and in fossil characteristic in highly karstified Jurassic-Cretaceous
limestone. Two stalagmite samples, KO-2 and KO-7, were taken from the cave for U-Th
dating and oxygen isotopic analysis. The stalagmites deposited between 65 ka and 228 ka, 55
ka and 121 ka, respectively. ISOV_pDB values are; -10%o and -6.3%o, -10.9%0 and -5.9%o (),
respectively. Cy.ppp values are, -8.2 and -2.1, -10.7 and -1.7 (), respectively. KO-2
stalagmite sample covers the time period between MIS4 and MIS7. KO-7 stalagmite sample
covers the time period between MIS3 and MIS5e.

Key Words: Paleoclimate, Speleothems, Keloglan Cave, Stalagmite
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