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formations (T;: 147£15°C, T,: 287+21°C and Ts: 365+28°C). The isotopic equilibrium temperature obtained
from the oxygen geothermometry based on quartz and clay minerals were determined to be 348,5°C on average,
similar to T3.

Due mainly to the conditions of silica precipitation, various types of crystallisation, growth and
replacement textures are present in the quartz veins. Among these are brecciated, cocard, comb and void-filling
textures which reflect epithermal conditions. The presence of lattice-textured (or bladed) calcite, adularia and
gold enrichment is an additional evidence for this, and also indicate that boling of hydrothermal fluid took place
which is highly likely to be the main reason for mineral precipitation. All the findings shown above denote the
features of an adularia-sericite type epithermal system for the Mastra Au-Ag deposit.

Key Words: Mastra, Gold, Silver, Hydrothermal alteration, Quartz textures, Fluid inclusions, O-H-S isotopes.
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Giimiishane ilinin yaklastk 2 km giineyinde yer alan Hazine Magara ve Kirkpavli madenleri 1200’li
yillardan itibaren degisik dénemlerde isletilerek yorenin ekonomisine onemli katkilar saglamistir. Ozellikle
giimiis igerigine bagl olarak bélgeye adini veren maden yoreyi imtiyazl bir beylik haline getirmistir.

Hazine magara madeni yaklagik K40° B dogrultulu ve 50-60° GB’ya egimli bir tektonik hatta bagh
olarak dolomitik kirectas: (Berdiga kiregtast) igerisinde, birimin daha gok kiregtasi-flis dokanagina yakin tist
kesimlerinde damar ve mercekler halinde yataklanmistir. Bununla birlikte cevherlesme Eosen'den daha yasl tiim
kayag birimlerini etkilemis olup, Berdiga kiregtaslarinin yant sira Ust Kretase filisleri (karbonat kayalar1), Liyas
volkanotortullari (Hamurkesen Formasyonu) ve Giimiishane granitleri (damar sekilli) icinde de goriilmektedir.
D-B yoniinde yaklasik 400 m, K-G yoniinde 100-150 m boyutlarinda olan cevherli kiitle 1-17 m arasinda degisen
kalinliga sahiptir. Halen yapilmakta olan ¢aligmalar, sadece Hazine Magara sahasinda ortalama 1,81 g/ton Au,
77,11 g /ton Ag, %0,6 Cu, % 5 Zn ve % 3 Pb tendrlii 1.815.000 ton rezervin varligmi ortaya koymustur.
Cevherlesme, genellikle masif pirit icerisinde yer yer zengin sfalerit ve galen ceplerinin ve daha az oranda da
kalkopirit ve siilfotuzlar iceren bakirca zengin kesimlerin izlendigi mercekler seklindedir. Yatak igerisinde bu
farkli mineral bilesimli (siyah ve sar1 cevher zonlarindan olusan) kesimler arasindaki simrlar dereceli gegisli ve
diizensizdir. Cevher icerisinde barit bakimindan zengin kesimler de bulunmaktadir. Mikroprob analizleri ile
cevher icerisinde nemli oranda Bi ve Te igeren siilfotuzlar ile nadiren altait (PbTe) tespit edilmistir. Ag ve Au
icerigi bu tiir minerallerde artmaktadir.

Cevher ¢okelimini kontrol eden ana ozelliklerden biri (riftlesme sonucu olusmus olan) monolitik
karbonat breslerinin bosluklu zonlaridir. Bu zonlardaki kayag pargalari genellikle koselidir ve boyutlart mm’den
metreye kadar degismektedir. Cevherin yaygin olarak bu tiir zonlar tercih etmesi ve stratigrafik olarak daha
tistte yer alan Ust Kretase fliginin taban seviyeleri ile tabanda yer alan Giimiighane graniti iginde cevher
minerallerinin varligi epijenetik bir olusuma isaret etmektedir. Karbonath kayaglarin yer yer silislesmis olmasi
da bunu desteklemektedir. Ancak, yerel silislesme disinda hidrotermal alterasyon son derece sinirlidir. Benzer
ozellikte bir cevher olusumunun Midi’de bulunmasi, Eosen volkanitleri i¢indeki epitermal Mastra Au yatagimin
sadece birka¢ km mesafede olmasi muhtemelen Tersiyer magmatitlerine bagh ortak bir kokenin varligini
gostermektedir. Bu durumda Ust Kretase flisi ¢ozeltiyi simirlayicr bir rol oynamig olmalidur. Barit ve kuvarslar
iizerinde yapilan sivi kapamim c¢ahigmalart diisiik tuzluluk dereceli (<%8,5 NaCl es deg.) ve disiik-ortag

homojenlesme sicakligina sahip (130-370 °C; X =240 °C) bir ¢ozeltiye isaret etmektedir. Sicakhik — tuzluluk
degisimi mineral ¢okeliminde soguma ve seyrelmenin etkili oldugunu gostermektedir. Sfalerit, galen ve piritler
{izerinde yapilan | 348 calismalari kiikiirdiin magmatik kokenli olduguna isaret etmektedir ((1**S= %o -2 ila 3).
Sfalerit-galen ile pirit - kalkopirit mineral giftlerinden elde edilen izotobik denge sicakiliklari epitermal kosullari
desteklemektedir. Bu sartlarda bir epitermal sistemin olusumu, Eosen yasl magmatik kiitlelerle (6zellikle Dolek
pliitonu) yakindan iligkilidir.

Anahtar Kelimeler: Hazine Magara, Kirkpavli, Glimiishane, Kiikiirt izotoplari, Sivi kapanimlar.
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Located two km’s to the south of Giimiishane, the Hazine Magara and kirkpavli deposits have been in
operation since 1200’s, contributed enormosly to the economy of the region, and turned it into a privilaged
county based especially on their Ag content.

Following a tectonic zone with a strike of N040°W and a dip of 50-60° to SW, the Hazine Magara
deposit occurs as veins and lenses within dolomitic limestones (the Berdiga Limestone) nearer mainly to its
upper contact with the overlying flysh. In addition, all lithological units older than Eocene have been affected by
the mineralisation, with mineralised zones within Upper Cretaceous flysh, Liassic volcanics (the Hamurkesen
Formation) and the Giimiishane Granitoid. The ore zone is 400 m long along E-W direction, 100 to 150 m wide
along N-S direction and has a thichness of 1 to 17 m. The recent exploration activities and feasibility studies
indicate an estimated reserve of 1,815,000 tons at 1.81 g/ton Au, 77.11 g /ton Ag, 0.6 %Cu, 5% Zn and 3% Pb.
The ore zones are mainly in the form of massive shoots with sporadic pockets of sphalerite and galena, and to
alesser extent, as Cu enriched lenses with chalcopyrite, sulphosalts and luzonite. The boundaries between zones
with such different mineralogies is gradational but irregular. The ore also contains barite enriched zones.
Microprobe analyses of the ore sections indicate sulphosalts with significant enrichments of Bi and Te, as well as
rare altaite. These minerals are also enriched in Au and Ag.

The deposition of ore occurs within voids in monolithic carbonate breccias, which is, in turn, probably
related to rifting. The rock fragments in such mineralised zones are angular and varies from mm to m scale. The
preferential occurence of the ore in brecciated zones, the presence of ore lenses nearer the upper contact of the
Berdiga Limestone with the Upper Cretaceous flysch and along the lower contact of the flysch, as well as the
weak mineralisation within units underlying the limestone point towards an epigenetic origin, despite the
widespread mode of occurrence in the form of massive lenses which is the indication of a syngenetic origin. A
mineral deposit with similar features is also present at Midi, about 20 km to further South. Besides, the Eocene
volcanics at Mastra, only a few km’s to South contains an epithermal Au-Ag deposit. These findings may
indicate a joint origin connected with the Eocene magmatic activity, widespread in the region, which indicates
that the overlying flysch unit may have behaved as a cover unit to restrict the movement of the mineralising
fluids. Fluid inclusion research on quartz and barite suggest epithermal conditions with low salinities

(<8,5wt%NaCl eq.) and low to moderate homogenisation temperatures (130-370 °C; X =240 °C ). The sulphur
contents of sphalerite, galena, pyrite and chalcopyrite were determined to be magmatic in origin, with near (1**S
values ranging from -2%o to +3%o. Mineral pairs found to be in isotopic equilibrium support epithermal
conditions. The Eocene magmatics (such as the Délek Pluton) in the close vicinity of the mineralised areas are
likley to be responsible for the formation of such epithermal systems.

Key Words: Hazine Magara, Kirkpavli, Giimiishane, Sulphur isotopes, Fluid inclusions.

DOGU KARADENIZ MASIF SULFiD YATAKLARINDA (LAHANOS, CAYELI,
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Volkanojenik masif siilfit (VMS) bélgelerinde bugiine kadar tanimlanan iyi korunmus metal igerikli
paleo-hidrotermal ¢ikis bacalarina (chimney) ait bulgular oldukga sinirh sayidadir ve az sayida bolgeye 6zgiidiir.
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Dogu Pasifik Yiikselimi, Galapagos Sirti, Juan de Fuca Sirti ile Guaymas havzast gibi giiniimiiz okyanus
tabaninda olusmus giincel sicak su ¢ikig bacalarinin gostermis oldugu kimyasal ve mineralojik zonlanma ile
dokusal ozellikleri detayli olarak ortaya konmustur. Buna karsin fosil ¢ikis bacalarina ait bulgular ve detay
¢aligmalar ise oldukga sinirl sayidadir.

Dogu Karadeniz Bolgesi masif siilfid yataklarinda fosil hidrotermal ¢ikis bacalarina (chimney) ait
parcalar kirmtili (klastik) cevherler igerisinde tammlanmistir. Cevherlesmis bu masif silfit sicak su ¢ikis
bacalarinin ¢aplari 2 cm ile 8 cm arasinda degisir. Bacalarin duvarlarina ait parcalarin laminali yapisi belirgindir,
boyutlar1 ise farkli olup genel olarak birka¢ milimetre ile birkag santimetre arasinda degisir. Orneklerde
zonlanmalarin varhigr dikkat geker. Cayeli drneginin mineralojik analizleri yapildiginda distan ige dogru dort
zonun varlii net olarak goriiliir. En dista pirit ve sfaleritin egemen oldugu koyu gri renkli dis duvar tabakasi (A
zonu) ve bu zonu i¢ten ¢evreleyen kalkopiritin hakim oldugu i¢c duvar tabakasinda (B zonu) sar1 renk hakimdir.
B zonunu igten g¢evreleyen sfaleritin hakim oldugu i¢ duvar tabakasi C zonu olarak ayirtlanmis ve koyu gri
renklidir. En i¢ kesimde ise genelde baritin doldurdugu D zonu ver alir ve “merkezi ¢ikis kanali” olarak
tanimlanir. Killik sahasindan derlenen iyi korunmus 6rnek distan ice dogru ii¢ tabakadan olusur. En icte barit ve
fahlerz minerallerinin egemen oldugu koyu renkli bir merkezi i¢ duvar (C zonu) ve i¢ duvari saran kalkopiritin
hékim oldugu sar1 renkli ara zon (B zonu). En dista ise pirit ve markazitin egemen oldugu dis duvar tabakas: (A
zonu) bulunur. Orneklerin ana ve iz element analizleri neticesinde ortaya ¢ikan kimyasal bir zonlanmanin varhig
mineralojik zonlanmay1 destekler niteliktedir.

Tanimlanan paleo-hidrotermal ¢ikis bacalarinin mineral igerikleri incelendiginde baslica pirit,
kalkopirit, sfalerit, galenit, markazit, bornit, pirotin, kalkozin, kovellin, Ag-siilfotuzlar, barit ve kuvars
minerallerinin yani sira nadir olarak hessit, tellurobizmutit, wittichenite, altin ve elektrum saptanmistir. Laser
ablation ICP-MS kullanilarak yapilan analizler neticesinde ¢ikis bacalarini yatay kesitleri boyunca sistematik bir
iz element dagilim modeli ortaya ¢iktigi goriilmiistiir. Pontidlerde tanimlanan ¢ikis bacalarim mineral igerigi,
dokusal o6zellikleri, alterasyon tiirti, zonlanmalari, sekilleri ve olusum ortamlar1 agisindan giincel ve paleo
boélgelerde tanimlananlara gére yakin benzerlikleri oldugu gozlenir. Farkli bolgelerde tanimlanmis bu ¢ikis
bacalarmm asil farkliliklar1 olusum yaslaridir. Pontidlerde tanimlanan ¢ikis bacalarina ait parcalarin kirmntili
(klastik) dogas1 ve fosil fauna ile birlikteligi bolgedeki masif siilfid yataklarin deniz tabaninda olusumuna isaret
eden en dnemli verilerdendir. Diinyanin bagka bolgelerinde tanimlanmis giincel ve paleo ¢ikis bacalar agilma-
yayilma (rift) ve olduk¢a derin denizel ortamlarin bir triiniidiir. Cikis bacalarinin mineralojik ve kimyasal
ozellikleri analiz edildiginde Dogu Karadeniz bolgesi masif sulfit tipi yataklari olusturan metal icerikli sicak
¢ozeltilerin ilksel sicakliklari ile igerikleri agisindan stirekli bir degisim icerisinde olmuslardir. Metal tastyan
¢ozeltilerin ilk sicakliklarmin diisiik oldugu daha sonra sicakliklarin yiikseldigi ve son evrede sicakligin tekrar
diigtiigii soylenebilir. Giincel ve paleo-¢ikis bacalarmin tanimlandig: bolgelerin olusum derinlikleri (10007-3650
m), bu ortama 6zgii fosil fauna ile birlikteligi ve Pontid yataklarmin igerisinde bulundugu yan kayag
litolojilerinin (lavlar ve otoklastik fasiyesleri) bilyiikk bir bélimiiniin patlamasiz olusumlu (non-explosive
fragmentation) dogast g6z 6niine alindiginda Pontidlerdeki VMS yataklarinin oldukga derin denizel (> 1000 m)
ve agilma-yayilma (rift) ortaminda olustuklari s6ylenebilir.

Anahtar Kelimeler: Paleo-hidrotermal ¢ikis bacasi, Pontidler, Dogu Karadeniz, Masif siilfid yataklar (VMS).
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In volcanic-associated massive sulfide districts (VMS), findings of well preserved metal-bearing paleo-
hydrothermal chimneys to date, are rather rare and restricted to very few regions. Chemical and mineralogical
zoning and textural features of modern hydrothermal chimneys formed on present-day oceans such as East
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Pacific Rise, Galapagos Ridge, Juan de Fuca Ridge and Guaymas Basin, have been defined in detail, whereas,
findings and detailed studies on fossil chimneys are rather rare.

Fragments of fossil hydrothermal chimneys of Eastern Black Sea Region massive sulfide deposits have
been defined in clastic ores. Mineralized hydrothermal chimney fragments vary in diameter, from 2 to 8§ cm.
Fragments of chimneys have discrete laminar structures and range from several millimeters to centimeters in
size. Samples display distinctive zoning. Based on mineralogical determination of Cayeli sample, presence of
four zones, from the exterior to the interior, are cleary observed. The outermost skin of black smoker chimney
consist of dark coloured outerwall (zone A) dominated by pyrite and sphalerite, and yellow coloured internal
middle zone (zone B) dominated by chalcopyrite. Inner zone, dominated by sphalerite is classified as Zone C and
is dark gray coloured. Innermost part (zone D) is filled by barite and termed “axial conduit”. A well preserved
sample from Killik mine has three distinctive concentric zones from interior to exterior across chimney walls.
Dark coloured central axial conduit contain barite and fahlerz minerals (zone C) and yellow coloured inner zone
including abundant chalcopyrite (Zone B). The outermost wall of chimney bears pyrite and marcasite (Zone A).
The presence of chemical zonation revelead by trace elements analysis support mineralogical zonation.

Chimneys consist mainly of pyrite, chalcopyrite, sphalerite, galenite, marcasite, bornite, pyrrhotite,
chalcocite, covellite, Ag-sulphosalts, barite and quartz with minor amount of hessite, tellurobismuthinite,
wittichenite, gold and electrum. Trace element zoning across chimney walls was analyzed using laser-ablation
ICP-MS. The study has shown systematic trace element distrubition patterns across chimneys. Pontide chimney
fragments display mineral associations, textures, alteration styles, zonations, geometries and geodynamic
environments similiar to observed in discovered hydrothermal vents forming on the modern sea-floors. Main
differences of these chimneys determined in different districts are due to ageing. Fragmental nature of the
mineralized hydrothermal chimneys defined in the massive ores of the deposits and fossil fauna assocation are
the most important evidences indicating that massive sulfide deposits were formed on paleo-sea floor. Modern
and paleo-black smoker chimneys all across the world are the products of the spreading centers and relatively
deep-sea settings. Metal-bearing hydrothermal fluids which caused to form Eastern Black Sea massive sulfide
deposits have always been changed with respect to their temperatures and contents. Each cycle of metal-bearing
fluids started at lower temperatures, reached higher temperatures and declined to lower temperatures again. The
geologic setting of the chimneys (1000?-3650 m), fossil fauna association peculiar to this setting and non-
explosive fragmentation products of host rock lithologies (lavas and autoclastics) of VMS deposits suggest that
Pontide massive sulfide deposits formed on relatively deep-sea and spreading center (rift) setting.

Key Words: paleo-hydrothermal black smoker chimneys, Pontides, Easter Black Sea, massive sulfide deposits
(VMS).

KABADUZ (ORDU, KD TURKIYE) YORESI Pb-Zn-Cu CEVHERLERININ
MINERAL KiMYASI, DURAYLI VE RADYOJENIK iZOTOP OZELLIKLERI

Yilmaz Demir', M. Burhan Sadiklar® ve ibrahim Uysal2
! Giimiighane Unive"rsitesi, Jeoloji Miihendisligi Béliimii, TR-29000 Giimiishane, Tiirkiye
’Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Béliimii, TR-61080 Trabzon, Tiirkiye

Kabadiiz (Ordu) yoresi Pb-Zn-Cu cevherleri Ge¢ Kretase yagli andezit ve bazaltlar iginde KB-GD
dogrultulu fay zonlar1 boyunca olusmus hidrotermal damar tip cevherlerdir. Pirit, kalkopirit, sfalerit, galen ve
tetrahedrit-tenantitten olusan cevher minerallerine gang olarak kuvarsin yaninda daha az oranda kalsit ve barit
eslik etmektedir. Kataklastik dokularin yaninda pirit minerallerinde gézlenen zonlu ornatim dokusu ve kalkopirit
minerallerinde gozlenen sfalerit ayrilimlari, damarlarin ¢ogunda gériilen karakteristik dokuladir. Yoredeki biitiin
cevherler mineral birlikteligi, minerallerin olusum siralamasi ve dokusal 6zellikleri bakimindan benzerlik
gostermektedir.

Pirit, kalkopirit ve galenler stokiyometrik bilesimli olup, piritler 0.95 ag. % Zn, ve 0.60 ag. % As;
kalkopiritler 0.86 ag. % Zn, 0.14 ag. % Au ve 0.07 ag. % Ag; galenler ise 0.18 ag. % Ag icermektedir. Sfaleritler
Fe igerikleri bakimindan fakir olup, en yiiksek degerler olarak 0.35 ag. % Mn, 2.18 ag. % Cu, 0.07 ag. % Ag,
0.89 ag. % Cd ve 0.10 ag. % Hg icermektedirler. Fe icerikleri oldukga diisiik olan tetrahedrit ve tenantitler (1.56
ag. %) ise 1.4 ag. % Bi icermektedir. Yoredeki biitiin damarlarda bulunan cevher mineralleri benzer
stokiyometrik bilesimlidir. Piritlerin Ni ve Co igerikleri ve sfaleritlerin Zn/Cd oranlar1, bu cevherlerin asidik bir
magmatizmanin tirtinii olduklarini gostermektedir.

Demiroluk, Haydarli ve Kusyuvasi damarlarinda bulunan pirit, kalkopirit, sfalerit ve galenlerden
olgiilen 8*'S bilegimleri %o 2.14 ila -1.47 arasinda degismektedir. Ayrica Demiroluk ve Haydarli damarlarindan
vlgiilen "0 izotop bilesimleri %o 7.8 ila 8.5 arasinda, 8D bilesimleri ise %o -40 il4 -57 arasinda degismektedir.
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Gerek 8°*S bilesimleri, gerekse 5'*0 ve 8D bilesimleri yoredeki cevherlerin olusumunu saglayan hidrotermal
cozeltilerin magmatik kokenli oldugunu gostermektedir.

Haydarh, Kusyuvasi ve Demiroluk damarlarina ait pirit ve galenlerde LA-ICPMS yontemi ile yapilan
kursun izotop analizlerine gore “Pb/**'Pb, *’Pb/*"Pb ve “"Pb/***Pb degerleri sirasiyla 17.24-19.91, 15.86—
17.85 ve 37.57—-40.01 arasinda degigmektedir. Bu verilere gore yoredeki cevherler, alt kabugun kismi ergimesine
bagli olarak olusan granitik bir sokulumla iligkilidir. Hem kursun izotoplarindan hesaplanan yas (0.51-1.22
milyar yil), hem de kokenlerine gore yoredeki cevherlerin, Dogu Karadeniz Bolgesi’ndeki Geg¢ Kretase yash
granitlerle jenetik agidan iligkili olduklari sonucuna varilmistir.

Anahtar Kelimeler: Kabadiiz (Ordu), Hidrotermal Yataklar, Mineral Kimyasi, Durayli izotoplar, Kursun
Izotoplar1.
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Hydrothermal vein type deposits of Kabadiiz (Ordu), are located in the Upper Cretaceous andesitic-
basaltic rocks and mostly formed in fault zones along the NW-SE directions. The primary mineral paragenesis of
the ore veins are composed of pyrite, chalcopyrite, sphalerite, galena and tetrahedrite-tennantite with quartz and
less amount calcite and barite as a gangue mineral. Concentrically zoned replacement of pyrites and sphalerite
exsolutions in chalcopyrites as well as cataclastic textures are the most common textures observed in the
investigated ore veins. Petrographical studies suggest that the ore veins in the region have similar mineral
paragenesis, succession and textural properties.

Pyrite, chalcopyrite and galena have stochiometric composition and pyrite contains up to 0.95 wt% Zn,
and 0.60 wt% As, and chalcopyrite contains up to 0.86 wt% Zn, 0.14 wt% Au, and 0.07 wt% Ag. Galena is
found to contain up to 0.18 wt% Ag. Sphalerite is poor in Fe and contains up to 0.35 wt% Mn, 2.18 wt% Cu,
0.07 wt% Ag, 0.89 wt% Cd, and 0.10 wt% Hg. Tetrahedrite and tennantite are also poor in Fe (up to 1.56 wt%)
and it contains up to 1.40 wt% Bi. Different phases from the each different veins are found to be similar in
composition. Ore minerals in the veins have similar stochiometric composition. Ni and Co content of the pyrites
and Zn/Cd ratio of the sphalerites suggest that hydrothermal solutions related to the acidic type magmatic
activity.

Sulphur izotop composition of the pyrite, chalcopyrite, sphalerite and galena minerals of the Demiroluk,
Haydarli and Kugyuvasu ore veins are measured between 2.14 and -1.47 %o. In addition, oxygen and hydrogen
isotope compositions are measured between 7.8 - 8.5 %o and (-40) - (-57) %o respectively. Based on the Sulphur,
oxygen and hydrogen isotope composition magmatic sources have been determined for the hydrothermal
solutions.

According to the lead isotope data obtained by LA-ICPMS from the pyrite and galena phases of
Haydarli, Kugyuvast and Demiroluk ore veins, 206pp2%ph, 27ph2%ph and 2"*Pb/*Pb values vary between
17.24-19.91, 15.86-17.85 and 37.57-40.01, respectively. Based on Pb isotopic composition, ore is related to
partial melting of the Lower Crustal-derived granitic intrusions. In such a case, both Pb age data (0.51-1.22
billion year) and sources of the ore deposits indicated that they are genetically linked to Late Cretaceous granitic
intrusions.

Key Words: Kabadiiz (Ordu), Hydrothermal Ore Deposits, Mineral Chemistry, Stable Isotopes, Lead Isotopes.
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DOGU ANADOLU YIGISIM KARMASIGI (TORTUM-NARMAN-OLTU-
PASINLER-HORASAN-ERZURUM KD TURKIYE ) KUZEY KESIiMi
METALOJENIK KUSAK MI DIR ?

ismet Cengiz', Mehmet Aslan®, Serkan Ozkiimiis® ve Nesat Konak®
" Demir Export A.S., Ankara, Tiirkiye,
* MTA Orta Anadolu IV. Bélge Miidiirliigii, Malatya, Tiirkiye,
5 MTA Genel Miidiirliigii, Maden Etiit ve Arama Dairesi, 06800, Ankara, Tiirkiye,
! MTA Genel Miidiirliigii, Jeoloji Etiitleri Dairesi, 06800, Ankara, Tiirkiye.

Inceleme alani, Erzurum kuzeyinde, Tortum-Narman-Oltu-Senkaya-Pasinler ve Horasan ilgeleri
arasinda yer almakta olup “Dogu Anadolu Yigisim Karmagigi” olarak tanimlanan bélgenin kuzey kenarini
olusturmaktadir. Y1g151m karmasiginin en yasli kaya birimleri temeli olusturan Erzurum Kars Ofiyolit Zonuna ait
ofiyolitik kayaglardir. Tipik bir yigisim pirizmast 6zelliginde ve melanj karekteri sunan bu birim {izerine,
Eosenden Pliyo-Kuvaternere kadar devam eden volkano sedimanter bir istif gelmektedir. MTA tarafindan son
yillarda bu bolgede yapilan c¢alismalarda farkli tip alterasyon ve cevherlesmeler tespit edilmistir. Ofiyolitik
kayaglarda krom cevherlesmelerinin yaninda Kibris Tip Masif Siilfit ile Lisvenitlere bagl epitermal sistemde
gelismis civa ve altm; Tersiyer havzada ise damar tip Cu-Pb-Zn ve epitermal As-Au cevherlesmeleri izlenir.
Belirli bir dizilim ve farkl litolojiler i¢inde yer alan bu alterasyon ve cevherlesmeler, Dogu Anadolu Yigisim
Karmasig1 olarak adlandirilan bélgenin kuzey kesimini énemli bir metalojenik kusak haline getirmektedir.

Anahtar Kelimeler: Metalojenik Kusak, Erzurum Kars Ofiyolit Zonu, Dogu Anadolu Yigisim.

IS THE NORTHERN SECTION OF THE EASTERN ANATOLIAN
ACCERETIONARY PRISM (TORTUM-NARMAN-OLTU-PASINLER-
HORASAN-ERZURUM NE TURKEY ) A METALLOGENIC BELT ?

ismet Cengiz', Mehmet Aslan’, Serkan Ozkiimiis® and Nesat Konak®
! Demir Export A.S., Ankara, Turkey,
° MTA Orta Anadolu IV. Béolge Miidiirliigii, Malatya, Turkey,
3 MTA Genel Miidiirligii, Maden Etiit ve Arama Dairesi, 06800, Ankara, Turkey,
Y MTA Genel Miidiirliigii, Jeoloji Etiitleri Dairesi, 06800, Ankara, Turkey.

The study area is located about 60 km north of Erzurum between the towns of Tortum-Narman-Oltu-
Senkaya-Pasinler and Horasan and forms the northern edge of the region named “Eastern Anatolian
Accretionary Prism”. The oldest rock unit of the accretionary prism is ophiolitic rocks of Erzurum-Kars
ophiolitic zone which comprises basement. This unit has typical features of accretionary prism and melange in
character and overlain by volcano-sedimentary sequences.

In this region, different type of mineralizations and alterations have been discovered by MTA in recent
years. Chromite mineralizations, cyprus type massive sulfides and lisvenite associated epithermal type gold and
mercury within the ophiolitic rocks were detected. Moreover, vein type Cu-Pb-Zn and epithermal As-Au
mineralizations were also detected in the Tertiary basin of the district.

These alterations and mineralizations which is found in different lithologies are aligned in the discrete
direction and give rise to higly important metallogenic belt for northern section of the region called “Eastern
Anatolian Accretionary Prism”

Key Words: Metallogenic Belt, Erzurum-Kars Ophiolite Zone, Eastern Anatolian Accretionary Prism
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BATI ANADOLU ALTIN-BAKIR CEVHERLESMELERININ YASI VE
MAGMATIZMA ILE OLAN JEOKRONOLOJIK ILISKiSi

fikay Kuscu', Goncea Gengalioglu—Kuggul, Richard Tosdal’,
Thomas Ulrich® ve Richard Friedman®
IJeoloji Miihendisligi Boliimii, Mugla Universitesi, Kotekli, 48000 Mugla, Tiirkiye,
ikuscu@mu.edu.tr,
’Mineral Deposit Research Unit, Department of Earth and Ocean Sciences,
University of British Columbia, Vancouver BC, V6T 1X7, Kanada,
3 Almaden Minerals Ltd, Suite 1103 - 750 West Pender St, Vancouver, BC V6C 2T8, Kanada.

Bati Anadolu Kisladag Au porfiri ve Ovacik epitermal Au yataklarimin bulunup isletilmeye
baglanmasindan beri altin cevherlesmeleri i¢in 6nemli bir metalojenik provens olarak bilinmektedir ve ¢ok
sayida altin cevherlesmesini barindirmaktadir. Bu c¢alisma bati Anadolu’dan segilmis toplam 52 altin yatak ve
zuhurunun yasint ve magmatizma ile olan jeokronolojik ¢ergevesini ortaya koymaktadir. Bu yataklar epitermal
ve porfiri yatak ve/veya zuhurlar olup bunlardan toplam 363 &rnek derlenmistir. Bu 6rneklerin petrografik
analizleri sonrasinda Ar-Ar jeokronolojisi i¢in uygun 89 ornek belirlenerek Ar-Ar analizleri i¢cin University of
British Columbia’da analiz edilmigtir. Bu analizlerde elde edilen Ar-Ar yaslari altin cevherlesmeleri ve
magmatizma arasindaki zaman iligkilerini ortaya koymustur.

Epitermal ve porfiri yataklar Bati Anadolu’da genellikle porfirik intriizyonlar, subvolkanik kiitleler ya
da volkano-tektonik ¢okiintiilerde, kaldera ve volkanoklastik sekanslarda, meta karbonatlarda, ya da grabenlerde;
cogunlukla orojenik ¢okme ya da blok faylanmayla iliskili fay veya yirtilma zonlar1 boyunca olusan yataklardir.
Ovacik, Efemgukuru, Kii¢iikdere, Kaymaz, Agidag, Kirazli, Dogancilar, Kartaldag, Madendag, Sergeler, Kepez,
Egmir, Kuscayir, Beykoy, Cebrail, Goyniik, Avcilar, Kisacik, Gokkoy, Arapdag, Keditasi, Yatiktas, Sarisu, ve
Sahinli bu ¢alisma kapsaminda ele alman epitermal yatak/zuhurlardir. Ote yandan porfiri yataklar Derekoy,
Siikriipasa, Muratdere, Tiifek¢ikonak, Kusgaywr, Kartaldag, Pirentepe, Agidagi, Tepeoba, Sandikli olarak yer
almaktadur.

Hem alterasyon zonlarindan hem de taze magmatik kayaglardan derlenen mineraller (serizit, biyotit,
hornblend, K-feldispat, turmalin) iizerinde yapilan Ar-Ar jeokronoloji ¢alismalari, Bati Anadolu’daki porfiri-
epitermal Cu-Au cevherlesmelerinin Ge¢ Kretase-Geg Miyosen zaman araliginda olustugunu ve bunlarin uzay-
zaman iligkisi bakimindan alti ardigik fazda meydana geldigini gostermektedir: (1) Geg¢ Kretase (82-70 My)
kalkalkalen magmatik komplekslerle iligkili porfiri Mo-Cu cevherlesmeleri (Derekdy, Siikriipasa), (2) Orta
Paleosen-Orta Eosen (57-37 My) volkano-pliitonik kayaglarla iliskili porfiri Cu-Mo, Au ve epitermal Au-Ag
cevherlesmeleri (Muratdere, Tiifekgikonak, Kaymaz, Kugcaywr, Kartaldag, Madendag, Sergeler, Kirazly,
Pirentepe), (3) Ge¢ Eosen-Erken Miyosen (28-23 My) kalkalkalen volkano pliitonik komplekslerle iligkili porfiri
Mo-Cu, Au, Cu-Au ve epitermal Au, Fe-Cu-skarn cevherlesmeleri (Tepeoba, Samli, Evciler, Kiigiikdere,
Apidag, Halilaga, Egmir, Ayazmant), (4) Erken Miyosen (22-20 My) kalkalkalen volkanik ve pliitonik
topluluklarla iligkili epitermal cevherlesmeler (Kepez), (5) Orta Miyosen (20-15 My) kalkalkalen volkano-
pliitonik komplekslerle iligkili cevherlesmeler ve (6) Orta-Geg¢ Miyosen (14-11 My) alkalen kayaglarla iligkili
cevherlesmeler (Kisladag, Sandikli, inlice).

Anahtar Kelimeler: Bati Anadolu, Epitermal, Porfiri, Cu-Au cevherlesmeleri, Ar-Ar jeokronolojisi

THE GEOCHRONOLOGY OF GOLD-COPPER DEPOSITION AND TEMPORAL
ASSOCIATION WITH MAGMATIC ROCKS IN WESTERN ANATOLIA

ilkay Kuscu', Gonca Geng:alioglu-Kus(;ul, Richard Tosdal’,
Thomas Ulrich® and Richard Friedman®
! Geological Engineering Department, Mugla University, Kotekli, 48000 Mugla, Tiirkiye, ikuscu@mu.edu.tr,
Mineral Deposit Research Unit, Department of Earth and Ocean Sciences, University of British Columbia,
Vancouver BC, V6T 1X7, Canada
SAlmaden Minerals Ltd. Suite 1103 - 750 West Pender St, Vancouver, BC V6C 2T8, Canada

The western Anatolia has long been known as metallogenic province for Au porphyry mineralization
since the discovery of Kisladag porphyry and Ovacik epithermal gold deposits, and contains several porphyry
mineralizations. A total of 52 prospects/deposits known to contain gold mineralization were examined for age of
ore deposition temporal association of gold deposition and magmatism in the western Anatolia. These include
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mainly epithermal and porphyry deposits and/or prospects. 363 samples from the alteration zones and fresh
magmatic host rocks were collected. These samples were examined under the microscope, and a total of 89
samples suitable for Ar-Ar geochronology were selected for geochronological analyses.

The epithermal and porphyry deposits are commonly localized within or around porphyry intrusives,
subvolcanic masses or in volcano-tectonic depressions, volcanoclastic sequences, meta-carbonates, calderas, and
grabens, typically in faults and fissures related to block faulting and/or orogenic collapse. The epithermal
deposits/prospects included in this work are; Ovactk Au-Ag, Efemcukuru Au, Kiigikkdere Au-Ag and Kaymaz
Au as well as Agidag, Au, Kirazli, Dogancilar, Kartaldag Au, Madendag Au-Ag, Sergeler Cu-Au, Kepez Au,
Egmir Au, Kuscayir Au, Beykoy Sb-Hg-Au, Cebrail Hg-Au, Goyniik Sb-Hg-Au, Avcilar Au, Kisacik Au,
Gokkoy, Arapdag Au, Keditasi Au, Yatiktas Au, Sarisu Hg, and Sahinli Au; and the porphyries included in this
work are Derekdy Cu-Mo, Siikriipasa Cu-Mo, Muratdere Mo-Cu, Tiifek¢ikonak Mo-Cu, Kuscayr Au-Cu,
Agidagr Au-Cu, Pirentepe Au, Tepeoba Cu-Mo, Sandikli Cu-Au, Halilaga Cu-Au, Armutveren Cu, Topukdere
Cu-Mo, Uskiifcii Cu deposits/prospects.

The Ar-Ar geochronology carried out on the mineral separates (sericite, biotite, hornblende, K-feldspar
and tourmaline) from alteration zones and fresh magmatic rocks revealed that the hydrothermal systems resulted
in porphyry and epithermal mineralization in western Anatolia took place between Late Cretaceous to Late
Miocene, and are spatially-temporarily related to six successive pulses of magmatism. These are; (1) a Late
Cretaceous (81.9-70.37 Ma) calc-alkaline igneous complexes mainly to the northern promontory of Turkey
(Thrace region, Strandja massif, northern Turkey) (Derekdy, Siikriipasa), (2) Middle Paleocene-Middle Eocene
(57.3-36.9 Ma) magmatic associations (Muratdere, Tiifek¢ikonak, Kaymaz, Kus¢ayir, Kartaldag, Madendag,
Serceler, Kirazli, Pirentepe) exposed mainly within the Biga Peninsula and southern costs of Marmara sea, (3)
Late Eocene-Early Miocene (28-22.7 Ma) calc-alkaline volcano-plutonic complexes (Tepeoba, Samh, Evciler,
Kiigiikdere, Agidag, Halilaga, Egmir, Ayazmant), (4) Early Miocene (22.3-20.1 Ma) volcanic and plutonic calc-
alkaline associations (Kepez and Baklan), and (5) Middle Miocene (20-15) calc-alkaline volcano-plutonic rocks
mainly at Biga Peninsula, and (6) Middle-Late Miocene (14-11 Ma) alkaline rocks (Kisladag, Sandikli, Inlice) at
the southern margin of the region.

Key Words: Western Anatolia, Epithermal, Porphyry, Cu-Au mineralization, Ar-Ar geochronology.

ALADAG Fe-Pb-Zn-Cu SKARN YATAGININ (EZINE-CANAKKALE) JEOLOJIK
VE JEOKIMYASAL OZELLIKLERI

Fetullah Arik' ve Umit Aydin®
! Jeoloji Miihendisligi Boliimii, Selcuk Universitesi Miihendislik-Mimarlik Fakiiltesi,
Alaeddin Keykubat Kampiisii Sel¢uklu Konya, Tiirkiye, fetullah42@hotmail.com,
? Maden Tetkik Arama Genel Miidiirliigii maden Etiid Dairesi, Ankara, Tiirkiye.

Inceleme alani Ezine ilgesi’nin (Canakkale) 8 km giineybatisindaki Aladag ve gevresinde yaklasik 80
km®lik bir alam1 kapsamakta olup yorede Prekambriyen-Holosen zaman araliinda olusan birimler
ylizeylemektedir. Pre-Alt Kambriyen yash disiik dereceli metamorfik kayaglarla temsil edilen Geyikli
formasyonu inceleme alaninin temelini olugturmakta ve Orta-Ust Permiyen yash rekristalize kiregtaslarindan
olusan Bozalan formasyonu tarafindan ortiilmektedir. Kretase yasli Denizgéren ofiyoliti diger birimler iizerinde
tektonik sinirla durmaktadir. Ust Oligosen-Alt Miyosen yash Hallaglar volkanitleri diger birimleri orterken
Hallaglar volkanikleri ile ayn1 yasli olan ve baslica kuvars-monzonit, monzonit, monzonit porfir, sivenit porfir ve
kuvars siyenit porfirlerden olusan Kestanbol pliitonu diger birimleri kesmektedir. Alt-Orta Miyosen yasli Ezine
volkanikleri ise piroksen andezit ve trakitlerden olusmaktadir. Pliyokuvaterner yasl az, tutturulmus konglomera,
kumtas1 ve camurtaglarindan olusan Bayrami¢ formasyonu ise biitiin birimleri uyumsuz olarak 6rtmektedir.

Aladag’in kuzeyinde Bozalan formasyonuna ait karbonatli kayaglar ve Denizgoren ofiyolitlerini kesen
Kestanbol pliitonu arasinda pliitonun sokulumuna bagh olarak kontakt metazomatik bir zon ve skarn tip
mineralizasyon gelismistir. Skarn zonu belirlenen mineral parajenezine gére endoskarn ve ekzoskarn zonu olarak
iki ayrilabilir. Endoskarn zonunda kirmizi-kahverengi granat (andradit) ve epidot ile birlikte galenit, sfalerit ve
kalkopiritler bulunmaktadir. Eksoskarn zonunda ise yesil garanat (grossular), proksen (ojit, diyopsit), amfibol
(aktinolit-tremolit) epidot grubu (epidot, zoisit, klinozoisit) gibi Ca-silikat mineralleri ile birlikte magnetit,
hematit, az miktarda kalkopirit ve pirit olusumlari bulunmaktadir. Skarn zonunda ayrica ikincil kovellin, dijenit,
seruzit ve malahitler olusmustur. Pliitonun ofiyolitlerle smirinda ise yer yer talk ve amfibol asbest olusumlari
vardir.

Endoskarn zonu Pb-Zn-Cu bakimindan zengin olup bu kesimden alman cevherli 6rneklerde ortalama
SiO,, ALOs;, FeyOs, Cu, Pb ve Zn miktarlart swrasiyla % 41.77, 4.28, 15.93, 3.53, 4.5 ve 4.83’tiir. Aym
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orneklerdeki 34 ppm Ag ve 23 ppb Au dikkati ¢ekmektedir. Eksoskarn zonunda ise Fe miktar1 yiiksek olup
ortalama Fe,O; miktart % 66.75 iken SiO,, Al,Os;, MgO, CaO miktarlan sirasiyla % 14.85, 1.37, 4.34 ve
8.63"tlir. Fksoskarn zonunda Cu, Pb, Zn ve Ag ise sirasiyla 112, 162, 213 ve 0.4 ppm’dir. Skarn zonu
drneklerinde sokulum kayacindan itibaren dis zonlara dogru Ca ve Mg miktarlarinda belirgin bir artis vardir.

Anahtar Kelimeler: Skarn tip mineralizasyon, kontakt metazomatizma, endoskarn, ekzosakarn, maden yatagi,
Kestanbol, Aladag, Ezine.

GEOLOGICAL AND GEOCHEMICAL CHARACTERISTICS AROUND THE
ALADAG (EZINE/CANAKKALE) Fe-Pb-Zn-Cu SKARN DEPOSIT

Fetullah Arik' and Umit Aydin®
ISelcuk University, Department of Geological Engineering, Konya, Turkey, fetullah42@hotmail.com,
’General Directorate of Mineral Research & Exploration, Ankara, Turkey.

The study area located around the Aladag 8 km southwest of Ezine County (Canakkale-Turkey) and
covers about 80 km”. Pre(?) Cambrian to Holocene aged magmatic, metamorphic and sedimentary rocks crop out
in the study area. The basement of the study area is formed by low-grade metamorphic rocks of the Lower
Cambrian- Pre(?)-Lower Cambrian aged Geyikli formation and covered by recrystallized limestones of the
Middle-Late Permian Bozalan Formation. Cretaceous aged Denizgoren Ophiolites thrusted over the older units.
Upper Oligocene-Lower Miocene Hallaclar Volcanics cover the other units while same aged and represented by
mainly quartz-monzonite, monzonite, monzodiorite porphyry, syenite porphyry and quartz-syenite porphyry
Kestanbol Pluton cuts the older units. Lower- Middle Miocene aged Ezine Volcanics composed of pyroxene-
andesite and trachyte. Plio-Quaternary Bayrami¢ Formation overlaid these units with disconformity and also
consists of slightly cemented conglomerate, sandstone and mudstone.

A contact metasomatic zone and skarn type mineralization was developed between the carbonate rocks
of Bozalan Formation together with Denizgdren ophiolites and Kestanbol pluton depending on the intrusion of
the pluton at the north of Aladag. Skarn zone can be divided into two zones such as exoskarn and endoskarn
according to the mineral paragenesis. Red-brown garnet (andradite) and epidote together with galena, sphalerite,
and are chalcopyrites were developed in the endoskarn zone. Some Ca-silicate minerals such as green garnet
(grossular), proksen (augite, diopside), amphibole (actinolite-tremolite), epidote group (epidote, zoisite,
clinozoisite), with magnetite, hematite and small amount chalcopyrite and pyrite formation were observed in the
exoskarn zone. In addition secondary ore minerals such as covellite, digenite, seruzite and malachite were
formed in the skarn zone. Amphibole asbestos and talcs were formated in the contact of the pluton and ophiolites

Endoskarn this zone is rich in Pb-Zn-Cu and the amounts of SiO,, AL,O3, Fe,0s, Cu, Pb and Zn samples
taken from this zone are 41.77%, 4.28, 15.93, 3:53, 4.5 and 4.83% respectively. In the same samples 34 ppm Ag
and 23 ppb Au is noteworthy. The amount of Fe,O; was higher as 66.75% while the amount of Si0,, ALOs,
MgO and CaO are 14.85%, 1.37%, 4.34% and 8.63% respectively in the Exoskarn zone. Cu, Pb, Zn and Ag
amounts are 112, 162, 213 and 0.4 ppm respectively in the exoskarn zone. There is a significant increase in the
amounts of Ca and Mg from intrusion rocks to wall-rocks in the skarn zone.

Key Words: Skarn-type mineralization, contact metasomatism, endoskarn, exoskarn, ore deposit, Kestanbol,
Aladag, Ezine.

ARPACUKURU (SIMAV-KUTAHYA) Fe-Cu-Zn-Pb CEVHERLESMESININ
PETROGRAFIK OZELLIKLERI

Yesim Bozkir Ozen ve Fetullah Arik
Jeoloji Miihendisligi Béliimii, Selguk Universitesi, Sel¢uklu, Konya, Tiirkiye, ybozkir@selcuk.edu.tr

Arpagukuru Fe-Cu-Zn-Pb cevherlesmesi, Anatolit tektonik kusaginin batisinda, [zmir-Ankara zonunun
giineyinde, Menderes Masifi kuzeyi ile I¢ Bati Anadolu Bolimii’niin kuzeyinde bulunan Simav (Kiitahya)
ilcesine bagh Orey (Oregler) Kasabasi’nin 2,5 km giineybatisinda yer almaktadir.

Prekambriyen yasli Menderes Masifi Metamorfiklerine ait Kalkan formasyonu bolgede temeli
olusturmaktadir. Arpagukuru Fe-Cu-Zn-Pb cevherlesmesi, Kalkan formasyonuna ait biyotit-gnayslart kesen
granit porfirin kirik ve catlaklari boyunca bulunmaktadir. Kalkan formasyonuna ait porfiroblastik ve
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lepidoblastik dokulu biyotit-gnayslar baslica biyotit (%30-45), kuvars (%27-35), plajiyoklas (%14-28), ortoklas
(%15-25), klorit (%8-13), muskovit (%8-10), apatit (%1-2) ve epidot (%2-3) igermektedir. Ortoklaslarm biiyiik
bir ¢ogunlugu gerileyen metamorfizma ile serisite doniigmiiglerdir. Biyotit-gnayslari kesen granit porfir
igerisinde ise ortoklas (~%74), kuvars (~%20), plajiyoklas (~%35) ve opak mineraller (~%]1) gézlenmistir.

Arpagukuru Fe-Cu-Zn-Pb cevherlesmesinde birincil cevher minerallerini ¢okluk sirasina gére, manyetit
(musketofit), kalkopirit, pirit, sfalerit, fahlerz, arsenopirit ve kovellin olusturmaktadir. Ikincil cevherlesme ise
limonit, hematit ve gotit ile temsil edilmektedir. Musketofitler yaygin olarak cubuksu kristaller seklinde
gozlenmektedir. Mugketofitler igerisindeki hematit kalmtilart ikincil olusumun kamiti olarak gosterilebilir.
Cevherlesme igerisinde mugsketofitin varligi ve hidrotermal kaynaklh minerallerle birlikte bulunmas: kontakt
metazomatizma ile olustugunu gostermektedir. Kataklastik yapili, siingerimsi dokulu, yar1 6zsekilli ve yer yer de
ozsekilli piritler, kirik ve ¢atlaklari boyunca ayrisarak ileri derecede limonite doniismiislerdir. Ana cevher
damarlarinin disinda granit porfirin igerisindeki ince damar ve damarciklar boyunca yaygin olarak 6zsekilli ve
stingerimsi dokulu yer yer limonit, gotit ve lepidokrosite doniimiis piritlerle birlikte az miktarda manyetit
olusumlari vardir. Cevher mikroskobisi ¢alismalari ile piritlerin, granit porfirin kirik ve gatlaklari boyunca
hidrotermal akiskanlarla {i¢ ayr1 evrede bolgeye geldigi agik bir sekilde gozlenmistir. Cevherlesme igerisindeki
minerallerin olusum sirasi ise, pirit-I, kalkopirit, sfalerit, arsenopirit, pirit-Il, manyetit, fahlerz ve pirit-III
seklindedir.

Anahtar Kelimeler: Cevher mikroskobisi, Jeokimya, Arpagukuru, Simav.

PETROGRAPHICAL CHARACTERISTICS OF ARPACUKURU (SIMAV-
KUTAHYA) Fe-Cu-Zn-Pb MINERALIZATION

Yesim Bozkir Ozen and Fetullah Arik
[Department of Geological Engineering, Sel¢uk University, Selcuklu, Konya, Turkey,
ybozkir@selcuk.edu.tr

Arpagukuru Fe-Cu-Zn-Pb mineralization is situated in southwest 2,5 km of Orey (Oregler) town
(Simav-Kiitahya) located in the western part of Anatolian tectonic belt, in southern part of Izmir-Ankara zone,
and in northern part of Menderes Massive and part of the Inner West Anatolian.

Pre-Cambrian Menderes Massive Metamorphics (Kalkan formation) is situated at the base in the region.
Arpagukuru Fe-Cu-Zn-Pb mineralization is situated throughout fractures and fissures of granite porphyry cut the
biotite-gneiss of Kalkan formation. In porphyroblastic and lepidoblastic textured biotite-gneiss, belonging to
Kalkan formation, consist of biotite (30-45%), quartz (27-35%), plagioclase (14-28%), orthoclase (15-25%),
chlorite (8-13%), muscovite (8-10%), apatite (1-2%) and epidote (2-3 %). Most of the orthoclases turned into
serisite in consequence of retrograde metamorphism. Orthoclase (~74%), quartz (~20%), plagioclase (~5%) and
opaque minerals (~1%) were observed in the granite porphyry that was cut the biotite-gneiss.

In the Arpagukuru Fe-Cu-Zn-Pb mineralization, primary ore minerals are magnetite (mushketoffite),
chalcopyrite, pyrite, sphalerite, fahlore, arsenopyrite and covellite, respectively. Secondary mineralization is
represented by limonite, hematite and goethite. The mushketoffites are generally observed as sticky crystals.
Hematite relicts in the mushketoffites could be point out as evidence of secondary formation. In the
mineralization the presence of the mushketoffite and situated with hydrothermal minerals can be suggested that
is formed with contact metasomatism. Cataclastic structured, spongy textured, and commonly sub-idiomorphic
and rarely idiomorphic pyrites were altered and turned into limonite throughout fractures and fissures.
Commonly idiomorphic and spongy textured pyrite, turned partially into limonite, goetite and lepidocrocite and
rarely magnetite were observed throughout fissures and fractures of veins and veinlets of the granite porphyry
apart from the main ore veins. Pyrites that come with hydrothermal fluids with three different stages throughout
fissures and fractures of the granite porphyry to the area were clearly observed with ore microscopy studies. In
the mineralization, succession is pyrite-I, chalcopyrite, sphalerite, arsenopyrite, pyrite-II, magnetite, fahlore and
pyrite-111.

Key Words: Ore microscoby, Geochemistry, Arpagukuru, Simay.
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MANSURLU HAVZASI DEMIR YATAKLARININ OLUSUM SURECLERINE
BEKIRHACILI’DAN (FEKE-ADANA) BiR BAKIS

Deniz Tiringal, Taner ﬁnlﬁz, Necdet Ardal, Yimaz Celikl,

Biilent Atesci' ve I.Sénmez Sayili®
" MTA Genel Miidiirliigii, Maden Etiit ve Arama Dairesi, 06800, Ankara, Tiirkiye,
tiringa@mta.gov.tr,
? Jeoloji Miihendisligi Boliimii, Ankara Universitesi, 06100, T. andogan, Ankara, Tiirkiye.

Emirgazi formasyonu (Prekambriyen), Zabuk formasyonu (Alt Kambriyen), Degirmentas formasyonu (Orta
Kambriyen) ve Armutludere formasyonu (Ordovisiyen) litolojileri yiizeyler. Havzada yapilan 6ncel ¢alismalarda
Emirgazi formasyonu igerisinde rastlanmis bulunan asit ve ortag volkanik kayaglara, Bekirhacili koyiiniin
giineyinde bazik volkanik kayaglarin da eslik ettigi saptanmustir. Bu lokasyondan derlenen 6rneklerde yapilan
mineralojik, petrografik ve kimyasal analizler sonucu, kayaglarin diyabaz tiiriinde oldugu belirlenmistir.
Olasilikla Prekambriyen’de bir yay ardi havzada agilmus rifte isaret eden bu bimodal volkanizmaya ait bulgular,
havzadaki demir yataklarimin kokenine 1s1k tutar niteliktedir.

Prekambriyen zamandaki az oksijenli indirgen atmosfer sartlari diistiniildiigiinde, demirin Fe*? iyonlart
seklinde karalardan denizlere tasinmasinin zorlugu nedeniyle, volkanosedimanter olusum modeli bu kosullarda
agirhk kazanmaktadir. Riftlesmeye bagli olarak sokulum yapan gabro tiirii kayaglardan demir elementince
beslenen hidrotermal sivilar, denizel havza ortamimin Fe™ iyonlarinca zenginlesmesini saglayacaktir. Demir
iyonlari, havzaki ortam kosullarina bagli olarak farkli tiirlerde demir mineralleri seklinde ¢okeleceklerdir.
Mansurlu havzasinda gozlenen demir yatak ve zuhurlarinda yapilan gozlemler ve onceki ¢alismacilar tarafindan
da kabul edilen goriislere gore, demirin kaynagi, Prekambriyen yash Emirgazi formasyonu igerisinde gozlenen
sedimanter pirit, siderit ve hematitlerdir.

Bekirhacil koyti ve yakin gevresinde volkanosedimanter olusumun kiigiik bir modeli gozlenmektedir.
Kdoyiin glineyindeki diyabaz ve bazik volkanitlerinden tiireyen demir iyonlari, sedimanter bir havzay: temsil eden
Bekirhacili koytinde; dar bir alanda gozlenen bitiimlii sistler igerisinde piritler (siilfiir zonu), bunlarin
kuzeydogusundaki Tagliktepe demir yataginda siderit ve/veya siderit doniisiim iiriinii veya birincil olusumlu
hematitler (karbonat zonu) ve giineybatisindaki spekiilarit yataginda (oksit zonu) ise spekiilaritler olarak
cokelmistir.

Mansurlu havzasinin hemen tamamindaki yatak ve zuhurlarda pirit, siderit, hematit ve doniisiim iirtinii
zengin cevherlerin gozlenmesi, Bekirhacili koyiindeki bu modelin, havzanin tamamim karakterize ettigi
goriislinti desteklemektedir. Giiniimiizde isletilen yiiksek tenorlii cevherler, yan kayaglarla tektonik iliskilidir. Bu
goriinlise gore cevherler, olusumlarindan sonra geligen faylarla kirilip tektonik olarak tagmarak yiizeylemisler,
ayrica bu faylart kullanan ¢6zeltilerin etkileriyle de zenginlesmislerdir.

Anahtar Kelimeler: Mansurlu, Bekirhacili, Bimodal volkanizma, Demir, Volkanosedimanter olusum.

A VIEW FROM BEKIRHACILI (FEKE-ADANA) OF FORMATION PROCESSES OF
MANSURLU BASIN IRON DEPOSITS

Deniz Tiringa', Taner Unlii’, Necdet Arda’, Yilmaz Celik',

Biilent Atesci' and i.Sonmez Sayili®
" MTA Genel Miidiirliigii, Maden Etiit ve Arama Dairesi, 06800, Ankara, Tiirkiye,
tiringa@mta.gov.tr,
? Jeoloji Miihendisligi Boliimii, Ankara Universitesi, 06100, T. andogan, Ankara, Tiirkiye.

A variety of formations peculiar to Geyikdagi Unit of Tauride Tectonic Belt are located Bekirhacih
village and its surrounding. Emirgazi formation (Precambrian), Zabuk formation (Lower Cambrian),
Degirmentas formation (Middle Cambrian) and Armutludere formation (Ordovician) are some of those exposed
in the region. Based on previous works in the basin, acidic and intermediate volcanic rocks of Emirgazi
formation are accompanied by basic volcanic rocks to the south of Bekirhacili village. Based on mineralogical,
petrographical and chemical determinations of the samples collected from this location, these rocks are classified
as diabase in composition. Findings regarding bimodal volcanism in rifting back-arc basin which was likely
developed during Precambrian provides useful clues to the origin of iron deposits in the basin.
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When evaluated a reduced atmospheric conditions that prevailed during Precambrian, a volcanogenic
sedimentary model is suggested due to difficulty of mobility of Fe' from sub-areal to marine environments.
Hydrothermal fluids enriched in iron elements sourced from rifting related gabroic rocks gave rise to
concentration of Fe*” ions in the marine basin setting. Iron ions precipitate in the form of different types of ion
compounds, depending on the environmental condition of the basin. According to researches on the iron deposits
and occurrences in the Mansurlu basin and previous studies conducted by investigators, the source of iron is
believed to be sedimentary pyrite, siderite and hematite in the Precambrian aged Emirgazi formation.

A small-scale model of volcano-sedimentary formation are observed in Bekirhacili village and its
surrounding. Iron ions derived from diabase and basic volcanics in the southern part of village, precipitate as
pyrite (sulphur zone) in bituminous schist of Bekirhacili village, as siderite and/or replacement products after
siderite or primary hematite (carbonate zone) in Tagliktepe iron deposit exposed in the northeastern sector of the
village and as specularite in the specularite deposit (oxygenated zone) exposed in the southwest of village.

Nearly all of the deposits and occurrences in the Mansurlu basin contain pyrite, siderite, hematite and
replacement products after such minerals. That is why, volcanogenic sedimentary model formed for Bekirhacih
support the idea that this model represent the whole basin. High grade ores in operation are tectonically related to
host rocks. In such a case, ores were destructed and exposed by means of post-ore faults and enriched by fluids
migrating same fractures.

Key Words: Mansurlu, Bekirhacili, Bimodal volcanism, iron, volcano-sedimentary formation.

VOLKANIK MASIF SULFID YATAGINDA MINEROLOJI, iZ ELEMENT VE
NADIR TOPRAK ELEMNET JEOKIMYASI: Kp(}ALi BAKIR CEVHERLESMESI
(ADIYAMAN, GD TURKIYE)

Muharrem Akgiil' ve Omer Nedim Algicek’
! Jeoloji Miihendisligi Boliimii, Firat Universitesi, 23119, Elazig, makgul@firat.edu.tr,
? MTA Bélge Miidiirliigii, Malatya, Tiirkiye.

Bakir cevherlesmeleri Ust Kretase’de Arap platformu iizerine yerlesen Kogali karmagigi igerisindedir.
Calisma alanmin temelini Kogali karmagigia ait spilitik yastik lavlar ve diyabazdan olusan Tarasa formasyonu,
pelajik sedimanlar ve spilitik yastik lavlardan olugan Konak formasyonu ve serpantin, diyorit ve diyabazlardan
olusan Kale formasyonu olusturmaktadir. Ancak inceleme alani ve yakin gevresinde yari derinlik kayaglari,
ylizey kayaglar1 ve bu birimler ile ardalanmali derin deniz sedimanlar1 ve ¢ortler izlenmektedir.

Bakir cevherlesmesi Havsadere ve Kevriker tepe bolgesinde goriilmektedir. Havsadere cevherlegsmesi
ags1 sekilde olup K80°B /50°KD’ durusuna sahiptir. Kevrikevr tepedeki cevherlesme masif olup, D-B /55°KD
konumunda yer almaktadir. Cevherlesmenin iist boliimiinde demir sapka ve masif cevher bulunurken, bunlarn
altinda ags1 cevher bulunmaktadir.

Mikroskopta gériilen cevher mineralleri birincil olarak pirit, kalkopirit, bornit, manyetit, ve sfalerit;
ikincil olarak ise kalkozin, kovellin ve limonitdir. Yan kayaglarda kloritlesme, karbonatlagsma, epidotlagma ve
silislesme goriilmektedir.

Sedimanter, volkanojenik ya da diyajenetik kokenli seyller i¢indeki pirit ya da pirotinlerde yiiksek Co
ve Ni igerikleri gdzlenmekle beraber Co/Ni oranlari birden kiigiiktiir. Hidrotermal kdkenli siilfidlerde genellikle
diisiik Co ve Ni igerikleri gdzlenir (100 ppm’den daha az) ve Co/Ni oranlari birden daha biiyiiktiir. Kogali
cevherlesmelerine ait piritlerden yapilan analizlerde Co/Ni oranlarinin 1’in iizerinde (21,68) oldugu goriiliir.
Bunun yanisira diisiik Ni (ortalama 60 ppm) ve yiiksek Se (Ortalama 66 ppm ) degerleri gosterirler. Bu durum
cevherlesmelerde hidrotermal siireglerin etkin oldugunu agik¢a gdstermektedir. Aynt zamanda cahsma
alanindaki cevher 6rneklerin kondridite normallestirilmis degerleri Kuzey Amerika Seyl Bilesimi (NASC) ve
Avrupa Seyllerinin (European Shale) kondridite normallestirilmis degerleri ile karsilastinlmustir. Seyllerde,
kondridite normalestirilmis Nadir Toprak Element (REE) degerlerinin kondriditler gore yaklasik 30 ila 100 kat
zenginlestikleri gorillmektedir. Calisma alanindaki orneklerin REE igeriklerinin kondridite benzer degerler
gosterir. Bu durum cevherlesmeyi olugturan metallerin denizel sediman kokenli olmayip magmatik kayaglar ile
iligkili oldugunu isaret etmektedir. Caligma alanindaki cevher minerallerinden segilen 10 adet 6rnekte (Geochron
Laboratuvarinda, ABD) & **S analizi yapilmistir. Calisma alanindaki pirit ve kalkopirit rneklerinde RSN
degerleri -1,1 ile -2,0 arasinda degismektedir. Bu deger dar bir aralik ve sifira yakin bir degerdir. Bu nedenle
kiikiirdiin kaynaginin magmatik kokenli oldugu sdylenebilir.

Sonug olarak, Kogali bakir cevherlesmesinin Kogali Ofiyolitine ait diyabaz ve bazaltlar icerisinde
gelismis Kibris tipi Masif siilfit yatag: seklinde olustugu diisiiniilmektedir.

Anahtar Kelimeler: Kocali, Masif Siilfit Yatagi, Ofiyolit, Cu cevherlesmesi
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MINERALOGY AND GEOCHEMISTRY OF TRECE ELEMENTS AND
REE IN VOLCANIC MASSIVE SULPHIDE DEPOSITS:
KOCALI CU MINERALIZATION (ADIYAMAN SE TURKEY)

Muharrem Akgiil' and Omer Nedim Alcicek’
! Jeoloji Miihendisligi Boliimii, Firat Universitesi, 23119, Elazig, makgul@firat.edu.tr
? MTA Bolge Miidiirliigii, Malatya, Turkey.

The Copper mineralizations are outcropped in the Kogali Melange, which is trusted over Arabian
platform at Upper Cretaceous, are located to the north of Adiyaman. In the study area, the basement consist of
basalt and diabase (Tarasa Formation), radiolarian, pelagic limestones and basalt (Konak Formation) and
serpentine, diorite and diabase (Kale Formation) which are belong to allochtonous Kogali Melange.

The structure of ore, which takes part in Havsa dere stockwork mineralization, is N 80° W/50°NE. The
geometry of Kevrikevr tepe mineralizations is lenticular and the lenses are conformable with the pelagic
limestones, as well as pillow basalt lavas. The position of ore is E-W/55°N in this area.

The observed primary ore minerals are pyrite, chalcopyrite, bornite, magnetite and sphalerite; secondary
ore minerals, chalcosine, covellite, and limonite. Chloritization, carbonatization, silisification and epidote
alterations are observed in wall rocks near mineralizations.

The pyrites and pyrhotites in the sediment, volcanic or diagenetic based shales are observed to consist
of high level of Ni and Co and the Co/Ni ratio is similar then one. It is observed that hydrothermal based sulfides
in general consist of low level Co and Ni (less then 100 ppm) and their Co/Ni ratio is higher then one. The
concentration of elements (done performed) in pyrites of Kocali mineralization showed that the Co/Ni ratio is
higher than 1 (21.88% on average). Besides low Ni (60 ppm on average) and high Se values (66 ppm on
average) are observed. These results show that hydrothermal processes are effective in mineralization.
Additionally, REE values of ore samples were normalized to the chondrite in the study area and compared to the
North American Shale Composed (NASC) and Europen Shale. It was seen that shales are richer 30-100 times
that rare earth elements (REE) in chondridite. The samples in the study area presents REE compositions are
similar to the chondridite. Thus it may be concluded that the metals consisting in the mineralization are not
sourced of marine sediment but magmatic origin. The & **S values in the 10 ore samples in this study are have
been analyzed (Geochron Lab., USA). The **S / **S ratio in pyrite and chalcopyrite change between -1 and -2.
These values change interval narrow range and close to zero. Thus it may be concluding that the source of the
sulfur is magmatic.

Finally, Kogali copper mineralization is a Cyprus type massive sulfide deposits and situated in diabase
and basalt of Kogali ophiolites.

Key Words: Kogali, Massive Sulphide Deposits, Ophiolite, Cu mineralization.

ACIPAYAM VE BEYAGAC (DENIZLi, BATI ANADOLU-TURKIYE) KROMIT
YATAKLARININ JEOLOJIK OZELLIKLERI

Yahya Ozpinar, Serkan Kahriman ve Murat Kalkan
Pamukkale Universitesi, Jeoloji Miihendisligi Boliimii, Kinikli, TR—20070 Denizli, Tiirkiye,
yozpinar@pau.edu.tr.

Bu calismada, Acipayam ve Beyaga¢ ilce merkezlerinin giineyinki tektonitler de yer alan kromit
yataklarmim genel jeolojik ozelliklerini detayli olarak tanitmayir amaglamaktadir. Bu amag dogrultusunda
calisilan alan dahilindeki 26 onemli yatak ve 60’a yakin kromit olusumu incelenmistir. Onemli kromit
olusumlar1 ve yakin ¢evresinde 1/2000, 1/500 ve 1/200 Olgekli jeolojik harita alimlar1 ve litolijik birimlerden
derlenen orneklerden de petrografik calismalar yapilmustir. Incelenen alandaki ofiyolitik seriler tektonitler ve
damar kayaclar1 olmak {izere iki ana birim igerirler ve eksik dizi karakterli bir ofiyolit toplulugunu temsil ederler.

Kromit kiitleleri, eger tektonik dokanakli degil ise, diinitik zonlar i¢inde yer almaktadir. Diinitik zonun
kalinlig: ile kromit kiitlesinin kalmligi arasinda bir iliski bulunmamaktadir. Diinit ve harzburjit dokanaklar:
gecisli olarak bulunmaktadirlar. Kromit kiitlelerinin konumlari, foliasyon diizlemleri ile uyumludur. Diinitik
zonlarin haritalanmasi yeni kromit olusumlarmm bulunmasinda 6nemli katki yaptig1 belirlenmistir.

Merceksel ve plakamsi sekillerde yataklanma gosteren kromit kiitlerinin konumlari Acipayam giineyinde
35-55 ° E/ 75 © W olup, Beyagag giineyindeki sahanmn kuzey kesiminde(N40-50°W/30-40 NE) ve giiney
kesiminde (N40-50° W/30-40 °SW) olduklar1 belirlenmistir. Her iki bolgede de kromit kiitlelerinin
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konumlarindaki degisim, ofiyolitik kiitlenin kitaya yerlesmesi esnasindaki sikigma tektonigi, peridotitin
serpantinlesme derecesi ve Neotektonik donemde olusan normal faylarin onemli etkisi olmugtur. Kromit
kiitlelerinin sinirlandiran faylar, ¢ogunlukla diinit-harzburjit sinirinda gelismistir. Birinci derecede egemen olan
fay sistemleri N50-70" E dogrultu, sag ve sol yanal atimli normal ve ikici derecede egemen olan fay sistemleri de
N-S dogrultulu sag ve sol yanal atimli normal faylardir. Kiitlelerin kalinliklari maksimum 4 m’ye devamliliklari
da maksimum 300-400 m kadar ulastiklar: belirlenmistir.

Kromit olusumlarinda masif, banth saginimli ve nodiiler cevher tipleri belirlenmistir. Saginimli cevher daha
cok bantli cevhere gecisli olarak izlenir. Kromit 6rneklerinin mikroskobik incelemelerinde 6z, yari 6z ve
diizensiz sekilli taneler halinde izlenmislerdir. Gang minerali olarak, olivin, ortopiroksen, klorit izlenmigtir.
Kromit kiitleleri peridotitin igyapisina uyumludur. Iginde bulunduklari yan kaya ile eszamanli bir olusum
oldugunu belirtmektedir.

Anahtar Kelimeler: Kromit kiitleleri, Kromit tiirleri, Jeolojik 6zellikler, Tektonik, Acipayam-Beyagag, Tiirkiye.

GEOLOGICAL PROPERTIES OF ACIPAYAM AND BEYAGAC (DENIZLI, WEST
ANATOLIAN, TURKEY) CHROMITE DEPOSITES

Yahya Ozpinar, Serkan Kahriman and Murat Kalkan
Pamukkale University, Department of Geological Engineering, Kinikli, TR—-20070 Denizli, Turkey,
yozpinar@pau.edu.tr.

In this study, the detailed investigations of general geological properties of chromite deposits in
tectonites located Acipayam and Beyagag¢ have been aimed. According to this aim, in the investigated area, 18
important chromites deposits and nearly 60 chromites occurrences have been investigated. In the important
chromite deposits locations and their surrounding areas, geological maps of 1/2000, 1/500 and 1/200 in scales
and petrographic studies of samples collected lithological units were made. In the investigated areas,” the
ophiolithic serie” consist of tectonites and mafic dikes and they contain two main units and they represent
incomplete ophiolitic units.

If the chromite ore body associated with wall rock isn’t found as tectonic contacts, they are located
within dunitic zones. Between thickness of chromite ore bodies and thickness of diinitic zones are not
relationship were determined. Dunite and harzburgite contacts were determined as transitive. Attitudes of
chromites ore bodies are conformably found with foliasion planes. The mapping of dunitic zones have had great
contributions to find the new chromite formations.

The chromite ore bodies observed as masses of lens and layer shapes, in the area located southern part
of Acipayam have structural attitude 35-55 ° E/ 75 ° W and as for the areas located northern and southern part of
Beyagag have structural attitude N40-50°W/30-40 NE and N40-50° W/30-40 °SW respectively. The changing in
structural attitude of chromite ore bodies in the both regions, the compressional tectonics formed during settling
on the continent of the ophiolitic mass, serpentinization processing and normal faults formed Neotectonics
period have been important effects. The chromite masses are limited by faults developed boarders of the dunit
and harzburgite. The fault systems dominated first grades are N50-70° E directions. These are sinistral and
dextral oblique faults and the fault systems dominated second grade are N-S direction, these are sinistral and
dextral oblique faults. The masses thicknesses were determined maximum 4 meter and continuities maximum
300-400 meter.

In chromite ore bodies, four type’s chromites occurences have been observed. These are massive,
nodular, disseminated and banded ores. Disseminated ore mainly is observed transitively to banded ore.
According to microscopic investigations of chromite samples, as euhedral, subhedral and anhedral of chromite
grains were observed. As gangue minerals, olivine, orthopyroxene and chlorite were observed. The chromite
masses are suitable internal structure of peridotite. It indicates that chromite ore bodies have been formed
contemporaneously with their enclosing rocks.

Key Words: The chromite ore bodies, Types of chromite, Geological properties, Tectonic, Acipayam-Beyagag,
Turkey.
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FUGLATEPE (ORHANELI, BURSA) KROMIT YATAGININ JEOLOJIK,
MINERALOJIK VE KIMYASAL OZELLIKLERI

Kamil Kavak, Yiiksel Orgiin ve Ali Haydar Giiltekin
Jeoloji Miihendisligi Boliimii, Istanbul Teknik Universitesi, 34469, Maslak, Istanbul, Tiirkiye,
kavakk@gmail com.

Fuglatepe kromit ocaklarinin da i¢inde yer aldigi Orhaneli bolgesinde genis alanlar kaplayan ultrabazik
— bazik birim, gerek yerlesimi sirasinda, gerekse de daha sonradan bolgeye yerlesen Eosen yash granitik
sokulumlar tarafindan oldukga tahrip edilmis, bol ezikli, kirikl, catlakli, fayli bir yap1 kazanmustir. Ulkemizin
onemli krom sahalarindan biri olan bélgede, giiniimiizde diisiik tendrlit krom cevherleri hem agik hem de kapal
ocak isletme yontemleri ile iiretilmektedir. Ocaklardaki ortalama isletme tenorii %5 - %7 arasinda degismektedir.

Bolgede en yaygin kayag birimini diinitler olusturur. Bunlara az oranda piroksenit ve serpantinit eslik
etmektedir. Ttiim bu kaya¢ grubu daha geng bazik dayklar tarafindan kesilmistir. Serpantinlesmis olan diinitlerde
karakteristik elek dokusu rahathkla gozlenmektedir. Yataktaki ana cevher mineral kromittir. Manyetit, pirit,
kalkopirit, pirotin, nikelin, pentlandit, millerit, gibi cevher mineralleri kromite eslik etmektedir. Kromitler
sagilmug kristaller halinde ve tektonik etkenlerle kirilmis, parg¢alanmus sekilde gozlenir. Kromit kristallerinin
boyutu 0,026 — 1 mm arasinda degigsmektedir.

Yapilan kimyasal analizlerde kromitin yan kayact olan diinitlerin ortalama kimyasal bilesiminin %
41,82 Si0,, % 44,49, MgO ve % 9,6 Fe,O; seklinde oldugu ortaya konmustur. Calisma kapsaminda 10 adet
cevherli kaya¢ oreginden hazirlanan parlak yiizeylerde mineral kimyasi analizleri yapilmistir. Analizler
TUBITAK — MAM Malzeme Enstitiisii Electron Micro — Prob Labaratuvarlari’ nda SEM/EDS yéntemiyle
yapilmustir. Bu analiz sonuglarina gore kromitlerin ortalama kimyasal bilesimi %19.4 Fe, Mg %11.12 , Cr
%27.47, Al %3.6 olarak belirlenmistir. Bazi kromit kristallerinde % 4’e varan oranlarda Pt saptanmigstir. Elde
edilen bir diger 6nemli sonug da bazi olivin kristallerinin iginde %2.52 - %4.58 degisen oranda Pt saptanmis
olmasidir.

Caligma kapsaminda elde edilen tiim jeolojik, mineralojik ve kimyasal analiz sonuglari birlikte ele
almarak irdelenmis ve bagta kromitlerin kristal boyutlart olmak iizere kimyasal bilesiminin cevher iiretimine ve
zenginlestirilmesine olan etkileri tartigilmistir.

Anahtar Kelimeler: Orhaneli, ultrabazik — bazik birim, mineral kimyasi, kimyasal analiz, kromit kristali.

GEOLOGICAL, MINERALOGICAL AND CHEMICAL CHARACTERISTICS
OF FUGLATEPE (ORHANELI, BURSA) CHROME ORE

Kamil Kavak, Yiiksel Orgiin and Ali Haydar Giiltekin
Jeoloji Miihedisligi Boliimii, Istanbul Teknik Universitesi, 34469, Maslak, Istanbul, Turkey. kavakk@gmail.com

Ultrabasic — basic formation which spreads in a wide range in Orhaneli region has gained a considerably
destroyed and smashed structure, which is rich in fractures, joints and faults, during its placement and also by the
granitic intrusions of Eocene age which took place afterwards. Today in Orhaneli region, one of the significant
chrome areas in Turkey, chrome ore of low tenor is produced by application of both open and closed mine
methods. The average tenor of processed ore in the quarries varies between 5% and 7%.

Dunites are the most common rocks in the region. Theyare accompanied
by less pyroxenite and serpentinite. All components of this group of rocks are cut by younger basic dykes.
Characteristic sieve texture is well observed in serpentinized dunites. Chromite is the major ore in the ore bed.
Small amounts of ore minerals such as nickeline, magnetite, protine, pentlandite, chalcopyrite, millerite have
also been observed. Chromites are observed in form of crystals and in a manner of broken and shattered structure
due to the tectonic factors. Geological, minerological and chemical properties of territory is presented in this
study. Dimensions of chromite crystals vary between 0.026 — 1 mm.

The average chemical composition of dunites which are the host rocks of chromites, is stated as 41,82%
Si0,, 44,49 % MgO and 9,6% Fe,O; regarding the chemical analysis performed. Mineral chemistry analysis are
carried out on the polished surfaces which are prepared from In scope of study mineral chemistry analyses were
performed on prepared 10 nos rock samples. All analyses were carried out in TUBITAK — MAM Material
Institute Electron Micro — Prob Laboratories by using the method of SEM/EDS. According to results of these
analyses the average chemical composition of chromites is determined as Fe %19.4, Mg %11.12, Cr %27.47,
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and Al % 3.6. In some chromite crystals Pt up to ratios of 4% has been detected. In addition, another important
result obtained is that in some olivine crystals Pt is detected with a ratio varies between %2.52 and %4.58.

In the scope of work, the results of the geological, mineralogical and chemical analyses are evaluated
and the effects on the ore production and its enrichment of foremost the crystal size and chemical composition
are discussed.

Key Words: Orhaneli, ultrabasic — basic formation, mineral chemistry, chemical analysis, chromite crystal.

SIVAS, CETINKAYA-YELLICE MANYETIT OLUSUMLARININ
MADEN JEOLOJISI

Ceyda Oztiirk, Taner Unlii ve i. Sonmez Sayih
Ankara Universitesi, Jeoloji Miihendisligi Boliimii, 06100, Tandogan, Ankara, Tiirkiye.
cozturk@eng.ankara.edu.tr.

Calisma alam olan Yellice kdyli ve yakin g¢evresinde; Toros platformuna 6zgii Munzur kiregtaslari
iizerine Maastrihtiyen oncesi yasta tektonik olarak yerlesmis olan ofiyolitik kayaglar, temeli olusturmaktadir.
Bunlarmn tizerini post-tektonik havza ¢okelleri (Saya formasyonu ve Sincan grubu) uyumsuz bir bicimde
ortmektedir. Ust Kretase ve/veya hemen sonrast yash granitik kayaglar ile Plio-Kuvaterner yash volkanitler
sahada gozlenen magmatik aktiviteyi karakterize etmektedir. Arastirmaya konu edilen ve agirlikli bigimde
manyetitlerden olusan cevher, ofiyolitik kayaglara ozgii serpantinlesmis ultramafik kayaglar igerisinde
konumlanir. Yellice sahasinda gozlenen birincil cevher mineralleri, likid magmatik evreyi karakterize eden;
kromit, manyetit, makinavit kurtguklari i¢eren pentlandit, pirotin, kiibanit lamelleri igeren kalkopirit ve pirit
disseminasyonlarindan olusmaktadir. Kromit, manyetit ve siilfit birlikteliginden olusan bu birincil parajeneze, bir
sonraki evreyi karakterize eden serpantinlesme olay: ile ferromagnezyen minerallerden yogun bigimde aciga
¢ikan demir elementinin olusturdugu ikincil manyetit olusumlari ve daha az oranlardaki piritler ile silikat
mineralleri eslik eder. Serpantinlesmis ultramafik kayaglar genelde ortalama; % 20,34 toplam Fe,Os, % 0,2564
MnO, % 33,19 MgO, % 1,08 Ca0, % 0,14 AL,Os, % 10, 49 ateste kayip, 5678 ppm Cr,0;, 1772 ppm Ni, 191,7
ppm Co, 280 ppm V,0;s, 163 ppm TiO, ile % 31,99 SiO,, % 0,18 K,O ve % 0,075 Na,O icermektedir.
Serpantinitler igerisinde mercek seklinde konumlanan ve ana bileseni manyetit olan cevherin; ortalama Fe;O,
tendrii %18-20 arasinda degismekte olup, 125 milyon ton gériiniir+olasi (muhtemel) rezerv, bu sahada saptanmig
bulunmaktadir. Demir olusumunun ilk evrelerinin ultramafik kayaglar igerisinde sagilmis (dissemine) tipte
geliserek basladig, daha sonra ise ultramafik kayaglardaki ferromagnezyen minerallerin (olivin ve piroksen gibi)
serpantinlegmeleri ile agiga ¢ikan demir elementinin olusturdugu minerallerle yogunluk kazandigi tezi, bu
caligma ile Ozgiinlesmektedir. Bu baglamda, Yellice manyetit olusumlarinin, Divrigi demir yataklarinin
olusumundan bir 6nceki olusum evresini karakterize ettigi goriisii, agirlik kazanmaktadir. Bu tip olusumlarin
daha sonraki evrede Divrigi demir yataklarinda oldugu gibi granitik kayaclarla kesilmeleri sonucu demirce
zengin cevherlesmelerin olusabilme olasiligi, derinlerde heniiz saptanmamis bulunan yeni demir yatak ve
zuhurlarmnin bélgede bulunabilme hedefini giindeme tasimaktadir.

Anahtar Kelimeler: Sivas, Cetinkaya, Yellice, Ofiyolit, Demir, Maden Jeolojisi.

MINING GEOLOGY OF THE MAGNETITE OCCURENCES OF
CETINKAYA YELLICE, SIVAS

Ceyda Oztiirk, Taner Unlii and i. Sonmez Sayih
Ankara University, Department of Geological Engineering, 06100, Tandogan, Ankara, Turkey.
cozturk@eng.ankara.edu.tr.

In the study area located at the near vicinity of Yellice, ophiolitic rocks which trusted tectonically
before Maastrichtian over Munzur limestones of Taurus platform form the basement. Post-tectonic basin
deposits (Saya formation and Sincan group) cover them unconformably. Magmatic activity observed at the field
is characterized by granitic rocks of Upper Cretaceous and/or subsequent ages and volcanites of Plio-
Quarternary. The ore which is subject to this study mainly composed of magnetites are located within
serpentinized ultramaphic rocks of ophiolites. Primary ore minerals observed at the Yellice area, consist of
chromite, magnetite, machinavite droplets bearing pentlandite, pyrrhotite, cubanite lamellae bearing chalcopyrite
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and pyrite disseminations characterizing liquid magmatic phase. In addition to this primary paragenesis of
chromite, magnetite and sulphide assemblages, secondary magnetite minerals formed from iron elements
released intensively from ferromagnesian minerals during serpentinization processes characterize subsequent
phase. Small amount of pyrite and silicate minerals accompany to these assemblages. In general, the average
composition of serpentinized ultramaphic rocks contain 20.34 % Fe,Os (total Fe), 0.2564 % MnO, 33.19 %
MgO, 1.08 % CaO, 0.14 % AL,Os, 10.49 % ignition loss, 5678 ppm Cr,0s, 1772 ppm Ni, 191.7 ppm Co, 280
ppm V,0s, 163 ppm TiO, and also 31.99 % SiO,, 0.18 % K,0 and 0.075 % Na,O. In this study area the ore
located as lenses within serpentinites comprises mainly magnetite and reveals an average grade of 18-20 %
Fe;0, with visible and probable tonnage of 125 million tons. The hypothesis proposing that early stage of iron
formation had started to develop in disseminated type within ultramaphic rocks and gained intensity
subsequently with the minerals of iron elements released from ferromagnesian minerals such as olivine and
pyroxene during the serpentinization processes of ultramaphic rocks is the original result of this study. Within
this context, the opinion that Yellice magnetite occurrences characterize previous stage of Divrigi iron deposits
becomes importance. The possibility of iron rich ores that could have formed by granitic rocks intersecting such
occurrences mentioned above as the sample of Divrigi iron ore deposits, moots the vision for probable target
areas with new iron ore deposits and occurrences buried and yet not determined.

Key Words: Sivas, Cetinkaya, Yellice, Ophiolite, Iron, Mining Geology.

DOGANSEHIR (MALATYA) KORUND OLUSUMLARININ
GEMOLOJIiK DEGERLENDIRMESINE DAiR ON BULGULAR

Meltem Giirbiiz ve flkay Kaydu
Mersin Universitesi, Taki Teknolojisi ve Tasarimi Yiiksekokulu, 33342 Ciftlikkoy Kampiisii,
Yenisehir/Mersin, Tiirkive, mgurbuz@mersin.edu.tr.

Gemolojik acidan yapilan g¢aligmalarin ¢ogunlugu Bati Anadolu, Orta Anadolu ve Karadeniz
Bolgeleri'nde yogunlasmaktadir. Gemolojik ¢aligmalar Dogu ve Giineydogu Anadolu yok denecek kadar azdur.
Malatya ve cevresi ile ilgili jeolojik, petrografik ve mineralojik igerikli bircok ¢aligma bulunmasina ragmen
siistast olusumlari konusunda yeterli ¢aligma bulunmamaktadir. Korundum farkli renkteki ¢esitlerinin, granit
veya gnays gibi yash, kristalli ana kaya igerisinde gémiilmiis kristaller ve tanecikler seklinde olustugu, siis tas1
cesitlerinin siklikla kiregtagi ile magmatik kayalarin kontainda ikincil mineraller seklinde olustugu
bilinmektedir.

Malatya ve gevresinde yer yer felsik ve mafik granitoid sokulumlari gozlenmektedir. Bu bolgede yer
alan granitoyid Geg Kretase yasli bir intriizyon olup Giineydogu Anadolu bolgesinde Neotetis’in giiney kolunun
kapanimi ile iliskilidir. Granitoyidler metaofiyolitleri ve karbonat platformunu kesmektedir. Yapilan onceki
calismalara gore Karbonat platformu ile Granitoyid dokanagi boyunca skarn olusumlar, endoskarn ve ekzoskarn
seklinde gelismistir. Skarn kayaglarmin mineral toplulugu; granat (andradit, grossular), epidot, piroksen
(diyopsit, ferrosalit, hedenberjit), plajioklas, K-feldispat (ortoklas), amfibol (hornblend), skapolit (menyonit),
kalsit, kuvars, klorit, manyetit ve sfenden olusmaktadir. Dogansehir (Malatya) bolgesindeki kayaglarin
kalkalkalen, I-tipi granitoyid ozelligine sahip oldugu tespit edilmistir. Ayrica bu ¢aligmalarda aliiminyum
doygunluk indeksinin 1.05 ile 1.76 arasinda oldugu belirtilmektedir. Granitoyid kayaglarinin volkanik yay
ortaminda, bdlgedeki ofiyolitlerin Ge¢ Kretase’de Neotetisin giiney kolu icinde olustugu ve sonrasinda
metamorfizmaya ugradigi belirtilmektedir.

Bu ¢alisma kapsaminda metamorfik serilerdeki piroksenitlerin i¢inde sagimmli halde goriilen kirmizi
renkli minerallerin, yapilan ince kesit ve XRD-XRF analizleri sonucunda, korund mineralleri oldugu ve iri taneli
kesimlerin islendiginde siis tagi olarak kullanilabilecegi tespit edilmistir. Ancak daha iyi orneklerin varhiginin
tespiti icin jeolojik, mineralojik ve gemolojik daha ayrintili caligmalar yapilacaktir.

Anahtar Kelimeler: Malatya, korund, mineraloji, gemoloji, siis tasi.

199



64. Turkiye Jeoloji Kurultay: 25-29 Nisan 2011

PRELIMINARY FINDINGS ON THE GEMOLOGICAL ASSESSMENT OF
DOGANSEHIR (MALATYA) CORUNDUM OCCURRENCES

Meltem Giirbiiz and ilkay Kaydu
Mersin University, School of Jewelery Technology and Design, 33342 Ciftlikkoy Campus,
Yenisehir / Mersin, Turkey, mgurbuz@mersin. edu.tr.

In the Anatolian peninsula, most of the Gemological studies are clustered in Western Anatolia, Central
Anatolia and Black Sea regions. Gemological studies in the Eastern and Southeastern Anatolia are very rare.
There are many geological, petrographic and mineralogical studies done in Malatya area (Eastern Turkey) and its
surroundings, in contrast there are only a few studies done on the occurrence of gem stones. It is known that
different colored kinds of corundum are formed in the old, cristalline bedrock in granitic and gneiss in the form
of crystals and beads, varieties of gemstone are often occurred as secondary minerals at the contact of limestone
and igneous rocks.

At Malatya and its surroundings, felsic and mafic granitoid intrusions are observed place to place.
Granitoids in this area are Late Cretaceous in age, are related to the closure of the southern branch of Neotethys
in the southern Anatolia Region. Granitoids cut metaophiolites and carbonate platform. According to previous
studies, skarn occurences which is along the boundary of carbonate platform and granitoid, developed in the
form of exoskarn and endoskarn. Mineral group of skarn rocks consist of garnet (andradite, grossular), epidote,
pyroxene (diopside, ferrosalit, Hedenbergite), plagioclase, K-feldspar (plagioclase), amphibole (hornblende),
scapolite (menyonit), calcite, quartz, chlorite, magnetite and sphene. The rocks at Dogansehir (Malatya) area are
in calcalkaline character, I-type granitoids. In addition, the aluminium saturation index is between 1.05 and 1.76.
The granitoids were formed in volcanic arc setting and ophiolites were formed in the southern branch of
Neotethys at Late Cretaceous and ophiolites went under metamorphism.

In this study, the results of the thin section observations and XRD-XRF analysis of red colored
minerals, disseminated in pyroxenites in the metamorphic series indicate the occurence of corundum mineral and
coarse-grained corundum minerals sectors may used as as gem stone. More detailed geological, mineralogical
and gemological studies must done in order to find better samples.

Key Words: Malatya, Corundum, mineralogy, gemology, gemstone.

TURKIYE’DEKI YOZGAT-CORUM RED-BED TiPi YATAKLANMALARDA
TANIMLANMIS BiR CEVHER MINERALI; DECLOIZIT

Giilay Sezerer Kuru', Emin Cift¢i’ ve Alper Sakitag?
'TMA, Turkey Mineral Expolaration, 06520, Ankara, Tiirkiye,
sezererkuru@turkeymineral.com,
* Jeoloji Miihendisligi Boliimii, Istanbul Teknik Universitesi, 34469, Maslak, Istanbul, Tiirkive,
? Jeoloji Dairesi, MTA Genel Miidiirliigii, 06520, Ankara, Tiirkiye.

Yozgat-Corum havzasi iginde gelismis Red-Bed tipi zenginlesmeler bilindigi gibi diisiik tendrlere ancak
yiiksek rezervlere sahip olmalari ile karekteristiktir. Calisma alan: igerisinde, yaygin olarak ve birbiriyle gegisli
olarak kumtaslari, iri taneli kumtaslari ile ¢cok kétii boylanmis aglomeralar yer almaktadir. Bu aglomeralar ve
kalin taneli kumtaslari gogunlukla andezitik-bazaltlik kayaglardan tiiremiglerdir. Bu iri kumtaslar1 ve ¢akiltaslar:
tizerinde yapilan kimyasal, mineralojik-petrografik ve kristalografik analizler sonucu yeni bir cevher minerali
Decloizit (PbZn(VO4)(OH)) tespit edilmistir.

Decloizite, Red-Bed tipi zenginlesmelerde Tiirkiyede ve/veya Anadoluda ilk defa olarak tanimlanmig
bir cevher mineralidir. Deskluvazit, ¢akil ve iri taneli kumtaglarinin olusturan volkanik kayaclarin hamurunda
yeralmaktadir. Oldukga iri taneli olan deskluvazit, i¢inde bulundugu kayaclarin yaklasik %50 sinden daha fazla
oranini kapsamaktadir. Deskluvazit, Red-Bed tipi zenginlesmelerde Tiirkiye’de ve/veya Anadolu’da ilk defa
olarak tanimlanmis bir cevher minerali olmasi ve oldukca genis yayilim sunmalar1 nedeniyle, bu alanlarin,
ekonomiye kazandirilmas: agisindan tekrar goz 6niine almarak cahisilmast gerektirmektedir.

Anahtar Kelimeler: Red-bed tipi yataklar, yeni mineral, Decloizit.

200



64. Tiirkiye Jeoloji Kurultayi 25-29 Nisan 2011

IDENTIFIED AN ORE MINERAL FOR YOZGAT-CORUM RED-BED
TYPE MINERALIZATIONS IN TURKEY: DESCLOIZITE

Giilay Sezerer Kuru', Emin Cift¢i? and Alper Sakitas?
'TMA, Turkey Mineral Expolaration, 06520, Ankara, Turkey, sezererkuru@turkeymineral.com,
? Jeoloji Mithendisligi Béliimii, Istanbul Teknik Universitesi, 34469, Maslak, Istanbul, Turkey,
? Jeoloji Dairesi, MTA Genel Miidiirliigii, 06520, Ankara, Turkey.

As it is known, Red-Bed type mineral enrichments occurred within the basin of Yozgat-Corum are
characteristic for their low-grade, high-reserve mineralization. In the study area there are commonly observed
outcrops of sandstones, coarse-grained sandstones and bad-sorted agglomerates, all of which pass to each other.
These agglomerates and coarse-grained sandstones were derived from mostly andesitic-basaltic rocks. Chemical,
mineralogical-petrographical and crystallographical analyses conducted on these coarse-grained sandstones and
agglomerates reveal that there is a new determined ore mineral called as Descloizite (PbZn(VO4)(OH)).

In this study descloizite is a firstly-described ore mineral for Red-Bed type mineral enrichments in
Turkey and/or Anatolia. Descloizite mineral is determined within the groundmass of volcanic rocks, making
pebbles and coarse-grained sandstones. Descloizite, which is very-coarse grained, constitutes more than 50% of
the rocks found as a host mineral. As descloizite is firstly-described for Red-Bed type mineralizations in Turkey
and/or Anatolia and has a wide extent, these fields must be re-assessed taking into consideration their economic
value.

Key Words: Red-bed type mineralizations, new mineral, Descloizite.

NEOJEN YASLI PIROKLASTIK KAYACLAR VE VOLKANO-SEDIMENTER
BIRIMLERDEKI ZEOLITLERIN OLUSUMU VE KOKENI
(HAYDARLI-DINAR, AFYONKARAHISAR-TURKIYE)

Yahya Ozpinar, Murat Kalkan ve Baris Semiz
Pamukkale Universitesi, Jeoloji Miihendisligi Boliimii, Kuikl, TR-20070
Denizli, Tiirkiye, yozpinar@pau.edu.tr.

Calisma alanindaki Neojen volkano-sedimanter birimlerin temel kayaglarimi {zmir-Ankara zonuna ait
ofiyolitik melanj birimleri ve platform karbonat ¢okelleri olusturmaktadir. Temel kayacglar iizerine agisal
uyumsuzlukla Miyosen-Pliyosen yash akarsu-gél c¢okelleri, iki evrede olusmus piroklastik kayaclar ve dort
evrede olusan volkanik kayaglar gelmektedir. Volkano-sedimanter birimi olusturan kayaglar, birinci ve ikinci
evrede olugmus olan piroklastik kayaclar ile yanal ve diisey gegisli olarak bulunmakta olup, olusumlarinda blok
ve klastca zengin kiil ve plimis akma ¢okellerinin 6nemli katkisi olmustur.

Orneklerin mikroskopik ve XRD incelemelerinde zeolit tiirii ve miktar1 (% hacim olarak) belirlenmistir.
Kiil akma ¢okellerini temsil eden ve birinci evrede olusmus olan 16sititli piroklastca zengin tiiflerde zeolit
minerali olarak; fillipsit, sabazit ve analsim belirlenmistir. Bu tiiflerin zeolit igerikleri maksimum %70’e kadar
ulagmaktadir. Kiil dokiintii ¢kellerini temsil eden fonolitik piroklastca zengin olan tiiflerde ise zeolit minerali
olarak analsim belirlenmistir ve bu tiiflerin zeolit icerikleri maksimum %50’ye kadar ulagsmaktadir. Gol kiyisini
temsil eden ¢okeller de, alttan iiste dogru, analsim, fillipsit-sabazit ve fillipsitin egemen oldugu zeolit olusumlar
meydana gelmistir. Bu ¢okellerde de zeolit igerigi maksimum %70’e kadar ulagsmaktadir.

Tiiflerdeki zeolitlesme acgik hidrolik sistemde meydana gelmistir. Analsim, sabazit ve fillipsit
kristalizasyonu igin uygun kosular, soliisyondaki Na/K, Na/H1" ve Si/Al oranlar ile saglanmaktadir. Zeolit
olusumu esnasinda, analsim/fillipsit orani soliisyonun pH ve sicaklig ile iligkili olmalidir. Fillipsit diisiik ve dar
bir sicaklik araliginda olugmaktadir. Aktif soliisyondaki Na/Ca orani, alkali zeolitlerin ve/veya Ca-lu zeolitlerin
olugsmasini saglamaktadir. Analsimin Ca-lu zeolitlere doniismesi, Na’un uzaklasmasi ve soliisyona Ca ilavesi
sonucu meydana gelmis olabilir.

Volkano-sedimenter birimlerdeki zeolitlesme, mevcut s1g gol ortamindaki gézenek suyunda Si, Na, K,
Al ve kismen H artmasim ve zeolit olusumunu meydana getirmistir. S1g g6l ortaminda, alttan iiste zeolit
mineralojisinin degismesi, zaman i¢inde siirekli olarak gol suyundaki alkalinite ve tuzluluBun arttifina isaret
etmektedir. Kuru sezonda volkanik camin dissoliisyonu ve gol suyunda Na, K ve Al konsantrasyonunun artmasi,
yiiksek tuzluluk ve alkaniteli bir ortam olusturmustur.

Anahtar Kelimeler: Zeolitler, Analsim, Sabazit, Fillipsit, Piroklastik kayaglar, Volkano-sedimanter, Neojen,
Tiirkiye.
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OCCURENCE AND ORIGIN OF ZEOLITES IN NEOGENE AGED
PYROCLASTIC ROCKS AND VOLCANO-SEDIMENTARY UNITS
(HAYDARLI-DINAR, AFYONKARAHISAR, TURKEY)

Yahya Ozpinar, Murat Kalkan and Baris Semiz
Pamukkale University, Department of Geological Engineering, Kinikli, TR-20070
Denizli, Turkey, yozpinar@pau.edu.tr.

The basement rocks of Neogene volcano-sedimentary units in the investigated area are represented by
ophiolitic mélange units and platform carbonate deposits of the [zmir-Ankara zone. Basement rocks are angular
unconformably overlain by Miocene-Pliocene aged fluvial-lacustrine deposits, pyroclastic rocks formed in two
periods and volcanic rocks formed in four periods. The volcano-sedimentary units are found horizontal and
vertical transitional contacts with pyroclastic rocks formed in first and second periods. During the formation of
volcano-sedimentary rocks, block and clast -rich ash and pumice flow deposits have important contributed.

Zeolite type and contents (as volume %) in the microscopic and XRD investigations of samples were
determined. In the leucitite pyroclasts - rich tuffs consist of the first period represented by ash flow deposits,
analcime, phillipsite and chabazite as a zeolit minerals were determined. Zeolite contents of these tuffs are reach
up maximum 70 %. In the phonolitic pyroclasts- rich tuffs represented by ash fall deposites, analcime as a zeolite
mineral were determined and zeolite contents of these tuffs are reach up maximum 50 %. Deposits represented
by the edge of lake, from bottom to top, the formation of zeolite dominated analcime, phillipsite-chabazite and
phillipsite have occured. The zeolite contents of these deposits are reaching up maximum %70.

The zeolitisation in the tuffs have occurred in the open hydraulic system. Na/K, Na/H1" and Si/Al ratio
of solution provide suitable condition for analcime, phillipsite and chabazite crystallization.With pH and
temperature of the solution should be related analcime/ phillipsite ratio during the consist of zeolite. Phillipsites
are formed in low and narrow temperature range. Na/Ca ratio in the active solution ensure to formation of the
alkali zeolites or/and Ca-bearing zeolites. Tranformation to calcium zeolite of the analcime can be occurred from
the removal of sodium and the addition of calcium to solution.

The zeolitisation in volcano-sedimenter units have created to zeolite formation and increase of the Si,
Na, K, Al and partly H in pore water in the existing shallow lake environment. From bottom to top change of
zeolite mineralogy in shallow lake environment indicate that increase in time continuously alkalinity and salinity
in lake water. The dissolution of the volcanic glass in the dry season and increase the concentration of Na, K and
Al in lake water has created an environment with high salinity and alkanity.

Key Words: Zeolites, Analcime, Chabazite, Phillipsite, Pyroclastic Rocks, Volcano-Sedimentary, Neogene,
Turkey.

TURKIYE’DE BULUNAN MAVi KALSEDONLAR

Murat Hatipoglul, Yasar Kibiciz, H. Baki Buzlul,
Cahit Helvacr’ ve M. Sezai Klrlkoglu4
! Kuyumculuk ve Taki Tasarimi Programi, Dokuz Eyliil Universitesi, 35380, Buca, Izmir, Ti iirkiye,
murat.hatipoglu@deu.edu.tr,
? Jeoloji Miihendisligi Boliimii, Dumlupinar Universitesi, 43100, Kiitahya, Tiirkiye,
7 Jeoloji Miihendisligi Béliimii, Dokuz Eyliil Universitesi, 35370, Buca, Izmir, Tiirkiye,
? Jeoloji Miihendisligi Boliimii, Istanbul Teknik Universitesi, 80626, Maslak, Istanbul, Tiirkiye.

Tirkiye’nin degisik bolgelerinde [6rg. Saricakaya (Eskisehir), Kibris¢ik (Bolu), Bayat (Afyon), Aliaga
ve Bergama (Izmir), ve de Zile (Tokat)] ekonomik rezervlere sahip ¢ok sayida mavi kalsedon yatag
bulunmasina ragmen, Mayislar-Saricakaya (Eskisehir) bolgesinde yer alan Saricakaya yatagi, antik ¢aglardan
giiniimiize kadar isletilmekte olan en biiyiik ve en zengin mavi kalsedon yatagidir.

Kalsedonlar malzeme olarak agir, sert ve dayanimli yapiya sahip ve insan sagliina zararsiz bir materyal
olarak, binalarda i¢ dekorasyon kaplama malzemesi olarak diinyada yogun ragbet gérmekte ve bu ylizden
yayginca kullanilmaktadir. Ancak, kalsedonlarin ticari bir yapi tasi olabilmeleri i¢in malzeme ozellikleri
bakimindan smiflandirilmasi ve standartlastiriimalart gerekmektedir. Kalsedonlar1 sadece govde rengine ve dig
goriiniisiine gore siniflandirmak yetersiz olup, bunlara ilaveten, malzemenin silislesmesi siirecinde olusan en
Onemli parametreler olan kristallesme derecesi ve buna bagl silis tanecik boyutlarmin da dikkate alinmasi
gerekmektedir. Bu ¢alismada, mavi kalsedonlarin dekoratif i¢ kaplama tasi malzemesi olarak kullanilabilmeleri
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igin fiziksel ve mineralojik 6zelliklerine gére homojen gruplara ayirmayr amaglamaktayiz. Bunun igin, secilmis
temsili kalsedon drnekleri 6ncelikle govde renklerine ve yogunluklarina gére gruplandiriimis, daha sonra da her
bir grup kristalinite derecesine, igyapt tanecik boyutuna ve kalsedonik kuvars mineral tiirlerine gore
siniflandinlmustir. Boylece agirhk, saglamlik ve duraylilik bakimindan mavi kalsedonlari bir 6rnek gruplara
ayirarak, onlarin standartlastirilmasi hedeflenmistir.

Anahtar Kelimeler: Mavi kalsedon, Endiistriyel malzeme simiflandirmasi, Dekoratif i¢yap1 kaplama malzemesi.

BLUE CHALCEDONIES OCCUR IN TURKEY

Murat Hatipoglul, Yasar Kibici’, H. Baki Buzlu',
Cahit Helvacr® and M. Sezai Klrlkoglu4
! Jewellery and Ornament Design Programme, Dokuz Eyliil University, 35380,
Buca, Izmir, Turkey, murat.hatipoglu@deu.edu.tr,
? Department of Geological Engineering, Dumlupinar University, 43100, Kiitahya, Turkey
? Department of Geological Engineering, Dokuz Eyliil University, 35370, Buca, Lzmir, Turkey
? Department of Geological Engineering, Istanbul Technical University, 80626, Maslak, Istanbul, Turkey

There are a lot of blue chalcedony deposits with economical reserves located in different regions in
Turkey, such as Saricakaya (Eskisehir), Kibris¢ik (Bolu), Bayat (Afyon), Aliaga and Bergama (izmir), and Zile
(Tokat), however, the Saricakaya deposit located the Mayislar-Saricakaya (Eskisehir) region is the biggest and
richest blue chalcedony-bearing deposit being exploited since from the ancient times to the present day.

Chalcedonies with a heavy, tough and resistance as a material and not being harmful for human health
are in much demand as a decorative indoor tiles all over the world, and thus, they are used widely. However,
chalcedonies have to be classified and standardized as their material characteristics in order to be a commercial
building stone of them. It is insufficient that the chalcedonies are classified according to their body color and
appearance only. In addition to these, their crystallinity and related silica grain sizes which are the most
parameters during the silicification of the material are also necessary to be taken into consideration. In this study,
we purpose that the blue chalcedonies separate into homogenous groups according to their physical and
mineralogical features in order to being used as decorative indoor coverage tile. For this reason, the
representative chalcedony samples are firstly grouped according to their body colors and specific gravity values,
and then, each group are classified according to their crystallinity, inner grain size and chalcedonic quartz
mineral species. Thus, our aim is to standardize the chalcedonies, after they are separated into the homogenous
groups according to heaviness, toughness and stability.

Key Words: Blue Chalcedony, Industrial material classification, Decorative indoor coverage tile.

TURKIYE’DEKi SUSTASLARININ ENDUSTRIYEL
HAMMADDELER ICERISINDEKI ONEMI

Murat Hatipoglu', M. Sezai Klrlkogluz, H. Baki Buzlu',

Yasar Kibici® ve Cahit Helvac*
! Kuyumculuk ve Taki Tasarimi Programi, Dokuz Eyliil Universitesi, 35380,
Buca, Izmir, Tiirkiye, murat.hatipoglu@deu.edu.tr,
? Jeoloji Mithendisligi Béliimii, Istanbul Teknik Universitesi, 80626, Maslak, Istanbul, Tiirkiye,
3 Jeoloji Miihendisligi Boliimii, Dumlupinar Universitesi, 43100, Kiitahya, Tiirkiye,
4 Jeoloji Miihendisligi Béliimii, Dokuz Eyliil Universitesi, 35370, Buca, Izmir, Tiirkiye.

Tiirkiye, tiim Avrupa, Orta Dogu ve Kuzey Afrika’daki en biiyiik dogal siistasi kaynaklarina sahiptir.
Bu durum, dogrudan Anadolu plakasinin diger dort mikro-kitasal plakanin garpismastyla ortaya ¢ikan olaylarin
sonucudur. Bu nedenle Tiirkiye’deki siistaglarnin olusumu, Mesozoik doneminden beri ana tektonik
devinimdeki magmatik ve volkanik faaliyetlerle iliskilidir. Her ne kadar Tiirkiye’nin jeoloji yapisi igerisinde
elmas, yakut, safir, ziimriit, aleksandrit yada topaz gibi kiymetli stistas1 yataklarini olusturmasa da, dinyada su
anda ticareti yapilan ¢ok sayidaki yarikiymetli siistaslarini barindirmaktadir.

Bu olusumlardaki minerallerin gogu silikatlar olup, siistaglarimin biiyik kismi da kristalin ve
mikrokristalin kuvars tiirleridir. Bu olusumlar Tiirkiye haritas: {izerinde gosterilmis ve segilmis on siistas1 yatagi
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potansiyel gosterge¢ olarak incelenmistir. Bu calismada, on siistagi yatagi, jeolojik olusumlar1 yaninda siistasi
madencilik potansiyeli ve ekonomik deger bakimindan ifade edilmistir. Madenciligi yapilan bu siistaslari
diaspor, ametist, rodonit, krizopras, more jade, keammererit, dumanh kuvars, ates opali, agat ve kalsedondur.
Bunlardan @i¢li (diaspor, kemmererit ve mor jade) ¢ok nadirdir ve tim diinya iizerinde sadece Tiirkiye’de
bulunur.

Ekonomik tenor ve rezervlere sahip bu siistaglari, aslinda Tiirkiye’deki zengin endiistriyel malzemelerin
sadece bir grubu olarak goz dniine alinmistir. Incelenen on siistasi yataginin ham siistas potansiyeli yaklasik 40
milyar ABD Dolari’dir. Bu deger gostermektedir ki, siistaslar1 Tiirkiye’nin en énemli endiistriyel hammaddeler
listesinin basinda gelmektedir.

Anahtar Kelimeler: Siistaslar1 potansiyeli, Endiistriyel hammaddeler, Siistas igeren bolgeler.

IMPORTANCE OF GEMSTONES WITHIN THE INDUSTRIAL
MINERALS IN TURKEY

Murat Hatipoglu', M. Sezai Kirikoglu®, H. Baki Buzlu',

Yasar Kibici’ and Cahit Helvaa*
! Jewellery and Ornament Design Programme, Dokuz Eyliil University, 35380, Buca, [zmir, Turkey,
murat.hatipoglu@deu. edu.tr,
? Department of Geological Engineering, Istanbul Technical University, 80626, Maslak, Istanbul, Turkey,
? Department of Geological Engineering, Dumlupinar University, 43100, Kiitahya, Turkey,
? Department of Geological Engineering, Dokuz Eyliil University, 35370, Buca, Izmir, Turkey.

Turkey has the greatest resources of natural gemstone material in the whole of Europe, the Middle East,
and North Africa. This situation directly results from the fact that the Anatolian plate sits at the intersection of
the four other micro-continental plates. Thus, the occurrence of gemstones in Turkey is related to magmatic and
volcanic activities in permanent tectonic evolution since the Mesozoic. Although the geological history of
Turkey has not produced deposits of precious gemstones such as diamond, ruby, sapphire, emerald, alexandrite,
or topaz, it has produced many occurrences of semiprecious gemstones that have been now traded worldwide.

Most of the minerals in these occurrences are silicates, and many of the gems are crystalline and
microcrystalline quartz varieties. These occurrences are located on a map of Turkey, and elective ten gemstone
deposits were investigated as a potential indicator. In this study, ten gemstone deposits were proposed in the
terms of gemstone mining potential and economics as well as geological occurrences. These gemstones that are
currently being mined produce diaspore, amethyst, rhodonite, chrysoprase, purple jade, kammererite, smoky
quartz, fire opal, agate, and chalcedony. Moreover, three of them (diaspore, kammererite, and purple jade) are
unique, and are only found in Turkey all over the world.

These gemstones that have economical tenors and reserves have been actually considered as only one group
of rich industrial materials in Turkey. The rough gemstone potential for the ten investigated indicator deposits is
nearly 40 billion US dollars. This value indicates that gemstones are at the top of the list of the most important
industrial rough materials in Turkey.

Key Words: Gemstones potential, Industrial minerals, Locations including gems.

MADENCILIKTEKI GUNUMUZ VE GELECEGIN CEVRE PROBLEMLERI:
BUGUN EN iYI MEVCUT COZUMLER NELERDIR?

Francis Cottard
T.C. Cevre ve Orman Bakanlig

Madencilik aktivasyonlar ile iligkili tekrarlayan ¢evre problemleri arasinda, bir tarafta biiyiik miktarda
uretilen kat1 atiklar, diger tarafta araziye ve sulara sizmasi, maden atig1 isletmelerinin fiziksel biitiinlesmesinin ve
kimyasal dayaniminin eksik olmasindan dolayr maden atiklari yer almaktadir. Buna ek olarak, terk edilmis
maden alanlar1 ve ocaklarinin mirasi gegmiste basarisiz ¢evre uygulamasina sahitlik teskil eder. Terk edilmis
alanlar araziyi bozar ve ciddi gevre tehditlerine yol acarlar, 6zellikle asit maden drenaji yiiziinden. Bu alanlarin
¢evre diizenlemesi igin yasal sorumluluk yasal ¢ergevedeki veya partilerin sorumlulugunun tammlamasindaki
agikliktan dolayi ¢ok net degildir. Maden atig1 depolama isletmelerinin giincel basarisizlig1 1s1ginda endiistri
liderlerinin 21. yiizyilin gevre problemleri i¢in egitilmesini tartismaliyiz. Minerallerin ¢ikarimi ve atik yonetimi
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ilk arama asamasindan her alanin kullamim sonrasi son restorasyonuna kadar hassas planlama gerektirir.
Operasyon asamasindaki pratik ve uygun ydnetim uygulamalar ile birlikte, planlamacilar, ¢evre uzmanlari ve
avukatlar gibi genel kamu veya diger profesyoneller ve arazi sahipleri ile uzlasma ve danigsmayi da gerektirir.

Isletme icin izine ihtiyaci olan diger endiistriler gibi madencilik iginde eger diizenleme zorunlulugu
gerekiyorsa tek ¢oziim bu degildir. Iyi ve uygun bir diizenleme endiistriyi gii¢ sahiplerini korudugu gibi
korumalidir. Saghk, giivenlik ve c¢evre performanslarinin gerektigini bilen tiim isletmecilerin yer aldigi bir
iletisim alani saglar. Maden sektérii ¢evre ve sosyal sorumluluk konularma deginmeye daha yeni basladi. Fakat
onlarca yillik gegmige uzanan daha birgok iligkili girisim mevcut. Uluslar arasi girisimlerin etkisine ve stratejik
seviyedeki rehberlige ek olarak, ¢ikarma yapan sektdr genis bir teknik yonetim islemleri ve uygulamalarini
uyarlamastir.

Anahtar Kelimeler: Maden atig1, madencilikte ¢evre problemleri, maden atiklarinin yonetimi.

THE PRESENT AND FUTURE ENVIRONMENTAL CONCERNS IN MINING:
WHAT ARE THE BEST AVAILABLE SOLUTIONS TODAY?

Francis Cottard
T.C. Cevre ve Orman Bakanhg

Among the recurrent environmental problems in relation with minig activities, mining waste is at the
center of many concerns due on the one hand, to the huge quantities of solid materials produced and to emissions
to land and water and on the other hand, to the lack of physical integrity and chemical stability of mining waste
facilities. Moreover, a legacy of abandoned mine site and quarries bears witness to the unsatisfactory
environmental performance of the industry in the past. These abandoned sites spoil the landscape and can pose
severe environmental threats, especially due to acid mine drainage. The legal responsibility for the
environmental restoration of these sites is often unclear, due to deficiencies in the legal framework or difficulty
in identifying the parties responsible. In light of recent failures of mine waste storage facilities, we need to
question if future leaders for industry are being trained to meet the environmental challenges of 21st century.
Extracting minerals and managing waste requires sensitive planning from the initial prospecting stage to the
ultimate restoration and after-use of each site. Together with practical and appropriate management practices
during the operational phase, it also requires negotiation and consultation with landowners, the general public
and other professionals, including planners, environmental specialists, and lawyers.

If a regulatory pressure is necessary for mining, as it is for any other industry that needs permissions to
operate, it is not the only solution. A good and appropriate regulation should protect industry just as it protects
those upon whom it has impacts. It also provides a level playing field on which all operators in a given sector
know what is required of them in key areas such as health & safety and environmental performance.

The minnig sector has only recently begun to address environmental and social responsibility issues.
However, there have been many related initiatives extending back for over a decade. In addition to the influence
of international initiatives and guidelines at the strategic level, the extractive sector has adopted a wide range of
technical management processes and practices.

Key Words: Mining waste, environmental concerns in mining, managing mining wastes.

HAZRO (DiYARBAKIR) MERMERLERiNiN MINERALOJIK VE
FiZIKSEL-MEKANIK OZELLIKLERI

Demir Erkanol' ve A. Kerim Aydindag>

" MTA Marmara Bolge Miidiirliigii, Kocaeli, Tiirkiye, demirerkanol@mynet.com,
2MTA Maden Etiit ve Arama Dairesi Baskanligi, Ankara, Tiirkiye.

Bu calisma, Miyosen’de Giineydogu Anadolu Bolgesi'nde yiizeylenen, karbonat platformundaki resifal
kirectaslarinda gerceklestirilmistir. Bu alanlar blok mermer iiretimi agisindan potansiyel alanlardir.

Alp-Himalaya Kusagi’nda yer alan Ulkemizde, ¢esitli renk ve desenlerde, biiyiik miktarlarda mermer
potansiyeli bulunmakta olup bir boliimii de, Giineydogu Anadolu Bolgesi'nde Diyarbakir ili siirlart iginde yer
almaktadir ve Alt Miyosen yash Firat formasyonuna ait resifal kiregtaslarinda renk ve desen agisindan
farkliliklar sunan blok mermer {iretimi yapilmaktadir.

205



64. Turkiye Jeoloji Kurultay! 25-29 Nisan 2011

Yapilan detay maden jeolojisi ¢alismalar1 sonucunda Alt Miyosen yasli kiregtaslarinin; krem, bej, gri,
pembemsi, kirmizimst renkli, masif goriiniislii, orta-kalin tabakali, bol kirmizi algli, yer yer dolomit kristalli,
taban seviyelerinde karbonat cakill istif tagi, ¢akilli kirectasi, yer yer vake tasi karakterinde s1g denizel/resifal
karakterli kiregtaslarindan olustugu gozlenmistir. Formasyon doguya dogru tebesirli masif kirectas1 seklinde
gozlenmekte olup bol fosillidir. Tabaka kalinliklar1 inceden ¢ok kalina kadar (10-150 cm) degismektedir.

Hazro yoresinde bej ve renkli mermer olarak isimlendirilen mikritik ve iskelet kokenli kiregtaslar:
gozlenmektedir. Bolgede 5 farkli desen tiiriinde (Orient Pink, Koyu Pembe, pembe fosil, A¢ik Pembe, Hazro
Bej) mermer iiretimi yapilmaktadir. Yéredeki mermer ocaklarinda blok verimi % 50-70 civarindadir.

Bu yoredeki mermerlerin mineralojik-+petrografik, fiziko-mekanik ve teknolojik 6zelliklerini belirlemek
amaciyla analiz ve testler yapilmistir. Mineralojik+petrografik tanimlamalara gore kiregtaglar1 kripto-
mikrokristalen dokulu olup “biyomikrit” ve “mikritik kiregtasi” olarak adlandirilmustir. Teknolojik testler
sonucunda ise atmosfer basincinda su emme oraninin kiitlece ortalama % 0,5-0,95; basing direncinin 85-128
MPa; darbe direncinin 5-13 kgf/cm’; egilme direncinin 2,5-17,3 MPa; ortalama asinma direncinin ise 11-21
em’/50 cm’ arasinda oldugu tespit edilmistir. Bu degerler TSE 699, TS 1910, TS 2513’yegore
degerlendirildiginde mermerlerin kalitesinin iyi oldugu sdylenebilir. Blok verimi oldukg¢a yiiksek olan
mermerlerin, renk ve desen agisindan pazar olusturabilecegi, dogal yap:1 ve kaplama tagi olarak kullanilabilecegi
saptanmuigtir.

Anahtar Kelimeler: Mermer, Hazro, Diyarbakir, bej mermer, renkli mermer.

THE MINERALOGIC AND PHYSICAL - MECHANICAL PROPERTIES
OF HAZRO (DIYARBAKIR) MARBLES

Demir Erkanol' and A. Kerim Aydindag?

" MTA Marmara Bolge Miidiirliigii, Kocaeli, Turkey, demirerkanol@mynet.com,
’MTA Maden Etiit ve Arama Dairesi Baskanhgi, Ankara, Turkey.

This study was carried out on the Miocene aged reefal limestones of carbonate platform cropping out in
Southeast Anatolia region. These areas are the potential areas for block marble production.

In our country, which takes place in Alpine-Himalaian Belt, there are marbles in various colours and
patterns. Some of these marbles crop out in Diyarbakir province of Southeast Anatolia region. There is block
marble production in Miocene aged reefal limestones which display various colours and patterns.

The detailed mining geology studies show that the early Miocene limestones are cream, beiege, gray,
pink and red in colour, massive, middle-thick bedded, rich in red algae, sometimes dolomitic, gravelly packstone
in bottom levels, gravelly limestone and sometimes wackestone of shallow marine/reefal in character. The
formation is chalky masif limestone towards east and rich in fossils. The thickness of the beds changes from thin
to very thick (10-150 cm).

In the Hazro province the beiege and coloured marbles of micritic and skeletal limestones crop out. In
the region, the marbles in 5 different pattern are being mined (Orient Pink, Dark Pink, Pink fosil, Light pink,
Hazro beiege). The block productivity in the marble mines of the region is about 50-70 %

Some analysis and tests carried out to investigate the mineralogic+petrographic, physico-mechanic and
technologic properties of marbles of this region. According to the mineralogic+petrographic definitions, the
limestones have crypto-microcrystalline texture and are named as biomicrit and micritic limestone. Technologic
tests show that the average water absorbtion at atmospheric pressure is 0,5-0,95; compressive strength is 85-128
MPa; impact resistance is 5-13 kgf/cm’; bending strength is 2,5-17,3 MPa; average abrassion resistance is 11-21
cm’/50 cm®. When all these values are interpreted according to TSE 699, TS 1910 and TS 2513, we can say that
the quality of marbles is good. The marbles which have high block productivity can take its place in marketing
from colour and pattern point of view and can be used as natural construction and pavement stone.

Key Words: Marble, Hazro, Diyarbakir, beige marble, coloured marble.
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JENETIK BiR SINIFLANDIRMA VE KARSILASTIRMA CALISMASI:
KARTALDAG VE MADENDAG ALTIN YATAKLARI,
CANAKKALE, KB TURKIYE

Ezgi Unal', Nilgiin Giile¢' ve ilkay Kuscu’
! Jeoloji Miihendisligi Béliimii, Orta Dogu Teknik Universitesi, 06531, Ankara, Tiirkiye,
ezunal@metu.edu.tr,
? Jeoloji Miihendisligi Boliimii, Mugla Universitesi, 48000, Mugla, Tiirkiye.

Kartaldag yatag: (0,01 - 17,65 ppm Au), Eosen dasit porfiriler i¢inde bulunan epitermal bir altin yatag
olup yankayagtan cevherli kuvars damarina dogru dort alterasyon zonu ile temsil edilir. Bunlar; i) propilitik, ii)
kuvars-kaolin, iii) kuvars-aliinit-pirofillit, iv) silislesme alterasyonlaridir. Silislesme, “vuggy” dokulu erken
kuvars ve bantli-kolloform ve biiyiime zonlu ge¢ kuvars dokulari olmak tiizere iki ayri kuvars tiirii ile
tanimlanmaktadir. Birincil siilfid mineralleri pirit, kovelit ve sfalerittir. Kuvars (8"%0: 7.93- 8.95 %o) ve pirit
(8%*S: -4.8 %o) drneklerinin oksijen ve kiikiirt izotop analizleri, akiskan i¢in magmatik bir kaynak 6nermektedir.
Geg evre kuvarslarindaki birincil sivi kapanim topluluklarinda yapilan mikrotermometrik analizleriyle, 250-285
°C sicaklik ve 0-1.7 % NaCl esdegeri tuzluluk degerleri elde edilmistir.

Madendag yatag1 (0,27 - 20,6 ppm Au), Paleozoyik yash mikasist i¢ine yerlesmis olup epitermal bir
altin yatagidir. iki ana alterasyon tiiriiyle temsil edilir; illit ve kaolince zengin arjillik alterasyon ve iki ayri
kuvars faziyla (erken ve geg) tamimli silislesme. Erken silislesme iri-orta biiyiikliikte, kolloform, taraksi ve banth
kuvars dokulariyla tammlanirken, geg silislesme, hidrotermal bresleri de gimentolamis ince taneli kuvarsla
karakterize edilir. Kuvars minerallerinde yapilan oksijen izotoplari (8'%0) 9.55-18.19 %o arahiginda seyreden ve
hidrotermal akiskan igin olasi metamorfik bir kaynaktan katkiy1 isaret etmektedir. Ote yandan pirit lizerinde
yapilan kiikiirt izotopu (8**S) analizleri, -2.2 %o degeriyle magmatik kokeni isaret etmektedir. Breslesmis kuvars
(erken ve geg silislesmeyi beraber igeren) iizerinde yapilan mikrotermometrik analizler, alterasyonlarin 235-255
°C sicaklik ve 0-0.7 % NaCl esdegeri tuzluluk kosullarinda meydana geldigini gostermektedir.

Kartaldag yataginda aliinit, pirofillit ve kaolinit, “vuggy” kuvars ve kovelitin varligi, bu yatagin disiik
pH’li oksitlenmis bir akiskan tarafindan olusturulduguna isaret etmekte, dolayisiyla, yitksek siilfidasyonlu
epitermal bir sistemi 6nermektedir. Diger taraftan Madendag, alterasyon zonlarinda illit, smektit ve illit-klorit
gibi notr pH kosullarindaki kil minerallerinin bulunmasi ve kolloform, taraksi, bantli-kabuksu dokular gibi tipik
diisitk sicaklik dokularimin varligindan dolay: diisiik siilfidasyonlu bir epitermal sistem olarak tanimlanmistir.

Anahtar Kelimeler: Kartaldag, Madendag, Yiiksek siilfidasyon, Disiik siilfidasyon, Epitermal altin yataklari,
Sivi kapanimi, Oksijen ve kiikiirt izotoplari, Canakkale.

A GENETIC CLASSIFICATION AND COMPARISON STUDY: KARTALDAG AND
MADENDAG GOLD DEPOSITS, CANAKKALE, NW TURKEY

Ezgi Unal’, Nilgiin Giilec;1 and Ilkay Kuscu2
! Geological Engineering Department, Middle East Technical University, 06531, Ankara, Turkey,
ezunal@metu.edu.tr,
? Geological Engineering Department, Mugla University, 48000, Mugla, Turkey.

Kartaldag deposit (0,01 - 17,65 ppm Au), hosted by Eocene dacite porphyry, is an epithermal gold deposit
associated with four alteration styles (from wall rocks towards the ore-bearing quartz vein): i) propylitic, ii)
quartz-kaoline, iii) quartz-alunite-pyrophyllite, iv) pervasive silicification, the latter being characterized by two
distinct quartz generations as early (vuggy quartz) and late (banded, colloform, and growth zoned). Sulfide
minerals are pyrite, covellite and sphalerite. Oxygen and sulfur isotope analyses, performed on quartz (8"%0:
7.93-8.95 %o) and pyrite (5°*S: -4.8 %o) separates, suggest a magmatic origin for the hydrothermal fluid.
Microthermometric analyses of primary fluid inclusion populations on quartz (late silicification) yield a
temperature range of 250-285 9C, and salinity values at 0-1.7 wt% NaCl eq.

Madendag deposit (0,27 - 20,6 ppm Au), hosted by Paleozoic micaschist, is an epithermal gold deposit.
Wall rock alterations are of two types: illite-kaoline dominated argillic alteration and silicification, characterized
by two distinct quartz phases as early and late. The early silicification is represented by coarse-medium grained,
colloform, comb and banded quartz, while late silicification is characterized by fine-grained quartz, mostly
cementing a hydrothermal breccia. Oxygen isotope analyses on quartz separates (8"%0: 9.55-18.19 %o) indicate
contribution from a metamorphic source and sulfur isotope analyses (8**S: -2.2 %o) of pyrite point to an essential
magmatic origin for the mineralizing fluid. Microthermometric analysis carried out on brecciated quartz
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(including both early and late silicification) show that the alterations took place at a temperature range of 235-
255 °C and 0.0-0.7 wt% NaCl eq. salinity.

The presence of alunite, pyrophyllite and kaolinite, vuggy quartz and covellite in Kartaldag deposit
suggest that it was formed by a low pH- oxidizing fluid, thus a high-sulfidation epithermal system for the
Kartaldag deposit. On the other hand, Madendag deposit is identified as a low- sulfidation type owing to the
presence of near-neutral pH clays (mostly illite, kaoline, illite, smectite, and chlorite) and predominance of low
temperature textures (e.g. colloform, comb, and banded quartz).

Key Words: Kartaldag, Madendag, High sulfidation, Low sulfidation, Epithermal gold deposits, Fluid inclusion,
Oxygen and sulfur isotopes, Canakkale.

KIMYASAL KINETIKLERINE BAGLI OLARAK KALSIT MiNERALI
COZUNMESINE SICAKLIGIN ETKIisSi

Hazim Ahmed .
Toprak ve Su Kaynaklar: Boliimii, Ziraat ve Ormancilik Koleji, Musul Universitesi,
Irak, Hazim572000@yahoo.com.

Kalsit ve dolomit minerallerinden kalsiyum saliinu karsilastirilabilir yer degistirme teknikleri
kullanilarak, degisik sicaklik kosullarinda (278, 298, 318° kelvin) ve 168 saate kadar degisik zaman araliklarinda
(24, 48 , 72, 96, 120, 144, 168 saat) biri kalsit tozu ve biri de dolomit tozu dolu olan iki cam kolona distile su
gecisi saglanarak, tahmin edilmistir. Kinetik modeller ve esitliklere (sifir sirali esitlik, birinci sirah esitlik,
diftizyon esitligi, eluvich esitligi, parabolik kuvvet esitligi) bagl olarak ¢oziinme matematiksel tanimlanmustir.

Sonuglara gore yukarida belirtilen sicakliklarda erime ile kalsitden kalsiyumun toplam serbest birakilma
miktar1 7.85, 9.12, 11.3 mmol.L™" dir, ayni sicakliklarda dolomitlerden kalsiyum serbest birakilmasi ise 7.55 ,
13.65, 25.15 mmol.L " dir.

Zaman ve konsantrasyon fonksiyonlari i¢in erime miktarlart g6z 6niine alindiginda, kinetik modellerin
sonuglari dolomit erimesi igin tercih edilen tanimlamanin yayilma ve toz fonksiyonuna baglanabilecegini
gostermistir, fakat son esitlik deneyseldir ve kimyasal parametrelere bagli degildir, buna bagh olarak yayilma
uyarlanmugtir, ¢linkii esitlik kalsitte aym sicaklikta yiiksek korelasyon (r) ve diisiik standart hata (SE) (0.75, 0.76,
0.209) vermistir, dolomitlerde ise r ve SE degerleri sirastyla (0.99, 0.97, 0.90) (0.13, 0.32, 0.48)’dir. Kalsit ve
Dolomit i¢in kinetik esitliklerden elde edilen erime oranlari kalsit icin 68.7, 89.8, 101.1 iken, dolomit icin 69.5,
85.7,92.1°dir. Bu sonuglara gore kalsitten kalsiyum salinim orani (89.86) dolomitten (82.43) daha fazladir.

Anahtar Kelimeler: Kalsit, erime, sicaklik, Irak.

EFFECT OF TEMPERATURE ON CALCITE MINERAL DISSOLUTION
BASED ON CHEMICAL KINETICS

Hazim Ahmed

Soil and Water Resources Sciences Department, College of Agriculture and Forestry,
Mosul University, Iraq, Hazim572000@yahoo.com.

Release of calcium from calcite and dolomite minerals was conducted to predict their dissolution using
miscible displacement techniques, allowed the distilled water to pass through two glass columns one containing
calcite powder another containing dolomite powder during 168 hours at different periods (24, 48 , 72, 96, 120,
144, 168 hr) under different temperature conditions (278, 298 , 318° kelvin ). The dissolution were described
mathematically based on kinetic models and equations (zero order equation, first order equation, diffusion
equation, eluvich equation, parabolic power equation).

The results showed that total quantities of calcium release from calcite (as function) for dissolution
were 7.85, 9.12, 11.3 mmol.L! in the three temperatures as stated above, therefore the quantities of calcium that
released from dolomite were 7.55 , 13.65, 25.15 mmol.L"' in the same temperatures.

When the rate of dissolution as function for time and concentration are considered, the results of
kinetics models showed that diffusion and power function equations donate preference description for dolomite
dissolution, but last equation was empirical and not based on chemicals parameters, so the diffusion equation
was adopted because it gives a higher correlation (r) and lower standard error (SE) (0.75, 0.76, 0.209) at the
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same temperatures in calcite, while in dolomite the (r) and (SE) values were (0.99, 0.97, 0.90) (0.13, 0.32, 0.48),
respectively. The rate dissolution of calcite and dolomite calculated from kinetic equations which get to (68.7,
89.8, 101.1) in calcite and (69.5, 85.7, 92.1) in dolomite. Based on these results, it can be concluded that the rate
desorption of calcium from calcite was (89.86) more than that of dolomite (82.43).

Key Words: Calcite, dissolution, Temperature, Iraq.

GRAFIT, ULKEMIZDEKI GRAFIT OLUSUMLARI VE SORUNLARI

Selami Toprak
MTA Genel Miidiirliigii, MAT Dairesi, Mineraloji Petrografi Koordinatorliigii,
06800 Sogiitozii-Ankara, Tiirkive, selami@mta.gov.tr.

Grafit, gayet yumusak, dokunumu yagsi ve ince levhalar halinde biikiilme 6zelligine sahip, bir karbon
mineralidir. Sertligi 1, yogunlugu 2'dir. Rengi gri ve siyah, ¢izgi rengi kill renginde ve yaghcadir. Dogada;
kristal, pul ve "amorf" diye tammlanan sekilleri mevcut olup, en iyi formu kristal grafittir ve tendrii en yiiksek
olanidir.

Grafit, diinyada teknolojinin gelismesiyle birlikte, fazlaca kullamlan ve giiniimiiz teknolojisinin
vazgecilemeyen bir endiistri hammaddesi olup, organik maddelerin metamorfizmasi sonucu olusmaktadir.
Ulkemizde, tespit edilen birgok yataginin da bulundugu, giin gectikce onemi ve kullanimi artan Snemli bir
hammaddedir.

Dogada daha ziyade metamorfik zonlarda sistler ve mermerlerle birlikte ve magmatik kayaglarin
yakinlarinda bulunmakta ve daha ziyade rejiyonal metamorfizma alanlarinda daha genis rezervlere ve yiiksek
tenorlere sahip olabilmektedirler. Grafitin dogadaki yatak sekilleri; fillon, damar, adese, bazen de kayaglar
icerisinde dissemine tanecikler sekildedir.

Tirkiye grafit yataklar1 da ¢ogunlukla ince taneli malzemeler (killer, sistler) ve karbonath kayaglar
igerisinde olmakta, daha ziyade, granitik kiitlelere yakin alanlar, masif ¢evreleri ve tektonik olarak yiiksek
sicaklik olusturan 6nemli zonlara yakin bolgelerde bulunmaktadir.

Ulkemizde en 6nemli grafit olusumuna sahip giiniimiize kadar tespit edilmis alanlar; Balikesir-Susurluk,
Inebolu-Anday, Bingol-Geng, Adiyaman-Sincik, Yozgat-Akdagmadeni ve Kirklareli olusumlaridir. Bu
yataklarin rezerv ¢aligmalari tam anlamiyla heniiz ortaya konamamis ve isletilmeye agilamamigtir. Bu yataklarin
disinda daha birgok tespit edilememis alan mevcut olup, bunun yaninda yataklarin bir¢ogu da meta-antrasit
ozelliginde olup, Orta Anadolu’daki gen¢ volkanik hareketlerden etkilenmis, grafitlesme siirecini
tamamlayamadan kalmistir.

Ulkemiz grafit olusumlarinin ¢ogunun en biiyiik sorunu, tane boyu ¢ok kiigiik olan yapilar sergileyip,
kendileri gibi ¢ok kiigiik taneli inorganik (killer gibi) mineral maddelerin icerisinde dagilmis haldedirler. Bu
olusumlarin 6giitiilmesi maliyetli, biri birinden ayirt edilmesi hem ¢ok zor hem de giiniimiiz iilke sartlarinda bir
¢tkmaz gibi goriilmektedir. Grafitin artan talep ve olaganiistii kullamim durumlan géz Oniine aliminca, bu
konulara bir an once, ciddi yatirimlarin yapilmasi ve bu hammaddeyi kullanip farkli iriinler iiretmemizle
birlikte, tilkemize biiyiik katma degerler getirebilmemiz miimkiin gibi goriinmektedir.

Anahtar Kelimeler: Grafit, Grafitlerin Ozellikleri, Tiirkiye Grafit Yataklari, Metamorfik Organik Madde, Grafit
Olusumlari, Tiirkiye Grafit Sorunlart.

GRAPHITE, GRAPHITE OCCURENCES IN THE NATION AND THEIR
CONCERNS

Selami Toprak
MTA General Directorate, Mineral Analysis and Technology Dept.,
Mineralogy-Petrography Coordinatorship, 06800-Ankara, Turkey, selami@mta.gov.tr.

Graphite is a mineral which owns properties as quite soft, greasy touch and bending ability of its thin
plates. Its hardness is about 1 and density about 2. Its color is gray and black, streak color is ash color and
greasy. In nature; there are crystalline, flake and “amorphous” described types, but the crystal forms are the best
types and own the highest grades.
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Graphite, with the advances in technology, in the world, has been used immensely and is an inevitable
industrial raw material which mostly occurs as metamorphism of organic materials. There are various
determined occurrences of it in the country and its importance as well as usages of becomes more and more
every day.

In the nature, it mostly associates schists and marbles within metamorphic zones and nearby igneous
rocks and preferably possesses big reserves and high grades in the regional metamorphic zones. The bedding
forms of graphite in the nature are dikes, seams, lenses and sometimes disseminated particulates in rocks.

Turkish graphite deposits are also situated in fine grained material (clays, schists) and carbonate rocks,
and mostly, nearby granitic masses, massif vicinities as well as nearby regions which own high heat forming
main tectonic activity zones.

The main discovered graphite deposits of our country, nowadays, are; Balikesir-Susurluk, inebolu-
Anday, Bingol-Geng, Adiyaman-Sincik, Yozgat-Akdagmadeni and Kirklareli occurrences. These deposits have
not been researched completely and opened to operations yet. Aside these deposits, there are still many
undiscovered occurrences as well as some meta-anthracite deposits which have been under effect of young
volcanic activities located in Mid-Anatolia, and remained as their unfinished graphitization processes.

The biggest dilemma of our country’s graphite occurrences is to exhibit as tiny forms and be
disseminated within very small grained inorganic materials (as clays) similar to their grain sizes. Grinding of
them are costly and the separation of the materials from each other seems either very difficult and stands as a
dead end, at the nation’s present day’s technological facilities. When the increasing demand and extraordinary
usages of them are taken into considerations, it seems possible to make lots of earnings with making serious
investments and produce various products with using these raw materials, very soon.

Key Words: Graphite, Properties of Graphite, Turkish Graphite Beds, Metamorphic Organic Substance,
Graphite Occurrences, Turkish Graphite Concerns.

MADSAN (CAMARDI-NiGDE) ANTIMONIT (SB) CEVHERLESMESINDE
PEROGRAFIK CALISMALAR

Arzu Cetin ve M. Giirhan Yal¢in
Nigde Universitesi, Jeoloji Miihendisligi Boliimii, 51240, Nigde, Tiirkiye,
gurhan46@nigde.edu.tr.

Inceleme alami, Camard: {lgesinin 2km kuzeybatisinda yer almaktadir. Muhtemel altin mineralizasyonu
olarak diisiiniilen Camard1 (Madsan) antimuan cevherlesmesi Paleozoyik yash Giimiisler Formasyonu iginde yer
alir. Cevherlesme ¢ogunlukla metamorfik kayaglar icinde Sb—W-Hg damarlar seklinde olmakla beraber bazi
stratigrafik seviyelerde de goriilmektedir. Cevherlesme ENE-WSW dogrultulu kirik sistemlerinde yer
almaktadir. Onemli cevher minerali antimonit ve zinoberdir.Cevherlesme hidrotermal kokenli ve tektonik
kontrollii olup yerlesimi devamly/ devamsiz, damar/damarciklar, seritler ve ince taneler seklindedir.

Fay hatti1 boyunca gelismis damarlarda cevher mineralleri stibnit, pirit ve eser miktarda zinober ve
altindir. Ametalik mineralleri kuvars, kalsit ve serisittir. Yan kayaclart mermerler, kalksilikatik mermerler ve
kuvars - serisitlesmis gnaysdir.

Anahtar Kelimeler: Antimonit cevherlesmesi, Madsan, Camard1, Nigde.

PETROGRAPHICAL STUDIES OF MADSAN (CAMARDI-NiGDE)
STIBNITE (SB) DEPOSITS

Arzu Cetin and M. Giirhan Yalg¢in

Nigde University, Department of Geological Engineering, 51240, Nigde, Turkey,
gurhan46@nigde.edu.tr.

Study area is situated 2 km northwest of the town of Camardi (Nigde). Madsan antimony
mineralization, having potential for gold, is hosted by Giimiigler Formation of Paleozoic age.The mineralization
occurs in the form of veins of Sb-W-Hg in metamorphic rocks and also in various stratigraphic levels. The
mineralization associated with fractures striking ENE-WSW. Major are minerals are antimonite and cinnabar.
The ore mineralization is considered to be hydrothermal and structurally controlled and formed as continuous/
discontinuous deposition in the form of vein / veinlets, stripes, and fine grains.
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Ore minerals observed along the fault zones are stibnite, pyrite and trace cinnabar and gold. Gangue
minerals are quartz, calcite and sericite. Host rocks are consisted mainly of marbles, calc-silicate marbles, and
quartz - sericitized gneiss.

Key Words: Stibnite deposits, Madsan, Camardi, Nigde.

SEKERI VE iD YAYLASI (NARMAN-ERZURUM-KD TURKIYE) Cu
CEVHERLESMELERININ JEOLOJIK OZELLIKLERI

Mehmet Aslan’, ismet Cengiz’ ve Serkan Ozkiimiis®
'Maden Tetkik ve Arama Genel Md., Orta Anadolu 4. Bélge Miidiirliigii, 44100 Malatya, Tiirkiye,
mehmetaslan @mta.gov.tr,
2 Demir Export, Ankara, Tiirkiye,
3 Maden Tetkik ve Arama Genel Miidiirliigii, Maden Etiit ve Arama Dairesi, 06520, Ankara, Tiirkiye.

Inceleme alam, Narman- (Erzurum KD Tiirkiye) civarinda “Dogu Anadolu Yigisim Karmagigt”
icerisinde yer almaktadir. Bolgenin temelini, Ust Kratese yash Erzurum-Kars Ofiyolit Zonuna ait kayaglar
olusturmaktadir. Ofiyolitik seri {izerinde ise Eosen-Ust Miyosen yash volkano-sedimanter istif yer almaktadir.
Bolgede gozlenen en geng birim ise Pliyo-Kuvatrener yash ¢okellerdir.

Eosen-Ust miyosen yash volkanik ve sedimanter kayaglarla temsil edilen tersiyer havza i¢inde gelismis
K-G, KD-GB ve -KB-GD dogrultulu kirik hatlarina bagh olarak degisik alterasyon ve cevherlesmeler
gozlenmektedir.

Sekerli Cu cevherlesmesi; Oligo-Miyosen yash ‘“Narman Volkaniti” olarak tanimlanan “piroksen
andezitler” iginde yer almaktadir. Cevherli zon, yaklagik KG konuma sahip olup 35 m. uzanim ve 20 m. genislik
sunmaktadir. Zon i¢inde hematitlesme ve silislesme disinda herhangi bir alterasyon gozlenmez. Cevherlesme
andezitlerin kirik ve gatlaklara bagli olarak gelismis malahit-azurit daha az olarak da kalkozin ve kovellin olarak
izlenir.

Id yaylas1 Cu cevherlesmesi ise Ust Miyosen yasli “Giingérmez Volkaniti” olarak tanimlanan andezitik
trakitik kayaclar icinde gelismistir. Yaklagik K45B konumlu olarak gozlenen cevherli zon 50 m. uzammin da 30
m. genisligindedir. Killesme, limonitlesme ve silislesme yayhgin olarak izlenir. Cevherlesme andezitik trakitik
kayaglarin kirik ve gatlaklarinda malahit azurit ve daha az olarak kalkozin ve kovellin seklindedir.

Sekerli ve Id yaylasi cevherlesmelerinden alinan kayag 6rneklerinde 1000 ppm’ den biiyiikk Cu ve 44
ppm’ e kadar Ag degerleri saptanmustir

id yaylasi1 ve Sekerli cevherlesmeleri yakininda cumhuriyet dénemi 6ncesine ait oldugu diistiniilen eski
curuflar, pasalar, isletme ¢ukurlari ve 1sisal islemler i¢in kullanilmis firinlar bu cevherlesmelerde kiigiik caph
isletmeler yapildigini géstermektedir.

Sekerli ve Id yaylasi Cu cevherlesmesi, mineraloji, cevher yankayac iliskisi ve yataklanma tipi
acisindan degerlendirildiginde kirik kontrollu hidrotermal damar tip cevherlesmelere benzerlik gostermektedir.

Anahtar Kelimeler: Erzurum Tersiyer havza-damar tip cu cevherlesmesi.

GEOLOGICAL FEATURES OF SEKERLI AND iD YAYLASI Cu
MINERALIZATIONS

Mehmet Aslan', ismet Cengiz2 and Serkan Ozkiimiis®
"Maden Tetkik ve Arama Genel Md., Orta Anadolu 4. Bolge Miidiirligii, 44100 Malatya, Tiirkiye,
mehmetaslan @mta.gov.tr,
2 Demir Export, Ankara, Tiirkiye,
3 Maden Tetkik ve Arama Genel Miidiirliigii, Maden Etiit ve Arama Dairesi, 06520, Ankara, Tiirkiye.

The study area (Narman — Erzurum) is situated in “Eastern Anatolia Accretionary Complex” . Basement
rocks are composed of Upper Cretaceous aged rocks of Erzurum-Kars ophiolite zone which is overlain by
Eocene to Upper Miocene aged volcano-sedimentary sequences. Youngest unit in the area is Plio-Quaternary
sequences.
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Various types of alterations and mineralizations appeared to be related to N-S, NE-SW and NW-SE
trending faults are observed in the Tertiary basin which is represented by Eocene to Upper Miocene aged
volcanic and sedimentary rocks.

Sekerli Cu mineralization is hosted by Oligocene-Miocene aged pyroxene-andesite that has been termed
“Narman volcanics”. Nearly north-south trending ore-bearing zone is about 35 m long, 20 m wide. Hematization
and silisification are only alteration observed in the zone. Mineralization consists of malachite, azurite and minor
covellite associated with fractures developed in andesites.

Id Yaylasi Cu mineralization is hosted by Upper Miocene aged andesitic-trachytic rocks that have been
termed “Gilingdrmez volcanics”. About N45W trending ore-bearing zone is about 50 m long, 30 m wide.
Argillization, limonitization and silisification are pervasive alteration. Mineralization consists of malachite,
azurite and minor chalcosine and covellite associated with fractures developed in andesite-trachite.

More than 1000 ppm Cu and up to 44 ppm Ag values were detected from samples collected from
Sekerli and id Yaylasi mineralization.

Around the Sekerli and 1d Yaylast mineralization, there are some slags, ore dumps, mining process slots
and furnaces used for heating processes which are supposed to be remain of pre-republic period mining activity.

Sekerli and Id Yaylas1 mineralization display many similarities to fracture controlled hydrothermal vein
type mineralization.

Key Words: Erzurum, Tertiary basin, vein type Cu mineralization.

BATTALGAZI (MALATYA) MANGANEZ CEVHERLESMELERININ
METALOJENIK iNCELENME§i VE HAMMADDE OLARAK
KULLANILABILIRLILIGININ ARASTIRILMASI

Nil Yapici ve Mesut Anil
Maden Miihendisligi Boliimii, C.U. Miihendislik-Mimarlik Fakiiltesi,
Adana, Tiirkiye, nyapici@cu.edu.tr.

Caligma alani, Malatya ilinin 20 km dogusunda, 1:25000 olgekli Malatya 141-a3 ve a4 topografik
paftalar1 iizerinde, yaklasik 1800 hektarlik bir alam kapsamaktadir. Bolgede, Permo-Triyas Malatya
Metamorfitleri, Ust Jura-Alt Kretase yash Ispendere ofiyolitik istifi, Orta Eosen yasli volkano-sedimanter Maden
kompleksi gozlenmektedir.

Manganez cevherlesmeleri, Maden karmagig1 biinyesinde genellikle diizensiz yataklanmalar seklinde
yer almaktadir. Cevher mineralleri jakobsit, manganit, pirolusit, iwakiite, piyemontit, manyetit, hematit ve
limonitten olusmaktadir. Ana oksit bilesenleri, Fe,03;, MnO, SiO,, CaO, Al,O; dir. Fe/Mn orani yaklasik 1,8
olup, ortalama demir igerigi %30,53, mangan igerigi ise %16,83" tiir. Demircelik fabrikalarinda demirli
manganez cevheri olarak kullanilabilecegi gibi yiiksekalan siddetli manyetik seperatérden gegirilerek daha saf
Mn iiretilmesi de arastinlmustir. Bu amagla cevher i¢inde Mn tendr yiikseltmek ve istenilmeyen zararh
elementleri (fosfor, silis, Al,Os;, Cu, Zn, Pb, As) konsantrelerden uzaklagtirmak amac ile arazide yarma agilan
dort bolgeden almip hazirlanan numuneler %20 kati yogunlugunda (20gr numuneye 80gr su ilave edilerek
hazirlanan) istenilen 10000, 12500, 15000, 17500 ve 18750 Gauss manyetik akim yogunluklarina ayarlanilan
cihaza ayr1 ayr1 beslenmistir. Fe/Mn oran1 % 0,8 oraninda diisiiriilmiistiir.

Caligmalar halen devam etmekte olup, daha saf Mn igeriginin elde edilmesi i¢in ¢alisilmaktadir.

Anahtar Kelimeler: Maden karmasig1, Manganez cevherlesmesi, Malatya, Manyetik ayirici.

METALLOGENY OF MANGANESE ORE DEPOSITS OF THE BATTALGAZI
(MALATYA) AND INVESTIGATION OF USABILITY AS RAW MATERIAL

Nil Yapict and Mesut Anil
Mining Engineering Department, Faculty of Engineering and Architecture of Cukurova University,
Adana, Turkey, nyapici@cu.edu.tr.

The study area is located in the eastern part of Malatya and it is about 1800 hectares given in Malatya
L4]l-a3 and a4 in the topographic map. The lithological units of the area are Permo-Trias Malatya
Metamorphites, Upper Jurassic - Cretaceous Ispendere Ophiolites and Eocene Maden Complex.

212



64. Turkiye Jeoloji Kurultay: 25-29 Nisan 2011

The Mn mineralizations of the region usually occur as irregular stocks within Maden Complex. Ore
minerals are jakobsit, manganite, pyrolusite, iwakiite, piemontite, magnetite, hematite and limonite. The major
oxides of the ore is Fe,0;, MnO, Si0,, CaO and Al,0;. Fe / Mn ratio is about 1.8 and average values of Fe
content is 30.53% and Mn content is 16,83% by weigth.The production of Mn concantrate by magnetic separator
with a high magnetic gradient were researched. The working parameters at the magnetic separator were 20%
solids content as pulp density and 10000-18750 Gauss as magnetic current density in order to remove impurities
such as phosphor, silica, Al,03;, Cu, Zn, Pb, As from the ore. After magnetic separation, Fe/Mn ratio was
decrease from 1.8 to 0.8.

Studies still continue in order to obtain more pure Mn content in the concentrate.

Key Words: Maden complex, Manganese ore, Malatya, Magnetic separator.
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METAMORFIZMA VE METAMORFIiK SURECLER/
METAMORPHISM & METAMORPHIC PROCESSES

Oturum Yiiriitiiciileri / Conveners:
Giiltekin Topuz, Osman Candan
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SAKARYA ZONU JURA ONCESIi TEMELININ METAMORFIiK EVRIMI

Aral 1. Okay
Istanbul Teknik Universitesi, Avrasya Yerbilimleri Enstitiisii ve Maden Fakiiltesi,
Jeoloji Miih. Béliimii, Maslak 34469 Istanbul, Tiirkiye okay@jtu.edu.tr.

Biga Yarimadasi'ndan Dogu Pontidler'e kadar uzanan Sakarya Zonu'nun sedimenter Ortiisii genelde Alt
Jura yasl istifler ile baslar. Bu Jura istifleri, yogun deformasyon ve gesitli fasiyeslerde metamorfizma gegirmis
sedimanter ve magmatik kayalardan yapilmig heterojen bir temel tizerinde yer alir. Sakarya Zonu'nun Jura dncesi
temeli su alt birimlere ayrilabilir:

a) Karbonifer'de amfibolit ve granulit fasiyesinde rejyonal metamorfizma gegirmis gnays, amfibolit ve
mermer. Gnayslarda karakteristik parajenez kordiyerit + sillimanit + granat + feldspar + kuvars'tir. Bu yiiksek
dereceli metamorfik seri en iyi olarak Pulur Masifi'nde mostra verir. Kazdag Masifi'ni olusturan benzer
nitelikteki metamorfik seride zirkon Pb-Pb ve U-Pb yaslar1 da genellikle Karbonifer vermektedir. Fakat Kazdag
Masifi, Pulur Masifi'nden farkli olarak, en Geg Oligosen ve Erken Miyosen'de sicaklig1 640° C'a ulagan amfibolit
fasiyesinde ikinci bir metamorfizma gegirmistir ve Kazdag Masifi'ndeki mika yaslar1 bu ikinci metamorfizmay1
yansitmaktadir.

b) Karbonifer yastaki granitoidler. Bu pliitonlara ait bilinen en iyi Ornekler Dogu Pontidler'deki
Giimiishane ve kuzeybati Anadolu'daki So6giit granitoidleridir.

¢) Geg Triyas'ta yesilsist, mavisist ve eklojit fasiyeslerinde metamorfizma gegirmis Niliifer Birimi veya
Alt Karakaya Kompleksi. Baskin olarak metabazit, daha az oranda mermer ve fillattan olusan, ve dalma-batmaya
ugramis bir okyanus platosu veya okyanus adalar toplulugunu temsil eden Alt Karakaya Kompleksi'nin tiim
Sakarya Zonu boyunca yaygin bir dagilimi vardir. Alt Karakaya Kompleksi i¢indeki mermerlerden elde edilen
seyrek konodontlar birimin Triyas'ta olustugunu gostermektedir. Alt Karakaya Kompleksi normal diizenli bir
stratigrafik istif olmayip, tektonik olarak yanyana gelmis ¢ok sayida ve gesitli biiyiikliikte, farkli metamorfik
fasiyeslerde tektonik dilimlerden yapilmustir. Bu dilimlerin biiytk bir ¢ogunlugu yesilgist veya yiiksek basing
yesilsist fasiyesinde metamorfizma gosterir ve metabazitlerde aktinolit + albit + epidot + klorit'ten olusan bir
mineral toplulugu egemendir. Eskisehir kuzeyinde, Bandirma dogusunda, Uludag'in kuzey ve giineyinde bazi
bolgelerde ise Alt Karakaya Kompleksi dilimleri arasinda granat + omfasit + glokofan'dan olusan eklojitler ve
glokofan + epidot + granat parajenezini igeren mavisistler mostra verir. Alt Karakaya Kompleksi'nden elde
edilen fengit ve glokofan Ar-Ar yaslari genelde en Geg Triyas yasinda bir metamorfizmaya isaret eder. Buna
karsin Pulur Masifi'nde litolojik olarak Alt Karakaya Kompleksine ¢ok benzeyen metamorfik kayalardan Erken
Permiyen yaslari elde edilmistir. Bu bulgu dalma-batmanin Pontidler'in giiney siniri boyunca Permiyen ve
Triyas'ta devam ettigine isaret eder.

d) Diisiik dereceli bir metamorfizma gosteren veya metamorfik olmayan, yogun yari-kirilgan, yari-siinek
bir deformasyon gegirmis klastik ve bazik volkanik kayalardan olusan Ust Karakaya Kompleksi. Biiyiik bir
kesimi melanj tiirii birimlerden olusan Ust Karakaya Kompleksi Triyas yasinda bir dalma-batma zonu
kompleksini temsil eder. Genelde metamorfik olmadifi disiniilmesine ragmen, yapilan son caligmalar Ust
Karakaya Kompleksi'nin ankimetamorfizma ile yesilgist fasiyesi arasindaki kosullarda bagkalasim gecirdigini
gostermektedir.

Sakarya Zonu'nun Karbonifer-Triyas arasindaki evrimi, Hersiniyen yaginda bir temelden yapilmig
Lavrasya'mn giiney aktif kita kenarma, giineydeki Paleo-Tetis okyanusundan gelen malzemenin eklenmesi ile
aciklanabilir.

METAMORPHIC EVOLUTION OF THE PRE-JURASSIC BASEMENT
OF THE SAKARYA ZONE

Aral L. Okay
Istanbul Teknik Universitesi, Avrasya Yerb.ilimleri Enstitiisii ve Maden Fakiiltesi,
Jeoloji Miih. Béliimii, Maslak 34469 Istanbul, Tiirkiye okay@itu.edu.tr

The sedimentary cover of the Sakarya Zone extending from the Biga Peninsula to the Eastern Pontides,
starts generally with the Lower Jurassic sedimentary sequences. The Jurassic sequences lie with a angular
unconformity over a heterogeneous basement consisting of strongly deformed and variably metamorphosed
sedimentary and volcanic rocks. This pre-Jurassic basement of the Sakarya Zone can be subdivided into the
following units:
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a) Gneiss, amphibolite and marble, which has undergone amphbolite to granulite facies metamorphism
during the Carboniferous. The characteristic paragenesis in the gneisses is cordierite + sillimanite + garnet +
feldspar + quartz. This high-grade metamorphic sequence is best preserved and exposed in the Pulur Massif,
Similar high-grade metamorphic rocks in the Kazdag Massif yield also Carboniferous zircon Pb-Pb and U-Pb
ages. However, unlike the Pulur Massif, the Kazdag Massif has undergone an amphibolite facies metamorphism
during the latest Oligocene-Early Miocene, which reached temperatures of 640° C; the mica ages in the Kazdag
Massif reflect these young metamorphic event.

b) Carboniferous plutons. The best known examples of the Carboniferous plutons are the Giimiishane
granitoid in the Eastern Pontides and the Sogiit granitoid in northwest Turkey.

¢) Lower Karakaya Complex or the Niliifer unit, which has undergone a greenschist, blueschist and
eclogite facies metamorphism during the latest Triassic. The Lower Karakaya Complex consists mainly of
metabasites with lesser amounts of marble and phyllite and represents a subduction-accretion complex of
subducted oceanic plateau or a series of oceanic islands. It has a very widespread distribution throught the
Sakarya Zone. Rare conodont finds from the marbles of the Lower Karakaya Complex indicate a Triassic
depositional age. The Lower Karakaya Complex is not a regular volcano-sedimentary sequence but represents a
thrust stack made up of large number of tectonic slices, which differ in size and also in metamorphic grade and
metamorphic facies. Most of these slivers show a greenschist facies metamorphism with a typical paragenesis of
actinolite + albite + epidote + chlorite in the metabasites. North of Eskisehir, east of Bandirma and north and
south of Uludag some of the tectonic slices of the Lower Karakaya Complex consist of eclogite of garnet +
omphacite + glocophane and of blueschist with glaucophane + epidote + garnet paragenesis. The phengite and
glaucophane Ar-Ar ages from the Lower Karakaya Complex indicate a latest Triassic high-pressure
metamorphism. A sequence, lithologically similar to the Lower Karakaya Complex in the Pulur Massif, has
yielded Early Permian mica ages. The geochronological data suggest subduction along the southern margin of
the Pontides during the Permo-Triassic.

d) Upper Karakaya Complex consisting of low-grade or unmetamorphosed but strongly deformed clastic
and basic volcanic rocks. The Upper Karakaya Complex is made up mainly of melange-like units, and represents
a Triassic subduction-accretion complex. Although it is generally considered unmetamorphosed, recent studies
have documented a metamorphism ranging from anchimetamorphism to low-grade greenschist facies.

The Carboniferous to Triassic evolution of the Sakarya Zone can be viewed as subduction of the Paleo-
Tethys along the southern margin of Laurasia, which was constituted of Hercynian basement units.

METAKIT ZIRKON OLUSUMLARI VE AKISKAN ETKIiSi

A.Didem Kihg
Jeoloji Miihedisligi Boliimii, Firat Universitesi, 23000, Elazig, Tiirkiye, adkilic@firat.edu.tr.

Yiiksek basing metamorfik kayaglari Toros orojenik kusaginda yaygindir ve dalma-batma zonlarini
gostermesi bakimindan oldukga 6nemlidir. Dogu Toros orojenik kusaginda yer alan Piitiige metamorfiklerinin
mineral 6rnekleri prograd ve retrograd iki metamorfizma fazi gosterir. Piitiirge metamorfiklerindeki Yiiksek
basing metamorfizmasi, metagranitlerdeki distenin varligiyla belirgindir. Zirkon, metamorfizma ve akigkan
dinamigi hakkinda referans mineraldir. Ayrica, zirkon metamorfik (rekristalizasyon veya akiskanlarca biiyiime),
magmatik (eriyikten kristallesme) ve hidrotermal (alterasyon veya akiskanlarca biiyiime) tiim sartlar altinda
olusabilir. Piitiirge metamorfiklerindeki metagranitler; Plajiyoklas, kuvars, biyotit, muskovit, ditsen, granat,
apatit ve opak minerallerden ibarettir. Piitirge metamorfik kayaglarindan diisiik sicaklik/yiiksek basing
metagranitlerdeki metamikt zirkonlar, kitasal garpisma esnasindaki dehidratosyon ergimesini gostermesi
bakimindan 6nemlidir ve superkritik akigkanlar diisiik sicaklik/yitksek basing sirasinda zirkon mineralindeki iz
elementlerin zenginlesmesinde 6nemli rolii vardir. Metagranitlerdeki zirkon gozenekli dokusu ve pozitif Ce
anomalisinin varlig1 karakteristik 6zelliktir.

Bu ¢aliymada, metagranitlerdeki metamikt zirkonlar ve kitasal ¢arpisma sirasinda zirkon ve ilisikteki
mineraller arasinda gelisen kimyasal reaksiyonlara akiskanlarin etkisi irdelenmektedir.

Anahtar Kelimeler: Superkritik akiskanlar, Zirkon, Metamorfizma, Iz Element.
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METACIT ZIRCONS AND ACTION OF FLUID

A.Didem Kili¢
Jeoloji Miihedisligi Béliimii, Firat Universitesi, 23000, Elazig, Tiirkive, adkilic@firat.edu.tr.

High pressure metamorphic rocks in Torid orogenic belt are cmmon and very important for representing
subduction zone. The Piitiirge metamorphics is placed on East Torid Orogenic BeltMineral assemblages of
Piitiirge metamorphics indicates prograte metamorphism and retrograde metamorphism. HP metamorphism in
the Piitiirge metamorphics has been recognized by occurrences of kyanite in metagranite. Zircon is reference
mineral in metamorphism and fluid Dynamics. Furthermore, zircon can formed under all geological, including
metamorphic (recrystallization or growth from fluid), magmatic (crystallization from melt) and hydrothermal
(alteration or growth from fluid). The metagranite in situ Piitiirge metamorphics consists of plagioclase, quartz,
biotite, muscovite, kyanite, garnet, zircon,apatite,opac mineral. Metamict zircons from the low T/HP metagranite
are important it that experienced dehydration melting during the continental collision and supercritical fluid is
important role in the enrichment of trace elements in zircons during low T/HP metamorphism. Zircon in
metagranite are characterized by the presence of porous texture , absence of positive Ce anomalies.

In the works are investigate metamict zircons in the metagranite and the property of metamorphic fluid
with respect to they action on chemical reactions between zircon and coexisting minerals during the continental
collisions.

Key Words: Supercritic fluids, Zircon, Metamorphism, Trace Element.

RODENJITLESMIS IZOLE DiYABAZ DAYKLARIN (VAN-OZALP)
JEOKIMYASAL KARAKTERISTIKLERIi

Kurtulus Gunay Ali Riza Colakoglu ve Uner Cakir?
!Jeoloji Miihendisligi Boliimii, Yiiziincii Yil Universitesi, 65080, Zeve Kampiisii,
Van, Tiirkiye, kurtulusgunay@yyu.edu.tr,
*Jeoloji Miihendisligi Boliimii, Hacettepe Universitesi, 06800, Beytepe, Ankara, Tiirkiye.

Bu incelemede Van Ozalp bolgesinde yer alan izole diyabaz dayklarm jeolojisi ve bu kayaglar
tizerindeki Ca metazomatizmasinin etkileri irdelenmistir. Ofiyolitlerin uzun jeolojik evrim siirecinde gegirdikleri
olaylar bu kayaglarin jeokimyasal verileri tizerinde degisime neden olmaktadir. Rodenjitlesme peridotitlerin
serpantinlesmesi esnasinda olivin ve piroksenlerden agifa ¢ikan kalsiyumca zengin akiskanlarin serpantin
mineral kafeslerinin yapisina girememesinden dolay: serpantinitlerle kontak diger kayaglarda meydana getirdigi
Ca-metazomatizmasi sonucu gelisen alterasyon olayidir. Metazomatik olaylar ve alterasyon siire¢lerinin element
hareketliligi tzerindeki etkilerini belirlemek ana oksit, iz ve nadir toprak element (NTE) davraniglarinin
irdelenmesiyle ortaya konulabilmektedir.

Mineralojik-petrografik ¢alismalar ve jeokimyasal analizler sonucunda, Yiiksekova karmasi§inda
peridotitleri kesen izole diyabaz dayklarin, Ca metazomatizmasina bagli olarak ¢esitli derecelerde rodenjitlesme
gosterdikleri tespit edilmigtir. Bu metazomatizmanin etkileri izole dayklarin tiim kayac jeokimyalarinda CaO
zenginlesmesine, SiO, degerlerindeki tiiketilmeye ve Ca-Al-Mg’lu silikatlarin olusumu ile belirginlesir. Ofitik
dokuya sahip rodenjitlesmis diyabaz dayklarin mineralojik bilesimini diyopsit, plajiyoklaz, hidrogrossiiler,
flogopit, klorit, epidot ve daha az oranda prehnit apatit, kalsit ve opak mineraller olusturur. Ozellikle
rodenjitlesme i¢in karakteristik minerallerden olan diyopsit, hidrogrossiiler ve klorit XRD analizleri ile de tespit
edilmistir. Jeokimyasal analiz sonuc¢larina gére (n=10) toleyitik karakterli olan izole dayklar, rodenjitlesme
derecelerine gore u¢ farkli alt guruba ayrilmistir. Birinci gurup ileri derecede rodenjitlesmis diyabaz
dayklarindan olusur (~% 42-38 SiO, ;~%19-26 CaO). ikinci gurubu olusturan diyabaz dayklarinda
rodenjitlesme derecesi daha diisiiktiir (~% 42.5-43 SiO,; %14.5-15 Ca0). Uglincii gurubu olusturan diyabaz
dayklarinda ise hem petrografik hem de jeokimyasal analiz sonuglarina goére rodenjitlesme etkilerine
rastlanilmamgtir (~%47-50 SiO, ; %10 —12 Ca0). Bu ti¢ farkli gurup arasindaki element korelasyonlarmnimn
irdelenmesi sonucunda, ofiyolitik mafik kayaclarin petrojenetik yorumlarinda siklikla kullanilan Th, Ti, Y, Yb,
Nb, La, Ce ve Lu gibi elementlerin gézlenen rodonjitlesme derecelerinde Ca metazomatizmasindan géreli olarak
etkilenmedikleri tesbit edilmistir.

Anahtar Kelimeler: izole diyabaz dayklari, Metazomatizma, Element hareketliligi, Van-Ozalp.
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GEOCHEMICAL CHARACTERISTICS OF RODINGITIZED ISOLATED
DIABASE DYKES (VAN-OZALP)

Kurtulus Giinay', Ali Riza Colakoglu ' and Uner Cakar?
!Department of Geological Engineering, Yiiziincii Yil University, Zeve Campus,
TR-65080 Van, Turkey, kurtulusgunay@yyu.edu.tr,
’Department of Geological Engineering, Hacettepe University, 06800, Beytepe, Ankara, Tiirkiye.

In this study, the geology of Van-Ozalp region isolated diabase dykes are studied and its Ca
metasomatic effects investigated. The ophiolites subjected to prolonged multistage evolution effects on its
geochemical composition. Rodingites are end products of Ca-metasomatism in any of contact rocks such as
diabase dykes, reflects the production of Ca-rich fluids relased from olivine and pyroxene as a process of
serpantinization which can not be accommodated in serpentine crystal structure. Major oxide, trace and rare
earth element (REE) can be used for the geochemical evaluations of metasomatism and alteration procesess.

Mineralogical-petrographical studies and geochemical analyse results indicate that various degree of Ca
metasomatism form rodingitization on the isolated diabase dykes cutting through peridotite in the Yiiksekova
complex. This effect of metasomatism became evident with enrichment of CaO and depletion of SiO, content of
the diabase dyke and new formed Ca-Al-Mg silicate minerals. The mineralogical composition of the ophitic
textured rodingitized diabase dykes are diopside, plagioclase, hydro-grossular, flogopite, chlorite, epidote and
minor amount of prehnite, apatite, calcite and opaque minerals. Especially, the main mineral of the
rodingitization are characteristic formed by diopside, hydro-grossular and chlorite were also determined by X-
ray difractometer. Tholeittic izole diabese dykes are divided three sub-group (n=10) according to geochemical
analyse results. The first group of diabase dykes show advanced rodingitization (~42-38 wt. % SiO; ;~19-26 wt.
% Ca0). Second group diabase dykes show less alteration effects (~42.5-43 wt. % SiO, ;14.5-15 wt. % CaO).
Third group diabase dykes are not altered (~47-50 wt. % SiO; ;10 —12 wt. % CaO). The Elemental correlation of
these sub-group diabase dykes indicates that the elements such as Th, Ti, Y, Yb, Nb, La, Ce ve Lu that are often
used petrogenetic evolution of the mafic rocks are not effected during Ca metasomatism in this alteration
degrees.

Key Words: Isolated diabase dykes, Metasomatizm, Element mobility, Van-Ozalp.

BiGA YARIMADASI’NDA (KB ANADOLU) YER ALAN METAVOLKANIK
KAYACLARIN U-PB LA-ICP-MS ZIRKON YASLARI VE JEOKIMYASI

Firat Sengiinl, Erding Yigitbasl, O. Ersin Koralay2 ve I. Onur Tung'
! Canakkale Onsekiz Mart Universitesi, Terzioglu Yerleskesi, Miihendislik-Mimarlik Fakiiltesi, Jeoloji
Miihendisligi Boliimii, 17020, Canakkale, firatsengun@comu.edu.tr,
’Dokuz Eyliil Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii, 35160, Lzmir.

Biga Yarimadasi’nin bati kesiminde baslica metavolkanik kayalardan olusan ve Alpin tektoniginden
etkilenmis Variskan bir temel vardir. KD-GB yonelimli metavolkanik kayalar Camlica metamorfik toplulugunun
tabaninda bulunur ve kahverengi, yesil, sarimst yesil metalav, metatiif ve metapelit ardalanmasindan
olugmaktadir. Metavolkanik kayalarin mineral toplulugu kuvars + klorit + epidot + albit + aktinolit + kalsit +
sfen =+ zirkondan olugmaktadir. Bu mineral toplulugu metavolkanik kayalarin yesilsist fasiyesinde
metamorfizmaya ugradigini géstermektedir.

Biga Yarimadasi’nda yiizlek veren metavolkanik kayalarin koékenini ve tektonik ortamimi ortaya
¢ikarmak igin ana, iz ve nadir toprak elementi analizleri yapilmistir. Metavolkanik kayalar kalk-alkalin karakterli
andezit bilesimlidir. Birimin kalk-alkalin niteligi; ortag SiO, icerigi, diisik MgO ve diisiik Cr ile karakterize
olmaktadir. Kondrite gore normalize edilmis nadir toprak elementi paternleri kismen fraksiyonlagmistir
(Lan/Yby ~ 2.2-8.9). Eu anomalileri degisken olup (Ew/Eu* 0.6-1.9) genellikle negatiftir (ortalama Euw/Eu* 0.83).
Metavolkanik kayalar ¢coklu element diyagramlarinda negatif Nb, Sr, Ba ve Hf anomali gosterirler. Metavolkanik
kayalarda gozlenen negatif Nb, Sr, Ba ve Hf anomalileri kokenlerinde kitasal bir karigmmin oldugunu
gostermektedir. Tektonik ayirim diyagramlarinda biitin  metavolkanik kayalar volkanik yay alaninda
toplanmakta ve bu da kalk-alkalin magma tipini gostermektedir. Bu tiir magma tipi metavolkanik kayalarin
volkanik yay ortamu i¢in karakteristiktir.
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Metavolkanik kayalardan elde edilen zirkon taneleri tipik olarak magmatik morfolojiye sahip ve
ozsekillidir. Bu zirkon taneleri LA-ICP-MS ile yaslandirilmistir. Iki 6rnekten elde edilen zirkon yaslar1 328.6 +
3.5 My ve 343.2 + 2.6 My vermektedir. Bu yaslar metavolkanik kayalarim koken kayalarinin kristalizasyon yasi
olarak yorumlanmistir. Biga Yarimadasi’nin volkanik evresi Variskan orojenezi sirasindaki Variskan magmatik
aktivitesine baglanmaktadir. Metavolkanik kayalarla ilgili bu ¢aliymadan elde edilen jeokimyasal ve izotopik
veriler ilk kez Biga Yarimadasi’nin bat1 kesiminde de Variskan temellerinin varligini igaret etmektedir.

Anahtar Kelimeler: Variskan temel, Metavolkanitler, U-Pb zirkon yasi, Biga Yarimadasi, Kuzeybati Anadolu

GEOCHEMISTRY AND U-PB LA-ICP-MS ZIRCON AGES OF METAVOLCANIC
ROCKS IN THE BIGA PENINSULA (NW ANATOLIA)

Firat Sengﬁnl, Erding Yigitbasl, O. Ersin Koralay2 and I. Onur Tuncg'
! Department of Geology, Faculty of Engineering and Architecture, Canakkale Onsekiz Mart University, 17020,
Ganakkale, Turkey, firatsengun@comu.edu.tr,
‘Department of Geology, Faculty of Engineering, Dokuz Eyliil University, 35160, Izmir, Turkey

The western part of the Biga Peninsula has a Variscan basement affected by Alpine tectonics which is
mainly composed of metavolcanic rocks. NE-SW-directed metavolcanic rocks occur in the basement of Camlica
metamorphic association and made up of brown, green, yellowish green metalava, metatuff and small amount of
metasedimentary rocks. The common mineral assemblages of the metavolcanic rocks are mainly composed of
quartz + chlorite + epidote + albite + actinolite + calcite + sphen = zircon. This mineral assemblage indicates that
these metavolcanic rocks underwent greenschist-facies metamorphism.

Major, trace and rare earth element (REE) geochemistry for metavolcanic rocks from the Biga
Peninsula has been determined to reveal their origin and tectonic setting. The metavolcanic rocks have
compositions of andesites with calc-alkaline character. Calc-alkaline chemistry is represented by intermediate
SiO, content, low MgO and low Cr. Chondrite-normalized REE patterns are moderately fractionated (Lan/Yby ~
2.2 to 8.9). Europium anomalies are variable (EwEu* 0.6 to 1.9) and generally negative (average Euw/Eu* 0.83).
The metavolcanic rocks have a distinct negative Nb anomaly with negative Sr, Ba, Hf anomalies in extended
element diagrams. The large negative Nb, Sr, Ba and Hf anomalies in the metavolcanic rocks exhibit a crustal
involvement in their derivation. On tectonic discrimination diagrams, all metavolcanic rocks cluster within the
volcanic arc field away from either the within plate or ocean ridge fields. Those within the volcanic arc field
indicate calc-alkaline magma type. Such a magma type is a characteristic of volcanic arc setting for the
metavolcanic rocks.

Zircon grains from these metavolcanic rocks, which are euhedral with typical magmatic morphologies,
were dated by LA-ICPMS. Zircon ages of two samples yielded 328.6 + 3.5 Ma and 343.2 + 2.6 Ma, respectively.
These are interpreted as the time of protolith crystallization of metavolcanic rocks. This volcanic episode of the
Biga Peninsula can be attributed the Variscan magmatic activity during Variscan orogenic event. Geochemical
and isotopic data of metavolcanic indicate that the presence of Variscan basement on the western part of the Biga
Peninsula for the first time.

Key Words: Variscan basement, Metavolcanics, U-Pb zircon age, Biga Peninsula, Northwest Turkey.

OFIYOLIT TéBANINDAKi AMFIBOLIT Pl::TROLOJiSi:
IGDIR METAMORFITI ORNEGI

A.Didem Kili¢
Jeoloji Miihedisligi Béliimii, Firat Universitesi, 23000, Elazig, Tiirkiye

inceleme alani, Burdur ili Yesilova ilgesinin kuzeydogusunda yer almaktadir. Bu ¢alisma, ofiyolitlerin
tabaninda yer alan metamorfitlerdeki amfibolitlerin petrografik ve petrolojik ozelliklerinin incelenmesini
amaclamaktadir. Inceleme alam, bolgeye allokton olarak gelip yerlesen Likya naplarimin {izerinde olup, bu
alanda yiizeylenen diger birimler, Yesilova Ofiyoliti (Jura-Ust Kretase), Ofiyolitik melanj (Ust Kretase) ve
pliyosen yasl kirmtili ¢okeller goriilmektedir.

Igdir metamorfitleri, amfibolit, granath amfibolit, mikagsist, kalksist ve mermerden olusur.
Amfibolitlerin, mikroskopik incelemelerinde nematoblastik ve granonematoblastik dokuda olduklar1 belirlenmis
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ve hornblend, albit, biyotit, klorit, kuvars, zirkon, korund, apatit, sfen ve kalsit minerallerini igerdikleri tespit
edilmistir. Bu mineral parajenezleri, ~700 °C ve ~11 Kb basmg-sicaklik degisimlerini karakterize eden amfibolit
fasiyesi kosullarini gstermektedir.

Amfibolitlerin toplam kaya jeokimyast bunlarin MORB tipi magmadan tiiredigini gostermektedir.
Amfibolitlerin P,0s, TiO, ve Zr konsantrasyonlar: toleyitik bazalt 6zelligi sergilemektedir. Ayrica, drneklerde
Rb, K ve Ba gibi akiskan igerisinde hareketli olan elementlerin orani oldukga yiiksektir.

Igdir metamorfiklerine ait amfibolitler, okyanus ortasi sirtlarda olusmus, yitilen okyanusal kabugun
carpisma sonrasi kapanmasiyla meydana gelen metamorfizma triinleri olarak yorumlanmigtir.

Anahtar Kelimeler: Amfibolit, Ofiyolit, Petroloji, Likya Naplar1.

PETROLOGY OF AMPHIBOLITE AT THE BOTTOM OF OPHIOLITES:
IGDIR METAMORPHIC SAMPLE

A.Didem Kili¢
Jeoloji Miihedisligi Boliimii, Firat Universitesi, 23000, Elazig, Tiirkiye

The study area is located northeast of Yesilova in Burdur. The aim of this paper is to document the
petrographical and petrological characteristics of amphibolites exposed in the area. In ivestigated area occur as
on of Lycian nappes. Another units are represented by Yesilova Ophiolite (Jura-Upper Creatase), Ophiolitic
melange (Upper Creatase) and Pliocen sediments.

[gdir metamorphics consists of amphibolite, mica schist, calcschist and marble. in the microscopic
investigate of amphibolites display nematoblastic and granonematoblastic texture and consist of hornblend,
albite, biotite, chlorite, quartz, zircon, corundum, apatite, sphen and calcite. The mineral paragenesis suggests
that rocks underwent amphibolite facies metamorphism. Conditions of amphibolite facies are constrained as
~700 °C and ~11 Kb.

Whole rock geochemistry of these amphibolite show that they exhibit MORB like. The available data
suggested that the P,Os, TiO, and Zr concentrations of these amphibolites exhibit Tholeitic basalt nature.
Forever, The concentration of fluid mobile elements, Rb, K, and Ba in samples are highly elevated.

All characteristic show that the amphibolites formed at the mid-oceanic ridge of the oceanic crust and
were metamorphised due to collision followed by the closure of the subduction oceanic crust.

Key Words: Amphibolite, Ophiolite, Petrology, Lycian Nappes.

REFAHIYE METAMORFITLERI’NIN (ERZINCAN) JEOLOJIK EVRIiMIi VE
JEODINAMIK ONEMLERI

Gonencg Gii(;mengill, Giiltekin Topuzl, Omer Faruk Celik?,
ismail Emir Altintas' ve Mutlu Ozkan®
1Avrasya Yerbilimleri Enstitiisii, Istanbul Teknik Universitesi, 34469 Maslak,
Istanbul, gocmengil@itu.edu.tr,
? Jeoloji Miihendisligi Boliimii, Kocaeli Universitesi, Izmit/Kocaeli 41150, Turkey.

Refahiye (Erzincan, KD Tiirkiye) yoresi Izmir-Ankara-Erzincan Neotetis kenedinin iizerinde
bulunmaktadir. Izmir-Ankara-Erzincan kenedi Dogu Pontidleri, giineydeki Kirsehir Masifi ve Anatolid-Torid
Blogundan ayirmaktadir. Yorede metamorfik kayalar, ofiyolit ve ofiyolitik melanjlar ile tektonik dokanakli
olarak bulunmaktadir. Biitiin bu birimler uyumsuz olarak Eosen ve daha geng¢ tortul kayalar tarafindan
ortiilmektedir. Bu tebligde, metamorfik kayaclarin arazi iliskileri, kaya¢ topluluklar1 ve baskalasim kosullari
hakkinda veriler sunmaktay1z.

Refahiye Metamorfitleri yaklasik olarak 75 km*’lik bir alanda yiizeylenmekte olup, baslica yesilsist
(yiizeyleme alaninin ~%33°i1), mermer (~%30), metaperidotit (~%25), fillit (~%10) ve tali oranda amfibolit,
mikasist, eklojit, metagort ve metakumtasindan meydana gelmektedir. Bu kayag¢ toplulugu, metamorfizma
gecirmis bir y1g151m karmasigina benzemektedir.

Yesilsistler baslica aktinolit/Na-Ca amfibol, epidot, klorit, albit, titanit, magnetit ve +kalsit icerir. Baz1
orneklerde kalinti hornblend ve rutile rastlanmaktadir. Kalinti hornblendler aktinolit, rutiller ise titanitler
tarafindan ornatilmaktadir. Metaperidotitlerde ilksel kayadan kalint1 olarak spinel, ortopiroksen, klinopiroksen ve
olivin yersel olarak korunmustur. Kalinti minerallerin disinda metamorfizma sirasinda olusmus klorit,
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serpantinit, magnetit, +talk yaygindir. Ayrica, az oranda hidratlasnmis metaperidotitlerde ise metamorfizma ile
olusmus klinopiroksen, olivin ve tremolit mevcuttur. Fillitler, yiiksek variyansli mineral topluluklari
icermektedir (fengit + kuvars + klorit + opak mineral +kalsit ile tali oranda +zirkon, +turmalin ve +apatit).
Eklojitler granat, omfasit, zoisit, kuvars, rutil/titanit ile tali oranda fengitten olusur. Eklojitleri gevreleyen
kisimlarda gozlenen granath amfibolitler ise hornblend, epidot, plajiyoklas, granat, rutil/titanit, kuvars, +apatit,
+kalsit icermektedir.

Refahiye Metamorfitleri yesilsist, amfibolit ve eklojit-fasiyeslerini yansitan kayag¢ toplulugu
icermektedir. Baskin bagkalasim fasiyesi yesilsistken, amfibolit ve eklojit fasiyesindeki kayalar eklojit
lokasyonlariyla sinirlidir. Buradaki ana sorun, eklojit ve amfibolit fasiyesli metamorfitlerin yesilgist-fasiyesli
metamorfitlerle baglantisidir. Yesilgist fasiyesi kayaglar i¢inde daha yiiksek basing kosullarina isaret eden
minerallerin varligi, biitlin metamorfitlerin baslangigta eklojit ve granat amfibolit-fasiyesli kosullara maruz
kalmig olduguna ve yiizeylenirken Onemli 6lgiide yesilsist-fasiyesli kogsullarina gerilemis olduguna isaret
etmektedir.

Refahiye Metamorfitleri kayag topluluklart bakimindan Permo-Triyas Karakaya Karmasigi'nin Niliifer
birimi ile litolojik olarak denestirilebilir. Ancak, metamorfitlerin Izmir-Ankara-Erzincan kenetinin tam
tizerindeki bulunmasi daha geng bir dalma batmay: temsil ettigi ihtimalini ortaya ¢ikarmaktadir.

Anahtar Kelimeler: Yigisim karmasigi, Izmir-Ankara-Erzincan siituru, Dalma-batma zonu metamorfizmasi,
Jeodinamik evrim, Pontidler.

GEOLOGICAL EVOLUTION OF REFAHIYE METAMORPHICS (ERZINCAN)
AND THEIR GEODYNAMIC SIGNIFICANCE

Goneng Giic;mengill, Giiltekin Topuz', Omer Faruk Celik?,
ismail Emir Altintas' and Mutlu Ozkan?
! Eurasia Institute of Earth Sciences, Istanbul Technical University, 34469 Maslak,
Istanbul, Turkey, gocmengil@itu.edu.tr,
2Department of Geology, Kocaeli University, Izmit / Kocaeli 41150, Turkey.

The Refahiye region (Erzincan, NE Turkey) is located on the Izmir-Ankara-Erzincan Neotethyan suture.
The Izmir-Ankara-Erzincan suture seperates the Eastern Pontides from the southern Kirgehir Massif and
Anatolid-Toride Block. The metamorfic rocks in the region occur in tectonic contacts with the ophitolites and
ophiolitic melanges. All these units were unconformably overlain by the Middle Eocene or younger sedimentary
rocks. In this abstract, we present data on field relations, rock assemblages and metamorphic conditions of the
Refahiye metamorphic rocks.

The Refahiye metamorphics are exposed over an area of ~75 km?, and consist of greenschists (~%33 of
outcrop area), marbles (~%30), metaperidotites (~%25), phyllites (%10) and subordinately amphibolites,
micaschists, eclogites, metacherts and metasandstones. With this rock assemblage, the Refahiye metamorphics
resemble metamorphosed accretionary complexes.

Greenschists are made up of actinolite/Na-Ca amphibole, epidote, chlorite, albite, titanite, +magnetite
and +calcite. Some samples have relic hornblende and rutile. Relict hornblende is replaced by actinolite, and
rutiles replaced by titanite. In metaperidotites, spinel, orthopyroxene, clinopyroxene and olivine are variably
preserved. Except for these relict phases, metamorphic minerals such as chlorite, serpentine, magnetite and +talc
are widespread. In addition, in some slightly hydrated metaperidotites, newly formed metamorphic
clinopyroxene, orthopyroxene, olivine and tremolite are present. Phyllites contain high-variance mineral
assemblages (phengite, quartz, chlorite, opaque mineral, + calcite and minor amounts of +zircon, +turmaline and
+apatite). Eclogites contain mineral assemblages involving omphacite, garnet, zoisite, quartz, titanite/rutile and
minor phengite. Garnet amphibolites which surround eclogites contain hornblende, epidote, plagioclase, garnet,
rutile/titanite, +quartz, +apatite and +calcite.

The Refahiye metamorphic rocks are made of greenschist-, amphibolite- and eclogite-facies rocks. The
predominant metamorphic facies is greenschist-facies, while amphibolite- and eclogites-facies are confined to
locations of eclogites. The main question to be answered is the relationship of eclogite-amphibolite facies rocks
with greenschist facies rocks. The presence of residual high-pressure minerals in greenschist-facies rocks suggest
that the whole metamorphics underwent eclogite and garnet-amphibolite facies metamorphism and were variably
retrogressed into greenschist facies conditions during the exhumation.

The Refahiye metamorphic rocks can be lithologically correlated with the Permo-Triassic Karakaya
complex. However, occurrence within the Izmir-Ankara-Erzincan Neo-Tethyan suture raises the possibility that
the Refahiye metamorphic rocks might represent products of a younger subduction- accretion complex.
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Key Words: Accretionary complex, Izmir-Ankara-Erzincan suture, subduction zone metamorphism,
Geodynamic evolution, Pontides.

ORTA PONTIDLERDE JURA YASLI YUKSEK SICAKLIK METAMORFIZMASI

Aral I. Okay', Giirsel Sunal’, Sarah Sherlock’ ve Okan Tiiysiiz'
'Istanbul Teknik Universitesi, Avrasya Yerbilimleri Enstitiisii ve Maden Fakiiltesi, Jeoloji Miih. Boliimii,
Maslak 34469 Istanbul, okay@itu.edu.tr,
’Centre for Earth, Planetary, Space and Astronomical Research (CEPSAR), Faculty of Science,
The Open University, Milton Keynes MK7 644 Ingiltere.

Orta Pontidler'de Kastamonu ile inebolu arasindaki bolgede Jura yasinda granitik sokulumlarin varlig
uzun siiredir bilinmektedir. Bunlara ek olarak ve bu magmatik kayalar ile yakin mekansal iliski sunan yiiksek
sicaklik kosullarinda metamorfizma gegirmis gnays agirlikli bir metamorfik seri inebolu giineybatisinda genis
alanlarda yiizeyler. Geme kompleksi adi verilen bu birim baskin olarak gnays, gnaysik mikagist, migmatit,
granit, amfibolit ve daha az oranda mermerden yapilmistir. Bu kayalar iizerine uyumsuzlukla Alt Kretase yash
Caglayan Formasyonu'na ait kumtasi, seyl ve cakiltaglart gelmektedir. Geme Kompleksi gnayslari milimetre
Olceginde bandlagma gosterir, agik renklidir, baskin olarak biyotit, kuvars ve feldispattan olusur. Bandlasma
bilesimsel olup biyotit¢e zengin koyu renkli ve kuvars-feldispat¢a zengin agik renkli kesimlerin ardalanmasindan
olusur. Bazi kesimlerde kuvars ve feldispattan olusan bu seviyeler granitik bir 6zellik gdstermekte ve biyotitce
zengin koyu renkli kesimleri 1-10 cm biyiiklilkte topaklar halinde i¢ine almaktadir. Migmatitlesmenin bir
sonucu olan bu ag dokusu bélgede yaygindir. Gnayslar arasinda bes metre kalinlikta seviyeler halinde seritli
orta-iri taneli amfibolitler bulunur. Gnayslar onlarca metre biiyiikliige ulasan granitik damarlar ve kiitleler
tarafindan kesilmistir.

Geme Kompleksi gnayslarinda kritik mineral parajenezi "kordiyerit + granat + biyotit + kuvars +
potasyum-feldispat™'dir. Amfibolitlerde gézlenen parajenez "plajiyoklas + hornblend + klinopiroksen"dir. Geme
metamorfitleri kismi ergimeye varan gok yiiksek sicaklikta bagkalasim gegirmistir, sicaklik muskovitin duraylilik
alanmin tstiine ¢ikmustir. Geme Kompleksi'nden alinan bir gnays drneginden biyotit iizerinde yapilan Ar-Ar yas
tayini 156 ile 165 Ma arasi neticeler vermistir. Bu degerler kayanin sicakhigimin Orta-Ust Jura'da (Kalloviyen-
Kimmericiyen) 300° C altina diistiigiinii géstermektedir.

Geme Kompleksi'nin 40 km giineydogusunda yer alan Devrekani metamorfitleri litoloji ve
metamorfizma derecesi agisindan Geme Kompleksine benzerlik sunar. Metamorfizma yasi agisindan da bir
benzerlik olup olmadigimi sinamak amaci ile Devrekani metamorfitlerinden derlenen bir kuvarso-feldispatik
gnaysdaki muskovit ve biyotit mineralleri iizerinde Ar-Ar yas tayinleri yapilmistir. Muskovitler 14142 ile 15042
Ma arasinda, biyotitler ise 1491 ile 152+1 Ma arasinda Ar-Ar yaslar yaslar1 vermistir. Metamorfik kayalarda
muskovit ve biyotitlerden elde edilen soguma sicakliklarinin bélgedeki magmatik kayalardan elde edilen yaslarla
benzesmesi, Geme ve Devrekani kompleksini etkileyen yiiksek sicakhik metamorfizmasinin Jura yash olduguna
isaret etmektedir.

Anahtar Kelimeler: Orta Pontidler, Metamorfizma, Magmatizma, Jura, Ar-Ar yas tayini.

JURASSIC HIGH-TEMPERATURE METAMORPHISM IN THE CENTRAL
PONTIDES

Aral I. Okay', Giirsel Sunal', Sarah Sherlock” and Okan Tiiysiiz'
'Istanbul Teknik Universitesi, Avrasya Yerbilimleri Enstitiisii ve Maden Fakiiltesi, Jeoloji Miih.
Béliimii, Maslak 34469 Istanbul, okay@itu.edu.tr,

‘Centre Jor Earth, Planetary, Space and Astronomical Research (CEPSAR), Faculty of Science,
The Open University, Milton Keynes MK7 6AA Ingiltere.

The presence of Jurassic granitic rocks have been long known from the Central Pontides in the region
between Kastamonu and Inebolu. Additionally a gneiss-dominated metamorphic series crops out over wide areas
southwest of Inebolu in close spatial association with the Jurassic magmatic rocks. These metamorphic rocks,
known as the Gene Complex, consist of gneiss, gneissic micaschist, migmatite and minor amounts of
amphibolite and marble. They are unconformably overlain by the sandstones and conglomerates of the Lower
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Cretaceous Caglayan Formation. The gneisses of the Geme Complex show banding on a millimetric scale and
consists essentially of quartz, feldspar and biotite. The banding is compositional and is defined by the changes in
the amount of biotite. Parts of the Geme Complex consisting of quartz and feldspar show a granitic texture and
enclose rounded biotite-rich clasts, 1 to 10 cm across formed as a results of migmatization. Amphibolites occur
as banded, medium to coarse grained horizons, ca. five metres thick. The gneisses are cut by granitic veins tens
of metres large.

The critical mineral paragenesis in the gneisses of the Geme Complex is cordierite + garnet + biotite +
quartz + potassium-feldispar. The mineral paragenesis in the amphibolites is plagioclase + hornblende +
clinopyroxene. The Geme metamorphic rocks have undergone a high temperature metamorphism, the
temperatures during the metamorphism were above the stability of muscovite. A biotite separate from a gneiss
sample from the Geme Complex gave Ar-Ar cooling ages of between 156 and 165 Ma. These ages indicate that
the rock has cooled to below 300° C by the Middle-Late Jurassic (Callovian-Kimmeridgean).

The Devrekani metamorphics located about 40 km southeast of the Geme Complex have similar
lithological and metamorphic features. To explore similarity in the age of metamorphism we have dated
muscovites and biotites from a quartzo-feldspathic gneiss from the Devrekani Complex. The muscovites gave
Ar-Ar ages of between 141+2 and 15042 Ma, and biotites between 149+1 and 152+1, comparable to those from
the Geme Complex. The similarity of mica ages from the metamorphic rocks and those from the magmatic rocks
indicates that the high-temperature metamorphism observed in the Geme and Devrekani complexes is of Jurassic
age.

Key Words: Central Pontides, Metamorphism, Magmatism, Jurassic, Ar-Ar age dating.

ALANYA MASIFi METAMORFiIK KAYACLARININ P-T-t EVRIMi

Mete Cetinkaplanl, Roland Oberhﬁnshz, Osman Candanl,

Ersin Koralayl, Aral I. Okay3 ve Hiiseyin Kozlu*
'Dokuz Eyliil Universitesi Miihendislik Fakiiltesi Jeoloji Miihendisligi Boliimii, Tinaztepe Kampiisii,
Buca-Izmir, mete.cetinkaplan@deu.edu.tr,
? Institut fiir Geowissenschaften, Universitit Potsdam, Postfach 601553, Potsdam 14415, Germany,
3[stanbul Teknik Universitesi Avrasya Yerbilimleri Enstitiisi, Maslak-Istanbul,
“Cigdem Mah.339 Sok.NO:17/22,100.Yil. Cankaya/Ankara.

Orta Toros Kusag: icerisinde yer alan, Gondvana’ya ait yiiksek dereceli kristalin kayalar ve Anatolid-
Torid platformunun Infrakambriyen-Triyas (?) yash pasif kita kenar1 ¢okellerinden olusan Alanya Masifi Geg
Kretase yash sikigma deformasyonu iiriinii naph bir i¢yapiya sahiptir. Anamur bolgesinde, 950 — 1000 My
(zirkon LA-ICPMS U/Pb) yash metagabro — diyorit dayklari ve 550,2 + 8,2 My (zirkon LA-ICPMS U/Pb) yash
meta-aplitler tarafindan kesilmis, Sariaga¢ nap1 olasih Pan-Afrikan yash ‘sillimanit — staurolit — disten’
toplulugu ile tanimlanan, iist amfibolit fasiyesi kosularinda (T= 680 = 10°C / P= 10 + 1,5 kbar) baskalasima
ugramistir. Bu kayalarda 385 + 13°C, 6 + 0.5 kbar kosullarinda gergeklesen, tizerleyen Alpin metamorfizmasinin
yast LA-Ar/Ar yontemiyle (beyaz mika) 75.1 + 2.2 My (metapegmatit) ve 73.4 + 0.9 My (metapelit) olarak
bulunmustur. Alanya bolgesindeki Sug6zii nap, protolit yast 629+2,6 My (zirkon LA-ICPMS U/Pb) olan yaygin
eklojit ve eklojitik metabazik katkilar icermektedir. Dokusal ve petrolojik veriler, bu dilimdeki yitimle iligkili
ilerleyen YB metamorfizmasinin mavigist (435425 °C / 13 +0,5 kbar) - eklojit (536 + 27 °C / 16,1 + 0,5 kbar)
fasiyesi kosullarinda gergeklestigini gostermektedir. Uzerleyen Epidot-amfibolit (455 + 20 °C, 7.6 kbar) -
yesilsist fasiyesi (387 = 10 °C, 6.7 + 0.2 kbar) kosullarindaki metamorfizma bu kayaglarda geri doniigiime neden
olmustur. Eklojitlerden 78,442,4 My (Kampaniyen) LA-ICPMS U/Pb zirkon yaslari elde edilmistir. Cevre
kayay1 olusturan fengit sistlerden LA-Ar/Ar yontemiyle yapilan beyaz mika (fengit; Sis 4.3 52) yaslari ise 83.9 £
09 My - 87.10 £ 0.6 My (Santoniyen — Koniasiyen) arahgindadir. Aymi sistteki geri dontistim
metamorfizmasinin yasi ise beyaz mikalardan (Si;632) 78.4 £ 0.7 my (Kampaniyen) olarak bulunmustur.
Giindogmus bolgesindeki yitimle iliskili mavisist melanjinin metamorfizma kosullari (43525 °C / 13 0,5 kbar)
46 km lik bir gomiilmeyi tanimlamaktadir. LA-Ar/Ar yontemiyle elde edilen beyaz mika (Si3s13.56) yaslart
mavisist fasiyesi kosullarindaki bu metamorfizmanin 80.8 + 0.7 My - 82.8 + 0.8 My (Kampaniyen) araliginda
gerceklestigini gostermektedir. Bunu iizerleyen yesil sist fasiyesindeki metamorfizmanin yasi ise 78.4 + 1 My
(Kampaniyen) olarak bulunmustur.

Alanya Masifi'nin goklu Alpin metamorfik evrimi, olasilikla Orta Jura’da agilan bir okyanusal kol ile
Anatolid-Torid Platformu’nun giineydogu kesiminden koparilan, Alanya — Antalya birliklerininde iginde
bulundugu kitasal parcacigin Geg Kretase’de kuzey yonlii bir dalim sonucu Anatolid-Torid Platformu’nun altina
gomiilmesiyle iligkilendirilebilir. Alanya Masifi Liitesiyen 6ncesinde yiizeyleyerek Antalya Birligi iizerine
yerlesmistir.
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P-T-t EVOLUTION OF THE METAMORPHIC ROCKS OF
ALANYA MASSIF
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IIstanbul Teknik Universitesi Avrasya Yerbilimleri Enstitiisii, Maslak-Istanbul,
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Alanya Massif located at the Central Tauride belt consists of Gondwana-derived high-grade rocks and
Infracambrian — Triassic (?) passive continental margin sediments of Anatolide-Tauride platform. It shows a
typical nappe pile structure resulted from Late Cretaceous contractional deformation. In Anamur area, Sariagag
nappe intruded by metagabbro — diorite veins (950 — 1000 Ma; zircon LA-ICPMS U/Pb) and meta-aplites (550,2
+ 8,2 Ma; zircon LA-ICPMS U/Pb) has undergone, probably during the Pan-African orogeny, upper amphibolite
facies metamorphism (T= 680 + 10°C / P= 10 + 1,5 kbar), which is defined by ‘sillimanite — staurolite — kyanite’
assemblage. In these rocks, the greenschist facies Alpine overprint (385 + 13°C, 6 = 0.5 kbar) are dated at 75.09
+ 2.2 Ma (meta-pegmatite) and 73.4 + 0.9 Ma (meta-pelite) by LA-Ar/Ar white mica ages. In the Alanya area,
Sugdzii nappe contains eclogite and eclogitic metabasites with 629+2,6 Ma zircon LA-ICPMS U/Pb protolith
age. Textural and petrological evidence show that prograde blueschist (435425 °C / 13 +0,5 kbar) to eclogite
(536 £27 °C / 16,1x0,5 kbar) facies metamorphism is related with a subduction event. These rocks were
retrograded to greenschist metabasites under epidote-amphibolite (455 + 20 °C, 7.6 kbar) to greenschist (387 +
10 °C, 6.7 + 0.2 kbar) facies conditions. LA-ICPMS U/Pb zircon ages of eclogites yielded Campanian (78,4424
Ma) age. LA-Ar/Ar dating of white micas (phengite; Sis4g.552) from phengite schist forming country rocks of
eclogites gives 83.90 = 0.9 Ma - 87.10 + 0.6 Ma (Santonian — Coniacian) ages. In same rocks, the age of
retrograde overprint from white mica (Si3 16.320) is 78.4 + 0.7 Ma (Campanian). P-T conditions of subduction-
related blueschist mélange in Giindogmus area are estimated at about 435425 °C / 13 +0,5 kbar representing a
burial depth of about 46 km. The age of this blueschist metamorphism was determined at 80.8 = 0.7 Ma - 82.8 +
0.8 Ma (Campanian) by LA-Ar/Ar dating of phengitic white mica (Siss;.356). The age of greenschist facies
overprint on these rocks is 78.4 + 1 My (Campanian).

A continental block including Alanya and Antalya units was rifted off from Anatolide-Tauride platform
by the opening of an oceanic branch, probably, during Middle Jurassic time. Poly-phase Alpine metamorphic
evolution of the Alanya Massif can be attributed to northward subduction of continental block under the
Anatolide-Tauride Platform during Late Cretaceous time. Alanya Massif was exhumed before Lutetian and
emplaced onto the Antalya unit.

Key Words: Alanya Massif, eclogite, blueschist.
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MALZEME DAYANIMI ACISINDAN KAYA DOLGU BARAJLARIN
DURAYLILIGININ DEGERLENDIRILMESI UZERINE BiR TARTISMA

Harun Sénmez’, Ayhan Kog:bayz, Aycan Coskunl ve M. Biilent Ozc;elik3
'Hacettepe Universitesi, Jeoloji Miihendisligi Béliimii 06800 Beytepe/Ankara, Tiirkiye,
’Devlet Su Isleri Genel Miidiirliigii Jeoteknik Hizmetler ve Yeraltisulart Dairesi Baskanhgi, Ankara, Tiirkiye,
3Enerji ve Tabii Kaynaklar Bakanligi, Maden Isleri Genel Miidiirliigii, Ankara, Tiirkiye,

Sev duraylilign degerlendirmeleri i¢in kaya dolgu dayanimin tanimlanmasinda kohezyonsuz (veya
diisiik kohezyonlu) dogrusal mekanik parametrelerin (¢ ve ¢) kullamimi pratik olarak tercih edilir. Diger taraftan
malzeme kohezyonsuz kabul edildiginde yenilme yiizeyi elde edilemez. Ancak, yiiksek kaya dolgu barajlarm
insast i¢in kullanilan malzeme dayamimlart hakkindaki literatiir caligmalar dikkate alindiginda, kaya
dolgulariin genellikle dogrusal olmayan bir yenilme zarfina sahip oldugu belirtilir. Leps (1970) kaya dolgular
i¢in ¢ nax ile normal gerilme arasinda logaritmik bir iliski tanimlanmigtir. Barton (2008) tarafindan kaya
dolgularinin dayanimlarinin belirlenmesi igin daha giincel bir ¢aligma da yapilmistir. Her iki yaklasiminda
sonuglart kaya dolgularinin yenilme zarfi i¢in ¢ =A(¢ n)b seklinde bir iliski tanimlamada kullanilabilir. Bilindigi
iizere yenilme yiizeyi iizerine etkiyen normal gerilme yenilme dairesinin posizyonuna bagli olarak degisir.
Ayrica, bir yenilme dairesi i¢in her bir dilimde normal gerilme degeri de degisecektir. Bu nedenle, tek bir ¢ ve ¢
degerinin kullanilmasi1 asiri basitleme olarak degerlendirilebilir. Kaya dolgu malzemesinin dayanim: kaya
pargalarinin gekline, kaya pargalarinin dayanimma ve kaya dolgu malzemesinin kompaksiyonuna oldukga
duyarhdir. Bu ¢aligmada, hipotetik baraj (sev) geometrileri ve farkli kaya dolgu 6zellikleri kullanilarak yapilan
sev analizleri ile iki farkli yaklasim karsilastirilmistir. Sonug olarak, tek bir ¢ ve ¢ ¢iftinin yiiksek kaya dolgu
barajlarin durayliligini degerlendirmek i¢in kullanilmasimin baraj geometrisinin kesin karar1 igin hatali
yonlendirmelere yol agabilecegi soylenebilir.

Anahtar Kelimeler: Kaya dolgu baraj, Kaya dolgu dayanimi, Sev durayliligi.

Deginilen Belgeler

Barton N., (2008) Shear Strength of Rockfill, Interfaces and Rock Joints, and their Points of Contact in Rock
Dump Design. Rock Dumps 2008 — A. Fourie (ed), keynote address (2008 Australian Centre for
Geomechanics, Perth, ISBN 978-0-9804185-3-8).

Leps, T.M. (1970) Review of the shearing strength of rockfill. J. of Soil Mech. and Found. Div., ASCE, Vol.96,
No. SM4, Proc. Paper 7394, July 1970, 1159-1170.

A DISCUSSION ON THE STABILITY ASSESSMENT OF ROCKFILL DAMS IN
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Services and Groundwater, Ankara, Turkey,

’Ministry of Energy and Natural Resources, General Directorate of Mining Works, Ankara, Turkey.

The use of cohesionless (or low cohesive) non-linear mechanical parameters (¢ and ¢) to define strength
of rockfill for slope stability assessment is generally preferred practically. On the other hand, the failure surface
could not be obtained when the material accepted cohesionless. However, it was stated that rockfill materials
generally have non-linear strength envelope based on the literature studies about strength of materials used for
construction of high rockfill dams. The logarithmic relation between ¢ .., and normal stress was defined by Leps
(1970) for rockfill. A recent study was also performed by Barton (2008) about determination of strength of
rockfill material. The results of both approach can be used to define ¢ =A(¢,)" type equation for failure envelope
of rockfill material. As is well known, normal stresses acting on failure surface will change depending on
position of failure circle. In addition, the value of normal stress for each slice on a failure circle will be different.
Therefore, the use of unique ¢ and ¢ pair can be evaluated as oversimplification. The strength of rockfill material
is highly sensitive to the shape and strength of rock particles and degree of compaction of rockfill material. In
this study, two approaches were compared by slope stability analyses performed using hypothetical dam (slope)
geometries and different rockfill properties. Finally it can be said that the use of single ¢ and ¢ pairs for stability
assessments of high rockfill dam may mislead for final decision of dam geometry.
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Tiirkiye’nin kuzeybatisinda bir kisim arazinin sulanmasi ve tagkindan korunmasi amaciyla toprak dolgu
tipinde bir baraj projelendirilmistir. Bu baraj alanindaki jeoteknik ¢aligmalar 1998 baharinda yapilmistir. 2010
yili baharinda barajin sag sahiline insa edilmekte olan dolu savak kanalinin ingasi sirasinda mansaba bakan
yamag topugundan malzeme alinmasi sonucu bir kiitle hareketi meydana gelmistir. Bu kiitle hareketi sonucu
dolu savadi destekleyen topugun orselenmesiyle dolu savagin yamag egimi yoniinde harekete basladigi dolu
savak duvarlarinda gézlemlenen gatlaklardan anlasilmistir.

Bu ¢aligmanin temel amaci toprak dolgu barajda gelisen dolu savak duraysizliginin mekanizmasinin
degerlendirilmesidir. Baraj bolgesinde kiitle hareketinin ve dolu savak duraysizligma neden olan sebepleri
anlamak amaciyla ayrintih jeolojik ve jeoteknik arastirmalar gergeklestirilmistir. Ayrica, dolu savak ve kiitle
hareketinin gelistigi yerlerde dikey ve yatay yonlerde birimlerin 6zelliklerinin belirlenmesi amactyla toplam
uzunlugu 95 m olan 6 adet karotlu sondaj ¢alismasi gerceklestirilmistir. Bu incelemeler sonucu dolu savagin
aglomera ve tiifden olusan piroklastik birimler iizerinde inga edildigi belirlenmistir. Ayrica, tiiflii birimler koyu
yesil-koyu gri renkteki kiltaglarinin {izerinde yer almaktadir. Tiiflii birimdeki stireksizlik agiklhiklarinin yamacin
egimi yoniinde arttigr da belirlenmistir. Bu gozlemler sonucu, sadece dolu savagin degil ayrica tiiflii biriminde
yamag egimi yoniinde kiltagi biriminin {izerinde harekete gectigi belirlenmistir.

Bu ¢alisma kapsamin da tiif ve kiltagi birimlerinin makaslama dayanim parametreleri belirlenerek dolu
savagin durayliik durumu igin limit denge analizleri yapilmistir. Kiitle hareketinin yasandigr bolgede sev
duraylilig1 analizleri gergeklestirilmis ve dolu savak duraysizhigini durdurmaya yonelik iyilestirici yontemler
Onerilmistir.

Anahtar Kelimeler: Toprak dolgu baraj, Dolu savak, Duraysizlik, Heyelan

ASSESSMENT OF THE INSTABILITY MECHANISM OF SPILLWAY WITH
REFERENCE TO AN EARTHFILL DAM IN THE NORTHWEST OF TURKEY

M. Celal Tunysluoglu', Pinar iskenderkaptanogluz,
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’Barbaros Mahallesi, Yenal Sok., Denizciler Sitesi, B-Blok, 9, Canakkale, Tiirkiye,
3Akenerji Elektrik Uretim A.S., Nenehatun Cad. 98/4, G.O.P., Ankara, Tiirkiye.

The purpose of the earthfill dam which is located in the northwest of Turkey, is to control and store water
for an irrigation project. The geotechnical investigations of the earthfill dam were performed in spring 1998. At
the time of the spillway construction, a mass movement occured at the right bank in spring 2010. According to
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the investigation, the mass movement is directly related to the excavation on the toe of the slope at the right bank
downstream. As a result of the mass movement, toe buttres which supported the spillway was disturbed and
spillway started to move at the dip direction of the slope. Thus, shear diagonal cracks on the walls of the
spillway constituded.

The main goal of the present study is to assess the instability mechanism of spillway for an earthfill dam.
Detailed geological and geotechnical investigations were carried out in order to understand the reasons for this
mass movement and the spillway instability in the dam area. Furthermore 6 geotechnical boreholes with total
depths of 95 m were drilled to determine the vertical and horizontal properties of the units at the spillway and
landslide location. The results of the investigations revealed that, the spillway is located on the pyroclastic rocks
which are consist of agglomerate and tuffite. Claystones which are dark green to dark grey overlaid with tuffites.
The spacing of tuffite discontinuites increased at the dip direction of slope was determined. According to these
observations, not only the spillway but also the tuffit unit have started to move on the claystone at the dip
direction of slope.

In this study, the shear strength parameters of tuffite and claystone were determined. After the method of
limiting equilibrium was used to analyze the stability of the spillway. The slope stability analyses in the mass
movement area were performed. Also, to cease the spillway instability remedial methods are suggested.

Key Words: Earthfill dam, Spillway, Instability, Landslide.

GOLET YUKSELTMELERINDE KARSILASILAN SORUNLAR
VE BIR ORNEK: BUCUK GOLETI (SINCAN-ANKARA)

Nazif Demir
DSI 25/18 Sondaj Sube Miidiirliigii, Cayirhisar Tesisleri, 10050, Balikesir, Tiirkiye,
ndemir7419@hotmail.com.

Kurak yillarda tarimsal amagli sulamaya olan ihtiyag artmaktadir. Bu ihtiyag, ya yeraltisularmin asir
kullanim1 veya goletlerde depolanan sularin tiiketilmesi ile sonuglanmaktadir. Bu durumda, vatandaslarca
depolama hacmi kii¢lik olan ve ¢ogu zaman dolusavaktan tasan sulama goletlerinin yiikseltilerek depolanan su
hacminin arttirilmasi talep edilmektedir. Govdenin yiikseltilmesi talebinin diger bir nedeni ise sediman tagimnimi
ve ¢Okelmesi sonucu rezervuar hacminin kiiciilmesidir. Artan su talebine kisa vadede ¢oziim bulmak amaciyla,
uygun olan goletlerin gdvdelerinin yiikseltilmesi DSI tarafindan yillardir uygulana gelen bir yontemdir. Ancak,
govdeleri yiikseltilen goletlerde zaman zaman sorunlar yasanmaktadir. Bu sorunlardan en 6nemlisi kagak
problemidir. Bir-iki ay gibi ¢ok kisa bir siirede yiikseltilen goletlerde kagak probleminin arastirilmasi ve 1slahi
¢ogu zaman bir sezonu agan bir stireyi kapsamaktadir.

Govdesi ytikseltildikten sonra sorun yasanan goletlerden biri Ankara—Sincan—-Bucuk Goletidir. 1983
yilinda insaati tamamlanan goletin yapim asamasinda enjeksiyon aligmalarina gerek goriilmemistir. Ancak,
isletmeye gectikten bir siire sonra, 1998-1999 yillarinda dolusavak diisii havuzu kenarinda gozlenen su ¢ikisi
nedeniyle golet gévde dolgusu izerinden enjeksiyon yapilmistir. Aym yil gélet su seviyesinin yiikselmesiyle sag
yamagta olusan su kagaklar1 enjeksiyon ¢alismasi ile kesilmigtir. 2005 yilinda yiikseltme ¢aligsmalar: tamamlanan
golette 2009 yilinda sag yamagta, derivasyon tiineli etrafi ve istiinde su kagaklar1 ortaya ¢ikmustir. Ayrica topuk
dren kuyularindan oldukca fazla miktarda su gelisleri gozlenmistir. Yapilan 6lglimlerde toplam su kagaklarinin
yaklasik 20 litre/saniyeoldugu tespit edilmistir. Su kagaklart sonucunda heyelan baslamasi nedeniyle enjeksiyon
calismalarma baslanmistir. Nisan — Ekim 2010 ayalar1 arasinda yapilan enjeksiyon ¢aligmalarinda 1248,5 m (
285,0 m kil dolgu + 963,5 anakaya ) delgiyle 503.883,5 kg kati madde enjeksiyonu yapilmistir. Gévdede kil
dolgu iizerinden yapilan enjeksiyonlarda ozellikle kil dolgu—anakaya dokanagindaki ahliglar dikkat gekici
olmustur.

Yapilan enjeksiyon ¢alismalart ile, sag yamaglardaki sular tamamen kesilmis, topuk drenlerinden gelen
sular ¢ok azalmistir (4-5 litre/saniye). Bunun sonucunda, 2010 yili sonbaharinda enjeksiyon calismalarina ara
verilmistir. Ancak, enjeksiyon calismalar siirerken golette sulamada kullanim nedeniyle su seviyesi zamanla
diismiistiir. Golette azalan kacaklarda debi ol¢limii, g6l su seviye degisimi ve yeni olusturulan enjeksiyon
perdesinin memba mansabinda agilan gozlem kuyularinda yapilan slgiimler devam etmektedir. 2011 yili bahar
aylarinda gol su seviyenin maksimuma ulasmasiyla bir degerlendirme yapilarak, islah ¢aligmalarinin yeterli olup
olmadigina karar verilecektir.

Gerek Bucuk goletinde ve gerekse yiikseltilen bagka depolama tesislerinde yasanan sorunlardan ¢ikarilan
sonug; golet yitkseltmelerinin iyi bir fizibilite ¢aligmasindan sonra, kaliteli malzeme kullanilarak, standardina
uygun ingaat tekniklerinin uygulanmasimn zorunlu oldugudur. Aksi halde sonradan ¢ikan sorunlarin giderilmesi
hem daha zor, hem de daha maliyetli olmaktadir.

Anahtar Kelimeler: Golet, sulama suyu ihtiyaci, su kacaklari, enjeksiyon.
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AN EXAMPLE TO PROBLEMATIC ELEVATED SMALL DAMS: BUCUK DAM
(SINCAN-ANKARA)

Nazif Demir
DSI 25/18 Sondaj Sube Miidiirliigii, Caywrhisar Tesisleri, 10050, Balikesir, Tiirkiye,
ndemir7419@hotmail.com.

The needs for water for agricultural irrigation purposes increase in the dry seasons. This needs results in
excessive use of groundwater resources or consumption of water stored in small dams. In this case, people want
to enlarge the reservoir volume of small dams by increasing the height of dam wall, that overflow from the
spillways. The rapid fill due to sediment transport and deposition is the other cause of this demand. Increasing
the height of dam wall is routine practice of DSI (State Hydraulic Works) to supply water demands in a short
period of time. However, some problems have been experienced in the small dams that the height of dam walls
have increased. One of the most important problems is leakage. The works of rehabilitation to stop the leakage
usually last over one season.

Bucuk dam (Sincan-Ankara) is one of the problematic dams due to increased height of dam wall.
Grouting has no carried out at the beginning of the construction of the dam. However, grouting has applied from
the dam wall after construction of the dam in 1998-1999, because of the water discharge from the downstream of
the dam. Besides, leakage after the water level has been elevated in the reservoir from the right side of the wall
has prevented by the grouting works in the same year. The wall of the Bucuk dam has elevated in 2005. In 2009,
seepages have appeared over and around the diversion tunnel. On the other hands, a remarkable amount of
discharge has observed from the foot drainage facility. The total discarge was measured as 20 liter/sec. (when the
reservoir level has been maximum) in the spring season of 2010. Moreover, a landslides has occured above the
tunnel due to the leakage. As a result, grouting works have started from the right side of the dam wall. The
grouting works has lasted from Appril to October. Totally 1248 m drilling (285 m in dam wall, 963 m in the
volcano-sedimentary formation) and about 504 kg grouting have applied. The high amount suctions have
occured the contact zone between the dam wall and the bedrock.

The leakages on the right side (above the tunnel) have complately disappeared, and the leakages around
the tunnel and discharge from the foot drains have significantly decreaed after the grouting applications (4-5
liter/sec). For this reason, grouting works has delayed in October. But, reservoir level has decreased due to the
irrigation when construction of the grout curtain was over. For this reason, observation of the reservoir water
level, grondwater level in the wells located upstream and downstream side of the groute curtain and mesuring the
discharges of the seapages have continued during the winter and spring season of 2011. A detailed assesment
will be done and make a desition if the rehabilitation project will contine or be over, after the reservoir water
level would reach the maximum, at the end of the spring season of 2011.

The evoluation of the leakage problems on Bucuk dam, as the other elevated small dams indicate that,
increasing the height of dam wall should be realized after a sufficient fisibility, by using qualified material and
by applying standardized construction tecniques. Otherwise, to overcome the problems would be more difficult
and costly.

Key Words: Small dam, irrigation water demand, leakage, grouting.

KIRIKKALE - KALECIK (ANKARA) KARAYOLUNDAKI HEYELANIN
JEOTEKNIK DEGERLENDIRMESI

N. Parlak Seker1 ve Recep Kilic?
'Karayollar: Genel Miidiirligii, Ankara, T iirkiye, nparlak@kgm.gov.tr,
2 Jeoloji Miihendisligi Boliimii, Ankara Universitesi, Ankara, Tiirkiye.

Kirikkale ile Kalecik (Ankara) arasindaki dort kiigiik heyelandan olusan Kalecik heyelaninin
mithendislik jeolojisi ve yenilme sartlarindaki jeoteknik ozellikleri incelenerek degerlendirilmistir. Heyelan
alaninda Ust Kretase Ofiyolitik Melanjina ait tamamen ayrigmis serpantinit ile ayrismis radyolarit bloklart
bulunmaktadir. Heyelan alaninda 8 noktada toplam 165.0 m jeoteknik amaglh sondaj yapilmistir. Sondaj
kuyularina yerlestirilen inklinometreler ile heyelanin kayma yiizeyi hakkinda bilgiler elde edilmistir. Ayrigmig
serpantinit ve radyolaritler, birlestirilmis zemin siniflama sistemine gore kili kum, killi cakil, diisik ve yiiksek
plastisiteli kildir. Litolojik birimlerin kohezyon ve igsel siirtiinme agis1 makaslama deneyleri ile belirlenmistir.
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Sev duraylilik analizi i¢in gerekli olan artik makaslama dayanimi parametrelerin belirlenmesinde “Slide
5.0” sev durayhilik analizi programu kullanilarak Bishop (1955) yontemi ile geriye doniik analiz yapilmigtir.
Analiz sonucunda statik kogullarda giivenlik sayisinin 1.00 olmasi i¢in artik kohezyon 15.3 kPa ve artik igsel
stirtiinme agis1 14° hesaplanmigtir. Yamacin uzun dénemde duraylilifinin saglanabilmesi i¢in yamag egimi 3/1
(vatay / diisey) olarak yeniden kademelendirilmesi ve yiizey sularina karsi drenaj 6nlemlerinin alinmasi
Onerilmigtir. Bu durumda, statik kosullarda giivenlik sayist 1.30 olarak hesaplanmigtir.

Anahtar Kelimeler: Kirikkale-Kalecik karayolu, inklinometre, sev durayliligi, geriye doniik analiz, makaslama
dayanim, ofiyolitik melan;.

GEOTECHNICAL ASSESMENT OF THE LANDSLIDE ON THE
KIRIKKALE - KALECIK HIGHWAY (ANKARA, TURKEY)

N. Parlak Sekerl and Recep Klllg:2
!General Directorate of Highways, Ankara, Turkey, nparlak@kgm.gov.tr,
Faculty of Engineering, Ankara University, Ankara, Turkey.

Engineering geology and geotechnical characteristics under the terms of failure of the Kalecik landslide
which composed of four small landslides between Kirikkale and Kalecik (Ankara) are investigated. The Kalecik
landslide area comprises of completely weathered serpentinite and weathered radiolarite blocks belonging to the
Upper Cretaceous Ophiolitic Melange. Eight geotechnical boreholes with a total length of 165 m were drilled in
the landslide area. These boreholes were equipped with inclinometers and the probable slide surface was
investigated using the data gathered from the inclinometers. Altered serpentinite and radiolarites are identified
as clayey sand and clayey gravel with high and lower plastic clay according to the Unified Soil Classification
System. Cohesion and coefficient of internal friction of lithological units are determined by shear box test.

Residual shear strength parameters necessary for slope stability analysis are obtained by back analysis
method according to Bishop (1955) is method using Slide 5.0 Stability Analysis sofware. As a result of stability
analysis in static conditions for a safety factor of 1.00, residual cohesion and internal friction angle are
determined as 15,3 kPa and 14 degree, respectively. To ensure in the longterm stability of the slope, the cut-
slope is redesigned and benched with a ratio of 3/1 (horizontal/vertical) in association with drainage works
against the surface water. In this case, the safety factor of the slope for static conditions was calculated as 1,30 .

Key Words: Kirikkale-Kalecik highway, inclinometer, slope stability, back analysis, shear box test, ophiolitic
melange.

SEV DURAYLIGI UZERINE BiR VAKA ANALIZi: FEKE HEYELANI

Turgut Safa', Ahmet Burak Goktepe® ve Selim Altun®
[Akenerji Elektrik Uretim A.S., Nenehatun Cad. 98/4, G.O.P., Ankara, Tiirkiye,
*Istanbul Universitesi, Miihendislik Fakiiltesi, Insaat Miihendisligi Béliimii, Avcilar, Istanbul, Tiirkiye,
’Ege Universitesi, Mithendislik Fakiiltesi, Insaat Miihendisligi Boliimii, Bornova, Izmir, Tiirkiye.

Bu caligmada Adana ili Feke ilgesi sinirlari igersinde insaat: devam etmekte olan Feke-I HES projesine
ait enerji santralini etkileyen heyelanin meydana geldigi sevin duraylik durumu analiz ve gozlemler yardimi ile
incelenerek alinan onlemlerin degerlendirmesi yapilmistir. Gergeklestirilen analizler icin gerekli veriler,
topografik Glctimler, saha incelemeleri, sondaj ¢aligmalari, inklinometre okumalari, YASS olcimleri ve
laboratuvar deneyleri yardimu ile elde edilmistir. Daha sonra, limit denge analizi ve sonlu elemanlar yéntemi ile
gerceklestirilen caligmalar dogrultusunda éngériilen sev desteklemeleri sorgulanmistir. Bu dogrultuda, her iki
yontemlerle elde edilen sonuglarla, arazide gézlenen reel heyelan bilgileri karsilagtirilarak, yontemlerin basarisi
hakkinda karsilastirma yapilmistir. Béylece biiyiik 6lgekli bir paleo-heyelanin topugunda bulunan énemli bir
mithendislik yapisinin sev durayhiligi kapsamli bir sekilde incelenmistir. Sonug olarak, sayisal hesaplamalar ile
fiili durumun karsilagtirmas: yapilarak mevsimsel etkilere bagh olugan bosluk suyu basinci degisimlerinin etkisi
degerlendirme yapilmistir. Elde edilen bulgular, paleo-heyelanlarin topugunda yapilmas: diisiiniilen miihendislik
yapilarinin igerecegi sev stabilite problemleri ve bosluk suyu basinci degisimlerinin bunlar iizerindeki etkisinin
anlasilmas1 acilarindan 6nem tagimaktadir.

Anahtar Kelimeler: Heyelan, Sev stabilitesi, Inklinometre, Sonlu elemanlar yontemi.
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A CASE STUDY ON SLOPE STABILITY: FEKE LANDSLIDE
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2stanbul Universitesi, Miihendislik Fakiiltesi, Insaat Miihendisligi Boliimii, Avcilar, Istanbul, Turkey,
3Ege Universitesi, Miihendislik Fakiiltesi, Insaat Miihendisligi Boliimii, Bornova, Izmir, Turkey.

In this study, the landslide affecting power house building of Feke-I HEPP project, which is located at
Feke district of Adana province, is investigated as well as the success of the slope supporting system is assessed
by evaluating the stability conditions of the slope performed by means of numerical analyses and field
observations. The database required for the analyses is obtained with the help of topographic measurements,
field investigations, boring studies, inclinometer readings, water table level measurements, and laboratory tests.
Furthermore, the slope supporting system determined as a result of limit state and finite element analyses is
questioned. In this context, the results obtained by using both of the methods are compared with actual field
observations of the landslide to perform realistic evaluations. Therefore, the slope stability problem influencing
an important engineering structure that is located at the toe of a large paleo-landslide is investigated
comprehensively. Consequently, actual circumstances and the results of the analyses are compared including
seasonal pore water pressure variations. The results of this investigation could be helpful to the engineers
focusing on such landslide problems.

Key Words: Landslide, slope stabilityi, inclinometer, finite element analyses.

ANI.(AR‘_A-i__STﬁANB”UL Y(‘_‘gKSEK HIZLI TREN PROJESI iKiNCi ETAI:-iKiNCi
KESIM (INONU-KOSEKOY) 34 NOLU TUNELDE KARSILASILAN TUNEL ici
DEPLASMANLARIN ETKILERI VE COZUM ONERILERI

Evren Posluk', Mustafa Korkang' ve Ebu Bekir Aygar2
'Nigde Universitesi, Jeoloji Miihendisligi Boliimii, 51245 Nigde, Tiirkiye,
evrenposluk@gmail.com,
2SIAL Yerbilimleri, Farabi Sokak 7/3 06680 Ankara, Tiirkiye.

Bu ¢alismada Ankara-istanbul Yiiksek Hizli Tren Projesi ikinci etap ikinci kesim (Inénii-Kosekdy)
yapim igleri kapsaminda grafit sistler icerisinde NATM yontemiyle agilan, KM: 231+578,00 ile KM:
229+360,00’da bulunan ve toplam uzunlugu 2218 metre olan 34 nolu tiinel ayrintili olarak incelenmistir. Tiinel
imalat adimlari (iist yari-alt yari-invert) sirasinda karsilasilan tiinel ici deplasmanlar serit ekstansometre ve opto-
trigonometrik yontemle olgiilerek nedenleri ve etkileri ortaya konmustur. Yamagta agilan tiinel giris agzinda, ist
yari imalat1 ile alt yari imalati arasinda gegen siirede deplasmanlarin, ozellikle tiinel tabanina ve et kalinliginimn
yiiksek oldugu noktalardan az oldugu noktalara (tiinel igerisine) dogru oldugu belirlenmistir. Tiinel ¢ikiginda ise
hareketlerin ayak bolgelerinde oturma seklinde oldugu, tinelin iist yarismin birlikte hareket ettigi ve birlikte
oturdugu saptanmustir. Her iki kazi bolgesinde de olusan deformasyonlar proje igin dnerilen sinirlarint asgtigi
konverjans ve tiinel igerisinde yapilan tarama okumalari ile ortaya konulmustur. Belirtilen kesim igin 6nerilen
birincil destekleme sisteminin (bulon tipi, bulon boyu, iksa kalinligi vb.) tiinel imalat1 igin yeterli olmadig
anlasilmis ve revize edilmistir.

Olusturulan yeni destek modeli sayisal olarak Phase™® (V. 5.040) programi ile analiz edilmistir.
Oncelikle oturmalarin ayaklarda oldugu goz oniinde bulundurularak iist yarida iksa tabanlarinin bastigi alan
genisletilmis (fil ayag1) ve gegici invert uygulamast ile yiik dagitilmaya caligilmistir. Bulon tipi ve boyutlarinda
da degisiklige gidilmistir. Projede onerilen 6n delgi gerektiren SN tip bulon imalati esnasinda agilan kuyularda
¢okmeler yasanmustir. Bu nedenle de kendinden delmeli bulon tipine ge¢ilmistir. Bulon boyutunun belirlenmesi
yonelik olarak tiinel igerisine ROD ekstansometre monte edilerek, imalat adimlar1 goz oniinde bulundurularak
giinliik dlgiimler almmustir. Sonug olarak 4 metre olan bulon boyunun 8 metreye cikarilmas: ile tiinel kazilar:
sorunsuz olarak tamamlanmistir.

Anahtar Kelimeler: Yiiksek Hizli Tren, Sist, Deplasman, Deformasyon, NATM.
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THE EFFECTS AND SOLUTION SUGGESTIONS OF DEPLACEMENTS FACED IN
THE SECOND STAGE SECOND SECTION WORKS OF ANKARA-ISTANBUL
HIGH SPEED TRAIN PROJECT (INONU-KOSEKOY) TUNNEL NUMBER 34

Evren Poslukl, Mustafa K()rkang:1 and Ebu Bekir Aygar2
'Nigde University, Geological Engineering Department, 51245 Nigde, Turkey,
evrenposluk@gmail.comr,

SIAL Yerbilimleri, Farabi Sokak 7/3 06680 Ankara, Turkey.

In this study, 2218 m long Tunnel number 34 located between KM: 231+578,00 and KM: 229+360,00
that excavated through graphite schists by NATM method within the context of second stage second section
works of Ankara-istanbul High Speed Train Project (Indnii-Kosekdy), was investigated. The displacements
faced in tunnel during tunnel construction steps (upper semi-tunnel, lower semi-tunnel, invert) were measured by
tape extensometer and opto-trigonometric methods, their reasons and effects were stated. At the tunnel entrance
that was excavated on the slope, it is determined that displacements are oriented particularly towards the bottom
of the tunnel and from high overburden thickness to low thickness (in the tunnel) in elapsed time between upper
semi-tunnel and lower semi-tunnel constructions. It was also stated that the movements are as settlements at the
foots, upper semi-tunnel is moving and settle together at the tunnel exit. The deformations that are occurred in
both excavation regions are stated with convergence and scan readings made in the tunnel. It was understood that
suggested support system (bolt type, bolt length, revetment thickness etc.) for stated section is not sufficient and
so revised.

New reinforcement model was analyzed numerically by Phase®™ (V. 5.040) software. Firstly
considering that the settlement are on the foots, in the upper semi-tunnel, the area of the revetment basements
were widened and tried to distribute the load by temporary invert application. Bolt type and dimensions were
also amended. The collapses occurred in the holes during SN type bolt construction. Thus, Self Drilling bolt type
was used. ROD extensometer was set up in the tunnel for determination of dimension of bolt and daily
measurements were performed by taking the excavation steps into consideration. In conclusion, after increasing
the length of the bolt from 4 meters to 8 meters, tunnel excavations are completed without any problem.

Key Words: High Speed Train, Schist, Displacement, Deformation, NATM.

BILECIK-BAYIRKOY KUMTASI OCAKLAR.I_NDAKi URETIM
CALISMALARININ T.C.D.D. HIZLI TREN TUNELINE ETKIiSi

Mahir Vardarl, Remzi Karagiizell, Kemal Yamkz, Cengiz Kuzul,
Rahmi Eyiiboglul, Erkan Bozkurtoglul, Mehmet Oktay Tascr’,

Yilmaz Mahmutoglu', Cenk Kocak' ve Gokhan Sans’
"I T.U, Maden Fakiiltesi Jeoloji Miihendisligi Béliimii,
Camis Madencilik A.S.

Ankara-Istanbul hizli tren giizergahinin Vezirhan-Bayirkdy arasindaki kesimi tiinel gegistir. Tiinelli
gegisin Ust kotlarinda kumtasi ocaklari bulunmaktadir. Bilecik-Bayirkdy Cigtepe, Raytepe ve Hattepe’deki
kumtagi ocaklarinda iiretim genelde patlatma teknigi ile yapilmaktadir. Bu arastirmada, Bayirkdy kumtasi
ocagindaki firetim ¢alismalarinin hizli tren tiineline etkisi arastirilmistir. Ocaklarin tiinele etkisi ve ne kadar
yaklastirilabilecegi; ocak ve tiinel geometrisi, morfolojik, jeolojik, hidrojeolojik, jeomekanik etmenlerle patlatma
yonteminin uygulanmasi sirasinda olusabilecek titresimler dikkate alinarak irdelenmistir. Calismada, yamaglar
orten ¢ogunlukla gevsek ve az tutturulmus yamag molozlarinimn patlatma ve kazi ¢alismalar sirasinda hareket
edebilecegi belirlenmistir. Inceleme alamindaki litolojiler, hidrojeolojik ozellikleri agisindan degerlendirilerek,
ocaklardaki tretim ve tinel galismalarinda yiizey ve yeralti sularindan kaynaklanabilecek olasi sorunlar
tartigilmistir. Hammadde arastirma sondaj verileri yani sira iki lokasyonda daha sondaj yapilarak yeralt1 jeolojisi
degerlendirilmis, yeralti suyuna rastlanmamigtir. Calisma alanimin hakim litolojisini olugturan kumtas1 ve
kiltasinin fiziksel ve mekanik Ozellikleri laboratuar deneyleri ile belirlenerek ortammn modellenmesinde
kullanilmistir. Arazi ve laboratuar verilerinden olusturulan modele gore; patlatma titresimlerinin etkilerini
arastirmak amaciyla, Cigtepe, Raytepe ve Hattepe iiretim alanlarinda 3 ayri noktada (P1,, P1, P2, P3) iiretim
amagh atimlar yapiimistir. Cevre ve Orman Bakanligi'nin Cevresel Giriiltiiniin Degerlendirilmesi ve Yonetimi
Yonetmeligi 5. boliimdeki “Cevresel Titresim Esas ve Kriterleri, Yerlesim Alanlarinda Cevresel Kaynaklar I¢cin
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