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Field Evidence for A Post-Miocene Ne-Trending Accommodation Zone Lying
Between Giimiildiir (izmir) and Bigadi¢ (Balikesir), Western Anatolia

This study explains detailed geological maps and structural observations carried out along a NE-
trending accommodation zone, that is 150 km long and 10 km wide, lying between Giimildiir
(Izmir) in the south and Bigadig (Balikesir) in the north.

There are several studies dealing with this zone to be active within a specified period of time. Okay
et.al. (1996) pointed out that this zone was active at the end of Cretaceous in which time the
Bornova flysch zone was formed. Kaya (1979) described the region that coincides to this zone as
the Akhisar depression and claimed that the structural lines bounded the depression was to be
inherited from pre-Miocene normal faults. According to Ring et.al. (1999), the zone separated the
Cyclades from the Menderes Massif might have been controlled by a sinistral transform fault that
accommodated differential crustal extension betweer the Cyclades and the Menderes Massif
during the Miocene.

In this study, it has been obtained structural evidences for post-Miocene activations of the zone
mentioned above. The Miocene units that extend in this zone are cut and deformed by numerous
strike slip-faults and related deformational structures such as normal faults and folds. These
evidences are observed especially in the N-NE trending Urla depression, the Gubukludag graben,
the Kemalpasa-Torbali basin as well as in the area located between Akhisar and Bigadic. In
addition, numerous faults with strike-slip components are established within the Bornova flysch
zone that forms the basement of the Miocene units. The zone and the related structures are cut by
Plio-Quaternary E-trending normal faults.

The zone formed the western boundary of the E-trending Gediz, Kiiciik Menderes and Biytk
Menderes grabens and accommodated N-S extensional tectonics during the formation of the
grabens. Most of the Quaternary basins included in this zone are bounded by the segments of the
N-NE trending strike-slip faults and normal faults oriented obliquely to the strike-slip faults, and
therefore the Quaternary basins have the characteristics of thomb grabens or pull-apart basins.

The plots of the earthquakes epicenters are clustered along the NE-trending zone in. western
Anatolia, indicates that the zone is also active at present.
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Kiraz (izmir) Kuzeydogusunun Jeolojisi,
Kiigiik Menderes Graheni, Bati Anadolu
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% Dokuz Eyliil Universitest, Miithendislik Fakultesi, Jeoloji Miihendisligi Boliimi,
35100 Bornova-Izmir/Tirkiye
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Bozdaglar ve Aydin daglar arasinda D-B dogrultusunda uzanan Kiiciik Menderes Grabeni Bati
Anadolu genigleme bolgesindeki Neotektonik dénem yapilarindan  biridir. Kiicitk Menderes
grabenindeki Neojen yiizlekleri kisith oldugundan ¢aligmalarin gogu Gediz ve Biiylik Menderes
grabenleri tzerine yogunlagmistir.

Bu calisma Kiigiik Menderes grabenin dogu kesimindeki Kiraz gevresinin stratigrafik ve tektonik
ozelliklerini agiklar. Kiraz alaninda Menderes masifinin metamorfik kayalar temeli olusturur. Bu
metamorfik kayalar radyometrik yaslari 14.8 + 0.7-14.9 = 0.8 Ma (United Nations, 1974) olan
Basova andezitleri tarafindan kesilmigtir. Basova andeziti pempe renkli andezitik dayk, lav ve
andezitik breglerden yapihidir. Bu birim golsel ve flivial tortullardan yapili olan Geg Miyosen-
Pliosen (?) yash Suludere formasyonu tarafindan uyumsuzlukla tstlenir. Suludere formasyonunu
uyumsuzlukla tstleyen Aydogdu formasyonu yaklagik D-B dogrultulu yiiksek agih normal faylarin
kontroliinde gelisen aliivyonal yelpaze cokellerinden yapihidir. Yukaridaki tiim birimler gintimiz
Kiicitk Menderes ¢okiintistinit dolduran aliivyonlarla ortalidur.

Kiraz sahasinda birbirleriyle kesen-kesilen iligkisine sahip iki fay takimi geligmistir: yliksek-agilt
normal fay ve dogrultu auml faylar. Birinci takim faylar Neojen birimlerinin farkli fasiyelerini ve
daha geng birimleri yasl-birimlerle yan yana getirir. Bu faylar K50-80B dogrultusunda uzanir ve
havzaya dugru gelisen basamak benzeri morfoloji sunar. Basova andeziti ve uyumsuz lstleyen
Suludere formasyonuna ait ytizlekler basamak benzeri morfolojinin farkh topografik diizeylerinde
bulunur. Bu faylara yakin kesimlerde Suludere formasyonuna ait tabaka egimleri 80° ye ulagir.
Dogrultu atumh faylar havzayl dogudan simirlar ve KD-dogrultulu bir “accomodation” zonu
seklinde rol oynamisur. Bu zon icinde Menderes metamorfitleri Suludere formasyonunun
karbonat-kirmntli istifi iizerine bindirmistir. Bu durum Kiiciik Menderes grabeninde dogrultu
atml tektonigin Neojen sonrasindaki varhgini gosterir.

Bu calisma TUBITAK, YDABAG-102Y052 nolu projeden desteklenmektedir.
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Geology Of Northeastern Kiraz (izmir),
Kiigilk Menderes Grahen, Western Anatolia

Kigiik Menderes graben trending E-W between Bozdaglar in the north and Aydin Daglart in the
south, forms one of the structures of the Neotectonic period in western Anatolan extensional
province. Most of the studies on western anatolian grabens have been concentrated on the Gediz
and Biiyiik Menderes graben. However, Kiiciik menderes graben has little attention due to limited
exposures of the Neogene units (e.g. Rojay et.al. 2001).

This study have been focused on the stratigraphy and tectonic features of the Kiraz area that
located in the eastern part of the Kiicitk Menderes graben. In the Kiraz area, the metamorphic
rocks of the Menderes massif form the basement. These metamorphic rocks are cut by Basova
andesite unit that was dated by K/Ar methods as 14.8 + 0.7 and 14.9 + 0.8 Ma (United Nations,
1974). Basova andesite consists of purple coloured andesitic dyke and lavas as well as andesitic
breccia. This unit is unconformably overlain by the Late Miocene-Pliocene (?) Suludere formation
consisting of lacustrine and fluvial sediments. Unconformably overlying unit, the Aydogdu
formation is made up of alluvial fan deposits that are formed under the control of the nearly E-
trending high-angle normal faults. All the above units are covered by the alluvium filling the
present-day Kiigiik Menderes depression.

"Two sets of structures that having cros-cut relationship with each other shape the area: high-angle
normal faults and strike-slip faults. The former juxtaposes different facies of the Neogene units
and younger sediments with the older one. The high-angle normal faults trend between N50W
and N8OW and form basin-ward step-like  morphology. The Basova andesite and the
unconformably overlying Suludere formation occur at different topographic levels within this step-
like morphology. Dips of bedding of the Suludere formation may reach up to 80° close to these
faults. The strike-slip faults bounded the basin from the east and acted as an NE-trending
accomodation zone. In this zone, Menderes metamorphics thrust over the carbonate-clastic beds of
the Suludere formation indicating the presence of the post-Neogene strike-slip tectonics in the
Kigiik Menderes graben.

This study has been supported by TUBITAK, Project No: YDABAG-102Y052.
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Maden Yataklan Oturumu

Doiju Pontid Masif Siilfitlerinde Bornit Varhii ve Onemi

Emin GIFTG
Nigde Universitesi, M.M.F. Jeoloji Miihendisligi Boliimii, 51200-Nigde

Dogu Pontidlerde bulunan ve cogunlukla Kuroko-tipi oldugu oldugu kabul edilen ist Kretase
masif siilfit cevherlesmeleri genis anlamda sart, yari-siyah ve siyah cevherlerden olugmaktadir. Bu
yataklarin bir kism1 tamamen sari cevherden olusurken, onemli bir kismi sadece siyah cevherden,
basta Cayeli ve Lahanos yataklari olmak tzere de hem sart hemde yari-siyah/siyah cevherden
meydana gelmektedir. Miyosen yash Japon esleniklerinin tersine, dogu Pontidlerde sar1 cevher
daha bol bulunurken, 6zellikle bol bulunan bornit cevheri hem dokusal hem da parajenetik
sekanstaki yeri itibari ile 6nemli bir farklilik olusturur. Bornit cevheri igeren yataklarin ayrintih
cevher mikroskobu incelemeleri, Kankoy yatagt harig digerlerinde bolgesel bir parajentik sekansin
var oldugunu ve bornitin primer sulfit cevherlesmelerinin sonuna igaret ettigini ve biitiin erken
fazlar ornatugini gostermektedir.

Anahtar kelimeler: Bornit, Kuroko-tipi, masif siilfit, dogu Pontidler

Presence and Significance of Bornite Ore in the Massive
Sulfides Occurring in Eastern Pontides

Upper Cretaceous massive sulfide deposits occurring in the eastern Pontides, which are considered
to be Kuroko-type are consisted of yellow, semi-black and black ore in the broad sense. Some of
these deposits contain only yellow ore, some only black ore or as is the case in Gayeli and Lahanos
deposit, some contain both yellow and black ores. On the contrary comparing with the Miocene
Japanese counterparts, the eastern Pontide deposits contain more yellow ore, particularly
abundant presence of bornite ore sets major differences between the two in terms of characteristic
texture and its place in the paragenetic sequence. Comprehensive ore microscopy investigations
indicated that all the massive sulfide deposits but the Kankoy deposit containing bornite ore have
a regional paragentic succesion and the bornite mineralization occurred in the final stage of
primary sulfide deposition and replaced all the earlier phases.
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inler Yaylasi (Sebinkarahisar-Giresun) Kursun-Cinko Yataklarinda Sivi
Kapanim ve Kararl izotoplar (0 ve H) Jeokimyasi incelemeleri

Ahmet GOKGE, Giilcan BOZKAYA
Cumhuriyet Universitesi Jeoloji Mithendusligi Boliimii 58140 SIVAS

Inler Yaylasi kursun-cinko yataklari; Dogu Karadeniz Bélgesinin i¢ kesimlerinde yaygin olarak
gozlenen damar tipi yataklarmn tipik 6rneklerindendir. Yérede, Ust Kretase yash volkanitlerin ileri
derecede altere olmus kesimlerinde,yaklagik D-B dogrultulu fay zonlari boyunca iig cevher damari
belirlenmistir.

Damarlar cevher minerali olarak; sfalerit, galenit, pirit, kalkopirit, fahlerz ve ender olarak da
kalkosin ve kovellin, gang minerali olarak ise kuvars ve kalsit icermektedirler.

Sivi kapanim incelemeleri hidrotermal ¢ozeltilerin tuz bilesimi, tuzluluk ve sicakliklarinin mineral
olusumunun farkli evrelerinde degistigini gostermektedir. Kuvars ile karakterize edilen erken
evrede hidrotermal ¢6zeltilerin sicakhigi ve tuzlulugu (ort. Sicaklik 312.9 °C ve ortalama tuzluluk %
7.0 NaCl egdegeri) yiiksek olup CaCl,, MgCl, ve NaCl icerirler. Siilfiirlii minerallerin olusumu
sirasinda sicakligt ve tuzlulugu orta (ort. Sicakhik 272.0 °C ve ortalama tuzluluk % 4.0 NaCl
esdegeri), bilesim olarak MgCl,, NaCl, FeCl, igeren ¢ozeltilerin ve daha sonraki evrede ise sicakligt
ve tuzlulugu diisiik (ort. Sicaklik 138.5 °C ve ortalama tuzluluk % 2.6 NaCl esdegeri), NaCl,
Na,CO;, NaHCO,, Na,SO, ve KClI iceren ¢ozeltilerin etkili oldugu anlagilmaktadir.

Oksijen ve hidrojen izotoplari (8"*0; +5.0- + 6.7 0o/oo VSMOW ve & D; -83.0- -61.0 o/oo VSMOW)
Jeokimyasi incelemeleri; sivi kapanimlart icinde hapsolmus hidrotermal ¢ozeltiler iginde magmatik
kékenli sularin egemen oldugunu, ok az da olsa meteorik kékenli sularin ve/veya meteorik
kokenli formasyon sularinin da karigmg olabilecegini gostermektedir.

Fluid Inclusion and Stable Isotope (0 and H) Geochemistry of the inler Yaylasi
(Sehinkarahisar-Giresun) Lead-Zinc Deposits

The Inler Yaylasi lead-zinc deposits are typical examples of the vein-type lead-zinc deposits that
occur in the eastern Black Sea region of Turkey. Three ore veins were identified along E-W —
trending fault zones; these veins are hosted by deeply altered, Upper Cretaceous volcano-
sedimentary rocks.
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The ore veins contain sphalerite, galena and minor amounts of pyrite, chalcophyrite, fahlore,
chalcocite band covellite as ore minerals, and contain quartz and calcite as gangue minerals.

Fluid-inclusion studies show that the salt composition, salinity and temperature of the
hydrothermal fluids changed during various episodes of the mineralisation process. The
temperature and salinity of the fluid were high ( avg. Temp. 312.9 °C and avg salinity7.0 % NaCl
equiv.)and the fluid contained CaCl2, MgCl2 and NaCl during an early episode of mineralisation
which was characterisied by quartz crystallisation. The temperature and salinity moderated (avg.
Temp. 272.0 °C and avg salinity 4.0 % NaCl equiv.) and contained the salts MgCl2, NaCl, FeCl2
during the sulfide crystallisation episode; these further decreased (avg. Temp. 138.5 °C and
salinity 2.6 % NaCl eqiv.),and contained the salts NaCl, Na2CO3, NaHCO3, Na2504 and KClI
during later episodes of mineralisation.

Oxygen- and hydrogen-isotope (8""O; +5.0- + 6.7 o/oo VSMOW and 8 D; -83.0- -61.0 o/oo
VSMOW) studies suggest that magmatic water dominated within the mineralising fluid, and it is
possible that small amounts of meteoric water and/or formation water of meteoric origin were
involved.

9N



~ 2003
+ TV 56. Tiirkiye Jeoloji Kurultay:

Tirniwe e
JO00JT RUT ULty 56" Geological Congress of Turkey

Savcilieheyit (Kaman-Kirsehir)
Altini Kuvars Damarlarinda Sivi Kapamim Galismalan

Gllay SEZERER KURU*, Yurdal GENG**

*MTA Genel Miid., MAT Dai.Bsk., 06520, Ankara
**Hacettepe Universitesi, Jeoloji Miihendisligi Boliimii ,Beytepe 06532,ANKARA

Savailiebeyit yéresi alunh kuvars damarlart amfibolit fasiyesi  kosullarinda metamorfizmaya
ugramug Kirgehir Masifi Metamorfitleri i¢inde yeralmaktadir. Bu kuvars damarlarindan alinan
ytizey ve karot érneklerinde, sivi kapanim ¢alismalari yapilmigtir. Bu analiz galigmalar1 sonucu
kuvarslar igindeki birincil sivi kapanimlari,  bilesimlerine gore 5 ayrt sivi kapamim tipine
ayrilmugtir. Stvi kapanimlarin biyikliikleri 1-40 um arasindadir. Homojenlesme sicakliklar , 160-
440°C ve 440°C den daha yiiksek sicakliklar arasmda yer almaktadir. Tuzluluk degerleri %
NaCl es degeri olarak 20-33 arasindadur.

Sivi kapanim analiz gahgmalarina gore , sivi kapanimlarin  bilesim agisindan COy'ce zengin
metamorfik kékenli sulari temsil ettigi diistintilmektedir.

Fluid Inclusion Studies In The Gold-Bearing Quartz Veins In Savciliebeyit
(Kaman-Kirsehir) Region

Savciliebeyit gold-bearing quartz veins are located in the metamorphites of Kirsehir Massif. Fluid
inclusion studies are made on the outcrop samples and the drill-core samples which of the quartz
veins. By the aid of these studies, fluids inclusions in quartz are divided in to ten groups according
to the origin and the composition. The size of the fluid inclusions are changing from 2um and to
40pm. The homogenatization temperatures of the fluid inclusion are between 160-440°C and
greater than 440°C. The salinity degrees are between % 20-33 (NaCl) equvilant salinity.

It can be concluded that the water in the fluid inclusions represents CO,-rich metamorphic
waters.

92



JEQ

00, 8§ 03 N
TiTie S+ " 56. Tiirkiye Jeoloji Kwrultay:
J0L0JT RUTUta! g 56" Geological Congress of Turkey

Koru (Canakkale) Kursun-Ginko Yataklarinin Jeolojisi,
Cevher Mikroskopisi ve Sivi Kapanim incelemeleri

Giilcan BOZKAYA, Ahmet GOKGE
Cumhuriyet Universitest, Jeoloji Mithendisligt Boliimii, 58140 SIVAS

Koru (Ganakkale) baritli kursun - ¢inko yataklart Biga Yarimadasi'ndaki Tersiyer yash volkanik
kayaclar iginde gozlenenen kursun - ¢inko yataklarinin tipik orneklerinden birisi olup, giiniimiizde
kursun - cinko iiretimi amaciyla isletilmektedir. Yataklarin yakin cevresinde ylizeylenen volkanik
kayaclar; Eosen yash Akcaalan andeziti, Oligosen yash Adadag piroklastikleri, Miyosen yash
Dededag dasiti, Pliyo-Kuvaterner yash Karaomerler bazalu seklinde ayrilmuglardir.

inceleme alani icerisinde BKB-DGD dogrultulu bir hat tizerinde pek ¢ok cevherlesme bulunmakla
birlikte, bunlardan yalnizca Eskikisla ve Tahtalikuyu (Sulu Magara) yataklari igletilmektedir.
Tahtalikuyu ve Eskikisla yataklarinda st seviyelerde aglomeratik kayag parcalar1 ve piroklastik
bresler arasindaki bosluklarda ince damar ve damarciklar seklinde geligmis stockwork tipi, alt
seviyelerde ise Adadag: Piroklastikleri icinde K60B/50GB konumlu bir fay boyunca olugmug damar
tipi olmak {izere iki farkh tip cevherlesme gozlenmektedir. Cevherlegsmelerde galenit, sfalerit ve
barit hakim mineraller olup, pirit, kalkopirit, fahlerz (tennantit), markazit, kalkosin, kovellin,
bornit, tenérit ve kuvars az miktarlarda bilesime katilmaktadir. Minerallerin birbirleriyle olan
iligkilerine gore 5 ayri olusum evresi tanimlanmistir. 1. evre; barit ve pirit, II. ve I1l. evreler;
galenit, sfalerit, kalkopirit, fahlerz, bornit ve markazit, IV. evre; barit, kuvars ve kalsit, V. evre ise;
kalkosin, kovellin ve tenorit olusumu ile temsil edilmektedir.

Sivi kapanim incelemeleri sirasinda 6lgtilen Ty, Tm,; ve T, degerleri, mineral olusturucu
hidrotermal ¢ozeltiler iginde CaCl, ve MgCl, gibi tuzlarin bulundugunu, baritlerin olugumu
sirasinda hidrotermal ¢ozeltilerin tuzluluklarmin biraz yiiksek, sicakliklarinin diigtik oldugunu (80
oC'den daha disiik), silftiirlii minerallerin olusumu sirasinda tuzlulugun o6nemli miktarda
distiigind, sicakhgin 270 °C'ye kadar yiikseldigi, sfaleritlerin 120-160 °C sicaklik arahiginda
olustugunu (sfaleritlerde birincil kapanimlar) gostermektedir.

Sonu¢ olarak baritlerin diigiik sicaklik ve yliksek tuzluluktaki cozeltilerce erken evrede
olusturuldugu, siilfiirlic minerallerin ise yiiksek sicakhik ve diigiik tuzluluktaki c¢ozeltilerce daha
sonradan olusturuldugu soylenebilir. Bu durum olagan hidrotermal sistemlere uymamakta olup,
s1g derinliklere inerek az isinmig deniz suyunun bariti olusturacak Ba** ve SO, iyonlarini ¢bzip
getirdigi ve erken evrede ¢okelttigi, derinlere inerek daha fazla isinmis deniz suyunun ise daha geg
ortama geldigi ve yan kayaglardan g¢ozerek tasidig Ph?*, Zn* ve Cu’* gibi iyonlarim ¢okelttigi
seklinde agiklanabilir.
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Geology, Ore Petrography and Fluid Inclusion Studies of
the Koru (Ganakkale) Lead-Zinc Deposits

Koru (Ganakkale) barite bearing lead-zinc deposits are typical examples of the lead-zinc deposits
occurred in the Tertiary volcanic rocks outcropped in the Biga Peninsula. Volcanic rocks around
the investigated deposits are distinguished as; Eocene Akgaalan andesite, Oligocene Adadag
pyroclastics, Miocene Dededag dacite and Plio-Quaternary Karadmerler basalt. Adadag
pyroclastics host the investigated deposits.

Although, a number of mineralization occured in the area, mining activities are concentrated in
the Eskikigla and Tahtalikuyu area. Mineralization in these deposits are developed along a
N60W/50SW trending fault. Stockwork ore veinlets occur in the upper parts while thick ore veins
occur in the lower parts of the mineralized fault. Galena, sphalerite, barite are the main minerals
and accompained by minor amounts of pyrite, chalcopyrite, fahlore (tennantite), marcasite,
chalcosite, covelline, bornite, tenorite and quartz. Five different stages of mineralization were
recognized during the petrographic study of the ore samples; pyrite in the first stage, galena,
sphalerite, chalcopyrite, fahlore, bornite, marcasite in the 2" and 3 stages, barite, quartz, calcite
in the 4" stage, chalcosite, covelline, tenorite in the final stage.

First melting (Tyy), last ice melting (Tm, ;) and homogenisation temperature (T};) measurement in
the fluid inclusions indicate the presence of CaCl, and MgCl, in the mineralizing hydrothermal
fluids, salinity of the hydrothermal solutions is rather high during barite crystalisation in the early
episode of mineralization, while decrased during the sulfide dominated later episode of
mineralization. The temperatures of fluids is low (< 80 °C) during the early episode and increased
up to 270 °C during the later episode. Sulfide minerals seem to be formed in a temperature range
of 120-160 °C according to the primary fluid inclusion in sphalerite crystals.

As a results, it may be concluded that barite was occurred by the low temperature and high saline
fluids in the early episode of mineralization while the sulfide minerals were precipitated by high
temperature and low saline fluids in the later episode of mineralization. This event is not
appropriate for the ordinary hydrothermal systems and can be explained as follows; barite
forming fluids derived either from the shallow depth or the sea water circulated in shallow depth,
it was silightly warmed and dissolved Ba®* and SO, ions from the underlaying basement and
reached into minearalization place in the early episode, while the sulfide forming fluids either
derived from a deeper level or the deep ciculated sea water was highly warmed and dissolved the
Pb**, Zn** ve Cu*" ions from the deeper parts of the basement and arrived to mineralization place
in the later episode of mineralization.
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Elazii -Sivrice— Uslu Cu Cevherlesmesinin Jeolojik Ozellikleri

Ali AYDIN, Ozcan DUMANLILAR, Muhittin YIGMATEPE
MTA Genel Midiirligii, ANKARA

Uslu Cu cevherlesmesi, Sivrice ilgesinin (Elaz1g) yaklagik 30 km GB’sinda Dogu Toros Orojenik
kugagi icerisinde yer almaktadir.

Bolge bu giinkii jeolojik yapisini, Alt Miyosen sonrasi, Arap levhasmim KD'ya, hareketi ile Avrasya
levhasiyla carpismast sonucu meydana gelen kuzey-giiney yonli sikigmalarla kazanmigtir. Dogu
Anadolu Fay1 (DAF), Alt Miyosen’de baslayan ¢arpigmanin giiniimiizde de aktif oldugunu isaret
etmektedir.

Inceleme alaminda gozlenen Paleozoyik yash Piitiirge Metamorfitleri, Jura-Alt Kretase yash
Guleman ofiyoliti ve Orta Eosen yash Maden Karmagigi birbiriyle tektonik iliskili olup, Arap
Platformu iizerine bindirmislerdir. Tektonik iligkili olan bu birimler ayrica DAF tarafindan
kesilmektedir.

Tektonik aktivitenin yogun olarak gézlendigi Sivrice (Elazig) ile Celikhan (Adiyaman) arasinda
MTA tarafindan gerceklestirilen jeokimyasal prospeksiyon caligmalart gergeklestirilmistir. Bu
caligmalar sonucunda bir ¢ok alanda jeokimya anomalileri belirlenmistir. Bunlardan Sivrice
GB’sinda belirlenen Cu-Sb-As anomalisinin tahkiki ile Uslu Cu cevherlesmesi saptanmistir.
Cevherlesme, Piitirge Metamorfitlerine ait kuvarsitler ve ayrilmams sistler ile Maden
Karmagigina ait camurtaslart igerisinde sagimmli, agsal ve damar/damarciklar seklinde
izlenmektedir. Mineralizasyona alterasyon da eslik etmektedir. Cu mineralizasyonu kuvarsiti tercih
etmekte olup, bu kayacta kuvars-serisit ve kuvars- klorit alterasyonu; ayrilmamus sistler ve
camurtaglar igerisinde ise sadece kuvars-klorit alterasyonu belirlenmistir.

Alterasyon zonun uzunlugu yaklagtk 1 km kalinhgi 20-200 arasmdadir. Bu zonun igerisinde
sondajlarla belirlenen 200m uzunluk 40m  kalinliktaki, kuvars-serisit alterasyonu iginde
silislesmenin yogun oldugu kesimlerde Cu degeri ortalama %1,5 dur. Mineralizasyonun
merkezinde yer alan kuvars-serisit alterasyonundan, her iki kenarda yer alan kuvars-klorit
alterasyonuna gegildikce Cu degerleri 100 ppm civarina diismekte, Pb ve Zn degerlerinde ise artig
gozlenmektedir. Serisit-kuvars alterasyonunda bornit, kalkosin, kovellin, dijenit, kalkopirit,
malahit, idiait, fahlerz, tenorit, luzonit izlenirken, serisit-klorit alterasyonunda cevher mineralleri
olarak pirit ve ender kalkopirit ile rutil gozlenir. Ayrica, kuvars-klorit alterasyonuna ugramus
ayrilmans sistler igerisindeki damaraiklarda pirit, galenit, burnonit, bulanjerit, fahlerz ve sfalerit
mineralleri belirlenmistir.

Uslu Cu cevherlesmesi K70D dogrultulu bir uzanima sahip olup, bolgenin bindirme tektonigi ile
uyumludur. Bu veriler 11g1 alunda mineralizasyonun, holgedeki bindirmeler gelisirken  ve/veya
sonraki dénemde hidrotermal faliyetlerle olustugu diisiintilmektedir.
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Hidrotermal akiskanlarin kékeni ise tartismali olup, ya Orta Eosen sonrast magmatik faliyetlerle
yada tektonizma esnasindaki siireclerle iligkili oldugu disiintilmektedir.

Geological Features Of The Uslu Cu Mineralization (Sivrice-Elaziij)

The Uslu copper mineralization is located about 30 km SW of Sivrice town (Elazig province) within
the Eastern Tauride Orogenic Belt.

The region gained its present-day geological structure as a result of N-S directed compressions
caused by northeastward movement of the Arabian Plate subsequent collision the Eurasian Plate
in the post lower Miocene. The collision beginning from the Lower Miocene is still active as
evidenced by EAF itself.

The Paleozoic Piittirge Metamorphics, Jurassic-Lower Cretaceous Guleman Ophiolite and Middle
Eocene Maden Complex, all of which have tectonic interrelationships, were thrusted over the
Arabian Platform. All these units are also cut hy the EAF.

MTA conducted a geochemical survey between Sivrice (Elaz1g) and Celikhan (Adiyaman), where
tectonic activity intensely occurs. As a result of these studies, same geochemical anomalies were
determined. The Uslu Cu mineralization was discovered by follow — up of a Cu -Pb - As anomaly
SW of Sivrice. Mineralization occurs as disseminations, stockworks and veins/veinlets in quartzites
and undifferentiated schists of the Piitiirge Metamorphics and mudstones of the Maden Complex.
Mineralization is accompanied by alteration to some extent. Cu mineralization principally affiliates
with quartzites, accompanied by quartz-sericite and quartz-chlorite alteration assemblages while
undifferentiated schists and mudstones include only quartz-chlorite alteration assemblage.

The total length of the overall alteration zone is approximately 1km with a thickness of 20-200m.
The intensely silicified parts within the quartz — sericite alteration zone having an extension of
200m and a thickness of 40m determined by drilling have an average grade of 1,5% Cu. Going
from the central quartz-sericite alteration to the quartz-chlorite alteration on both sides, Cu
contents drop to about about 100 ppm whereas both Pb and Zn contents increase. Digenite,
chalcopyrite, malachite, idaite, fahlerz, tenorite, bornite, luzonite, chalcocite and covellite occur in
sericite-quartz alteration halo, whereas pyrite and rare chalcopyrite and rutile occur in sericite-
chlorite halo. Additionally, pyrite, galena, bournonite, boulangerite, fahlerz and sphalerite were
identified from veinlets in quartz-chlorite zone within the undifferentiated schist.

The Uslu Cu mineralization strikes N70E and is closely associated with regional thrusting. In the
ligth of available data, 1t can be concluded that mineralization contemporaneously occurred with
regional thrusting or alternatively occurred later by hydrothermal activities.

The genesis hydrothermal solutions is controversial and attributed to either post - Middle Eocene
magmatic activities or syn - tectonic processes.

96



Tiruive \%EX’ 56. Tiirkiye Jeoloji Kurultay
JO0L0J huruttadl 56" Geological Congress of Turkey

Tiirksevin (Afsin-Kahramanmaras) Civarindaki
Epitermal Cevherlesmenin Jeolojik Ozellikleri

Yunus AY, Ozcan DUMANLILAR , Hasan YILDIZ
MTA Genel Miidiirligii

Cevherlesme sahasi Afsin’in (Kahramanmarag) 18 km. batisinda bulunan Tiirksevin Kéyt'niin 2,5
km. giineyinde yer almaktadir.

Afsin ve ¢evresinde M. T.A. Genel Miidiirliigii tarafindan yapilan genel jeokimyasal prospeksiyon
caligmasi sonucunda, Tirksevin Koyt civarinda 28 km? bir alanda Pb-Zn-As anomalileri
belirlenmistir. Anomali sahasinin tabaninda Ust Kretase-Paleosen yagh kumtaglari izlenirken, tistte
ise bindirmeli olarak Permo-Triyas yagh Malatya-Keban Metamorfitlerine ait sist ve mermerler yer
almaktadir. Metamorfitler yaklagik D-B yoniinde bir tektonik zon tarafindan kat edilmektedir. Bu
tektonik zonla es zamanh veya sonraki evrede ortaya ¢ikan magmatik aktiviteyle olugsan dasitler
Malatya-Keban Metamorfitlerini kesmektedir. Tektonik zon cevresinde yogun alterasyon ve
cevherlesme izlenmektedir. Yaklagik 8 km'lik uzunhgindaki zon 50-250m arasinda bir kalinhga
sahiptir. Zon boyunca kuvars-klorit-kil ile zayif kuvars-serisit-kil alterasyonu belirlenmistir.

inceleme alaninin dogusunda dere tabaninda dasit bilesimli altere kayaglar yer alirken, daha st
kotlarda Dinar Gedigi civarinda ise yogun kuvars-klorit-kil alterasyonuna ugramis sistler mostra
vermektedir. Altere zon boyunca barit, florit, mangan oksit ve pirit saginimlari ve damaraciklar ile
limonitlesme izlendigi, ¢aligma alaninin batisinda ise mineralizasyona malahitin de katuldig
goriilmektedir. Bu alanda Cu, Pb, Zn, As, Sb ve Au elementlerinin ulastigi en yiiksek deger
sirastyla 125 ppm, 3253 ppm, 729 ppm, 39300 ppm, 1082 ppm ve 400 ppb dir.

Kuvars -klorit-kil alterasyonu igerisinde barit-gist pargali bresik damarlar, silis- karbonat banth
damarlar ile masif silis - karbonat damarlari ayirt edilmistir.

Alterasyon mineralleri ve damarlarin ozellikleri ile silfid minerallerinin azligindan dolay:
cevherlesme, diisiik siilfidli, epitermal sistemlere benzerlik sunmaktadir.

Ozellikle jeokimyasal analizlerde As ve Sb'nin yiiksek Cu'nun ise diigiik degerlerde olmasi sistemin
aginmadigint isaret etmektedir. Pb ve Zn degerlerindeki yitkselmeler ise farkh evrede gelen
hidrotermal akigkanlar ile agiklanabilir.
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Geological Features of the Epithermal Mineralization
from Tiirksevin (Afsin-Kahramanmaras)

Mineralized area is located about 2,5km. south of Tiirksevin village, 18 km. west of Afgin town
(Kahramanmaras Province)

A reconnaissance geochemical survey which has been undertaken by a team of General Directorate
of MTA around Afsin and nearby areas , resulted in determination of Pb , Zn ,As anomalies over
an area of 28 km? near Tirksevin village. The basement of the area is constituted by sandstones
ofUpper Cretaceous- Paleocene age . Permo-Triassic schists and marbles of Malatya-Keban
metamorphics were thrusted over these units . Metamorphics are cut by a E-trending tectonic belt
- In addition , dacites that resulted from syn or post-tectonic magmatic activity cut the Malatya-
Keban Metamorphics . Strong alteration and mineralization can be observed in association with
this tectonic belt. This approiximatelly 8 km long belt has a width of 50-250 m. Quartz-clorite-clay
and weak quartz-sericite-clay alteration assemblages were defined along the belt.

Altered dacitic rocks are exposed along the stream bed to the study area while schists, strongly
altered to quartz —chlorite-clay assemblage can be identified at upper elevations around Dinar
Gedigi. Disseminations and veinlets of barite, fluorite, mangan oxides and pyrite as well as
limonitization are observed in this area. Highest values of Cu, Pb, Zn ,As, Sb and Au are 125
ppm,3253 ppm, 729 ppm, 39300 ppm, 1082 ppm and 400 ppb , respectively in this part. Mineral
paragenesis is accompanied by malachite at the western part of the study area .

Brecciated veins comprising fragments of barite-schist, silica-carbonatebanded veins as well as
massive silica-carbonate veins were identified in quartz-chlorite-clay alteration zone.

Mineralization shows similarity to low-sulfidation epithermal systems as evidenced by its alteration
assemblages, characteristics of veins and lack of sulfide minerals. High As and Sb values and low
Cu values imply that the system imply that the system is not deeply eroded. Elevations at Pb and
Zn contents may be explained by the access of hydrrothermal solutions at different phases.
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Breslere baili Tepeoha (Havran-Balikesir)
Cu-Mo-(Au) Cevherlesmesine Ait ilk Bulgular

Sahset KUGUKEFE, Ramazan SARI, Mehmet KILIG, Zekai TEKIN, Mehmet AVSAR,
MTA Genel Miidiirligii

Tepeoba Cu-Mo cevherlesmesi, Balikesir ili Havran ilcesi'nin 8 km kuzeyinde yer almaktadir. MTA
Genel Miidiirliigii tarafindan 1990’ yillarda yapilan jeokimyasal tahkik ve agir mineral galismasi
sonucunda elde edilen veriler sahada bir bakir cevherlesmesine isaret etmis ve c¢ahgmalar bu
yonde yogunlastirlmistir.

Sahada Ust Triyas oncesi yash metabazik ve metagokel kayaclardan olusan Kalabak Sistleri ile
bunlar1 kontakt metamorfizmaya ugratan granadiyorit-granit-granitporfir bilesimli granitik
kayaglar yiizeylemektedir. Intrizif kayalar arasinda ana kiitle granadiyoritiktir. Bunlarin bazilari
cevher getirici rol oynamasina kargin, digerleri cevher yoniyle sterildir. Granitoyit ile metamorfik
kayaclarin dokanaginda 0.5-1 km arast genislik ve 4 km uzunlukta skarn, fels ve bres zonlari
geligmistir.

Sahadan 50x100 m grid araliklariyla alinan jeokimyasal toprak ornekleri Cu,Mo, Au, Pb, Zn, Sb ve
As elementleri icin analiz edilmis, analiz sonuglar istatistiksel olarak degerlendirilmis ve buna gore
jeokimyasal dagilim haritalar olugturulmustur. Ayrica sahadan degisik amach kayag ornekleri de
derlenmis ve bunlarin jeokimyasal element icerikleri ile mineraloji-petrografi 6zellikleri
incelenmistir.

Cevherlesme; skarn, fels, bres ve magmatik kayaglarin icerisinde saginimli, damar ve damarciklar
seklinde bulunmaktadir.Yiizeyde az olarak ancak sondajlarda yaygin olarak izlenen cevher
mineralleri pirit, kalkopirit,molibdenit, altn, bornit, malakit, manyetit, hematit ve limonittir.

Litolojik degisime bagli olarak alterasyon minerallerinde de degigim izlenir. Merkezde breslesme
ve hidrotermal biyotit-kuvars olusumlart (potasik alterasyonz) yaygin olarak gozlenirken disa
dogru serisit,turmalin, epidot, klorit ve kalsit mineralleri olugmustur.

Sahada 8 lokasyonda yapilan sondajlarin karot analizlerine gore,ozellikle TPS.1 ve TPS.2
sondajlarinin oldugu kesimde cevherli zonun 270 m derine kadar devam ettigi ve bazi kesimlerin
isletilebilir tenorde oldugu anlagiimaktadir. Ornegin, TPS.1 sondajinda ilk 53 m derinlikteki zon
%1 Cu ve %0.05 Mo tenorliidiir. Tamamlanan diger sondajlara ait karotlarin analizleri devam
etmektedir.

Yerlesim, alterasyon ve jeokimyasal metal dagihmima gore Tepeoba Cu-Mo-Au cevherlesmesi
porfiri tip yataklarla genel olarak benzerlikler gostermektedir.
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Preliminary Findings of the Tepeoba (Havran-Balikesir)
Breccia-Hosted Cu-Mo-(Au) Mineralization

The Tepeoba Cu-Mo mineralization is located 8 km north of Havran town, Balikesir province.
Data obtained from the geochemical follow-up and heavy mineral studies implied a copper
molybdenum mineralization and subsequent efforts have been concentrated on this aspect.

The Upper Triassic Kalabak schists consisting of metabasic and metasedimantary rocks and the
granitic rocks with produced contact metamorphic effects on the Kalabak schists were outcropped
in the study area and the majority of the pluton have granodioratic composition. Some have
possibly played a role as ore generating phase while the others are barren.Some 0,5-1 km wide and
4 km long skarn, fels and breccia zones developed at granitoid-metamorphic rock contacts.

Soil samples collected on a 50x100 m grid were analysed for Cu, Mo, Au, Pb, Zn, Sb and As. The
analytical results have been evaluated geostatistically and geochemical distribution maps were
drawn. In addition, according to the purpose of our study, rock samples were also collected from
the study area and their geochemical analyses and mineralogical-petrographical studies were
carried out.

The mineralization occurs as disseminations, veins and veinlets within skarns, fels, breccias and
magmatic rocks. Ore minerals that are seen as occurring widespread in drill cores include pyrite,
chalcopyrite, molybdenite, gold, bornite, malachite, azurite, hematite and limonite.

Alteration minerals change depending on the lithological variation. Breccias and biotite-quart zone
of hydrothermal origin (potassic alteration?) commonly occur at central part whereas sericite,
tourmaline, epidote, chlorite and calcite develop outwards.

Analysis of core samples, particularly from TPS-1 and TPS-2 of 8 drill holes indicate that ore zone
extends to the depth of 270 m and some sections have mineable grades. For example, first 53 m of
drill hole TPS-1 containes 1% Cu and 0.05% Mo. Analysis of the core samples from the remaining
holes are underway.

The Tepeoba Cu-Mo-Au mineralization shows similar characteristics to those of porphyry-type
deposits in many aspects on the basis of emplacement, alteration features and geochemical
elements distributions.
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Karadeniz Bolgesi Granitoyid Kusaklarina Bagh
Zirkon -Titan Olusumiarinin Belirlenmesi

Osman YILMAZ, Yildinm GUNGOR, Riistem PEHLIVAN

Istanbul Universitesi Miihendislik Fakiiltesi

Jeoloji Miihendisligi Bolimii 34850, Avcilar ~ Istanbul

Karadeniz Bolgesinde Prekambriyen, Paleozoyik, Mesozoyik, Tersiyer ve Kuvaterner yaslt birimler
yaygmdir. Bu birimler igerisinde zirkonyum icin ekonomik bakimdan énemli olan zirkon [(Zr, Hf)
0,.5i0,] mineralini iceren granitoyidler genis kusaklar halindedir. Bu kusaklari doguda Rize
Granitoyidleri ve Giimiishane Granitoyidi ile batida Kastamonu Granitoyidleri olugturmaktadir.
En genig granitoyid mostralart Dogu Karadeniz Boliimiindedir. Bilindigi gibi granitoyidler
icerisindeki zirkon, ekonomik olmaktan uzak oldugu halde, bunlardan ortaya gikan plaser
birikimlerinde titanyum mineralleri ile birlikte ekonomik yataklar olusturmaktadir. Karadeniz
Bolgesinde zirkonlu kumlar, Rize Granitoyidleri gibi Dogu Karadeniz Boliimiinde genis alanlarda
yiizeylenen volkanik kayaglardan tiireyen titanyum mineralli (6zellikle ilmenit (FeO.TiO,),
titanomanyetit [FeO.(Fe,Ti),05]) kumlarla karisarak dere, sahil ve kita sahanhg plaserlerini
olusturmaktadir.

Karadeniz Bolgesinde, zirkon ve ilmenit birlikteligi bu caliyma kapsaminda saptandiktan sonra,
granitoyidlerin yiizeylendigi akarsu havzalari kendi biitinligii icerisinde ayri ayrt ele alinmistr.
Batidan doguya dogru Filyos Havzasi, Harsit Havzasi, Iyidere Havzasi ve Goruh Havzasi gibi dort
bityiik havza ayri ayri, su toplama alani kiigiik olan cay ve dereler ise Diger Havzalar adr altinda
ele alinmistir. Bu havzalardan derlenen ¢ok sayida dere sedimenti ve sahil kumu orneklerinin her
birinde tane boyu dagilimi ve tane boyu degisimi, tuvenan Zr ve Ti degerleri, +1.00, -
1.0040.500, -0.500+0.300, -0.300+0.212, -0.212+0.150, -0.150+0.106, -0.106+0.075, -0.075 mm
elek fraksiyonlarinin Zr ve Ti degerleri ile havza tuvenan mineralojisi, havza tuvenan sallantili
masa konsantresi Zr ve Ti degerleri ve mineralojisi belirlenmistir.

Elde edilen analitik verilere gore zirkon ve ilmenitin -0.150+ 0. 106, -0.106+0.075,--0.075 mm elek
fraksiyonlarinda énemli zenginlesmeler gosterdigi belirlenmistir. Sahil kumlarinda dogal Zr ve Ti
zenginlesmesinin dere kumlarindakine gore ¢ok daha dnemli oldugu da saptanmustir. Dogal
zenginlesme, graniilometrik zenginlesme ve havza tuvenan sallantili masa konsantresi zirkon ve
TiO, degerlerine gore Karadeniz Bolgesinin birinci derecede hedef alanlarinin Trabzon - Hopa
kita sahanhg ve sahil plaserleri ile Coruh Havzasi dere plaserleri olduklar1 ve ayrica, Iilyos
Havzast sahil plaserinin ikinci derecede hedef alan olabilecegi sonucuna varilmistir. Sonug olarak
Ulkemize ekonomik zirkon ve ilmenit plaser yataklart kazandirmak soz konusu oldugunda
yukarida sozii edilen hedef alanlarda ayrintli agir mineral prospeksiyonu  galigmalarimin
baglatilmasi onerilmektedir.
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Determination of The Zircon-Titan Occurences
Depending on the Granitoid Belts in Black Sea Region

Precambrian, Paleozoic, Mesozoic, Tertiary and Ouaternary aged units are common in Black Sea
region. In these units, zircon mineral [(Zr, HHO,.SiO,] -important in terms of zirconium-
including granitoids are wide spread Giimtshane Granitoid in the east and the Kastamonu
Granitoid in the west are the fragments of these belts. The widest granitoid outcrops are in the
Eastern part. As known, zircon in granitoids don’t have economic value, titanium including plaser
deposits generated from these are economically valuable. Sand with zircon in Black Sea Region,
merge with Rize Granitoid’s titanium minerals {especially ilmenite (FeO.TiO.,), titanomagnetite
[FeO(Fe,Ti),0]} including sands generated from volcanic rocks forms the river, coast and
continental shelf plasers.

After ascertaining zircon and ilmenite accompaniment in this studies concept, river basins in which
granitoids outcrop are evaluated separately in terms of its entirety. Four wide basin from west to
east Filyos Basin, Harsit Basin, Iyidere Basin and Coruh Basin respectively one by one, streams
and brooks with small basin are considered as “other basins™. In all of those many stream sediment
and coast sand samples collected from these basins; grain size distribution, grain size
differansiation, tuvenan Zr and Ti values, by +1.00, -1.004+0.500, -0.500+0.300, -0.300+0.212, -
0.21240.150, -0.15040.106, -0.106+0.075, -0.075 mm fine sieve fractions Zr and Ti values basin
travenan mineralogy, basin tuvenan shaking table concentration Zr and Ti values and mineralogy
are determined.

According to analytical datas, it is determined that zircon and ilmenite display serious enrichment
in -0.15040.106, -0.106+0.075, -0.075 mm fine sieve fractions. It is established that natural Zr and
Ti enrichment in sand is more important than the enrichment in stream sand. According to
natural enrichment, granulometric enrichment and basin tuvanen shaking table concentration Zi
and TiO, values, first target areas in Black Sea Region determined are Trabzon-Hopa continental
shelf and coast placers and Coruh Basin stream placers. In addition Filyos Basin beach placers are
suggested to be secondary target areas.

As aresult, it is suggested to put detailed heavy mineral prospection studies in action in the target
areas in order to gain economic zircon and ilmenite placer beds to our country.
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Muratdere (Boziiyiik-Bilecik) Porfiri Cu-Mo-(Au)
Cevherlesmesine Ait ilk Bulgular

Selahattin YILDIRIM, Osman ADIGUZEL, Bekir KATIPOGLU, Hayrullah YILDIZ
MTA Genel Midiirligii

Muratdere porfiri Cu-Mo-(Au) cevherlesmesi, Boziiyiik ile Inegol ilgeleri arasinda yer almaktadir.
Muratdere Cu-Mo-Pb-Zn-Sh-As anomalisi 1998 yilinda MTA Genel Midurluga tarafindan yapilan
bolgesel jeokimya calismasiyla ortaya gikartilmigtir. Sonraki asamada bu anomali igerisinde kalan 8
km? lik alanda detay jeoloji haritasi ve jeokimyasal tahkik caligmast yapilmistir.

Sahada temeli Ust Kretase éncesi (Paleozoyik ?) yagh Alinca Metabazitleri ve Tasarast Mermerleri
olusturur. Ust Kretase yaslt Arifler Melanji dnceki birimler iizerine tektonik olarak gelir. Paleosen-
Eosen yagh Muratdere Granitoyiti bu birimleri keser. Sahadaki porfiri Cu-Mo-Au cevherlesmesiyle
de dogrudan iligkili olan Muratdere Granitoyiti onceki haritalarda gosterilmemis olup, ilk kez bu
caligmayla tanimlanmug ve adlandirimistir. Bu magmatik kayag, ileri derecede altere olmug ve
ilksel dokusu ile mineralojik bilesimi kaybolmustur.

Pliyosen yaslt konglomeralar tiim birimleri uyumsuz olarak orter. Pliyosen yasli konglomeralar: da
etkileyen ve bu nedenle geng olduklari diistiniilen, D-B dogrultulu normal faylar Eskigehir
Fayi'nin bilesenleri olup, cevherlesmeyi de etkiledikleri anlagilmaktadir.

Hem magmatik sokulumda hem de yan kayaglarda piritlesme, limonitlesme, silislesme ve killesme
biciminde alterasyonlar gbzlenmis ancak, birincil alterasyon zonlar1 ikincil alterasyonla
maskelendiginden ayirtlanamammstir. Sagiimli, damar ve damarciklar seklinde pirit, kalkopirit,
molibdenit, limonit ve hematit mineralleri belirlenmistir. Sahanin litoloji, alterasyon ve jeokimyasal
ozellikleri kuzey kesimde porfiri Cu-Mo-Au, giiney kesimde ise epitermal Au cevherlesmesine
isaret etmektedir.

Toprak ve bitki értiisiiniin yogun oldugu sahada baz ve degerli metallerin jeokimyasal dagilimini
ortaya ¢ikartmak amaciyla sirt ve yamag profilleri boyunca 50 m araliklarla 142 jeokimyasal toprak
érnegi almmustir. Ayrica sahanin degisik yerlerinden 23 jeokimyasal kayag alinmustir. Toprak
orneklerinin jeokimyasal analizlerine gore sahada Cu: 750-800 ppm, Mo: 50 ppm, Pb: 130 ppm,
Zn: 180 ppm, Au: 40 ppb, Sh: 18 ppm ve As: 250-300 ppm esik degerleri saptanmus, dagilim
haritalari cizilmis ve jeokimya anomalileri belirlenmistir.

Cu-Mo ve Pb-Zn anomalileri magmatik sokulumla dogrudan iligkili olup, porfiri sistemin
Grtiniidirler. Sh-As anomalileri mermerler ve sistler igerisindedir ve epitermal sistemle iligkilidir.
Au anomalileri degisik kayatiirleri igerisindedir ve her iki sistemle de iligkilidir. Cu-Mo anomalileri
srtlarda daralmakta ve vadilerde genislemektedir. Bu durum yikanma (leaching) veya farkh
aginma seviyesinden kaynaklanabilir.

Sahadaki porfiri cevherlesmenin kesfine ait derinlik verilerini saglayan MDS.2 sondaji (248.05 m)
tiimiiyle altere granitoyitte ilerlemis ve 0.00-194.50 metreleri arasinda cevher zonu kesilmistir. Bu
zon icerisinde yer yer daha ytksek tenorli kesimler de olup, en yiiksek %0.65 Cu ve %0.07 Mo
degerleri saptanmustir. Cevher zonu ortalama %0.2 Cu ve %0.02 Mo tenérlidir.
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Sondajda  kesilen magmatik kayag/kayaclar alterasyondan ileri derecede etkilendiginden
ayirtlanamamaktadir. Karot 6rneklerinde potasik ve fillik alterasyona ait kalmti mineral izleri
gorilmekle birlikte, genel olarak ikincil alterasyonun énceki tiim alterasyonlari maskeledigi ve
taninmaz hale getirdigi anlagilmaktadir.

Preliminary Findings of the Muratdere (Boziiyiik-Bilecik)
Porphyry Cu-Mo-(Au) Mineralization

The Muratdere porphyry Cu-Mo-(Au) mineralization is located between Boziiyiik and Inegol
towns. The Muratdere Cu-Mo-Pb-Sb-As anomaly was detected by a reconnaissance geochemical
survey of General Directorate of MTA in 1998. At later phase, a detailed geological mapping and
geochemical follow-up study were carried out over an area of 8 km? including this anomaly.

The pre-Upper Cretaceous (Paleozoic?) Alinca Metabasites and Tasarast Marbles constitute the
basement in the area. The Arifler Melange of Upper Cretaceous age tectonically rests upon the
older units. These units were intruded by the Muratdere Granitoid of Paleocene-Eocene age. The
Muratdere Granitoid, which is directly associated with the porphyry Cu-Mo-Au mineralization was
firstly mapped and named during this study. This magmatic intrusion is strongly altered and as a
result of this, its original texture and mineralogical composition were obliterated.

The Pliocene conglomerates unconformably overlie all the units. The E-trending normal faults,
which intersected the Pliocene conglomerates and are thus considered to be rather young, are the
components of the Eskisehir Fault and seem to have influenced the mineralization.

Some alteration assemblages such as pyritization, limonitization, silicification and argillization have
been observed in both magmatic intrusion and wall rocks. However, no primary alteration zones
have been identified due to overprinting by secondary alteration effects. Pyrite, chalcopyrite,
molybdenite, limonite and hematite are known to occur as ore minerals. Lithological, alteration
and geochemical features of the area have proved a porphyry Cu-Mo-Au mineralization in the
northern part and epithermal Au mineralization in the southern part. ’

In order to define the distribution of base and precious metal over an area which is densely
covered by soil and vegetation, 142 soil samples were collected at 50 m spacing along ridges and at
base of slopes. In addition, 213 rock samples were taken from different localities for geochemical
analyses. Threshold values of analyzed elements are 750-800 ppm for Cu, 50 ppm for Mo, 130
ppm for Pb, 180 ppm for Zn, 40 ppb for Au, 18 ppm for Sb and 250-300 ppm for As. On the basis
of these, distribution maps were drawn and geochemical anomalies were determined.

Cu-Mo and Pb-Zn anomalies are directly related with the magmatic intrusion and are the products
of porphyry system. On the other hand, Sb-As anomalies are in the marbles and schists, and are
related with the epithermal system. Au anomalies are confined to different rock units and
associated with both systems. Cu-Mo anomalies become narrower along ridges and wider along
valleys. This may be due to leaching or varying levels of erosion.

The drill hole MDS-2 providing data for discovery of porphyry system intersected altered
granitoid along the entire hole (248.05 m) and ore zone between 0.00-194.50 m. This zone also
includes intercepts having higher grades up to 0.65% Cu and 0.07% Mo. Ore zone has an average
grade of 0.2 % Cu and 0.02% Mo.

Magmatic rocks intersected by drill hole can not be identified due to advanced level of alteration.
Even though relict minerals belonging to potassic and phyllic alterations are identified from core
samples, it is evident that early alterations are generally overprinted by secondary alteration effects
making identification impossible.
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Feke (Adana) ve Akcakent (Kirsehir)
Fluoritlerinde Nadir Toprak Elementleri (NTE) Dagilimlan

Yusuf URAS*, Servet YAMAN*, ve Fevzi ONER**
*Cukurova Universitesi Jeoloji Miih. Bol.

=k Meysin Universitesi Jeoloji Miih. Baol.

Bu caligma kapsaminda Feke (Adana) ve Akcakent (Kirsehir) bolgesinde yer alan fluoritlerin nadir
toprak element (NTE) icerikleri belirlenerek, cevherlesmelerin ortamsal yorumu ortaya
konulmaya ¢ahgilmistir.

Feke (Adana) fluoritleri agik gri renkli, orta tabakali yer yer yumrulu kirectaslari iginde damar
seklinde yer almaktadir. Akgakent (Kirsehir) fluoritleri ise yine damarlar seklinde alkali siyenit ve
kuvarsitler icinde gozlenmektedirler.

Feke (Adana) fluoritlerinin ortalama nadir toprak element icerikleri 0.01-2.8 ppm arasinda
degisirken Akcakent (Kirsehir) fluoritleri 0.38-16.1 ppm arasinda degismektedir. Akkaya (Feke)
fluoritlerinin NTE icerigi Akcakent (Kirsehir) fluoritlerine gore daha diigiik bir orana sahip
oldugu saptanmustir. TB/La-Th/Ca diyagraminda Feke (Adana) fluoritleri sedimanter, Akcakent
(Kirsehir) fluoritleri de hidrotermal alana diigmektedir. Buda Feke (Adana) fluoritlerinin
olusumunda diyajenez olaylart esnasinda ortaya ckan sivilarin etkin oldugunu gosterirken,
Akcakent fluoritlerinin olusumunda ise daha yiiksek sicakliktaki hidrotermal soliisyonlarin etkili
oldugunu gostermektedir. Elde edilen bu bulgular arazi gozlemleri ile de bityiik uyumluluk
gostermektedir.

Anahtar Kelimeler: Feke, Akcakent, Fluorit, Nadir Toprak Elementleri (NTE)

Rare Earth Element (REE) Distibutions of Fluorites of Feke (Adana) and
Akcakent (Kirsehir)

Under the comprise of this study, rare earth element contents of fluorites in Feke (Adana) and
Akcakent (Kirsehir) region are determined and also environmental interpretattion of ore are
explained.

Feke (Adana) fluorites are placed in pale grey coloured, medium bedded locally nodular limestone
as a vein. Akgakent (Kirsehir) vein fluorites are situated in alkaline syenite, gabbro and quartzite.

Rare earth elemnt contents vary between 0.01-2.8 ppm in Feke (Adana) fluorites and between
0.38-16.1 ppm in Akcakent (Kirsehir) fluorites. It is determined that REE contents of I'eke (Adana)
fluorites are lower than Akcakent (Kirsehir) fluorites. Feke fluorites plot in sedimentary area and
Akcakent fluorites plot in hydrothermal area in Th/La-Th/Ca diagram. These results indicate that
solutions which are evolved during diagenesis were effective in Feke fluorites formation, while
high temperature hydrothermal solution in Akcakent fluorite formation. These findings and
results are largeley concordant with field observations.

Key words: Feke, Akcakent, Fluorite, Rare Earth Elements (REE)
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Aksaray-Kirsehir Arasindaki Granitoyidler ve Olusum Mekanizmalan

Ramazan DOGAN
MTA Genel Midinrliigic ANKARA

Orta Anadolu'da granitoyidlerin en genis yiizeylendigi bolgelerden birisi de Aksaray-Kirgehir
arasidir. Granitoyidler, Agacoren ve Ekecikdagi civarinda kuzeybati-gineydogu uzanimh biiyiik
ylzeylenmeler halinde, Kizilirmak boyunca ise kiigiik ve izole olmus sokulumlar seklinde
gozlemlenirler.

Bolgedeki granitoyidler MTA Genel Miidirluginiin ‘Asidik Magmatizmaya Bagl Maden
Yataklart Aragtirmalart’ projesi kapsaminda 2002 yilinda cahgilmis ve farkli zaman ve mekanda
olusmus ve belirgin petrojenetik &zellikler gosteren iic ayrt granitoyid serisinin varligi ortaya
konulmustur: 1.Aksaray-Ekecikdag granitoyidleri, 2. Agacoren granitoyidler, ve 3. Kirgehir-
Cefalikdag granitoyidleri.

Aksaray'm hemen dogusu ve kuzeydogusunda bulunan Aksaray-Ekecikdag granitoyidleri olusum
sirasina gore gabro, granodiyorit ve granitlerle temsil olunur. Genellikle mermerler ve kuvars-
serisit sistler igine sokulum yapan serinin biitiin tiyeleri esitli oranlarda siiniimlii deformasyondan
etkilenmiglerdir. Bazen Borucu’'da oldugu gibi granitler iginde S, (K60B) ve S, (K70D) foliasyon
dizlemleri gelismistir. Mamasin barajindaki zayif kiimiilat dokusu haricinde biitiin gabrolar
izotropik olup, asidik ve bazik dayklarla kesilmis ve yer yer ¢ok yogun altere olmuslardir.
Granodiyoritler es tane boylu olup diger granitoyidlere gore biyotitge daha zenginlerdir. Granitler
ise bol miktarda K-feldspat fenokristalleri ile karakteristiktir.

Aksaray-Ekecikdag serisinin hemen kuzeydogusunda iri tane boylu, Fe-Mg minerallerince cok
fakir ve minimum kismi ergime mineral kompozisyonu gésteren 16kogranitler yiizeylenir,
Lokogranitler  siintimlii - deformasyondan — etkilenmediklerinden, veya yer vyer. ¢ok az
etkilendiklerinden, = Aksaray-Ekecikdag granitoyidlerinden daha sonra olustuklart  kabul
edilmektedir. Ayrica Lokogranitler iginde Agacoren granitoyidlerine ait taze asidik dayklarin
bulunmasi onlarin Agagéren serisinin ilk fazlari olduguna isaret eder. Gabrolar icinde bazen 5 m
kalinliga varan iri piroksenli zonlar gelismistir. Lokogranitler maksimum 4 m kalinliginda
pegmatit damarlari ve bazen birkag on metre kalinhginda aplitik dayklarla kesilmistir.

Agagoren granitoyidleri, Aga¢éren civarinda distan ice dogru gabro ve I6kogranitler, es tane boylu
granodiyoritler, birkag fazli porfiritik granitler ve en icte mikrogranitlerden olusmus normal bir
magmatik dizilim gésterirler. Porfiritik granitler degisik tane biiytikligiine sahip bazen 12 c¢m
biytiklige varan K-feldspat fenokristalleri ile bu serinin en biiyiik magmatik fazini olustururlar.

Kirsehir'in - gtineyinde, Kizilirmak boyunca ve Cefalikdag'da goriilen  Kirsehir-Cefalikdag
granitoyidleri diger serilere gore daha az kuvars icerigine sahiptir. Bu seri ile iligkili gabro gibi
bazaltik kayaglar gézlenmez. Bolgedeki metamorfik kayaclar yiiksek sicaklik (amfibolit-granulit
fasiyesi) — dusiik basing (3 kb'dan kiiciik) metamorfizmas: gecirmislerdir (Seymen, 1981). Arazide
metamorfik kayaglarla granitoyidler arasinda tedrici dokanak iliskileri ve amfibolitlerde bazi K-
feldspat porfiroblastlart goriilmiistiir.
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Bolgedeki granitoyidler genellikle kuzeybati-giineydogu ve daha geng kuzeydogu-giineybati yonli
dike yakin faylarla kesilmigtir. Aksaray yakimlarinda deformasyonla es-yash gelismis , diigtik agih
faylarla, Kizihrmak boyunca Eosen formasyonlarn da etkileyen kuzeye dogru bindirme faylar
goruliir.

Orta Anadoluda’ki granitoyidlerin genellikle garpisma ile es ve carpisma sonrast karakterde
olduklart ve Pontid-Anatolit kita carpismasi ile Izmir-Ankara-Erzincan siitur zonunun glineye
dogru siiriiklenmesi sonucunda kalinlagan kita kabugunun altinda olustuklarina inanmilmaktadir
(Boztug, 2000). Ancak bslgedeki bazaltik magmatik kayaglarin ne litolojileri, ne de yapilar boyle
bir goriisii desteklemektedir. Aksine bazaltik, granitik ve siyenitik kayaclar arasinda siki bir jenetik
iliski vardir (Dogan, 2003).

Aksaray - Kirsehir arasmdaki granitoyidlerden daha énce ve daha sonra olugmus bir ¢ok gabro
gelimleri vardir. Bu nedenle gabrolarin granitoyidlerin  olusumunda  etkili olduklar:
diisiintilmektedir.

Kita kabugunun kismi ergimesinin kabuk kalinlagmasina baglt olarak degil de esas olarak gabro
sokulumlart ile getirilen 1st ile iligkili oldugu daha gergeki bir yaklagim olarak éngoriilmektedir.

Son yillarda uluslararast literatiirde garpigma mekanizmasina alternatif olarak bazaltik magma
sokulumlart ile kita i¢i rift havzalarinda da énemli oranlarda granitlerinin olugabilecegi konusunda
model caligmalar vardir (Ryan ve Soper, 2001). Aksaray — Kirgehir arasindaki granitoyidlerin de
buna benzer, daha ¢cok gerilmeli bir tektonik rejim iginde olustuklar diisiiniilmektedir.

Kita ici rift havzalari ile bazaltik magma domlarinin genellikle magma sorguglari (sicak noktalar)
tarafindan olusturulduklart bilinmektedir. Aksaray-Akmezar yakinlarinda yerytizinin 6 km ile 9
km derinlikleri arasinda tespit edilen manyetite zengin dom (Ates ve dig., 1998) ile son yilarda
yapilan MTA Genel Midirlagii Jeofizik aligmalar ile Nevsehir yakinlarinda bulunan yiiksek 1st
akisi anomalisinin bolgede var oldugu distintilen bir magma sorgucu ile iligkili olabilecegi
diistintilmektedir. Bu magma sorgucunun énce graben havzalarmi olusturdugu ve bu havzalara
sedimanter kayaclarin dolmasi ve daha sonra artan riftlesme hizina bagh olarak gabrolarin
intriizyonu ve jeotermal gradiyantin artmasi ile kita kabugunun kismi ergimeye ugradigi ve
granitoyidlerin olugtugu kabul edilmektedir.

Aksaray-Ekecikdag ve Agacoren granitoyidleri ve daha geng bazaltik magmatik serilerin
kuzeydoguya dogru genglesmeleri ve intriizyon uzun eksenlerinin kuzeybatudan kuzeye dogru
degigmesi; merkezi Akmezar yakinlarinda bulunan bir magma sorgucunun (sicak noktanin)
zaman zaman aktivasyonu ile yaklagik kuzey-giiney yonli graben havzasmin tabaninda olusan
granitoyidlerin, Kirsehir Blogu'nun batiya dogru yaklagtk 10 km hareketi ve saatin ters yoniinde
toplam 20" donmesi ile actklanabilir.

The Granitoids Between Aksaray and Kirsehir,
Central Anatolia, and Their Genesis

One of the widest outcrop of the granitoids in the Central Anatolia is in the area between Aksaray
and Kirsehir, Central Anatolia. The granitoids around Agagoren and Ekecikdag crop out as
northwest-southeast elongated large bodies, whereas those along Kizilirmak river are found as
isolated small intrusions.

The granitoids in the area have been studied in 2002 under a regional project of MTA General
Directorate, ‘Mineral Researches Related to Acidic Igneous Rocks’, and three igneous series
formed under spatially and temporally different environments and showing distinct petrogenetic
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features have been distinguished: 1- Aksaray-Ekecikdag granitoids; 2- Agacoren granitoids,and 3-
Kirsehir-Cefalikdag granitoids.

The Aksaray-Ekecikdag granitoids, found Just east and northeast of Aksaray, are made up of
gabbro, granodiorite and granite, in the crytallisation order. All the members of the series, which
intruded into the marbles and quartz-sericite schists are affected by the ductile deformation in
various degrees. Sometimes, as in the granites around Borucu, S, (N60W) and S, (N70E) foliation
planes were developed. Apart from those at the Mamasin dam, which show weak cumulate texture,
all the gabbros are isotropic, cut by mafic and felsic dykes and are strongly altered in places. The
granodiorites are equigranular and richer in biotite relative to the other granitoids and the
granites are characteristic by their rich K-feldspar phenocrysts.

The leucogranites occurring just northeast part of the Aksaray-Ekecikdag series are coarse
grained, have very poor Fe-Mg mineral content and show eutectic mineral composition. Because
the leucogranites are not, or weekly effected by the ductile deformation, they are thought to be
younger than Aksaray-Ekecikdag granitoids. The leucogranites may represent the first phases of
the Agagoren granitoids because they were cut by fresh, acidic dykes belonged to the Agagoren
granitoids. Up to 5 m thick, coarse grained pyroxene-rich zones were sometimes developed in the
gabbros, and up to 4 m thick pegmatite veins and sometimes several ten meters thick aplitic dykes
in the leucogranites.

The Agacoren granitoids show a normal magmatic zonation around Agacoren, The gabbros and
leucogranites found at the outer parts are replaced by equigranular granodiorites, several
porphyritic granite phases and by microgranite dykes inward. The porphyritic granites including
various sized K-feldspar phenocrysts,up to 12 cm big crystals, constitute the biggest part of this
igneous series.

The Kirsehir-Cefalikdag granitoids crop out at the south of Kirsehir, along Kizilirmak river and at
Cefalikdag, Their silica content is lower than the other series. Mafic rocks such as gabbros are not
associated with this series. The metamorphic rocks were resulted from high temperature
(amphibolite-granulite facies) — low pressure (lower than 3 kb) metamorphism (Seymen, 1981).
Some gradual contact relations between the granitoids and metamorphic rocks and K-feldspar
porphyroblasts in amphibolites can be seen in the field.

The granitoids in the area are generally cut by northwest-southeast and younger northeast-
southwest trending nearly vertical faults. Syn-deformation, low-angle faults near Aksaray and-
northward thrusting zones affecting also the Eocene formations along Kizihrmak river were also
developed.

It is generally believed that the Central Anatolian granitoids are syn-and post-collisional in
character and were generated by the thickening of the area by the thrusting of the Izmir-Ankara-
Erzincan suture zone southwards as a result of collision between Pontides and Anatolides (Boztug,
2000). However, neither lithologies nor structures of the basaltic igneous rocks support this idea.
In fact, the basaltic, granitic and syenitic rocks in the area are genetically related to each other
(Dogan,2003).

There are a lot of gabbros, which were formed before and after the granitoids between Aksaray
and Kursehir. So the gabbros are thought to have played some roles in the genesis of the
granitoids in the area. The partial melting of the crust may be essentially related to the heat
brougth by the gabbros not to the pressure made up by the thickening of the crust.

In the recent international literature, it has been modelled that substantial granitic melt can be
generated in intra-cratonic rift basins with the introduction of a modest volume of basaltic magma
as an alternative interpretation to the collision process (Ryan and Soper, 2001). The granitoids
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between Aksaray and Kirsehir are thought to be generated in a similar extensional tectonic
environment.

Rifting within the plates and basaltic igneous domes are generally believed to be produced by
magma plumes (hot spots). A dome rich in magnetite dedected near Aksaray-Akmezar between 6
km and 9 km below the surface (Ates et al., 1988) and the high heat flow anomaly found near
Nevsehir, by regional geophysical studies of MTA General Directorate, can be related to the
presence of a magma plume in the region. The magma plume is expected to have first produced
graben basins, and the sedimantary rocks accumulated in these basins and the basement rocks
were later partially melted by the gabbro intrusions and increased geothermal gradiant as a result
of high speed rifting.

Getting younger ages towards the northeast and changing the direction of the intrusion axis from
the northwest to the north between the Aksaray-Ekecikdag and Agagoren granitoids and younger
basaltic magmatic series can be explained by about ten km westward movement and approximately
a total of 20° counter clockwise rotation of the Kirsehir Block after forming under a nearly north-
south trending graben basin created by periodical activity of a magma plume (hot spot) centered
around Akmezar.
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iskenderun Korfezi Giincel Gokel Ve Foraminiferlerinde
Gozlenen Jeokimyasal Anomaliler

Huseyin YALGIN*, Engin MERIC**, Niyazi AVSAR*** . Omer BOZKAYA*, ipek F. BARUT **
*Cumhuriyet Universitesi Jeoloji Mithendisligi Boliimii, 58140 Sivas
*#stanbul Universitesi Deniz Bilimleri ve l§lelllzecilig"i Enstitiisii, 34470 Vefa-  Istanbul

S CQukurova Universitesi Jeoloji Miihendisligi Béliimii, 01330 Balcali-Adana

Gilincel ve eski denizel ortamlarda karbonat tireticileri arasmda yer alan organizmalarin
kavkilarinda biyojeokimyasal tarihceyi saklamalari, bu canlilarin son yillarda iilkemizde de ayrinuli
bigimde incelenmelerine yol agmistir. Bu calismada glincel bazi foraminifer kavkilarinin
mineralojik ve jeokimyasal ézellikleri belirlenerek; ortamsal kosullar ve gtincel jeolojik anomaliler
arasindaki iliskiler arastirilmistir. Iskenderun Korfezi'nden derlenen iki tortul ornegindeki
foraminifer kavkilart tiim kayac (XRD ve AAS) ve mikroprob diizeyinde incelenerek kavkilarda
renklenmelere neden olan elementler nicel/yari-nicel olarak saptanmistir. Bu 6rneklerin koordinat
degerleri 36 no’lu istasyon icin 36°49 292 K, 36°08 37 D ve 125 no'lu istasyon icin 36°24 80 K, 35°
51 81 D'dur. 36. 6rnekte su derinligi 22.00 m ve 125. érnekte ise 21.00 m’dir. Bu érneklerde
guncel foraminiferlerden Vertebralina striata d'Orbigny, Adelosina partschi (d’Orbigny), A. pulchella
d’Orbigny, Spiroloculina  dilatata d’Orbigny,  Siphonaperta agglutinans (d'Orbigny), S. aspera
(d’Orbigny), Lachlanella variolata (d’Orbigny), Massilina secans (d’Orbigny), Quinqueloculina disparilis
d’'Orbigny, Q. limbata d’Orbigny, Q. stelligera Schlumberger, Triloculina marioni Schlumberger, T.
plicata Terquem, Peneroplis pertusus (Forskal), P. planatus (Fichtel ve Moll), Sorites orbiculus (Forskal)
ve Elphidium crispum (Linné) gibi 11 cins ve 17 tiir saptanmistir. Incelenen foraminifer kavkilarnda
yesil, siyah, pembe, gri ve sari renkli kesimler gozlenmistir. Iskenderun Kérfezindeki glincel
cokeller karbonath kil, killi karbonat ve karbonath ¢amurlardan olusmaktadir. Cokeller; kalsit,
aragonit, dolomit, kuvars, feldispat, kil ve eser miktarda halit icermektedir. Kil fraksiyonunu
smektit, illit, klorit, serpantin, paligorskit ve karisik-tabakali C-S olusturmaktadir. Ornek No
36'daki foraminifer kavkilar baslica aragonit ve Mg-kalsit, daha az miktarda anhidrit, dolomit ve
kuvars icermektedir. Ornek No 195 ise kalsit, Mg-kalsit, aragonit ve eser miktarda dolomit, kuvars
ve sideritten olugsmustur. 36 ve 125 nolu orneklerde sirasiyla kavkilardaki kalsitlerin d(104)
degerleri 2.998 ve 3.000 A, % mol MgCO; igerikleri 12.67 ve 12.00 olup, Mg-kalsit ve yiiksek Mg-
kalsit bilesimine karsilik gelmektedir. Foraminifer kavkilarinim ana element konsantrasyonlar
genis bir aralikta degisim géstermekle birlikte, bazi kavkilarda belirgin farkliliklar ortaya
ctkmaktadir. Renkli kavkilardan elde edilen 18 mikroprob analizinin ortalamasi, tim foraminifer
kavkilarinm temsil edildigi ik ornegin analizinin ortalamasi ile normalize edildiginde, CaO
diginda, diger oksitlerde 19 katina kadar varan zenginlesmeler saptanmistir. Korfezdeki aktif
faylardan ¢ikan sicak sularin tagicdigr iyonlarin deniz suyunda zenginlesmeleri ve sonucta bunlarin
kavkilarda anormal kirlenmeye neden olduklar ileri stiriilebilir. Bu elementlerin canlilarin fiziksel
ve kimyasal islevleri sirasmda ikincil olarak zenginlestirilmis  olmalari da beklenmelidir.
Kavkilardaki Mg/Ca orant 23.54-38.96, Sr/Ca oram 6.22-4.48 arasinda degismektedir. Bentik
foraminifer kavkilarindaki kalsitlerin Mg/Ca orani ile deniz tabani suyu sicakhgi arasinda bir iligki
kurularak 41-50 °C arasinda degisen sicakliklar bulunmustur. Ayni tiire ait kavkilarda bile Sr/Ca
oraninda ortaya ¢ikan farkhliklar, Sr termometresi icin segilecek foraminifer cins veya tirinin ¢ok
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iyi belirlenmesini gerektirmektedir. Giincel foraminifer kavkilarindaki mineralojik-kimyasal
kayitlar gok sayida parametre ile denetlenmekle birlikte, deniz tabani suyu sicakhigindaki anomali,
giincel  kirtk  hatlarina bagh hidrotermal kaynaklart igaret edebilir. Ozellikle  korfezin
kuzeydogusundaki Erzin fcme ve Ihcast bu distinceyi desteklemektedir, Literatiirde korfezde
bulundugu belirtilen yaklagik K-G ve KB-GD dogrultulu egim atmh faylarin varhg da ek bir kanit
olarak gosterilebilir.

Paleontologic and Geochemical Anomalies on Foraminiferal Shells in
the Submarine Sediments of Iskenderun Bay

Organisms as carbonate producers in modern and ancient marine environments were investigated
in our country in recent years in detail because of preserving biochemical history on their shells. In
this study, the relations between environmental conditions and modern geologicnl anomalies were
searched throughly by determining mineralogical and geochemical features of some modern
foraminiferal shells. Foraminiferal tests collected from two submarine sediment samples in
Iskenderun Bay were studied by whole-rock (XRD and AAS) and microprobe methods, and in this
way elements being the cause of colorful on the shells were quantitatively/semi-quantitatively
measured. The coordinate points of these samples are 36°49 22 N and 36°08 37 E for location
numbers of 36 and 125, respectively. Water depths are 22.00 m and 21.00 m for code samples of
36 and 125. 11 genus and 17 species of modern foraminifers were determined in these samples
like Vertebralina striata &’ Orbigny, Adelosina partschi (d'Orbigny), A. pulchella d'Orbigny, Spiroloculina
dilatata d’Orbigny, Siphonaperta aglutinans (d'Orbigny), S. aspera (d’Orbigny), Lachlanella variolata
(d'Orbigny), Massilina secans (d’Orbigny), Quinqueloculina disparilis d'Orbigny, Q. limbata d’Orbigny,
Q. stelligera Schlumberger, Triloculina marioni Schlumberger, T. plicata Terquem, Peneroplis pertusus
(Forskal), P. planatus (Fichtel ve Moll), Sovites orbiculus (Forskal) ve Elphidium crispum (Linné).
Green, black, pink, gray and yellow colored parts are observed in the studied foraminiferal species.
‘The submarine sediments of Iskenderun Bay consist of mostly calcareous clay, clayey carbonate
and calcareous muds. The sediments include calcite, aragonite, dolomite, quartz, feldspar, clay and
trace amount of halite. The clay fractions are dominated by smectite, illite, chlorite, serpentine,
palygorskite and mixed-layer C-S. Foraminiferal shells of Sample No.36 mainly contain aragonite
and Mg-calcite, less anhydrite, dolomite and quartz. Foraminiferal shells of Sample No.125 are
made up of abundantly calcite, Mg-calcite, aragonite and rarely dolomite, quartz and siderite. The
d(104) values and MgCO; of calcites in the shells are respectively 2.998 and 3.000 A, and 12.67
and 12.00 mol % for samples No.36 and 125 that these correspond to Mg-calcite and high Mg-
calcite compositions. The clear differences appear in some foraminiferal species although major
element concentrations of shells show a variation in wide range. Two samples representing all
foraminifers were normalized with the mean of 18 microprobe analyses from colored foraminifer
shells and an enrichment of 19 times for other elements except for CaO were determined. It can
be explained that an abnormal contamination within the shells were caused by enrichments in the
sea water of ions transported with hot waters coming from active faults within the gulf. Moreover,
it should be expected that these elements were secondarily got rich during their physical and
chemical processes by livings. Mg/Ca and Sr/Ca -atios of shells vary between 23.54-38.96 and 6.22-
4.48, respectively. A temperature of 41-50 °C were found by setting up a relationship between
‘Mg/Ca ratio of calcites in benthic foraminifers and sea-floor water temperature. The species or
Kinds of fossil used for Sr thermometer must be carefully selected due to differences in the Sr/Ca
ratios in even same species. The anomaly in the sea-floor water temperature can indicate
hydrothermal springs related to present fracture lines however the mineralogical-chemical records
in the modern foraminifer shells are controlled by many parameters. Erzin mineral springs located
in the northeast of the gulf particularly seem to be supported this opinion. The existence of
approximately N-S and NW-SE dip-slip faults within the gulf cited in the literature can be also
displayed as an additional evidence.
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Aladaiilar'da Karhonatlar igindeki Ph-Zn Yataklaninda Durayh Kiikiirt izotopu
ve Mikrotermometrik incelemeler, Doiju Toroslar, Tiirkiye

Nurullah HANILGI*, Hiiseyin OZTURK*

nurullah@istanbul.edu.tr, ozturkh@istanbul edw.tr
*[.U.Miihendislik Fakiiltesi,Jeoloji Miihendusligi Boliimii, Avcilar Kampusu, 34850, Avelar-Istanbul

Dogu  Toroslar'm  Aladaglar - Zamanti Ph-Zn provensinde ¢ok sayida Pb-Zn vyataklar
bulunmaktadir. Giiniimiizde madencilik faaliyetlerinin sturdiraldigi  Ayrakl, Cadirkaya,
Delikkaya, Sucati ve Denizovast Pb - Zn yataklar: bunlarin en 6nemlileridir. Bolgedeki
cevherlesmeler Yahyali Istifi ile Siyah Aladag Napt’ na ait kayaglar i¢inde bulunur. Yahyah Istifi
Siliiriyen (?) -Alt Devoniyen yagsh kirmtililarla baslayip Triyas yash karbonatlara kadar devam eden
kesintisiz bir seri olusturur. Siyah Aladag Napi ise, Ust Devoniyen - Ust Kretase araliginda
¢okelmis karbonatli ve kirmuli kayaglardan olusur.

Bolgedeki Pb-Zn yataklarindan Ayrakl yatagi; Yahyali Istifi’ ne ait Devoniyen yasli, kalin tabakali,
rekristalize kiregtaglar icinde ve bu kiregtasglart ile kalk sistlerin arasinda, Gadirkaya Yatagy;
Yahyali Istifine ait Permiyen yash, orta-kalin tabakali rekristalize kirectaglari icerisinde yer
almaktadir. Permiyen vyash rekristalize kiregtaglar1 U.Kretase- A.Tersiyer yagh Karamadazi
granitinin dayklari tarafindan kesilmistir. Delikkaya ve Sucati yatagl ile Denizovasi-Uzunkol Tepe
yatagt Siyah Aladag Istifi'ne ait Jura yagl, kalin tabakali, masif gorintmli kiregtaglar: igerisinde
bulunur. Denizovasi-Celaldag yatagi ise Siyah Aladag Istifine ait Ust Permiyen yash Mizzia'li
kiregtaglari igerisinde yer almaktadir.

Gadirkaya yatagi harig, bolgedeki cevherlesmelerde ana cevher minerali simitsonit ve galenittir.
Diger izlenen mineraller; sfalerit, pirit, markazit, anglezit, seriizit, hidrozinkit, zinkit, kalsit,
dolomit ve kuvarstur. Farkh olarak Gadirkaya Yataginin  ana cevher minerali sfalerit olup,
parajenezde kalkopirit de izlenmektedir.

Pb — Zn yataklarindaki mikrotermometrik 8lciimler, sfalerit minerallerinde tespit edilen birincil ve
yalanci ikincil (pseudosecondary) sivi kapanimlarda gergeklestirilmistir. Stvi kapanimlarin tamami
iki fazli olup, (L-sivi+V-gaz) homojenlesme sivi fazda gerceklesmigtir. Mikrotermometrik
incelemeler; Ayrakli yatagini olusturan ¢ozeltilerinin bilesiminde NaCl, CaCl,, MgCl,, LiCl gibi
tuzlarin hakimiyetini ve %14 ile %26 arasinda yiiksek tuzluluk (NaCl esdegeri) degerlerini
gostermektedir. Denizovasi yatagiin ise yine % 23 ile % 28 gibi yiiksek tuzluluga (NaCl esdegeri)
sahip ve bilesiminde NaCl, CaCl,, MgCl, ve FeCl, gibi bilesenlerin baskin oldugu bir sicak su
sistemiyle iligkili - olustugunu géstermektedir. Ayrakli yataginda, cevherlesme sirasindaki
gozeltilerin sicakliklarinin 50 °C ile 229 °C arasinda, Denizovasi yataginda ise; 86 °C ile 162 °C
arasinda bulundugu, her iki yatak icin cevherlesme stiresince cozelti tuzlulugunda pek bir
degisikligin olmadig saptanmustir.

Durayli  kiikiirt izotopu incelemeleri sfalerit, galen ve piritlerden yapilmstir. Gadirkaya
cevherlesmesinde bulunan 0,34 ile -0,59 arasidaki 0°'S %, degerleri, kiikiirdiin magmatik bir
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kaynakla iligkili olabilecegine isaret etmektedir. Ayrakli cevherlesmesindeki  -5,4 ile -2,12
arasindaki hafifce negatif 0'S %, degerleri ise , kiikiirtiin %28 izotopu agisindan zengin organik
maddeyle iliskili bir kaynaktan geldigi seklinde yorumlanabilir. Delikkaya, Denizovast ve Sugati
yataklarindaki +7,55 ile +12,19 arasindaki gorece pozitif [''S degerleri ise kiikiirtiin magmatik

sistemden ote deniz suyundan veya lokal evaporitler gibi daha yiiksek *'S icerigine sahip bir
kaynaktan gelmis olabilecegine isaret etmektedir.

Dogu Toroslar’ daki Pb-Zn vyataklan, farkhi yagtaki  kayaglar icinde bulunmakta, farkh
homojenlesme sicakliklari ve sivi bilesimleri gostermekte, farkli izotop degerleri ve cevher tiirleri
icermektedir. Bu durum, Pb-Zn yataklarmmn gok evreli bir olusum oykiisiine sahip olduguna
isaret etmektedir. Ote yandan, cevherlesmenin sicak sulara bagly, tabakaya uyumlu ve uyumsuz
olarak siilfiirlii cevherlesme siireci gegirdigi, daha sonra ise gerek yerli yerinde, gerekse diger
kirik- karst sistemlerine aktarilarak karbonatl yataklarin olustugu soylenebilir.

Anahtar Kelimeler: Dogu Toroslar, Pb-Zn cevherlesmest, mikrotermometyik incelemeler, durayl kitkint
izotopu. '

Stable Isotope and Microtermometric Studies in Carhonate - Hosted Ph-Zn
Deposits in Aladaijlar, Eastern Taurus, Turkey

There are a number of lead-zinc deposits in Aladaglar-Zamanti province in Eastern Taurus. The
Ayrakli, Gadirkaya, Delikkaya, Sugati and Denizovasi Pb-Zn deposits, which were recently mined,
are the most important ores. Mineralizations in the area occur within the rocks that belong to the
Yahyali Sequence and the Siyah Aladag Nappe. The Yahyali Sequence shows continuous series
and starts with Silurian (?)- Early Devonian aged terrigenous rocks extending to Triassic aged
carbonates. The Siyah Aladag Nappe consists of carbonate and terrigenous sedimentary rocks,
deposited between Upper Devonian to Upper Cretaceous.

The Ayrakli Pb-Zn deposit occurs within the thick layered, recrystallized Devonian limestones and
at the contact of the limestone with the calc-schist that belongs to the Yahyali sequence. The
Cadirkaya deposit occurs in the medium to thick bedded Permian limestones which belong to the
Yahyali Sequence. The Permian recrystallized limestones are cut by dykes of the Upper Cretaceous
—Early Tertiary aged Karamadazi granite. The Delikkaya, Sucati and Denizovasi-Uzunkoltepe
deposits occur within the thick layered, massive Jurassic limestones which belong to the Siyah
Aladag Nappe. The Denizovasi-Celaldag deposit occurs in the Upper Permian limestones with
Mizzia which belong to the Siyah Aladag Nappe.

Main ore minerals in the deposits, except Gadirkaya, are smithsonite and galena. Other minerals
are sphalerite, pyrite, marcasite, anglesite, cerussite, hydrozincite, zincite, calcite, dolomite and
quartz. Whereas, the main ore mineral of the Cadirkaya deposit is sphalerite and, it contains
chalcopyrite.

Microtermometric studies have been carried out on the primary and pseudosecondary fluid
inclusions in sphalerite minerals. All inclusions were two phase inclusion and homogenization
occurred in a liquid phase. Fluid inclusion studies indicate that the ore forming fluids, which is
responsible for the Ayrakli deposit, contains NaCl, CaCl,, MgCl, and LiCl, their salinity is high and
range between 14% and 26 % NaCl equivalent. Denizovasi deposit is also has high salinity range
between 23% and 28% NaCl equivalent and contains NaCl, CaCl,, MgCl,, FeCl,. These data
indicate that the ore forming fluids should be related to warm water which is dominant with salty
systems such as NaCl, CaCl,, MgCl,, LiCl and FeCl, Homogenization temperature during the
mineralization is between 50°C and 229°C for the Ayrakh deposit, and between 86°C and 162°C for
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the Denizovasi deposit. Microtermometric data indicate that the salinity of the ore forming
solution was not changed during the mineralization in the both deposits.

Stable sulphur isotope studies have been carried out on sphalerite, galena and pyrite minerals. 0*'S
%0, values between 0,34 and -0,59 in the Gadirkaya deposit indicate that the sulphur source may be
related to a magmatic origin. Slightly negative 0''S %, values between -5,4 and -2,12 in the Ayrakh
deposit indicate that sulphur may be originated from a source related to organic compounds that
is rich in ™S isotope values. Relatively positive 7S %, values between +7,55 and +12,19 in the
Delikkaya, Denizovasi and Sugati deposits indicate that the source of sulphur might be sea water or
local evaporates, rich *'S isotope values, beyond a magmatic source

Lead-zinc deposits in the Eastern Taurus occur within different age rocks, have different
homogenization temperature, solution systems and isotope values, and show different ore types.
This illustrates that the Pb-Zn deposits have a multi-stage formation story. It is suggested that the
first mineralization occurred as concordant and discordant bodies via hot waters, followed by
sulphur mineralization; the mineralizing fluids were precipitated carbonate ore bodies in situ or by
transfer to fracture and karst systems within the limestones.

Key Words: Eastern Taurus, Pb-Zn mineralization, Microtermometric studies, stable sulphur isotopes.
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Mersin, Ciftlikkdy Bolgesinde Manganez igin Biyojeokimyasal Prospeksiyon

Erkan DEMIR ve Zeynep OZDEMIR
Mersin UniversitesiMiihendislik Fakiiltesi,Jeoloji Miihendisligi Boliimii

(E-mail: zozdemir@mersin.edu.tr)

Biyojeokimyasal prospeksiyon yontemleri, bilinmeyen maden yataklarinin ortaya gikarilmasi
amactyla bitki érneklerinin kimyasal analizinin yapilmasi ilkesine dayanmir. Bu amagla Zn, Cu, Mn,
Fe, Au, Ni, U gibi elementlerinin olusturdugu maden yataklarinm saptanmast igin bir ¢ok
indikator bitki kullanilmistir. Ayrica gogu bitki tirti de gevresel ortamin gozlenmesi amactyla
(6zellikle ortamdaki metal kirliliginin ortaya ctkarilmasy)  kullanilmisur. - Yapilan literatiir
caligmalarinda Pinus brutia bitki tiriinin manganez yataklari igin biyojeokimyasal indikator
oldugu ve cevresel monitor olarak kullanilabilecegi belirtilmistir.

Bu cahymada Mersin Ciftlikkoy bolgesinde 17 adet istasyondan Pinus brutia (¢cam) bitkisinin dal ve

toprak  6rnekleri  toplanmus, drneklerdeki mangan  diizeyleri  atomik absorbsiyon
spektrofotometresi ile saptanmistir. Elde edilen sonuclar diger ¢cahgmalar ile kargilastirlarak, bu
bolgede biyojeokimyasal prospeksiyonun yapilmasinin yaninda gevresel ortamin belirlenmesi
arastirmistir. ‘

Biogeochemical prospecting for Manganese in the Giftlikkdy area, Mersin

Biogeochemical methods of prospecting involve the chemical analysis of vegetation in order to
detect mineralization in the underlying substrate. There are probably more plant indicators of Zn,
Cu, Mn, Fe, Au, Ni, U than for any other element and the reputation of such indicators has in
some cases been established for over a century. On the other hand, many plant species could be
used successfully for environmental monitoring.

In this studies, twigs of the Pinus brutia (pine) and soil samples were collected from Ciftlikkoy area
at 17 sites, and analyzed for manganese by the atomic absorption spectrophotometer. The
manganese concentration of the Pinus brutia (pine) were compared to obtained from the other
studies and investigated the role of Pinus brutia as a biogeochemical indicator for environmental
monitoring manganese in soil.
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Madenli ve Belceiiz Arasindaki Listvenitlerin Jeolojisi,
Jeokimyasi ve Gelisimi (Gelendost-Sarkikaraaijac, Isparta)
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Stleyman Demarel Universitesi Mithendislik-Mimarlk Fakiiltesi Jeoloji Miih. Boliimii, 32260, Giiniir-Isparta.

ocengiz@mmf.sdu.edu.tr, mkuscu@mmf.sdu.edu.tr

Inceleme alani, Orta Toroslar'da bulunan Isparta Biiklimiintin dogu kesiminde yer alan,
Beysehir-Hoyran naplarinin bir béliimiini olusturmaktadir.

Gahsma alaninda yer alan kaya birimleri, tabanda otokton konumlu Jura yagh dolomit ve
dolomitten olusan Hacialabaz formasyonu ile baglar. Uzerine uyumlu olarak Kretase-Alt Tersiyer
yasgh dolomitik kiregtagi ve kiregtaslarini kapsayan Anamasdag formasyonu gelir. Anamasdag
formasyonu iizerinde de, Orta Eosen yash Golgeli formasyonu uyumlu olarak gézlenir. Allokton
konumlu Beysehir-Hoyran naplar ile iligkili Ust Eosen yerlesim yash Sarkikaraagag Ofiyolitleri ile
listvenitler, Ust Eosen yash Egirler formasyonu ve Deliktag formasyonu bu birimler iizerine
oturur. Biitin bu birimleri otokton konumlu Ust Eosen yash Bagkonak formasyonu, Ust Miyosen-
Pliyosen yash Goksogit formasyonu agisal uyumsuz olarak iistler. En tstte ise alivyon ile yamag
molozundan olugan Kuvaterner yash geng ¢okeller uyumsuz olarak bulunur.

Beysehir-Hoyran Naplarina bagh olan Sarkikaraagag ofiyolitlerinin alterasyonu ile gelisen ve
aragtirmanin amacini olusturan listvenitler, genellikle KB-GD dogrultusunda 16 km uzanim, 80 ile
750 m arasindaki bir genislikte yayihm sunmaktadir.

Madenli ve Belcegiz bolgelerinde yiizeyleyen listvenitler, mineralojik bilesimi, ayrigma derecesi,
Jjeokimyasal 6zelliklerine ve olusumlarina gore silis-karbonatli ve karbonatli olmak iizere iki tip
olusum gosterirler. Mineral bilesimi bakimindan silis-karbonath listvenitlerde kuvars, kalsit,
dolomit, kil (serpantin), enstatit, forsterit, amfibol, plajioklas ve manyezit mineralleri izlenir.
Karbonatl: listvenitlerde ise kalsit, dolomit, kil (serpantin, Mg-smektit), kuvars, enstatit, forsterit ve
manyezit mineralleri belirlenmistir:

Hidrotermal eriyikler, atmosferik sular ve etkenler, ultrabazik kayaglar alterasyona ugratmis ve
onlarmn  elementlerini ¢6zmiis, tasimig ve kaybettirmistir. Bununla birlikte go¢ etme yetenegi az
olan elementler yerinde birikerek element zenginlesmesine neden olmuslardir. Kayip oksitler ve
elementler; MgO, SiO,, Fe,O,, MnO, Co, Ni, Zn, Cu, Fe, ve Cr, kazanilmis oksitler ve elementler;
Si0,, CaO, CO.,, Au, As, Ba ve Sr, degismez oksitler ve elementlerinde; Al,O4, Na,O, K,O, TiO,,
P,O;, Rb, Sc, Cr ve nadir toprak elementler oldugu tespit edilmistir.

Au igin genellikle potansiyel kaya olan listvenitlerde aragtirma sahasinda Au, As, Zn ve Cu element
zenginlesmesine rastlanmamustir.

Sarkikaraagag ofiyolitleri, serpantinlesmis, tektonizmanin etkisiyle kirilmug, pargalanmus, ezilmis,
lateritlesmis, limonitlesmis ve gecirgen bir yapt kazanmustir. Ca, yorede yiizeyleyen karbonath
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kayalart olusturan litolojilerden, CO,, atmosferden ve amlan formasyonlar ile ¢okellerden, Mg*
iyonlart da ultrabazik kayalardan kaynaklanmaktadir.

Cahgma sahasinda silis-karbonat ve karbonat tipi seklinde gelisen listvenitlerin; tektonik yerlesimin
ge¢ evrelerinde meydana gelen deniz suyu ve formasyon suyu ile etkilesimli olan hidrotermal
sistemlere ve atmosferik etkenlere bagh olarak olustugu dustiniilmektedir. Sonug olarak, ¢alisma
alanidaki listvenitler ana MORB'la iligkili hafif nadir toprak elementli tiiketilmis magmadaki
ultramafik kayaclardan tiremislerdir.

Geoloyy, geochemistry and evolution of listwaenites hetween
Madenli and Belcegiz (Gelendost-Sarkikaraagac, Isparta)

The study area is situated in the Beysehir-Hoyran nappes in the eastern limb of Isparta Angle
(Central Taurid).

The rock units in the investigated area begin with autochthonous Hacialabaz formation composed
of dolomite and limestone of Jurassic age, and pass upward dolomitic limestone and limestone of
Anamasdag formation of Cretaceous-Lower Tertiary age. The Golgeli formation of Middle Eocene
age rest conformably upon this unit. Sarkikaraagac ophiolite and listwaenites, Egirler formation,
and Deliktas formation of Upper Eocene age, which are allochthonous units of Beysehir-Hoyran
nappes, overlie tectonically autochthonous units. These autochthonous and allochthonous units
are overlain unconformably by Bagkonak formation of Upper Eocene age, Goksogut formation of
Upper Miocene-Pliocene, alluvial and slope deposits.

The listwaenites formed by alteration of Sarkikaraagac ophiolite extend 16 km in NW-SE
direction, and display 80 to 750 m width.

Based on mineralogical composition, alteration intensity, geochemical characteristics and
formation, listwaenites outcropping between Madenli and Belcegiz display two types of formation
(silica-carbonate and carbonate type listwaenites). In terms of mineralogical composition, quartz,
calcite, dolomite, clay (serpentine), enstatite, forsterite, amphibole, plagioclase, and magnesite have
been observed in silica-carbonate type listwaenites. Carbonate type listwaenites contain calcite,
dolomite, clay (serpentine-i—l\r’lg-smectite), quartz, enstatite, forsterite, magnesite minerals.

Hydrothermal solutions and atmospheric water altering the ultramafic rocks have been dissolved
the soluble elements, and then carried and removed ions and chemical compounds. However,
moving of soluble elements from the rocks, enrichment of dissoluble elements have been clearly
observed. Lost oxides and elements; MgO, SiO,, Fe,O;, MnO, Co, Ni, Zn, Cu, Fe and Cr, gained
oxides and elements SiO,, CaO, CO,, Au, As, Ba and Sr, and immobile oxides and elements Al,O,,
Na,0, K,O, TiO,, P,O;, Rb, Sc, Cr, and rare earth elements.

In study area, Au, As, Zn and Cu element enrichments weren’t observed in listwaenites known as
potential rocks for Au.

Sarkikaraagac ophiolite has been serpentinized, milonitized, limonitized and lateritized, and
displays porous structure. Ca from the lithologies including carbonate rocks of the region, CO,
both from these lithologies and atmosphere, and Mg ions result from ultrabasic rocks.

Silica-carbonate and carbonate type of listwaenites are thought to formed depending on
hydrothermal systems in connection with seawater and formation water in the late stages of
tectonic emplacement and atmospheric effects. As a result, listwaenites outcropping in the study
area have been derived from which originated mid-ocean ridge environment ultramafic rocks
from light rare earth elements depleted magma.
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Malatya —Yesilyurt Altinh Florit Cevherlesmeleri

M. Kemal REVAN", Yurdal GENG™*, Ozcan Dumanlilar*

"MTA Genel Miidiirligii, Maden Etiid Daires: Bagkanligi, 06520 ANKARA
" Hacettepe Universitesi, Jeoloji Miihendistigi Boliimii, 06532, Beytepe ANKARA

Alunli florit cevherlesmeleri, Yesilyurt (Malatya) ilgesinin yaklagik 20 km giineyinde, L40cl - L40c4
paftalart igerisinde yer almaktadir. Jeolojik agdan, Dogu Toros Orojenik kusaginin orta
kesimlerinde yer alan ¢alisma alaninda, Malatya Metamorfitleri ile Maden Karmagigi'na ait
birimler yer almaktadur.

Altnli florit cevherlesmeleri, Paleozoik yash Malatya Metamorfitleri'ne ait kristalize kiregtaglar ile
bunlarin izerinde diskordans olarak bulunan sistlerin dokanaklari boyunca gézlenmektedir.
Cevherlesme kalinhgi 1 ila 40 metre arasinda degismektedir. Cevher iceren zonlar diskordans
diizlemleri boyunca yaklagik 10 km takip edilebilmektedir. Cevherli zonlar yer yer bresik yapida
olup, bres matriksi baglica kuvars ve floritten olugmakta, bres parcalari ise rekristalize kirectas: ve
sist bilesimindedir. Bresik cevher zonlarinda alun icerikleri 12 ppm’e kadar ulagmaktadir. Bresik
yapmin gozlenmedigi seviyelerde altin igerigi daha disiik olup 100 ppb’ye kadar diigmektedir.
Analiz sonuglaria gore florit degerleri, %8 - %37 arasinda degismektedir.

Jeolojik konumu, yapi-doku ézellikleri ve mineralojik bilesimi acisindan Yesilyurt (Malatya) Alunh
florit cevherlesmesi rekristalize kiregtaslari ile sistler arasindaki diskordans diizlemlerine bagli bir
cevherlesmedir. Bu tiir bir cevherlesme Dogu Toros Kusaginda ilk defa tanimlanmaktadir.
Konumu ve yayihmi dikkate alindiginda, bu tiir bir cevherlesmeler agisindan Dogu Toros
Kugaginin 6nemli potansiyel sahalar olabilecegi diisiiniilmektedir.

Malatya -Yesilyurt Gold-Bearing Fluorite Mineralizations

Gold-bearing fluorite mineralizations are located about 20 km to the south of Yesilyurt (Malatya).
The units of Malatya Metamorphics and Maden Complex take place in the investigated area,
which is geologically situated in the central part of the Eastern Taurus Orogenic Belt.

It is possible to observe the gold-bearing fluorite mineralizations along the contacts between
crystallized limestone of Paleozoic aged Malatya Metamorphics and schists, which unconformably
overlie the former. The zone of mineralization varies from 1 m to 40 m in thickness. The ore-
bearing zone may attain lengths of up to 10 km along the unconformity surfaces. These type of
zones are intermittently observed as brecciated. The matrix of breccia is mainly composed of
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quartz and fluorite in high concentration and the fragments within the breccia can be defined as
crystallized limestone and schist in composition. As for the gold contents of the breccia ore zones,
they reach up to 12 ppm. However, when there is no breccia texture observed at certain horizons,
the gold content gets much lower and decreases up to 100 ppb. According to the results of the
analysis, the fluorite contents range from %8 to < 37.

In terms of geologic position,' structural-textural leatures, and mineral content, the Yesilyurt
(Malatya) gold-bearing fluorite mineralization is a distinct one formed by the uncorformity surfaces
that developed between crystallized limestones and schists. It is the first time that such
mineralizations in the Eastern Taurus Belt have been defined. Hence when its geologic position
and extension are concerned, this type of mineralization seems to be extremely important to form
a basis for further exploration studies in the Eastern Taurus Orojenic Belt.
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Gayagzi-Terziali (Kirsehir) Altin Cevherlesmesi: Kirsehir .Ma_:.;itinde
Diskordans Diizlemi Kontrollii Altin Cevherlesmelerine ilk Ornek

Yurdal GENG *, Halil TURKMEN **, Ebru COSKUN
Asum CAMASIRCIOGLU ™, Iy AYDINLI ™ ve Biilent DEMIRAY **
" Hacettepe Univmsilesi, Jeoloji Mii/zendislig‘i Biliimii, 06532 Beytepe-Ankara
e-mail: ygenc(@hacettepe.edu.ir
" MTA Genel Miidiirliigic Maden Etid Dairesi Baskanligr, 06520 Ankara

Gayagzi-Terziali alun cevherlesmesi Kirgehir ilinin 20 km kuzeybatisinda Gayagzi-Terziali koyi
sinirlart igcinde yeralmaktadir,

Altn iceren zonlar metamorfik Kayaclar iginde‘bulunmak[adnn Metamorfik kayaglar stratigrafik
olarak altta gnays-mermer- sist ardalanmasi ve mermerlerden olugsmaktadir. Bu metamorfitlerin
tizerine ise diskordansla kuvarsii, mermer ve amfibolit arabandlari iceren mikagistler gelmektedir.
Buiki kayag grubu arasindaki diskordans diizlemi kuvarsitler ve silislesmis mermerlerin varligiyla
karakterize edilmektedir.

Metamorfitler icindeki yiiksek altin degerleri silislesmis mermer seviyelerinde ve mermerlerin
lzerine gelen sistlerin paleo-yiizeysel bozunma (saprolit) zonlarinda elde edilmektedir. Silislesmis
mermerlerin altun igerikleri 1 ppm’in altinda kalirken sistlerdeki saprolit zonlarmin altin icerigi 4
ppm’e kadar ulagmaktadir. Silislesmis mermer zonlarinda altin iceriginin diisiik olmasina ragmen
bu kesimler ayrica florit zenginlesmeleri de icermektedir. '

Cayagzi-Terziali alun cevherle§meleri,jeolojik ve mineralojik 6zellikleri acisindan, Kirsehir Masifi
metamorfitlerindeki diskordans diizlemlerine ve paleo-yiizeysel bozunma zonlarma bagh alun
zenginlesmelerinin literatiirde bilinen ilk ornegidir. Bu acidan degerlendirildiginde Kirsehir
Masifi metamorfitlerindeki diskordans diizlemlerinin alun ve florit cevherlesmeleri agisindan
onemli bir potansiyel olusturabilecegi diistintilmektedir.

Gayadzi-Terziali (Kirsehir) Gold Mineralisation:
The First Example of Unconformity-Related
Gold Mineralisations in the Kirsehir Metamorphic Massif

Cayagzi-Terziali gold mineralisation is located 20 km northwest of Kirsehir, near the village of
Gayagzi-Terziali. Gold rich zones are found in the metamorphic rocks. Stratigraphically lower part

of the metamorphic rocks from bottom to top, mainly consists of gneiss-schist-marbel alternations
and marbles. These basal metamorphic rocks are unconformably overlaid by micaschists with
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quartzite, marble and amphibolite intercalations. The unconformity planes between the basal and
cover series are characterised by the silicified marbles and quartzites.

The high gold grades are detected in the silicified marbles, and in the saprolitic paleoweathering
sones of micaschists which discordantly overly the marbles. Gold content of the silicified marbles is
low (< 1ppm), whereas gold grades of the saprolitic weathering zones reach up to 4 ppm. On the
other hand, silicified zones in marbles also contain fluorite enrichments.

From geological and mineralogical point of wiev, Cayagzi-Terziali gold mineralisation is the known
first example of the unconformity-, and saprolitic weathering zones- related gold mineralisations in
the Kirsehir Massif. It is considered that unconformity surfaces and saprolitic weathering zones in
Kirsehir Massif are important target areas for further exploration programs for this type of gold
deposits.
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Sincik - Adiyaman Yéresi Altinli Kuvars Damarlar

Banu GULTEKIN®, Yurdal GENG™", Ozcan DUMANLILAR®
"MTA Genel Miidiirliigii, 06520 Balgat-Ankara
“Hacettepe Universitesi, Jeoloji mithendisligi Boliimii, 06532 Beytepe-Ankara
e-mail: ygenc@hacettepe.edu.tr

Sincik-Adiyaman  yéresi  alunli kuvars damarlarimi  iceren boélge Malatya'nin 70 km
glineydogusunda yer alir. Alunh kuvars damarlart tektonik agidan Giineydogu Anadolu Bindirme
Kusaginda bindirme zonunun tavan blogunu olusturan Paleozoik yaslt Plitiirge Metamorfitleri
icinde bulunmaktadir. Bindirme zonunun tabani ise Kretase, Eosen ve Miyosen yasli genc
birimlerden (Kocali Karmagigi, Midyat Formasyonu ve Lice Formasyonu) olusmaktadir.

Kuvars damarlart genelde iri taneli-kristalin kuvarslardan olusurken, yer yer kuvarslara
karbonatlar da eslik etmektedir.Kuvars damarlarinin devamliliklar dogrultu boyunca 50-100 m
arasinda degismektedir.Kuvars damarlarinim kaliliklar 1-2 ' m arasinda olup birbirine paralel
uzanan kuvars damarlarinin olusturdugu  zonlarin kalinligi  yer vyer 15-20 m’ye
ulagmaktadir.Damar dogrultular genelde Giineydogu Anadolu Bindirme Kusagi'm (GDABK)
keser sekilde K20-70 B ve K30-70 D arasinda degismektedir.Seyrek olarak bindirme dogrultusuna
paralel kuvars damarlart da gzlenmektedir. Damar egimleri genelde dik ve dike yakin olup KB ve
KD’ya 70-80° arasinda degismektedir.Bazi kuvars damarlarinin dogrultular ile Dogu Anadolu
Fayr (DAF) dogrultusu arsinda paralellik gozlenmektedir.Alunl kuvars damarlar opak mineral
olarak bashca kalkopirit, pirit ve malahit-azurit icermektedir. Kuvars damarlarinin metal icerikleri
ise 780 ppb Au, %<4 Cu, %0,1 Pb ve % 0,7 Zn dir.

Sincik yoresi alunh kuvars damarlari gerek jeolojik ve tektonik konumlar: gerekse mineralojik
bilesimleri ve metal icerikleri agisindan Giiney Dogu Anadolu bindirme zonuna bagli mesotermal /
orojenik altinli kuvars damarlar olarak tanimlanmustir.

Sincik (Adiyaman) Gold-Bearing Quartz Veins

The area including gold-bearing quartz veins of Sincik (Adtyaman) region is situated 70 km the SE
of Malatya. Tectonically, the gold bearing quartz veins are hosted by Paleozoic Piitiirge
Metamorphites which form upper block of the SE-Anatolian Thrust Belt. As for the lower part of
the thrust zone, it is composed of the young units (Kocali Complex, Midyat Formation and Lice
Formation) of Cretaceous, Focene and Miocene ages.
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The gold-bearing quartz veins are composed mainly of coarse-grained crystalline quartz and in
places, carbonates also accompany these quartz. The length of the quartz veins vary from 50 m
to100 m along the strike. Quartz veins are range between 1 m to 2 m in thickness. The thickness
of the zone formed by quartz veins which are parallel to each other may reach up to 15 to 20 m.
The strikes of the gold-bearing quartz veins in general, are N 50-60 W and N 30-40 E and cross
cut the strike direction of the SE Anatolian Thrust Zone. In rare, some quartz veins are also
observed as parallel to the strike of thrust zone. The dips of the veins vary from vertical to 70-80
to the NW and to the NE. Gold-bearing quartz veins have a relatively simple mineralogy

dominated by pyrite , chalcopyrite, malachite-azurite and their metal content is 780 ppb Au,4% <
Cu, %0,1 Pb % and %0,7 Zn.

Hence when their geologic and tectonic setting, mineralogical composition and metal contents, the

gold-bearing quartz veins of the Sincik (Adiyaman) has been considered to be mesothermal gold-
bearing quartz veins in origin.
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Dereharmani (Dursunbey-Balikesir) Altin Cevherlesmesinin Jeolojisi

Biilent BAYBURTOGLU, ismet CENGIZ, Selahattin YILDIRIM, Hayrullah YILDIZ, Cevdet GAKIR,
MTA Genel Mudiirligii

Dereharmani (Dursunbey-Balikesir) altin cevherlegme sahasi Pontidler ve Anatolidler’i birbirinden
aywan ofiyolitlerle belirgin KD-GB gidisli kenet kusag: icerisinde yer alir. Bolgede yiizeylenen ve
kalkalkalen bilesimli olan ¢ok sayida granitoid sokulumu gesitli tipte cevherlesmelerin olusumuna
neden olmusgtur.

Sahada ylizeylenen en yash kayag birimi cesitli mineralojik bilesimde olan ve Kocadere
Metamorfitleri'ne ait olan sistlerdir. Bunlar olasi Ust Paleozoyik-Alt Triyas araliginda olusmustur.
Bunlarin izerine genellikle blok sekilli olan Mesozoyik yashh mermerler gelir. Mermerlerin
tizerinde bindirmeli olarak Kirikkavak Melanji'na ait ultrabazik kayaglar ve bazik volkanitler yer
alir. Ust Kretase yash bu birimlerden ultrabazik kayaglar yer yer serpantinlesmis harzburijit, bazik
volkanitler ise spilitik lav, andezit ve diyabaz dayklarindan olusur. Bazik volkanitler hidrotermal
¢ozeltilerin etkisiyle yer yer altere olmustur. Bazik volkanitlerin iizerine gelen Miyosen yagh
dasitik-riyolitik tiifler Sacayak Formasyonu olarak adlandirilir. Cevherlesmenin yan kayacini
olugturan tiifler yogun sekilde hidrotermal alterasyona ugramugtir. Biitlin bu birimler andezit
dayklar ve oval/daire bigimli dasit-riyolit bilesimli kayaglarla kesilmistir. Dom ve tikaglar seklinde
bulunan bu kayaglar sahadaki cevherlesmenin olusumunda olasilikla 1sitict olarak gbrev yapmistir.
Sahadaki en geng birim Neojen yagh kirectagi-marn serisidir.

Gahgmalar sirasinda sahanin 1/5.000 6lgekli jeoloji haritasi ve jeokimyasal etiidii yapilmistir. Sirt ve
yamag profillerinden 284 adet toprak ve 71 adet kayac ornegi alinmistir. Alinan 6rnekler Au, Ag,
Sb, As, Cu, Pb, Zn ve Mo igin analiz edilmis ve her element igin dagilim haritasi olugturulmustur.
Buna gére kayaglarda 2500 ppb, topraklarda ise 320 ppb’ ye varan Au degerleri saptanmugtir. Bu
degerler As, Sb ve Ag gibi epitermal cevherlesmelere eslik eden iz bulucu elementlerce
desteklenmektedir. Baz metaller (Cu,Pb,Zn) genellikle diisiik degerdedirler.

Epitermal sistem genelde tiifler ve daha az olarak bazik volkanitler icinde gelismistir. Cevherlesme
KB-GD gidisli ana faylar ve bunlarin arasinda yer alan K10-30 D dogrultulu faylara bagh olarak
olusmustur. Yizeyde 400m. uzanimi olan en yiiksek Au degerlerini igeren silisifiye bresik zon ve
ayrica killesme, limonitlesme, silislesme piritlesme gibi alterasyon topluluklariyla temsil edilen
epitermal sistemin pek fazla aginmamis oldugu soylenebilir.

Geology of the Dereharmani (Dursunhey-Balikesir) Gold Mineralization

The Dereharmani gold mineralization lies within a NE-trending suture zone separating the
Pontides from Anatolides, designated by ophiolites. A great number of granitoid intrusions having
calcalkaline composition resulted in the formation of varios types of mineralization in the region.
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Schists of different mineralogical compositions, which belong to the Kocadere Metamorphics, are
the oldest rock units in the area. These were probably formed at Upper Paleozoic- Lower Triassic
interval. They are overlain by marble of Mesozoic age, usually found as blocks. Ultrabasic rocks and
basic volcanics, as members of Kirtkkavak Melange were thrusted over marbles. Of these Upper
Cretaceous units, ultrabasic rocks are composed of locally serpentinized harzburgite while basics
volkanics are made up of spilitic lavas, andesites and dykes of diabases. Basic volkanics have been
locally altered by hydrothermal solutions. Miocene dacitic-rhyolitic tuffs overlying the basic
volkanics are called the Sacayak Formation. The tuffs hosting the mineralization is strongly
hydrothermally altered. All these units are cut by post-Miocene andesite dykes and dacitic-
rhyolitic intrusions that are circular and elliptical in shape. These latter found as domes and plugs
have probably played a role as heater in the formation of mineralized body. The youngest unit in
the area is Neogene limestone-marl series.

The 1/5.000 scale geological mapping and geochemical survey carried out in the area. 284 soil and
71 rock samples were collected along the ridges and at the bases of slopes. These collected samples
were analyzed for Au, Ag, Sb, Cu, Pb, Zn and Mo. Element distribution map was produced for
each element. Consequently, gold values reach up to 2500 ppb in rock samples and 320 ppb in soil
samples. These values are olso confirmed by such pathfinder elements as As, Sb and Ag,
characteristic for epithermal type of mineralization. Base metal (Cu, Pb, Zn) contens are generally
low.

The epithermal system primarily developed in tuffs and secondarily in basic volkanics.
Mineralization occurred in association with NW-trending main faults and N10-30 E trending
secondary faults. It is concluded that the epithermal system designated by a silicified breccia zone
having an extension of 400m at the surface and containing maximum gold value as well as
alteration associations such as argilization, limonitization, silicification and pyritization, is not
deeply eroded at the present.
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Orta Anadolu’da Yeni Bir Maden Yatai Tiirii:
Fe-oksit-Cu-Au (DOBA) Yataklan ve Orta Anadolu’nun Bakir-Altin Potansiyeli

ilkay KUSCU, Erkan YILMAZER ve Gékhan DEMIRELA
Nigde Univ., Aksaray Miih. Fakiiltesi Jeoloji Miih. Boliimii, 68100 AKSARAY

e-posta: gikuscu@ixir.com

Fe-oksit-Cu-Au-(REE) (Olympic Dam, Demir-Oksit-Bakir-Altin: DOBA) tipi yataklar yaygin sodik-
kalsik ve potasik alterasyonlar icinde yer alan, genellikle demir oksitlerce (manyetit ve hematit)
zengin ve diisiik Ti icerikli bir yatak tiirii olarak kabul edilir. Bu yataklarin fosfat grubu
minerallerce (apatit ve REE fosfatlar) zengin ancak fazla yaygin olmayan Cu-Au-Ag ve Co
igerikleri de bulunur. Buna ek olarak yaygin sodik ve potasik alterasyon ve porfiri, masif siilfid ve
skarn yataklarina gore yiiksek REE  miktarlart bu yataklarin ortak ozellikleri olarak goze
carpmaktadir. Bu yataklarin olusumu ve olusturdugu alterasyonlarda, H-tipi ve I-tipi manyetit
serisi magmalarin yerlesme ve kristallenme siireglerinin oldukca belirgin bir etkisi vardir. Sodik-
kalsik alterasyonlar pliitonun erken yerlesme (emplacement) asamalarinda ve yiiksek sicakliklarda
gerceklesirken,  potasik  alterasyon ise daha diigtik  sicakhk  ve basing  kosullarinda
gerceklesmektedir. Cu ve Au cevherlesmeleri bu son evrede ve genellikle bregik zonlar (bacalar)
iginde yaygin serizitik, potasik ve karbonat alterasyonlari ile birlikte gelismektedir. Cevherlesme
yapisal unsurlart takip etmekte ve Fe pliitonlara yakin; Cu ve Au ise daha uzaklarda ve s1g
derinliklerde zenginlesmektedir. Cevherlesmeyi kontrol eden yapisal elemanlar kabuksal olgekli
fay zonlart olup genellikle yiiksek acili normal faylarin yaninda normal bileseni olan dogrultu
atimh faylardir. Bu yataklarla ilgili akiskanlarin kaynagi hakkinda degisik modeller éne siiriilse de
bunlardan en ¢ok kabul gérenleri; magmatik ve degisik oranlarda sedimanter kayag¢ kokenli
meteorik sularin olusturdugu hibrid akigskanlar veya tamamen pliton intriizyonunun gergeklestigi
sedimanter ortamda var olan evaporitik sedimanlardan kaynaklanan tuzlu sulardir.

Ozellikle Sivas ve Malatya bolgeleri demir-oksit cevherlesmeleri bakimmdan Tirkiye'nin 6nde
gelen bolgeleri olmasina ragmen, DOBA yataklarinin tlkemizdeki varhgi konusunda gerek
Tirkiye gerekse dinya literatiiriinde gok fazla calhsma yoktur. Bu bolgelerdeki cevherlesmelere ait
¢alismalarin ¢ogu MTA tarafindan yapilmistur (Kovenko, 1937: 1940; Kosal, 1965; 1971; Unla,
1985; Yildizeli ve dig., 1987; Dogan ve dig., 1989; Unlii ve Stendal, 1989). Bu bolgelerde yapilan
cahsmalarda demir oksit cevherlesmelerinin diistik miktarlarda bakir igerdigi ve REE bakimindan
zengin oldugu belirtilmekte ve cevherlesmelerin gozlendigi monzonitik ve gabroyik kayaclarda
yaygin skapolitlesmelerden veya skapolit damarlarindan bahsedilmektedir.

Divrigi (Sivas) ve Hekimhan-Hasancelebi (Malatya) bolgelerinde yapilan bu ¢alisma ve bu
makalenin yazarlar tarafindan yapilan (Kuscu, 2002; Kusgcu ve dig., 2002; Yilmazer ve dig., 2002)
calismalar, bu bélgelerde yer alan demir oksit cevherlesmelerinin bélgesel 6lgekli KB-GD
dogrultulu ve onlart kesen KD-GB dogrultulu yapisal unsurlar boyunca gozlendigini ve
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cevherlesmelerin bolgesel sodik (skapolitli) ve potasik (K-feldspat ve filogopit) alterasyon zonlari
icinde gelistigini gostermektedir. Dinyada alun aramalarina yonelik cahsmalar giderek bu tip
sistemler iizerinde yogunlasmaktadir (Cluncorry bolgesi, Avustralya; Olympic Dam, Avustralya;
Candeleria, Sili; Teresa De Colmo, Sili, Salobo, Brezilya; Bayan Obo, Cin). Ayrica, bu tir
sistemlerde bakir porfiri sistemlerde oldugu gibi yiiksek rezervli yataklar olusturmaktadir. Yapisal
kontrollii hematit zonlarmm gelistigi alanlar manyetik anomalilerin de gézlendigi alanlar olup,
yiiksek manyetik anomali gosteren kesimlerin gravite metoduyla taranmasi hematitik zoalardaki
gomiilii potansiyel Cu ve Au cevherlesmelerinin tespitiyle sonuglanmaktadir. Divrigi bolgesinde
bilinen A-B kafa cevherlesmelerinden baska pek ¢ok manyetik anomali sahasi vardir ve bunlarm
biiyiik bir ¢ogunlugu bresik zonlar iginde gelisen hematit cevherlesemerine karsilik gelmektedir.
Divrigi bolgesinde dusiik miktarlarda da olsa rapor edilen alunin varhgi, Divhan Demir
Isletmelerinin atik havuzunda tespit edilen 20 ppb’lik alun degerleri, Kangal-Cetinkaya civarinda
bulunan alun cevherlesmeleri ve Copler (Ilig-Erzincan) bolgesinde ayni yapisal unsurlar boyunca
tespit edilen altin-bakir cevherlesemelerinin varhigi, bu bélgelerde altin ve bakir potansiyellerinin
yiiksek oldugunu gostermektedir. Bu bolgeler DOBA yataklarinda oldugu gibi radyoaktif
elementler bakimimdan da anomali degerleri ile temsil edilmektedir. Ozellikle Hasangelebi ve
Divrigi bolgelerinde U ve Th zenginlesmeleri, KD-GB dogrultulu yapisal elemanlar takip eden
hematitik ve bresik zonlar oldukca belirgindir ve bu cevherlesmeler manyetit-hematit
cevherlesmeleri ile birliktedir. Bakir cevhelesmeleri genellikle hematitli, karbonatlagmis bresik
zonlar icinde gelisen kalkopirit, markazit, kalkozin, ve pirit cevherlesmeleri olarak bulunur.

Bu nedenle Orta Anadolu bolgesinde hibrid magmatik kayaglar ile iliskili, KD-GB dogrultulu
yapisal hatlar boyunca goézlenen demir oksit cevherlesmeleri Fe-oksit-Cu-Au agisindan yeniden
gozden gegirilmeli ve aramalar alun ve bakir yoniinden yeniden yapilandimilmahdr.

A New Mineral Deposit for Central Anatolia: Fe-oxide-Cu-Au (DOBA)
Deposits and Cu-Au Potential of Central Anatolia

Iron-Oxide-Copper-Gold (I0CG) systems (Olympic Dam type) are characterized by large masses
of Ti-poor Fe-oxide (commonly >10% tonnes magnetite or hematite) with lesser amounts of
phosphates (apatite, REE phosphates), Cu-Fe sulfides, and sporadic Au, U, Ag, and Co minerals.
Proximal and deeper mineralization consists of early magnetite * apatite rocks commonly with
abundant sodic (albite + scapolite + hornblende) wall-rock alteration. Superimposed or distal
mineralization consists of hematite + Cu-Fe sulfide-Au-Ag and Co = REE minerals with hydrolytic
+ potassic alteration. Sodic alteration is a typical alteration found in all; it is typically voluminous.
Besides, pervasive sodic alteration, higher amounts of REE contents compared to skarn, porphyry
and massive sulfide deposits appear as the common features of these deposits. The emplacement
and crystallization histories of H-type and I-type magnetite series magmas have a direct influence
on the formation of these deposits, and on their alteration. The early stage of alteration is related
to sodic-calcic alteration. This stage is followed by a late and/or shallower potassic alteration. The
products of sodic-calcic alteration are superimposed by products of potassic alteration. The Cu-Au
mineralizations are hosted the brecciated zones (diatremes) experienced a pervasive sericitic,
potassic, and carbonate alteration zones. The mineralizatons follow the main trends of regional
structures, and the Fe appears as proximal mineralization while Cu and Au appear as distal and
shallow environments. The Fe-oxide-Cu-Au deposits are structurally controlled deposits. They
commonly localize along the low-high angle normal faults oblique to a crustal-scale major fault
zone, or a strike-slip fault having a normal component. Although, different theories exist for the
source of fluids forming the distinctive alteration patterns in these deposits, the most common
ones are: (1) these deposits are fundamentally magmatic, formed by an immiscible oxide-rich melt
that separated from geochemically distinctive magmas and hybrid solutions formed by the
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magmatic and meteoric and fossil water, or (2)) the deposits are hydrothermal driven by
magmatic heat, but generated from distinctive high-salinity surface or near surface, non-magmatic
brines. :

Although, there are many iron-oxide deposits (magnetite+hematite), particularly in Central
Anatolia at Sivas and Malatya districts, the examples of the 10CG deposit types have not been
recognized in Turkey. The studies delaing with the mineralizations within these regions are
mainly done by MTA researchers (Kovenko, 1937; 1940; Kosal, 1965; 1971; Unlii, 1985; Yildizeli
et al. 1987; Dogan et al., 1989; Unli and Stendal, 1989). These confirm that the Fe-oxide
mineralizations are also accompanied by low grade copper, and are enriched in terms of REE, and
the monzonitic and gabbroic rocks are characterized by presence of numerous scapolite veins that
suggest that these rocks have undergone a pervasive scapolitization.

The studies by Kugcu (2002), Kuscu et al. (2002), and Yilmazer et al. (2002), and this study shows
that the Fe-oxide mineralizations at Divrigi (Sivas), Hekimhan-Hasangelebi (Malatya) districts, are
controlled by NE-SW trending small-scale faults oblique to NW-SE trending regional-scaled faults,
and the mineralizations are hosted by metasomatically formed scapolite, K-feldspar and
phlogopite-rich rocks. The gold exploration studies are commonly concentrated on these systems
(e.g. Cloncrry district, Australia; Olympic Dam, Australia; Candeleria, Chile; Teresa De Colmo,
Chile; Salobo, Brazil; Bayan Obo, China). Moreover, the copper mineralizations could be as high
as in porphyry systems. The structurally controlled hematite-rich zones are coupled with higher
magnetic anomalies, and testing of magnetically anomalous areas by gravity surveys results in the
recognition of deposits with a Cu and Au potential. Numerous magnetically anomalous areas are
known in the Divrigi district other than A-B kafa area, and many of them are associated with
hematite mineralizations that occur within a brecciated zones. The association of lower grades of
gold with Fe-oxide deposits in the Divrigi region, The presence of gold (20 ppb) in tailings of
Divhan iron and steel plant, the discovery of high-grade gold occurrences at Kangal-Cetinkaya
along NE-SW trending fault zones, the discovery of Cu and Au mineralizations at Gopler (1lig-
Erzincan) along the similar structures, reveals that the potential of gold and copper are quite high
in these regions. These regions are also characterized by high anomalies in terms of radioactive
elements similar to IOCG systems around the globe., U and Th enrcichment, particularly at
Hasangelebi and Divrigi districts, and hematitic and brecciated zones along regional NE-SW
trending faults are very diagnostic. The copper mineralizations are in the form of chalcopyrite,
chalcosine, pyrite, marcasite, and malachite mineralizations formed in hematite-bearing brecciated
and carbonatized zones.

The presence of all these components, regardless of genetic model (e.g. alkaline
metasomatism/alteration, coeval intrusions, structural controls, extensive iron-oxide
mineralizations, etc) required to produce metal-rich fluids associated with I0CG mineralization
are represented in the Sivas districts, and therefore the districts provide a fertile ground for
exploration for this style of deposit, and represent ideal areas to unravel the controls on ore
deposition and the composition, mineralogy and size of the individual ore bodies.

Key Words: Iron oxide, iron oxide-Cu-Au, sodic-calcic alteration and metasomatism, Central -
Anatolia, Divrigi, Malatya ‘
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Goruh Havzasi Dere Sedimentlerinin Au icerikleri

Yildinm GUNGOR

Istanbul Universitesi Miihendislik Fakiiltesi Jeoloji Miihendisligi Boliimii
34850, Aveilar - Istanbul

Erzurum'dan dogan Coruh Nehri, Gimiishane yo6resinden Lori Deresi, Yusufelinden sonra
Erzurum'dan dogan Tortum ve Oltu Caylar karistiktan sonra, Batum ve Sarp arasinda genis bir
sahil plaseri olusturarak Karadeniz'e dokilmektedir. Havza alan1 19654 km2 dir. Bu ¢aligmanin
amaci Ust Kretase yagh volkanik kayaglarda geligen hidrotermal alterasyon zonlarindan, atmosferik
kogullar altinda koparak jeomorfolojik siiregler iginde nehirlere taginan dere sedimentlerinin
icindeki altin birikimini saptamaktir. Bu amagla havzay: tiimiyle karakterize edecek sekilde beg
farkli hedef bolge saptanmigtir. Bu bolgeler Coruh nehrinin akug: yatak, Savsat civari, Ardanug
civari, Yusufeli civart ve Artvin- Kafkasor yayla civaridir.

Ornekleme dere kavsaklarinin biraz iist kesimlerinden, dere kenarlarindan veya derelerin orta
kesimlerinden drenaj alanimin timiinii temsil edecek sekilde yapilmistir. Ince taneli olmasina
dikkat edilen 6rnekler olabildigince kuru alinmaya caligilmig, yas olarak alinan 6rnekler ise
kurutulduktan sonra nakledilmistir. Laboratuvarda ceyrekleme yapilarak ayrilan o6rnekler
ogitiilerek analize gonderilmis, kalan trinle ise karigtirilarak tuvenan tiriin elde edilmis, daha
sonra da tiim urin, sallantih masadan gegcirilerek konsantre tiriin elde edilmigtir

Hedef olarak saptanan bes ayr1 bolgeden derlenen dere sedimenti 6rneklerinin her birinin
tuvenan ve konsantre uriin Au igerikleri ile +1.00, -1.004+0.500, -0.500+0.300, -0.300+0.212, -
0.212+0.150, -0.15040.106, -0.106+0.075, -0.075 elek fraksiyonlarinin Au igerikleri saptanmugtir.
Yine tiim havzanin tuvenan ve sallantili masa konsantresi agir mineral igerikleri XRD galismalari
ile belirlenmistir.

Alinan orneklerin elek fraksiyonlarinda Au zenginlesmesi oldukg¢a heterojen bir dagilim
gostermektedir. Tiim havzada 6lgiilen degreler en diigiik 120 ppb en yiiksek ise 3 ppm’dir. Artvin
ve Kafkasor Yayla civarindan alinan dere sedimentlerinin Au igerikleri, diger bolgelerden alinan
orneklerin Au iceriklerinden oldukga farkhidir. Tuvenan Au igerigi en distik 500 ppb, en yiiksek
990 ppb dir. Sallantih masa Konsantresinin Au igerigi ise en diigiik 1 ppm, en yliksek 3 ppm
olarak olgiilmiistiir. Beg hedef bolge icinde ise ikjnci yiiksek deger Yusufeli bolgesinde
gozlenmistir. Bu bolgeden alinan 6rneklerin tuvenan Au igerigi en disiik 260 ppb en yiiksek 740
ppb, Sallantili masa konsantre iirtiin Au igerigi ise en diigiik 340 ppb en yiiksek ise 940 ppb dir.

Sonug olarak bazi bolgelerde dere sedimentlerin Au igeriklerinin yiiksek olmasina ragmen Coruh
Nehrinde dikkate deger bir plaser olusumunun bulunmamasi yiiziinden, Havzada ekonomik bir
plaser isletmesi miimkiin goriinmemektedir. Bu nedenle ileri asamada yapilacak bir galisma igin
Coruh nehri deltasinin hedef bolge olarak segilmesi gerekmektedir.

*Bu proje Istanbul Universitesi Arasirma Fonu tarafindan desteklenmistir. Proje No
1136/010598
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The Au Contents of Goruh Basin Stream Sediments

Beyond Yusufeli, Coruh River in Erzurum and Lori Stream in Gilimighane Region, merge with
Tortum and Oltu Streams and all together after forming a wide beach placer they meet with Black
Sea. Basin area is 19654 km®. The aim of the study is to determine the gold deposit in stream
sediments were generated from Upper Cretaceous volcanic rocks by hydrothermal alteration
removed to rivers under atmospheric circumstances and geomorphological process. For this
reason five various target regions are determined in order to characterize the whole basin. These
regions are Coruh River Bed, Savsat, Ardanug, Yusufeli and Artvin-Kafkasor plateau
surroundings.

Sampling done in order to represent the entirety dranaige area. Fine grained samples were
collected as possible as dry condition, samples taken in wet forms were dried. Samples seperated
by quartering coning were grinded, the remnant products were mixed and tuvenan product is
gained. After all, the whole product were passed over the shaking table and concentrated product
is obtained.

Tuvenan and concentrated product Au content of stream sediment samples from five different
target regions and +1.00, -1.00+0.500, -0.500+0.300, -0.300+0.212, -0.212+0. 150, -0.150+0.106,
-0.106+0.075, -0.075 mm fine sieve fractions Au content were determined. Also tuvenan and
shaking table concentration of heavy mineral content of the whole basin is established by XRD
studies.

Au enrichment in fine sieve displays quite heterogenous distribution. The maximum value
calculated in the whole basin is 3 ppm and the minimum is 120 ppb. Au content of Artvin and
Kafkasér plateau surroundings display a difference from the other regions. Tuvenan Au content is
minimum 500 ppb and maximum 900 ppb. Shaking table concentration of Au is minimum 1 ppm
and maximum 3 ppm. Within the five target region, the second highest value observed in Yusufeli
Region. Tuvenan Au content of these regions values are maximum 740 ppb, minimum 260 ppb.
Shaking table concentration product Au content is minimum 340 ppb and maximum 940 ppb.

As a result, although there are high Au content in stream sediments in some regions, there is not a
present placer administration worths taking into consideration. For this reason, for further studies,
Coruh Stream delta is suggested as a target region.

* This work was supported by the Research Fund of the Istanbul University. Project number:
1136/010598
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Karacaali (Kirikkale) Magmatik Kompleksi Demir, Bakir-Molibden ve Kursun
Cevherlesmelerinin Olusumu ve Kokeni

Okan DELIBAS , Yurdal GENG

Hacettepe Universitest, Jeoloji Mithendisligi Boliimii, 06532, Beytepe-Ankara

Kirikkale il merkezinin 10km kuzeydogusundaki Karacaali magmatik kompleksi, 1/25.000 olgekli
Kirsehir [31-al paftasinda yeralmakta ve baslica demir, bakir-molibden ve kursun cevherlesmeleri
icermektedir. Kompleks granitoid, riyolit/riyodasit ve bazaltik kayaclardan olugsmaktadir.

Karacaali magmatik kompleksindeki demir cevherlesmesi bazaltik kayaglara, bakir-molibden ve
kursun cevherlesmeleri ise granitik kayaglan dik yada dike yakin kesen kuvars, karbonat ve
turmalinli kuvars damarlarina bagli olarak gelismistir. Baslica cevher mineralleri, manyetit,
hematit, ilmenit, pirit, kalkopirit, molibdenit, galenit ve sfalerittir. Demir cevherlegmesinin tenori,
%15-60 FeO arasinda iken, Cu-Mo, Pb-Zn cevherlesmelerinin tenorii ise < %1,4 Cu, < % 0,4 Mo,
< % 0,1 Pbve < % 0,2 Zn dir.

Cevherlesmeyle iliskili alterasyonlar; granit ve bazaltuk kayaglar i¢inde turmalinlesme,
aktinolitlesme, epidotlagma, kloritlesme ve K-feldispat alterasyonu, riyolit/riyodasitler iginde ise
killesme, silislesme ve altinitlegmedir.

Dokanak iligkileri, yapisal-dokusal — ozellikler  ve yan  kayag alterasyonlart  birlikte
degerlendirildiginde; Karacaali magmatik kompleksinde gozlenen demir, bakir-molibden ve
kursun-cinko zenginlesmelerinin ayni magmatik siireclerin tiriinleri olmalart gerektigi sonucuna
ulagilmaktadir. Bu zenginlesmelerin, granitik bir magmayla bunun icine sokulum yapan bazik bir
magma arasinda gelisen etkilesim, karigm ve farkhlagma stregleri ile iligkili oldugu
diigtiniilmektedir.

Origin and Formation Processes of Iron,
Copper-Molyhdenum and Lead Mineralisations of Karacaali (Kinkkale)
Magmatic Complex

Karacaali magmatic complex, located at 10km  northeast of Kirikkale town center, within the
Kirsehir i31-al topographic plates of 1/25. 000 scale mainly contains iron, copper-molybdenum
and lead mineralisations. Karacaali magmatic complex is mainly composed of granitoid,
rhyolite/rhyodacite and basaltic rocks.
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While iron mineralisation in Karacaali magmatic complex is mainly related to basaltic rocks,
copper-molybdenum and lead-zinc mineralisation is developed related to vertical or nearly vertical
quartz, carbonate and turmalin with quartz veins in granitic rocks. The main ore minerals are
magnetite, hematite, ilmenite, pyrite, chalcopyrite, molybdenite, galena and sphalerite. The iron
content is within the range of 15%-60% FeO and the copper, molybdenum, lead, zinc contents are
vary as < 1,4 Cu%, < 0,4 Mo%, < 0,1 Pb% ve < 0,2 Zn%.

Alteration types related to mineralisation are; tourmalinization, actinolitization, epidotization,
chloritization and K-feldspar alteration in granitic and basaltic rocks, and argillation, silicification,
alunitization in rhyolite/rhyodacites.

When the contact relations are evaluated together with the structural-textural characteristics and
the wall rock alterations, it can be concluded that the iron, copper-molybdenum and lead-zinc
enrichments observed in Karacaali magmatic complex are the products of the same magmatic
processes. It is considered that these enrichments are associated with the interaction, assortment
and differentiation processes taking place between a granitic magma and a basic magma intruding
into the former.
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Murmano Granitoidi’nin (Divrigi-Sivas) Kuzeyindeki Karabhasvengi Demir
Cevherlesmesi ve Divriiii Demir Yataklarinin Kikeninin irdelenmesi

Ali Riza GOLAKOGLU*, Tekin ARIKAL**, Ugur AKIN***
*MTA Genel Miidiirligii- Maden Analizleri ve Teknoloji Dairesi, 06520 - ANKARA
*MTA Genel Miidinligii-Maden Etiid Dairest, 06520 - ANKARA
®eMTA Genel Mudiirligii-Jeofizik Etiidlert Dairvesi, 06520 - ANKARA

Karabagvengi cevherlesmesi, Divrigi - Sivas ana cevherlegmesinin (A-B Kafa) yaklagik 5 km KKD’
unda Murmano pliitonunun ise kuzey ucunda yer almaktadir. Bu ¢alismada Karabasvengi
sahasinda gozlenen demir cevherlesmelerinin ve iginde yer aldigi kayaglarim mineralojik-
petrografik ve jeolojik tzellikleri incelenmistir. Karabagvengi sahasinda yerlesme yast Meastrihtyen
oncesi olan ve ofiyolite ait ultrabazikler (serpantinlesmis harzburjitler), listvenitler ve biitiin bu
kayaglart kesen Ust Kreatase-Paleosen yash granitoyidler yer almaktadir. Ayrica daha geng
lamprofirik (kersantit bilesimli) dayklar bulunmaktadir. Inceleme alaninda granitoyidler gostermis
olduklart petrografik ve mineralojik 6zelliklerine gore siyenit, granodiyorit, kuvars-diyorit,
monzonit, monzodiyorit, kuvars-monzodiyorit, diyorit, gabro, monzo-gabro ve bunlarin
tiirevlerinden meydana gelmis monzonit porfir, monzodiyorit porfir, kuvars monzodiyorit porfir,
diyorit porfir ve granodiyorit porfir bilesimli kayag tiirlerine sahiptir. Damar kayaclarim
olugturan porfirler granitoyidi ve ultrabazik kayaclari kesmektedir.

Cevherlesme, gerek jeofizik manyetik anomalilerinden elde edilen verilere gerekse de arazi
gozlemlerine gore yaklagik Dogu-Bati uzanimh bir kiriklanma zonu iginde yer almakta ve damar-
damarcik ve cepler seklinde monzonit ve monzodiyorit bilesimli intriizifler ve ayrica listvenitlesmis
ultrabazik kayaglar iginde yer almaktadir. Karabagvengi sahasinda cevherlesmeyle birlikte gozlenen
skarn mineralleri yaklagik D-B uzanimli, cevherlesmenin genel yonelimine paralel bir zon icinde
bulunmaktadir. Bu zonda gozlenen cevher ve opak mineraller manyetit ve daha az miktarlarda
ise hematit, ilmenit, ilmeno-manyetit, limonit, pirit, kalkopirit, pirotin, markazit, arsenopirit,
sfalerit ve galenittir. Skarn ve gang mineralleri ise flogopit, skapolit, diyopsit, tremolit-aktinolit,
biyotit, titanit, rutil, epidot, klorit, kalsit, kuvars, apatit, turmalin ve dolomit olarak belirlenmistir.
Divrigi A kafa yataginda bol miktarda gozlenen granat minerallerine ise bu sahada hig
rastlanmamistir. Cevherlegmeye ait birincil manyetitler daha ytiksek sicakliklarda olusurken siilfit
mineralleri oksit minerallerinden daha geng¢ olusumludur. Skapolitler yer yer masif damarlar
olarak intriizif kiitle icinde bulunmaktadir. Belirli zonlarda gozlenen masif skapolit damarlarina
yer yer daha az miktarda flogopit ve piroksenler eslik etmektedir. Saha incelemelerinde 6z sekilli
piroksen kristallerine daha cok manyetit damarciklart iginde kapanim olarak rastlanirken,
flogopitler her zaman manyetit damarciklaryla birlikte bulunur ve manyetitleri bir kihf seklinde
sarmaktadir. Cevherlesmeye yakin alanlarda sodik-kalsik, potasik ve karbonatlagma-silislesme
seklinde gozlenen alterasyon tiirleri etkin olarak gorillmektedir.
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Karabasvengi cevherlesmesi, muhtemelen monzonit ve monzodiyorit bilesimli kayaclarin ve
porfirlerinin yerlesimi esnasinda ¢ok genis hacimli magmatik etkinligin de varhg cercevesinde
biiytik olgekli hidrotermal akigkan sistemleriyle baglamistir. Cevherlesme hidrotermal siireclere
bagli olarak D-B yonlii geligmis birbirine paralel faylar icinde ve/veya bunlar ile ilintili verev faylar
icinde stiregelen farkli mineral birlikteliklerine sahip alterasyon evreleriyle karakterize olmaktadir.
Cevherli alanlara yvakin yerlerde yogun porfir dayklarinin varhigi, bu alanlarin tektonizma
bakimindan zayif  zonlar oldugunu gostermektedir. Bolgesel olarak bu saha, biiyiik bir sistem
icinde (Divrigi ana yatagi ve cevre cevherlesmeleri) bir demir provensi olarak adlandirilacak
bolgenin, bir eleman: olarak kendi yersel faktorlerinin kontroliinde gelisimini tamamlamustir.
Karabagvengi  sahasinda  gozlenen  cevherlesmenin - hem  monzonitik kayaglar  hemde
serpantinlesmis kayaglar i¢cinde bulunmasi cevherlesmenin derin faylarla iligkili olabilecegini ve
tektonik kontrollii oldugunu géstermektedir. Tiim bolgedeki skarn, bres ve damar tipindeki demir
cevherlesmelerinin olusumunda, son yillarda Fe-oksit-Cu-Au yataklari olarak bilinen hidrotermal
sistemlerin/akigkanlarin etkili oldugu disiiniilmektedir. Bélgede yankaya¢ olarak yaygin
serpantinlesmis kayaglarin varhgi (birincil ofiyolitik bindirmelere bagl ve intirtizyonun sokulumu
ile iliskili) demir ¢okeliminde kismen ultrabazik ve bazik kayaglardan da remobilizasyon olaylarmin
etkin olabilecegini diisiindiirmektedir.

The Karabasvengi Iron Mineralization in the Northern
Part of the (Divrigi-Sivas) Murmano Granitoid and

-

Discussion on Genesis of the Divriii Iron Deposits

Karabagvengi mineralization is situated at approxiametly 5 km NNE of the Divrigi-Sivas main
mineralization (A-B heads) and it also lies on the northern part of the Murmano pluton. In this
study, mineralogical, petrographical and geological characteristics of the main host rocks and the
observed iron mineralization are studied in the Karabagvengi area. Within the area the ultrabasics
(serpentinizated harzburgite) belonging to ophiolites which are emplaced in pre-maastrictian age
and the listwenites, both intruded by Upper Creataceous-Paleocene aged granitoids are observed.
Also some young lamprophyre veins (in kersantite composition) are found. In the study area,
granitoid rocks are based on their mineralogical and petrographical characteristics are classifed as
syenite, granodiorite, quartz-diorite, monzonite, monzodiorite, quartz-monzodiorite, diorite,
gabbro, monzo-gabbro and derivatives of these rocks such as monzonite porphyry, monzodiorite,
porphyry, quartz monzodiorite porphyry, diorite porphyry and in granodiorite porphyry
composition. These porphyries cut granitoid and ultrabasic rocks. Mineralization is located in a
fractured zone lying in approximately E-W direction according to the geophysical magnetic
anomalies and also the field observation data and they are emplaced as vein and veinlets and
pocket fillings in the monzonite- monzodiorite and listwenitic ultrabasic rocks.

The skarn minerals observed together with the mineralization in the Karabagvengi area is within a
zone parallel to the general direction of mineralization in E-W direction. The ore and opaque
minerals observed in this zone are mostly magnetite and in lesser amounts of hematite, ilmenite,
ilmeno-magnetite, limonite, pyrite, chalcopyrite, pyrrhotite, marcasite, arsenopyrite, sphalerite
and galena. Skarn and gangue minerals are determined as flogopite, scapolite, diopside,
tremolite-actinolite, biotite, titanite, rutile, epidote, chlorite, calcite, quartz, apatite, tourmaline and
dolomite. Garnet minerals which are observed in large amounts in the A head of the Divrigi
deposit are not encountered in this area. While the primary magnetites of mineralization are
formed at higher temperatures, the sulphide minerals overprint the oxide minerals. Scapolites are
located within the intrusive as occasional massive veins. The massive scapolite veins observed in
certain zones are accompanied by occasional flogopite and pyroxenes of lesser amounts. While in
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the field studies euhedral pyroxene crystals are encountered as inclusions in magnetite veins, the
flogopites are always together with magnetite veins and surround the magnetites as covers.
Alteration types in the forms of sodic-calcic, potassic and carbonization-silicification are dominantly
seen in the areas nearby the mineralizaton.

Karabagvengi mineralization were inititated with large scale hidrothermal fluid systems within the
framework of magmatic activity of very wide volume, and probably following the emplacement of
the rocks of monzonite and monzodiorite composition and their porphyries. Mineralization is
characterized by alteration phases with different mineral associations within faults developed in
parallel with each other of E-W direction and / or in associated splays faults of major faults in
connection with hydrothermal processes. Presence of porphyry dykes in areas close to
mineralization indicate that these areas are tectonically weak zones. This area as a region,
completed its development under the control of its own local factors as an element of an iron
province within a larger system ( Divrigi main deposit and the surrounding mineralizations). The
existence of the observed mineralization of Karabagvengi area within both monzonitic and
serpantinized rocks indicate that the mineralization could be related to deep seated faults and of
tectonically controlled. It is considered that, in the whole Divrigi region, in iron mineralization
styles of skarn, breccia and vein, hydrothermal systems/fluids of recently described Iron-oxide-
Cu-Au deposits, were effective. The presence of extensive serpantinizated rocks in the region (in
connection with ophiolitic primary thrust and related to magmatic intrusions) as wallrock gives the
impression that in iron precipitation, remobilization events of partially ultrabasic and basic rocks
could also be effective.
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Dadkiiplii (Eskisehir) Ofiyoliti Ultrabazik ve Bazik Kayaclarna Baglh Nabhit
Metal ve Metalik Cevher Minerallerine Kokensel Acidan Bir Yaklasim

Hatice ERDAL, Hayrettin OZEN, Omer Faruk GULTASLI, Aydin GOLAKOGLU, Hiiseyin SAYAK
MTA Genel Mudinliigii , Ankara

i¢ Anadolunun kuzeybausinda yeralan Dagkiipli ofiyoliti Izmir-Ankara siitur zonu igerisinde
bulunmaktadir. Izmir-Ankara siitur zonu ofiyolitleri Neotetisin kuzey kolunu temsil etmekte olup,
Neotetis okyanus tabanmin kalintilart olarak yorumlanmaktadir. Dagkiiplii ofiyolitine bagl
ultrabazik ve bazik kayaglarm tiim kayag ve eser element analiz verilerine gore, magnezyumca
zengin ve disiik TiO, degerli magmatik kompozisyonlara sahip olduklar: saptanmustir. Dagkiiplii
ofiyolitlerine bagli kromitit 6rneklerinde yapilmis olan 6nceki ¢alismalar ve bu ¢alisma sonucunda
elde edilen jeokimyasal analiz verileri, metalurjik %Cr,O, 45-60) ve refrakter (% Al,O4>25) olmak
tzere iki tipte kromitit 6rneklerinin varolduguna isaret etmektedir. Yiiksek Cr icerikli podiform
kromititler peridotitlerin -cesitli derecelerde tiketildigi supra-subdiksiyon zonu ortaminda
olugsmaktadirlar.

Bu cahsmada Dagkiiplii ofiyolitine bagli ultrabazik ve bazik kayaclarda yapilan cevher mikroskobisi
incelemeleri sonucunda en yaygim metalik cevher mineral parajenezi, bir cok ultramafik masifte
oldugu gibi, spinel grubu minerallerden kromit ve manyetit olarak belirlenmistir. Dagkiiplii
ofiyoliti ultrabazik ve bazik kayaclaria ait aksesuar orandaki siilfitli mineral parajenezi Ni-Fe-Cu
iceren siilfitli minerallerden pirotin-pentlandittkalkopirittir. Ultramafitlerdeki aksesuar orandaki
stlfidi mineral birliklerinin i¢inde bulunduklar ultramafitlerin alterasyonuna bagh olarak
olustuklari# ve siilfiir oranimin %10’un birkag¢ katini gegmemesi durumunda yaygin olan stlfitli
mineral parajenezinin pentlandit-heslevodit ya da pentlandit-millerit oldugu bilinmektedirs+.ilk
serpantinlegsme sirasinda olivinin metamorfizmasi sonucu agiga cikan Nikel, siilfit ve oksit fazlarina
girebilmektedir. Siilfit mikeart arttik¢a cevher mineral birliklerinde pirotin ve pentlandite dogru
bir gecis baglamaktadir.

Dagkiiplii ofiyoliti ultrabazik ve bazik kayaglarinda cevher mikroskobisi incelemeleri sonucunda,
bazi 6rneklerde yaygin aksesuar siilfitlerin yamsira daha az oranda avaroid, ve millerit
saptanmistiv. Dagkiiplii ofiyolitine bagli tektonit lerzolit, dunit, harzburjit ve bunlarla iligkili olarak
olusmus kromitit drneklerinin (Ni: 833-3206 ppm, Co: 81-131 ppm) Ni ve Co analiz verileri
kiimiilat kokenli kayaclara (Ni: 790-994 ppm, Co:<50 ppm) gore daha yiiksek degerlere sahip
olduklarmi gostermektedir. Kiimiilat kokenli dunit, vebsterit, piroksenit ve verlit tiirii 6rneklerin
aksesuar siilfitli mineral parajenezinde ise pentlandit, violarit, kalkopirit, pirotin, nabit Cu ve
manyetit birlikleri gozlenmektedir. Kiimiilat kokenli kayaclarim Cu analiz degerleri (Cu: 166-416
ppm) tektonit dunit ve harzburjitlere (Cu: <30-45 ppm) gore daha yiiksek Cu icerdiklerine isaret
etmektedir.  Cu  serpantinlesme  sirasinda bolgesel olarak hareket edebilmektedir. Kiimiilat
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kayaglarinda esas siilfitli minerallerden pentlandit ve pirotinin yaninda, bu birlikler i¢inde
kalkopirit minerallerinin de gozlenmesi eser element analiz verilerine gore Ni/Cu oranlarinin %2-5
arasinda olmasi, érneklerin saptanan mineral parajenezleri ile eser element analiz verilerinin
uyumlu olduguna isaret etmektedir.

Dagkiiplii ofiyolitine bagli ultrabazik kayaglar ¢ogunlukla serpantinlesmis ve daha az oranda
karbonatlagmislardir. Serpantinlesmeye bagh olarak gelismis manyetit olusumlar yaygindir.
Serpantinize dunit ve harzburjitlerdeki birincil siilfitler pentlandit ve pirotin mineralleridir. Alpin
tipteki ultrabazik ve bazik kayaclarda bulunan nikel-siilfitli minerallerin kokeni konusunda yapilan
calismalarda heslevodit ve violaritin, serpantinlegme stirecinde kristallendigi, pentlanditin ise
kaynak peridotit kayaglarindan relikt bir faz olarak olusmasimn mimkin gorindigt fakat
kokeninin daha kompleks de olabilecegi iizerinde durulmaktadir=##. Bununla birlikte pentlandit-
manyetit-avoroid-nabit Cu mineral birlikleri olivin artigi ve serpantin minerallerinin birlikte
oldugu biitiin ortamlarda yaygin olarak, diisiik f(O,) ve f(S.) sartlarinda olusabilmektedir.
Serpantinlesmeyi takiben ultrabazik kayaglarin karbonatlagmast indirgenme ve oksitlenme
reaksiyonlarinin artmasina neden olmakta ve siilfiti mineral birliklerinin depolanmasiyla
sonuclanabilmektedir*

Dagkiiplii ofiyolitine ait serpantinize dunit ve harzburijit érneklerinin elektron mikroskobisi (SEM)
Au analiz verileri sonucunda dunit érneginde kromit kristalinin catlaklarindaki gang mineralleri
icerisinde iki adet nabit altn tanesi (2-4 mikron) saptanmigtir. Orneklerin kimyasal analiz verileri
(Au:40 ppb) ekonomik éneme sahip olmadiklarm gostermektedir. Bir alterasyon ortaminda
yiiksek  f(O,) sartlarinda Aunun tagmmasi  ve ¢ozinmesinde gogalma meydana
gelebilmektedirsx.

Serpantinize ultramafik kayaglardaki pentlandit-pirotin-kalkopirit gibi mineral birliklerinin sulfiir
oranlarinda yiikselmelere isaret edebilecegi gozoniinde bulundurularak bu kayaclarin PGE ve
PGM arastirmalari iin bir potansiyele sahip olabilecekleri diisiintilmektedir.

«Eckstrand, 1975, **Papunen and Idman, 1982, ##+Weinke and Wieseneder,1982

w#x% Groves and Keays, 1979

A Genetic Approach to Native Metals and Metallic Ore Minerals Asociated
With Ultrabasic And Basic Rocks Of Dadkiiplii (Eskisehir) Ophiolites

Dagkiiplii ophiolite is located northwest part of Middle Anatolia within the Izmir-Ankara suture
zone. The ophiolites of Izmir-Ankara suture zone has been interpreted as remnants of Neoethys
ocean floor and represented of northern branch of it.

The data of major and trace element analyse of ultrabasic and basic rocks of Dagkiipli ophiolite
have been determined that their composition are rich magnesian and low TiO, % content. As a
result of previous studies and this study supplied geochemical analyse data of chromitite patterns
related with Dagkiiplii ophiolites indicated that there have been two types of chromitites as
metallurgic (Cr,O, >45-60 wt %) and refractory (ALO, >25 wt %). High-Cr podiform chromitites
have been formed in suprasubduction zone environment in which peridotites had been depleted
to some extent.

In this study as a result of ore microscobic studies of ultrabasic and basic rocks related with
Dagkiiplii ophiolite, determined that most common ore minerals are chromite and magnetite from
spinel group same as with most of ultramafit complexes. Fe-Ni-Cu-bearing sulphide mineral
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assemblage such as pyrrhotite-pentlandite+chalcopyrite which is an accessory ratio of sulphide
mineral paragenesis of the ultrabasic and basic rocks of Dagkiipli ophiolites. The mineral
assemblages of accessory sulphides in ultramafic rocks depend on the manner in which the host
ultramafic rocks altered+ and it is known that if the tenor of sulphur does not exceed o few tenths
of percent, the prevailing sulphide mineral assemblage are pentlandite-heazlewoodite or
pentlandite-millerites#.As a result of metamorphism of olivine some extracted nickel may enter in
sulphide and oxide phases during the first serpentinization. If the sulphide content increases, the
mineral assemblage grades into the pyrrotite-pentlandite assemblage.

By microscobic investigation of ultrabasic and basic rocks of Dagkiiplii ophiolites have been
determined awuruite and millerite in a few pattern more or less than other common accessory
sulphide. Ni and Co analyse data of tectonized dunites, harzburgites and chromitites patterns
related Dagkiiplii ophiolite show that they have higher values (Ni: 833-3206 ppm %, Co: 81-131
ppm%) of Ni and Co than cumulate rocks (Ni:790-994 ppm %, Co<50 ppm%). As accessory
sulphide mineral paragenesis in the cumulate dunite, websterite, pyroxenite and wehrlite patterns
are observed pentlandite, violarite, chalcopyrite, pyrrotite, native copper and magnetite
assemblages. Cu analysis data of the rocks which have cumulate origin (Cu: 166-416 ppm%)
indicated that they have higher values of Cu relatively tectonized dunite and harzburgite patterns
(Cu: <30-45 ppm). Copper is locally mobilized during serpentinization. The main sulphide
minerals of cumulate rocks such as pentlandite and pyrrotite besides of determination of
chalcopyrite in this assemblage,and as a result of trace element analyse data of the Ni/Cu ratio
being between 2-5 %, have been indicated that the mineral paragenesis of the patterns are
consistent with the trace element analyse data.

The ultrabasic rocks related with Dagkiiplii ophiolites are mostly serpentinized and more less
carbonatized. It is common magnetite formation related with serpentinization. Primary sulphides
are pentlandite and pyrrotite minerals in serpentinized dunite and harzburgite. In the studies
about origin of Ni-Fe-Cu bearing sulphide minerals which have been hosted in basic and ultrabasic
rocks of Alpine type peridotites have been considered that heazlewoodite and violarite are
crystallized during serpentinization but pentlandite seems probable that a relict phase from
peridotitic source rocks and 1its origin may be more complicateds##. However the pentlandite-
magnetite-awaruite-native Cu assemblage is common in all environments where relict olivine and
serpentine coexist, as a result of low f(O,) and low (S.) conditions. Serpentinization followed by
carbonatization in ultrabasic rocks gives rise to reducing and oxidizing reactions and deposition of
the sulphide mineral assemblagess.

As a consequence of electrone miroscobe (SEM) analyse data of serpentinized dunites and
harzburgite patterns of Dagkiiplii ophiolite two native gold grains (2-4 micron) have been
determined in the gangue minerals between chromite crystals. Chemical analyse data of the
patterns (Au:40 ppb) indicated that they have no economic value. Removal and dissolution of gold
may be possible in an alteration environment are enhanced by high (O,

The sulphide mineral assemblage such as pentlandite-pyrrotite-chalcopyrite in a serpentinized
ultramafic rocks has been considering that 1t may indicate much more sulphur ratio, and the rocks
has been considered having a potential for PGE and PGM exploration.
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Mersin (icel) Ofiyolitierine Badli Kromititlerin Platin Grubu
Element Dadiilimlarinin incelenmesi

Hatice ERDAL , Servet YAMAN**
*MTA Genel Miidiirliigiic MAT Dairvesi, Ankara

#*Cukurova Universitesi Jeoloji Mith. Boliimii, Adana

Dogu Akdeniz ofiyolit komplekslerinden biri olan Mersin ofiyolitleri, Tiirkiye'nin Glneyinde Orta
Toros ofiyolit kusagi icinde yeralmaktadir. Mersin ofiyolitlerine bagh dunit ve harzburjit gibi
drneklerin tiim kayag ve eser element analiz verileri; magmatik kompozisyonlarinin magnezyumca
zengin ve TiO,'ce diigiik igerikli olduklarina isaret etmektedir. Cr # degerleri yiksek (>60) olan
Mersin ofiyoliti kromitit érneklerinin bu 6zellikleri suprasubdiksiyon zonu ortaminda olusumlari
ile uyumludur. Kromitit 6rneklerinin platin grubu element (PGE) analiz verileri sonucunda; %
Cr,0, icerikleri ya da cevher tipi ve PGE igerikleri arasinda herhangi bir korelasyon
saptanmamistir.

Mersin ofiyolitlerine bagh saginimli, masif ve nodiiler tipteki kromitit drneklerinin ortalama PGE
ve altn icerikleri Ir: 21.1, Ru: 59, Rh: 10.98, Pt: 30.7, Pd: 7.5 ve Au: 3.04 ppb’ dir. Musali yoresine
ait 6rneklerden biri (M12: 191.6 ppb) ve Amele Evleri yoresine ait diger bir 6rnek (M42a 182.9
ppb) daha yiiksek toplam PGE degerleri gostermektedir.

Mersin ofiyolitlerine ait tiim kromitit érnekleri normalize kondrit diyagraminda negatif egim
gostermektedirler. Jeokimyasal kompozisyonlart ve ok disiik PGE iceriklerine gore Mersin
ofiyolitleri kromititlerinin olustugu manto kaynaginin cesitli kereler tiiketilmis oldugu ve
kristallendikleri safha siiresince siilfiirce doygunlugun olmadigi diistiniilmektedir. Pd/Ir>1
oranina sahip olan birkag adet kromitit 6rneginin PGE’ ce zenginlesmesinde birincil bir magma ile
kismen farkhilagmis magma karisiminin gegerli bir mekanizma olabilecegi diigtiniilmektedir.

Tektonit-harzburjitler igine sokulum yapmug olan klinopiroksenit ornegi yiiksek kristal
farklilagsmast (Pd/11:79.3) gostermekte olup Pt ve Pd’ce zenginlegmistir. Bu zenginlesme normalize
kondrit diyagraminda pozitif egim ile yansimaktadir.

Investigation of Distribution of Platinum Group
Elements Related Chromitites of Mersin (icel) Ophiolites

Mersin ophiolites is one of the complex of Eastern Mediterranean ophiolites, emplaced southern
region of Turkey in the median Taurus belt ophiolites. The data of major and trace element
analyses of patterns of Mersin ophiolites such as dunite and harzburgite indicated that they are
rich magnesian and have low % TiO., content. The chromitite samples have high Cr # (>60)
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numbers and this feature of the samples are consistent with their occurence of suprasubduction
zone environment. Platinum group element (PGE) analysis data show that there is no correlation
between PGE and % Cr,O, content or ore texture of the chromitites samples

The average contents of PGE and Au in schlieren, nodular and massive types of chromitites ore in
the Mersin ophiolites are Ir: 21.1, Ru: 59, Rh: 10.98, Pt: 30.7, Pd: 7.5 and Au: 3.04 ppb. PGE
analyses show that one chromitite sample (M12 :191.6 ppb) from Musah and another sample
(M42a:182.9ppb) from Amele Evleri location display higher total PGE values.

All chromite samples of Mersin ophiolites have negative correlation in chondrodite normalized
diagram. Geochemical composition and low PGE content of chromitite samples of Mersin
ophiolites suggested that they have severely depleted mantle source and no sulfur saturation
during of their crystallization stage. Having Pd/Ir>1 ratio of a few chromitite patterns suggests a
mixing of primitive and partially fractionated magmas could be a resanoble mechanism for their
PGE enrichment.

The clinopyroxenite which has intruded into tectonite harzburgite displays high fractional
crystallization (Pd/Ir:79.3) pattern and has Pt and Pd enrichment. This enrichment is reflected in
normalized condrodite diagram with positive correlation.
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Gediz (Alasehir) Grahenindeki Epitermal Sh-Hy-(Au)

Cevherlesmeleri ile Genisleme Tektonidi Arasindaki iliskiler:
Bahcedere-Evrenli Sahasindan Bir Ornek, Bati Anadolu

Hiiseyin YILMAZ ve Hasan SOZBILIR
Dokuz Eyliil Universitesi, Miihendislik Fakiiltesi, Jeoloji Mithendishigt Biliimii, 35100 Bornova-Izmiv/Turkey

e-mail: *huseyin.yilmaz@dew.edu.tr, **hasan.sozbilir@dew.edu.tr

Gediz (Alasehir) grabeni Bau Anadolu genisleme bolgesinin en 6nemli elemanlarindan biridir.
Grabenin ozellikle gliney kenarinda yapilan son caligmalarda, grabenlesmenin belirli
donemlerinde farkh acidaki faylarim etkisinde gelistigi anlagilmig ve ozellikle diisiik acili faylar ile
yiiksek agilt faylarin iligkileri tizerinde yogunlagilmistir.

Bu calismada, Gediz grabeninin giiney kenar {izerindeki Alasehir ilgesi giineyinde yeralan
Bahcedere-Evrenli sahasinda adi gegen faylar ile bu faylarla iligkili gelisen cevherlegsmeler
incelenmistir. Bu amacla, bolgenin ayrmul jeoloji haritast yapilmig ve cevherli zonlardan alinan
ornekler tizerinde mineralojik-jeokimyasal analiz galigmalart yapilmustir.

Yapilan arazi galigmalarina gore farkli agilarda geligmis Gg fay grubu saptanmistir: a) Diusiik agilt
normal fay-I: Menderes Masifi ile Miyosen tortul istifi arasinda gelismistir. Faylarin egimi 11°-30°
arasinda degisir, b) Diisiik agh normal fay-1I: Menderes masifi ve Miyosen tortullarini taban
blogunda bulundurur. Faylarin egimi 25°-35° arasinda degisir. ¢) Yiiksek agili normal fay-III:
Grup I ve Grup II faylarini ve Miyosen tortul istifini keser. Faylarin egimi 40°-65° arasinda degisir.

Epitermal Sh-Hg-(Au) cevherlesmeleri Diisiik acih normal faylar ve bunlara daha sonralart eglik
eden yiiksek agili normal faylar boyunca veya bunlara bitisik bulunurlar. Bu cevherlesmeler ilk
olarak olugan antimuan, demir siilfidler ve az miktarda alun ile daha sonra gelisen civa ve hematit
ile temsil edilirler. Minerallesmeler faylanma sirasinda olustu ve kismen de olsa derinlerden yukar1
dogru yiiksek 1sih alt levhayi getiren diigiik acih normal fay hareketi sonucu gelisen yiksek
jeotermal 1s1 akimina eslik etti. Bu yiikselme sonucu yiiksek 1s1l1 alt levha yiizeye yakin digtk 151t
iist levha ile yan yana gelmesi, mineral ytkli sicak sivilarin duraylihgimm bozulmasint ve
dolayisiyla cevherlesmeyi saglamistir.

Bu calisma 02.KB.FEN.061 nolu DEU-AFS projesi kapsaminda desteklenmektedir.
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Relationships hetween epithermal Sh-Hg-(Au) mineralization and extensional
tectonics in the Gediz (Alasehir) graben: An example from the Bahgedere-
Evrenli area, western Anatolia

Gediz (Alagehir) graben is one of the most important features of western Anatolian extensional
province. Recent studies carried out on the southern margin of the graben, reveal that graben
formation were developed under the control of normal faults with different dips. These studies
have been focused especially on the cross-cut relationships between low-angle normal faults
(detachment faults) and high-angle normal faults.

This study investigates mineralization related to the above mentioned faults. For this purpose,
detailed geological map of the Bah¢edere-Evrenli (Alagehir-Manisa) area along with mineralogical-
geochemical analysis were carried out.

According to field studies, three groups of faults at different dips were identified: a) low-angle
normal fault-1 developing between Menderes metamorphics and the structurally overlying
Miocene sedimentary sequence with dip angles of the faults ranging from 11° to 30°, b) low-angle
normal fault-II hosting Menderes metamorphics and the Miocene sediments within its footwall
with dip angles of the faults ranging from 25° to 35°, c) high-angle normal faults cutting group-I
and Group-II faults as well as Miocene sediments. High-angle normal faults trends approximately
N60°W and dips 40°-65° NE.

Epithermal Sh-Hg-(Au) mineralizations are located along and adjacent to low-angle normal faults
and associated high-angle normal faults in the area. Mineralization is characterized by early major
antimony and iron-sulfides with minor gold followed by fracture-filling mercury sulfide and
hematite mineralization occurred during faulting and was associated with high geothermal
gradients that were at least partially due to detachment fault movement that brought hot lower-
plate rocks up from great depsts and Juxtaposed them with coll near surface upper-plate rocks.
While the hot lower-plate approaches to the near-surface cooler upper-plate, mineral-loaded hot
fluids were destabilized by mixing with cool fluids and therefore, mineralization occurred.

This study has been supported by DEU-AFS, Project No: 02.KB.FEN.061
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Marmaris Peridotiti Kromititlerinin Platin Grubu Mineralleri (PGM),
Ortaca (Mugla) Yoresi, Giineybati Tiirkiye

ibrahim Uysal*, Sadiklar, M.B.*, Karsh, 0.** ve Aydin, F.*

"Karadeniz Teknik Univ., Miih. Mim. Fak., Jeoloji Miih. Béliimii, 61080 Trabzon
" Karadeniz Teknik Univ., Giimiishane Miih. Fak., Jeoloji Miih. Béliimii, 29000 Giimiishane

Marmaris Peridotiti'ne ait harzburjit ve dunitlerden olusan Ortaca yoresi ultramafik kayaglari
podiform kromititler icerirler. Harzburjit ve dunitlerin mineral birlikteligi genel hatlariyla olivin,
ortopiroksen, klinopiroksen ve spinellerden olusur. Hacimce en baskin olan olivinler ozsekilsiz
veya yari 6zsekilli, boylart 0.5-2.5 mm. arasinda degisen kristallerden olusmaktadir. Magnezyumca
zengin olan bu olivinlerin bilesimleri harzburjitlerde (Mg w05 - 0016 F€o 105 - 00810510, ve dunitlerde
(Mgo.005 - 0015 Feo 0050085810, arasinda degismektedir. Bolluk sirasina gore s6z konusu kayaglarda
olivinden sonra gelen ortopiroksenler genellikle enstatit-bronzit (Eng; o100 Woq 54100 FSi107.10.05)
bilesimli olup, yer yer biikiilmiislerdir (kink banding). Biiytik oranda iri kristaller halindeki
ortopiroksenlerde ayrilim iirtinii olarak bilesimleri diyopsitten endiyopsit'e kadar degisen
klinopiroksen (En ;o067 W0ss97.5000 FS0.87.5.20) lamellerine rastlanmistir. Ana mineral olarak
bulunan klinopiroksenler ise 6zsekilsiz kristaller halindedir ve coklukla diyopsitik (Enggos.s06s
Wosg 15010 FSo.0081) bilesimdedirler. Aksesuar mineral olarak bulunan spineller 6z ve yar 6zsekilli
bicimde geligmislerdir. Kimyalari, aliminyum kromitten krom-spinele kadar degisen bir bilesim
arahgi sunarlar. Cr# [100Cr/(Cr+Al)] degerleri 10.92-76.49 arasinda degismektedir.

Ortaca yoresi kromititleri harzburjitler icinde dunitik bir zarf ile sarili olup, dokusal olarak masif,
yumrusal (nodiiler) ve sagimimli bigimdedirler. Kromit merceklerinin kalinbiklart 0.5 m.’den 7-8
m.’ye, boylart ise 1-2 m.’den 50m.’ye kadar bir degisim géstermektedir.

inceleme konusu olan kromititlerde cevher mikroskobuyla én belirlenmeleri yapilan nadir
mineraller/kapanimlar daha sonra mikrokimyasal (mikroprob) yolla analiz edilerek, s6z konusu
minerallerin laurit [Ru(OsIr)S,], erlichmanit [Os(Rulr)S,] ve Os-Ir alagim kapanimlari halinde
PGM’ler olduklart belirlenmistir. Kapanim durumundaki bu PGM’ler genellikle 8 um’den kiigiik
olup 6zsekilli ve yari ozgekilli daneler (graniil) bigimindedirler. PGMlerin bilesimleri, laurit
kristallerinde, Ru % 40.29-47.26, Os % 6.97-18.03, Ir % 2.97-4.89; erlichmanitte Os % 52.28, Ru
%11.35, Ir %5.80 ve Os-Ir alagiminda ise Os % 54.12-54.64, Ir % 38.42-39.46 araliklarinda
degismektedir.

Bugiine kadar elde edilen veriler, Ortaca yoresi kromititlerinde Os, Ir, Ru gibi PGE’lerce zengin
PGM’lerin yaygin oldugunu gostermistir. Ote yandan Rh, Pt, Pd gibi PGE’lerce zengin PGM'lerin
gozlenmemesi, iki nedene dayaniyor olabilir: 1) Gergekten meveut degillerdir. Bu durumda,
azalan ergime sicakligi sirasina gore PGE’lerin negatif bir anomali sunacag agikur. Bu ise soz
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konusu  yonsemenin - mevcut  PGM’lerin magmanin - az  miktarda  ayrimlanmasiyla
(fraksiyonlagmasiyla) ortaya ¢ikmig olabilecegini gosterir. 2) Ashnda mevcutturlar, fakat bugtine
kadar gézden kagmustir. Sonuncu olasihgi test etmek icin gerekli olan analizler siirmekte olup,
sunum giintine kadar sonuglar alinmug ve tartismaya acilmus olacakur.

Platinum Group Minerals (PGM) of Marmaris Peridotite Chromitite,
Ortaca (Mugla) Area, Southwest Turkey

The Ortaca ultramafic rocks, composed of harzburgite and dunite of the Marmaris Peridotite,
consist of podiform chromitites. Harzburgite and dunite contain mainly olivine, orthopyroxene,
clinopyroxene and spinel. The most abundant mineral is unhedral to subhedral olivine with 0.5-
2.5 mm in size. Olivine is forsteritic in composition with (Mg sos - 0016 Feg 105 -0081)510in harzburgite
and (Mg .05 - 0.015 Feqgos 0.085)910 in dunite. Orthopyroxene is second most abundant mineral and
enstatite-bronzite in composition. These pyroxenes in places display kink banding. The
orthopyroxenes include thiny clinopyroxene exsolution lamellae changing from diopside to
endiopside in composition (En ; o0 ¢ Wouss 975060 FSo.87.5.06). Independent clinopyroxene crystals are
unhedral and mostly diopside in composition (Enugos.s0 s Wous 515010 FSo0sy). Euhedral to
subhedral accessory spinels (1 to 3 %) are generally present in harzburgite and dunite. These
spinels are Al-chromite and Cr-spinel with Cr# = [100Cr/(Cr+Al)] values ranging from 10.92-
76.49.

In the Ortaca area, chromite deposits are enclosed with a dunite envelope in the harzburgite and
found in massive, noduler and disseminated types. The size of individual pods ranges from 0.5 to
7-8m. in thickness and 1 - 2m., up to 50m. in length.

In the investigated chromitites, minerals (or inclusions) have been firstly determined by using ore
microscope and then analyzed by electron microprobe. Based on microprobe analyses, some of
minerals (or inclusions) are laurite [Ru(OsIr)S,], erlichmanite [Os(Rulr)S,] and Os-Ir alloy. These
PGMs as an inclusions in chromite are smaller than 8 pm and euhedral-subhedral in shape. The
compositions of the PGMs are Ru 40.29-47.96 %, Os 6.97-18.03 %, Ir 2.97-4.89 % in laurite; Os
52.28 %, Ru 11.35 %, Ir 5.80 % in erlichmanite and Os 54.12-54.64 %, Ir 38.42-39.46 % in Os-Ir
alloy.

Obtained data show that PGMs enriched in Ru, Os, Ir are found in the Ortaca chromitites. On the
other hand, absence of the PGMs enriched in Rh, Pt, Pd elements may be due to two reasons: 1) In
fact, there is no PGMs enriched in Rh, Pt, Pd elements in the chromites. In this case, condrite-
normalized PGE values of these chromitites indicate negative trend with decreasing melting point.
So, this type of trend shows that PGMs may have occurred as a result of low-degree fractionation
of the magma. 2) Actually, these PGMs are present, but could not have been observed during
studies so far. PGE analyses of chromitites have been going on to test this probability.
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Orta Anadolu Carpisma Sonrasi (post-Kolizyon) H-tipi Granitoid Magmatizmasi
ve Demiroksit Cevherlesmeleri ile Olan Uzay-Zaman iliskisi

ilkay KUSCU*, Gonca Gengalioglu KUSCU**

* N.U., Aksaray Miihendislik Fak., Jeoloji Mith. Boliimii, 68100 AKSARAY
s% N.(., Miih.-Mim. Fak., Jeoloji Miih. Bolimii, 51100 NIGDE

e-posta: gikuscu@ixir.com

Orta Anadolu, degisik tiir ve biiyiiklikte maden yataklarini igeren polimetalik bir metal
provensidir. Bu calisma bolgedeki demiroksit cevherlesmelerinin olusumunu ve dagilimint,
granitoid metalojenisi agisindan ele almakta ve H-tipi garpisma sonrasi magmatizma ile demiroksit
cevherlesmelerinin kokensel birlikteliklerini ortaya koymaktadir.

Orta Anadolu bolgesinde yer alan magmatik kayaglarin olusumu, evrimleri ve bolgeye yerlesimleri
Torid-Anatolid Platformu ile Pontidlerin carpigmasina bagh Geg Kretase’den beri siiregelen stirekli
bir magmatik aktiviteye isaret etmektedir. Ozellikle Geg Kretase-Paleosen zamanlarinda ¢arpigma
sonrast bolgesel gerilmeler (litosferik styrilma; lithospheric delamination veya dalan levhanin kopmast;
slab break-off), bolgede manto kékenli magmalarin olugumu (adiyabatik dekompresyon) ve bunlarin
alt kabuga yerlegmesiyle (mafik magma altlanmasi; underplating mafic magma) sonuglanmistir. Bu
olay, hem kitasal kabuktaki kismi ergimeleri tetiklemis (felsik eriyik) hem de manto kokenli mafik
magmalarin felsik eriyiklere intriizyonunu saglamustir. Mafik ve felsik magmalarin karigimu ise,
bugiin Orta Anadolu bolgesinde her zaman 6rneklerine rastlanabilen karmagik ¢arpigma sonrasi
(post-COLG) magmatik sokulumlarin ve magma karigim tirtinlerinin olusumunu hizlandirmstir.
Cok genel olarak Orta Anadolu ¢arpigma sonrasi pliitonik kayaglart HFSE'ne gore LI LE ve LREE
bakimindan zengindir ve yiiksek ¥Sr/*°Sr, disiik '*Nd/'"'Nd oranlarina sahiptir. Bu 6zellikleriyle
kitasal kabuk kirlenmesi ve yitim zonu bileseni olan bir zenginlesmis manto kokenini ve karmagik
magma karigmast olaylarini isaret etmektedir (Aydin ve dig. 1998; Gengcalioglu Kuscu ve dig.,
2001, ilbeyli ve dig., 2001).

Hem kalk-alkalen hem de alkalen 6zellikleri olan bu magmalarin bolgeye sokulum yapmasi
ozellikle Fe-oksit minerallerince zengin skarn ve Fe-oksit-bakir-altin(?) (DOBA; Kuscu ve dig.,
2002) yataklarinin olsumuyla sonuglanmustir. Bu cevherlesmelerle iligkili I-tipi (H;,) plitonik
kayaclar metaliminli, yiiksek-K'lu kalkalkalen ve K-feldispat megakristli monzodiyoritten granite
kadar degisen veya carpigma sonrasi magmatizmanin geg evrelerinde olusan A-tipi peralkalen K-
feldispat megakristli monzonitik ve syenitik kayaglar icermektedir. Demiroksit cevherlesmelerinin
cogunda kismen W zenginlesmeri de gozlenmektedir. Bu, pliiton iginde yer alan ve birbitleriyle
heterojen karigimlar halinde bulunan mafik ve felsik kayaglarin dagilimyla iliskilidir. Ornegin Fe
cevherlegmeleri daha mafik karakterli kayaglarla iliskiliyken W skarnlar: daha felsik karakterli
" kayaglarla iliskilidir. Mafik ve felsik kayag¢ gruplarmin birlikte ayni batolit iginde gozlendigi
bolgelerde Fe ve Fe-Cu cevherlegsmeleri ya mafik pliitonlarm icinde ya da pliiton kenarlarina yakin
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kesimlerde masif kiitleler veya cepler halinde yer alirken, W cevherlesmeleri ise pliittonun i¢inde
damarlar halinde ve daha felsik kayaclarla iliskili olarak bulunmaktadir. Cevherlesmeler
¢ogunlukla ana yapisal hatlari takip etmekte, yaygm metazomatik ve alterasyon zonlari icinde
bulunmaktadir. Fe-skarn yataklariyla iliskili plittonik kayaglarin tiim-kayac Jeokimyasal igerikleri,
bu pliitonlarin ayni zamanda hem Cu hem de Au potansiyellerinin oldugunu da gostermektedir
(Kuscu ve dig., 2001; 2002). Bu tir yataklarda (6rnegin Celebi, Kesikkopri  (Kirikkale),
Karamadazi (Kayseri), Divrigi (Sivas)) demirin yaninda retrograd evrelerde kalsit ve kuvars
damarlan boyunca stilfid cevherlesmelerinin (kalkopirit, malahit, kalkozin, markazit ve pirit) de
bulunmasi veya Sarikaraman (Ortakoy, Aksaray) bolgesindeki magmatik kayaclar icinde, ince ags
damarlar boyunca ve arjillegmis yapisal hatlar boyunca gézlenen malahit cevherlesmeleri, bu
yataklarm bakir potansiyelerini destekler niteliktedir.

Magmatik stireglerin cevherlesmelerle olan iligkileri ¢ok az bilinmesine ragmen bu stirecler
magmatik kayaglarla iliskili veya magmatik kayaclar iginde gelisen cevherlesmelerin nasil olustugu
ile ilgili ¢ok kritik bilgiler icermektedir. Kiguk fakat potansiyel olarak cok etkili olan bu stireglerde
subalkalen intriizyonlarla astenosferik manto kokenli intriizyonlarin uzay-zaman birlikteliginde
daha da carpiadir (Lang ve Baker, 2001). Keith ve digerleri (1998), felsik-ortac kalkalkalen
eriyikler igine mafik magma intriizyonunun porfiri bakir ve molibden cevherlesmelerinin
olusumunda  énemli bir rol Ustlendigini 6ne siirmektedir. Mafik magmalarin felsik magmalara
etkisi kalkalkalen eriyiklere ya ucucu eklenmesi ya da metallerin getirimi veya kalkalkalen
ertyiklerdeki ugucu akigi ve metal tasinmasmin hizlandirilmast yoniindedir. Her iki etki de
granitoidlerle iligkili cevherlesmelerin metalojenezinde oldukca énemlidir. Benzer bir sekilde,
bélgedeki Fe-oksit ve bunlarla birlikte bulunan potansiyel Cu-Au cevherlesmelerinin sadece H-tipi
monzonitik-"syenitik”(?) kayaglarin civarimda veya kenarlarinda gozlenmesi, Orta Anadolu
bélgesinde H-tipi monzonitik birligin olusumunda etikili olan mafik magma bileseninin, bolgedeki
cevherlesmelerin  olusumunu ve uzay-zaman iginde dagihmimi da kontrol ettigini  ortaya
koymaktadir. Ote yandan, felsik ve mafik magmalarin intriizyonuyla olusan hibrid kayaclarda
“intriizyonla iliskili altin yataklart”nin bulunmas: (McCoy ve dig., 1997; Thompson ve dig., 1999;
Baker ve Lang, 2001; Kuscu ve dig., 2002), Orta Anadolu’'da magma karisim olaylarinin gézlendigi
phitonik  kayaglarda potansiyel Cu-Au cevherlesmelerinin  aranmasi gerektigini  ortaya
koymaktadir.

Anahtar Kelimeler: Orta Anadolu, Fe-oksit, Cu-Au, Fe-oksit-Cu-Au, granitoyidle iligkili
cevherlesmeler, carpisma sonrasi H-tipi magmatizma

Post-collisional H-type Granitoid Magmatism in Central Anatolia and Time-
space Relation with Fe-oxide Mineralization

Central Anatolia is a polymetallic metallogenic province (Kuscu and Erler, 1998) hosting mineral
deposits of various size and type. Present study concerns with the formation and distribution of the
Fe-oxide mineralization in terms of granite metallogeny, and reveals the genetic coexistence of H-
type post-collisional granitoid magmatism and Fe-oxide mineralization.

Petrogenesis, evolution and emplacement of the magmatic rocks in central Anatolia indicate a
continuous magmatic activity since Late Cretaceous resulting from the collision between Tauride-
Anatolide Platform and Pontides (Erler et al., 1991; Geven, 1992{xe "Geven, 1992"}; Gonctioglu et
al., 1993; Akiman et al., 1993; Erler and Bayhan, 1995; Yaliniz et al., 1999{xe "Erler and Bayhan,
19907}). Post-collisional regional extension due to lithospheric delamination or slab break-off
during Late Cretaceous-Palacocene resulted in adiabatic decompression and underplating mafic
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magma. This event did not only trigger partial melting within the continental crust and formation
of the felsic magmas, but also the intrusion of mafic magmas into the felsic ones. Mixing of felsic
and mafic magmas gave way to the formation of complex post-collisional intrusions (67 to 82 Ma)
and magma mixing products (Aydmn et al., 1998; Yalnz et al, 1999; Gengalioglu-Kuscu and
Floyd, 2001; Kuscu et al., 2002), 2001; Ilbeyli et al., 2001). Post-collisional Central Anatolian
plutonic rocks are generally enriched in LILE and LREE compared to HFSE, and have high
S8 but Tow ' *Nd/!"'Nd ratios. These characteristics indicate an enriched mantle source with
crustal assimilation and subduction zone components, and complex magma mixing-mingling
events (Kadioglu and Giileg, 1996; Aydin et al., 1998; Gengalioglu Kuscu et al., 2001, Ilbeyli et al.,
2001).

Intrusion of these magmas with calc-alkaline and alkaline characteristics resulted in the formation
of skarn deposits enriched in Fe-oxide minerals, and Fe-oxide-Cu-Au (?) (1OCG; Kuscu et al.,
2003; Yilmazer et al.,2003) deposits. Plutonic rocks associated with these deposits include 1) I-type
(H,,) metaluminous, high-K calc-alkaline monzodiorites to granites with K-feldspar megacrysts,
and 2) A-type alkaline monzonitic-syenitic rocks with K-feldspar megacrysts, formed during the
late stages of post-collisional magmatism (Boztug, 1998). In many cases Occasional W enrichment
are also known in most of Fe-oxide deposits. This is related to the heterogeneous distribution of
mafic and felsic rocks within the pluton. For instance, W mineralization is related to more felsic
rocks, while Fe mineralization is related to the more mafic ones. Fe and Fe-Cu mineralizations
occur as massive bodies or lenses within the pluton, or close to pluton margins where felsic and
mafic rock groups coexist within the same pluton. W mineralizations on the other hand, are
observed as veins within the pluton and are associated to more felsic rocks. Mineralizations are
usually controlled by major structural alignments that experienced pervasive metasomatism and
alteration. Whole-rock geochemical compositions of plutonic rocks associated with Fe-skarn
deposits suggest a possible potential both for Cu and Au (Kuscu et al., 2001; 2002). Possible Cu
potential for these deposits can be based on: 1) presence/occurrence of sulfide mineralizations
(chalcopyrite, malachite, chalcosine, marcasite and pyrite) along calcite or quartz veins In
retrograde stage (e.g. Celebi, Kesikkopri (Kirikkale), Karamadazi (Kayseri), Divrigi (Sivas)), and 2)
malachite mineralizations within stockwork zones and argillic structural lineaments in magmatic
rocks within Sartkaraman (Ortakdy, Aksaray) region.

Although the relation between the mineralizations and magmatic processes is not well known,
these processes have significant information on the formation of mineralizations associated with, or
developed within the magmatic rocks. The role of mantle derived magmas in these processes is
crucial.

Keywords: Central Anatolia, Fe-oxide, Cu-Au, Fe-oxide-Cu-Au, mineralizations associated with
granitoids, post-collisional H-type magmatism
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Bilevlikvavla (Domanic-Kiitahya) Polimetalik Cevherlesmesinin Jeolojisi

Biilent BAYBURTOGLU, Ismet CENGIZ, Selahattin YILDIRIM, Hayrullah YILDIZ, Cevdet CAKIR,
MTA Genel Mudirliigii

Bileylikyayla (Domanig-Kiitahya) sahasi Pontidler ve Anatolidler jeotektonik kusaklarini siurlayan
KB-GD dogrultulu Eskisehir Fay'inmn giineyinde Anatolidler birligi icinde yer alir.

Sahada ylizeyleyen en yash kayag birimleri Miizeyyen Metamorfitlerine ait Devlez Metabazitleri ve
Geyiktepe Mermerleridir. Bunlarin yagt Ust Kretase éncesidir. Bu birimler diisey ve yanal yonde
birbirine gegislidir. Devlez Metabazitleri amfibolitle birlikte YB/DS mavi sist fasiyesinde olusmus
cesitli sistlerden olusur. Geyiktepe Mermerleri ise Devlez Metabazitleriyle olan dokanaklarina
yakin kesimlerde kalksist icerir. Paleosen (?) yasl Domanig Granadioriti bu birimler icine sokulum
yapar. Granodioriti mermer dokanaklarinda yer yer skarn olusumlari gériiliir. Tam bu birimler
Paleosen sonrasi (?) yasta granit porfir dayklariyla kesilmislerdir.

Galigmalar sirasinda sahani 1/5.000 6lgekli jeoloji haritas ve jeokimyasal etiidii yapilmistir. Bu
kapsamda sirt ve yamaglar boyunca alinan 303 adet toprak ornegi ve 58 adet kayag 6rnegi Au, Ag,
Sb, As, Cu, Pb, Zn ve Mo igin analiz edilmis ve her element igin dagilim haritast olusturulmustur.
Buna gére kayaglarda 7300 ppb, topraklarda ise 1130 ppb’ye varan Au degerleri saptanmistir. Bu
degerler Sb ve As gibi epitermal cevherlesmelere iliskin iz bulucu elementlerce desteklenmektedir.
Ayrica Cu, Pb, Zn gibi baz metal degerleri de gok yiiksektir. Au elementinin epitermal iz bulucu
elementlerle, baz metallerin de kendi aralarinda ve Au ile yliksek pozitif korelasyonlar vermeleri
epitermal ve porfiri cevherlesmelerin varligina iliskin énemli verilerdir.

Sahada iki tip cevherlesme goriiliir. Bunlardan birincisi Au agisindan énemli gortilen ve diger iz
bulucu elementlerce de desteklenen epitermal cevherlesmeler, digeri ise skarnlara iliskin
cevherlesmelerdir. Damar tipi Au cevherlesmeleri genelde KD-GB ve KB-GD gidisli kirik hatlar
boyunca geligmistir. Bunlar ¢ogunlukla silislesmis, limonitlesmis ve manganca zengin zonlar
boyunca yogunlasmaktadir. Bu zonlar yer yer bresik ozellikte olup, kuvars damarciklar1 da
igerirler. Baslica cevher mineralleri pirit, kalkopirit, malahit, azurit, spekiilarit ve mangan oksit
mineralleridir.

Skarn tipi cevherlesmeler granitoyidle mermer dokanaklarinda gortlir. Yer yer az da olsa Au
igeren bu zonlar baslica epidot, granat, piroksen, tremolit ve aktinolit gibi tipik skarn mineralleri
igerirler. Bunlarin bazi kesimlerinde dissemine pirit de izlenir.

Sahada 6zellikle baz metallerin (Cu, Pb, Zn) cok yiiksek degerler vermesi, az derinde ortiilii
ve/veya gémilii bir porfiri sistemin varhgimi olasi kilmaktadir. Yakin ¢evrede bu tir porfiri
cevherlesmelerin bulunmasi (Sarigayiryayla-Topukdere, Ayidere, Muratdere ve Tiifek¢ikonagi) bu
olasihg gtglendirmektedir.
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Geology of the Bileylikyayla (Domanic-Kiitahya)
Polymetallic Mineralization

The Bileylikyayla (Domani¢-Kiitahya) mineralization is located within the Anatolides at the
southern side of the NW-striking Eskisehir Fault bordering the Pontides and Anatolides. The
Geyiktepe Marbles and Devlez Metabasites of the Mizeyyen Metamorphics are the oldest of the
units cropping out in the area. They are of pre-Upper Cretaceous age. They grade into each other
laterally and vertically. They have undergone burial metamorphism to gether. The Devlez
Metabasites consist of amphibolites and schists of different compositions, metamorphosed in
HP/LT blue schist facies. The Geyiktepe Marbles contain calc-schists at the contacts with the Devlez
Metabasites. The Domani¢ Granodiorite of Paleocene (7) age intrudes the older units. Skarn
formations locally occur at granodiorite marble contacts. All these units were cut by post-Paleocene
dykes of granite porphyry.

The 1/5,000 scale geological mapping and geochemical survey was undertaken in the area. A total
of 303 soil and 58 rock samples were collected along ridges and at bases of slopes, and were
analyzed for Au, Ag, Sb, As, Cu, Pb, Zn and Mo. Based on these analytical results, element
distribution maps were produced. Gold values reach up to 7300 ppb in rocks and 1130 ppb in
soils. These values are also correlated well with the pathfinder elements like Sb and As which are
indicative for an epitherml type of mineralization. In addition, base metal contents (Cu, Pb, Zn) of
samples are very high. The fact that gold is closely correlable with some pathfinders of epithermal
mineralization and base metals have good positive correlations with each other and gold, may be
indicative of epithermal and porphyry systems in the area.

Two types of mineralization can be expected in the area. First one is epithermal type of
mineralization, which is also inferred by other pathfinder elements and found promising with
respect to gold; the other one is skarn-related mineralization. Vein-type gold mineralization
usually occurs in relation to both NE-and NW-trending fractures. They were mostly developed in
silicified, limonitized, manganiferous zones. These locally brecciated zones also contain quartz
veinlets. Main ore minerals include pyrite, chalcopyrite, malachite, azurite, specularite and various
mangan oxides.

Skarn-type mineralization occurs at granitoid-marble contacts. These zones locally containing
lesser amounts of gold, chiefly include typical skarn minerals such as epidote, garnet, pyroxene,
tremolite and actinolite. Disseminated pyrite is also seen in some portions.

Very high base metal (Cu, Pb, Zn) contents may imply a buried concealed porphyry system at
shallow depth. The presence of this type of porphyry systems in nearby areas (Sarigayryayla-
Topukdere, Ayidere, Muratdere and Tiifekcikonagl) supports this expectation.
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Ayazmant (Ayvalik-Balikesir) Skarn Tipi
Demir Cevherlesmesinin Jeolojisi ve Parajenetik Sekansi

Tolga OYMAN, Fevzi MINARECI, Nazim TURKNAS, Ozkan PISKIN
Dokuz Eyliil Universitesi Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii,
35100 Bornova-Izmir

Kozak Magmatik Kompleksi Bati Anadolu’da Paleosen-Geg Miyosen araliginda etkin olan sikigma
tektoniginin, kalk-alkali karakterli volkano-pliitonik iirtinlerinin tipik bir 6rnegidir. Triyas yash
metamorfik temel kayalarini kesen Kozak Magmatik Kompleksine ait granitik-granodioritik pliiton
ve porfirik mikrodiyoritik-mikrogranodiyoritik dayklar, masif ¢evresinde kontak metamorfik
cevherlesmelerin olugmasina neden olmustur. Kontak metamorfizma zengin bir kalsiyum silikat
parajenezi ile karakteristik olup, genis yayihm sunan endo ve ekzo skarn olusumlarimi meydana
getirmigtir. Ekzoskarn prograd evrede granat, piroksen, epidot, Klorit, aktinolit ve bol cevher
mineralleri ile temsil edilirken retrograd evre tremolit, kalsit, amfibolit asbesti parajenezi ile
karakteristiktir. Yaygin olarak gézlenen endoskarn aktinolit-tremolit, epidot olusumlarimin
yanisira cevher igerigine de sahiptir. Manyetit, kalkopirit-kiibanit, pirotin, molibdenit, pirit, grafit
ve ilmenit ilk cevherlesme fazinin triinleridir. Kiigiik makaslama zonlarinin etkisi ile gelisen
deformasyon zonlarinda manyetit, hornfels icinde kalem seklinde uzayan toplanimlar ile ayirt
edilmektedir. Bu yapilarin uzamig eksenlerine dik kesitlerinde helezonik biiytimeler gézlenmistir.
Kontak metamorfik fazi izleyen evrede cevherli hidrotermal sivilar yatak parajenezinin
olusumunda énemli rol oynamistir. Galen, ¢inkoblend, kalkopirit, pirit igerikli damarciklarin en
son evrenin {rinleri oldugu diisiiniilmektedir. Kalkopirit-kiibanit, oksidasyon-sementasyon
kusaginin gelisimi ile birlikte kalkozin-kovellin, nabit bakir, malakit-azurite dontstirken, hematit
ve limonitin(gétit), manyetit, pirit ve kalkopiritten déniistiigii gozlenmistir. Manyetitle birlikte
ayrimh olarak olusan eser miktardaki ilmenit kristalleri rutil, titanit ve l6koksene doniistigi
izlenmistir.

Geology and Paragenetic Sequence of
Ayazmant (Ayvalik-Balikesir) Iron Skarn Deposit

Kozak Magmatic Complex is a typical example of the calc-alkali volcano-plutonic products of a
compressional tectonic regime which is dominant between Paleogene-Late Miocene in Western
Anatolia. Granitic-granodioritic pluton and the porphyritic microdioritic-microgranodioritic dikes
of Kozak Magmatic Complex which crosscut the metamorphic basement of Triassic age produced
Fe skarns. Contact metamorphism is characteristic with a well-developed  calcium-silicate
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paragenesis and it forms widespread endoskarn and exoskarn formations. While exoskarn is
represented by garnet, pyroxene, epidote, chlorite, actinolite and ore mineral association in
prograde stage, the retrograde stage is characteristic with tremolite, calcite, amphibolitic asbestos
association. Apart from actinolite-tremolite and epidote widespread endoskarn contains oxide
and sulphide associations. Magnetite, chalcopyrite-cubanite, pyrrhotite, molibdenite, pyrite,
graphite and ilmenite are the products of the early stage. In hornfels elongated pencil shape
magnetite occurences formed in the deformation zones due to shearing. Spiral growth is
determined in sections perpendicular to the elongated axis of these structures. In the stage which
follows the contact metamorphic phase the ore bearing hydrothermal fluids play an important role
in the formation of paragenesis of the deposit. It is thought that galena, blend, chalcopyrite
bearing quartz veinlets are the product of this late stage. It has been observed that while
chalcopyrite and cubanite transformed to chalcocite-covellite, native Cu and malachite-azurite;
magnetite, pyrite and chalcopyrite transformed to hematite and limonite (goethite) during the
processes of oxidation-sementation. Rutile, titanite and leucoxene originates from ilmenite which
formed as exsolution lamellaes with magnetite.
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HIDROJEOLOJi OTURUMU

Amasya-Bogakody-Karliydl Kaynaginin Karst Hidrojeolojisi

Ugur AKDENIZ, Burcu ERTURK, Nihal BASARAN
Devlet Su Isleri Genel Miidiirligii,

Jeoteknik Hizmetler ve Yeralte Sulart Dairesi Baskanligr, Ankara

Bu karst hidrojeolojik etiit ile sulama suyu sikintist yasayan ve arazilerinin biiyiik bir kesiminde
kuru tarim yapilan Bogakéy'tin 2 km batisinda bulunan Karlig6l kaynagmin gelistirilmesi
amagclanmistir. Karhgél kaynagi Jura-Kretase yash karbonath kayaclar ile gecirimsiz 6zellikteki
Eosen yasli tortul serinin dokanagindan 574,3 m kotundan ¢ikmaktadir. Bu caligma kapsaminda
Karligol kaynaginin hidrodinamik yapist belirlenmeye cahsilmis ve karstik akiferin yayilimi,
derinlik, kalinlik ve hidrolik parametrelerini aragtirmak icin 5 adet su sondaj kuyusu ac¢ilmustir.
Ayrica su kimyasi ve izotop hidrolojisi calismalart da yapilmistir.

Su sikintisi yasayan bolge icin énemli bir kaynak olan Karhgol kaynaginin 1978-2000 yillar
arasinda yapilmig akim 6l¢tim degerlerine gore ortalama bosalim katsayist (Q,,,), 7.1x107giin™,
ortalama akimi 193 I/s ve debi degiskenlik ytizdesi (Qq), 58 oldugundan kaynagin debisi ile yillik
bosaltigt su hacminin, yillik yagis miktart ve dagilimina bagh oldugu sonucuna varilmistir. Bu
degerlere gore Karligol kaynagi olduk¢a yiiksek debili ve debi degisimi fazla olarak
tanmimlanabilecek bir kaynaktr. Kaynagin ortalama bosalim katsayisinin 10 giin"' mertebesinde
olmasi dolaysiyla, inceleme alanindaki karstlasmanm orta dereceye yakin oldugu yani halen
devam ettigi soylenebilir. Yeralusuyu dolagimi kaynagin beslenim sahasinda eklemler, catlaklar,
karstik kanallar boyunca ve yersel dolasim seklinde gerceklesmekte olup, genelde karstik
sistemdeki yeralusuyu akimi kuzeyden-giineye dogru KB-GD dogrultulu ana-kirik hatti boyunca
olmaktadir. Ancak Karhgol kaynagmin gerisinde yersel dolasimdan yaygin dolagima gecis
gortilmekte ve bu bolimde karstik rezervuar olusumu gézlenmektedir.

Karhgél kaynaginm 1970-1999 yillar icin hesaplanan ortalama baz akim miktari 6.09x10°
myil (193 1/s), cizilen grafiksel baz akim analizinden hesaplanan ortalama baz akim miktar ise
4.43x10° m¥yil'dir. Yillik beslenimden gelen suyun miktart 4.43x10° m%yiln aguginda, bunu
kaynak rezervuari diizenleyememekte ve bu durum kaynak debisinde ani artis olarak
gorilmektedir.

Kaynak sularinm akisa gectigi derenin mansabinda Baglica Goleti yapilmis olup, goletin rezervaar
hacmi 1x10° m™tiir. Bu durum goz oniine alinarak ortalama baz akim miktarimm %70 emniyetle
3.63x10° m/yil't yani 3510/s suyun sulama peryodu olan 4 ay boyunca karstik rezervuardan su
sondaj kuyulart vasitasi ile cekilerek sulamaya tahsis edilmesi uygun gériilmiistir.
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inceleme alaninda Karligol kaynagi ve sondaj kuyularinda aliman numuneler kalite agisindan
degerlendirilmistir. Kaynak ve sondaj kuyu sulari C,S, sulama suyu sinifinda olup, orta tuzlu az
sodyumlu sulari karakterize ederler.

Amasya-Boiiakdy-Karligdl Spring Karst Hydrogeology

This karst hydrogeologic study aims to develop Karhigol spring located at the 2 km west of
Bogakoy where water problem is experienced and dry agriculture is done at the large part of the
territory. Karligél spring discharge from 574.3 m altitude and at the contact of Jurassic-Cretaceous
age carbonate rocks and impervious Eosen age sedimantary unit. This study tries to determine
Karhgol springs hydrodynamic structure and in this context 5 water bore wells were drilled to
research karstic aquifer expansion, depth, thickness and hydraulic parameters.

Karhgdl spring is an important source for the area which is experience water problem. Because of
average discharge coefficient (0,.), 7.1x107 day”, average flow 193 /s and flow variableness
percent (Qq),58 ,according to flow measurements done between 1978-2000, it can be said that
springs discharge and annual discharge volume depend upon annual rain quantitiy and
dispersion. According to these values Karhgol spring can be defined as rather high flow and flow
variableness is high. Because of spring average discharge coefficient is 10™ day grade, it can be
said that karstification is close to middle grade and continue now in study area. In springs
recharge area, groundwater circulation occur along joints, cracks, karstic channels and as a local
circulation. Generally groundwater circulation in karstic system is from north to south and along
NW-SE direction of main fracture line. But at the back of Karligol spring local circulation is
transformed in to widespread circulation and in this area karstic reservoir formation cen be seen.

Average base flow of 1970-1999 for Karhgdl spring was calculated to be about 6.09x10°
m’/year, (193 I/s) and calculated from graphical base flow analysis was 4.43x10° m'/year.
When the water amount come from annual recharge exceed 4.43x10° m*/year, spring
reservoir can not organize water and this situation is seen in spring flow as a sudden increase.

At the downstream of the spring Baglica Small Dam was built and the dams reservoir volume is
1x10° m®. In this situation average base flow of %70 with safety was calculated 3.63x10° m*/year
(350 1/s). This amount of water can be used in ground irrigation by pumping with water bore wells
during 4 months which are irrigation period.

The samples, which were taken from Karligol spring and bore wells in study area, were utilized by
quality. Spring and bore wells waters are C,S, irrigation water class and these waters characterize
medium salty, rarely sodiac waters.
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Tacin (Biinyan-Kayseri) Karst Kaynaiiinin Hidrodinamik Ozellikleri

Mehmet EKMEKGI*, Ugur AKENIZ**, Tiirkay COSKUNER* Dogan YURDAER**

*Hacettepe Universitesi, Uluslararas Karst Kaynaklar Uygulama ve Avagtrma Merkezi H wdrojeoloji Miihendisligi
Program:, Beytepe Ankara
** DSI Genel Miidiirliigii, YAS ve Jeoteknik Hiz. Dairesi, Karst Subesi Yiicetepe Ankara

Ileri derecede heterojen ve anizotrop ortamlar olusturan karstik akiferlerin hidrodinamik
davraniglarinin kestirilmesi, karstik olmayan ortamlarda gegerli olan yéntemlerin cogunlukla
yetersiz veya gegersiz olmasi nedeniyle hidrojeolojide énemli bir sorun olusturur. Hidrojeolojiye
iliskin sorunlarin ¢oziimii, temelde akiferlerin beslenme-depolama-dola§1m-b0§ahm iliskilerinin
fiziksel durumu yansitabilecek sekilde ortaya konmasimi gerektirmektedir. Hidrodinamik yapiyt
olusturan beslenme-depolama-dolagim-bosalim bilesenleri, biiyiik oranda sistemin sinir kosullarin:
belirleyen akiferin geometrisi tarafindan denetlenmektedir. Karstik olmayan akiferlerde, ortamin
genellikle homojen ve izotrop kabul edilebilmesi nedeniyle bir sorun olusturmayan akifer
geometrisi, karstik akiferlerde her bilesen icin &zel bir Gahsma gerektirir. Karstik olmayan
akiferlerde homojen ve uniform bir beslenme rejimi tanimlanabilirken, karstik akiferlerde
beslenme rejimi morfolojik yapilarin yogunlugu ve dagilim ile degisebilmekte; depolama doygun
zon diginda vadoz zonda da gerceklesebilmekte: dolagim, yaygin olabildigi gibi Darcy yasasinin
gegersizlestigi yerel 6zellikte olabilmekte; bosalim miktar ve kalite agisindan zamana bagl olarak
ok biiyiik araliklarda degisim géstermektedir. Alansal ve zamansal degiskenligi ileri derecede
yliksek olan bu bilesenlerin dogrudan gozlenmesi ve/veya tanimlanmasi teknik ve mali boyutuyla
heniiz olanakli degildir. Bununla birlikte, gozlenmesi gorece kolay olan kaynak bosalimlari bir
kara-kutu niteliginde olan akifer sisteminin yukarida tanimlanan hidrodinamik yapt bilesenlerini
timsel olarak yansitan sistemin bir ciktisi seklinde degerlendirilebilmektedir. Bu nedenle,
kaynaklarin debileri ve kimyasal ézelliklerinin diizenli bir sekilde gozlenerek kaydedilmesi, karstik
akiferlerin etkin yénetimi acisindan ¢ok biiytik bir 6nem tasimaktadir.

Kayseri-Biinyan’a bagli Topségiit Koyt sinirlart iginde yaklagik 246 km?lik bir alana sahip
Mesozoyik yash allokton kirectas: ile Neojen yash kirintili birimlerin dokanagindan bosalan Tacin
kaynagimin 1965-1998 yillari arasinda minimum, maksimum ve ortalama debileri sirastyla  0.064
m'/s, 3.506 ms ve 1.055 m%s olarak olgiilmiistiir. Akimda gozlenen yiiksek varyans katsayisi
(Vc=0.28) akiferin iyi derecede karstlasmis  oldugu  yéniinde  bir gosterge  olarak
degerlendirilmistir. Tacin karst akiferinin beslenme, depolama ve akim gibi dinamik ézelliklerinin
ortaya konabilmesi amaciyla, kaynak akim hidrograflart degerlendirilmistir. Akim hidrograflarinin
aldigr sekiller, yagisa kargi farkli tepkiler gosteren farkl akim-dolagim yollarinin varhigina iliskin
gostergeler seklinde degerlendirilmistir. Yeraltusuyu seviyesine bagli olarak calisan akim yollarinin
yaratugi etkiler analiz edilerek Tacin akiferinin ileri derecede heterojen ve anizotropik bir yapiya
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sahip oldugu sonucuna varilmistir. Kaynakta olgtilen akim hidrografi, genellikle iki farkli akim
yolu bilesenine ayrilabildigini gostermektedir.

Kaynak ¢ekilme analizleri sonucunda, ¢ekilme katsayisinin farkl seviye-depolama kogullari altinda
farkli degerler aldigr belirlenmigtir. Cekilme katsayisi 1.3x10" giin™ ile 2x10 giin'  arasinda
degerler almaktadir. Analiz edilen cekilme egirilerinin yeraltsuyu seviyesinin degisimine bagh
olarak farkli sekiller almasi, akiferin farkli depolama-dolagim kusaklarindan olustugunu
gostermektedir. Cekilme egirisinin genel seklinden, ¢ekilme katsayisinim cekilme donemi boyunca
bityiime egiliminde oldugu goriilmektedir. Bu durum, Tacin karst kaynaginin bir “tagma” kaynagi
oldugu dogrultusunda degerlendirilmistir. Bagka bir ifadeyle, Tacin karst akiferinin bosalimi
ancak belirli bir seviyenin tizerinde gerceklesmektedir.

Cekilme egrisi analizlerinden ardigik yillara iliskin dinamik hacimler hesaplanmuis, ardigik yillara ait
dinamik hacim arasindaki farklar akiferin beslenme rejimi agisindan degerlendirilmistir. Dinamik
hacimde meydana gelen degisimlerle calisma alanimi temsil eden Akkisla Meteoroloji Istasyonunda
olciilen yagiglar arasinda yapilan korelasyon-regresyon alizlerinden, siiziilme-beslenme () ile
toplam yagus (P) arasindaki iliski,

I = 2x10" P* seklinde bulunmustur.

Literatiirde farkli alanlar icin belirlenen iligkilerde iistel sayr degismemekte, ancak egim farkh
degerler alabilmektedir. S6zkonusu farkm baglca nedenleri, akiferin beslenme rejimine birincil
derecede etki eden karstik yapilarin yogunlugu ve dagilimu ile toprak-bitki ortiisti varhgi-tird
olmakla birlikte, 6zellikle yagigin siddeti ve yil igindeki dagiliminin da beslenme rejimi tizerinde
onemli bir etkiye sahip oldugu gorilmistur.

Anahtar Kelimeler: akifer, beslenme, cekilme, depolama, dolagim, hidrograf, karst, Kaysert, Tacin,

Hydrodynamic Characteristics of Tacin Karst Spring (Biinyan-Kayseri)

Prediction of hydrodynamic behavior of karstic aquifers is one of the major problems in
hydrogeology because in many cases, existing classical methods are either insufficient or invalid
due to the fact that karst aquifers form highly heterogeneous and anisotropic media. Basically,
solution of hydrogeological problems requires detailed definition of recharge-storage-flow-
discharge relations which are controlled mainly by geometrical configuration of the physical
system by which boundary conditions can be defined. Aquifer geometry does not create a problem
in non-karstic areas where the medium is assumed to be homogeneous and isotropic, whereas it 1s
quite problematic in karst and therefore each system should be treated as a special case. Similarly,
recharge regime is usually assumed as homogeneous and uniform over the non-karstic aquifers
while, it depends on the intensity and areal distribution of karstic depressions over the area n
karst terrains; flow may occur in interstices where it obeys Darcy law or in large conduits where
this law is invalid; storage may also be significant at the vadose zone as well as the phreatic zone;
and temporal variation of chemical and hydraulic characteristics of discharge may be extremely
high. It is almost impossible to directly measure or monitor all these parameters as they are highly
varied in space an time. However, it is still possible to consider the karst system as a black-box
model and try to characterize its behavior by analyzing the output, namely the discharge.

Therefore, it is of vital importance to have regular data of the chemical and hydrologic behavior of

karst springs.

Tacin karst spring discharges from the contact between an allocthonous Mesozoic carbonate rock
mass of about 246 km?” and the overlying Neogene clastics, around Topso6giit village of Biinyan-
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Kayseri. The minimum, maximum and average discharge rates measured between 1965 and 1998
as 0.064 m’s, 3.506 m’s and 1.055 m%s respectively. The high variance coefficient of flow
(V=0.28) reveals that groundwater flow occurs within open spaces and conduits which also
suggests that the carbonate rock mass is well karstified. The discharge rates were analyzed on
hydrographs of the spring in order to understand the throughput characteristics of the aquifer.
Type and shape of the hydrographs demonstrated the response of the aquifer to precipitation
events and gave valuable information about flow paths in the aquifer. The change in response of
the spring hydrograph to rainfall for different in high and low water level seasons was interpreted
in terms of heterogeneity and anisotropy of the aquifer. Shape of hydrographs suggested that two
major flow paths (conduits) may contribute to the spring discharge.

The spring recession analyses revealed that the recession coefficient may have quite different
values depending on the varying water level-storage conditions. Its value found to range between
coefficient found to have values between 1.3x10* day” and 2x10* day™ for the analyzed period. In
addition, the shape of the recession on semi-logarithmic paper suggests that the value of tends to
increase with time. Based on this, it is possible to postulate that the Tacin karst spring is of
overflow-underflow character. Recession curve analyses also allowed computation of dynamic
volume of the 56. Tiirkiye Jeoloji Kurultayi aquifer for sequential years. Difference in the volumes
computed for sequential years were then evaluated in terms of recharge rate and related to the
precipitation over the recharge area of the aquifer, as recorded at Akkisla meteorological station.
Regression analysis revealed that recharge is related to precipitation as below

I =2x10"P*

Compared to similar relations given for different areas in the literature, the power of P does not
significantly change. However, the slope may change significantly. This change can be accounted
for by the differences in type and intensity of precipitation as well as the soil-vegetation cover and
type and distribution of karstic features over recharge areas.

Key Words: aquifer, flow, hydrograph, karst, Kayserti, recession, recharge, storage, Tacin,
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Evrik Modelleme Tekniiiinin Yeraltisuyu Akim Modellerinde Kullanimi

Erkan DiSLI, Leven TEZCAN
Hacettepe Universitest, Jeoloji Mihendiligi 06532 Beylepe

Akifer sistemlerinde yeraltisuyu akimimi tanimlamakta kullanilan hidrolik iletkenlik (K), depolama
katsayisi (S), ozgiil depolama katsayist (S,) gibi hidrolik parametreler, bir veya birden fazla
pompalama kuyularinda yapilan akifer testleri sonucunda elde edilen disiim - zaman
iliskilerinden, veya analitik yontemler kullanilarak belirlenmektedir. Bundan dolayi, pompalama
denemeleri ile belirlenen akifer parametreleri akiferin ancak pompalama kuyusunun etki yarigapi
icerisindeki alani temsil edebilmekte veya bazi varsayimlar altinda kullanilan analitik yontemler
ise, akim alanindaki belirli fiziksel kogullar igin gecerli olmaktadir. Bu yiizden hesaplanan
parametrelerin gegerliligi, akifer ortaimnin, kullanilan analitik yéntemin varsayimlarina ne élgtide
uyduguna baglt olmaktadir. Evrik modelleme teknigi, akifer ortamumun tiim sinir kosullarmi,
heterojenligini, diisey ve yatay akim kosullarini ve akiferin degisen hidrojeolojik etkiler alundaki
durumunu goz éniine alarak, hidrojeolojik sistem igin gelistirilmis kavramsal yapiya en uygun
parametreleri belirler. Bundan dolayr bu calismada akifer sistemlerde yeraltisuyu dolagimint
kontrol eden hidrolik parametrelerinin belirlenmesinde evrik modelleme yontemi kullanilmig ve
bu yontemin kullanilabilirligi Afyon-Suhut Ovasi hidrojeolojik sistemi tizerinde denenmistir.

Bu caligma iki asamadan olugmaktadir. Birinci asamada galigma alanina ait kavramsal hidrojeolojik
yapt MODFLOW yeralusuyu akim modeli ile modellenmistir. ikinci asamada ise PEST
optimizasyon programi kullanilarak —gézlenen hidrolik yiik degerlerini saglayan model
parametreleri MODFLOW modelinini evrik ¢6ztimi ile belirlenmistir.

Kavramsal modeli olusturmak igin Suhut Ovasi'nda acilmis sondaj kuyularina ait kuyu logu
bilgileri kullanilarak, kuzey-giiney ve dogu-bat dogrultulu jeolojik kesitler cizilerek, yeraltsuyu
dolagim zonlar1 ve bu zonlart siirlandiran gecirimsiz-yari gegirimli birimler belirlenmistir.
Heterojen bir yapt gosteren Suhut Ovast akiferi disey akim bilesenini de dikkate almak tizere 4
model katmania béliinmiistiir. Her bir model katmanini olusturan hidrojeolojik birimler litolojik
ozellikler goz oniine almarak 7 farkl zona ayrilmistir. Her zon kendi icerisinde homojen hidrolik
parametreler ile temsil edilmistir. Kil-silt gibi az gegirimli birimler gegirimsiz kabul edilmemis,
disiik iletkenlik degerleri (107 m/giin) ile temsil edilmistir. MODFLOW modelinin gerektirdigi
girdi ve ¢ikti dosyalart olusturulmus, bu girdi ve cikti dosyalarinda yer alan parametre ve hidrolik
yiik degerleri dogrusal olmayan evrik optimizasyon yontemi PEST (Doherty, 1994) programinda
tanmimlanarak caligtirilmg ve akifer parametre degerleri hesaplanmustir. Hesaplanan parametreler,
model alaninda yer alan kuyularda yapilan pompalama denemesi verilerinin Neuman yontemi ile
degerlendirilmesi sonucu belirlenen hidrolik iletkenlik katsayisi degerleri ile kargilagtirilmistir. Bu
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kargilastirma sonucunda model sonucunda hesaplanan parametre degerleri ile analitik yontemler
ile hesaplanan parametre degerlerinin birbirine yakin oldugu gorilmiistiir.

Anahtar kelimeler: Evrik Modelleme, PEST, MODFLOW, Suhut Ovasi, Hidrolik Parametreler.

Using Inverse Modelling Technigue in Groundwater Flow Models

The hydraulic parameters such as hydraulic conductivity (K), storage coefficients (S), and specific
storage (S,) are used to define groundwater flow dynamics in the aquifer systems. In groundwater
flow problems, these parameters are generally estimated by the analytical evaluation of the pump
tests. These analytical techniques are mainly based on drawdown-time relations of idealized aquifer
systems, and thus represent only a portion of the aquifer in the cone of depression of pumping
well under the specific hypothesis of the ideal conditions. Thus, the validity of the estimation is
dependent on the realization of the hypothesis. Inverse modelling technique estimates the best
possible aquifer parameters for a conceptual groundwater model representing all hydrogeologic
stresses, boundary conditions, heterogeneity, and the vertical and horizontal flow conditions of
aquifer system.

The aim of this study is the estimation of the aquifer hydraulic parameters controlling the
groundwater flow by using the inverse modelling technique. The capability of this approach has
been tested on the Afyon-Suhut Plain.

This study consists of two stages. In the first stage, the conceptual hydrogeologic setting of the
study area has been transferred into MODFLOW groundwater flow model. In the second stage,
the model parameters, which provide the best match between the observed and model-estimated
hydraulic head values by using PEST optimization program, have been calculated.

In order to constitute the conceptual model, the geological cross-sections in east-west and north-
south directions have been prepared by using the logs of the boreholes in the Suhut Plain. Thus, a
three dimensional representation of the permeable and impermeable units have been prepared.
According to the cross sections, the Suhut aquifer has been discretized into 4 model layers in order
to consider the vertical flow component. The model area is composed by 7 hydrogeological zones,
which represent the lithological units in each model layer. The hydraulic parameters are assumed
as homogeneous within each zone. The low permeability materials such as clay and silt are
represented by very low hydraulic conductivity values (107 m/day), and are not considered as
impermeable barrier.

Input and output files of MODFLOW have been prepared and the parameters and hydraulic head
valtes in these files have been identified in PEST (Doherty, 1994) nonlinear inverse optimization
program. The aquifer parameters are then estimated by PEST. These parameters have been
compared with hydraulic conductivity values estimated by the evaluation of the pumping test data
by Neumann analytical method.

Key words: Inverse Modelling, PEST, MODFLOW, Hydraulic Parameters, Suhut Plain
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Afyon Ovasi Yeraltisuyu Akim Modeli

A. Ozlem ATILLA
Hacettepe Universitest, Jeoloji (Hidrojeoloji) Mithendislig Bolimii, 06532, Beytepe-ANKARA

Afyon ili tarim ve hayvancilik agisindan énemli bir konuma sahiptir. Afyon Ovasinda gegtigimiz bir
kac on yil iginde artan gereksinime bagli olarak gittik¢e artan miktarlarda yeralusuyu ¢ekilmis ve
bu uygulamaya paralel olarak piyezometrik seviyede diigimler ve su kalitesinde bozulmalar
gozlenmigtir. Termal akifer sisteminden kaynaklandigi diigiiniilen bu kalite bozulmalari, sicak
sulart karakterize eden Na, Cl, Li, Br vb. kimyasal parametrelere soguk su kuyularinda da yiiksek
oranlarda rastlanmast ile belirlenmigtir.

Bu kosullar altnda ovada yogun olarak cekimin artmasi sonucu meydana gelecek etkilerin
ongoriilmesi ovadaki yeralusuyu konumunun bugtinkii durumunun ortaya konmasi ile mimkiin
olabilecektir. Bu amaca yonelik olarak, ovadaki yeralusuyu akimi MODFLOW (Modular three-
dimensional finite-difference ground-water flow model) matematiksel modeli araciligiyla
benzestirilmis, ovadaki hidrolik yiik dagihminin yer ve zaman igindeki yayihmi belirlenmistir.
Beslenme — bosalim iliskileri, siir kosullart etkileri bu model ile ortaya konmustur. Model stresi
yeraltisuyu kullaniminin bagladigi 1966 yihindan 1 yil oncesinde (1965) baslatilmus, seviye ve kalite
gozlemlerinin yapildigi 1998 yilina kadar siirdiirtilmisttr. Modelde zaman birimi giin olarak
secilmistir. Modelin kalibrasyonunda evrik modelleme yéntemi uygulanmistir. Model kalibre
edildikten sonra hassasiyet analizleri yapilmistir.

Ova genelinde hidrolik yiik dagihmi ovanin KB kismindan GD kismina dogru azalmaktadir.
Benzesim sonuclarinda, ozellikle ¢ekimin yogun olarak basladigr 1976 yilindan sonra ve énemli
olciide artugi 1990 yilindan sonra piyezometrik seviyelerdeki dusiis dikkat ¢ekmektedir. 1965
yihindan 1998 yilina kadar ovanin bazi kesimlerinde 5 - 10 m’lik diistimler oldugu belirlenmistir.

Kalite bozulmalarinin énlenmesi i¢in yeraltisuyu kullaniminin dogal hidrolik denge kosullarmi
bozmayacak sekilde diizenlenmesi ve kontrolsiiz cekimlerin durdurulmasi gerekmektedir.

Groundwater Flow Model of Afyon Plain

The agriculture and cattle-breeding are significant activities in the city of Afyon. Extensive
groundwater exploitation over the last two decades has resulted in piezometric level decline and
water quality degradation in the fresh water aquifer in the Afyon Plain. This degradation is
identified by some chemical parameters such as Cl, Li, Br, detected in groundwater, which are
characterizing the mixing of the thermal waters.
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Under these conditions, the prediction of the consequences of the overexploitation requires the
identification of the current head distribution. For this purpose, the spatial and temporal extent of
the hydraulic head over the plain is simulated by MODFLOW (Modular three-dimensional finite-
difference ground-water flow model). The effect of the recharge-discharge relations and the
boundary conditions was determined by the model. The groundwater system is simulated from the
beginning of the year of 1965 to the end of 1998, and the time unit was selected as a day. The
model is calibrated by means of inverse modeling, and a sensitivity analysis was performed after
this calibration.

The hydraulic head distribution declines from NW to SE over the plain. The model shows that
there is an increase in the decline of the piezometric levels after the year 1976 when an intensive
groundwater exploitation is started, and after 1990 when the exploitation is considerably
increased. It is simulated that the hydraulic head is decreased 5 to 10 m in some parts of the plain
from the year 1965 to 1998,

Prevention of water quality degradation requires that the ground water usage should be regulated
to establish the natural hydraulic balance and, the termination of the uncontrolled ground water
exploitation.
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Sizir (Gemerek-Sivas) ve Gevresinin Yiizey Ortiisii
Siiziilme Kapasitesi (YOS) Haritasi

Tiirkay COSKUNER
Hacettepe Unversitest, Jeoloji Miihendisligi 06532 Beytepe

Siiziilme; etkin yagis, egim, yiizey yapilari, faylanma ve kirik-gatlak yogunlugu, karstik yapilar ve
yiizey litolojisi gibi bir takim meteorolojik, hidrojeolojik ve topografik parametrelere baghdir.
Yeraltisuyu biitce hesabinda, siiziilme miktari litolojik birimlerin sahip olabilecekleri siiziilme orani
ongoriist ile yapilabilmektedir. Karstik ortamlarda ise biitge hesabt kaynak bosalim analizler ve
etkin yagis arasinda denge kurularak yapilir.  Yeralusuyu korumast ve yénetimi gibi konularda
kullanmak tizere, gercek stiziilme miktarina gerek duyulmadan siizilme haritalari olusturulabilir.
Bu haritalar Yiizey Ortiisti Stiziilme Kapasitesi (YOS) Indisi olarak adlandirilan bagil bir indis
sistemi kullanilarak hazirlanir. YOS indisi bazi litolojik, yapisal, hidrolojik ve morfolojik faktorlere
baghdir. Bu yaklasimda gegen “siiziilme kapasitesi” terimi sadece, suyun yiizeyaltina sizabilirliginin
bagil ifadesi olarak kullanilmistir.

Sunulan calismada, Sivas, Yozgat ve Kayseri illeri sinirlart icerisinde olan, Sizir kaynaklarinin bagh
oldugu Ayanozii Deresi havzasini da igine alan 694 km®lik alanda, Yiizey Ortiisii Siiziilme
Kapasitesi (YOS) Indis Sistemi kullanilarak stiziilme kapasitesi haritalanmgtir.

YOS indis degerlerinin tesbit edilebilmesi icin gerekli veriler bu topografik haritalardan ve bolgeye
ait jeoloji hartalarindan elde edilmistir. 1/25000°lik haritalarda  bulunan grid sisteminin
olugturdugu 1 km”lik kareler kullanillarak her karesel hiicreye ait YOS indis degerleri
hesaplanmustir. YOS indis degerlerinin hesaplanmasinda yuzey litolojsi (SL), ¢izgisel yapilar (L),
karstik yapilar (KF) ve drenaj yogunlugu (DD) gibi bazi litolojik, yapisal, hidrolojik ve morfolojik
parametreler kullanilmaktadir.

Her 1 km?lik hiicresel alanlar icindeki yiizey litolojilerinin (SL) alansal biiyiikltikleri bulunup, her
litolojinin hidrojeolojik 6zellikleri goz éniine ahnarak her hiicrenin SL oran degeri hesaplanmustir.
Buna gére caligma alaninin %14,5'i gegirimsiz karakterli olup daha ok bélgenin kuzeybat1 ve
kuzeyinde yeralmaktadir. Gegirimli hiicreler ¢calisma alaninin %33,5'ini kaplamaktadir, daha ¢ok
giiney kesimlerde yayilim gostermektedir. Yarigecirimli karaktere sahip hiicreler ise kuzey,
kuzeydogu, orta ve giineybati kesimlerdedir ve galisma alaninin %52sini kaplamaktadir.

Cizgisel yapilar (L) olarak nitelendirdigimiz fay sistemleri alanin kuzeydogusundan glineybatisina
dogru uzanan bir zon boyunca yogun bir sekilde bulunmaktadir. Burada olugmus fay sistemleri
genelde dogrultu atuml faylardan olugmakta olup, gozlenen hakim dogrultu kuzeybati-
giineydogudur. Her hiicresel alan igindeki faylarin uzunluklart élgilip siniflandirilmig ve her
hiicreye ait bir L oran katsayisi atanmuistir.

Topografik haritalardan yararlanilarak ¢alisma alanindaki her hticresel alan icindeki drenaj
uzunluklar él¢iiliip simiflandirilmis ve L'de oldugu gibi her hiicreye bir oran katsayist atanmustir.
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Sonug olarak; her hiicresel alan icin teshit edilimis olan parametrelere ait oran katsayilari,
parametrelerin “stiziilme” olgusundaki etkisine gore agirhiklandimilarak YOS indis degerleri
bulunmustur (Tezcan & Ekmekci, 2002). Buna gore calisma alaninin %1,44'i stiziilmeye olanak
vermeyen alanlardir. Caligma alanminin %24,35'lik kesimde “cok diigtik stiziilme” ve %39,91'inde
“distik stiziilme” gozlenmistir. “Orta derecede stiziilmeye” sahip hiicreler daha ¢ok Sizir Kasabasi
gevresinde olup bolgenin %33,72’sini kaplamaktadir. Alanin %0,58'inde ise yiksek stziilme
belirlenmistir.

Buna gére Siziv kaynaklari potansiyeline en yiiksek katkimnim guney, gineydogu ve dogudan
geldigi ileri strtilebilir.

Anahtar kelimeler: Siiziilme, Yiizey Ortiisii Siiziilme Kapasitesi Indisi, Cizgisellik, Drenaj
Yogunlugu.

Surface Cover Infiltration (SCI) Map of
Sizir (Gemerek-Sivas) and Surrounding Area

The actual infiltration depends on several meteorological, hydrogeological and topographical
parameters such as effective rainfall, slope and cover of the terrain, facture intensity, karstic
features and the lithology underlying. the surface cover. As a common approach to assess the
infiltration ratio in ground water budget calculations, the hydrogeological properties of the
lithological units are considered as the primary factor controlling the phenomenon. The main
balance approach is employed in karstic areas by spring flow analyses related to effective
precipitation. However, it is also possible to produce relative infiltration maps that can be used in
ground water manegement and protection studies without requiring any absolute value of
infiltration. The Surface Cover Infiltration (SCi) Index is a promising method of producing this
type of maps. The SCI index relatives some lithologic, structural, hydrologic and morpholologic
parameters to assess the infiltration ability rather than an infiltration capasity value.

In this study, a SCI map is prepared for the Ayanozi Stream basin having an area of 694 km?
which includes the Sizir Karst springs. The area is located in the provinces of Sivas, Yozgat and
Kayseri.

Datas for required by SCI methot were obtained from topographical and geological maps of the
area. The SCI index was calculated for each grid on the maphaving an area of 1 km?, on the basis
of 4/25000 scale. The SCI index is calculated by weighting and rating the surface lithology (SL),
linement (L), karstic feature (KF) and drenage density (DD). The SL is defined by weighted
avarage of the lithologies that crop out at each 1 km? grid. Based on this calculation 14,5% of the
area was found to be covered by impervous units where are 33,5% of the area is overlaid by
pervious unites. The rest of 52% is of semipervious character.

Fault and fault zone extending NE-SW are defined as linements (L) and evaluated for each grid
measuring their lengths within the grids. Simlarly the drenage density (DD) was calculated for
each grid based on the pattern identified on the topographic maps of 1/25000 scale.

All these parameters were related to a SCI index by assigning a specific weghts and rates as
defined by Tezcan & Ekmekgi (2002). The output map of SCI index revealed that only 1,44% of
the study area was covered by a cover of no infiltration ability while 24,35% of the surface cover
was defined as having very low infiltration ability. 39,91% of the area is of low and 33,72% of
moderate infiltration ability. 0,58 of the area is high infiltration ability. Based on this result it is
possible to postulate that the maximum contribution to the ground water reservoir is supplied
from the southern, southeastern and eastern parts of the area.

Key words: Infiltration, Surface Cover Infiltration Index, Linement, Drenage Density.
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Deijiirmendere (Trabzon) Havzasinda Tath Ve Mineralli Su Olanakian

Fatma GULTEKIN, Arzu Firat ERSOY, Remzi DILEK
Karadeniz Teknik Universitesi Miih.Mim.Fak. Jeoloji Miih. Boliimii 61080 Trabzon
fatma@htwedutr  firat@kiu.edutr  dilek@ktu.edu.ty

Degirmendere Zigana Dagi zirvesinden baslayarak Trabzon il merkezinde Karadeniz’e dokiilen,
1061 km® drenaj alanina sahip ve Trabzon ilimin icme kullanma suyunu saglayan 6nemli bir
akarsudur. Karadeniz ikliminin hiikiim siirdiigii bolgede her mevsim yagish ve ilimandur.
Havzadaki en énemli su kaynagi Degirmendere aliivyonlarmin igerdigi yeralu suyudur. Ancak
havzanin yiiksek kotlarinda genellikle yakin yerlesim yerlerinin kullandigi tath su kaynaklar da
mevcuttur. Ayrica farkli noktalarda da gaz igerikli mineralli sular bulunmaktadir. Bu mineralli su
kaynaklarinin ¢ogu kaynak seklinde, bir kismu ise Degirmendere’nin yan kollarint olusturan
vadilerde yapilan sondajlarla ortaya gikmistir. Bu calismada havzada yer alan bu mineralli su
kaynaklarinin hidrojeolojik ve hidrokimyasal ozellikleri arastirilmig ve havzadaki tath su
kaynaklarina olan benzerlikleri de belirlenmeye cahgilmistir. Bunun i¢in sulardan drnekler
almarak analizleri yapilmis ve sularla ¢evre kayaglarinin iligkisi ortaya koyulmaya cahgilmistir.
Ozellikle mineralli su kaynaklarinin detayl analizleri yapilarak, standartlara uygunluklart ve
uygun olanlarin ekonomiye kazandiriimalart amaglanmustir.

Degirmendere Havzasinda Erken Jura-Kuvaterner zaman araliginda olugmus kayaglar
yiizeylenmektedir. Havzadaki en eski birim Liyas yash bazalt, andezit, dasit lav ve piroklastlar ile
kirmizi kumlu kirectaglarindan olusan Hamurkesen Formasyonu'dur. Uzerine gelen resifal
kirectasi, kumlu kiregtast ve ¢ortlii kiregtaglarindan olugan Berdiga Formasyonu Geg Jura-Erken
Kretase yashdir. Havzada Geg Kretase-Paleosen yash volkanik karakterli beg fakli birim yer ahr.
Bunlar kumtasi, killi kirectagi ve silttayg arakatkili bazalt-andezitlerinden olugan Catak
Formasyonu, riyodasit ve dasitlerden olusan Kizilkaya Formasyonu, camurtasi, kumtagi aratabakalt
bazalt ve andezitlerinden olusan Caglayan Formasyonu, riyolit ve riyodasitlerden olusan Gayirbag
Formasyonu ve kumtagi, marn, seyl, killi kirectagindan olusan Bakirkoy Formasyonlaridir.
Degirmendere Havzasmda Fosen kumtas, kumlu kirectagi aratabakali andezit-bazaltlarin
olugturdugu Kabakdy Formasyonu ile temsil ‘edilir. Bu istif icerisinde Kagkar Granitoyidi zaman
zaman sokulum yapmustir. En geng birimler ise hala olusumlari devam eden yamag molozlar ve
altivyonlardir.

Havzada bulunan tath su kaynaklart genellikle tarim alami (findik bahgeleri) igerisinde yer
aldigindan kirlenmeye maruz kalmglardir. Cogunlukla Ca ve HCOj iyonlarinin baskin oldugu
sularda organik kirlenmenin yam sira Pb, Cu, Cr gibi agir metaller de bulunmaktadir. Bu tir
kaynaklarin kullanilabilmesi igin kaynak cevrelerinde koruma alanlan belirlenerek bu alanlardan
kirletici unsurlarin uzak tutulmasi gerekir. Ayrica Degirmendere altivyonlarinin diginda tath su
iceren, Degirmenderenin yan kollarini olusturan dere vadileri bulunmaktadir. Bu vadilerde gerek
yamag molozlarinda gerekse alivyonlarda agilan sondaj kuyularindan i¢me ve kullanmaya uygun
sular elde edilmektedir (Asagimahalle deresi gibi).

Dégirméndere Havzasinda fay hatlarina bagl olarak ytizeye mineralli su kaynaklarindan Akoluk ve
Yanlica kaynaklari yamag boyunca farkli noktalardan bosalan kaynak grubu seklinde digerleri ise
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tek bir kaynak seklindedir. Mineralli su kaynaklarimi genel olarak degerlendirdigimizde Na , Ca ve
HCO, iyonlarmin baskin olduklart, pH degerlerinin 5.78-6.20, sertliklerinin 28-45.5 °F arasinda
oldugu, Degirmendere altivyonlarmin igerdigi yer alt suyu ve tath su kaynaklart ile major iyonlar:
bakimindan benzerlik gosterdikleri belirlenmistir. Sondaj kuyusundan alinan mineralli suyun 1se
genel olarak yeralu suyu kimyasma benzer bilesime sahip ancak Na® degerinin daha yiiksek
oldugu belirlenmistir. Mineralli sularm icerdikleri saghk acisindan zararl bilesenlerden Pb ve Cd
agisimdan igme simuri tzerinde degerlere sahip olduklart belirlenmistir.

Anahtar Kelimeler: Degirmendere Havzasi, mineralli su, su kimyast, koruma alanlar

Fresh and Mineral Water Potantial in the Degirmendere Basin (Trabzon)

Degirmendere with 1061 km? drainage area originates from the peak of the Zigana Mountain. It
reachs to Karadeniz in Trabzon Province, and it is a significant river for drinking and using water
of Trabzon City. The region hasing Karadeniz climate has rainy and warm trough season. The
most vital water source in the basin is groundwater in the Degirmendere alluvial basin. Further-
more, fresh water springs, which used by near villages are seen toward the high elevation. The
mineral water with gases are also avaliable in diffirent locations. The most of them are springs, and
some were obtained by drilling in the Degirmendere Valley. In this study, hydrogeological and
hydrochemical properties of mineral water springs in the basin were investigated, compared with
other fresh water springs. The water samples were collected and analysed to find out these pro-
perties, and the relationship between waters and wallrocks was determinated. Mineral waters were
analysied in detail, and suitablity of the waters for standarts were examined and for assesment.

In the Degirmendere basin, Early Jurassic to Quaternary lithologies are present. The oldest unit is
Liassic Hamurkesen Formation consisting of basalt, andesite, dasite and their pyroclastic with red
sandy limestones. Jurassic-Early Cretaceous Berdiga Formation contanes reefal limestones, sandy
limestone and cherty limestones is Late. In the basin, the five different formation with Late
Cretaceous-Paleocene age are: Catak Formation consisting of basalt, andesite with sandstone,
clayey limestones and siltstones, Kizilkaya Formation containing rhyodacite and dacites, Gaglayan
Formation consisting of  basalt, andesite with sandstone and mudstones, Gayirbag Formation
contaning rhyolite, rhyodacite and, Bakirkdy Formation consisting of sandstone, marl, shale and
clayey limestones. Eocene is represented by Kabakoy Formation containing andesite, basalt with
sandstone and sandy limestone. Kackar Granitoid cross cut all these formations. The youngest
lithologies are alluvium and talus.

Hence the fresh water springs are located in agricultural land, they have been exposed to
contaminate. The waters enriched in Ca and HCO, have organic pollution, and they include heavy
metals such as Pb,Cu, Cr. In order to use the springs, the protection areas should be determinated
around the springs, and the pollutant transport should be hamper toward the protection areas.
Degirmendere alluvium includes fresh water, the other river valleys of Degirmendere also include
fresh water. Drinking and using water have been obtained (Asagimahalle River) from the drilling
well in talus and alluvium in these valley,

Of all mineral springs related to fault lines, Akoluk and Yanlica Springs, having a few different
outlets is in spring groups in the Degirmendere Basin. The other springs have only one outlet.
Mineral waters enriched in Na, Ca and HCO, have usually pH values 5.78-6.20 in and 28-45.5 °F
in hardness. Groundwater in Degirmendere alluvium resembles to fresh water springs as a point
of major ions. Mineral water obtained by drilling indicates groundwater chemistry, but has more
Na content than groundwater. Mineral waters are not suitable for water standarts due to high Pb
and Cd.

Key Words: Degirmendere Basin, mineral water, water chemistry, protection areas
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Mersin-Tarsus Bilgesi Kiyi ve Yamac Akiferlerinin Yeraltisuyu Kimyasi

Ziibeyde HATIPOGLU, Serdar BAYARI
Hacettepe Universitesi, Jeoloji Miihendisligi Biliimii, Beytepe 06532 Ankara

Bu calismada Elvanli Karakuz Dere ile Tarsus Berdan Nehri arasinda yer alan Kiyr ve Yamag
akiferlerinin yeraltusuyu kimyast hakkindaki én bulgular sunulmaktadir. Séz konusu bolgede,
deniz kiyist boyunca uzanan ova Kiyr akiferi, bunun kuzeyinde, Toros daglarinin yamaglarinda yer
alan akifer ise Yamag akiferi olarak adlandirilmistir. Yiizey alani ve kalmhigi dogudan batiya azalan
Kiy1 akiferi, Miyosen sonrasi donemlere ait alGivyal malzemenin birikmesi ile olugmug bir fan-delta
ortaminca temsil edilmektedir. Yamac akiferi ise Kuvaterner yash kalis, Miyosen yash kiregtas-
kumtagi-kiltagi-marn-konglomera ardalanmasindan olusan birimler icermektedir. Bu ¢aligmadaki
degerlendirmeler Kiy1 ve Yamag akiferlerine ait kaynak ve kuyulart kapsayan 57 noktada Eyltl
2001 ve Eyliil 2002 dénemlerinde gerceklestirilen yerinde dl¢iimler ile derlenen su orneklerinin
kimyasal analizlerini kapsamaktadir. Major iyon analiz sonuglan yeraltisuyu kimyasinimn alansal
olarak olduk¢a degisken oldugunu, buna karsin, ayni noktalarm farkli zamanlardaki bilesimleri
arasinda énemli bir farkhilik olmadigimi gostermektedir. Ozgiil elektriksel iletkenlik degerlerleri
250 ps/cm ile 12000 ws/cm arasinda degismekte olup en yiiksek iletkenlik degeri (12000 us/cm)
Miyosen birimleri icindeki, %85 oraninda Na ve Cl iyonlarindan olusan I¢cmeler sicak su
kuyusunda gozlenmistir. Genel olarak, ozgiil elektriksel iletkenlik degeri 250 ile 1000 ps/cm
arasinda degismekte, deniz suyu girisiminin ya da jips ¢oztinmesinin etkili oldugu kesimlerde 1500
Os/cm’ye ulagan degerler gozlenmektedir. Yeraltusuyu sicakligi 20-30°C arasinda degismekte olup,
gozlenen degerlerin cogunlugu 20-25°C arasindadir. En yiiksek deger 40°C ile I¢meler sicak su
kuyusunda gozlenmistir. Yeralusuyu pH degerleri 6.3 ile 8.6 arasinda degismekte olup, gozlenen
degerlerin cogunlugu 7.5 pH birimi dolaymdadur.

Gerek Kiyi, gerekse Yamag akiferlerinde hakim hidrokimyasal fasiyes Ca-CO, olup, asgirt cekime
bagh tuzlu su girisiminin etkili oldugu kesimlerde Ca-Cl, ve Na-Cl fasiyesleri de gozlenmektedir.
Bazi alanlarda tuzlanmig Kiyi akiferinin dogal yollarla yikanmasina bagh olarak Na-HCO,
fasiyesinin geligmekte oldugu da gozlenmektedir.

Bolgesel yeralusuyu kalitesi azot ve fosfat tirevleri agisindan genel olarak iyi durumda olmakla
birlikte noktasal olarak evsel atiklar ve tarimsal faaliyetler ile ilgili oldugu dusiintilen yiiksek NO,,
NO,, NH, ve PO, degerlerine rastlanmaktadir.
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Groundwater Chemistry of Coastal and Hillside Aquifers
of Mersin-Tarsus Region

Preliminary observations on groundwater chemistry of Coastal and Hillside aquifers extending
between Elvanl Karakuz stream and Tarsus Berdan River are presented. Coastal and Hillside
aquifers represent the groundwater systems extending along the seacoast and along the hillside of
Taurids Mountains at the north, respeciively. The coastal aquifer, with decreasing surface area
from east to west, comprises of posy-Miocene sediments of fan-delta type alluvial deposition
system. The Hillside aquifer includes Quaternary caliche and the intercalation of limestone,
sandstone, clay stone, marl and conglomerate of Miocene. Evaluations in this study are based on
field and laboratory data, collected from 57 well/spring sites of Coastal and Hillside aquifers in
September 2001 and September 2002. Major ion data of both periods indicate a spatially varying
hydrochemistry while, point wise observations do not deviate significantly between periods.
Observed specific electrical conductivity varies between 250 us/cm and 12000 us/cm, with highest
value belonging to I¢gmeler hot water well in which, Na and Cl. comprise of 85 % of total major
ions. In general specific electrical conductivity range between 250 Os/cm and 1000 us/cm, and
values approaching 1500 us/cm are observed in sites where gypsum dissolution of seawater
intrusion is operative. Groundwater temperature ranges between 20°C and 30°C, except hot water
well where it is 40°C. Many of the observed values are between 20°C and 25°C. The pH values
scatter between 6.3 and 8.6, and the average value is around 7.5 pH unit.

The dominant hydrochemical facies in both aquifers is Ca-CO, while, Ca-Cl, and Na-Cl facieses
exist in places where seawaier intrusion is in effect. Na-HCO, facies is observed in some places
where natural flushing out of already salted Coastal aquifer. Although, the regional groundwater
quality in terms of nitrogen and phosphorus derivatives is good, elevated, point wise NO,, NO,,
NH; and PO, observations suggest contamination due to leakage from septic tanks and/or from
cultivated lands.
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Ayranctlar (Galdiran -Van) Sahasinin Jeolojisi
ve Jeotermal Enerji Olanaklari

Servet AGIKGOZ, Ergun MANAV

MTA Genel Miidiirliigii-Enerji Hammadde Etiit ve Arama Dairest

Caligma Alanimi da i¢ine alan Dogu Anadolu’da Orta Miyosen’de kita-kita garpigmast ile baglayan
Neotektonik dénemde, ¢arpigmaya bagli olarak gelisen sikigma tektonik rejimi bolgenin genel
anlamda jeodinamik evrimini biiyiik dlgiide belirlemistir. Bu tektonik rejime baglh olarak bolgede
kuramsal modele uygun bir sekilde; DKD-BGB dogrultulu sol yonli, BKB-DGD dogrultulu sag
yonlii dogrultu aumli faylar, K-G yonli agilma catlaklart, D-B yonlii kivrimlar, yiiksek agili
bindirmeler, dogrultu atim egemenliginde havzalar ve basing sirtlart geligmistir. BKB-DGD
dogrultulu yaklagik 50 km uzanima sahip sag yonli dogrultu aumh Galdiran fayr inceleme alanin
en 6nemli yapisal unsurudur.

Sikisma tektoniginin etkisi altinda gelisen neotektonik déoneme ait yapisal unsurlarin kotroliinde
gelisen ana hatlart izleyerek cikan neovolkanizma, carpigma ile kokensel iligkilidir (collision
related). Dogu Anadolu’da kalinlagan kabugun alt kisimlarinin kismi ergimesi (partial melting)
sonucu olugan magma ile list manto malzemesinin karigim triint geng volkanitler genisg bir
yayihma sahip olup alkali ve kalkalkali niteliktedir.

Neotektonizma ve Neovolkanizmanin etkin oldugu alanda gelisen jeotermal sahalarda 20-61 'C
arasinda sicakhga sahip ok sayida kaynaktan jeotermal akigkan bosalim yapmaktadir. Aliman sicak
su orneklerinden SiO, jeotermometresine gore; 95-112 “C. arasinda hazne kaya sicakliklart
hesaplanmistir. Sahadaki volkanik etkinlikler sahanin kuramsal jeotermal modelini ortaya koyan
parametrelerden 1siticar ile ilgili veriler vermektedir. Ayranalar sahasinda volkanik stratigrafi
icerisinde yer alan litolojiler gerek kristal yapist gerekse de litolojik ozellikleri nedeniyle, ozellikle
de kirikli ve gozenekli Tendiirek volkanizmas: trini lav seviyeleri, kaynaklarm yakinlarinda
gozlemlenen dasitik domlar hem yapisal hem de litolojik ozellikleri ile iyi hazne kaya ozellikleri
tasir.

Bu 6zellikleri tagiyan sahanin, gelistirilmesi sonucunda yiiksek entalpili bir jeotermal saha olma
potansiyeli mevcuttur. ‘

Anahtar kelimeler:Neotektonizma, Neovolkanizma, Caldiran, Ayranclar, Van, Yiiksek Entalpili
Jeotermal Alan
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Geolouy and Geothermal Energy Potential of The Ayrancilar (Galdiran-Van)
Area (Eastern Anatolia)

In Eastern Anatolia comprising the invetigated area, in the Middle Miocene in the Neotectonic
period starting with continent-continent collision, the compressional tectonic regime developed as
a resault of collision, has greatly determined the geodynamic evolution of the region in general .
Depending on this tectonic regime, in the region ENE-WSW trending left lateral strike slip fault
with tansional compenets, WNOW-ESE trending riht lateral strike slip fault with thrust
compenents, N-S trending tensional fractures , E-W trending folds, E-W trending high angle
thrusts, pressure ridge and basins under the dominance of strike slip (pull-apart) have developed
i accordance with the conceptual model. The WNW-ESE trending Caldiran fault having an
extension of approximately 50 km and neing riht trending right strike slip fault is the important
structual element in the investigated area.

Neovolcanism accompained the neotectonic regime fallowing the main lines developed under the
control of structural elements of the neotectonic period developed under the infuluence of the
compressional tectinics regime is collision related. The young volcanics being a mixture product of
the upper mantle material and magma formed as a result of partial mellting of the lower parts of
the thickenned in FEast Anatolia are widely spread and have alkaline and calcalkaline
characteristics.

In geothermal areas developed in the area where neotectonism and neovolcanism is efficient,
geothermal fluids from many sources from many sources having a temperature of 20-61 °C are
diccharge. According to the SiO. geothermometer of the hot water samples taken; reservior rosck
temperatures ranging from 95 “C to 112 °C have been calculated. Volcanic activities in the region
give data related to heater, which is one if the parameters putting forward the coceptual
geothermal model of the area. The lithologies taking place wihin the volcanic stratigrafhy in the
Ayrancilar area have because of both the crystal structure and the lithologic proporties, especially
lava levels being a product of fractured and porous Tendiirek volcanism product, dacidic domes
observed near sources, good reservior rock properties with their both structual and lihologic
characteristies.

The area having these properties has a potential of being a geothermal area of high enthalpy if it is
developed.

Key words: Neotectonism, neovolcanism, Caldiran, Ayranalar, Van, geothermal area of high
enthalpy
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Afyon Omer-Gecek Jeotermal Sahasl
Ist Tasinim Modeli

Berrin AKAN
Hacettepe Universitesi, Miihendislik Fakiltest,

Jeoloji (Hidrojeoloji) Mithendishigi Biliimii, 06532, Beytepe, Ankara.

Jeotermal enerji tizerine yapilan aragtirmalarin artmasina paralel olarak gozenekli ortamlarda tek
ve iki fazli akigkan akimi ve 1st tagimminin benzestirilmesi konusunda biiyiik geligmeler
kaydedilmigtir. Son yillarda matematiksel modeller yardimiyla jeotermal alanlarin modellenmesi
yogun olarak galisilan bir konudur. Bu modeller, jeotermal alanlarin kavramsal modellerinin
gelistirilmesi ve dogrulugunun kanitlanmast icin kullanildigr gibi, rezervuarin potansiyelinin
belirlenmesi ve yenilenebilir enerjinin miktart ve yenilenme hizi konusunda tahmin yapilmasina
olanak saglamaktadir. Bu galisma kapsaminda Tiirkiye’'nin 6nemli jeotermal alanlarindan biri olan
Afyon Omer-Gecek jeotermal alani, Kipp (1987) tarafindan gelistirilen tek fazli sonlu farklar
modeli olan HST3D model programi kullanilarak modellenmistir. HST3D, bir st ve kiitle taginim
madeli olup yeraltsuyu akimi ve bununla baglantili olarak ist ve kiitle tegmimini ti¢ boyutlu olarak
benzestirmektedir. Modelde, igsel bosluk hizi, basing, sicaklik ve ¢oztinmis kiitle oranina bagimli
olan akigkan yogunlugu ve akigskan viskozitesinin birlestirilmesi ile elde edilen iig temel esitligin
¢oziimii esas alinmaktadir. Esitliklerin ¢oztimiinde sonlu farklar teknigi kullanilmaktadir. Modelde
kullanilan siir kosullar, sabit deger, sabit aki, akifer ve yiizey sulari sizmasi ve 1st iletimini
kapsamakta olup tim simnir kosullart zamanin fonksiyonudur. Afyon Omer-Gecek jeotermal
alaninda MTA basta olmak iizere cesitli kuruluslar tarafindan acilmig ¢ok sayida sicak su kuyusu
bulunmaktadir. Bu kuyulardan, 48-98 °C sicaklikta ve 4-100 1/s debi ile sicak su elde edilmektedir.
Afyon 11 Ozel idaresi tarafindan olusturulan AFJET (Afyon Jeotermal Isitma Tesisleri) sirketi,
Afyon kentinin jeotermal enerji ile siilmasia yoénelik olarak ¢ok sayida derin sondaj kuyusu
aracihg ile bolgedeki sicak sulardan yararlanmaktadir. Bolgede yer alan kuyularin birbirine ¢ok
yakin olmasi kuyular arasinda girisime ve sicaklik diistislerine neden olmaktadir. Sicak su akiferini
Paleozoyik yash Afyon metamorfitleri olusturmaktadir. Permeabilite degeri diisiik olan ve oldukca
kirikli ve catlakli bir yapi gosteren bu birim, eklem, kirk ve catlaklart iginde sicak yeralusuyu
bulundurmaktadir.  Bu caligma kapsaminda sicak su dolagim sistemini ortaya koymak, mevcut
isletme kosullarmin sistem {izerindeki etkisini gostermek ve olasi reenjeksiyon faaliyetlerinin
sistemde meydana getirecegi degisiklikleri ongormek amact ile sicak su akiferindeki basing ve
sicaklik dagilimi, HST3D modeli aracih@iyla benzestirilerek model alamndaki sicakhk ve basing
dagilimi belirlenmistir. Model sonuclarma gore birbirine yakin acilmis kuyular ile yapilan yogun
isletme galigmalar sonucu, sicaklik ve basig degerlerinin kuyular cevresinde zaman icerisinde
giderek azaldigi  gorilmustir. Akiferin  hidrolik iletkenliginin ~ diistik  olmast sistemin
yenilenebilmesi i¢in uzun zaman gerektirmektedir. Bu nedenle, bundan sonra agilacak kuyularm
mevcut kuyularin uzaginda, alanm degisik noktalaria dagilacak sekilde tasarlanmast ve diistik
debi ile iretim yapilmast kuyular arasindaki sicaklik etkilesimlerinin onlenmesi agisindan buytk
onem tagtmaktadir.

Anahtar Kelimeler: Afyon, Omer, Gecek, jeotermal, sicak su akiferi, HST3D
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The Heat Transfer Modeling Of Afyon Omer-Gecek Geothermal Field

Many advances in simulating single and two-phase fluid and heat transport in porous medium
have been made with geothermal energy research. During the last decade the use of numerical
modeling for geothermal resource evaluation has grown significantly, and new modeling
approaches have been developed. These models are used to verify and improve conceptual models
of specific geothermal field sites. In addition they are used to evaluate the potential of a reservoir
and to estimate the quantity of recoverable energy. In this paper, Afyon Omer-Gecek is one of the
important geothermal areas in Turkey has been analyzed using the single-phase finite difference
model HST3D by Kipp (1987). The HST3D code simulates groundwater flow and associated heat
and solute transport in three dimensions. The three governing equations are coupled through the
interstitial!pore velocity, the dependence of the fluid density on pressure, temperature and solute-
mass fraction. Finite difference techniques are used to discretize the governing equations.
Boundary condition types offered include specified value, specified flux, leakage and heat
conduction. All boundary conditions can be function of time. A lot of boreholes drilled by MTA
and other organizations in Afyon Omer-Gecek geothermal area. These boreholes yield 4-100 I/s
hot water at 48-98 °C. AFJET Corporation established by Afyon Private City Directory utilizes this
hot water which has been obtaining from deep boreholes for the heating of the Afyon city. The
short distance between the boreholes causes interference between the wells and the temperature
reduction. The hot water aquifer composed of Afyon metamorphics of Paleozoic age. The hot
water is located in the cracks of this low permeable formation. Within the scope of this study, it is
aimed to conceptualize the hot water circulation system, to indicate the effects of the current
exploitation activities on the aquifer system by modeling the temperature and pressure
distribution with the HST3D numerical model. According the results derived from the model, the
temperature and pressure around the boreholes decrease gradually in time. Due to the low
permeability, the turnover of the system requires a long time. Therefore, new wells should be
located far away from the existing wells and exploited with low rates in order to prevent
temperature interferences.

Keywords: Afyon, Gecek, geothermal area, hot water aquifer, HST3D, Omer
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Canakkale-Tuzla Jeotermal Alaminin Aktif Tektonidi
ve Jeotermal Sistem ile iliskisi

Fuat SAROGLU* , Erdogan OLMEZ ** ve Selahattin KAHRAMAN**

*TPAO Genel Miidiirliigii, Ankara
*#MTA Genel Miidinligi, Ankara

Bati Anadolu’da sahil cizgisi boyunca uzanan yiiksek tuzlulukdaki Tuzla jeotermal sahasi ve alanmn
aktif tektonigi incelenmisur.

Tersiyer yagh riyolit, dasit, andezit, bazalt tird magmatik kayaglar ile giiniimiizde gelismekte
olan aliivyonlar ve silisik kayaglar yérenin yalin jeolojisini olusturmaktadir.

Tuzla jeotermal alanimin  kenarlarinda  KB-GD ve KD-GB dogrultulu, dogrultu atim bilesenli
normal faylar bulunmaktadir. Uzerlerinden c¢ikan sicak su kaynaklarindan da anlagilacag lzere
bu faylar sistemi kontrol etmektedir. Faylarin genel gidisleri batiya agilan devrik ‘V’seklinde ve
karada birlesecek sekildedir. Bu geometrik iligkiye gore faylarin hareket mekanizmast diisey
kuvvetten daha etkin yatay kuvvetler sonucunda faylarin arasinda kalan dilimin batiya hareket
etmesi seklinde yorumlanabilmektedir.

Tuzla jeotermal alaninda sicak su gikiglarinin dizilimi yaklagik D-B dir. Faylar biribirine yaklagtikga
su sicakligi ve basma artmaktadir. Faylarin derine dogru birlestigi noktalar jeotermal enerji
sondajlart agisindandan  hedef zonlar olarak goriilmektedir.

Jeotermal alandaki kaynak ve sondajlara ait sularm kimyasal karakteristigi, bunlart besleyen
suyun hidrolik dénem sirasinda baslica deniz suyundan kaynaklandigi ve daha sonra lokal diigiik
tuzlulukdaki bikarbonath soguk su ile karistigt varsayilmaktadir.

Sisteme ait 1s1 kaynagi magmatik olup, bu alanlarda s1g katmanlara ytkseldigi diusiintilmektedir.
Bu da olasilikla merkezi volkanik komplekslerden yiizeye tagindi@r seklinde varsayilmaktadr.

Giintimiizde, Ege'ye agilan Anadolunun Bati Kiyilarimin biiyiik bolimi fay kontrollidtr. Saroz
korfezinden Gokova Korfezine kadar olan kiyidan uygun fay geometrisi ile sinirlt olan yerlerde
onemli jeotermal alanlar sozkonusudur.

Active Tectonics of Ganakkale-Tuzla Geothermal Area,
and It's Relationship with the Geothermal System

Active tectonics of hypersaline Tuzla Geothermal area, located on the coast line of the Western
Anatolia have been investigated .

Geology of the field is characterized by Tertiary aged riolite, dacite, andasite, basaltic-magmatic
rocks, recent alluvials and silicic rocks.
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Tuzla geothermal field is bounded by NW-SE and NE-SW trending normal faults with strike-
slipe components. The field is controlled by these faults as proven by the emerging hot water
along them. The general trend of these faults are like inversed ‘V’, the sharp edge of 'V’
pointing west and the faults are to join on land . Depending on this geometry, we can say that
the slice in between the faults are moving westward under the effect of horizontal forces rather
than vertical .

Major visible faults that control fluid flow in Tuzla geothermal field are in E-W trend . In the
zone, as the faults approach each other, temperature and the pressure of the geothermal fluids
are increased. The point where the faults are intersected at depth seems to be target zones for the
geothermal energy drillings .

The chemical features of the spring waters suggest that the water in their recharging is largely -
derived from seawater that enters the hydrological phase and mixes with local neutral, low
salinity freshwater. This mixing is accompained by addition of K, Ca, HCO;,

810, to the solution as a result of water-rock interaction processes.

The heat source is considered to be magmatic, shallow level crustal magma chambers in the
case of high temperature systems associated with central volcanic complexes .

At present, most of the Anatolian coasts all along the Aegean Sea is controlled by the faults.
Between Saros bay and Gékova bay, along the coasts, in the areas bounded by suitable fault
geometry geothermal fields are possible.
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Kizildere (Denizli) Jeotermal Sahasinda Isi Akisi ve Isi Bosalimi irdelemesi

Al KOGAK
MTA Genel Miidiiliigiiknerji Hammaddeleri Etiid ve Arama Daest

Yerbilimciler tarafindan iyi bilindigi gibi yerkiire merkezinde akkor halinde st yiiklii bir kiitle
bulunmaktadir. Bu 1s1, merkezden yerkabugu ve yeryiiziine dogru yayihm gostermektedir. Bu
“yer enerjisi” olarak adlandirilir ve tiim yerkiire tzerinde derinlere dogru gittikge her 33 m. de
1°C lik artig gosterir.

Yerkiire ve yerkabugunda isinin yayithmi agichkl olarak iki sekilde olmaktadir; 1- Kondaktif 2-
Konvektif (ii¢tincii yol da radyasyon) olarak.

Menderes Masifinde, Biiyiikk Menderes Grabeni ile masifi ayiran kirikli zonda yer alan Kizildere
Jeotermal Sahast yukarida sozii edilen normal 1st akisini olugturan Yer Enerjisinden ote, yersel
anlamda 1s1 anomalisi olusturan bir alanda, hem kondaktif ve hemde konvektif anlamda st iletimi
olan bir alanda yer almaktadir.

Bu jeotermal saha, tlkemizde kesfedilen ve buhardan elektrik tretilen ilk saha olup, bolgenin
jeolojik karakterinden dolay: en fazla 1s1 akisina sahip alanlardan biridir. Ulkenin genel tektonik
karakterine bakilirsa, Bati Anadolu da bir kabuk incelmesi oldugu bir¢ok arastirici tarafindan
kabul edilmektedir. Bu incelme alttan, yerkiireyi olusturan katmanlardan Manto nun st kesimi
olan Astenosfer ile sinirlandiriimaktadir. $1g derinliklere kadar ulagmig olan mantonun ve bazi
jeolojik yapilar nedeniyle mantodan kaynaklanan ve yerkabugu igerisine yerlesen magma
sokulumlariin bu bélgede yersel 1s1 anomalileri yaratugi ve jeotermal sahalari olugturdugu
aragtirmalarla kesgfedilmistir.

Bu calismada lokal bir alan olan Kizildere Jeotermal Sahasindaki 1s1 akist ve 1s1 bosalimu
irdelenmektedir.

Discussion of the Heat Flow and Heat Discharge of Kizildere (Denizli)
Geothermal Field

As it is wellknown by earth scientists, Earth has a mass in its center called Core which contains
huge amount of heat. The heat emits from center to crust and earth surface. This heat is called as
“Earth Energy” and increase 1°C pear every 33 m. with depth.

The form of heat flow emission in the Globe and in the crust is takes place mainly in two types; 1-
Conductive, 2- Convective.
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Kizildere Geothermal Field which is situated on the flank of Biiyiik Menderes Graben bordered by
a main fault zone, is on a high heat flow area emitting by both conductively and convectively.

Kizildere field is a unique geothermal field at which electricity is produced from geothermal steam
and is one of the highest heat flow area owing to geologic and tectonic structure in Turkey. In the
light of studied tectonic character of the country, a thinning of the crust has been accepted in
Western Anatolia by almost all of the searchers. This thinning is limited at below by astenospher
that is upper part of mantle. The local heat anomalies and geothermal systems which have been
formed by magma chamber originated from the uprised part of mantle in to the shallow part of
the crust, investigated by exploration studies.

In this study, the heat flow and the heat discharge will be discussed for the Kizildere Geothermal
field.
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Manisa Salihli-Gohekli Jeotermal Sahasi Gelistirme Galismasi

Al KOGAK
MTA Genel Miidiirliigii Enerji Hammaddeleri Etiid ve Arama Dairest
kocak@mta.gov.tr.

Manisa Salihli — Gébekli jeotermal sahasi, Menderes Masifi tizerinde, Gediz Graben’ini olugturan
tektonik zonun giiney kanadi iizerinde bulunmaktadir. Bu zonu olusturan ana kirik kabaca dogu -
bati uzanimh olup bu kirigt agih kesen graben ici kiigiik transform faylarla da bolgede tektonik
anlamda etkili zonlar olusmustur. Gediz Grabeni asimetrik yapida bir graben olup giiney kanad:
olusturan kirik zonu daha etkin bir sekilde faaliyette bulunmustur. Kuzey kanadi olugturan kirik
ise Grabene yer yer yart graben niteligi verecek sekilde aktivite gosteren bir fay olusturmustur.

Bilindigi gibi Menderes Masifi Anadolu levhaaiginin bati bolgesinde yer alan ve giinimiizde agilma
gerilimi alunda bulunan bir bslgede yer almaktadir. Bilinen bir diger gercek te, bu bolgede kabuk
kalmhgimnin levhanm diger bolgelerine gore daha ince olmasidir (Kiri derinligi ve kabuk
calismalart). Buna ilave olarak 1si akist, 1s1 bogalimi ve kimyasnl jeotermometrelere gére rezervuar
sicakhgi caligmalart da bu bolgede yiiksek st akisi ve anomalileri oldugunu belirten verilerdir.
Ayrica , bu bolgede birgok noktada sicaksu ctkiglart bulunmaktadir. Tiim bu veriler bolgenin
jeotermal agidan ne kadar énemli oldugunu gostermektedir.

Yukarida sayilan nedenlerle bolgede detay jeolojik, jeokimyasal, ve jeofizik etiidler yapilarak
Gobekli, Kavakhidere, Horzumsazdere ve devami Kurudere, Derekoy ve dereyukart alanlarin
onemli jeotermal potansiyele sahip alanlar oldugu anlagiimigtir. Bunlardan Kavakhdere’'de yapilan
sondajda bir sicaklik tesbit edilmesine ragmen yeterli iiretim alimamamustir. Buna ilave olarak biraz
daha bauda, Gobeklide 2002 yilinda jeolojik, jeofizik rezistivite ve sismik ¢algmalardan
yararlanilarak yapilan ve 1500 m. delinen kuyuda 182 °C kuyu dibi sicakhigr ve yaklagik 16 lt/sn
debide siirekli akiskan iiretilebilmistir. Hedeflenen sonug iiretim agisindan yeterli olmamistir.
Ancak, bu bélgede elektrik iiretimine uygun yeni bir saha oldugu ve Gediz Grabeni'nin ikinci
derecede bir Menderes Grabeni jeotermal sahalari gibi bir bolge olusturabilecegi anlagilmistir.

The Improvement Studies of Manisa Salihli Gobekli Geothermal Field

Manisa - Gobekli geothermal field is located on tectonic zon which forms the boundary of the
Gediz Graben and Menderes Massive. This tectonic zone elongates roughly E-W direction and is
effective tectonically where intersected by transform faults. Gediz Graben is an assimetric graben,
that is boundered at south by a much more active fault zone than northern flank. This phenomena
can reminde one that looks like a semi-graben structure.
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As it is known, Menderes Massive is located in western part of the Anatolian Plate that moves
toward the west and undergone the tansion strength currently. The another fact is thickness of the
plate which is thinner than the other part of Anatolian Plate (Curi point depth, crust studies and
tectonic interpratations). In addition, heat flow, heat discharge, reservoir temperature map studies
according to chemical geothermometers, reveal that there are some places high in heat flow and
in heat anomalies. And also several hot springs are available in this region. In the light of these
data, we can consider that this area is worth in geothermal point of view.

By considering the information foramentioned above, geological, geochemical and geophysical
studies carried out in the region, some localities such as Gobekli, Kavaklidere, Horzumsazdere,
Kurudere and derekdy etc. fields are concidered as promissing areas. Drill-hole carried out at
Kavakhdere before was not as deep as to intersect a permeable zon, so there was no production
well enough. But at Gébekli area a drill-hole carried out with depth of 1500 m. is successfull in
temperature point of view. Well bottom temperature is 182 °C and the early production was
approaximately 16 lIt/s. This result suggests that the area is promissing for electricty production
and target area for more exploration.
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Denizli-Kizildere: Th-2 Reenjeksiyon Arastirma Kuyusu
Hidrotermal Alterasyon Galismalari

Erdogan OLMEZ, A. ihsan GEVREK
MTA Genel Miidiirliigii Enerji Dawesi, Ankara

Denizli-Kizildere jeotermal alaninda agilan TH-2 reenjeksiyon aragtirma kuyusunun (2001.20 m)
alterasyon mineralleri ve jeokimyasal 6zellikleri incelenmigtir.

Bu aragtirmanin amact, sahanin bir jeotermal modelinin olusturulmasidir.

Sahanin jeolojik birimleri; yiiksek dereceli metamorfizma gegirmis kayalar (Menderes Masifine ait
gnayslar, sistler, kuvarsitler, mikagistler ve mermerler), Ust Miyosen-Pliyosen yash 4 inite
(Kizilburun Formasyonu, Sazak Formasyonu, Kolonkaya Formasyonu, Tosunlar Formasyonu ) ve
Kuvaterner yash aliivyonlar ile temsil edilir.

Bélgede jeotermal akiskan akimini kontrol eden bashca faylar D-B ve KB-GD yo6nlii graben
faylaridir.

Sahada bosalan akigkanlarin kimyasal bilesimi agikca Kizildere jeotermal sisteminden tiretilen
birkag tipdeki sularm  bolgesel olarak  farkls yollar takip ederek yiizeylendigini
gostermektedir.Alterasyonu olugturan jeotermal akigkan alkali-bikarbonat stilfat tiptedir.

Kalsit, muskovit, kuvars, klorit TH-2 kuyusunun her seviyesinde goriilmektedir, bu ise bize bu
minerallerin  Kizildere sahasinda degisen sicaklik ve basing alinda her seviyede olusabilecegini
gostermektedir. Pirit  kuyuda her seviyede yaygindir; 1200 m ye kadar sagilmis halde, daha
derinlerde kiiciik boyutta kiip kristalleri seklindedir.

TH-2 jeotermal kuyusu kesinti ve karot érneklerinde yapilan alterasyon galigmalaria gore artan
derinlik ve sicakliga bagh olarak iki ana kil zonu tanimlanmustir . Bunlar ise;

1 . Jeotermal sahanin iist kisimlarinda rastlanilan diisiik sicakliklarda (100-120 °C), iki faza ayrilmig
nispeten asidik (kaolinitik) zon; ve bu zonun alunda uzanan

2 . diigiik permeabiliteli ve yiiksek sicaklikl (illitik) zon (220-250 °C) tanimlanmustir.

Yine sondajda su kaybinin oldugu zonlar (530, 1320, 1900 m ler) pirit, pirrotit ve paragonit
mineralleri ile karakterize edilmektedir.
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Hydrothermal Alteration Studies of
Geothermal Exploration Well Th-2, Denizli-Kizildere

The alteration minerals and geochemical features of the Denizli-Kizildere geothermal reinjection
exploratory well of TH-2 (2001.20 m) have been investigated.

The objective of this study is to elucidate the geothermal model.

Geologic succession of the field represented by high grade metamorphosed rocks (gneiss, shists,
quartzite , mica-shist and marbles of Menderes Metamorphics ) are covered by

Four units of Upper Miocene-Pliocene aged lacustrine sediments (Kizilburun Formation, Sazak
Formation, Kolonkaya Formation , Tosunlar Formation ). Uppermost units are characterized by
Quaternary aged alluvials .

Major visible tectonic lines that control geothermal fluid flows in region are in E-W and NW-
SE trending graben faults.

The chemical composition of water discharges clearly shows that the Kizildere geothermal
system produces several types of fluids having travelled distinctly different pats . The altering
fluid is alkali bicarbonate-sulphate type.

Calcite, muscovite, quartz, chlorite are exist in all levels of TH-2 well suggests that those minerals
form at varying temperatures and pressuves of Kizildere field . Pyrite is abundant throughout well;
it occurs as dissemination up to 1200 m, deeper than theese turns into small size cubic crystals.

According to the alteration studies which are carried out in chips and cores of TH-2 well two
major clay mineral zones were recognized with increasing depth and temperature. These are ;

I . in the upper parts of the geothermal field low temperature (100-120 °C), two phas-flow,
comparatively high acidic (kaolinitic) zone, and beneath this zone ,

5. alow permeability and high temperature (220-250 °C) geothermal fluid (illitic) bearing zone
have been recognized.

Also all the way to the drilling in the water loss zones (530, 1320, 1900 m) have been
characterised by the existence of pyrite, pyrotite and paragonite minerals.
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Gankin-Gorum Havzasinin Neojen Stratigrafisi ve Dolyulama Evrimi

Levent KARADENIZLI* , Gergek SARAG*, Sevket SEN*, Giirol SEYITOGLU***, Nizamettin KAZANCI****, Baki
VAROL***, Pierre Olivier ANTOINE***** Yavuz HAKYEMEZ*

*Maden ve Tektik Arama Genel Miidirliigii, 06520 Ankara, Tirkiye,
kdenizli@hotmail.com, leventk@mta.gov.tr
] gboratoire de Paléontologie, UMR 8569 CNRS, Muséum National d’Histoire Naturelle, 8 rue Buffon, F-75005

Paris Cedex 5, Fransa

wxx Ankara Universitesi, Jeoloji Mithendisligi Boliimii, 06100, Tandogan, Ankara, Tiirkiye
wixkGebze Yitksek Teknoloji Enstitiisii, 41400, Gebze, Kocaeli
stk [stitut des Sciences de UEvolution, UMR 5554 CNRS, Université Montpellier 11, Place Eugene Bataillon, F-
34095 Montpellier Cedex 5, Laboratoire de Dynamique des bassins, 38 rue des 36 ponts, F-31400 Toulouse, Fransa

Cankir-Corum Havzasindaki karasal Neojen istiflerinin stratigrafisi tartigmalidir. Bunun sebeplert;
depolanmanin smirlari belli olmayan kiigiik alt havzalarda olmast, yanal fasiyes degisiminin ¢ok sik
goriilmesi ve karasal fasiyeslerin fosilce fakir ve/veya iyi aragtiriimamig olmasidir. Mevcut stratigrafi
kismen istiflerin stratigrafik iliskilerine, kismen de memeli faunasina dayandirilmaktadir. Bu
nedenle memeli faunasi ve her kesfedilen yeni fosil yatagi havza stratigrafisinde énemli yer
tutmaktadir. Bu calismanin amaci, Cankiri-Corum Havzasindaki yeni memeli fosil yataklarina gore
stratigrafik iliskilerin ortaya ¢ikarilmasi ve Oligosen’den Pliyosen’e kadarki paleocografik evrimi
ortaya koymakur.

Cankiri-Corum Havzasinda 15 memeli fosil yatagi bulunmus ve fosillerin sunduklari yas verilerine
gore formasyonlarin yaglar yeniden verilmistir. Neojen havzasinin tabaninda Oligosen yash Incik
ve Giivendik formasyonlart yeralir. Bu cahgmada, 6nceki arastiriclarin - Ge¢ Miyosen olarak
yaglandirdigi Kizilirmak formasyonu, Oligosen yash Incik formasyonuna dahil edilmesi uygun
bulunmustur. Bunun sebebi Kizilirmak formasyonunun bulundugu tip lokalite ve gevresinde
Oligosen yasht mikro-makro memelilere ve ozellikle tim zamanlarin en biiyliik kara memelisi
invanina sahip dev ciisseli Baluchitherium bulunmasidir. Erken ve Orta Miyosen’de genigleme
tektonigine bagh olarak Kilcak, Kumartas ve Hangili formasyonlart ¢okelmistir. Ge¢ Miyosen ve
Pliyosen zaman araliginda ise Gankiri (Mahmutlar), Tuglu, Siileymanli, Bozkir ve Akkasdagt
formasyonlart genis alanlarda yayihm gostermektedirler. Pleistosen’de son sikigma tektonigine
bagh olarak Degim ve Biyiik Hacibeyksy formasyonlar ¢okelmistir.

Cankiri-Corum Havzasinda Oligosen’den itibaren 3 evre halinde kurak iklim kosullar: ve buna
bagh evaporitik gelisim gozlenir. Oligosen ve Geg Miyosen zamanlarinda genis evaporitlerin hakim
oldugu goller ve bu golleri ¢evreleyen havza kenarlarinda alitvyal yelpaze ve akarsular yer ahr.
Erken-Orta Miyosen'de iklim nispeten ihman ve yari tropik hale doniigmekte ve buna bagh
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karbonat-organik maddece zengin goller ve batakliklar olugsmaktadir. Bu goller ve batakhiklar
etrafinda yine aliivyal yelpaze, akarsu ve kiyt ortamlari geligmistir.

Neogene Stratigraphy and Depositional Evolution of Cankiri-Corum Havzasi

In Gankiri-Corum Basin,  the stratigraphy of the continental Neogene sequences is not yet
perfectly established. The reasons are that the presence of many small sedimentary basins with
unclear borders and the frequent lateral facies changes in their deposits. Besides terrestrial facieses
are poor in fossils and/or not being investigated. An existing stratigraphy partly depends on
stratigraphic relations of sequences and partly on a fauna of mammal. For that reason the fauna of
mammal and any other discovered new fossil deposit takes an important place in basin
stratigraphy. The reason of this work in Cankiri-Corum Basin is to put forward the stratigraphic
relations of a new mammal’s fossil deposits guidance and paleographic evolution from the age of
Oligocene till Pliocene.

In Gankiri-Corum Basin 15 mammal fossils deposits were found and with the help of these the age
of formation described below has been relatively made definite. Incik and Guvendik formations at
the age of Oligocene take places on the basement of Neogene Basin. In this work the Kizihrmak
formation which was said by earlier researchers to be at the age of late Miocene has been included
to the Incik formation (Oligocene age). The reason of that is the discovery of the age of Oligocene
belonging to micro-macro mammals and the huge Baluchitherium which being especially the
largest land mammal of all time, around the found type of Kizilirmak formation. Kilcak, Kumartas,
and Hancili formations were settled being depended on extension tectonic in Early and Middle
Miocene. For the age space between Late Miocene and Pliocene, Cankirt (Mahmutlar), Tuglu,
Stileymanli, Bozkir and Akkasdagi formations showed wide-area spreading. In Pleistocene, Degim
and BiiyikHacibeykoy formations formed by the last compression tectonic regime has been
deposited.

In Gankiri-Corum Basin, three period arid climate conditions and depending on that evoporitic
progress has been seen since Oligocene. In a age of Oligocene and Late Miocene, wide evaporites-
rich lakes and their surrounded by alluvial fan and rivers were settled In an Early-Middle
Miocene, climate had been comparatively turned into humid and semi-tropical condition and
depending on that lakes enriched with carbonate-organic material and swamps came into
existence. Alluvial fan, fluvial and shore environments around these lakes were developed.
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Cameli Neojen Havzasi Tortul Dolgusunun
Memeli-Biyostratigrafisi (Denizli, GB Anadolu)

Hiiseyin ERTEN*, Sevket SEN**, Mehmet OZKUL*, M.Cihat ALGIGEK*
*Pamukkale Universitesi, Miihendislik Fakiiltesi Jeoloji Miihendusligi Boliimii , Kinakly, Denizl

#* aboratoire de Paléontologie du Muséum National d’Histoire Naturelle, Paris, Fransa

Bati Anadolu genigleme sistemi iginde yer alan Cameli Havzasi, Ge¢ Miyosen’de normal faylar
denetiminde graben havzasi olarak agilmaya baslamig ve gelisimi Geg Pliyosen’e kadar stirmuistir.
Bu dénemde havza icerisinde akarsu ve gol ortami tortullarinin yanal ve diisey olarak
ardalanmasindan olusan bir istif depolanmistir. Havzada simdiye kadar yapilmus caligmalarda,
ozellikle havzanin acilma zamanina ve gelisimine iliskin bilgiler veren sadece bir kiictik ve bir de
bityiik memeli fosil bulgu yeri bilinmektedir. Bunlara ilave olarak bu cahigma sirasinda, havza
geligiminin zamansal siirlamasinda 6nemli bir yer tutan iki yeni kiicitk memeli fosil bulgu yeri
belirlenmistir. Cameli ilgesinin 15 km bausinda, Ericek koyii yoresinde yer alan birinci bulgu yeri,
linyitler ile ardalanan camurtaslart igindedir. Bu camurtash katman, ayni zamanda akarsu ve golsel
havza tortullarinin gecisindeki bir bataklik ortaminim kiyi fasiyesine aittir. Kiictik memeli fosilleri
iceren bu ilk bulgu yeri; Pseudomeriones tchaltaensis, Mimomys occitanus, Apodemus dominans ve
Orientalomys similis (MN 15, 3.8-3.2 My, Orta Pliyosen) tiirlerini icermektedir. Fosillerin gostermis
oldugu MN zonu ve bu zonu simirlayan zaman arahginda havzada golsel ortamin egemen oldugu
gozlenmistir. Cameli ilgesinin 3 km GB’sinda bulunan ve havza tortullarinin en st seviyelerine
kargihk gelen Bicakgt koyii yoresindeki diger kiigiik memeli fosil bulgu verinden de Mimomys
pliocaenicus, Micromys praeminutus ve Apodemus dominans (MN16-17, 2.6-1.8 My, Geg Pliyosen)
tarleri saptanmugtir. Tiirlerin gosterdigi MN zonu ve bu zonu simirlayan ge¢ zaman sinirindan
sonra havzada tortullagma sona ermis ve Cameli Havzasi'nin gelisimi sedimanter ve tektonik
olarak tamamlanmustir.

Mammalian Biostratigraphy of the Cameli
Neogene Basin (Denizli, SW Anatolia)

The Cameli Basin located at western Anatolian extensional province opened at Late Miocene in
control of normal faults and lasted up to Late Pliocene. At this time period a sequence consist of
lateral and vertical alternation of fluvial and lacustrine sediments was deposited in the basin. In the
previous studies, only a micro- and a macro-mammal fossil locality have been found that gives
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important data about the opening and evolution of the basin. During this study, in addition to
these localities, two new macro mammal localities have found that important for the
understanding of the timing on basin evolution. The first one is located at Ericek, 15 km west of
Gameli and within the mudstones alternating with coal seams. At the same time, this locality is
located at the transition zone of fluvial and lacustrine deposits in a lacustrine beach swamp
environment. The Ericek Locality contains Pseudomeriones tchaltaensis, Muimomys occitanus, Apodemus
dominans ve Orientalomys similis (MN 15, 3.8-3.2 Ma, Middle Pliocene) species. It is observed from
MN zone indicated by fossils and from time interval of this zone that lacustrine environment was
dominant in the basin. The second locality founded at Bicakei, 3 km southwest of Cameli, contains
upper most basin fill deposits. The Bigak¢ locality contains Mimomys pliocaenicus, Micromys
praeminutus ve Apodemus dominans (MN16-17, 2.6-1.8 Ma, Late Pliocene) species. The sedimentary
and tectonic evolution of the Cameli basin completed after the upper boundary of MN zone
indicated by mammal species.
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Erken-ortg Miyosen Sedimanter istifindeki )
Sintektonik Formasyon I¢i Uyumsuziuklar ve Bunlarin Tektonik Onemi,
Kemalpasa-Torhali Havzasi, Bati Anadolu

Hasan SOZBILIR*, Bilal SARI*, Serkan AKKIRAZ*, Funda AKGUN*, Nuran GOKGEN**
##Dokuz Eyliil Universitest, Mithendislik Fakultesi, Jeoloji Mithendisligi Boliimii,
35100 Bornova-Izmir/Tiirkiye
*Dokuz Eyliil Universitesi, Izmir Meslek Yiiksekokulu, 35160, Buca-Tzmir/Tiirkiye
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Formasyon igi uyumsuzlugun havza dolgusu icindeki varligi ve bunun tanimlanmast cok dnemlidir
ve uzun zamandan beri bir havzadaki tortulagmayi kontrol eden biytime faylarinin bir verisi
olarak kullanilmaktadir. Bu galigmada, Bat Anadolu’daki Erken-Orta Miyosen olaylarma 151k
tutmak amaciyla Kemalpasa-Torbah havzasindan bir biiytme faymm tortul dolgu tizerindeki
roliine dair arazi verileri sunulacakur.

Kemalpaga-Torbali havzast Bat Anadolu genisleme bolgesinin KD-dogrultulu ana yapilarindan
biridir. Havza giintimiizde, batidan Bornova flis zonu ile dogudan ise Menderes Masifi'nin
metamorfik kayaclaryla simrhdir. Havzanin en ayirt edici ozelliklerinden bir tanesi tortullagma ve
tektonigin birlikte iglemis olmasidir. Bunun verileri havza dolgusunda saptanan formasyon ic
acisal uyumsuzluklar, tortullagmayla yasit kiviim ve faylar ile transgresif ve regresif istiflerdir.
Havzayi dolduran tortullar, kalinhigr 1000 metreye ulasan deforme olmus ve ¢ok sayida ince komir
damart igeren karasal nitelikli kirintili-karbonatlardan olusur. Istif, biiyiikligi 500 metreye ulasan
havza digindaki temel birimlerden tiireme olistolitler de igerir.

Havza dolgusunun Menderes Masifi ile olan sinrini basamak yapist sunan KD-dogrultulu
Mahmutdag fayr olusturur. Fay zonunda sedimanter istifin farkhi bolimleriyle ortiilmis dort
basamak yapisi saptannmustir. Sedimanter istifin her boliimii faya yakin kesimlerde uyumsuzluklarla
simirlandirlmistir. Beslenme alanina dogru olan son basamak yapisi tizerinde en geng tortul
paketin uyumsuzlukla oturmast, faym besléenme alanma dogru basamaklandigini  gosterir.
Beslenme alanindaki yiikselme ve havzadaki ¢6kme siirekli olmadigindan, aktf fay hareketi
alitvyonal yelpaze-yelpaze delta gelisimiyle birlikte olugmustur ve bunu izleyen tektonik yonden
stabil evrede gelisen suiistii erozyonlart agisal uyumsuzluklar yaratmistir. Sonug olarak, istifte
saptanan formasyon ici uyumsuzluklar ile tortullasmayla yagit kivrim ve faylar, KD-dogrultulu
Mahmutdagi faymm Erken-Orta Miyosen’de Kemalﬁz@&Torbah havzasindaki tortullagmay:
kontrol eden bir bitytime fayr oldugunu gésterir.

Bu calisma TUBITAK, YDABAG-102Y065 nolu projeden desteklenmektedir.
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Syntectonic intraformational Unconformities in the Early-Middle
Miocene Sedimentary Sequence and Their Tectonic Significance,
Kemalpasa-Torhali Basin, Western Anatqlia

Presence of an intraformational unconformity (also called intrabasinal unconformity or intra-
sequence unconformity) and its identification in a basin fill is very important and have been used
for a long time as an evidence for a growth fault that controlled sedimentation in the basin. In this
study, we present field evidences from the Kemalpasa-Torbali basin in order to decipher the roles
of a growth fault on the basin fill that will shed new light on the Early-Middle Miocene events in
western Anatolia.

The Kemalpasa-Torbali basin is one of the major NE-trending structures of the western Anatolian
extensional province. The basin is bounded to the west with the Bornova flysch zone, and to the
east, by the metamorphic rocks of the Menderes Massif at present. One of the most distinctive
characteristics of the basin is that sedimentation and tectonism are actively associated. Evidences
for this are the presence of intraformational angular unconformities, syndepositional folds and
faults as well as several transgressions and regressions in the basin fill. Sediments filling the basin
consist of a thick (up to 1000 m) pile of deformed continental clastic-carbonate rockswith
numerous thin coal seams. The sequence also includes several extrabasinal olistoliths derived from
the underlying basement units. The olistoliths reach up to 500 meter in diameter.

The boundary between the basin fill and the Menderes Massif is a NE-trending Mahmutdag: fault
that forms step-like structural configurations. Four step-like structures covered by a different part
of the sedimentary sequence are established across the fault. Fach part of the sedimentary
sequence close to the fault is unconformity bounded. These unconformable contacts pass down dip
and along strike into conformable relationships. The sourceward step-like structure on which the
youngest sedimentary package unconformably rested indicates that the fault is progressively step-
back toward the sediment source area. While uplift within the source area and subsidance in the
basin are discontinuous, periods of active faults movement is accompanied by the development of
an alluvial fan-fan delta, and are followed by tectonically quiescent periods when subaerial erosion
creates intraformational angular unconformities. In conclusion, presence of the intraformational
unconformities, syndepositional folds and faults in the sequence indicate that the Mahmutdag:
fault is a NE-trending growth fault controlling the Early-Middle Miocene sedimentation in the
Kemalpaga-Torbal basin.

This study has been supported by TUBITAK, Project No: YDABAG-102Y065.
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izmir Korfezi’nin Osinografik Yapisi ve Giincel Gdkel Dagilimi

Mustafa ERYILMAZ*, Fulya YUCESOY ERYILMAZ **
* Mersin Universitesi, Silifke MYO, Silifke-Mersin  e-mail: meryilmaz @mersin.edu.tr

#% Mersin U. Mithendislik Fak. Jeoloji Mith. Béliimii e-mail: fyucesoy@mersin.eduw.tr

Ege Denizi'nin onemli korfezlerinden Izmir Korfezi, Karaburun-Aslan Burnu hattindan, {zmir
arasindaki deniz alanini kapsar. Ortalama derinligi 35-40 metredir ve korfezde 75 m'yi agan
derinlikler goriilmektedir. Izmir Korfezinin kiyr seklinin ve dip topografyasinin olusmasinda,
Gediz Nehri etkili olmustur. Gediz'in tagidigi gokeller ile dogudan batiya ok az egimle derinlesen
sig bir deniz alanmi meydana gelmistir.

Seyir, Hidrografi ve Osinografi Dairesi tarafindan 2001 yilina kadar, Izmir Korfezi'nden alinan
yiizey ¢okel drnekleri, tane biiytkligine gore sintflandirilarak, bolgenin 1:100.000 6lgekli ¢okel
dagilim haritasi hazirlanmugtir.

izmir Korfezi'nde ortalama yiizey su sicakliklari ilkbaharda 16.17-18.58 °C, yaz mevsiminde 23.78-
98.18 °C, sonbaharda 21.28-23.34 °C ve kig mevsiminde ise 10.80-14.61 °C "dir. 30 m derinlikte
ilkbaharda 14.41-16.69 °C, yaz mevsiminde 17.08-17.48 °C, sonbaharda 19.06-22.29 °C ve kig
mevsiminde ise 12.80-14.61 °C 'dir Bolgede mevsimlere bagh olarak deniz suyundaki ortalama
tuzluluk degigimleri derinlige bagh olarak ilkbaharda yiizeyde %037.24-38.99, 30 m su
derinliginde %o 38.75-38.98; yaz mevsiminde ytizeyde %o 38.82-39.37, 30 metre derinlikte %o
38.99-39.05; sonbaharda yiizeyde %o 38.86-39.46, 30 metre derinlikte %0 38.71-39.22; kig
mevsiminde yiizeyde %o 37.90-38.85, 30 metre derinlikte %o 38.64-38.84°dir. Izmir Korfezi'nde
yiizey akintilar1 Ege Denizi'nin genel akinti sistemine uyum gostermekte, korfeze dogudan girerek
kiyiya paralel giineye dogru devam etmektedir. Bu akintmin strati 2.36-9.95 cm/sn’dir. 20 m
derinlikte ise bu akintinin tersi yoniinde, Ege Denizi'ne dogru bir akinti sistemi meveuttur (3.20-
6.50 cm/sn). Akinti sisteminin yapist genel olarak degismemekte, mevsimlere ve meteorolojik
sartlara baglh olarak strati degismektedir.

Izmir Korfezinin dip ¢okelleri, yerel akintlar, dalgalar, karanin topografik ozellikleri, denizaltu
morfolojik yapist, batimetri, kiyr sekilleri, riizgar durumu ve derelerin denize tasidigi maddelerin
etkisi alindadir. Karadan taginan ve dalgalarin kiyilardan kopardig materyaller denizin dinamik
hareketleriyle deniz icinde tekrar agmmaya ugrayarak kiiciliirler. Korfezde kiyidan agiga dogru
cokel tane boylarimin  kiigiildtgii - gorilur. izmir Korfezi cokel dagilimi, koken olarak litojenik
agirliklidir ve kohezyonlu malzeme hakimdir. Genellikle kaba taneli ve kirmuli kohezyonsuz
materyal yiiksek enerjili kiyr kesiminde yer alirken, derin ve kiyidan uzak bolgelerde kohezyonlu
materyal birikir.

Hazirlanan 1:75.000 6lcekli tane boyuna gore ¢okel dagilimi haritasina gore, bolgedeki hakim
birim kaya, ¢akil, kum, silt, camur ve kil birimleridir. Ancak bu birimlerden cakil, kumlu cakail,
kumlu ¢akil kum ve camurlu kumlu akil kiyida ¢ok sinirh alanlarda (yaklagik 0-1m su derinligine
kadar) ince bir bant seklinde yer aldigi i¢in bu haritada gosterimi mimkiin olmamstir. Kumlu
birimler (5-10-20-50 metreler arasinda), kum, cakilli camurlu kum, camurlu kum, killi kum ve silthi
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