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LIKYA MINELCO

ORIGINS
Likya Minelco owns extensive deposits containing various proportions of the
two UltraCarb minerals: huntite and hydromagnesite.
The chemical formula of these two minerals is as follows;
Huntite Mg;CalCOyu)s
Hydromagnesite =~ Mga(CO5)s(OH),.3H,0
After extraction from the quarries the raw material is transported to the
company’s dedicated processing plant near Izmir.

1
The raw material is dried, ground and classified to produce the product u’,mCarb
UltraCarb.

SPECIAL PROPERTIES ) ] } HYDRATED MAGNESIUM CALCIUM CARBONATE
Ultracarb combines properties normally associated with several different

materials, which can be used jointly or individually to improve many applications
including rubber, plastics, surface coatings, mastics and sealants (refer to table

overleaf). CHEMICAL COMPOSITION PHYSICAL PROPERTIES

The flame-retardant properties make it a valuable alternative to many of the The chemical composition is typically: In appearance UltraCarb is a very fine white powder.

traditional flame-retardants used in the plastics and rubber industry. The : A summary of the products’ typical physical properties is as follows:

decomposition is endothermic, al?sorbing heat, and thle'reby requcing flame and Specific gravity 25

surface temperatures. The evolution of 53% of the original weight, as non- yop. P

flammable carbon dioxide and water vapour, also dilutes any of the smoke and Magnesium as MgO bl sl 9/100g

flammable gases evolved . Calcium as Ca0 6-9 Refractive index 166

The onset of decomposition occurs at 220°¢, allowing Ultracarb to be Silica as Si0; 02-1 Surface area 1-17 milg

incorporated in high-melt polymers and facilitating improved compounding rates Aluminium as AlLO, 0.1 Hardness {Moh) 25

in intermediate meltmg_ point polymers. Thg fine pgmcle size of Ultrgcarb yields Sulphur as 505 o Toose Bulkdensiy 02-05 kgl

polymer compounds with good surface finish and improved mechanical 1rom 25 Foud 006

properties. 2 i The components of UltraCarb start to decompose at 220°C by the
. : - Potassi K. 0.01 i

The product also offers rheclogical properties beneficial to the manufacture and ClesHimag kO 'Ol‘ow‘niﬂf;ag;gg') — 3MgO + CaO + 4CO.

T P Eedi : - Titaniumn as TiO, 0.01 8 ola 2
pracpgal apphcapon of a range of seglgnts, providing a \_nabie alternative to the 2 Mgs(COOHL 3H,0 —=  4MgO + 3CO; + 4H,0
precipitated calcium carbonates traditionally employed in these systems.

In addition to flame retardant and rheological properties, Ultracarb offers a high Loss on ignition at 1000°C 51-54 The decomposition is endothermic with a heat change of ~1000 J/g
brightness and neutral whiteness that makes it an ideal extender for titanium Aod msoluble matter 1.3 and a total weight loss of 53% of the original weight.

dioxide particularly in surface coating applications.

GENERAL PROPERTIES GRADES AVAILABLE

The usual grinding and classification process generates hydromagnesite and UltraCarb is produced in various grades covering different proportions of the huntite to hydromagnesite biend, often

with controlled coating levels to provide products for specific applications. Grades with higher levels of

huntite particles with median particle sizes of 4 microns and 0.5 microns hydromagnesite are more suited to flame retardant applications whilst those with higher huntite levels are more suited |

respectively. 7 . for use as rheclogy control agents.
Ultracarb has a plate-like structure, the aspect ratio (diameter:thickness) for
hydromagnesite is about 7 and for huntite is about 14. Given that the median Stearate coatings allow for reduced oil absorption and improved dispersion properties. This results in lower viscosity

particle size of huntite is 0.5 microns the thickness of the plates can therefore systems enabiing a higher loading in polymiers to be achieved.

be calculated at approximately 0.035 microns. Silane coupling agents can also be added to enable the reduction of viscosity and provide a bond between the filler and

Additional surface treatments may then be applied to produce coated grades the polymer.
which have been designed to further improve the performance in specific -
applications. TYPICAL PROPERTIES
<
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Gediz (Kiitahya) Bolgesinin Jeotermal Olanaklar: ve Isi Kaynag
Aragtirmalari, Bati Anadolu, Tiirkiye
Exploration of The Heat Source and Geothermal Possibilities of the Gediz
(Kiitahya) Region, Western Anatolia, Turkey

Musa BURCAK', Nazim YILDIRIM:' ve A. Riza KILIC
"MTA Genel Miidiirliigii, Enerji Hammaddeleri Etiit ve Arama Dairesi, 06520, Ankara, Tiirkiye ( burcak@mta.gov.tr)
“MTA Genel Miidiirliigii, Jeofizik Etiitleri Dairesi, 06520, Ankara, Tiirkiye

0z.- Calisma alani Kiitahya ili, Gediz ilcesi batisi ile Saphanedag arasini igine alir. Bolgede temeli,
Menderes masifinin kuzey kenarina ait Paleozoyik yash gnays, sist ve mermerleri olusturur. Mende-
res-masifi kayaglarmin olusturdugu bu temel kayaclar Kretase yash Dagardr ofiyolitik melanji tara-
findan tektonik olarak tizerlemektedir. Tiim bu kayag birimleri Neojen — Kuvaterner yasli sediman-
ter ve volkanik kayaglarla diskordan olarak ortiilmektedir.

Gediz jeotermal alani bati Anadolu’da yer alan orta entalpili sahalar arasinda yer alir. Sahada yer alan
kaynaklarin sicakligi 70-76 °C arasindadir. Alanda 78- 93 °C sicakliklarda akigkanin tiretildigi iig ire-
tim kuyusu (301-542-752m) yer alir. Sahada sicak kaynak ve sondajlardan tiretilen akigkanlara ait
toplam termal potansiyel 27.57 MWt dir. Alandan iiretilen akigkan kaplicalarda kullanilmaktadir. Ge-
diz sahasindan tiretilen akigkanin, sicakligi itibariyle (2700 konut es degeri) alan 1sitilmasinda kulla-
nilmast miimkiindiir.

Calisma alaninda saha jeolojisi, uzaktan algilama, fotojeoloji, manyetotelliirik(MT), hidrotermal al-
terasyon, su kimyasi, hidrolojik izotop ¢aligmalart yapilmustir.

Sahada gnaysin kirik zonlari ve mermerler rezervuar seviyelerini olusturmaktadir. Jeotermal siste-
min ortii kayacini ise KB-GD dogrultulu graben havzasinda ¢okelmis, Neojen yash golsel ¢cokellere
ait, kil ve marnli seviyeler ile tiifler olusturmaktadir.

Jeotermal 1s1 kaynaginin ve derin rezervuar varliginin arastirilmasi amaciyla, iki profil boyunca 30
noktada manyetotelliirik(MT) yontemi uygulanmistir. MT arastirma sonuglarina gore, iki bolgede 5-
6 km derinlikte yer alan diisiik rezistiviteli kiitle, jeotermal 1s1 kaynagini olusturabilecek, sicakligim
heniiz kaybetmemis magmatik intriizyonlara yorumlanmistir. Bu anomalilerden birincisi Gediz jeo-
termal sahasi yakininda, digeri ise bundan 6-8 km kuzey, kuzeybatida yer almaktadir. Manyetotellii-
rik galigmalarla alanin kuzey kesimlerinde ortii kalinliginin 700-1000 m’ye kadar ulagtig1 belirlenmis
olup, 1000-1500 m derinlikte derin rezervuarin varhigina isaret eden veriler elde edilmistir.

Hidrotermal alterasyon caligmalari igin, 15 adet numune iizerinde X-Ray Diffractometre (XRD) ve
X-Ray Fleuroscence (XRF) analizleri uygulanmigtir. Hidrotermal alterasyona ugrayan ana kayaclar,
Kuvaterner yagh bazalt ve Paleozoyik yash gnaystir. Kimyasal analizler, primer mineral toplulugu-
nu belirlemek amaciyla, ana kayaglardan alinan iki adet petrografik numune ile desteklenmistir.
XRD sonuglarina gore belirlenen hidrotermal alterasyon toplulugu, kuvars — kaolinit — smektit — il-
lite - kalsit - dolomit ve hematittir. Yiizey hidrotermal alterasyonu mineral toplulugu, alterasyona ne-
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den olan jeotermal akigkanlarin, alterasyonu olustugu zamanda, yaklagik 150-175°C sicaklikta ve no-
tiir- zayif asit pH kosullarinda oldugunu gostermistir. Yiizey hidrotermal alterasyonunun isaret etti-
gi bu sicaklik (150-175 °C) giiniimiiz sicaklik kosullart ile kargilagtirildifinda, 150-175 °C’lerden yii-
zey kosullarinda 76 °C’ye, yer altinda ise 93 °C’lere kadar diistiigii belirlenmistir. Benzer pH kosul-
larinin giiniimiizde de etkin oldugu soylenebilir.

Alanda yer alan sicak ve soguk sularin, kimyasal karateristiklerinin belirlenmesi ve jeotermometre
uygulanarak rezervuar sicakligina yaklagimda bulunulmasi amactyla kimyasal analizleri yapilmstir.
Su kimyasi ¢alismalarina gore alanda yer alan sicak sular, Na-SO,-HCO, tipte, sofuk sular ise

Ca-HCO, tiptedir.

Alanda yer alan sicak sularin beslenme alani, su kayag iligkisi ve yer altinda gegis siiresi gibi bilgi-
lerin elde edilmesi amaciyla durayli (Oksijen-18 and doteryum) ve radyoaktif (trityum) izotop ¢alis-
malar1 uygulanmistir. Durayli izotop ¢aligmalari, es-Cl ve es-SiO, konsantrasyon haritalari beslenme

alaninin kuzeyde (Saphanedag) oldugunu, Trityum analizleri ise jeotermal sularin yasinin 5-10 yil ol-
dugunu gostermistir.

Elde edilen tiim verilerle, alanin kuzey ve kuzeybatisinda gegirimsiz, kalin ortii altinda derin jeoter-
mal rezervuarin varligina isaret eden umut verici sonuglar ortaya ¢ikarmistir. Silis jeotermometre
(kuvars) hesaplamalarina gore, rezervuarin derin zonlarinda 127-134 °C rezervuar sicakligr beklen-
mektedir.

ABSTRACT.- The studied area is located between Gediz and Saphanedag at Kiitahya province in
Western Anatolia. The basement rocks of studied area comprise Paleozoic aged gneiss, schist and
marble which belong to north- north-eastern margin of the Menderes massif. These basement rocks
are tectonically overlain by Cretaceous aged Dagardr ophiolitic melange. All these units covered by
Neogene Quaternary aged sedimentary and volcanic rocks.

Gediz geothermal area is one of the medium enthalpy geothermal areas in the western Anatolia. The
hot spring temperature is 70-76 °C in the area. There are three production wells (301-542-752m)
which have 78-93°C geothermal fluid. Total thermal energy potential of the Gediz area is 27.57
MWt. Geothermal fluids have been used for thermal bath facilities. It can be suitable for district
heating (equivalent 2700 dwellings).

Field geology, remote sensing, aerial photo studies, magneto-telluric, hydrothermal alteration,
hydro chemistry and hydrological isotope studies have been carried out in the study area.

The fractured zones of gneiss and marble form the main reservoir in the area. The cap rock of the
geothermal reservoir is clay and marl stratas belonging Neogene aged lacustrine sediments and tuff
deposited in NW-SE directional graben structure.

To clarify the geothermal heat source possibilities and deep reservoir exploration magnetotelluric
method has been used along two profiles at thirty stations. On the basis of Magnetotelluric (MT) stu-
dies. two low resistivity anomalies defined as intrusions have not lost its heat at 5-6 km depth which
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can be interpreted as a heat source in two regions. One of them is near Gediz geothermal area and
other is at the about 6- 8 km north-north-eastern from this field. Magneto-telluric methods studies
indicate incrising the thicness of impermeable cap rocks from south to the north and reached 700-
1000 m in the graben and presence of deep reservoir approximately 1000-1500 m depth.

Hydrothermal alteration study has been carried on fifteen samples using XRD and XRF analyses.
The host rock of hydrothermal samples is Quaternary aged basalt and Paleozoic aged gneiss. Analy-
ses have supported with two petrographical analyses to define primer mineral assemblages in the
fresh basalt. Hydrothermal mineral assemblages are quartz — kaolinite — smectite-illite-calcite-do-
lomite and hematite. Surface hydrothermal alteration studies indicate that, geothermal fluids caused
the alteration had a temperature about 150 to 175°C and weakly acidic to neutral pH condition
when the alteration occurred. When the temperature (150-175) which indicated surface hydrother-
mal alteration compare with recent hot water temperature (76-93°C) which has been found that the
surface temperature have been decreased from 150-175.

150-175°C 1o 76 °C at the surface and 93 at the subsurface. Recent PH condition is very similar to
pH condition which indicated by hydrothermal alteration.

Water chemistry studies have been carried out to define chemical characteristics and estimate reser-
voir temperature using geothermometre calculation. On the basis of water chemistry studies hot wa-
ters have been classified as Na-SO -HC O, type and cold waters Ca HC O, type.

Stable (Oxygen-18 and deuterium) and radioactive isotopes (tritium) studies have been carried out
to learn about recharge area and travel times. Stable isotope studies, chloride and Si0, iso-concent-

ration maps indicate that the recharge area is at the north (Saphanedag). Tritium analyses showed
that the travel time of the waters from recharge area to discharge area are 5-10 years.

All of the data have collected from the area show promising result indicating existence of possible
deep resevoir under the tick impermeable cap rocks at the north and northwestern region of the area.
Water chemistry studies indicate that, 127-134 °C reservoir temperature has been expected in the de-
eper zone of the reservoir according to silica (quartz) geothermometre.
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Diizce-Efteni Alaninin Jeotermal Acidan Incelenmesi
Geothermal Investigation of the Diizce - Efteni Area
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OZ.- Efteni jeotermal alani Diizce ili, Golyaka ilgesi, Efteni golii kenarinda(KB Tiirkiye), Kuzey
Anadolu Fay zonunda bulunan Diizce faymin Efteni segmenti lizerinde bulunmaktadir. Alanin je-
otermal 6zelliklerini aydinlatmak amaciyla 2000 ve 2001 yillarinda MTA Genel Miidiirliigiiniin Ener-
ji Aramalar1 Projeleri kapsaminda ¢aligtlmistir. Efteni kaplicasinda 43,6°C sicaklikta, hafif kiikiirt ko-
kulu, gazli ve yaklagik 4-5 lt/sn debide akigkan ¢ikmaktadir. Kaynagin debi ve fizikokimyasal 6zel-
likleri olas1 depremlere hassasiyet gostermektedir.

Alanda temeli Perakambriyen yash metagranitoyitler olusturmaktadir. Bu temel iizerinde, konglo-
mera-kumtasi-marn-tiifit ardalanmasindan olusan Eosen yash volkanosedimanter birim uyumsuz
olarak bulunmaktadir. Gevsek tutturulmug konglomera-kumtagi-¢amurtagindan olusan Pliyo-Kuva-
terner yasl sedimanter birim ile Kuvaterner yash aliivyonlar en geng birimlerdir.

Efteni kaplica alanindaki sicak sularin pH'lar1 6,4 ile 7,3, EC’ leri 325-3054 BS/cm arasinda degis-
mektedir. Alandaki sicak sular Na+K>Ca>Mg ve HCO,>CI>SO, seklinde kompozisyon gostermek-

tedir. Silis jeotermometrelerine gore rezervuar sicakligi 50-90 °C arasinda hesaplanmustir. Jeolojik
gézlemler, radon gazi dlclimleri ile rezistivite degerlerine gore alanda yogun aktif kirik sistemlerin
oldugu, akiskanin kirik-catlak sisteminden geldigi, sahada olgiilebilen derinliklerde sicak akigkanin
yayilim yapmadig1 belirlenmistir. Meteorik kokenli sularin siiziilerek derinlere inip 1sindiktan sonra
kirik hatlarini takip ederek yiizeye ¢ikmakta oldugu belirlenmistir.

ABSTRACT.- The Efteni geothermal area is located on the Efteni segment of the Diizce fault found
in the North Anatolian Fault Zone, on the coast of the Efteni lake, Golyaka county, Diizce town. Stu-
dies have been carried out within the scope of Energy Research Projects of MTA General Directo-
rate in order to clarify the geothermal properties of the area in the years 2000 and 2001. In the Ef-
teni thermal spring, there is a fluid of 43.6 OC, which is gaseous has light sulphur odor and a flow
rate of approximately 4-5 lt/sec. The flow rate and physico— chemical properties of the source are
sensitive to probable earthquakes.

In the area, the basement rock consists of Precambrian aged metagranite. An Eocene aged volcano
sedimentary unit consisting of conglomerate — sandstone — marn — tuffite sequence unconformibly
overlies this basement. The Plio — Quaternary aged sedimentary unit consisting of loosely — attac-
hed conglomerate — sandstone — mudstone and the Quaternary aged alluvions are the youngest units.

The pH and the EC of the hot waters in the Efteni thermal spring area range from 6.4 to 7.3 and from
325 to 3054 BS/cm respectively. The hot water in the area have a composition of Na + K> Ca > Mg
and HCO3 > Cl > S04. The reservoir temperature has been calculated to be between 50-90 0C ac-
cording to silica geothermometers. According to geological observations, radon gas measurements
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and resistivity values, there are intense active fault systems in the area, the fluid comes from the this
system and that the hot fluid is not spread in measurable depths in the area. It has been determined
that waters of meteoric origin flow to the deep and after becoming hot, follow the fracture lines and
reach the surface.
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Bakircay (Bergama—izmir) Jeotermal Alaninda Etkin Olan
Yapisal Unsurlara Dair Yeni Veriler
New Evidence of Structural Elements That Dominate At Bakir¢ay
(Bergama-Izmir) Geothermal Area
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*MTA Genel Miidiirliigii Enerji Hammaddeleri Etiit ve Arama Dairesi, 06520-Ankara
“MTA Dogu Akdeniz Bolge Miidiirliigii, 01360-Adana
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0O7Z.- inceleme alanini da icine alan Bati Anadolu Grabenler bolgesinde Orta Miyosen’de baglayan
carpigmanin sonucu olarak etkili olan, K-G yonlii gelisen, stkisma tektonik rejimi genelde tiim bol-
genin ve inceleme alaninin jeodinamik evriminde en etkili yapisal unsurdur. Ust Miyosenden sonra
D-B olarak degisen sikigma tektonik stil dinamiklerine gore Neotektonik donemde yapisal unsurlar
karakterlerini ve yonlerini degistirmisler ve bolgenin tektonik evrimine, magmatizmasina, ¢okel tip-
leri ve havza olusumuna neden olan bu jeotektonik sitil dinamigi giiniimiizde gerilmeye doniiserek
devam etmektedir.

inceleme alaninda bu tektonik dinamik igerisinde gozlemlenen egim atimh faylar yaklagik D-B uza-
nimhdir. Sindel kyii civarinda iyi sekilde gozlemlendigi igin bu isim ile anilan fay bolgenin tekto-
nik sitiline gore diisiiniildiigiinde tist Miyosen’den daha gen¢ olmahdir. 42°lik bir egime sahip fay,
havzanin grabenlesmesinde etkili olan fay sistemleri ile paralellik gosterir. Ancak havzada tam an-
Jlamuyla bir grabenlesmeden soz edecek yeterli veri gozlenememistir. Bu nedenle Bakircay havzasin-
dan yarim graben olarak soz etmek eldeki verilerle en dogru tanim olarak degerlendirilmelidir. Hav-
zanin giineyinde yer alan Sindel fayina kargilik havzanin kuzeyinde bu tiir fayin verileri gozleneme-
mistir. Bolgedeki grabenlesme yasi ile ilgili degisik aragtirmacilar tarafindan Orta Miyosen-Kuvater-
ner arah@inda yaslar verilmigtir. Bu calismada bu tiir bir havzay: olusturabilecek faylanmanin Ust
Miyosen’den sonra gelistigi gozlenmistir.

Bolgesel calismalardan, jeofizik verilerden ve sicak su ¢ikiglarinin dagihmlarmdan inceleme alaninin
tektonigi ile ilgili varilabilecek bir sonugta; gelisen yarim grabenin diisen blogunda degisik bslme-
lerde degisik miktarlarda gerilmesiyle ana faya dik dogrultuda yanal atimli, kopmug faylar olusmus-
tur. Bitisik bolmelere gore kendi i¢inde daha az gerilmeye ugramus olan bolme ana horsta gore daha
uzaga giden, komsu bolmelere gore daha agagi gokerek ana graben ve horst diginda kesigen horst ve
kesisen graben yapilari geligmigtir. KD-GB dogrultulu yapilarla ilgili jeolojik ve jeofizik veriler el-
de edilmis olup bolgedeki sicak su bosalimlari bu yapilarla iligkilidir.

Anahtar kelimeler: Yarim graben, kesisen horst, kesisen graben, Bakir¢ay, jeotermal sahast

ABSTRACT.- In Western Anatolia Grabens district comprising the field study, In the Middle Mi-
ocene N-S directional compressenional tectonic regime developed as a resault of collision has gre-
atly determined the geodynamic evolution of the region in general and investigation area. After the
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Upper Miocene with the variation of the compressing direction as E-W, the extensions and charac-
ters of the structural elements developed in the Neotectonic Period also changed direction accor-
dingly this geotectonic style dynamics which caused the deformation of basin and sediment rypes,
magamatism and tectonic evolution of the region, is still contuneing today, being transformed to
stres.

The deep slip faults observed within the tectonic dynamics in the investigated area are approxima-
tely E-W extensional. The deep slip fault to which the name of the Sindel village has been given be-
cause it can be observed well around this village must be younger than Upper Miocene when consi-
dered according to the tectonic evolution of the region. The fault which has a deep of 42°, is para-
lell to the fault system which affect the graben Jorming mechanism of the basin. However. no suffi-
cent datas has been observed to fully talk abaout a grabenization in the basin. Therfore to mention
the Bakir¢ay basin as a half graben should be evaluated as the most correct definition, considering
the available datas. Contrary to the Sindel fault of this type have not been observed in the North of
the basin. Ages varying from Middle Miocene to Quarternary have been given by various researc-
hers regarding the grabenization age in the region. In this study, it has been observed that a faulting
that can form such a basin developed after the Upper Miocene.

One other conclusion that could be reached regarding the tectonics of the investigated area from
distribution of hot water discharges, regional studies and geophysical studies is fallin block of the
developed half graben, lateral deep broken off Jaults vartical to the main fault have been Sformed with
the tension in various parts in various amounts. The part which has undergone less tension within
itself compered to adjoining parts has developed cross horst and cross graben structures besides the
main graben and horst by collapsing further below the neigboring parts and which has gone father
with respect to the main horst. The geological and geophsical datas of NE-SW extensional structu-
res has been obtained that the hot water discharges are related with these structure.

Key words: Half graben, Cross graben, Cross horst, Bakirgay, geotermal area
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Denizli Ilindeki Jeotermal Potansiyelin Kullanilabilirligi
Usability of Geothermal Potential In Denizli Province

Ibrahim AKKUS, Hafize AKILLI, Onder AYDOGDU ve Sinan SARP
MTA Genel Miidiirliigii Enerji Hammaddeleri Etiit ve Arama Dairesi, 06520-Ankara
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OZ.- Ulkemizin sahip oldugu jeotermal enerji potansiyeline karsilik bu enerji kaynagimin kullanimi
hak ettigi diizeyde degildir. Bunun en 6nemli nedeni yetersiz arastirma olanaklari, biitge, potansiyel
bilgileri ve yasal bosluktur. Onceleri dzellikle bu iki sorun yiiziinden ¢ekinceli davranan yatirimeila-
rin, son yillarda bu konudaki olumlu gelismeler tizerine jeotermal enerjiye dayali yatirim girigimle-
rinde hizli bir artis gdzlenmektedir. Yatirimeilart dogru yonlendirmek amaciyla yapilan bu inceleme-
de secilen Denizli ili, jeotermal potansiyel yoniinden Tiirkiye'nin en zengin yerlerinden birisidir. Ege
graben sistemine bagli olarak olugmug B. Menderes ve Gediz grabeni ile bunlarin kesistigi yerde bu-
lunan Ciiriiksu grabeninde ¢ok sayida jeotermal alan bulunmaktadir. Jeotermal alanlarda yapilan ¢a-
lismalarda elde edilen bilgiler, Denizli ilinde énemli bir potansiyelin oldugunu gostermektedir. De-
nizli-Kizildere alani 242°C rezervuar sicakhigi ile Tiirkiye nin en yiiksek sicakliga sahip sahasidir. De-
nizli’de yer alan jeotermal alanlardaki kaynak ve alan sayis, Tiirkiye'nin en yiiksek sicakliktaki re-
zervuara sahip olmasi gibi 6ne ¢ikan ozellikler nedeniyle jeotermal potansiyel bakimindan oldukca
ilgi cekmektedir. Denizli ilindeki jeotermal kaynaklar cesitli amaglarla kullanilmaktadir. Kizildere'de
15 MWe kurulu giice sahip santralde ortalama net 12,5 MW elektrik iiretilmekte, elektrik tiretiminin
yani sira buhar iginde kondanse edilemeyen gazlardan CO, alinarak kuru buz tretimi yapilmaktadr.
Atik akigkandan ise Saraykdy ilgesinin isitilmasinda yararlamimaktadir. Denizli’de kullanilabilir du-
rumdaki potansiyelden yararlanma ekonomik boyutlarda degildir. Jeotermal amagl ¢aligmalar belir-
li alanlarda yogunlagmistir. Bu jeotermal alanlar yaninda diger jeotermal alanlarda da aragtirma-ge-
listirme caligmalari yapilmasi halinde mevcut potansiyelden ¢ok daha yiiksek potansiyel degerlerine
ulagilacaktir. Elde edilecek potansiyel kullamim gesitliligini saglayacak ve daha ekonomik yararlan-
ma segeneklerini gelistirebilecektir. Ozellikle Kizildere sahasinin devaminda yer alan Karatag alanin-
da arama/iiretim sondajlari agilarak Kizildere alaninda iiretilen sicaklikta akigkan elde edilebilecektir.
Giiniimiizde, teknolojinin gelismesiyle teorik olarak 80-110 °C sicakligindaki jeotermal akigkandan
elektrik tiretilebilmektedir. Golemezli alaninda agilan kuyulardaki sicaklik ve debi degerleri bu alan-
da 6nemli bir potansiyelin oldugunu gdstermektedir. Havza kenarinda agilan sig kuyulardan tiretilen
akigkan sicakliklar 1sitma uygulamast igin uygun degerlerde olmakla birlikte agilacak derin kuyular-
dan elektrik tiretimine uygun sicaklikta akigkan tiretimi siirpriz olmayacaktir. Yapilan hidrojeokimya-
sal analiz sonuglari ova igerisinde yapilacak derin kuyularda bu bekientiyi gliclendirmektedir. Saray-
kdy sahasindaki potansiyelden elektrik tiretimi yaninda diger uygulamalarda da yararlanilabilir. Tek-
kehamam jeotermal alaninda yapilan sondaj ve jeokimya ¢aligmalari sonucu rezervuar sicakligmin
220 °C oldugu hesaplanmigtir. Bu nedenle Kizildere jeotermal alanina alternatif en timitli sahadir. Ye-
nice ve Karahayit sahalarindan iiretilecek akigkan, isitma uygulamasinda yararlanilabilecek nitelikte-
dir. Diger sahalardan iiretilecek jeotermal akigkandan elektrik tiretimi ve 1sitma uygulamas: diginda-
ki kullanimlarda ekonomik olarak yararlanilabilir.

Denizli’de yer alan jeotermal alanlarda basta elektrik {iretimi olmak iizere ¢ok ¢esitli kullanim sece-
nekleri sunan 6nemli bir potansiyel bulunmaktadir. Ancak Tiirkiye genelinde oldugu gibi Denizli
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ilindeki jeotermal alanlarda da koruma onlemlerinin alinmasi kayna@in siirdiiriilebilirligi ve potansi-
yelin kullanilabilirligi agisindan son derece énemlidir. Kontrolsiiz, denetimsiz ve teknigine uygun
olarak agilmayan kuyular ve yapilan uygulamalar nedeniyle Karahayit 6rneginde yasandig: gibi kay-
nagin siirdiiriilebilirligi riske atilmakta, rezervuarin dengesi bozulmaktadir. Dolayisiyla énemli bir po-
tansiyele sahip Denizli ilindeki jeotermal potansiyelin ekonomik kullanimi ve stirdiiriilebilir 6zelli-
ginin saglanmas i¢in oncelikle potansiyelin ortaya ¢ikarilmasina yonelik ¢aligmalarin yapilmasi, ye-
nilenebilir ve siirdiiriilebilir 6zelliklerinin korunmasi gerekmektedir.

ABSTRACT.- Contrary to the geothermal energy potential in Turkey the usage of this energy reso-
urce is not at the level it deserves. The most important reason for this is insufficient potential infor-
mation and law arrangements. Previously, although the investors acted timidly especially because
two problems, a rapid increase has been observed in their investments on geothermal energy upon
positive developments about the matter in recent years. The province of Denizli, choosen in this study
carried out to direct correctly the investors, is one of the richest place in Turkey in terms of geother-
mal potential. There are many geothermal areas in B. Menderes and Gediz grabens which were for-
med in relation to the Eagean graben systems and in the Ciiriiksu graben which is located where the-
se two grabens intersect. The information obtained from the studies carried out in the geothermal
areas show that there is an important potential in Denizli province. The Denizli-Kizildere area has
the highest reservoir temperature in Turkey with 242 °C. Denizli attracts quite a lot of attention re-
garding geothermal energy because of the numbers of resource and area in the geothermal areas,
and its having the reservoir of highest temperature in Turkey. The geothermal resources are being
used for various purposes in Denizli. At the Kizildere power station which has 15 MWe installed ca-
pacity, net 12,5 MW electricity is produced in addition to dry ice production which is made by ta-
king CO, from non-condansable gases in vapor. On the other hand, waste Sluid is being used for he-

ating the Saraykdy town. Making use of usable potential in Denizli does not bear economic dimen-
sion. Studies of geothermal purposes are intense in certain areas. Potential values much higer than
the present potential will be obtained if research-development studies are carried out in other geot-
hermal areas besides the ones mentione above. The potential to be obtained will provide usage dif-
ferences and can develop more economic usage alternatives. Especially in the Karatas area which
is located in the continuation of the Kizildere area fluid having the same temperature as that produ-
ced in the Kizildere area can be obtained by opening production drillings. Today, electricity can be
produced theoritically from geothermal fluids which have 80-110 °C temperature and flow rate of the
wells which were opened in Gélemezli show that there is a significant potential in this area. Altho-
ugh the temperature values of the fluid which was obtained Jrom the shallow wells that were opened
near the basin is suitable for heating purposes, obtaining fluids from deep wells to be opened which
have suitable temperature for electricity production will not be surprising. The results of the hydro-
geochemical analysis strengthen this expectation in deep wells which will be drilled in the plain. The
potential in the Saraykoy area can be utilized in other applications besides the electricity producti-
on. As a result of drilling and geochemistry studies carried out in the Tekkehamam geothermal area
the reservoir temperature was calculated to be 220 °C. Therefore it is the most promising area as an
alternative to the Kizildere geothermal area. The fluid which will be produced from the Yenice and
Karahayit areas has the quality of being utilized in heating application. The geothermal fluid which
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will be produced from other areas can be utilized economically in applications other than electricity
production and heating.

In the geothermal areas located in Denizli there is a significant potential presenting various appli-
cation areas, especially electricity production. However, taking protective measures in the geother-
mal areas in Denizli is utterly important for the utilization of the potential and sustainability of the
resources, which is the case in the whole of Turkey. Due to wells opened without control, inspection
and without conforming to the neccessery techniques and applications carried out, the sustainabi-
lity of the resource becomes risky and the balance of the reservoir is upset, which was the case in
the Karahayit example. Therefore, in Denizli, in order to obtain the sustainability and economic usa-
ge of the geothermal potential, which is significant, firstly studies to determine the potential must be
carried out, and renewability and sustainability properties must be protected.
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Jeotermal Alanlardaki Akiskanlarin Jeokimyasal Modellemesi ve “C ile
Dolagim Siirelerinin Belirlenmesinde
Ar-Ge Cahismasina bir Ornek :Kizildere Denizli
Geochemical Modelling of Fluids in Geothermal Sites and an R and D
Example for the Circulation Period Determination Using *C;

Kizildere, Denizli

Ismail Noyan GUNER ve Nazim YILDIRIM
MTA Genel Miidiirliigii Enerji Dairesi, AR-GE Birim Yoneticiligi Eskisehir Yolu 5 km. 06520 Cukurambar Ankara,
(n.guner@mta.gov.tr)

Ege Bolgesinde yer alan Biiyiik Menderes grabeninin dogusunda, Buharkent-Yenice-Pamukkale-
arasinda kalan bolgedeki ¢ok sayida kaynak ve kuyuda Jjeotermal akigkan bulunmaktadir. MTA Ge-
nel Miidiirligii tarafindan yiiriitiilen “Biiyiik Menderes Grabeninde Yeralan Yiiksek Sicaklikli Jeoter-
mal Akigkanlarda Yag ve Koken Tayini” projesinin bir pargasi olan bu galisma, bolge ile ilgili izo-
top ve hidrojeokimyasal verilerle ¢alisma kapsami i¢inde yer alan kaynaklarin beslenme ve sirkiilas-
yon siirelerinin belirlenmesini, hedeflemektedir Bu amagla bolgede yer alan sicakliklari 35 °C ile 242 °C
arasinda defisen akiskanlari gruplandirmak, yeraltinda gecirmis oldugu jeokimyasal siirecler ile k-
kenlerini belirlemek, beslenme yiiksekliklerini hesaplamak ve dolagim siirelerini tesbit etmek icin
sukimyasi, §'80, 8°H, §°H, C, §%4S-SO , ve 8'%0-S0, izotop drneklemeleri yapilmigtir.

Enel (1988) ve Yildirim ve Giiner (2002)’de verilen hidrokimya verilerine gore toplam 10 degisik
tipte hidrojeokimyasal karekterle siniflandirilmigtir. Bu sulardan alti tanesi 242 °C sicaklikli 4. tiirde
Na-HCO,’l1 (<90 TDS<130 meq/l) Kizildere termal sular ile 1. tiirde Ca-HCO, (TDS<30 meq/l), 2.
tiirde Ca-HCO,-SO, (TDS ~110 meq/l) ve 3. tiirde Na-SO,’l1 (TDS ~70 meq/l) sularin ¢esitli oran-
lardaki karigimlarindan olusmaktadir.

Yildirim ve Giiner (2002), s18 dolagimli soguk su kaynaklarinin déteryum-yiikseklik degisimine gore
Kizildere ve Tekkehamam jeotermal termal sularinin ortalama 1300-1900 m kotlarr arasindan beslen-
digini, 8*S-SO, ile 3'*0-SO, izotop analiz sonuclarina gore Tekkehamam termal kaynaklari ile ya-
kin gevresinde bulunan termal kaynaklarin sularinda bulunan SO , lyonunun kokeninin Simsek

(1984) tarafindan adlandirilan Pliyosen yagh Kolonkaya formasyonu iginde bulunan jipsler oldugu-

nu ve Kizildere jeotermal elektrik santralindeki derin kuyulardan ¢ikan jeotermal sularin 8"*0-S0,

izotop igeriginde yiiksek sicakliktan dolay: 8'""0-H,0 ile meydana gelen degisim miktar1 %46-84 ara-
sinda degistigini belirtmistir.

Kizildere jeotermal elektrik santralindeki kuyulardan bosalan sularin Plummer, ve digerleri (1996)
tarafindan gelistirilen NETPATH jeokimyasal modelleme programinda yapilan degerlendirilmelere
gore, Kizildere sahasindaki degisik kuyulardan bosalan jeotermal akigkanin "“C izotopuna gore dola-
sim stiresi 22.500-27.500 yil arasinda degismektedir. Yildirmm ve Olmez, (1999), Tekkehamam je-
otermal alanindaki sularin kuzeydeki Kizildere jeotermal sahasindan giineye dogru yer altindan akiga
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gecen jeotermal akigkanin Tekkehamamdaki s1g yer alti sulari ile karigmas sonucu meydana geldigi-
ni belirtmistir. Soz konusu karigim modeli baz alinarak yapilan 14C izotopu; dolagim yasi R-1 kuyu-

su i¢in 31.000 yil, Tekkehamam jeotermal alaninda yer alan Babacik ve Inalt: kaynaklari igin 35.000
yil olarak hesaplanmustir.

ABSTRACT.- Many geothermal fluids are encountered in numerous springs and wells in the area
between Buharkent — Yenice — Pamukkale located in the Aegean Region to the east of the Biiyiik
Menderes Graben. This study, constituting a part of the project called “Age and Origin Determina-
tion of the High Temperature Geothermal Fluids in the Biiyiik Menderes graben” and directed by the
MTA General Directorate, aims the recharge and circulation period verification of related resour-
ces by means of interpreting isotopic and hydrochemical data of the above mentioned region. For
this purpose, water chemistry, §°0, H, &H, "*C, §*S-SO, ve §'0-SO, isotope sampling have be-
en realized in order to determine the geochemical processes taken underground as well as origin,
recharge altitudes and circulation periods while grouping the fluids with temperatures between 35
°C - 242 °C located in the region.

Enel (1988) and Yildirim and Giiner (2002), had classified these hydrochemically characted waters
in 10 different types, according to the given chemical data. They have indicated that, six of the clas-
sification are constituted from the mixtures of waters at 242 °C and 4" type Na-HCO, belonging to

Kizildere thermal waters (<90 TDS<130 meq/l), I type Ca-HCO3 (TDS<30 meq/l) waters, 2" type
Ca-HCO -SO, (TDS ~110 meq/l) waters and 3" type Na-SO, (TDS ~70 meq/l) waters.

Yildirim and Giiner (2002) have indicated that, Kizildere and Tekkehamam geothermal waters are
recharged from an altitude of 1300 — 1900 m according to the deuterium — elevation variation of the
shallow circulating water resources. They also have mentioned that, according to the 5''S-SO, and

8'%0-S0, isotope analysis, the SO, ion found in thermal springs, located in Tekkehamam and pro-

vince, originated from gypsiums of the Pliocene aged lithology, named by Simgsek (1984) as Kolon-
kaya formation. The 8'*0-SO, content of the geothermal waters, discharging from deep wells in the

Kizildere geothermal electric plant site, has changed at a 46 — 84% ration due to 6"°0-H 0 exchan-
ge at high temperatures.

According to the evaluation of the '*C isotope using NETPATH geochemical modeling programme,
generated by Plummer, et-al. (1996), the geothermal fluid discharging from the Kizildere power
plant, corresponds to turnovertime of 22.500 - 2 7.500 years. Yildirim and Olmez (1999) inform that,
waters of the Tekkehamam geothermal field originate from the mixture of shallow groundwaters en-
countered in site with geothermal fluids underflowing from the Kizildere geothermal field, located
north, towards south. Taken into consideration this mentioned mixture model, the '*C isotope indi-
cates turnovertime of 31.000 years for R-1 geothermal well and 35.000 years for the Babacik and
Inatl springs, located in the Tekkehamam geothermal field.
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Caybag (Ozalp-Van)Jeotermal Alaninda Aramadan Sondaja
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Geothermal Energy Investigation (from Exploration to Drilling) of
Caybag (Ozalp —Van) Geothermal Field (Eastern Tiirkey)
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OZ.- inceleme alanini da icine alan Dogu Anadolu Bolgesi'nde Neotektonik donem Orta Miyo-
sen’de kita-kita carpigmasi ile baglamistir. Carpigma sonucu geligen sikigma tektonik rejimi genelde
tiim bolgenin jeodinamik evrimini biiyiik 6l¢iide belirlemistir. Bu tektonik rejime bagli olarak kav-
ramsal modele uygun sekilde onemli yapilar gelismistir. Sicak akiskanin bosalim yapti81 kaynak ya-
kininda E-W yonli, sag yonli dogrultu atimli Caybagi fay1 inceleme alaninin 6nemli yapilarindan bi-
risidir.

Sikisma tektonigine eslik eden Neovolkanizma carpigsma ile kokensel iligkilidir. Dogu Anadolu’da
kalinlagan kabugun kismi ergimesi sonucu olusan magma ile tist manto malzemesinin karisma Uri-
nii gen¢ volkanitler genis bir yayilima sahip olup alkali ve kalkalakali niteliktedir.

Neotektonizma'nin etkin oldugu jeotermal alanda, 59 °C sicakliga sahip ve 0.04 1/s debide bosalim
yapan kaynak mevcuttur. Kaynaktan alinan sicak su numunelerinin analiz degerlerine uygulanan SiO,

jeotermometresine gore rezervuar sicakligi 120-130 °C arasinda hesaplanmigtir. Sicak akigkan jeo-
kimyasal agidan, yiiksek B, F ve silisik asit iceren Na-HCO,-CI'lii sular sinifina girer..

Inceleme alaninda, Haziran 2001 de jeolojik ve hidrojeolojik ¢alismalar, 2002 Haziran-Temmuz ay-
larinda da jeofizik ¢aligmalar gerceklestirilmistir. Jeofizik ¢alismalar, gravite, manyetik ve rezistivi-
te (DES) olmak lizere ii¢ ayr1 yontem uygulanarak gergeklestirilmistir. Jeofizik veriler degisik bilgi-
sayar programlari kullanilarak, araziye yonelik yorumlar detayli olarak yapilmugtir.

Elde edilen veriler 1s18inda sicak akigkan eldesine yonelik olarak yapilan sondaj kuyusu ile ilgili lo-
kasyon belirlenmis ve Temmuz-2003’de belirlenen bu lokasyonda 452.35 m derinlikte gergeklestir-
len bu sondajda, 87 °C sicaklikta, 80 1/s gayserli, 30 I/s siirekli akan debiye sahip akigkan elde edil-
migtir.

Anahtar kelimeler : Neotektonizma. Caybagi-Van, Jeofizik, Sondaj, Sicak akiskan

ABSTRACT.- In Eastern Anatolia comprising the investigated area, in the Middle Miocene the Ne-
otectonic period starting with contirent-continent collision, the compressional tectonic regime deve-
loped as a result of collision, has greatly determined the geodynamic evolution of the region in ge-
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neral. Depending on this tectonic regime important structural elements have developed in accordan-
ce with the conceptual model. E-W trending right lateral strike slip Caybagi fault near hot spring is
the important structural element in the investigated area.

Neovolcanism accompained the neotectonic regime is collision related. The young volcanics being
a mixture product of the upper mantle material and magma formed as a result of partial mellting of
the lower parts of the thickenned continental crust in the Eastern Anatolia are widely spread and have
alkaline characteristic.

In geothermal system developed in the area where neotectonism is efficient, geothermal fluid from
a spring having a temperature of 59 °C and flow rate 0.04 l/s is discharge. According to the SiO,

geothermometer of the hot water samples gathered; reservior rock temperatures ranging from 120
C to 130 °C have been calculated. Hydrochemical characterization of the thermal water shows that
it is Na-HCO, Cl type with high B, F and silisic acid content.

Geological and hydrogeological investigation of field was performed in June 2001 and then geo-
phsical investigation of field was performed in June-July period of year 2002. Geophsical surveys
have been made using three different kinds of geophysical methods in Van-Ozalp-Caybag area. In
this investigations; gravity, magnetic and rezistivity (VES) measurment have taken on specified sta-
tions had been taken geophysic measurements.Geophysical measurments have been processed with
different computer programs and finally the investigations were interpreted in detail.

As a result very little warm place has been formed near the hot springs. At the end of geological and
geophsical invesigation results, well drilled with a depth of 452.35 m in July 2003, and taken out
hot fluid of 87°C . The well’s flow rate is about 80 l/s with geyser, 33 /s with sustained flow.

Key words: Neotectonism, Caybagi-Van, Geophysics, Drilling, Hot fluid
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Bir Jeotermal Sistemde Potansiyel Belirleme ve Entegre Uretim Tesisleri
Planlama Calismalari
Determination of Potential and Planning of Integrated Production Plants in
Geothermal Systems

Nazife DIKENOGLU YILMAZ
EIEI Genel Miidiirliigii (nyilmaz@eie.gov.tr)

Kurumumuz, Elektrik Isleri Etiit [daresi Genel Miidiirliigii (EIEI), 24 Haziran 1935 tarihli, 2819 sa-
yili “Kurulug Yasasi"nin Madde 2, “A” bendindeki “Memlekette mevcut su kuvvetleri ve sair enerji
membalarini tetkik edecek elektrik istihsaline en elverigli olanlar1 tespit etmek™ ifadesine uygun ola-
rak, 69 yildir “hidrolik enerji” potansiyelini belirlemek i¢in akarsu havzalarinda yaptigi ilk etiit, mas-
ter plan, yapilabilirlik ve kesin proje ¢aligmalariyla halihazirda kullanimda olan %35’lik potansiyelin
%85’inde emegi gegmistir. Ayrica, heniiz kullanimda olmayan %65°lik kismin proje ¢aligmalart ile
akarsularimizin heniiz degerlendirilmeyen yan kollar1 ve kiigiik akarsulart kapsayan “Ilave HES Po-
tansiyeli Belirleme Ilk Etiit Calismalari”’n1 yiirlitmektedir.

Akarsu giiciinden yararlanilirken, giiniimiizde, EIE ve DSI her akarsu havzasini uzun yillar bilgi bi-
rikimi ve deneyimleri sayesinde bilimsel olarak aragtirip, planlayip en optimum fayday: saglama yo-

luna gitmektedir. Havzanin master plani yapilmadan higbir yatirimeiya kullanim izni verilmemekte-
dir.

Bir akarsu havzanin master plani tamamlandiginda tesis yerleri tek tek veya toplu halde 4628 sayili
kanuna ve su kullanim hakk: yonetmeligine uygun olarak bagvuran yatirimctya DSI’ce agilir. Bagvu-
ru olmadig1 takdirde tesis yerlerinin fizibilite ¢aligmalart yetkin kurumlar olan EIE veya DS ce ya-
pilir. Ayni anlayig jeotermal kaynaklarin kullaniminda da egemen olmalidir.

Jeotermal sistemlerin dort boyutlu (X, y, z ve zaman—yas-) konumu ve potansiyeli tam olarak belir-
lenmeden jeotermal kaynagin planlamas: yapilmamalidir. Her iki alanda uzman kamu kurum ve ku-
ruluglari ile ozel sektor kuruluslari is birligi yapmahidir.

Ulkemizde heniiz arama safhasinda olan sahalarda bile biiyiik yatirimlara girisilmekte, aceleci dav-
ranan ve yanls yonlendirilen yatinmeilar farkinda olmadan yatirimlarini biiyiik risklerle karst kargtya
birakmaktadirlar. Riski artiran bir diger faktor de rezervuar parametrelerinin belirlenmeden, sistemin
modellemesi yapilmadan ayni sahada birden fazla girisgimcinin jeotermal enerjiye dayali yatirim yap-
mak istemesi halinde ortaya cikmaktadir. Jeotermal sistemlerde optimum iiretim kosullarina uyulma-
diginda rezervuar dengesi olumsuz olarak etkilenmektedir.

Jeotermal kaynaklarin yiizeysel emareleri dikkate alinarak rezervuarin asil yeri, jeolojik-stratigrafik
model 1s181nda litolojiler arasindaki gegirgenlik dikkate alinarak da hazne kayaglarin yerleri tahmin
edilir. Jeolojik, hidrolojik ve hidrojeolojik model galismalar1 sonucunda muhtemel rezervuar sis-
tem(ler)i sondajli aragtirmalarla aragtirilarak yerleri kesinlestirilir.

Boya deneyleri ve/veya izotop izleme teknikleri yardimiyla rezervuara giren-gikan su miktar: hesap-
lanir. Jeotermal sisteme gereginden az suyun girdigi tesbit edilirse, kaynag: fazla sogutmayacak se-
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kilde, akiskan gekim miktarini artirmak i¢in gerektiginde yiizey gélciikleri (baraj, golet vb. yapilar)
yardimiyla sizma miktar artirilir. Sisteme fazla sularin girig-cikis yaparak sistemi soguttugu belirle-
nirse suyun girig yaptigs jeolojik birimler belirlenerek akis yukarisinda yapilacak kapanlar ve su ile-
tim yapilariyla, rezervuara girig yapmadan sistemin disina atilabilir.

Master plan ¢alismalariyla sularin dogal yolla, beslenim-bosalim miktari ve akigkanin sicaklik potan-
siyelinin belirleyerek, bir jeotermal sistemden nasil yararlanilacag: belirlemek i¢in “Fizibilite Calig-
malari”na baglanir. Fizibilite ¢alismalarinda, sistemin 6zelliklerine gore, agsagida maddeler halinde
verilen kullanim alanlarinin hangisi ve/veya hangilerinin uygun olabilecegine karar verilir.

a) Akigkanin sicakligi uygunsa oncelikle elektrik enerjisi elde edilmesine,

b) Elektrik enerjisi elde edildikten sonra, tiirbinden gikan sicak buharin ve ayirici ile ayrilan sicak su-
yun, yakinda varsa, yerlesim birimlerindeki binalarin 1sitmasina,

¢) Binalarin merkezi 1sitma ile 1sitilmasindan sonra sistemden dénen sicak sularin termal havuzlarda
biriktirilerek degerlendirilmesine,

d) Termal havuzlardan ayrilan sularin, ¢evrede varsa sera amaciyla diizenlenen topraklarin isitilmasi-
na,

e) Sera sistemlerinden donen sularda kiiltiir balikgilig imkénlart arastirlmasina,

f) Kiiltiir balik¢iligr i¢in kurulan havuzlardan ayrlan sularin, cevre kirliligine yol agmamast igin re-
zervuara yeniden enjekte (reenjeksiyon) edilmesine karar verilir.

Yukaridaki aragtirma asamalari tamamlanmadan, sistemin modeli kesinlesmeden, rezervuar sahasin-
da yatinmeilara sondajli aragtirmalara izin verilmemesi, boylece kaynagin bozulmamasi saglanmali-
dir. Bir jeotermal sistemde potansiyel belirleme calismalari teknik, ekonomik ve idari nedenlerle
uzun stirecekse, yatirimeilara, aragtirmalari potansiyel belirleme ¢aligmalarinin bir parcasi olmak kay-
diyla izin verilebilir.

Entegre tesislerin tamami veya bir kismi i¢in bagvuran yatirimeilara ruhsat verildikten sonra, rezer-
vuari kullanma ve kurulacak tesislerin devamliligr ve ekonomik verimliligi igin yetkin kuruluslar ta-
rafindan siirekli denetim ¢aligmalari yapilmalidir.

ABSTRACT.- Our institution, General Directorate of Electrical Power Resources Survey and Deve-
lopment Administration (EIE) had spent all its efforts on the 85 % of presently used 35 % potential
with preliminary study (pre study), master plan, executability and exact project works in order to
evaluate “hydroelectric energy” potential in river basins for 69 years in accordance with the state-
ment in Clause 2, Article “A” of June 24, 1935 dated and 2819 numbered “Foundation Law” which
suggests to “investigate all nationwide water forces and other energy sources and identify the most
suitable ones for electricity production”. In addition, it has administered the project works for re-
maining non-used potential and “Pre Study Works for Extra HEPP Potential Evaluation” which inc-
ludes small rivers and branches which are non-utilized.
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If the power of river were like that, today EIE and DSI choose to research and plan scientifically
with their knowledge and experience for long years to provide the optimum benefit from every river
basin. No investors are given rights of usage before the master plan of the domain is completed.

After completing master planning of the sites of plants, they are opened by one or totally to the in-
vestors who applied for these plants in according with the No.4628 law and tha specifications rela-
ted to water usage rights. In case of no applications, feasibility works related to the projects of the
sites of facilities are carried out by specialized organizations such as EIE and DSI. The same men-
tality should be dominant in the usage of geothermal resources, t0o.

Planning of geothermal resource should not be made before the 4-dimensional (x, y, z and time -age)
location and potential of the geothermal fields is completely determined. Cooperation with public
institutions specialized in both areas is needed.

In country, great investments are being applied even to the sites which are at the stage of exploration
and thus by acting quickly investors who are directed wrongly put their investments in to great risks.
Another factor which is increased to the risk, in case of many investors want investment which is ac-
cording to geothermal energy in same fields, before the reservoir parameters is not determined.
When it is not conditions of optimal production in geothermal fields, equilibrium of reservoir is ne-
gative effected.

Place of reservoir is estimated by geological-hydrogeological models and surface parameters of ge-
othermal resources in according to study of geological, hydrologic-hydrogeological models. Pro-
bably reservoir systems are determined by drilling investigations.

By tracers and isotope tests amount of input and output water in reservoir is computed. When the in-
capabable waters through to in the geothermal systems, amount of fluid discharges is increased by
surface water points (dams, small dams and other water structures etc.).

In reservoirs where geothermal waters naturally flows in and out and heat potential of the fluids is
known “Master Planning” and “Feasibility Studies” are started. In there;

a) If the heat of the fluid is appropriate generation of electrical energy should be considered first.

b) After electrical energy is produced, hot steam obtained from turbine and hot water separated by
means of separators should be utilized in heating the buildings in the near vicinity.

c) After heating buildings, the hot water restored from the systems should be evaluated by accumu-
lating them in pools.

d) Thermal waters accumulated in pools can be used in heating the soils in greenhouses.

e) Culture fishing possibilities should be researched for the thermal waters returning from green-
houses systems.

f) Thermal waters accumulated in pools for culture fishing should be reenjected to the reservoir in
order not to cause any environmental pollution.
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Before the investigations mentioned above are completed, no permission of drilling in the reservoir
area should be given to investors for the reason that thermal source can be spoiled. If potential de-
termination works for a geothermal area will last long because of technical, economical and admi-
nistrative reasons under these conditions permission to investors can only be given if their investi-
gations form a part of the general investigations carried out for the determination of thermal poten-
tial.

After investors received permissions for a part or whole of integrated plants, they should be super-
vised by specialized organizations for the purpose of appropriate usage of reservoir and safety of
plants.
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Dayk Egemen Jeotermal Sisteme Bir Ornek :
Sarmasik (Ordu-Fatsa) Jeotermal Alani
An Example of Dyke Dominated Geothermal System:
Sarmagik (Ordu-Fatsa) Geothermal Field

Servet ACIKGOZ -, Mustafa KUCUK "+, Ahmet UCER** ve Ali [hsan ERCIN -+
*MTA Genel Miidiirliigii Enerji Hammaddeleri Etiit ve Arama Dairesi Bagkanligi, 06520- Ankara

“MTA Genel Miidiirliigii Jeofizik Etiitleri Dairesi Bagkanligi, 06520-Ankara

**MTA DOGU Karadeniz Bélge Miidiirliigii, 61200-Trabzon

OZ.- Dogu Pontid tektonik kusagmin en batisinda, Tiirkiye'nin tali neotektonik bolgelerinden sayi-
lan ve Karadeniz kiy1 bolgesi olarak tanimlanan bolgede yer alan inceleme alaninda en yash kaya bi-
rimi Tiironiyen-Santoniyen yasli bazaltlardir. Alt seviyelerde kumtagi, kirmizi renkli kiregtasi, camur-
tas1, Kiltag, silttagi, kumlu killi kirectasi, piroklastik ara seviyeleri ve lav seviyeleri ile temsil edilen
blok ve kiil akmasi Santoniyen-Maestrihtiyen yaghdir. Maestrihtiyen-Tenesiyen yasindaki flis karak-

terindeki birim stratigrafi icinde gozlenen diger bir formasyondur. Istifin tiimii bazik dayklarla kesil-
mistir.

Inceleme alaninin jeodinamik evrimini, yapisal unsurlarini ortaya koyacak ve deformasyon tipini be-
lirleyecek veriler oldukc¢a azdir. Kavramsal jeotermal modelin en 6nemli unsurlarindan birisi de sa-
hada yaygin olarak gdzlemlenen dayklarin yerlesimini saglayan dinamizm etkisi ile olugan unsurlar-
dir. Dayklarin yerlesimi sirasinda ¢evresinde gozenekli ve gecirgen bir zon olusturabilmekte ve bu
zonlar zaman zaman bir fay sistemi gibi ¢alisarak akigkanin taginmasini saglayabilmektedir.

Inceleme alanindaki kavramsal jeotermal modelde 6nemli bir unsur olan aktif dayklarin jeolojik ko-
numunu ve dokanak zonlarim belirlemek i¢in manyetik ve Gamma-Ray spektrometre uygulamalari
yapilmustir.

ABSTRACT.- Investigation area which is located in the region of Black Sea coast, at the west side
of East Pontides tectonic zone that confess the subordinate Neotectonic regions of Turkey. In the area
the oldest lithology represents by basalts which is Turonian-Santonian ages. Block and ash flows
which is Maestrichtian-Santonian ages in down level Sandstone, consequently reddish limestone,
mudstone, clay stone, sandy and clayey limestone and interstratified piroclastic and lava level.
Flysch characterized unit which is Maestrichtian-Thanetian ages is the other formation in study
area. All statigraphic units area cut by basic dykes.

Geological datas are seldom and not enough to determination geodynamic evolution, structual ele-
ments and type of deformation. Conceptual geothermal model consisting of element dykes taken from
dynamic effect are very important element Sometimes dykes can cause permeable and pore zone
which act as a fault system to transport fluid in it.

Magnetic and Gamma-Ray spectrometry studies mayed to specify geological site and boundery of
active dykes which is important element of conceptual geothermal model at investigation area.
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Merzifon-Giimiishacikdy (Amasya) Akiferinin Hidrojeokimyasal Evrimi
Hydrogeochemical Evolution of Merzifon-Giimiishactkéy (Amasya) Aquifer

Arzu FIRAT ERSOY *, Remzi DILEK *, Hakan ERSOY " ve Mete TURKER **

* Karadeniz Teknik Universitesi Jeoloji Miihendisligi 61080 Trabzon (firat@ktu.edu.tr, dilek@ktu.edu.tr, ersoy@ktu.edu.tr)
“DSI VII. Bilge Miidiirliigii, Samsun, meteturker @mynet.com

OZ.- Tatli-tuzlu su girigimi nedeni ile katyon degisiminin meydana geldigi kiregtagi-kumtagindan
olusan kiy1 akiferleri i¢in gelistirilen Stuyszand siniflama sistemi bir akiferdeki farkli su tiplerinin be-
lirlenmesi esasina dayanmaktadir. Bu siniflamanin amact yer alti suyundaki katyon degisiminin mey-
dana gelip gelmedigini belirleyerek akiferin hidrojeokimyasal gelisimini ortaya koymaktadir.

Bu ¢aligmada, Stuyfzand Simiflama Sistemi Merzifon-Giimiishacikoy (AMASYA) akiferine uygulan-
mugtir. Akifer alani yaklagtk 470 km?’dir ve Kuvaterner aliivyon ile Pliyosen gevsek yapili kil, kum
ve ¢akildan olusan iki birimden olugsmaktadir.

Ovada 1951-1972 yillar1 arasinda agilan kuyularda DST VII. Bolge Miidiirliigii tarafindan su analiz-
leri yapilmig ve bu analizlerin sonuglari kullanilarak Stuyfzand siniflama sistemi hazirlanmigtir. Daha
sonra havzada revizyon ¢aligmalarina baglanmis ve ilk veriler 2003-2004 yillarinda elde edilmistir.
Caligmalar sirasinda ovada bulunan kuyu sularindan drnek alinarak kimyasal analizler yapilmistir. Bu
analiz sonuglar ile Stuyfzand simiflama sistemi Merzifon-Giimiishacikdy akiferi icin yeniden hazir-
lanmugtir. Sonugta her iki siniflama arasindaki farkliliklar ortaya konularak ovanin hidrojeokimyasal
evrimi belirlenmistir.

Stuyfzand siniflama sisteminde 4 farkli bilesen kullanilarak sonuca ulagilmaktadir. Bu bilesenler si-
rastyla CI igerigi, toplam sertlik (FS), baskin anyon-katyon cifti ve katyon degisim kodudur. 1951-
1972 yillart arasinda yapilan analiz sonuglari kullamldiginda, Merzifon-Glimiishacikdy yer alti suyu
CI igerigi bakimindan “tatli su” sinifinda bulunmaktadir. Toplam sertlik acisindan “yumusak” ile “cok
sert” su arasinda degisim gostermektedir. Hakim anyon-katyon ciftine gore yer alti suyunun CaH-
CO,, Na-kangim, Ca-Rarigim ve CaCl su tipinde oldugu belirlenmistir. Katyon degisim koduna gore
ise akiferde katyon degisiminin meydana geldigi belirlenmistir. Bu sonuglara gore yer alt1 suyunun
NaHCO; su tipinden CaHCO, su tipine dogru gelistigi ve zaman igerisinde yer alti suyunda tipik bir
yikanmanin hakim oldugu belirlenmistir. Havzadaki kayaglar icerisinde bulunan kil minerallerinde-
ki Na* iyonu, beslenme ile havzaya giren yagmur ve kar sularinda bulunan Ca*? iyonu ile yer degis-
tirmig ve Na* zamanla azalmig Ca*? ise artig gdstermistir. Bunun sonucu olarak yer alt1 suyu NaH-
CO, su tipinden CaHCO, su tipine dogru gelisim gdstermistir.

2003-2004 yillarinda elde edilen kimyasal analiz sonuglari degerlendirildiginde yer alt: suyunun CI-
igerigi agisindan “tath su” siifinda bulundugu belirlenmistir. Toplam sertlik bakimindan “cok yumu-
sak™ ile “cok sert” su aralifinda degisim gostermektedir. Hakim anyon-katyon ciftine gire yer alti
suyunun NaHCO,, MgHCO, ve CaHCO, su tipinde oldugu belirlenmistir. Katyon degisim koduna
gore ise akiferde katyon degisiminin meydana geldigi belirlenmistir. Bu sonuglardan akiferde zaman
igerisinde yikanmanin devam ettigi ve yeraltisuyunun NaHCO, su tipinden CaHCO, su tipine dogru
gelistigi gortilmektedir.
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Merzifon-Giimiishacikdy akiferi igin iki farkls tarihte yapilan analiz sonuglari ile hazirlanan Stuyf-
zand Siniflama Sistemi kargilagtirildifinda yer alti suyunun CI- icerigi ve toplam sertlik agisindan faz-
la bir degisim gostermedigi belirlenmistir. Yer alt: suyunda yikanmanin varligindan s6z edilmektedir.
Bu yikanma siirecinde yer alti suyundaki Ca*? icerigi artmaktadir. Ca**’nin kaynagi ise biiylik dlgiide
havzaya beslenme seklinde giren yagmur ve kar sularidir. Yine her iki siniflama kargilagtinldiginda
yer alt1 suyunda katyon degisiminin meydana geldigi goriilmektedir. Bu da ortama tatli su girigimi
ile gerceklesen bir olaydir. Akifere giren tath su biinyesinde bulunan Ca** ortamda bulunan Na*, K*
ve Mg*? iyonlari yer degistirmekte ve katyon degisimi meydana gelmektedir.

ABSTRACT.- Stuyfzond classification system which developed for a limestone-sandotone aquifer
system in where casion exchange occurs because of salt-fresh water intrusion, is based on determi-
nation of different water types in an aquifer. The aim of this classification is to determine whether
the casion exchange occurs and to investigate the hydroge geochemical evolution of aquifer system.

In this study, Stuyfzand classification system was applied for Merzifon-Giimiishacikdy aquifer. Aqu-

ifer plain is about 470 km? and consists of two Quaternary alluvium and Pliocene clay, sand and
gravel.

The wells in the basin were drilled in 1951-1972 and well waters were analysed and the Stuyfzand
Classification system was prepared by using the analyses results. When revision study was started in
2002, the first data was collected in 2003-2004. In the study, the well waters were analysed again in
the aquifer. With these results, Stuyfzand classification system was renewed for the aquifer. These two
different classifications were compared and hydrogeochemical evolution of Merzifon-Giimiigshacikdy
groundwater was obtained.

The four different components were used in Stuyfzand classification system. These components are;
CI content, total hardness, dominant anion-cation pairs and cation exchange code. Considering the
results of 1951-1972 period, it is shown that Merzifon-Giimiishactkdy groundwater is “fresh water”
according to the CI concencration. Groundwater is changed between “soft” and “very hard” con-
sidering total hardness. According to the dominant anion-cation pairs the groundwater is defined as
CaHCO,, Na-mixed, Ca-mixed and CaC [ water type. The cation exchange process is occured in aqu-

ifer considering cation exchange code. Groundwater is evaluated from NaHCO, to CaHCO, water

type and a typical freshening has occured in the time as a result of this analyses. The Ca** ion in the
rain and snow takes place the Na* ion in clay minerals in the plain and thus Na* ion is decrease in
the time but Ca** ion is increase. As a result of this sequence, iti is seen that the groundwater con-
tent is changed from NaHCO, to CaHCO, water type.

When analyses results in 2003-2004 years are assesment, the Merzifon-Giimiishactkdy groundwater
is “fresh water” according to the CI' content. The water is changed between “very soft” and “very
hard” considering total hardness. To the dominant anion-cation pairs, it is defined as NaHCO,,

MgHCO, and CaHCO,. According to the cation exchange code, there is cation exchange in the aqu-
ifer. Result of this process again the groundwater have changed from NaHCO, to CaHCO, water

type.
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When we comprise with of these two analyse results, we could say that there is no change according
to the CI content and total hardness. Typical freshening is going on in the aquifer. Ca** content is
increasing in this process. The origin of Ca** is recharge waters as rain and snow. Cation exchan-
ge has occured. This phenomena is occured as a result of fresh water entering to the media. Ca**
ion contained in the fresh water is exchanged Na*, K* and Mg** ions contained in the media and ca-
tion exchange process is occured.
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Ulas (Sivas) Batisinda Deliler Fay Zonunun Tektonik Deformasyon
Bi¢imi ve Kinematigi
Tectonic Deformation Style and Kinematics of the Deliler Fault Zone in the
Western Part of Ulas (Sivas)

Ayhan SAGIROGLU* ve Haluk TEMiZ~

‘Cumhuriyet Universitesi Fen Bilimleri Enstitiisii Jeoloji Miihendisligi Anabilim Dali, 58080 SIVAS (e-mail: sagroglu2002@yahoo.com)
“"Cumhuriyet Universitesi Miihendislik Fakiiltesi Jeoloji Miihendisligi Béliimii, 58080 SIVAS (e-mail: temiz@cumhuriyet.edu.tr)

OZ.- Bu calismada, Sivas Tersiyer havzasinin giiney kenarmin Ulag (Sivas) batisindaki kesiminin je-
olojik ozelliklerinin belirlenmesi amaglanmistir. Bélgede temeli Alt-Orta Eosen yasl epiklastik ka-
yaglar ve olistrostromal seviyeler i¢eren Kalekdy ve Bozbel formasyonlar olusturmaktadir. Bu bi-
rimler, Oligosen-Alt Miyosen yash karasal kirmtil; kayaglardan olugan Altinyayla formasyonu iize-
rinde Deliler (Mudarasin) fay1 boyunca tektonik dokanakli olarak yer alir. Bu kaya birimleri Ust Mi-
yosen-Alt Pliyosen yasli, gél ortaminda ¢okelmis Uzunyayla formasyonu, iyi pekismemis akarsu ¢o-
kellerinden olugan Pliyo-Kuvaterner yash Orenlice Formasyonu ve aliivyonlar tarafindan uyumsuz-
lukla ortiiliir.

Onceki calismalarda Deliler fay1 olarak tanimlanan bolge boyunca yapilan ¢alismalar, fayin tek bir
fay degil, birbirine yaklasik olarak kosut D-B dogrultulu dort bindirme fayindan olustugunu ortaya
koymustur. Bu faylar kuzeyden glineye dogru sira ile Bogazdere, Kaletepe, Alaca ve Kazanpinar bin-
dirmesi olarak tanimlanmugtr.

Kuzeye egimli Bogazdere bindirmesi boyunca Alt-Orta Eosen yash Bozbel formasyonuna ait ser-
pantinit ve kiregtas: olistolitleri, Oligosen — Alt Miyosen yash Altinyayla formasyonu kumtaglari
tizerine bindirmistir. Alaca kuzeyinde kor bindirme ozelligi gosteren Kaletepe bindirmesinin tavan
blogunda Bozbel formasyonu, taban blogunda ise Altinyayla formasyonu yer almaktadir. Kaletepe
bindirmesinin giineyinde yer alan Alaca ve Kazanpinar bindirmeleri kuzeye egimlidir. Bu bindirme-
ler boyunca Bozbel formasyonuna ait serpantinit olistolitleri Altinyayla formasyonu tizerine bindir-
mistir.

Alt-Orta Eosen yagl Bozbel formasyonu igerisinde yer alan Ziyarettepe kiregtas: tiyesinin kilavuz
seviye olarak kullanilmasiyla ayrilma faymin (detachment) derinligi 2.4 km, kisalma miktari ise
%14.7 olarak saptanmustir.

Deliler fay zonu boyunca Kurtlukaya kdyii dolayinda Uzunyayla formasyonunun egim kazanmas ve
Alaca kuzeydogusunda kivrimlanmasi, fayin bu béliimiiniin Pliyosen’de yeniden hareketlendigini
gostermektedir. Deliler fayi’nin tavan blok kayalarinda olgiilen fay diizlemi, kivrim ekseni, eklem,
yapraklanma ve gibi kinematik veriler KKB-GGD dogrultulu sikigma yoniinii gostermektedir. Bu ca-
lismada elde edilen veriler, Deliler fayinin sol yanal dogrultu atimli faydan daha ¢ok kuzeyden giine-
ye dogru gelisen bindirme faylarindan olusan bir bindirme yelpazesi oldugunu gostermektedir.

Anahtar kelimeler: Deliler F. ayt, Neotektonik, Sivas havzas
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ABSTRACT.- The aim of this study is to determine geologic features of the southern margin of the
Sivas Tertiary basin in the western part of the Ulas (Sivas). The basement rocks of the basin is com-
posed of epiclastic rocks and olistrostroms of the Early-Middle Eocene Kalekoy and Bozbel forma-
tions. These formations are thrusted on to the Oligocene-Early Miocene Altinyayla formation inclu-
ding continental clastics along the Deliler (Mudarasin) fault. These formations are uncomformably
overlain by Late Miocene-Early Pliocene Uzunyayla formation, poorly consolidated conglomerates
of the Plio-Quaternary Orenlice formation and alluviums.

The new observations along the Deliler fault indicate that the fault is not single fault, but characte-
rized by E-W trending four thrust faults which are parallel to each other. These thrusts are called as
Bogazdere, Kaletepe, Alaca and Kazanpinar from north to south.

The serpentinite and limestone olistholites of the Bozbel formation are thrusted onto the Oligocene-
Early Miocene Altinyayla formation along the north- dipping Bogazdere thrust. The Kaletepe thrust
show a blind thrust character in the north of Alaca. The hangingwall of Kaletepe thrust is made up
by the Bozbel formation and the footwall is made up by the Altinyayla formation. The Alaca and Ka-
zanpinar thrusts which are located in the south of the Kaletepe thrust, are dipping to the north. The
serpentinite olistholites of the Bozbel formation are thrusted on to the Altinyayla formation along
these thrusts.

The depth of detachment fault was estimated approximately 2.4 km and the total shortening as %o14.7
by using Ziyarettepe member of Bozbel formation as a key level.

Limestones in the Uzunyayla formation were folded along the Deliler fault in the northeast of Alaca
and around the Kurtlukaya village suggesting that the eastern part of the Deliler fault was reactiva-
ted during Pliocene. The kinematic data such as minor fault plane, fold axis, joints and foliations
collected from the hangingwall rocks of the Deliler fault reflect NNW-SSE directed compression. Our
field data indicate that the Deliler fault is an imbricated fan including southeast-verging thrusts rat-
her than a left lateral strike-slip fault.

Key words: Deliler fault, Neotectonic, Sivas basin
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Amasya-Bayburt Mikrolevhaciginin (terrain) Tanim ve
Tiirkiye Jeolojisinde Mikrolevhaciklarin Onemi
Definition of the Amasya Bayburt Terrain and the Importance of Terrain
Structure in Geology of Turkey

Ismet Gedik
K.T.U. Jeoloji Miihendisligi Boliimii, Trabzon (isgedik@ktu.edu.tr)

0z.- Amasya’dan Bayburt’a kadar uzanan Pontid kusaginda, Geg Jura — Erken Kretase istifi, Ber-
diga formasyonu denilen nertitik karbonatlardan olusur. Giineye dogru ilerledikge, Neritik fasiyesli
olugumlar tedrici olarak Calpionella’li pelajik kiregtaglarina gecerler. Fasiyesteki bu degisim, levha-
c1gin kita yamacinin giineye dogru oldugunu gésterir.

Geg Jura — Erken Kretase yasli istif, bu levhacigin kuzey kenari boyunca da degisik bir fasiyeste go-
riiliir. Ornegin Magka (Trabzon) yéresinde yiizlerce metre kalinhigindaki bir tiiffit iizerine gelen yiiz-
lerce metre kalinliginda marnlar Berdiga formasyonunun kargiligint olustururlar. O halde levhacigin
kuzey kenari da, self ortamini degil de, daha derince ve de volkanik etkinlige yakin bir ortami temsil
etmektedir.

Amasya’nin batisinda kalan bolgede, kiyaslana bilinecek istif olarak tiirbiditik fasiyeste geligmis olan
Erken Kretase yasgh Caglayan formasyonu bulunur. Bu formasyonun 6zellikleri de, levhacigin bati s1-
nirinin, en azindan Erken Kretase siiresince, aktif bir faylanma ile sinirlandigini gosterir.

Bayburt’un dogusunda kalan bolgedeki Geg Jura- Erken Kretase istifleri ise, yine ¢ok faylanmali ve
de volkanik faaliyetlere yakin bir ortami yansitirlar.

Anlagilacag iizere, Geg Jura - Erken Kretase siiresince, Amasya Bayburt arasini kapsayan bolge, cev-
resinden tamamen derince ortamlarla ayrilmus, zel bir okyanusal plato olarak kagimiza ¢ikmaktadir.

Bu okyanusal platonun olugumuna yol agan Liyas riftlesmesine bakacak olursak, bu riftlesmenin de,
levhacigin giiney ve dogu kenarlarinda binlerce metreye ulagan, yani ¢ok fazla agilmis ve derinles-
mig ortamlart yansittiklari, halbuki levhacigin orta kesimlerindeki riftlesme ¢Okellerinin bir-kag yiiz
metrelik istiflerle temsil edildigi goriiliir.

Yukaridaki iki farkli kriter birlikte degerlendirildiginde, Amasya-Bayburt arasin olugturan bélgenin,
jeolojik gegmiste, ¢evresinden bagimsiz ayr bir okyanusal plato (terrain) olarak yer aldig1 ve jeolo-
Jik olaylara katildig1 anlagilir.

Tiirkiye jeolojisine bakildiginda, iilkemizin Amasya-Bayburt mikrolevhacigina benzer tiirde, daha
bir¢ok farkli mikrolevhaciklar seklinde Tetis okyanusunda yer alan, ¢esitli boyutlarda okyanusal pla-
to veya daha farkli tiirlerde terrain’lerden olustuklari ortaya ¢ikar. Geg Kretase baslarindan itibaren,
farkli boyut ve kalinliklardaki bu mikrolevhaciklar bir birleriyle ¢arpismaya baslarlar ve Alpin oro-
Jenezi denilen siireci baslatirlar.
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ABSTRACT.- In the area between Amasya and Bayburt, the Late Jurassic — Early Cretaceous sequ-
ences consist of neritic carbonates, called Berdiga formation. Southward of this region, the neritic
facies are transient in to thin-bedded pelagic limestones with calpionellids. This change in facies in-
dicates a continental slope dipping towards the South.

Alongside of the northern border of this plate the facies change from neritic carbonates to deeper
environmental facies, being developed here as tuffites and marls of many hundreds m., as can be se-
en in Magka, Trabzon. Hence, the northern margin of this plate is thinning towards north, where vol-
canic activity was seemingly very active during this time interval.

In the West of Amasya, there is only Caglayan formation, which can be correlated with Berdiga for-
mation. This tiirbiditic formation indicates again that western border of Amasya-Berdiga region was
a deep faulted zone, at least during Early Cretaceous.

East of Bayburt, there are again clastic rocks with volcanic intercalations deposited during late Ju-
rassic- Early Cretaceous, indicating a very faulted and volcanically active region.

It is obvious that Amasya-Bayburt area was an oceanic plateau during Late Jurassic — Early Creta-
ceous period, separated with deep furrows from its surroundings.

When we look at the Early Jurassic rifting giving rise to the development of this oceanic plateau, we
see that there are many thousand meters thick sequences alongside of southern and eastern lift bor-
ders, whereas in central parts only very thin sequences are developed.

When we evaluate these both criteria, we can be sure that the area between Amasya and Bayburt
was an individual microplates (terrain) in the geologic history.

When we look at the geologic data, we see that there area multitude of microplates of different size
and thickness contributing to the geological structures of current Turkey. At the begin of Late Cre-
taceous, these different microplates begun to collide and geologic development of Alpine orogeny
gets its start.
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Granitoyidlerin Yer ve Zaman lliskilerini Kullanarak
Ortadogu Anadolu Boélgesinin Jeodinamik Evrimine Yeni Bir Yaklasim
A New Approach To The Geodynamic Evaluation of the Central Anatolia
Using Space and Time Relations of the Granitoids

Ramazan Dogan
MTA Genel Miidiirliigii, Ankara (rdogan@mta.gov.tr)

OZ.- Orta Anadolu Bolgesinin jeodinamik evrimine iliskin iki farkl: ana gorlis bulunmaktadir. Bir
goriise gore Orta Anadolu Bolgesi Kirsehir Blogu olarak tanimlanmakta ve granitoyidlerin yitim zo-
nu magmatizmasi sonucunda olustuklarina inanilmaktadir (Goriir ve dig., 1998; Okay ve Tiiysiiz,
1999). Diger goriige gore ise kuzeyde bulunan ofiyolitlerin giineye dogru bindirdigi, kabuk kalinlag-
masina bagl olarak granitlerin ¢arpigma ile es zamanda ve carpisma sonrasinda olustugu kabul edil-
mektedir (Gonciioglu ve Tiireli, 1994; Boztug, 1998). Bélgede 2000 yilindan beri siirdiiriilen galis-
malarda granitoyidler yer ve zaman iliskilerine gére haritalanmis ve bolgenin jeodinamik evrimine
yonelik yeni bilgiler elde edilmistir (Dogan, 2001; 2002; 2003; 2004).

Orta Anadolu Bolgesi'nde bilesimi gabrodan granite ve siyenite kadar degisen ¢ok gesitli granito-
yidler bulunmaktadir. Onceki calismalarda genellikle bolgede bulunan gabro ve bazaltlarin kuzey-
deki Ankara-Erzincan siitur zonu ofiyolitlerinin bir pargasi olduklari ve giineye dogru olan bindirme-
lerle bugiinkii konuma geldikleri ileri siiriilmiistiir (Gonciioglu ve dig.,1991; Gonciioglu ve Tiireli,
1994; Yaliniz ve dig., 1996; Boztug, 1998). Ancak bslgede 2000 yilindan beri yapilan ¢alismalarda
bazaltik kayaglarla birlikte ofiyolitlerin en 6nemli unsuru olan ne herhangi bir ultramafik kayaca, ne
de bindirmeyi olusturabilecek herhangi bir yapisal unsura rastlanmig; aksine, bazaltik kayaclarla di-
ger granitoyidler arasinda kokensel olarak yakin iliskiler oldugu sik sik gozlenmistir. Bolgede tanim-
lanmug bircok magmatik serinin ilk fazi gogunlukla gabrolar olup, magmatik kayaglarin bilesimi pe-
riyodik bir gekilde serilerin merkezine dogru asidiklesmektedir. Gabrolar ayrica, daha eski magma-
tik serileri dayklar veya stoklar seklinde kesmekte veya yer yer onlari anklav halinde icermektedir.

Gabro ve diger bazaltik kayaglar Kizilirmak nehrinin kuzeyinde ve glineyinde iki ayri merkezde yo-
gun olarak yiizeylenirler ve genel olarak Kizilirmak kuzeyinde dogukuzeydogu-batigiineybati yénde,
giineyinde ise kuzeybati-giineydogu yonde diger granitoyidlerle uyumlu bir sekilde uzanim gosterir-
ler. Asagida belirtilen diger 6zellikler de g6z Gniine alinirsa Orta Anadolu Granitoyidleri (OAG), Ki-
zihrmak Kuzeyi Granitoyidleri (KKG) ve Kizilirmak Giineyi Granitoyidleri (KGG) olarak iki ana bo-
liim halinde incelenebilir.

KKG, Kasimaga (Keskin giineydogusu) civarinda kuzeybati ve glineydogu yonde iki kola ayrilarak
tig kollu bir yildiz seklini alir. Normal auml faylarla birlikte gabrolarin olusturdugu bu yildizin i¢ ki-
simlarinda bazaltik dayk ve lavlarla volkanoklastik kayaclar; dis kisimlarinda ise, KKG’lerinin kuze-
yinde, metagranitoyidler, magmatizmanin ilk asamalarinda olugmus kitasal kabuk kokenli 16kogra-
nitler (Kirikkale, Sulakyurt, Sarthacili, Yiicebaca) ve KKG’lerinin glineyinde, diizensiz K-feldispat
dagilimi gosteren ve tedrici dokunak iligkili kuvars monzonitler ( Cefalik dag, Kirsehir giineyi ve Ki-
zilirmak yakinlari) yiizeylenirler. Ozet olarak, Kasimaga merkez olmak tizere, disa dogru volkanok-
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lastik kayag, bazalt, gabro, S-tipi granitoyid ve metagranitoyidlerin bulundugu bir magmatik zonlan-
ma gozlenmistir.

Kizilirmak kuzeyinde magmatizmanin etkili oldugu alan zaman i¢inde daralmis, granitoyidlerin alka-
li oranlart magmatizma ile birlikte sistematik olarak artmis ve sirasi ile monzonitik, siyenitik ve fo-
nolitik seriler olusmustur. Bu serilerin arazideki dagilimi daha onceki seriler gibi ti¢ kollu bir yildiz
seklindedir. Yildizin merkezinde Ak¢akent, dogukuzeydogu kolunda Kerkenez dag: (Yozgat glineyi),
kuzeybati kolunda Dinekdag1 (Kirikkale giineydogusu) ve glineybati kolunda Baranadag (Akpinar ya-
kinlar1) bulunmaktadir. Bu iki yildizin merkezleri arasindaki mesafe yaklasik 40 km dir.

KGG’nde de benzer sekilde doguya dogru hem magmatizmada genglesme ve hem de magmatik ka-
yaglarin alkali oranlarinda artis gozlenmektedir. En eski kayaglar Aksaray yakinlarinda siiniimlii de-
formasyon gosteren gabro ve granitlerdir. Ekecik dagindaki ve Nigde giineyindeki 16kogranit ve di-
ger granitik kayaglar yiizeylenir. Domsal yap1 gosteren gabrolarla bazaltik dayk ve lavlar (Akmezar,
Sarikaraman, Nevsehir) ve daha geng monzonitik siyenitik ve daha alkali dayklar daha doguda bu-
lunur (Terlemez, Nevsehir, Idis dagr).

Hem KKG, hem de KGG i¢inde doguya dogru magmatizmanin genglesmesi ve alkali oranlarinin art-
mas1; Onceleri kuzeyde Kasimaga ve giineyde Akmezar’da bulunan sabit iki manto yiikseliminin, da-
ha sonra Kirgehir Blogu’nun batiya dogru hareketi ve magma odalarindaki farklilagmalarla ve/veya
yan kayaglarla olan kirlenmeler sonucunda kuzeyde Akgakent ve giineyde Nevsehir yakinlarinda et-
kili olmalar1 ile agiklanmaktadir. Jeokimyasal analizlerde goriilen levha igi granitoyidlerin varlig1 ,
bolgesel jeofizik anomalilerin (manyetik, gravite, radyoaktivite, 1s1 akist gibi) dagilimi ve cevherles-
me Ozellikleri (mangan, ¢inko, florit, uranyum, pegmatit damarlari gibi) de Kizilirmak kuzeyinde ve
giineyinde iki ayr1 manto yiikseliminin bulundugu gériisiinii desteklemektedir. Manto yiikselimleri-
nin ilk asamalarinda, OAG’nin sokulumundan ve bolgenin yiikselmesinden 6nce, zayif zonlara dog-
ru haraket eden bazaltik magmatizma ve yiiksek 1s1 akisi kita kabugu iginde, derinlerde, bolgesel me-
tamorfizma ve kismi ergimelere neden olmustur. Ayrica, magmatik seriler i¢indeki normal faylarin
ve dayklarin uzanim yonlerindeki degisimler Kirsehir blogunun batiya dogru hareketi esnasinda sa-
atin tersi yoniinde yaklasik 20 derece donmesi ile agiklanmugtir.

Kirsehir blogu kenarinda ona sonradan eklenmis halde veya blok i¢inde diger granitoyidleri keser
durumda bulunan kuzeybatidaki (Kesikkoprii-Celebi yakinlari, Behrek dagi ve Dinek dagi kuzeyi) ve
giiney-giineydogudaki (Bolkardagi, Karamadazi, Yozgat batoliti giineyi, Akdagmadeni, Divrigi, Ili¢)
toleyitik, kalk-alkali ve alkali karakterli magmatik kayaglarin dagilimini ve olusumunu yukarida agik-
lanan jeodinamik mekanizmaya baglamak oldukga giigtiir. Bolgede bulunan metalik cevherlesmeler-
den ¢ogu bu tiir geng granitoyidlerle ilgilidir. Demir, kuvars-diyorit ve tonalitlerin; kursun-ginko,
granit ve granodiyoritlerin; molibden ise alkali granitlerin hidrotermal fazlari ile skarn, damar ve
porfiri tip maden yataklari olugturmuglardir. Bu tip magmatizma ve cevherlesme yitim zonlarinn ti-
pik karakteri olup bu ozellik jeokimyasal diyagramlarda da (Avecr ve Boztug, 1993; Gengalioglu-
Kuscu et all., 2001; Tlbeyli, 2001) agik bir sekilde goriilmektedir. Orta Anadolu yay magmatizmasi
ve cevherlesmesi yitim zonu dogrultusu boyunca segmentler halinde degisim gdstermektedir. Yitim
zonu, KKG nin batisinda ve KGG nin giineyinde ana gerilme hatlarina dik yonde geligmistir.

Ozet olarak Orta Anadolu Granitoyidleri diinyadaki diger bazi bolgelerde oldugu gibi (Clark, 1992;
Ryan ve Soper, 2001) dnce manto yiikselimlerine bagh olarak gelismis farkli dzellikteki riftlesmeler
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boyunca kita-i¢i magmatizma 6zelliginde meydana gelmistir (Dogan,2002; Dogan,2003; Whitney ve
dig., 2003). Diger taraftan, Kirsehir Blogu etrafinda ve icinde gorlilen metalik madenlerce zengin da-

ha geng granitoyidler yitim zonu boyunca olusmus yay magmatizmasi karakterindedir (Dogan,
2002; Dogan, 2004).

ABSTRACT.- Two different main ideas have generally been stated about the geodynamic evaluati-
on of the Central Anatolia . According to the one idea, the Central Anatolia is considered as Kirse-
hir Block and the granitoids were formed as a result of subduction around the block (Goriir et all.,
1998; Okan ve Tiiysiiz, 1999). Accordindg to the other idea, the ophiolites at the north were trusted
southwards and the granitoids were formed as a result of increasing thickness of the crust (Géncii-
08lu and Tiireli, 1994, Boztug, 1998). The granitoids in the region have been mapped by the studi-
es conducted since 2000, their space and time relationships were considered and new informations
related to the geodynamic evaluation of the area have been gathered (Dogan, 2001, 2002; 2003;
2004).

There are many kinds of granitoids in the Central Anatolia whose composition changing from gabb-

ro to granite and to syenite. Previous studies generally consider that the gabbro and basaltic rocks
in the area are members of the Ankara-Erzincan suture zone ophiolites which were trusted south-
wards (Gonciioglu et all., 1991; Gonciioglu and Tiireli, 1994; Yaliuz et all., 1996 Boztug, 1998).
But, during the studies performed since 2000, neither any ultramafic rock, which is an important
constituent of ophiolites, nor any structural element, which is related to mentioned trust, have been
come across in the area; rather some kinds of close genetic relations between basaltic rocks and ot-
her granitoids have often been observed. Gabbros are usually the precursors of many magmatic se-
ries defined in the region and composition of the magmatic rocks change periodically to acidic pha-
ses towards the center of the series. Besides, the gabbros cut older magmatic series as dikes and
stocks or include those as enclaves here and there.

Gabbros and other basaltic rocks are concentrated in two centers; at the north and south of Kizilir-
mak river and they show confomable orientation with other granitoids, extending eastnortheast-
westsouthwestward in the north and northwest-southeastwards in the south. When also considering
the other features stated below, the Central Anatolian Granitoids (CAG) can be investigated in two
sectors: Northern Kizilirmak Granitoids (NKG) and Southern Kizilirmak Granitoids (SKG).

NKG change their orientation northwestwards and southeastwards around Kasimaga (southeast of
Keskin) showing triple star shape. Gabbros accompanied by normal faults making up the star, inte-
rior part of which occupied with basaltic dikes and lavas together with volcanoclastic rocks and out-
side the star shape, at the northern part of NKG, meta-granitoids, leucogranites derived from the
continental crust at the begining of magmatism (Kirtkkale, Sulakyurt, Sarthacili, Yiicebaca) and at
the southen part of NKG, quartz-monzonites showing irregular K-feldspar distribution and gradual
contact relations (Cefalik dag, south of Kirsehir and along Kizilirmak) outcrop. As a summary, a
magmatic zonation is observed around Kasimaga, from the center outwards: volcanoclastic rocks,
~ basalts, gabbros, S-type granitoids and meta-granitoids.

The area effected by the magmatism got smaller in time; alkaline content of the igneous rocks enric-
hed and monzonitic, syenitic and phonolitic series formed in this order. The field distribution of the-
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se series also show a similar triple star shape like the older series. The center of the star is Ak¢a-
kent; at the northeast, Kerkenez dag (south of Yozgat); at the northwest, Dinek dagi (southeast of
Kirikkale); and at the southwest Baranadag (around Akpinar) are placed. The interval between the
center of these two stars is approximately 40 km. '

Similarly to NKG, the age of the magmatic rocks gets younger and their alkaline content increases
eastwards within SKG. The oldest rocks are gabbros and granites near Aksaray, showing ductile de-
formation. Leucogranites and other granitic rocks outcrop around Ekecik dag and south of Nigde.
Gabbros showing dome structure and basaltic dike and lavas (Akmezar, Saritkaraman, Nevsehir) and
monzonitic, syenitic and more alkaline dikes are younger and found in the east (Terlemez, Nevsehir,
Idis dagt).

Age of the igneous activity gets younger and alkaline content of the granitoids increases eastward
both in NKG and in SKG, which can be interpreted as that two stationary mantle uprisings were ac-
tive beneath Kasimaga at the north, and Akmezar at the south at the beginning of magmatism; and
they later placed under Akg¢akent and Nevsehir by moving the Kirsehir Block westwads and chan-
ged their composition by magmas producing more fractionated and/or assimilated phases. Within-
plate granitoids observed in the geochemical diagrams, distributions of the geophysical anomalies
(magnetic, gravity, radioactivity, heat flow and so on) and ore mineralisations (manganese, zinc, flo-
urite, uranium, pegmatite veins and so on) are all in favour of the idea about the presence of two
mantle uprisings in the north and south of Kizilirmak. At the beginning of mantle uprisings, before
intrusion of CAG and uplifting the area, the basaltic magmas and high heat flow ascending in the
crust caused regional metamorphism and partial melting in deeper zones. Changes in the oriantati-
on of normal faults and extension of dikes in the magmatic series can also be explained by about 20
degrees anticlockwise turning of the Kirsehir block during the westward movement.

Younger toleiitic, calk-alkaline and alkaline granitoids found at the edge of or inside the Kirsehir
block, at the northwest (araund Kesikkoprii-Celebi, Behrek dagi, Dinek dagi) and at the south- so-
utheast (Bolkardagi, Karamadazi, south of Yozgat batholith, Akdagmadeni, Divrigi, Ili¢) are distri-
buted discomformably and appear to be formed by a different geodinamic process stated above. The
metallic ore mineralisation found in the region are usually related to these granitoids. Iron, lead-zinc
and molibdenum are generally associated with the acidic phases of tonalites, granite-granodiorite
and alkali-granite, respectively, making up skarn, vein and porphyry type of mineralisations. This
type of magmatism and mineralisation is typical features of subduction zones which is also clearly
seen in geochemical variation diagrams (Avct and Boztug, 1993; Gengalioglu-Kugscu et all., 2001;
[beyli, 2001). The Cental Anatolian arc magmatism and mineralisation show some kind of variati-
ons in segments along the extension of subduction. The subduction zones are vertical to the main ex-
tension zones at the west of NKG and at the south of SKG.

As a conclusion, the earlier Central Anatolian Granitoids are believed to be formed as a result of
mantle uprisings along the various rift structures and show within-plate character (Dogan,2002;
Dogan,2003; Whitney ve dig., 2003) similar to those described in other regions (Clark, 1992; Ryan
ve Soper, 2001). On the other hand, the younger granitoids rich in metallic ores and seen around
and inside the Kirsehir Block are thought to be originated from subduction and show arc character
(Dogan, 2002; Dogan, 2004).

33



58. Tiirkiye Jeoloji Kurultay: 1T - 17 Nisan 2005, MTA Kiiltiir Sitesi, Ankara
58th Geological Congress of Turkey

DEGINILEN BELGELER:

Avcr, N.ve Boztug, D.,1993,Catli Granitoyidinin (Ilic-Ercincan) Petrolojisi. Yerbilimleri, 16,167-192.

Boztug, D., 1998, Orta Anadolu Carpisma Intriizifleri, Boztug ve dig.(ed.), Ofiyolit-Granitoyid ilis-
kisiyle Gelisen Demir yataklariSempozyumu Bildiriler Kitabi. 10-13 Eyliil 1998, Sivas.

Dogan, R., 2001, Asidik Magmatizmaya Bagli Maden Yataklari: Genel Kavramlar ve Tiirkiye’den
bazi onekler, in Boztug ve Otlu (eds.) Magmatik Petojenez, TUBITAK Lisans iistii Yaz Okulu, 7-
12 Haziran 2001, Ak¢akoca-Diizce, 474-494.

Dogan, R., 2002, Kirgehir Masifi Kuzeyinin tektonik ve magmatik evrimi konusunda bazi diisiince-
ler, 55. Tiirkiye Jeoloji Kurultay: Bildiri Ozleri Kitabi, s. 66-69.

Dogan, R., 2003, Orta Anadolu’daki Bazaltik Magmatik Kayaglar ve Olusum Mekanizmalar:, 56.
Tiirkiye Jeoloji Kurultayt Bildiri Ozleri Kitabu, s. 22-25.

Dogan, R., 2004, Sivas-Malatya-Erzincan Arasindaki Magmatizma, Cevherlesme ve Bolgenin Jeodi-
namik evrimine Yeni Bir Yaklasim, 57.Tiirkiye Jeoloji Kurultay: Bildi Ozleri Kitab, s.235-237.

Clarke, D. B., 1992, Granitoid rocks, Chapman and Hall, London, 283 p.

Gengalioglu-Kuscu, G., Gonciioglu, M.C. ve Kuscu, I., 2001, Post-Collisional Magmatism on the
Northern Margin of the Taurides and its Geological Implications: Geology and Petrology of the
Yahyali-Karamadazi Granitoid, Turkish J. Earth Sci., Vol.10, p. 103-119.

Ganciioglu, M.C., Toprak, G.M.V., Kuscu; I., Erler, A. ve Olgun, E., 1991,0rta Anadolu Masifinin
bat boliimiiniin jeolojisi, Béliim:1: ODTU-TPAO Poje Raporu, 140s., yayinlanmanus.

Gonciioglu, M.C. ve Tiireli, K.T., 1994, Alpine collisional-type granitoids from Westen Central Ana-
tolian Crystalline Complex, Turkey. Jour. of Kocaeli Uni. Earth Sci. 1, 39-46.

Goriir, N., Tiiysiiz, O. ve Sengdr, AM.C., 1998, Tectonic Evolution of the Central Anatolian Basins,
International Geology Review, 40, 831-850.

Iibeyli, N., 2001, Genesis of collision-related plutonic rocks in the central Anatolian masif (Turkey),
Forth Int. Turkish Geo. Sym. (ITGS 1V).p. 201.

Okay, AL ve Tiiysiiz, O., 1999, Tethyan sutures of northern Turkey. In: Duran, B.,Jolivet, L., Hor-
vath, F. and Seranne, M. (eds) The Mediterranean Basins: Tertiary Extension within the Alpine
Orogen. Geoloical Society, London, Special Publications, 156, 475-515.

Ryan, P.D. ve Soper, N.J., 2001, Modelling anatexis in intra-cratonic rift basins: an example from
the Neoproterozoic rocks of the Scottish Highlands: Geological Magazine, 138, 577-588.

Whitney, D.L., Teyssier, C., Fayon, A.K., Hamilton, M.A. ve Heizler, M., 2003, Tectonic controls on
metamorphism, partial melting, and intrusion: timing and duration of regional metamorphism
and magmatism in the Nigde Masif, Turkey. Tectonophysics, 376, 37-60.

Yalimiz, M.K., Floyd, PA. ve Gonciioglu, M.C., 1996, Supra-subduction zone ophiolites of Central

Anatolia: geochemical evidence from the Sartkaraman Ophiolite, Aksaay, Turkey. Mineralogical
Magazine, 60, 402, 697-710.

34




58. Tiirkiye Jeoloji Kurultayt 11 - 17 Nisan 2005, MTA Kiiltiir Sitesi, Ankara
58th Geological Congress of Turkey

Dogu Pontid Ofiyolitik-Olistostromal Melanjinin Jeotektonik Anlam
Geotectonic Significance of the Ophiolitic-Olistostromal
Melange in the Pontides

Dilek PUL ve Osman BEKTAS
Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Béliimii, 61080, TRABZON (dpul @ktu.edu.tr, obektas @ktu.edu.tr)

(7Z.- Kretase boyunca Dogu Karadeniz magmatik yayimin giineye dogru yitim polaritesi kuzey zon-
da toleyitik yay volkanizmasini, giiney ve eksen zonunda (yay gerisi) kalk-alkali sogonitik volkaniz-
may1 gosterir. Dogu Karadeniz magmatik yayinin giiney ve eksen zonlarinda yiizeyleyen ofiyolitik-
olistostromal melanj Amasya’dan Bayburt-Kelkit'e kadar uzanir. Birgok arastirma ofiyolitik-olis-
tostromal melanjin, kuzeye dogru yitime bagli olarak gelisen bir eklenir prizma oldugu goriistinti sa-
vunur. Bu goriiglere gore kuzeye dogru yitim, Dogu Pontid magmatik yayinin yay oniinde kompre-
sif rejim ile gelisir. Oysa arazi gozlemlerimize gore, Dogu Karadeniz magmatik yayinin yay gerisin-
de gelisen ofiyolitik-olistostromal melanj ekstansiyonel rejime bagli olarak geligmistir.

Dogu Karadeniz magmatik yayinda ¢ok fazli riftlesme, Liyas doneminde detachment (ayrilma) fay-
larin kontroliinde ii¢ yonlii ekstansiyonel deformasyon, Kretase doneminde asimetrik gerilmelerle ile
gelisir. Cok fazli riftlesme ile Neotetisin merkezinde okyanus tabani yayilmas ile alt kitasal manto
kayaclar1 yiizeyler. Karbonat platformunda gelisen neptiiniyen dayklar ve Orta Kretase’de tekrar
havzaya aktarilan karbonatlarin tane boyunda ve katman kalinliginda azalmalar, Kretase doneminde
gelisen riftlesmeyi kanitlar. Derin deniz pelajik kiregtaglar1 ve radyolaritler gibi riftlesme sonrast olu-
san ¢okeller, Orta Kretase doneminde Neotetis’in okyanus tabani yayilmasini gosterir. Ofiyolitik-
olistostromal melanjin olusumunda peridotitlerden olusan deniz alti tepelerinden ve selfden tiiremis
denizalti heyelanlari ve kiitle kaymalari ana rol oynar. Yay gerisi ortamda olugmus ofiyolitik melan-
jin i¢inde yer alan bazaltik kayaglarin iz ve nadir toprak element igeriklerinin % 1-2.5 arasinda degi-
sim gostermesi farkli kismi ergime kosullarini yada farkli ortam kosullarini yansitir. Bu goriisi, ofi-
yolitik melanji {izerleyen Paleosen yash sosonitik 6zellikli andezitik-bazaltik volknizmanin varligs
destekler.

ABSTRACT.- During the upper Cretaceous, an apparent southward subduction polarity of the eas-
tern Black Sea magmatic arc is manifested by the tholeitic arc volcanism in the Northern zone, and
calc-alkali, shoshonitic volcanism in the southern- and axial zones (back-arc). In the southern- and
axial zones of the eastern Black Sea magmatic arc, olistostromal ophiolitic mélange of the middle
Cretaceous extends from Amasya to Bayburt. According to a widely accepted theory, the ophiolitic
melange in the region represents an accretionary prism belonging to the northward subduction that
were developed through a compressive tectonic regime in the fore-arc of the Eastern Black Sea mag-
matic arc. Our field observations, however, suggest an extensional tectonic regime during the for-
mation of the olistostromal ophiolitic mélange in the back-arc of the Eastern Black Sea magmatic
arc. Polyphase rifting of the magmatic arc evolved from tri-axial extensional deformation during the
Liassic to the detachment-controlled, asymmetric stretching during the Cretaceous, and resulted in
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complete exhumation of subcontinental mantle rocks to the sea floor of the Neotethys. The rifting in
Cretaceous is evidenced by the presence of Neptunian dykes in the carbonate platform and the overl-
ying thinning-and-fining-upward sequence of redeposited carbonates of the middle Cretaceous. The
precipitation of the post-rift sediments, such as deep red pelagic limestones and radiolarites, impli-
es that sea-floor spreading just began in the deep troughs of the Neotethys in the middle Cretaceous.
Submarine landslides and mass flows derived from the shelf and submarine highs of the peridotites,
might have played a main role in the formation of the olistostromal ophiolitic mélange. TiO, con-

tents of the basaltic rocks outcropping in the ophiolithic melange vary from I to 2.5 % reflecting dif-
ferent source and/or different partial melting conditions in the back-arc environment. This is suppor-
ted by the existence of the shoshonitic basaltic-andesitic volcanism of the Paleocene that makes up
the uppermost cover of the ophiolitic melange.
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OZ.- Anatolit —Torid platformunun kuzey kenarmin dalmis ve yiizeylenmis kesimine karsilik gelen
Tavsanli zonu mavisist ve eklojit fasiyesi metamorfizmasina ugramis deforme kayalarin yiizlek ver-
digi bir kugaktir. Alttan iiste dogru, diizenli seri (metaklastikler ve uyumlu dokanakla tizerleyen plat-
form tipi mermer), tektonik melanj, peridotit dilimi ve granodiyorit sokulumlari Tavsanli zonunun
Sivrihisar bolgesindeki ana tiniteleri olusturur. Tektonik melanj diizenli mavisist serisi ve peridotit
dilimi arasinda tektonik bir unite olarak yer alir. Tektonik melanj, ‘mavisist tektonik melanji’ ve ‘kar-
bonat tektonik melanji” olmak iizere iki alt {initeye ayrilabilir. Mavigist tektonik melanji ileri derece-
de makaslamali mavisist matriksi icerisinde yer alan metabazit, metaklastik, metagabro, eklojit, me-
taserpantinit, granat-glokofan sist, ¢ort, ¢ortlii mermer merceklerinden olusur. Eklojit mercekleri
icerisinde eklojit ve mavigist fasiyesi metamorfizmalarinin birbirleriyle olan yakin iligkisini gérmek
miimkiindiir. Mavigist-I ve eklojit fasiyesi mineral topluluklari eklojit merceklerinin zayif deforme
olmus cekirdek bolgesinde gozlenir. ilerleyen mavisist-1 evresi, granat-I’in ¢ekirdegindeki S-yapili
glokofan-1 ve klinozoisit inkliizyonlariyla temsil edilir. Epidot, omfasit-1 (Jd=28-30 mol%), granat-
I1, hornblend, fengit-1 ve rutil prograd eklojit evresinin dengedeki mineral toplulugunu olusturur. Ek-
lojit merceklerinin ¢ekirdekten kenara dogru olan orta kesimlerinde gozlenen, glokofan-II, lavsonit,
omfasit-1I (Jd=23-24 mol%), granat-111, fengit-II den yapili mineral toplulugu gerileyen evre siirecin-
de eklojitten mavisiste gecisi tanimlamaktadir. Merceklerin kenar kesimindeki, lavsonit, glokofan-II
ve klorit toplulugu gerileyen mavigist-II evresinin karakteristik mineralleridir. Mavigist tektonik me-
lanji ile tektonik dokanaga sahip olan karbonat tektonik melanj: ileri derecede makaslamali kalksist
matriks i¢inde neritik metakarbonat / sist ardalanmali blok ve merceklerinden olusur. Karbonat tek-
tonik melanjinin matriksi igerisinde lavsonit pseudomorflarinin varlig: s6z konusu birimin mavigist
fasiyesi metamorfizmasina ugradigini gostermektedir. Granat — klinopiroksen - fengit jeobarometre-
si ve granat - klinopiroksen jeotermometrelerine dayali olarak, eklojit evresinin basing-sicaklik ko-
sullar1 22 kbar / 400-410 °C olarak hesaplanmustir. Eklojitler Tavsanli zonunun ylizeylenmesi sirasin-
da mavigist fasiyesi kosullarinda yeniden dengelenmistir. Tavsanl zonunun (Orhaneli’nin batist) dii-
zenli serisindeki sodik metapelitlerde 20+2 kbar basinct ve 430+30°C sicaklig: temsil eden ‘yade-
yit+glokofan’ ve ‘kloritoyid+glokofan’ birlikteligi Okay ve Kelley (1994) tarafindan saptanmustir.
Orhaneli bolgesi ile denestirilebilecek benzer mineral toplulugu, ¢aligma alanindaki diizenli serinin
metaklastik kayaglarinda da belirlenmistir. Mavigist tektonik melanji ve onu altlayan diizenli seriden
elde edilen basing-sicaklik kosullart bu iki tnitenin Neo-Tetis okyanusunun kapanmas: siirecinde
benzer derinlige gomiilmiis olduklarint ortaya koymaktadir. Bu veriye dayanarak sdzkonusu iki {ini-
tenin Tavsanli zonunun yiikselimi evresinde tektonik olarak biraraya geldikleri soylenebilir.
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ABSTRACT.- Tavsanli zone, representing subducted and exhumed northern continental margin of
Anatolide-Tauride platform, is an exposed belt of deformed rocks undergone by blueschist-eclogite
Jacies metamorphism. Coherent sequence (metaclastics and conformably overlying platform type
marble), tectonic mélange, peridotite slab and granodiorite intrusions, in ascending order, form the
main units of Sivrihisar region. Tectonic mélange is sandwiched between peridotite slab and cohe-
rent blueschist sequence. Tectonic mélange can be divided into two subunits: blueschist tectonic mé-
lange and carbonate tectonic mélange. Blueschist tectonic mélange consists of metabasite, metac-
lastic, metagabbro, eclogite, metaserpantinite, garnet-glaucophane schist, chert and cherty marble
lenses occurring in a strongly sheared-blueschist matrix. Eclogite lenses show an intimate associati-
on of eclogite and blueschist facies metamorphism. The mineral assemblage of blueschist-I and ec-
logite facies metamorphism are observed in the less deformed core of eclogite lenses. Prograde blu-
eschist-1 stage is represented by S-shaped inclusion patterns of clinozoisite and glaucophane-I in the
core of garnet (garnet-1). Whereas, the mineral assemblage which is stable during prograde eclogi-
te stage, is epidote, omphacite-I (Jd=28-30 mol%), garnet-II, hornblende, phengite-I and rutile. In
middle part of eclogite lenses, the mineral assemblage indicating transition from eclogite to bluesc-
hist-II facies during the retrograde stage, is glaucophane-II, lawsonite, omphacite-1I (Jd=23-24
mol%), garnet-111, phengite-11. In rims of lenses, lawsonite, glaucophane-II and chlorite are charac-
teristic minerals of retrograde blueschist-II stage. Carbonate tectonic mélange which is composed
of the blocks and lenses of neritic metacarbonate / schist intercalation and strongly sheared lawso-
nite-bearing calcschist matrix, is tectonically bounded by blueschist tectonic mélange. Lawsonite
pseudomorphs are the only evidence of blueschist facies metamorphism detected in carbonate tecto-
nic mélange. According to garnet — clinopyroxene — phengite geobarometric and garnet - clinopyro-
xene geothermometric calibrations, PT-conditions of eclogite stage are estimated at 22 kbar pressu-
re and 400-410 °C temperature. Eclogites are re-equilibrated in blueschist Jacies conditions during
the exhumation. Coexistence of ‘jadeite+glaucophane’ and ‘chloritoid+glaucophane’ in coherent
sequence around Orhaneli region, representing metamorphic pressure of 20 +2 kbar and temperatu-
re of 430 £30°C, is reported by Okay & Kelley (1994). Similar mineral assemblage is recognized in
metaclastic rocks of the coherent sequence of study area which can be correlated to Orhaneli regi-
on. P-T estimations obtained from blueschist tectonic mélange and underlying coherent sequence re-
veal that they were buried to the similar depths during the consumption of the Neo-Tethys. These two
units may have been tectonically juxtaposed during the exhumation stage of the Tavsanlt zone.
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OZ.- Tiirkiye nin tektonik catist igindeki Anatolidler, kuzeyden giineye dogru Tavsanli zonu , Afyon
zonu, Menderes masifi ve Likya Naplarindan yapili alt tektonik zonlardan olusmaktadir. i1k kez Okay
(1984) tarafindan tanimlanan Afyon zonu, kuzeyde Tavsanl zonu, giineyde ise Menderes masifi ile
tektonik olarak sinirlandirilmaktadir. Afyon zonunun geneline ait metamorfik kaya istifi ana hatlariy-
la; 1) Pan-Afrikan yasli temel, 2) Geg Paleozoik yash bloklu seri ve 3) Triyas — Erken Tersiyer yas-
11 6rtii serilerinden olugmaktadir. Afyon bolgesinde Mesozoik ve Tersiyer sedimanter ve volkanik ka-
yalariin altinda farkli boyutlarda saginmis sekillerde yiizlek veren Pan-Afrikan temel, yersel kuvar-
sit diizeyleri iceren, homojen yapida granat-mika sistlerden olusmaktadir. Karbonat diizeyleri kapsa-
mayan bu metakirintil seri glaukofan igeren, stok ve damar karakterinde metagabrolar ve Menderes
masifindeki Triyasik lokokratik ortognayslarla korale edilebilecek 16lokratik metagranitler tarafin-
dan kesilmektedir (Candan ve dig. 2003).

Konya / Sizma—Avdan-Meydan bolgesinde gozlenen Geg Paleozoik yash bloklu seri, diigiik derece-
li metamorfizmaya ugramus sely-kumtagi-cakiltagi ardalanmal bir matriks ve bunun igerisinde yer
alan bazaltik ve dasitik bilesimdeki metavolkanit diizeyleri ve Karbonifer Kiregtagi bloklarindan
olusturmaktadir. Triyas — Erken Paleosen (Gonciioglu ve dig., 1992) yash ortii serileri, Afyon zonu-
nun genelinde tabanda karasal ortam: tanmimlayan konglomeralar ile baglamaktadir.Kuvarsit ve kar-
bonat cakillarindan yapili, olasilikla riftlesme ve bunla baglantihi hizli yiikselimi tanimlayan meta-
konglomeralar dereceli olarak kuvarsit diizeyli mor renkli kuvars fillit ve fillitlere gegmektedir. Me-
takirmtili seri, 100m kalinlik sunan sari dolomit — kuvarsit — fillit ardalanmastyla tanimlanan uyumlu
ve gegisli bir dokanakla Anatolid-Torid platformunun masif karbonatlar tarafindan iizerlenmekte-
dir. Istif Erken Tersiyer yash bloklu bir seri ile son bulmaktadir (Candan ve dig. 2003).

Bu genel istife kargin Simav’dan baglayarak Egrigoz, Kiitahya iizerinden Konya / Avdan-Sizma-
Meydan Koy e kadar uzanan alanda birgok bolgede Mesozoik istif tabanda metavolkanitlerle basla-
maktadir. Bazik, ortag ve asidik bilesimdeki metavolkanikler yanal yonde Alt Triyas yash metakong-
lomera ve/veya fillitlere gegisler gostermektedir. Bu istif iist diizeylerinde Anatolid — Torid platfor-
muna ait masif mermerlere ge¢cmektedir.

Kiitahya / Simav bolgesinde, Menderes masifini tektonik dokanakla iizerleyen Mesozoik oOrtii serile-
ri, tabanda mermer mercekli metagakiltaglari ile yanal gecisli metariyolit, riyolitik metavolkaniklas-
tik ve metabazalttan ve bunlar igerisine sokulmus, olasili Triyas yaglh granitik kokenli gozlii gnays
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ve metagranitlerden olugmaktadir. Kiitahya / Egrigdz-Budagan Dag bolgesindeki metavolkanik isti-
fi, riyolitik, trakiandezitik, bazaltik lav ve onlarin volkanoklastiklerinden yapilidir. Konya/Tlgin-Av-
dan gevresinde metavolkanikler, Karbonifer kiregtasi bloklarini kesen ve 6rten olivin ve sanidin kris-
talli alkali metamagmatiklerle baslamakta, metariyolit lav domlari ve onlarin metavolkaniklastikle-
rinden olusan, ilksel yapilari iyi korunmus bir istifle devam etmektedir.

Konya / Sizma-Kadinhani ¢evresinde metavolkanitler, Mezosoyik istifin tabanindaki Triyas yagli fil-
litlerle yanal gegisli dokanak sunan metatrakiandezit/metavolkanoklastiklerden olusmaktadir. Bol-
gedeki Siluriyen-Devoniyen metakarbonatlarini kesen metatonalit dayklarinin da bu magmatizmayla
iligkili oldugu diisiiniilmektedir.

Mesozoik ortiiniin tabanindaki metavolkaniklerin Jeokimyalarina dayali olarak yapilan siniflama, me-
tabaziklerin kita i¢i ortamda, alkali / P-tipi MORB ozelligi sunan bir bazaltik magmadan kaynaklan-
digini gostermektedir. Yaygin olarak gozlenen peraliimina metariyolitler, dag olusumu sonrasi kita
ici ortamda (Avdan metariyolitleri) ve volkanik adayay1 (Simav metariyolitleri) ortamlarinda gelis-
mis asidik magmatizmanin iiriinlerdir. Sizma metaliimina metatrakiandezitler, plaka i¢i ortamda ge-
lismis alkali volkanizmay isaret etmektedirler.

Metamagmatiklerin Afyon zonu igindeki Alt Triyas yash metakinntililar ile olan stratigrafik konum-
lar1 ve dokanak iligkileri, Paleotetis okyanusunun glineye dalarak kapanmasiyla baglantili olarak,
Gondvana’nin kuzey kesiminde bir yay arkasi riftlesmesiyle agilmaya baglayan, Neotetis okyanusu-
nun baglangi¢ evresi ile iliskili olabilecegini gostermektedir.

ABSTRACT. - In the general tectonic framework of Turkey, Anatolides comprise several tectonic zo-
nes in the western Anatolia, from north to south: Tavsanli zone, Afyon zone, Menderes massif, and
Lycian nappes. Afyon zone, which has been first described by Okay (1984), is tectonically bounded
t0 the north by the Tavsanli zone and to the south by the Menderes massif. The generalized meta-
morphic rock succession of the Afyon zone can be divided into three groups: 1) Pan-African base-
ment, 2) Late Palaeozoic blocky unit and 3) Triassic-Early Tertiary cover sequence.

In Afyon region, Pan-African basement exposed as scattered outcrops of varying size below Meso-
zoic and Tertiary sedimentary and volcanic rocks, is predominantly made up of homogeneous gar-
net-mica schists with minor quarzite layers. This meta-clastic sequence which is conspicuously free
of carbonate layers, is intruded by glaucophane-bearing metagabbroic stocks and leucocratic me-
tagranites which can be correlated with Triassic leucocratic orthogneisses of the Menderes massif
(Candan et al. 2003). In Konya / Sizma — Avdan - Meydan region, the Late Palaeozoic blocky unit
which was metamorphosed under very low-grade conditions, consists of basaltic and dacitic meta-
volcanic layers and Carboniferous limestone blocks embedded in matrix of shale, sandstone and
conglomerate. In the general of the Afyon zone, the Triassic to Early Palaeocene (Génciioglu et al
1992) cover series starts with a basal metaconglomerates deposited in a terrestrial environment. The
metaconglomerates with quartzite and carbonate pebbles, which can be interpreted to reflect rifting
and rapid uplift, gradually pass into phyllite-quartz phyllite intercalations with quartzite layers. The
metaclastic sequence is conformably overlain, through a transition zone represented by 100-m-thick
yellow dolomite - quartzite — phyllite — metabasite intercalation, by massive metacarbonates of the
Anatolide-Tauride platform. The cover sequence ends with Early Tertiary blocky unit (Candan et al
2003).
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In spite of this general stratigraphic sequence, in several localities such as Simav / Egrigéz — Kii-
tahya, Konya / Avdan — Sizma - Meydan, Triassic-Early Tertiary cover sequence starts with metavol-
canics at the lowest level. Basic, intermediate and acidic metavolcanics laterally pass into the lower
Triassic metaconglomerates and/or phyllites. This sequence is overlain with a gradual contact by the
massif marbles of the Anatolide-Tauride platform.

In the Kiitahya / Simav region, the Mesozoic cover series which rests upon the Menderes massif with
a tectonic contact; is predominantly composed of metarhyolite, rhyolitic metavolcaniclastics and
metabasalts which pass laterally into the metaconglomerates with minor marble layers. The lowest
levels of this volcanosedimentary sequence are intruded by probably Triassic orthogneisses and me-
tagranites. Metavolcanic sequence in the Kiitahya | Egrigoz-Budagan Dag region is composed of
rhyolitic, trachyandesitic and basaltic lavas and their volcaniclastic successions. In Konya / Ilgin-
Avdan region, the metavolcanics with very well- preserved original structure and texture cut and/or
covers the Carboniferous marble blocks of the blocky unit. This volcanic sequence consists of olivi-
ne and sanidine-bearing alkaline metamagmatics, metarhyolite lava domes and their volcaniclastic
successions. The metavolcanic sequence of Konya / Sizma - Kadinhani region is composed of metat-
rachyandesite and their metavolcaniclastics successions and passes laterally into the Triassic phylli-
tes of the Mesozoic cover series. The metatonalite dykes in this region, cutting Silurian — Devonian
metacarbonates, are also thought to be related with this magmatism.

Based on the geochemical classification of the metavolcanics occurring in the lower parts of Meso-
zoic cover series, it can be concluded that the metabasic rocks are generated from an alkaline /
P-type MORB basaltic magma representing a within plate setting. Peraluminous metarhyolites in the
Afyon zone are originated from acidic magmatism representing the post-orogenic within plate (Av-
dan metarhyolites) and volcanic arc (Simav metarhyolites) environments. Similarly, metaluminous
metatrachyandesites in Sizma region indicates alkaline volcanism developed in the within plate en-
vironment.

Considering the combined geochemical and close stratigraphical evidence between metavolcanics
and Lower Triassic meta-clastic series, it can be suggested that this regional volcanism can be att-
ributed to the initial phase of the openning of the Neotethyan Ocean as a consequence of back-arc
rifting on the northern margin of the Gondwana during the southward subduction of the Palaeoteth-
yan Ocean.
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0OZ.- Bu calismada, Malatya-Piitiirge arasinda yiizeyleyen Maden grubu birimlerine ait kayaglarin
dokusal ve mineralojik dzellikleri (mineral bolluklari ve birliktelikleri, fillosilikatlarin kristalokim-
yasi) tizerinde jeotektonik konumun etkisi arastirilmistir. Bu kapsamda, 6l¢iilii kesitler boyunca ali-
nan rnekler iizerinde ince-kesit petrografisi ve X-isinlari difraksiyonu ¢oziimlemeleri (tiim kayag ve
kil fraksiyonu, kristalinite, politipi, b) gerceklestirilmistir.

Orta Eosen yash Maden Grubu, Giineydogu Anadolu Bélgesi orojenik kusaginda, Arap platformu
kayaglarinin kuzeyindeki Nap Bolgesi kayaclari igerisinde yer almakta olup (Yilmaz, 1993), meta-
morfik ve ofiyolitik kayaglar iizerine uyumsuzlukla gelmektedir.

Maden grubu altta konglomera-kumtasi-seyl (Ceffan formasyonu), iiste dogru kiregtasi-tiifit-(me-
ta)seyl (Arbo Formasyonu) ve kristalize kiregtagi bloklari iceren sleyt/fillit-metacamurtasi-metakum-
tagi-lidit-radyolarit (Melafan formasyonu), en iistte de bozugmus bazalt ve andezitten (Karadere for-
masyonu) olusmaktadir. Ceffan ve Arbo formasyonlari si1g ve kismen derin, Melafan formasyonu ise
biitiinitiyle derin denizel ortam1 temsil etmektedir. Bu dizilim, birimin hizla derinlesen bir ortamdaki
transgresif ¢okelimini yansitmaktadir. Alt seviyelerde metamorfik kayaclardan tiireyen kirintili ka-
yaglar bulunmakta, artan derinlesmeyle birlikte sirasiyla karbonat kayaglarina, ince taneli kirintili ve
yer yer silisli kimyasal kayaglara gecilmektedir. Tektonik duraysizlik ve artan derinlesmeyle birlikte
Arbo formasyonu kiregtaglari, Melafan formasyonu ¢okelleri igerisine kayarak olistolit olugturmus-
tur. Bunu izleyen dénemde bazaltik-andezitik bilesimli lavlar deniz tabanina yayilmaya baglamig ve
yer yer yastik yapili spilitik kayaglar tiretilmistir.

Ceffan ve Arbo formasyonlarina ait kayaclar ilksel sedimanter dokularini biiyiik 6l¢tide korumus
olup, zayif yonlii doku, buna kargin Melafan formasyonu kayaglarinda yaygin olarak sleyt dilinimi,
yer yer burugsma kivrim ve dilinimleri gozlenir. Karadere formasyonu volkanik kayaglarinda ise ka-
yag-deniz suyu etkilesimiyle iligkili bozusmalar gelismis ve boylece matrikste ve amigdallerde fil-
losilikat, silika, karbonat ve Fe-oksit mineralleri olusmustur.

Maden grubu kayaglari baslica kuvars, feldispat, kalsit, dolomit, hematit ve fillosilikat
(2M1+1M+1Md ve 2M1+1Md illit/muskovit, ITb klorit, paragonit, C-S, C-V, I-C, I-V, I-S, smektit) mi-

neralleri icermektedir. Arbo formasyonu’nda karbonatin, Melafan ve Karadere formasyonlarinda ise
feldispat ve hematitin miktari artmaktadir. Fillosilikat minerallerinden 1-C Ceffan, I-V Arbo, parago-
nit Melafan, klorit Karadere formasyonu igin belirtectir.

[llitmikalarin Kiibler indeksi verilerine gore (aralik ve ortalama A°20); Ceffan (0.24-0.34, 0.29),
Arbo (0.23-0.42, 0.33) ve Melafan (0.24-0.44, 0.32) formasyonlar1 ankimetamorfizma, Karadere
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Formasyonu (0.41-0.68, 0.52) ise ge¢ diyajenez derecesine igaret etmektedir. INit/muskovitlerin b
degerleri (aralik ve ortalama A) ise (Ceffan 9.027-9.034, 9.031; Arbo 9.003-9.013, 9.008; Melafan
9.005-9.040, 9.026; Karadere 9.014-9.017, 9.016) diistik-orta basing fasiyesi kosullarina karsilik gel-
mektedir. Ceffan formasyonunda kirintili ve Karadere formasyonunda volkanik kokenli olan illit/K-
mikalarin farkl kristalinite ve b, degerleri, Maden grubunun ilerleyen diyajenetik-metamorfik evri-

mi ile biitiiniiyle iligkili goziikmemektedir.

Mineral birliktelikleri, kristalinite, politipi ve b verileri; Maden grubu kayaglarinin yesilsist fasiye-
sinde (yaklagik 200-300 °C ve 2-3 kbar), basenin agilmasiyla birlikte 6nce sicakhigin, basenin kapan-
masi/terslenmesi sirasinda da basincin etkin oldugu P-T-t'nin tersi yoniinde bir metamorfizma gegir-
digini ortaya koymaktadir (Sek. 1). Bu tiir metamorfizma yay-ardr agilmali basenler i¢in karakteris-
tik olup (Robinson, 1987; Merriman ve Frey, 1999), Maden grubunun bu jeotektonik konuma sahip
oldugunu ileri siiren arastircilarin (Yigitbag ve Yilmaz, 1996 ve igindeki referanslar) goriigiinii des-
teklemektedir.

10 7 Gsmiilme Derinligi

Basing (kbar)

0 T T T T T 1
0 200 400 600

Sicaklik (°C)

Sek. 1. Maden grubu kayaglarinin hipotetik basing-sicaklik ve zaman ( P-T-t) evrimi (Tektonik ortam-
lar: Merriman ve Frey, 1999, Illit/muskovit b ¢izgileri : Guidotti ve Sassi, 1986)
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ABSTRACT.- In this study, the influence of geotectonic setting on the textural and mineralogic pro-
perties (mineral abundances and associations, crystallochemistry of phyllosilicates) of the rocks
from Maden Group outcropping between Malatya and Piitiirge were investigated. In this context,
thin-section petrography and X-ray diffraction analyses (whole rock and clay fraction, crystallinity,
polytypes and b) were carried out on the samples taken from the measured sections.

Middle Eocene Maden group is situated within the Nappe Region located in the north of the Arabi-
an Platform rocks from the Southeast Anatolian Orogenic Belt (Yilmaz, 1993), and it unconfor-
mably overlies the metamorphic and ophiolitic rocks.

The Maden group is made up of conglomerate-sandstone-shale (Ceffan formation) at the lower
parts, limestone-tuffite-(meta)shale (Arbo Jormation) and slate/phyllite-metamudstone-metasands-
tone-lydite-radiolarite (Melafan formation) towards upper parts, and altered basalt and andesite
(Karadere formation) at the uppermost parts. Ceffan and Arbo formations are represented by shal-
low and partly deeper marine environment, whereas Melafan formation has completely deep ma-
rine featutures. This sequence reflects the transgressive deposition of the unit in a rapidly deepe-
ning environment. Clastic rocks derived from metamorphic rocks are found in the lower parts of
the unit, which respectively pass into carbonate rocks, fine-grained clastic and partly siliceous
chemical rocks together with increasing of the depth. Limestones of Arbo formation had olistolite
formed by sliding within the sediments of Melafan formation due to tectonic unstability and incre-
asing depth. In following period, lavas in basaltic-andesitic composition spread on the sea floor
and pillow lavas were also produced.

The rocks of Ceffan and Arbo formations highly preserve their primary sedimentary textures with
poor fabric, on the contrary, the slaty cleavage, crenulation folds and cleavages are commonly ob-
served in the rocks of Melafan formation. The alterations related to rock-sea water interactions
were developed in the volcanic rocks from Karadere Jormation, and thus phyllosilicate, silica, car-
bonate and Fe-oxide minerals were precipitated in the matrix and amygdales.

Maden Group rocks mainly contain quartz, feldspar, calcite, dolomite, hematite and phyllosilicate
(2M +IM+IM, ve 2M +1M, illite/muscovite, IIb chlorite, paragonite, C-S, C-V, I-C, I-V, I-S,
smectite). The amount of carbonate minerals is higher in Arbo formation, whereas the contents of
feldspar and hematite increase in Melafan and Karadere formations. I-C, 1-V, paragonite and chlo-

rite from phyllosilicate minerals are distinctive Jfor Ceffan, Arbo, Melafan and Karadere Jormati-
ons, respectively.

According to Kiibler Index data of illite/micas (range and mean A°260); Ceffan (0.24-0.34, 0.29),
Arbo (0.23-0.42, 0.33) and Melafan (0.24-0.44, 0.32) formations indicate the anchimetamorphism,
but Karadere Formation (0.41-0.68, 0.52) has late diagenetic grade. b cell dimensions of illi-
te/muscovites (range and mean A: Ceffan 9.027-9.034, 9.031; Arbo 9.003-9.013, 9.008,; Melafan
9.005-9.040, 9.026,; Karadere 9.014-9.017, 9.016 ) correspond to low-intermediate pressure facies
conditions. Different crystalinities and b values of illite/K-micas, which are clastic origin in Cef-
Jan formation and volcanic origin in Karadere formation, do not wholly seem to be related to prog-
ressive diagenetic-metamorphic evolution of the Maden group.
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Mineral assemblages, crystallinity, polytype and b values suggest that the rocks of the Maden group
were metamorphosed in counterclockwise P-T-t paths under greenschist facies conditions (approxi-
mately 200-300 °C ve 2-3 kbar), in which temperature associated with the the extension was first ef-
fective and subsequently pressure was dominant during the contraction/inversion of the basin (Fig. 1).
This type of metamorphism is characteristic for back-arc extensional basins (Robinson, 1987; Mer-
riman and Frey, 1999) that support the opinion of the authors suggesting the Maden group has this
type of the geotectonic setting (Yigitbas and Yilmaz, 1996 and references therein).

10 7 Burial depth

Pressure (kbar)

0 1 ! I ! 1 1
0 200 400 600

Temperature (°C)

Fig. 1. Hypotetic pressure-temperature and time (P-T-t) evolution of Maden Group (Tectonic set-
tings: Merriman and Frey, 1999; b lines of illite/muscovite: Guidotti and Sassi, 1986).
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Orhaneli ( Bursa ) Ofiyolitinin Jeolojisi ve Petrografik Ozellikleri
The Geology and Petrographical Features of Orhaneli (Bursa) Ophiolite

Hayrettin OZEN', Ender SARIFAKIOGLU, Ozkan BASTA", Aydin COLAKOGLU,
Hiiseyin SAYAK' ve O.Faruk GULTASLI",

"MTA Genel Miidiirliigii, Maden Etiit ve Arama Dairesi, Ankara

“MTA Genel Miidiirliigii, Jeoloji Etiitleri Dairesi, Ankara

“*MTA Izmir Bolge Miidiirliigii

OZ.- Bursa-Kiitahya-Eskisehir bolgesinde bulunan Ust Kretase yash ofiyolit naplari, Alp Orojenez
Kusag: ierisinde yer alir. Bolgeye ekay dilimleri olarak yerlesen ofiyolitler, Izmir-Ankara-Erzincan
Kenet zonunda yer alir. Her bir ofiyolit nap1 eksikli bir dizi sunar. Ofiyolitlerin tektonik hareketler
sonucunda ilksel konumlarini kaybettikleri ve diizensiz yap1 sunduklar1 gézlenmektedir.

Neotetis Okyanusunun kuzey kolu igerisinde gelisen dalma-batma zonu iiriinii olan ofiyolitler, ku-
zeydeki Sakarya Kitasina ait metamorfitlerin {izerine retrosariyajla yerlesmis, giineydeki Anatolid-
Torid platformuna ait metamorfitleri tizerlemistir.

Orhaneli Ofiyolitinde genelde, kiimiilatlara ait ultramafik-mafik kayaglar gozlenir. Ultramafik kii-
miilatlar, diger kayaglara nazaran daha yaygindir. Sahada ¢ogunlukla sarims: kahverengi ayrigma yii-
zeyi ile kiimiilat dunitler izlenir. Yumusak topografya sunan dunitlerin izerinde bazen 10 m. kalinh-
ga ulasan lateritik zonlar geligmistir. Bu zonlardan Ni analizi i¢in alian 6rnekler, %1’in altinda de-
gerler vermigtir. Kimyasal bilesim agisindan, olivin kristallerindeki Mg iyonunun yerini alan Ni ele-
mentinin cok diisiik degerler vermesi, bu alterasyon zonlarinin ultramafik harzburjitlerden ziyade kii-
miilat dunitlerde gelistigini isaret eder. Inceleme alaninda izlenen ultramafik kayaglardan biri de ver-
litlerdir. Arazi ve mikroskobik gozlemlerde, dunitlerle verlitler arasinda dereceli bir gegis izlenir.
Verlitler, olivin-mezokiimiilat doku sunar. Yuvarlagimsi olivin kiimtiliis kristalleri arasinda, ozsekil-
siz klinopiroksenler, interkiimiiliis kristaller halindedir. % 90-60 olivin, % 10-40 klinopiroksen, %3
ortopiroksen ve ¢ok az tali minerallerden (uvarovit, kromit, manyetit) olugur. Ca’ca fakir klinopi-
roksenler (klinoenstatit, pijonit) ve Ca’ca zengin klinopiroksenler (diopsit-ojit) olmak iizere iki tip
klinopiroksen tespit edilmigtir. XRD analizi ile klinoenstatit minerallerinin varlig1 saptanmigtir. Cok
az gozlenen ortopiroksen kristalleri, klinopiroksen eksoliisyon lamelleri igermektedir. Kayagi olug-
turan mafik mineraller kismen altere olmustur. Alterasyon mineralleri olarak; serpantin, klorit, tre-
molit, talk, ikincil karbonat, ikincil opak (manyetit) ve demiroksit mineralleri gozlenmistir.

Arazide dunit ve verlitler, ince klinopiroksenit seviyelerine geg¢is gosterir. Bu ultramafik kiimiilatla-
rin birbirleriyle yanal ve dikey gecisler gosterdigi tespit edilmistir. Mafik kiimiilatlari temsil eden
katmanli gabrolar, arazide ¢ok az gozlenir. Kismen veya tamamen altere olmus plajiyoklas ve klino-
piroksen kristalleri igeren gabrolarda, diisiik dereceli okyanus tabani metamorfizma kosullarinda
olusan aktinolit, klorit, hibsit ve ikincil karbonat mineralleri gézlenmistir. Ultramafik kiimdilatlar,
bazen izole diyabaz dayklan tarafindan kesilir. Bu dayklarin bir kismi rodenjite dontigmiistiir.

Saha galismalar1 ve petrografik gozlemlere gore, Orhaneli Ofiyoliti bolgeye ekay dilimleri olarak
yerlesen ofiyolitlerin daha ¢ok kiimiilat kisimlarini temsil eder. Arazide ultramafik kiimiilatlardan
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mafik kiimiilatlara tedrici bir gecis vardir. Bu durum, ¢alisma alaninda sismik MOHO’nun varligini
isaret eder. Incelenen ultramafik-mafik kiimiilatlarin bazik magma odasinda, CaSiO,- MgSiO,- Fe-
SiO, sistemi igerisinde yiiksek sicaklikta, yavag soguma sonucu fraksiyonel kristallenme ile meyda-
na geldigi diigtiniilmektedir. Baglangigta ferromagnezyen kiimiiliis olivin kristallerinin olustugu, bu-
nu Ca’ca fakir klinopiroksenlerden ( klinoenstatit serisi ) Ca’ca zengin klinopiroksenlere dogru de-

vam eden bir serinin izledigi ve residual magmadan itibaren plajiyoklasli mafik kiimiilatlarin olustu-
8u sOylenebilir.

ABSTRACT.- Upper Cretaceous Ophiolite nappes in the Bursa-Kiitahya- Eskisehir region are fo-
und within Alpine Orogene Belt. The investigated ophiolites have been emplaced as the fragments of
oceanic lithosphere onto Izmir-Ankara-Erzincan Suture zone. Each ophiolite nappe displays a dis-
membered ophiolite suite and its initial suite has disappeared. Ophiolites show a disordered suture
due to tectonic deformation.

These ophiolites generated above an intra-oceanic subduction zone within the northern branch of
Neotethyan Ocean emplaced with overthrust onto metamorphic rocks of Sakarya zone in North and
obducted onto the marble and blueschistes of Anatolide-Tauride Platform in South.

Orhaneli Ophiolite consists mostly of ultramafic-mafic rocks belonging to the cumulates. Ultrama-
fic cumulates crop out extensively in respect to mafic cumulates. In the field, yellowish brown colo-
ured dunites commonly observed and on them, lateritic zone having sometimes 10 m. of thickness
have formed. Ni content of the samples collected Jfrom lateritic zone is less than 1%. Low values of
Ni which commuted by Mg ion in the Mg rich minerals like olivine and orthopyroxene indicate that
the lateritic zone have developed on the cumulate dunites with smoother topography than ultrama-
fic harzburgites.

One of ultramafic cumulates observed in the field also is werhlites. According to field and micros-
copic observation, there is a transition between dunites and werhlites. Werhlites exhibit olivine-me-
socumulate texture. Intercumulus clinopyroxene crystals are found among rounded cumulus olivine
crystals. Werhlites contain 90-60% olivine, 10-40% clinopyroxene, 3% orthopyroxene and secon-
dary minerals (uvarovite, chromite, magnetite). Ca-poor clinopyroxene minerals (clinoenstatite, pi-
geonite) and Ca-rich clinopyroxene minerals ( diopsite-augite) have been determined. Clinoenstati-
tes have been noticed in XRD analyses. Orthopyroxene crystals with exsolution lamellaes of clinopy-
roxene are minor. Mafic minerals of the werhlites are partly altered to serpentine, actinolite, chlori-
te, talc, secondary calcite minerals, secondary opaque (magnetite) minerals and iron oxides.

Dunites, werhlites grade into thin clinopyroxene bands. These ultramafic cumulates grade into each
other laterally and verticaly. Layered gabbros have much less coverage than ultramafic cumulates.
The gabbros underwent ocean flor-type metamorphism having alteration minerals such as actinoli-
te, chlorite, hibschite and secondary calcite minerals. Ultramafic cumulates are cut by isolated di-
abase dikes. The dikes have been sometimes altered to rodhengite.
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Finally, Orhaneli Ophiolite emplaced as slices represent cumulate rocks of ophiolite sequence. Cu-
mulates consist commonly of ultramafic rocks which pass to mafic cumulates. This observation in-
dicates that there is Seismic Moho in the studied area. From the field and petrographical data, in the
CaSi 0 -MgSiO -FeSiO, system of magma chamber, under condition of slow cooling at high tempe-

ratures, at first, ferromagnesium cumulus olivines crystallized. The crystal series formed from Ca-
poor clinopyroxenes (clinoenstatite series) to Ca-rich clinopyroxenes (diopsite-augite series) follo-
wed. Layered gabbros occurred due to fractional crystallization from residual magma.

49




58. Tiirkiye Jeoloji Kurultay: L1 - 17 Nisan 2005, MTA Kiiltiir Sitesi, Ankara
38th Geological Congress of Turkey

Bigadic Bor Havzasindaki Iki Evreli Volkanizmaya Ait Veriler ve
Bunlarmn Bat1 Anadolu Tektonigindeki Onemi
Evidence for two episodes of volcanism in the Bigadi¢ borate basin and its
tectonic implications in western Turkey

Fuat ERKUL, Cahit HELVACI ve Hasan SOZBILIiR
Dokuz Eyliil Universitesi, Mithendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii 35100 Bornova ~ IZMIR

OZ.- Bati Anadolu, Miyosen’den beri K-G agilma rejiminin etkisindedir. K-G agilmanin nedeni, bag-
lama zamani ve bununla iligkili havza olusumu uzun siiren bir tartigmaya konu olmustur. Bigadi¢ bor
havzasindan elde edilen veriler bu problemin ¢oziimiine yeni bir bakis agis1 getirmektedir. Havza, Ust
Kretase-Paleosen yasli carpigma ile iliskili Tetyan orojenezi sirasinda gelisen ve KD uzanimli bir
transfer zonu iginde olusan Bornova Filis zonu iizerinde agilmigtir. KD uzanimli transfer zonu, Bati
Anadolu’daki farkli yapisal evrim gegirmis iki orojenik toplulugu bir araya getiren yeniden aktif ha-
le ge¢mis bir zonu belirtmektedir.

Bigadi¢’teki volkanizma, birbirlerinden acisal uyumsuzlukla ayrilan, farkli evrelerde yerlesmis iki
kaya birimi ile temsil edilir: (1) 23 milyon yil K/Ar yasi veren Kocaiskan volkanitleri ve (2) 20.6 ile
I7.8 milyon yil arasinda yaglar veren Bigadi¢ volkano-sedimenter serisidir. iki birim de Ust Miyo-
sen-Pliyosen yash kirmizi renkli tortullar tarafindan uyumsuz olarak iistlenir. Kocaiskan volkanitle-
ri, karasal sokulumlar, domlar, lav akintilari ve piroklastik kayaglarin aginmasindan tiireyen kalin vol-
kanojenik tortullardan olusmaktadir. ikinci evre volkanizma, golsel-evaporitik ¢okelime eslik eden
bazalttan riyolite kadar degigen bilesimlerdeki lav akintilari ve piroklastik ¢okeller ile temsil edil-
mektedir. Dasit-riyolit bilesimli Sindirg: volkanitleri, KD uzanimli sokulumlar, domlar, lav akintilari,
ignimbiritler, kiil yagis ¢okelleri ve volkanojenik tortul kayaglardan yapilidir. Diger KD uzammli oli-
vin bazalt ve trakiandezit bilesimli sokulumlar ve beraberindeki lav akintilari, golsel tortullar iceri-
sine yerlesmislerdir. Sokulumlar ile tortul dokanagr ise tortullasmayla es yash yerlesimi ifade eden
peperitik kayaclar ile simgelenir.

Ik evreye ait Kocaiskan volkanitleri, bolge K-G yonlii sikismaya maruz iken KD dogrultulu zon bo-
yunca yerlesmislerdir. Iki volkanik evreye ait ¢Okeller arasindaki agisal uyumsuzluk, K-G yonlii car-
pisma ile iligkili sikisma rejiminden, siyrilma faylari boyunca Ege dalma-batma zonunun glineye
dogru gogii ile iliskili K-G agilma rejimine gecisi ifade etmektedir. Bigadi¢ volcano-sedimenter se-
risi i¢indeki kuzeye hareket veren bindirme faylart ve KD dogrultulu diiseye yakin kivrim eksenleri,
tortullagma sonrasinda KB-GD dogrultulu sikismanin tekrar etkin oldugunu ortaya koymaktadir.

Bigadig’ten elde edilen jeokimyasal veriler, ikinci volkanik evrede es yash kalk-alkalin ve alkalin
kayaglarla temsil edilen bimodal volkanizma ile agilma rejiminin varligini desteklemektedir. Radyo-
metrik olarak 19.7 + 0.4 milyon yil yaslandirilan alkalin kayaglarin, Bati Anadolu’da K-G agilma re-
Jiminin baslamasi ile dogrudan iliskili oldugu diisiiniilmektedir,
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ABSTRACT.- The western Turkey has been dominated by an N-S extension since the Miocene. The
timing and cause of N-S extension and related basin formation have been the subject of the long las-
ting debate. The data from the Bigadi¢ borate basin provide new insights to solve this controversy.
The basin is located on the Bornova Flysch Zone, which had thought to be formed as a major NE-
trending transform zone during the Late Cretaceous-Palaeocene collisional Tethyan orogenesis and
reactivated as a transfer zone of weakness separating two orogenic domains of different structural
evolution in the western Turkey.

The volcanism in the Bigadi¢ area is characterised by two episodic rock units that are separated by
an angular unconformity. These are: (1) Kocaiskan volcanics that gave K/Ar ages of 23 Ma, and (2)
Bigadi¢ volcano-sedimentary succession that yielded ages of 20.5 to 17.8 Ma. Both units are uncon-
formably overlain by Upper Miocene-Pliocene continental red clastics. The Kocaiskan volcanics re-
lated to first episode of volcanic activity comprise thick volcanogenic sedimentary rocks derived
from primary subaerial andesitic intrusions, domes, lava flows and pyroclastic rocks. The second
episode of volcanic activity, which is represented by basaltic to rhyolitic lavas and pyroclastic rocks,
accompanied the lacustrine-evaporitic sedimentation. The dacitic to rhyolitic volcanics, called Sin-
dirgt volcanics, comprise NE-trending intrusions producing primary volcanic rocks, including lava
flows, ignimbrites, ash-fall deposits and associated volcanogenic sedimentary rocks. Other NE-tren-
ding olivine basaltic (Golciik basalt) and trachyandesitic (Kayirlar volcanics) intrusions and lava
flows were synchronously emplaced into the lacustrine sediments and commonly display peperitic
margins between lava and sediment.

The oldest volcanic episode occurred in the NE-trending zone when the region was still suffering a
N-S compression. The angular unconformity between two volcanic episodes marks an abrupt tran-
sition from N-S directed and collision related convergence to N-S directed extension that was rela-
ted to retreating of the Aegean subduction zone to the south along an extensional detachment. Seve-
ral thrust faults with top-to-the-north sense of shear and a series of anticlines and synclines with
subvertical NE-striking axial planes observed in the Bigadi¢ volcano-sedimentary succession sug-
gest that NW-SE compression was reactivated after the sedimentation.

Geochemical data from the Bigadi¢ area also support validity of extensional regime which is cha-
racterised by a bimodal volcanism related to extrusion of coeval alkaline and calc-alkaline volcanic
rocks. The formation of alkaline volcanic rocks dated as 19.7 + 0.4 Ma can be directly related to on-
set of N-S extensional regime in the western Turkey.
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Bati1 Anadolu’daki Transtansiyonel Tektonik Ortama Ait Yapisal Veriler:
Kuvaterner Yash Cumaovasi Havzasindan Bir Ornek
Structural Evidence for Transtensional Tectonic Setting in Western Anatolia:
An Example from the Quaternary Cumaovast Basin

Bora UZEL ve Hasan SOZBILIR

Dokuz Eyliil Universitesi, Miithendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, Izmir (bora.uzel@deu.edu.tr)

OZ.- Bu galigmanin ana amaci Cumaovast havzasinin yapisal evrimini yeniden inceleyerek bu evri-
mi Bati Anadolu genisleme bolgesi icerisindeki konumunu karsilastirmaktur. Calisma, farkli stres
alanlarinin 6zelliklerini ve iligkili yapilarin kinematik tanimlamalarini icerir.

Cumaovasi havzasinin orta ve kuzey kesimleri normal faylarla sekillenirken, havzanim bati kesimi
ana dogrultu atimh faylarla deforme olmaktadir. Normal fay toplulugu D-B ve KD-GB dogrultulu
iken dogrultu atimli fay toplulugu KB-GD ve KD-GB dogrultuludur. Sag yanal dogrultu atimh fay
karakteri gdsteren fay toplulugu baskin olarak KD-GB uzamimlidir. Sol yanal dogrultu atimli fay ka-
rakterindeki fay toplulugu ise KB-GD uzanim sunar.

Hareket yoniinii belirlemede kullanilan fay yiizeyi verileri ana gerilme eksenlerinin belirlenmesinde
kullanilmigtir. Fay yiizeyi verileri Angelier stres ters ¢oziimleme metodu kullanilarak analiz edilmis-
tir. Havzanin bati sinirina ait sonuglar, yaklagik yatay, 193° dogrultulu ve 01° dalimli olan -3 degeri
ile iligkili KKD-GGB agilma ve BKB-DGD sikismayi isaret etmektedir. Bununla ilgili -1 ve -2 de-
gerleri de 283°/42° ve 101° /48° olarak hesaplanmugtir. -1 degeri 231° dogrultulu ve 77° dalimli olan
KD-GB agilma ile iligkili yiiksek agili normal faylara ait hesaplamalar sonucu -2 ve -3 degerleri
107°/03° ve 016°/12° olarak hesaplanmugtir. Son olarak havzanin giineybati sinirina ait veriler diiseye

yakin -1 ve 169° dogrultulu -3 stres degerleri BKB-DGD sikigma ile iliskili KKB-GGD acilmayi isa-
ret etmektedir.

Cumaovasi havzasindan elde edilen yapisal veriler, havzanin KKD-GGB genislemesiyle birlikte yak-
lagik D-B sikismasiyla olusmus ve dogrultu atumli ve normal faylarin birlikte isledigi bir transtansi-
yonel tektonik rejim altinda sekil degistirdigini gostermektedir. Aktifligi belirten fay diizlemleri ve
s1ig deprem odak mekanizmasi ¢oziimleri bu transtansiyonel rejimin siirdiigiinii gostermektedir.

ABSTRACT.- Main objective of this study is to reconstruct the structural evolution of the Cumaova-
st basin, combined with correlation of the west Anatolia extensional province. This involves charac-

terising the various stress fields and identifying the associated directional and kinematic group of
structures.

Central and northern parts of the Cumaovast basin are shaped by normal faults while western part
of basin is deformed by major strike-slip faults. The normal fault population strikes E-W and NE-
SW. Whereas, strike-slip fault population trends in NW-SE and NE-SW directions. Dextral strike-slip
population has a clear pattern with a predominant NE-SW orientation. Sinistral strike-slip faults ha-
ve also a clear pattern with a NW-SE direction.
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Striated fault planes, of which the relative sense of movement was determined, were used for quan-
titative determination of the main principal stress directions. Fault slip data are analysed using
stress inversion method of Angelier. Computed resuts of fault slip data in the western margin of the
basin define a nearly horizontal stress -3 trending in 193° and plunging 01° that is consistent with
NNE-SSW extension and WNW-ESE compression. Average orientation of -1 and -2 axes is 283°/42°
and 101° /48° respectively. We observed high angle normal faults that are consistent with NNE-SSW
extension, the calculated -1 trends in 231° and plunges at 77°, whereas -2 and -3 axes have attitu-
des of 107°/03° and 016°/12°, respectively. The last result is calculated using data from the southwes-
tern part of the basin. Here, stress -1 is very steep and -3 is oriented 169° suggesting a NNW-SSE
directed extension associated with WNW-ESE compression.

The structural data obtained from the Cumaovast basin support a mixture of normal and strike-slip
movement in a transtensional tectonic regime that formed under a NNE-SSW extensional direction
associated with an approximately E-W compression. This transtensional phase is still ongoing in the
region, as indicated by active fault planes and focal mecanisms of shallow earthquakes.
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Babadag Faymin (Denizli Havzasi GB Kenarsi,
Bati Anadolu) Morfotektonik Ozellikleri
The Morphotectonic Characteristics of the Babadag Fault
(SW Boundary of Denizli Basin, West Anatolia)

Faruk OCAKOGLU', Sanem ACIKALIN ve Kadir DIiRIK"
‘Osmangazi Universitesi, Jeoloji Miihendisligi Boliimii, Eskisehir, focak@ogu.edu.tr (sanema@ogu.edu.tr)
“Hacettepe Universitesi, Jeoloji Miihendisligi Boliimii, Ankara, kdirik@hacettepe.edu.tr

OZ.- Denizli ¢Okiintiisiiniin giineybati kenarina karsilik gelen Babadag fayinin batida Incirpinar ile
doguda Bagkarci arasinda kalan yaklasik 22 km’lik bir kesimi morfotektonik agidan incelenmistir.
Bu fay havza kenar fay1 olmasi sifatiyla giineydeki Babadag horstunun yiikselim hizi ve yasina ilig-
kin 6nemli veriler saglayabileceginden bolgesel bir Sneme sahiptir.

Incelenen béliimde Babadag fay1 farkli dogrultulara sahip ti¢ segmentten olugur. Ik segment Kiran-
yer batisinda K30B dogrultusunda 5 km kadar uzanir. Yogun ortii yliziinden fayin jeolojik kanitlari iz-
lenememistir; ancak fay sarpligi boyunca Armutlar dere ve Karanlik derenin, yataklarini Babadag
horstunun 1500 m’lerdeki zirvelerine kadar 2-3 km geriye asindirdig1 gozlenir. Sarplik boyunca fa-
getalar orta derecede gelismistir. Amilan dereler kuzeydoguda diigen blok tizerindeki golsel Pliyosen
¢Okellerini derin vadilerle etkin olarak kazimaktadir.

Ikinci segment Manastir mahallesinin 1 km batisindan baglar ve doguda Giiveglik’e kadar 13 km bo-
yunca uzanr. Bitytik 6lgekte dogrultusu D-B olmakla birlikte yerel olarak bu dogrultudan K70B ve
K70D’ya kadar sapmalar miimkiindiir. Segment boyunca glineye 20° kadar egimli Pliyosen golsel
¢okelleri (baskin olarak beyaz marn ve kiregtasi) icine kazinmug kaba taneli aliivyal yelpaze ¢okelle-
ri metamorfik temelle tektonik olarak dokanaga gelir. Fay diizlemine, kalinlig1 80 cm’ye ulagan bir
fay kili de eslik eder. Segment iizerinde Yenikoy, Kelleci ve Altindere civarindaki fay diizlemi ol-
¢limleri egimin 30-70° arasinda degistigini, hareketin 6nemli 6lgiide sag yanal bilesenli normal ka-
rakterde oldugunu gostermektedir. Kelleci ve Altindere civarinda kaba taneli aliivyal yelpaze istifle-
ri morfolojik bir kimlik kazanarak 750-850 m vyiikseltileri arasinda belirgin diizliikler olustururlar.
Bu eski yelpaze ¢okelleri faya yakin kesimlerde sistematik bir sekilde kuzeye 15-20° kadar egimli
olup yer yer formasyonali¢i uyumsuzluklar sergilerler. Faya dik olarak gelisen akarsu sistemleri
(baglica Yenikoy dere, Kelleci dere ve Karaaslan dere) horst iizerinde 7-10 km kadar giineye dogru
geriye kazinmigtir. Segmenti kat eden kosut vadiler arasinda devasa facetalar (6rnegin Dikmen tepe
ve Piarcik tepede) ¢ok iyi gelismistir ve en az 500 m’lik bir diisey atim1 gosterirler.

Giiveglik batisinda tigiincii segment K40B dogrultusunda giineydoguya dogru uzanir. ikinci segment-
ten farkli olarak bunun fay sarplig1 daha az kemirilmis ve tepesinde Gk tepenin (1632 m) bulundu-
gu, en az 800 m’lik bir diisey atimi gdsteren ¢ok biiyiik bir fageta geligmistir. Diisen blok tizerinde
yakinsak kisimlart 800 m yiikseltisinde bulunan halen zayif¢a desilen bir dizi aliivyal yelpaze bulu-
nur. Bu ¢okelterin metamorfik temelle olan dokanag: hep tektoniktir. Bunlar ikinci segmentte ancak
artiklar1 gozlenen kaba kirintililarin eg degeri olmalidirlar. "
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Pliyosen ¢okellerinin giineye (fay diizlemine dogru) egimlenmesiyle birlikte, yiikselen blok tizerin-
deki biiyiik boyutlu fagetalar ve olasilikla Kuvaterner yaslh yelpaze ¢okelleri Babadag fayinin morfo-
tektonik ve stratigrafik kaydini olugtururlar. Bu kayida gore Babadag fayi Ge¢ Pliyosen-Kuvaterner
yash olmalidir. Fayin olusumunu izleyen bir dénemde bir yandan Pliyosen ¢okelleri giineye egimle-
nirken ve tiim Pliyosen cografyasi ve heniiz gelisen fay sarpligi aginirken bir yandan da diigen blok
tizerinde aliiviyal yelpaze ¢okelleri gelismeye baslamis olmalidir. Yelpaze ¢okellerinin metamorfik-
lerle olan tektonik dokanagindaki fay kilinin kalinhigi ve devasa fay fagetalar: yelpazelerin uzun bir
diisey yolculuk (>500m) yaptigina isaret edebilir. Kuvaterner yash bu yelpaze kompleksinin neden
ve ne zaman desilmeye basladigi, Babadag fay: ile kuzeydeki Biiyiik Menderes Grabeni faylarinin
bagil aktivitelerinin anlagiimasi agisindan gelecekte Gnemli veriler sunacaktir.

ABSTRACT.- The Babadag fault corresponds to the southwest boundary of the Denizli depression
and the morphotectonic pecularities of this fault has been examined in an approximately 22 km long
part between Incirpinar in the west and Bagkarct in the east. This fault as basin border fault is regi-
onally significant since it may potentially provide valuable information on the uplift rate and age for
neighbouring Babadag horst.

In the studied zone, the Babadag fault is made up of three segments with distinct orientations. The
first segment trends in N30W direction and extends for 5 km to the west of Kiranyer. The geological
evidences of this segment can not be observed due to heavy cover, but along the scarp the backward
erosion of Armutlar dere and Karanlik dere on the footwall for 2-3 km up to 1500 m heights of Ba-
badag horst is observed. Throughout the fault scarp triangular facets have been also moderately de-
veloped. The mentioned streams on the footwall is incised into the Pliocene lacustrine sediments at
northeast on the hanging wall as well.

The second segment appears at 1 km west of the Manastir district and extends eastward to Giiveclik
for 13 km. Although it has an E-W orientation, the fault direction may locally deviate up to N7OW
and N70E. Throughout the segment, coarse-grained alluvial fan sediments that incised into the Pli-
ocene aged lacustrine sediments (dominantly whitish marl and limestone) dipping 20° to the south
are tectonically juxtaposed with the basement metamorphics. On the fault plane, a 80 cm-thick Sfault
gauge has been also developed. Fault plane and slickenline measurements in vicinity of Yenikdy, Kel-
leci and Altindere villages show that the master fault is a normal fault with a considerable right-la-
teral component and dips between 30°-75°. The coarse-grained alluvial fan successions around Kel-
leci and Altndere gain a morphological identity as prominent surfaces between 750-850 m altitu-
des. These older fan deposits dip systematically 15°-20° to the north near the fault and indicate lo-
cally some intraformational unconformities. Drainage system (e.g. Yenikoy, Kelleci and Karaaslan
creeks) developed perpendicular to the fault trend incised into the foorwall about 7-10 km backward
1o the south. Between these parallel valleys crossing the fault trace some gigantic triangular facets
(e.g. Dikmen and Pinarcik hills) were very well developed and indicate at least a 550 m vertical off-
set.

The third segment runs with a strike of N4OW from Giive¢lik towards southeast. Dissimilar to second
segment, this has a prominent fault scarp with less drainage. Nevertheless, a gigantic triangular fa-
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cet with summit of Gk tepe (1632 m) has been developed indicating a vertical offset of at least 800
m. On the hanging wall a series of coalescing alluvial fans with proximal parts at 800 m altitude are
still weakly being eroded. Their contact with the basement is always faulted. They should correspond
to the remnants of coarse-grained clastics observed on the neighbouring second segment.

Tilting of Pliocene deposits towards the fault plane, large scale triangular facets on the Sfoorwall and
probably Quaternary-aged alluvial fan deposits the morphotectonic and stratigraphic record of the
Babadag Fault. According to these evidences, the age of Babadag Fault should be Late Pliocene-
Quaternary. After the initiation of the fault, while the Pliocene deposits were progressively tilting so-
uthward, the whole Pliocene palaeogeographic terrain and the newly uplifted fault scarp were ero-
ding; on the hanging wall alluvial fan sediments must have been developed. The considerable thick-
ness of fault gauge on the fault zone between alluvial conglomerates and the basement metamorp-
hics, and huge triangular facets may indicate that the alluvial fans travelled a long (> 500 m) ver-
tical way. The timing and causes of incision of these Quaternary alluvial fan complex could provide
significant data in the future about the relative activities of Babadag and Biiyiik Menderes graben
Saults.
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Karakaya Kompleksinin Levha Tektonigi Yerlegsimine
Ankara Giineyinden Orneklerle Sedimanter Petrografik Bir Yaklagim
An approach to tectonic setting of Karakaya Complex by using sedimentary
petrografhic properties of samples from the southern Ankara

Sanem ACIKALIN ve Faruk OCAKOGLU
Osmangazi Universitesi, Jeoloji Mithendisligi Boliimii, 26040 Eskisehir

OZ.- Batida Biga yarimadasindan baglayan; Bursa, Eskigehir, Ankara iizerinden doguya dogru Kaft-
kaslara kadar uzanan Karakaya Orojenik Kusagi (Kogyigit, 1987) birgok aragtirmact tarafindan fark-
It amaglarla incelenmistir. Karakaya kompleksi olarak da adlandirilan bu kusak Alt ve Ust kompleks
olarak 2 kisma ayrilmustir (Okay ve Gonciioglu, 2004). Geg Paleozoyik — Triyas yash Alt Karakaya
kompleksi yesil sist-mavi sist fasiyesinde metamorfizma gecirmis mafik lav, piroklastik kayag, seyl
ve kiregtaglarindan; Permiyen — Triyas yash Ust Karakaya kompleksi ise klastik, volkanoklastik ve
volkanik kayaglardan olusur. Literatiirde Karakaya kompleksinin olusum ortami ve tektonik gelisi-
mi iki alternatif modelle (“rift” ve “dalma-batma-eklenme” modelleri) agiklanmaya galigiimistir. Bu
calisma, Ust Karakaya kompleksi iginde, farkl bilegimlerdeki litarenit/ grovak, silttast, seyl ardalan-
masindan olusan bir birimin (Okay ve Gonctioglu (2004)’nun “grovak serileri”; Erol (1956)"un El-
madag bloklu serisi; Norman (1973)"1n Kiregtast bloklu melanji, Okan (1982)"1n Elmadag formasyo-
nu, Kogyigit (1987)’in Kisikiistii Formasyonu) sedimanter petrografik ozelliklerini ortaya ¢ikararak
kompleksin levha tektonigi yerlesimini aydinlatmay1 amaclamaktadir. Karakaya kompleksinin bilytik
yayilimina kargin drneklemenin dar bir alanda yapilmasi ve drneklenen seviyelerin stratigrafik ko-
numlarinin belirsizligi caligmanin baglica engelleri olarak sayilabilir. Caligma kapsaminda Ankara ge-
hir merkezi giineyinden Konya yolu, Dikmen, Beytepe, Cayyolu olmak iizere 4 farkli alandan alinan
ve metamorfizma etkisi sinirl Slgiide gozlenen kumtagt Srneklerinin sedimanter petrografik 6zellik-
leri incelenmis, kayaglar mineralojik bilesimleri ve dokusal 6zellikleri goz oniine alinarak siniflandi-
rilmug, icerdikleri tanelerin kiiresellik ve kogelilik indisleri ile tane boyu parametreleri belirlenmis-
tir.

Kayaglarin modal mineralojik bilesimleri her kesitte 150 adet noktanin sayilmasi ile elde edilmistir.
Ornekler mineralojik bilesimlerine gore simflandiriimig ve Dickinson ve Suczek (1979)’un Onerdigi
levha tektonigi yerlesimi diyagramlarina yerlestirilmistir. Icerdikleri tanelerin koselilikleri Powers
(1953)’e gore abaklarla karsilagtirilarak gorsel olarak degerlendirilmis; kiiresellikleri ise tanelere dis-
tan teget en kiigiik ve igten teget en bilylik gemberlerin yarigaplarinin orani olarak ifade edilmistir.
Kayaglarin tane boyu parametreleri (ortalama tane boyu, boylanma, yamukluk, kurtosis) her kesitte
150 adet tanenin hatlar boyunca en uzun eksenlerinin olgiilmesi, tane boyu dagilim grafiklerinin ¢i-
zilmesi ve bu grafiklerden itibaren Folk ve Ward (1957)"1n 6nerdigi formiiller kullanilarak belirlen-
mistir.

incelenen 53 adet kumtagi ornegi ana bilesen olarak monokuvars, polikuvars, feldispat, muskovit,
biyotit ve kayag pargalari icermektedir. Bazi drneklerde fosil kirtklarina da rastlanmugtir. Orneklerin
icerdigi kayag parcalari oldukga cesitlilik gostermektedir. Kiregtag ve volkanik kayag parcalari ile
beraber diisiik metamorfizmali kayag pargalari (sleyt ve fillit) ve mikasistler yaygin olarak gozlen-
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mektedir. Farkli alanlardan alinan 6rnekler birbirlerine gore ¢ok dnemli farkliliklar gstermemesine
kargin, Beytepe ve Cayyolu’na ait kumtaglari ile Dikmen kumtaslari arasinda mineralojik bilesim ve
tanelerin kiireselligi agilarindan dikkat ¢ekici farkliliklar bulunur. Modal mineralojik bilesimleri te-
melinde Pettijohn ve dig. (1987)’ne gére siniflandirildiklarinda tim érnekler litik grovak sinifina gi-
rerler. Ancak Cayyolu ve Beytepe’den alinan kumtaglarinda feldispat miktar1 digerlerine gore daha
fazladir.

Inceleme alanindaki kumtaglarinin modal mineralojik bilesimleri Dickinson ve Suczek (1979)’in
Gnerdigi tektonik yerlesim diyagramlarinda baskin olarak yeniden ¢evrimlenmis orojen kaynagina
(carpisma orojeni kaynagi) karsihk gelmektedir. QFL ve QmFLt tiggen diyagramlarinda Beytepe ve
Cayyolu ornekleri diger iki alana ait 6rneklerden ¢Ort parcalarinin azhigr nedeniyle belirgin sekilde
ayrilmaktadir. Kumtaglarini olusturan bilesenlerin ortalama koselilikleri farkli alanlarda birbirine ol-
dukga yakindir ve “yar1 koseli” simifina girer. Bilesenlerin kiiresellik indisleri ise alandan alana degi-
sir. Beytepe ve Cayyolu kumtaslart daha kiiresel (subelongate) taneler igerirken, Konya yolu ve Dik-
men kumtaglarint olusturan tanelerin kiiresellik indisleri daha diistiktiir (very elongate). Mineralojik
bilesim ve tanelerin kiireselliklerindeki bu farkliliklar nedeni ile, karmagik tektonik yliziinden stra-
tigrafik konumlar belirsiz Beytepe ve Cayyolu kumtaglari ile Dikmen ve Konya yolu kumtaglarinin
istifin farkli kisimlarina karsilik geldigi diistinilebilir. Tane boyu parametrelerinden boylanma agisin-
dan tiim ornekler orta-kétii derecede boylanmug iken yamukluk acisindan simetrikten cok inceye ya-
muga kadar degisen ozellikler sunarlar.

Ust Karakaya kompleksine ait grovaklarin mineralojik bilesimleri levha tektonigi yerlesimi acisin-
dan degerlendirildiginde, kaynak bolgede magmatik kayaglarin yogun olarak bulunmadig anlagil-
maktadir. Tanelerin yari kogeli oluslari ve kiiresellik indislerinin kiiresele ¢ok yakin olmamalari goz
Oniine alinirsa kaynak bolgenin ¢ok uzak olmadig: da digtiniilebilir. Tiim bu veriler 1s181nda, Karaka-
ya kompleksinin 6nceki bir ¢arpigma orojenini kaynak bolge kabul eden yakin bir havzada gelistigi
ileri siiriilebilir. Bu sonug, Karakaya kompleksinin tektonik yerlesimine iliskin dnceki modellerden
“rift modeli”ne daha uygun diismektedir.

ABSTRACT.- The Karakaya Orogenic Belt extends Jfrom the Biga Peninsula at the west to the Ca-
ucauses to the east through Bursa, Eskisehir and Ankara ( Kogyigit, 1987), and was investigated by
many researchers for different objectives. This belt, also known as the Karakaya complex, was divi-
ded into 2 parts, the Lower and Upper complexes ( Okay ve Gonciioglu, 2004). While the Late Pale-
ozoic — Triassic aged Lower Karakaya complex comprises green and blue schist metamorphics de-
rived from mafic lava, pyroclastics, shale and limestones; the Permian — Triassic aged Upper Kara-
kaya complex includes clastics, volcanoclastics and volcanic rocks. In the literature, the depositional
environment and tectonic evolution of the Karakaya complex are described by two alternative mo-
dels (“rift” and “subduction-accretion” models). This study aims to describe the sedimentary pet-
rographic pecularities and to evaluate the plate tectonic setting of a unit (“graywacke series” of
(Okay ve Gonciioglu (2004); the Elmadag Blocky series of Erol (1956); Melange with limestone
block of Norman (1975); Elmadag formation of Okan (1982); Kisikiistii formation of Kogyigdit
(1987)) regarded as part of the Upper Karakaya complex. The investigated unit is formed from the
alternation of different litologies such as litarenite/greywacke, siltstone and shale. The fact that the
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samples considered represents a limited area with respect to extensive Karakaya Complex, and lack
of well-constructed stratigraphy are the main obstacles of this study. In the scope of this investiga-
tion, the sandstone samples without significant metamorphic features which were collected from 4
different areas in the south of the Ankara city, namely Konya yolu, Dikmen, Beytepe, Cayyolu, were
investigated with respect to sedimentary petrographic properties. The samples were classified accor-
ding to their mineralogical composition. Furthermore, the textural properties of grains such as an-
gularity, sphericity and granulometric parameters were also determined.

Modal mineralogical composition of the sampled rocks were determined by counting 150 points in
each sample. Samples were classified according to their mineralogical composition and plotted on
the plate tectonics setting diagrams by Dickinson and Suczek (1979). Angularity of grains are eva-
luated by visual comparison with Powers (1953)'s diagrams; sphericities are expressed as the ratio
of the diameter of the largest circle to that of smallest circle that could be drawn tangentially in and
out on each individual grain. Granulometric parameters of grains (i.e. graphic mean, sorting, skew-
ness and kurtosis) are determined by measuring the long axes of 150 grains at each sample, drawing
cumulative frequency curves and calculating the formulas suggested by Folk and Ward (1957).

The investigated 53 sandstone samples contain monoquartz, polyquartz, feldspar, muscovite, biotite
and rock fragment as main components. In some samples broken fossils are also observed. Types of
rock fragments vary considerably. Limestones, volcanic rock fragments, low-grade metamorphics
(slate and phyllite) as well as micaschists are the most common rock fragments encountered. In spi-
te of the lack of important differences between samples from different areas, there are concievible
differences in terms of mineralogical composition and sphericity of grains between the two groups,
namely the Beytepe plus Cayyolu and the Dikmen areas. When samples are plotted according to the-
ir modal mineralogical composition on the diagrams of Pettijohn et al (1987), all samples are pla-
ced in lithic greywacke class. But samples from the Beytepe and Cayyolu areas, the amount of felds-
par is significantly higher than the others.

The modal mineralogical composition of sandstones dominantly correspond to the recycled orogen
provenance (more specifically the collision orogen) when they placed on the Dickinson and Suczek
(1979) diagrams. On the OFL and OmFLt diagrams the Beytepe and Cayyolu samples are distinctly
separated from the others due to less amount of chert grains. Mean angularity of grains in all are-
as are very similar to each other and all are dominantly subangular. Sphericity of grains signifi-
cantly varies from one area to other. While the Beytepe and Cayyolu samples contain more spheri-
cal (subelongate) grains, the Konya yolu and Dikmen samples tend to have lower sphericity indici-
tes (very elongate). Because of the difference in mineralogical composition and sphericity indicies
from the two groups (i.e. the Beytepe and Cayyolu and the Konya yolu and Dikmen), it is suggested
that they correspond to different stratigraphic levels of this highly deformed unit. With respect to the
granulometric parameters, all samples are poorly to modarately sorted and their skewness are most-
ly situated between symmetrically skewed and strongly fine skewed.

When mineralogical composition of greywackes from the Upper Karakaya complex are evaluated in
terms of plate tectonic setting, it is obvious that the magmatic rocks are lacking in provenance. It can
also be suggested that the proveance was not remote when considered the amount of subangular
and elongate grains. All these findings strongly suggest that the Karakaya complex is formed in a
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basin whose provenance was close and comprised of remnants of a collisional orogen. This conclu-
sion mostly fits the “rift model” previously suggested for the tectonic setting of Karakaya complex.
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Giimiishane-Ikisu Yoresindeki Erken-Orta Jura Volkanitlerinin
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Giimiishane-Ikisu Area
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OZ.- Jura yash kayaglar Dogu Karadeniz daglarinin hem kuzeye bakan yamaglarinda, hem de giine-
ye bakan yamaglarinda yiizeylenir. Ancak, stratigrafik olarak giineydeki yiizeylemelerin alt-ist sinir-
lar1 belirgin olmasina karsin, s6z konusu havzalarin gogunlugunda piroklastik veya epiklastik kayag-
lar hakimdir. Giimiigshane-Torul-Ikisu yoresi giineyde yer alan ve ender volkanik kayaclarin baskin
oldugu lokasyonlardan biridir. Bu nedenle, bu kayaglarin jeokimyasal karakteristiklerinin anlagilma-
st onemlidir. Calisma alanindaki yiizlek, bazalt, andezit, bunlarin piroklastitleri ve bunlardan tiiremis
epiklastik kayaglardan olusur. Bazaltlar yastik lavlar seklindedir ve tabanda bulunur. Iri plajiyoklas
iceren andezitler piroklastik kayaglar ierisinde kafalar halinde goriiliir ve radiolarit iceren ara kat-
manlar igerir. Kalinligt 50 metreye ulagan patlama bregleri, boyutlari 20 cm’ye ulasan oval bazalt ¢a-
killarindan ve ¢akillarla hemen hemen ayni mineraller igeren baglayict matriksten olugmustur. Kaba
derecelenme gosteren epiklastik kayaglar, karbonatl kayaglarla ardalanarak Kalloviyen yash karbo-
natlara gecer. Mikrolitik-porfirik, entersertal doku gosteren bazaltlarda, yer yer albitlesmis, zeolit-
lesmis plajiyoklas; ¢ogunlukla uralitlesmis ojit ve tamamen serpantinlegmis olivin fenokristalleri
ve yer yer ayrismig plajiyoklas mikrolitleri ve opak mineraller birincil mineral olusumlarin; karbo-
natlar, kil mineralleri, kloritler, aktinolit, zeolitler, serisitler, serpantin mineralleri ise fenokristallerin
ve/veya hamurun ayrigmasi sonucu ve/veya bosluk dolgusunu olusturur. Andezitler mikrolitik por-
firik dokulu olup, genellikle az ayrigmus iri plajiyoklas (1 cm’ye varan) fenokristallerinden ve mat-
riksteki mikrolitlerden olusmustur bazaltlara benzer, ancak daha az oranda bosluk ve ayrigma mine-
rallerinden olusur. Piroklastitler genellikle tif, lapilli tiif boyutlarinda olup, mikroskobik olarak kris-
tal tiiftiir. Epiklastik kayaglari olugturan malzemenin tamamina yakini alttaki volkanitlerden tiiremis-
tir. Ancak, iist seviyelere dogru matriksteki karbonat orani artar.

incelene kayaglarin tiimii az veya ¢ok deniz suyu hidrotermal alterasyonuna ugramustir. Kayaglarda-
ki alterasyonun siddeti kayaglardaki klinopiroksenlerin alterasyonuyla dogru orantihidir. Mikrosko-
bik olarak, en az ayrigmig piroksenlerin bulundugu kayaglar baz alindiginda, ayrigmus kayaglarin Si
ve Fe kaybina ugradiklari, Na, K, Ca (6zellikle daha sonraki kalsitlesmeden dolay1) kazandiklari, Al
Ti, P iceriklerinin ¢ok fazla degismedigi saptanmugtir. Buna karsin biiyiik iyon yarigapli elementler
iceriklerinde biiyiik artig veya azalig yoniinde degisimler gozlenmistir. Yiiksek alan enerjili ve nadir
toprak element (NTE) igerikleriyse ok biiyiik farkliliklar gozlenmemistir.

Okyanus ortasi sirt1 (OOS) bazaltti normallestirilmis oriimcek diyagraminda, rnekler tipik Nb-Ta, P
ve Ti negatif anomalileri ve pozitif Pb anomalisi gostermektedir. Kondirit normallestirilmis NTE
yonsemeleri, iri plajiyoklasli andezitlerin gdstermis oldugu pozitif Eu anomalisi diginda birbirine pa-
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raleldir. Hafif NTEler kondirite gore 50-120, agir NTE’ler ise 8-12 kez zenginlesmistir. (La/Lu)N
orant 8-10"dur. Cr-Ni i¢eriklerinden itibaren yapilan hesaplamalardan, érneklerin % 7-15 olivin (ol),
%02-7 klinopiroksen (kpr); V-Fe, 0, igeriklerinden, yaklasik % 5 magnetit (mag) diferansiyasyonu so-
nucu olustuklart hesaplanmustir. Tiim bu veriler toparlandiginda, Ikisu volkanitleri yitim bileseni iz-
lerini tasiyan bir magmadan itibaren ol+kpr+mag diferansiyasyonu sonucu olustugu sdylenebilir.

ABSTRACT.- Out crops of Jurassic rocks in the eastern Black Sea Region Mountains are seen on
both northern and southern slopes. Although lower and upper boundaries of southern out crops are
clear, pyroclastic or epiclastic rocks dominate in most of the Jurassic basin at south. Giimiighane-
Torul-Ikisu is one of the rare locations at the south where volcanic rocks dominate. Out crop of study
area consists of basalt, andesite, their pyroclastics and epiclastics that originated from them. At the
bottom of the sequence, pillow lava basalts are seen. Large plagioclase phenocryst bearing andesi-
tes are found in thick pyroclastic piles and intercalates with radiolarite bearing sediments. Explosi-
on breccias that are approximately 50 m thick, consist of oval basaltic gravels (up to 20 cm in size )
and the matrix that have almost the same mineralogical composition with gravels. Carbonate inter-
calated rough graduated epiclastics pass through Callovian carbonates at the top of sequence. Ba-
salts show microlitic porphyric- entersertal structures with plagioclase mostly altered to albite
and/or zeolite; augite commonly turned to uralite, olivine wholly serpantized, and plagioclase and
oxide microliths. Carbonates, clay minerals, chlorite, actinolite, zeolite, sericite are secondary mi-
nerals that form either alteration of phenocrysts or matrix, or filled in vesicles. Andesites show mic-
rolitic porphyric structures with large plagioclase (up to 1 cm) and plagioclase microliths in the mat-
rix. It contains similar alteration and vesicles filling mineral assemblages with basalts. Pyroclastics
are tuff and lapilli tuff in size and are microscopically crystalline tuff. Materials that make epiclas-
tics mainly originated underlying volcanic rocks and carbonate content increase towards to top.

All rocks investigated weakly or intensively altered by seawater hydrothermal alteration. The inten-
sity of alteration can be correlated with the extent to that primary clinopyroxene has been preser-
ved. When the altered clinopyroxene bearing samples is taken references, altered samples loss their
some of Si.and Fe, in contrast gain some Na, K and Ca (with late calcite crystallization) but no dif-
ferent with their Al, Ti, P contents. Although large ion lithophile elements show irregular changes,
high field strength elements and rare earth elements (REE) do not show significant differences.

In the mid-ocean ridge basalt normalized trace element patterns, negative Nb-Ta, P and Ti and po-
sitive Pb anomalies are characteristically shown. The average chondrite normalized pattern paral-
lel to each other and only large plagioclase bearing andesite show positive Eu anomaly. Light RE-
Es 50 1o 120 times and heavy REEs 8 to 10 times enriched according to chondrite and (La/Lu)N ra-
tio range 8 to 10. From Ni-Cr contents, 7-15% olivine (0l), 2-7% clinopyroxene (cpx); and from V-
Fe,O, compositions approximately 5% magnetite (mg) differentiations were calculated. All these da-

ta indicate that Ikisu volcanics originated from a magma that bears subduction input, with
ol+cpx+mag differentiation.
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Dogu Pontid’lerin Metalojenezi
Metallogeny of Eastern Pontides
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07.- Dogu Pontidlerde yay volkanizmasi Jura ve/veya Jura éncesinden itibaren baslamis olmasina
kargin bolgenin metalojenezi Geg Kretase ve sonrast volkanizmayla sekillenmisgtir.

Pontid tip volkanojenik masif siilfid (VMS) yataklar1 yay ardi havzalarda olusmustur. Apsiyen do-
neminde kuzeydogu-giineybati dogrultulu transfer faylar boyunca bolgeye yerlesmeye baglayan yay
volkanizmasi, Tiironiyen déneminde olgunlasarak maksimum siddetine ulagir. Geg¢ Tiironiyen’de
yay ekseni boyunca yukariya dogru ilerleyen granit pliitonlari nedeniyle yay ekseni hizla yiikselir. Bu
ytikselme Dogu Pontid’lerin kuzeyindeki yay ardi havzasinin olusumuna yol agar. O donemde yay
eksenine granit batolitleri olarak yerlesen magmatizma yay ard1 derin ¢Oklintii alanlarinda asitik vol-
kanikler geklinde yerlesmistir. Onceki galismacilardan bazilari tarafindan “kaldera” olarak tanimlan-
mig bu tektonik ¢okiintii alanlarinda asitik volkaniklere bagli olarak yiiksek tenorli, kalkopiritce zen-
gin sinjenetik masif siilfid yataklart olusmustur (Cayeli, Cerattepe, Lahanos). Dogu Pontid’lerde bu
yataklarin yayilimi ve biiyiikliigii ile magmatizmanin yogunlugu arasinda siki bir iliski vardur.

Kisa bir suskunluk doneminden sonra Santoniyen’de yeniden baglayan vokanizma Tiironiyen done-
mi volkanizmasindan farkli olarak ¢ok belirgin bimodal karakter sunar. Baslangi¢ asamasinda genel-
likle bazaltik ve riyolitik olan bu volkanizma da Geg Santoniyen doneminde baskin riyolitik-riyoda-
sitik bir karakter kazanur. Birinci magmatik déneme gore daha az da olsa Dogu Pontid’lerde yeni bir
yiikselmeye , dolayisiyla yay ardi veya yay ici havzada yeni bir ¢bkmeye neden olan bu magmatik
donemde ¢okiintii alanlarinin ¢ok iyi gelismemesi nedeniyle genellikle ¢ok az masif kisimlari olan,
sfaleritce zengin , diisiik tenorlii stokvork ve saginim tip maden yataklarr gelismistir (Peronit, Kutlu-
lar, Képriibast). Dogu Pontid’lerdeki bilinen Mn yataklarim da olusturan bu volkanizmanin s1g deni-
zel-olasi karasal (?) yerlesimleri genellikle kil ve epitermal altin yataklarini olusturmustur (Akoluk).

Geg Eosen’de giineydeki kalkalkalin magmatik yerlesimi epitermal altin ve baz metal cevherlesme-
lerinin olusumuna yol acarken (Olucak, Mastra, Midi) kuzeyde, alkali gabro ve diyoritlerle temsil
edilen bu magmatik dénemde ekonomik olabilecek bir cevherlesme goriilmez.

Geg Kretase ve sonrasi en az ii¢ farkli zamanda gelismis magmatik faaliyetler neticesinde porfiri tip

yataklarinin olustugu (Balcili, Giizelyayla) Pontid’lerde Tersiyer sonrasi cevherlesmelerin varlig: tar-
tismalidir.

ABSTRACT.- In the Eastern Pontides, although arc volcanism begins since pre-Jurassic or Juras-

sic, metallogeny of the region has been formed by Cretaceous and its subsequent period volcanic ac-
tivities.
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Pontide type volcanogenic massive sulfide deposits occur in back-arc basins. Arc volcanism that has
started to settle in region along NE-SW trending transfer faults during the Aptian, became grow and
reached its highest intensity in Turonian. Granite plutons that have started to rise, ascend arc axis
cosiderably fast. This uplifting result in formation of back-arc basins in the north of Eastern Ponti-
des. The syngenetic massive sulfide deposits where high grade chalcopyrite dominates, related to
acidic volcanism (Cayeli, Cerattepe, Lahanos), occurs in tectonic depression basins which have be-
en termed “caldera” by previous workers. The size and distribution of these deposits are closely as-
sociated with intensity of volcanism in Eastern Pontides.

After a short term quiescence in volcanic activity, volcanism renewed at Santoniyen is bimodal in
character. Basaltic and rhyolitic volcanism at the initial stage change gradually into predominant
rhyodacite in Late Santonian. Due to undeveloped collapse basins at that stage, low grade, sphala-
rite dominates stockwork and disseminated ore deposits occurs (e.g., Peronit, Kutlular, Kopriibagt).
Above mentioned volcanism which also gave rise manganese deposits known in Eastern Pontides
display marine and terrastrial features in a large area. Clay deposits are caused by a shallow emp-
lacement of this acidic volcanism (Akoluk).

In the Late Eocene, calc-alkaline igneous emplacement provides an explanation for the formation of
epithermal gold and base metal mineralization to the South (e.g., Olucak, Mastra, Midi). In the
north, however, we don’t summarize implications for any economic mineralization at this magmatic
stage represented by alkaline gabro and diorite. Latest Cretaceous and its subsequent magmatic ac-
tivities which are formed at least three different stage host porphyry type deposits (e.g., Balculi, Gii-
zelyayla). Presence of post-Tertiary mineralization is stil controvertial.
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Hasancelebi ve Karakuz (Malatya) Bolgeleri Demiroksit Yataklarinda
Alterasyon Zonlanmasi
The Alteration Zoning Within the Iron Oxide Deposits of the Hasangelebi
and Karakuz (Malatya) Regions
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0z7.- Hasancelebi ve Karakuz bolgelerinde yapilan caligmalar her iki bolgede de Na-Ca metasoma-
tizmasina ugrayan iki farkli yan kayacin bulundugunu, her yan kayacta farkli metasomatik zonlarin
olustugunu ortaya koymaktadir. Calisma alaninda oldukga genis alanlar boyunca ylizeyleyen trakitik
ve siyenitik kayaglar kendi alterasyon zonlar ve desenlerini gelistirmektedir. Her iki kayac icinde
gelismis olan alterasyon zonlarinda hem makro hem de mikro farkliliklar bulunmakta ve arazide her
iki kayaca ait alterasyonlar birbirlerinden kolaylikla ayrilmaktadir.

Trakitik kayaglar iginde, serpantin dokanagindan taze trakitik kayaglara dogru, aktinolit- skapolit
+manyetit+hematit, skapolit-aktinolit-filogopitzmanyetit, ve serizit-hematit+kuvars zonu olmak
tizere daha sonra siilfit damarlarinin gelistigi 3 ana zon; siyenitik kayaglar i¢inde ise serpantinitler-
den taze trakitik kayaclara dogru ezik-altere skapolit, skapolit-spekiilarit, skapolit-piroksen-granat
zonu ve filogopit+skapolit-manyetit damarli zon olmak iizere 4 ana zon tespit edilmistir.

Aktinolit sadece trakitik kayagclar icinde damarlar halinde skapolit ile birlikte gézlenen bir mineral
olarak kendini belli ederken daha orta tane boylu olmasi ve skapolit ve diyopsitlerle tarak dokusu
olusturacak sekilde biiyiimesi ayirtman 6zellikler olarak kargimiza ¢ikmaktadir. Ote yandan, siyeni-
tik kayaglar i¢inde gelisen skapolitler genellikle cok iri tane boylu (en fazla 25-30 cm) ve tipik pem-
bemsi ve yesilimsi renkleriyle belirginlesirken hi¢ bir zaman aktinolitlerle birlikte gézlenmezler. Si-
yenitik kayaglar iginde gozlenen skapolitler ya filogopit ya da piroksen-granat mineralleriyle birlik-
te baskin ve iri taneli mineraller olarak gozlenirler. Trakitik ve siyenitik kayaglarda gozlenen alteras-
yon zonlarinin bir bagka belirgin 6zelligi, manyetit-hematit cevherlesmelerinin genellikle trakitik ka-
yaclar iginde daha zengin olmasi, siyenitik kayaglarda ise manyetit-hematit cevherlesmelerinin eko-
nomik olmayan damar ya da damarciklar halinde bulunmasidir. Cevherlesmeler ya ekonomik olma-
yan damarlar ya da alterasyon zonlarinda kiigiik mercekler olarak bulunurlar.

Siilfid cevherlesmeleri genellikle ¢cok az silislesmis trakitik kayaglar icinde tek tiik kalkopirit sagi-
mmlari, veya ve serisitlesmis-killesmis oksidize skapolit-filogopitli zonlar i¢inde malakit damarla-
ri/boyamalari seklindedir. Piritlesme manyetit-filogopit-skapolit kayacini ornatir sekilde olan kalsit-
pirit damarlart halindedir. Bu galisma kapsaminda yiirtitilen arazi ¢aligmalart ve petrografik analiz-
ler, Hasangelebi ve Karakuz demiroksit yataklarina yankayachk eden alterasyonlarin ve bu alteras-
yonlar iginde yer alan mineral topluluklarinin Demir Oksit Bakir-Altin (DOBA) tipi yataklarda goz-
lenen topluluklara ve alterasyon desenlerine benzedigini gostermektedir.
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ABSTRACT.- The studies at Hasangelebi and Karakuz region show that the two different types of
rocks, trachyte and syenite are exposed in these regions, and these have been subjected to a perva-
sive Na-Ca metasomatism. The metasomatic zones are of two types depending on the type of the rock
being metasomatized, and these two zones are easily detected in the field based on their mineralo-
gical characteristics and spatial distributions.

From serpentinites to fresh trachytic rocks, the trachytic rocks are the host to three main alteration
zones as: actinolite;scapolitefmagnetizefhematife, scapolite-actinolite-phlogopitex magnetite, and
sericite-hematitexquartz which were later veined by sulfides. The syenitic rocks, on the other hand,
consist of four main zones as sheared-altered scapolite, scapolite-specularite, scapolite-pyroxene-
garnet, and phlogopitexscapolite-magnetite veined zones. Actinolite accompanied by scapolite is the
index mineral along the veins that typify the alteration zones in the trachytic rocks, and occur as me-
dium grained crystals forming comb textures. However, the scapolites with distinct pinkish to gre-
enish colors developed within the syenitic rocks are characterized by a larger grain size up to 25-30
cm, and are never associated with the actinolites. They appear as dominant and coarser grained mi-
nerals accompanied either by pyroxene-garnet, or phlogopite within the syenitic rocks. Another sig-
nificant characteristic of the alteration zones within trachytic and syenitic rocks is the spatial dist-
ribution and location of the magnetite-hematite mineralization in a way that the mineralization usu-
ally is hosted by trachytic rocks, while the syenitic rocks are associated with sub-economic magne-
tite-hematite veins and/or veinlets.

The sulfide mineralization is generally in the form of sporadic chalcopyrite disseminations within
slightly silicified trachytic rocks, or within a sericitized to argillitized, oxidized scapolite-phlogopi-
te zones as malachite veins or staining along the fracture zones. The pyrite mineralizations usually
occur as calcite-pyrite veins replacing the magnetite. The field works and petrographical analyses
in this study have revealed that, the alterations and alteration assemblages hosting the Hasangele-
bi-Karakuz iron oxide deposits display similarities with those defined in Iron Oxide-Copper-Gold
(I0CG) type deposits.
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Bakirtepe (Kangal-Sivas) Altin Zuhurunda Sivi Kapanim Calismalari
Fluid Inclusion Studies in the Bakirtepe Gold Prospect (Kangal- Sivas)
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“"MTA Orta Anadolu. Bélge Miid., 065, Sivas

07.- Bakirtepe (Sivas) Altin zuhuruna, Bakirtepe nin kuzeyindeki Paleozoyik yasli kuvarsitleri ke-
sen kuvars damarlarinda ve Bakirtepe 'nin giineyindeki Paleozoyik yasli sistler ile kuvarsitler arasin-
daki fayl dokanakta gelismis olan ankeritik zonlar1 kesen kuvars damarlarinda rastlanmaktadir.

Kuvarsitleri kesen kuvars damarlart KD-GB dogrultulu ve dike yakin GD’ya egimlidir. Bu kuvars
damarlarinin altin degerleri 2,5-99,3 gr/ton arasindadir. 60.70m. boyutlarindaki ankeritik zonu kesen
kuvars damarlarr, KD-GB dogrultulu ve KB’ya egimlidirler. Bu kuvars damarlarinin altin degerleri
ise 1,88-2,4 gr/ton arasindadir.

Kuvars damarlarindan alian yiizey drneklerinde sivi kapanim analiz calismalart yapilmistir. Bu ana-
liz ¢alismalari sonucu altin cevherlesmesinin ; I.evre (100-160°C) , 2.evre (200- 290 °C) ve 3. evre
(350->350°C) olmak iizere ii¢ ayri evrede olustuklart gozlenmektedir. Ortamin tuzluluk degerleri-
nin ise (% NaCl es degeri olarak) % 2-12 arasinda yer aldig gozlenmektedir.

Altin olusumunda, H,0-NaCl-CaCl, ¢ozelti sisteminin etkili oldugu diisiintilmektedir.

ABSTRACT.- Bakirtepe Gold Prospects ( Sivas) are formed in the quarz veins which are occured
in fracture zones of Paleozoic aged quartzite, seen at the north of the Bakirtepe and ankeritik zo-
nes that are developed in the fault zone between the Paleozoic aged schists and quartzites seen at
the south of the Bakirtepe. Quartz veins in quartzite trending NE-SW, have 90° slopes SE. The gold
grades of these quartz veins are between % 2,5 -99,3 gram/ton. Quartz veins in ankeritik zone which
are 70. 2.5 m. in size have slopes NW and they trend towards NE-SW .The gold grades of these qu-
artz veins are between % 1,88 -2,4 gram/ton.

Fluid inclusion studies were carried on the surface samples which were taken from the quariz ve-
ins. Gold mineralization formed in three stage ; first stage(100 -160°C), second stage ( 200-290°C)
and third stage( 350->350°C) .The salinity values are between % 2-12 (NaCl) equvilant.

It can be assumed that H,0-NaCl-CaC. [, salt system has affected occurrence of gold deposit.
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Orta Toros Daglarinda Bulunan Karbonatlara Bagh
Zn-Pb Cevherlesmelerinin Kiikiirt Izotop Nitelikleri
Sulfur Isotope Characteristics of Carbonate-Hosted Pb-Zn Deposits Occurring

in the Central Taurus Mountains (Southern Central Turkey)

Berna YAVUZ ve Emin CIFTCI
Nigde Universitesi, M.M.F. Jeoloji Miih. Bol., 51200 Nigde

0OZ.- Orta Toros Daglarinda, ¢ok sayida karbonatlara bagli, Pb-Zn cevherlesmeleri bulunmaktadur.
Bu yataklarin ekseriyeti esas olarak kursun ve ¢inko i¢in, az bir kismi da altin ve giimiis igin potan-
siyel tagimaktadir. Bu calismada, Yahyali (Kayseri)’dan Anamur (Mersin)’a uzanan bir alan i¢inde
bulunan tiim cevherlesmeler kiikiirt izotop analizleri igin drneklenmistir.

Yataklarin ¢ogu Aladaglar ve Bolkardag olarak bilinen ve birbirinden Giilek bogazi ile ayrilan bir
alan icinde yer almaktadir. Yaklagik 22 yatak kaydedilmistir. Yataklarin ¢ogunda analiz igin, yogun
oksidasyona ragmen nispeten yiiksek direnci nedeni ile dayanmig olan galen kristalleri se¢ilmistir.
Galenin bulunmadigi durumlarda sfalerit veya pirit kullanilmigtir.

Ornek hazirlamada iki yontem kullanilmugtir. Bir grup 6rnek icin, ufalanmug cevher numunelerinden
stereo-mikroskop altinda cimbiz yardimuyla kristaller ayiklanmustir. Ikinci set icinse, parlak kesit ve-
ya el-boyutundaki cevher dilimlerinden mikro-sondaj yoluyla numuneler hazirlanmistir. Ayni 6rnek-
leri temsil eden numunelerden elde edilen kiikiirt izotop degerleri birbirleriyle olduk¢a uyumludur.
318 degerleri + 0.46 ve + 11.5 %o arasinda degisim gostermektedir. Degerlerin ¢ogu dar magmatik
aralikta kabul edilmektedir. Daha yiiksek degerler ise oksidasyon ve/veya bolge kayaglari i¢inde bu-
lunan cesitli formasyonlarin katkilart nedeniyle **S’ce zenginlesmeye baglanmaktadir. Horozkdy

cevherlesmesinin farkli bir cevher mineral parajenezi ile farkli kokene sahip oldugu kabul edilmis-
tir.

Anahtar sozciikler: Toros Daglari, Pb-Zn damar yataklari, karbonat-mekan kayagli, Aladaglar, Bol-
kardag, kiikiirt izotop

A great number of carbonate-hosted Pb-Zn mineralizations occur in the central Taurus Mountains.
Majority of these deposits mainly have potentials for lead and zinc, to a lesser extent, for gold and
silver. In this study, all the mineralizations occurring from Yahyali (Kayseri) to Anamur (Mersin)
area have been sampled for sulfur isotope analyses.

Most of the deposits occur in an area known as Aladaglar and Bolkardag districts, which are divi-
ded by the Giilek through. About 22 occurrences have been recorded. For most deposits, galena was
selected for the analyses since it is the only primary sulfide mineral survived pervasive oxidation due
manly to its relatively higher resistance. Where it is not found or present either pyrite or sphalerite
was employed.

Two methods were utilized for sample preparation. For one set of samples, target crystals were pic-
ked under a stereomicroscope with the aid of tweezers from crushed/semi-powdered samples. For the
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second set, samples were acquired from polished plugs or hand-size slabs by employing a micro-dril-
ler. Sulfur isotope results from both sets representing identical samples well agreed. S values ran-
ge between + 0.46 and + 11.5 %o. Most of the values are considered within a narrow magmatic ran-
ge. Higher values are attributed to enrichment in S due to oxidation and/or contribution of various
formations contained by the regions rocks. The Horozkoy mineralization was considered to be of dis-
tinct origin with different ore mineral paragenesis.

Key words: Taurus mountains, Pb-Zn vein deposits, carbonate-hosted, Aladaglar, Bolkardag, sulfur
isotope
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Orta Toroslarda Bulunan Karbonatlara Bagh Zn-Pb Yataklarmin
Baz ve Degerli Metal Icerigi*
Base and Precious Metal Contents of Carbonate-Hosted Zn-Pb Deposits
Occurring in the Central Taurus Mountains (Southern Central Turkey)*

Ahmet ATAC ve Emin CIFTCI
Nigde Universitesi, M.M.F., Jeoloji Miihendisligi Boliimii, 51200 Nigde (eciftci@nigde.edu.tr)

OZ.- Orta Toroslar silsilesi, Devoniyen-Alt Kretase yagh allokton Yahyali, Siyah Aladag, Minarete-
peler, Cataloturan, Beyaz Aladag naplari, ofyolitik melanj, Belemedik sekansi, Tersiyer yash cokel-
ler ve morenlerden olugmaktadir.

Cevherlesmeler esas olarak, genellikle K-G, KD-GB dogrultulu fay ve kirik zonlarinda, ve karstik
magaralarda goriilen Zn-Pb tipi damar seklinde goriilen birincil siilfit ve ikincil oksihidroksit ve kar-
bonatlardan olugmaktadir.

Cevher mineral parajenezi, birincil siilfit olarak sfalerit, galen ve pirit ile ikincil oksihidroksit-kar-
bonat mineralleri olarak seriizit, smitsonit, anglezit, hemimorfit, hidrozinkit, gotit, lepidokrosit ve
kovelitten meydana gelmektedir. Bunlarla birlikte, minorden esere kalkopirit, arsenopirit, pirarjirit
ve markazit de gozlenmistir. Yogun oksidasyon tzellikle seriizit, smitsonit ve demir oksihidroksitle-
rin olusmasina neden olmustur. Galen, diger birincil siilfit minerallerine oranla, boylesi oldukga yiik-
sek oksidasyon ortaminlarindaki nispeten yiiksek duraylilig1 nedeniyle, en yaygin bulunan siilfit mi-
neralidir. Bolkardag boliimiindeki yataklarda ¢inko baskinken, Aladaglarda kursun daha bol bulunur.

Segilmig cevher ornekleri iizerinde yapilan kimyasal analizler, altin ve glimis iceriklerinin oldukga
yiiksek oldugunu ve sirasiyla 20 ve 200 ppm’e kadar ulasabildigini gostermektedir. Cevher mikros-
kobu incelemelerinde, 150 mikrona varan biiyiikliiklerde altin kristallerinin varhigi gozlenmistir. Se-
¢ilmig ornekler iizerinde yapilan smirh sayidaki elektron mikroprob analizleri (EPMA), bazi siilfit
fazlarinda yiiksek glimiig ve germanyum varligini belirlemistir.

Birincil cevherlesmeler yapisal kontrolli hidrotermal minerallesmeler olarak kabul edilebilir. Ancak
yogun oksidasyonun Karstlasma ile eszamanli olarak olustugu ve ozellikle yiiksek rakimli (> ~2000
m) cevherlesmeleri yeniden hareketli hale getirerek, oldukga cesitli ikincil cevher minerallerinin
olusumuna neden oldugu kabul edilmektedir.

Anahtar sozciikler: Bolkardag, Aladaglar, Orta Toros Daglari, cevher mineralleri, cevher mikrosko-
bisi, baz metal, degerli metal

*Buy proje Tiibitak tarafindan desteklenmektedir (Proje No: YDABAG-102Y130)
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ABSTRACT.- Mid Taurus range is consisted of allocthonous nappes including Yahyali, Siyah Ala-
dag, Minaretepeler, Cataloturan, Beyaz Aladag, ophiolitic mélange, Belemedik sequence of Devoni-
an-Lower Cretaceous age, Tertiary deposits and moraines. Ore mineralizations are mainly Zn-Pb-
type vein deposits occurring in fault and fracture zones (striking principally N-S, NE-SW) and kars-
tic caves as primary sulfides and secondary carbonates, sulfates and oxyhydroxides.

In this project, 23 major occurrences have been investigated with respect to their base and precious
metal potentials. Ore mineral paragenesis is consisted of sphalerite, galena, and pyrite as primary
sulfides and cerusite, smithsonite, anglesite, hemimorphite, hydrozincite, goethite, lepidocrocite and
covellite as secondary oxide-hydroxide-carbonate minerals. Minor to trace amounts of chalcopyri-
te, arsenopyrite, freibergite and marcasite were also observed. Intense oxidation resulted in Jorma-
tions particularly of smithsonite, iron-oxides-hydroxides and cerusite. Galena is the most common
sulfide mineral in comparison to the other sulfides due to its relatively high stability in such envi-
ronments. In the Bolkardag segment, zinc is predominant whereas lead becomes dominant in the Ala-
daglar segment.

Chemical analyses carried out on the selected ore samples indicated that gold and silver contents
are significantly high and may reach up to 20 ppm and 200 ppm, respectively. Ore microscopy in-
vestigations on polished mounts showed that gold grains may reach up to 150 micron in across. Li-
mited number of electron probe microanalyses (EPMA) carried out on selected samples indicated
presence of high silver and germanium contents in some sulfide phases.

Primary ore mineralizations are considered to be structurally controlled mesothermal mineralizati-
ons. But intense oxidation occurred concurrently with the karstification and remobilized mineraliza-
tions occurring particularly at high elevations (> ~2000 m) and resulted in Sformation of highly di-
verse secondary ore minerals.

Keywords: Bolkardag, Aladaglar, Mid Taurus Mountains, ore minerals, ore microscopy, base metal,
precious metal

*This project is fully supported by Tiibitak (YDABAG 102Y130).
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Karadoru Granitoyidi’ne Bagh Skarn Zonu Geligimi
Yenice - Canakkale
Skarn Zone Formation Related with the Karadoru Granitoid
Yenice - Canakkale

Namik AYSAL, Sinan ONGEN ve Nurullah HANILCI
.U, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, 34320, Avetlar/Istanbul (aysal@istanbul.edu.tr)

OZ.- Yenice (Canakkale) kuzeyinde farkli biiyiikliiklerde granitoyid sokulumlari (Karadoru, Nev-
ruz—Cakiroba, Sofular, Sogucak, Yenice, Namazgah) bulunmaktadir. Bu sokulumlarin ¢evresinde
kontak metamorfizma ve skarn zonlari gelismistir. Karadoru Granitoyidi dar bir alanda mostra ver-
mesine ragmen, sokulumun gevresinde yaklagik 7 km? gibi genis bir alanda kontak metamorfizma
ve skarn zonu olusturmustur.

Karadoru Granitoyidi, Oligosen sonunda Karakaya kompleksinin Niliifer ve Hodul birimleri igine
sokulum yapmis ve birimlerde kontak metamorfizmaya neden olmustur. Kontak metamorfizma de-
recesinin, albit-epidot hornfels fasiyesinden hornblend hornfels fasiyesine kadar ilerledigi mineral
parajenezleri ile belirlenmigtir. Karadoru koy merkezinde ve dogusunda granit-mermer kontaklart
boyunca granat-epidot skarn, kuvars-epidot skarn ve diyopsit-granat skarn zonlari olugmustur. Skarn
zonlarindaki granatlar genellikle andradit tiirtindedir. Demir’in granat biinyesinde tutulmasi nedeniy-

le skarn zonlarinda kiigiik manyetit olusuklari diginda dnemli bir cevher olusumu meydana gelme-
mistir.

Epidot skarn zonuna ait sivi kapanim verileri, skarn olusumunun 505 °C gibi yiiksek sicaklikta bag-
ladigini, 333 °C’ye kadar devam ettigini ve cozeltide Li, K ve Mg’un 6nemli oranda varligini goster-
mektedir. Yiiksek sicakliktaki (505 °C) soliisyonlarm  %16-16,8 NaCl esdegeri tuzluluga sahip ol-
duklari ve sicakligin azalmasiyla birlikte (350-400 °C) genel olarak tuzlulugun da %10-12 NaCl es-
degere azaldig1 gozlenmektedir. Bu siirecteki tuzlulugun azalmasi, muhtemelen skarn olusumun ge-
rileyen evresinde tuzlulugu az olan meteorik suyun sisteme katildigina isaret etmektedir.

Anahtar kelimeler : Skarn, sivi kapanim, Karadoru granitoyidi, Yenice.

ABSTRACT.- There are several granitoid bodies, different sizes (i.e. Nevruz—Cakiroba, Sofular, So-
gucak, Yenice, Namazgah) in northern Yenice (Canakkale). Extensive contact metamorphism and
skarn zones were developed along the contacts of these granitoides. Although the Karadoru grani-
toid is exposed in a narrow area, around the granitoid a contact metamorphic and skarn zone is pre-
sent in an area of approximately 7 km’.

In late Oligocene, the Karadoru Granitoid intruded into the Niliifer and Hodul units of the Karaka-
ya complex, and caused contact metamorphism in these units. It is determined by mineral parage-
nesis that the contact metamorphism progressed from albit-epidote hornfels to hornblend hornfels
facies. Garnet-epidote skarn, quartz-epidote skarn and diopsite-garnet skarn zones formed along the
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contact of the granite and marble in northern and central parts of the Karadoru village. Garnets are
of generally andratite composition in the skarn zones. As iron was Jixed by garnets, no significant
mineralisation was formed in the skarn zones except small magnetite occurrences.

Fluid inclusion data concerning epidote skarn zone show that the Jormation of the skarn zone began
at a high temperature around 505 °C and decreased to 333 °C, and the presence of significant Li, K,
and Mg in the solution. It is observed that solutions of high temperatures (505 °C) have salinity of
16-16,8 % equivalent of NaCl, and with lowering of temperatures (between 350 and 400 °C) salinity
of the solutions decreases to 10-12 % equivalent of NaCl. It is suggested that, with the decreasing of
salinity in this process meteoric water that had lower salinity entered into the system in a regressi-
ve phase of the formation of the skarn zone.

Key words: Skarn, Fluid inclusion, Karadoru Granitoid, Yenice.
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Hasancelebi Ve Karakuz (Malatya) Demiroksit Yataklarindaki Alteras-
yonlarin Kokeni: Tuzlu-Evaporitik Sularla Yikanma Modeline Karsi
Magmatik-Hidrotermal Model
Genesis Of The Alteration Zones In Ironoxide Deposits of Hasangelebi ve
Karakuz (Malatya): Leaching By Evaporatic Brines Versus
Magmatic-Hydrothermal Models

Ilkay KUSCU", Robert MARSCHIK* Nuretdin KAYMAKCI” Erkan YILMAZER"
Gokhan DEMIRELA~ Hacer GOKCE" ve Nilgiin GULEC*

‘Nigde Universitesi, Aksaray Miih. Fakiiltesi Jeoloji Miih. Béliimii, Aksaray (ilkaykuscu@superonline.com)

“Orta Dogu Teknik Universitesi, Jeoloji Miih. Boliimii, Ankara

“*Ludwigs-Maximillians Universitesi, Yer ve Cevre Bilimleri Boliimii, Luisenstrasse 37, D-80333, Miinih-Almanya.

(Z.- Hasancelebi ve Karakuz bolgelerinde bulunan demiroksit yataklari oldukga yaygin sodik alte-
rasyon zonu i¢inde bulunan Tiirkiye’nin énemli demir yataklari olarak bilinir. Bu yataklar son yillar-
da popiiler bir cevherlesme modeli olan Demir Oksit-Bakir-Altun (DOBA) (Kugcu ve dig., 2002:
2003a; 2003b; Kuscu, 2003) agisindan degerlendirilmekte ve yataklarla DOBA sistemleri arasinda
bir bag olusturulmaktadir.

DOBA sistemlerinin alterasyon desenleri ve alterasyon ve cevherlesme arasindaki uzay-zaman ilis-
kisi konusunda uluslararasi literatiirde hemen hemen tam bir uyum ve fikir birligi olmasina ragmen,
bu alterasyonlarin olusum mekanizmasi ve alterasyonlari olusturan stvilarin kokeni hakkinda farkh
goriisler vardir. Bu tartigmalarin merkezinde yer alan iki onemli goriis alterasyonlari olusturan akis-
kanlarin (1) CO2’ce zengin magmalardan salgilandigi (Perring ve dig., 1999; 2000; Pollard, 2000;
2001) ve (2) akiskanlarin evaporitik bir kaynaktan tiiredigi (Barton ve dig., 1998; Barton ve John-
son, 2000) seklindedir. Her iki goriisiin de hakli oldugu yanlar olmasina ragmen, henliz alterasyon-
larin kokeni konusunda bir goriis birligi saglanamamustir.

Bu ¢alismada ele alinan konu da yukaridaki tartigmalara yeni boyut getirmek veya Hasangelebi ve
Karakuz bolgelerinde yaklagik 60 km? gibi olduk¢a genis bir alanda gozlenen alterasyonlarin olasi
kokeni hakkinda bir yargiya varmak yerine alterasyonlara neden olabilecek olaylart ve akigkan tiirle-
rinin neler olabilecegini eldeki jeolojik veriler ve bolgesel jeodinamik evrimi de gozeterek konunun
tartistimasint saglamaktir.

ABSTRACT.- The ironoxide deposits hosted by a pervasive sodic alteration within the Hasangele-
bhi-Karakuz (Malatya) region is known to be one of the most important iron-producing deposits in
Turkey. These have been evaluated in terms of IOCG (Iron Oxide-Copper-Gold), a popular minera-
lization model, (Kuscu et al.., 2002; 2003a; 2003b; Kugcu, 2003), and a link with (I0CG) type de-
posits has been established.

Although there is almost a universal consent about the alteration patterns and space-time relations-
hips between alteration and mineralizations ir the literature, the genesis and origin of these altera-
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tions are still debatable, and are subject to ongoing discussions. Two significant ideas form the ba-
sis for discussions, are the alterations are caused by the fluids derived Srom (1) CO2-rich magmas
(Perring et al., 1999; 2000, Pollard, 2000; 2001 ), and (2) evaporitic brines that leach the wall rocks
(Barton et al., 1998; Barton and Johnson, 2000). In spite of the Jact that there occur significant evi-
dence supporting both arguments, no consensus has been developed yet.

The scope of this work is not to make an approach to the discussions above. or to come to a conclu-
sion about a model explaining the genesis and origin of the alterations exposed in an area of 60 km?,
but to discuss and contribute to the possible mechanism(s) of alteration by evaluating the geologi-
cal events and the types of causative fluids according to the data available.
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Bitlis Masifinde (Hasbey-Van) Gozlenen Karbonat Yankayach Pb-Zn
Cevherlesmesine Yonelik On Bulgular
Early Findings on Pb-Zn Mineralization With Carbonate Wallrock, Observed
in Bitlis Massif (Hasbey-Van)

Ali Riza COLAKOGLU

Yiiziincii Yil Universitesi Miihendislik-Mimarlik Fakiiltesi Jeoloji Miihendisligi Béliimii, 65080-Van (arc.geologist@yyu.edu.tr)

OZ.- inceleme alani Van goltiniin giineyinde, Gevas ilgesinin yaklagik 20 kilometre batisinda Has-
bey kdyiiniin kuzey eteginde bulunmaktadir. Bu alan bindirme tektoniginin, eklem takimlari ve fay-
larin yogun oldugu Bitlis-Zagros Kenet zonu kusaginin kuzey ucunda yer alir.

Bitlis Masifi agisal uyumsuzlukla birbirlerinden ayrilan Alt Birlik (¢ekirdek kayaclari) ve Ust Bir-
likten (6rtii kayaglari) olusmustur. Ust Birlik, Devoniyen-Kretase zaman arahginda ¢okelmis kuvars-
sist, kuvarsit, klorit-sist, kloritoyid-mika-gist ile genellikle karbonatli kayaglarla temsil edilen yesil
sist fasiyesinde metamorfizma gegirmis birimlerden meydana gelmistir (Boray, 1975; Sengiin 1984:
Gaglayan ve Sengiin 2003). Jeolojik olarak Bitlis masifinin orta-kuzey kesiminde yer alan calisma
alaninda, mermer, siyah renkli rekristalize kiregtasi, dolomitik kirectas gibi karbonatli kayaclar ile
kuvarsit, kloritoyid-muskovit sist tiirlinde kayaglar gozlenir. Bu kayaglar bir biitiin olarak Eosen yas-
It kirintili kayaglar tizerine itilmektedir.

Hasbey yoresi karbonat yankayagli Pb-Zn cevherlesmeleri heniiz yeni kegfedilmis bir cevherlesme
olup, olusum kosullari arastirilmaktadir. Bitlis masifi igindeki karbonath kayaclarda benzer $zellik-
te cevherlesmeler bilinmesine karsin, bolgede giivenlik nedenleriyle uzun yillardan beri inceleneme-
mistir. Daha ¢ok Orta-Dogu Toroslarda (Aladaglar) yer alan benzer yataklar, cesitli arastiricilar tara-
findan detayli olarak incelenmis ancak olusumlarina yonelik birbirinden farkl; gortisler ileri stiriil-
mistiir. Bu yataklar icin eksalatif sedimanter (Vache, 1964), hidrotermal (Giimiig, 1964), tektoniz-
ma ve magmatik iligkili hidrotermal (Imreh, 1965), birincil olarak granodiyoritlere bagh hidrotermal
ve sonrasinda karstlasma (Ayhan, 1983: Copuroglu, 1996), yiizeysel yikanma ile karstik (Lengranli,
1986a; 1986b), ilksel cevherlesmelerden taginma yoluyla olusmus karstik (Cevrim ve dig., 1986),
deniz suyundaki metal iyon konsantrasyonlarinin artmasi ile ilksel kimyasal sedimanter siireclerle
olusmus cevherlesmelerin daha sonradan karstik bosluklarda ve ayrica fay zonlarinda ikincil zen-
ginlesme (Koptagel ve dig., 1998; 2001) kékenli olugum tiirlerine yonelik gortisler savunulmakta-
dir. Magmatik kayaclar ile dogrudan herhangi bir iliskisi bulunmayan Pb-Zn yataklar Sawkins
(1984) tarafindan “Riftlesme ile Niskili Karbonat Anakayagli Pb-Zn Yataklari” olarak ele alinmak-
tadir. Bu tiir yataklarin kiken ve olusumlari oldukea tartismali olup, temel 6zellikleri dikkate alindi-
ginda farkli siniflamalar yapilarak Missisippi Vadisi Tip (MVT), Alpin Tip ve Irlanda Tipi seklinde
siniflandiriimaktadir (Sangster, 1976; Edward ve Atkinson, 1986).

Hasbey cevherlesmesi yer yer breglesmis dolomitik kayaclar icindeki agik bosluklarda damar ve da-
marcik seklinde gozlenmektedir. Dolomitik mermerler igersinde gozlenen damarlarin ¢evresinde yer
yer 2-4 metre genislikte kirimizi renkli hematitik alterasyon kusagi yer alr. Hasbey cevherlesmesin-
de izlenen en 6nemli birincil cevher minerali galenittir daha az olarak ise sfelarit, pirit, bournonit,
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tetraedrit-frayberjit, arjantit, pirarjit, kalkopirit, kalkosin, dijenit, markazit ve arsenopirit izlenmek-
tedir. Seruzit, simitsonit, anglezit, kovellin, malakit, gotit, lepidokrozit, bindhemit, kalkofanit ve hid-
rozinkit ise oksidasyon kosullarina bagli ve/veya ikincil olusumlar seklinde gozlenir. Kuvars, dolo-
mit, kalsit ise cevherlesmenin gang minerallerini olusturmaktadir.

Caligma alaninda ¢arpisma sonrasi gelisen bindirmeler ve bindirmelere bagli gelisen siiriiklenme kiv-
rimlari net olarak izlenir. Genel bindirme yonii kuzeyden giineye dogrudur. Cevherlesme iginde goz-
lenen yogun kataklaz etkileri cevherlesmenin olusumundan sonra da tektonik olaylarin devam etti-
gine isaret etmektedir. Inceleme alaninda K70-B-K20-B ve K20-D dogrultulu faylar cevherlesme ile
ilgili olarak gozlenir. Cevherlesmenin de i¢inde bulundugu kayaglar kiigiik 6lgekli simetrik olmayan
senklinal ve antiklinallerden olugsmaktadir. Cevherlesmeler genelde bu antiklinallerin ana eksenleri
icerisinde agilmig kiriklarda ve bu faylarin makaslama zonlarinda ikincil olarak zenginlesmistir. Siil-
fiirlii cevherlesmeler daha sonradan gelisen siireclerinde etkisinde kalarak siilfatlagsmis ve karbonat-
lagsmuglardir.

Arazi gozlemleri ve mikroskobik incelemelerden elde edilen bulgular, Hasbey cevherlesmesinin
orojenik sikigma ve gelisen bindirme hareketlerine bagli olarak olustugunu gostermektedir. Cevher-
lesme bu siirecler sonucunda mevcut birincil kaynaklardan mobilizasyonla yiiksek gegirgenli kar-
bonatli kayaglar i¢inde ve fay zonlarinda ikincil olarak zenginlesmistir. Sonug olarak cevherlesme-
nin “Orojen Iliskili MVT" tipi yatak 6zelligine sahip oldugu diisiiniilmektedir.

ABSTRACT.- The study area is situated at northern flank of the Hasbey Village about 20 km west
of the Gevas county, south of the Van Lake. This area is located at northern tip of the Bitlis Zag-
ros Sutur Zone, at a place which is intensively thrusted, faulted and jointed systems.

Bitlis massif is composed of two different units seperated by an angular unconformity: Lower Units
(core rocks) and Upper Units (cover rocks). Upper Units were deposited during  Devonian-Creta-
ceous time interval and metamorphosed at green schist facies. The units consist of quartz-schist,
quartzite, chlorite-schist, chloritoid-mica-schist and generally are represented with carbonate rocks
(Boray, 1975, Sengiin 1984, Caglayan ve Sengiin 2003). Our study area is located at the north-cen-
ter of the Bitlis Massif, mainly consist of carbonate rocks such as marble, black coloured recrysta-
lized limestone and dolomitic limestone also interlayered with quartzite, chloritoid-muscovite-
schist type rocks. All these metamorphic rocks are thrusted over the sedimentary rocks of Eocene
in age.

The occurrence of carbonate hosted Pb-Zn mineralization of Hasbey region was discovered very re-
cently, and ore forming conditions are still being investigated. Although similiar type of mineraliza-
tions are known to have occured in carbonate rocks of Bitlis massif, the region has not been inves-
tigated due to some security risk for a long time.

The occurrence of similar mineralization is known to have occurred elsewhere in the country, for
example in the region Middle-East Touride {Aladag Mountains) and has been studied in detail by se-
veral outhours. However there is still considerable debate regarding to its genesis. For example: ex-
halative sedimentary (Vache, 1964), hydrothermal (Giimiis, 1964), tectonic and magmatic related
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hydrothermal (Imreh, 1965), hydrothermal related to granodiorites, and then karstic (Ayhan, 1983;
Copuroglu, 1996), karstic by surface leaching (Lengranli, 1986a; 1986b), karstic formed by remo-
bilization of primary ore (Cevrim ve dig., 1986), formed by chemical precipitation from seawater sa-
turated in metal ions and then secondary enrichment in karstic and fault zones ( Koptagel ve dig.,
1998; 2001) have been suggested. Pb-Zn deposits which do not have any relationship with magma-
tic rocks have been considered as “Rift-related, carbonate-hosted Pb-Zn Deposits” by Sawkins
(1984). Ore forming proceses of carbonate-hosted Pb-Zn deposits are still in debate. Depending on
their fundamental characteristics of the deposits, they are classifed as Missisippi Valley Type
(MVT), Alpin Type and ve Irland Type Pb-Zn deposits (Sangster, 1976; Edward and Atkinson, 1986).

The Hasbey mineralisation is observed partly in dolomitic carbonate rocks as vein and veintles in
some open spaces. 2-4 meter wide red coloured hematitic alteration zone exists around vein in do-
lomitic carbonate rocks. The ore mineralogy of Hasbey mineralisation is dominated by galena and
lesser amounts of sphelarite, pyrite, bournonite, tetrahedrite-fraybergite, argentite, pyrargyrite,
chalcopyrite, chalcocite, digenite, marcasite and arsenopyrite. Cerrusite, simitsonite, anglesite, co-
vellite, malachite, goethite, lepidocrocite, bindheimite, chalcophanite and hydrozincite are formed
by oxidation and secondary processes. The dominant gaunge minerals are quartz, dolomite and cal-
cite.

In the study area thrust faults formed after collision and thrust-propagation folds formed as a result
of collision are easily observed. The general thrust direction is moving from north to south. The ca-
taclastic texture observed in ore deposits indicates that the tectonic events also post-dates the ore
Jormation. In the study area, the faults related to the ores have the direction N70-W-N20-W ve
N20-E. The ore bearing rocks show small-scale but non-symetric synclines and anticlines. The ore
has been generally observed in joints of the main axis of anticlines and within shear zones of the-
se faults. Primary sulphidic mineralizations are sulphated and carbonated after oxidation proceses.

According to the field observations and microscopic data indicate that Hasbey mineralization has
occured as result of regional tectonic compaction and related thrusting events. Ore bearing fluids
was migrated and deposited in highly porous suitable carbonated rocks and in the fault zones as se-
condary enrichement. Therefore, the ore formation is considered namely “Orogen Related MVT”
type deposits.
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