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In the area, the basement is constituted by Sogiit Metamorphics, Sogukkuyu Metamorphics, and
Tepekdy Metamorphics of Paleozoic age. Jurassic Bayirkoy Sandstone and Bilecik Limestone are
cover units of metamorphics. Cretaceous Dagkiiplii Melange tectonically overlies older units. All these
units are cut by Tertiary Mayislar magmatite along with andesitic and dacitic volcanics.

A magmatic intrusion (Mayislar magmatite) unmapped to date and mineralization composed of
stibnite, pyrite, galena, sphalerite, chalcopyrite, limonite, hematite, and manganiferous minerals, were
brought to light by means of present works. This polymetallic Au-Ag-Sh-As-Pb-Zn-Cu-Mo
mineralization is closely associated with intrusive and/or subvolcanic intrusive derivatives of this
magmatism.

Alteration assemblages exhibiting variations depending on the dominant lithology, include potassic,
phyllic, propylitic, argillic, and silicic varieties.

Statistical parameters of analytical data from soil samples collected along ridges and bases of slopes
(Table 1) and rock samples collected an a S0x100 m grid in a more restricted area (Table 2) are as
follows:

Figure 1.
Mayislar soil Cu Pb Zn Mo Au Ag Sb As
samples (ppm) | (ppm) | (ppm) | (ppm) | (ppb) |(ppm)|(ppm)| (ppm)
(n: 387)
Interval (Min-Max) | 5-235 | 10-3500 | 10-4350 | <4-40 <40- | <3-13| <2- |<5->1000
1000 400
Means 40 100 143 3 36 ! 9 76
Standard Deviation 32 318 285 4 06 1 26 125
Treshold 105 300 | 350-375 12 40-100 3 | 48-54 250
Figure 2.
Mayislar rock Cu Pb Zn Mo Au Ag Sb As
samples (ppm) | (ppm) | (ppm) | (ppm) (ppb) | (ppm) | (ppm)| (ppm)
(n: 380)
Interval (Min-Max) | 5-172 | 10-4100 | 10-1274 | <4-57 <40- |<3-50| <5- | <5-4200
1300 290
Means 33 74 96 4 39 1 64
Standard Deviation 30 298 101 4 84 3 21 280
Treshold 100 | 160-250| 300 8 150 3 20 170
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It is inferred that Pb-Zn-Cu-Mo anomalies are related to porphyry and mesothermal stages where as
Au-Ag-Sb-As anomalies are related to epithermal stage. Both anomaly groups are overlapping in the
same areas and commonly related to granitoids, volcanics, and Listwaenite developments, implying
that diverse mineral occurrences as sources of anomalies formed in the same setting.

Lithological, alteration, and geochemical characteristics suggest a polymetallic Au-Ag-Sb-As-Pb-Zn-
Cu-Mo mineralization. These features indicate that porphyry, mesothermal, and epithermal systems
appear to have coexisted in the same setting and have genetic links. Observations an cores of angoing
drillings confirm these initial inferences despite lack of analytical data. However, preliminary data are
highly promising with respect to mineralization and it is expected that the economic potential of the
area will grow.
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Sahinli Au cevherlesmesi Canakkale ilinin kusugusu 40 km kadar kuzeydogusundadir. MTA Genel
Miidirligi tarafindan “Kuzeybati Anadolu Maden Aramalari Projesi” kapsaminda incelenen Sahinli

Au-Ag cevherlesmesi, dnceki yillarda yapilan dere sedimani jeokimyasi sonucunda ortaya ¢ikmis olup,
“Adatepe Sb-As Anomalisi” olarak adlandiriimistir.

Sahada temeli esas olarak sistlerden olusan; mermer, kalksist, kuvarsit ve metaserpantinit bant, mercek
ve bloklarini da igeren Paleozoyik yash Nusretiye Formasyonu olusturur. Paleosen-Eosen vaslh
Akgaalan Volkanitleri andezitik lav. tif ve aglomeralardan olusmaktadir. Kirintili ¢okellerin egemen
oldugu Eosen yasli Geredelli Formasyonu volkanitlerin tizerine uyumsuz olarak gelir. Bu birim iistten
uyumlu olarak Ust Eosen yash kiregtaslarindan olusan Kazmal Formasyonu’na geger. Miyosen-
Pliyosen yash kirintih ¢okellerin egemen oldugu Canakkale Formasyonu 6nceki birimler {izerine
uyumsuz olarak gelmekte olup, ayni yash andezitik lav, tif ve aglomeralarin egemen oldugu Ezine
Volkanitleri ile yanal ve diisey gecislidir. Pliyosen yash konglomeralar dnceki birimler iizerine
uyumsuz olarak ¢okelir. Pliyo-Kuvaterner yash taraca ve Kuvaterner yash aliivyonlar sahadaki geng
birimlerdir.

inceleme alanindaki Au icerikli kuvars damarlari ve silislesmis zonlar hem sistler icerisinde hem de
volkanitler icerisinde gériiliirler. Kuvars damarlari genellikle KD-GB dogrultulu olup, D-B ve K-G
yonlii olanlari da vardir. Kuvars damarlarinin kalinliklari 0.5-15 m arasinda ve uzunluklari 5-400 m
arasinda degismekte, bazi damarlarin etrafinda gelisen silislesmis zonlarin genisligi 50 metreye kadar
ulagmaktadir.

Primer Au cevherlesmesinin yanisira, Miyosen-Pliyosen yasli konglomera, aglomera ve tiifler ile
Pliyo-Kuvaterner yash taraga da Au icermektedir.

Sahadan alinan 6rneklerde en yiiksek 24.0 ppm Au ve 28.0 ppm Ag degerleri saptanmistir. Cevher
mineralleri olarak nabit altin, pirit, markasit, arsenopirit, limonit, hematit, manyetit, kalkopirit, sfalerit,
malakit ve antimonit; gang mineralleri olarak da kuvars. kalsit. ankerit, fuksit. ametist, opal, kalsedon,
jarosit ve aliinit gézlenmistir.

Au-Ag icerikli kuvars damarlarinin varlig, degisik kesimlerde gozlenen alterasyon ve dokular.
mineralojik-petrografik ozellikler ve Sb-As anomalisi gibi veriler sahada “Epitermal tip Au-Ag
cevherlesmesine™ isaret etmektedir.
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Sahinli Au sahasinda bu galismayla elde edilen kisitli verilere dayanarak primer cevher igin ortalama
8.5 gr/ton Au tenérlii 7.5 milyon ton kaynak hesaplanmistir. Ayrica ilk kez bu galisma sirasinda anahz
ve bate incelemeleri ile varhg saptanmasina karsin, ortalama tendrii hesaplanamayan 6.0 milyon m’
hacimli Au plaseri bulunmustur.

ABSTRACT

The Sahinli Au mineralization is situated 40 km northeast of Canakkale province. The Sahinli Au
mineralization was studied within the framework of “’Northwest Anatolian Mineral Exploration
Project*’ carried out by MTA.

In the area, the basement is constituted by Paleozoic Nusretiye Formation consisting mainly of schists
with bands, lenses, and blocks of marble, calcschist, quartzite, and metaserpentinite. Paleocene-
Eocene Akcaalan Volcanics include andesitic lavas, tuffs, and agglomerates. Eocene Geredeli
Formation in which clastic sediments predominantly occur, unconformably overlies volcanics. This
unit conformably grades upward to Upper Eocene Kazmalr Formation which consists of limestone.
Miocene-Pliocene Canakkale Formation consisting mainly of clastic sediments unconformably rests
upon older units and laterally and vertically grade into synchronous Ezine Volcanics composed
dominantly of andesitic lava, tuff, and agglomerate. Pliocene conglomerate unconformably overlies
older units. Plio-Quaternary terraces and Quaternary alluvial deposits are the youngest units in the
area.

Au-bearing quartz veins and silicified zones are hosted by both schists and volcanics. Quartz veins
commonly show NE trends although E- and N- trending veins also occur. These are 0.5 to 15 m thick
and 5 to 400 m long. Silicified halos around some veins have widths up to 50 m.

In addition to primary Au mineralization, Miocene-Pliocene conglomerates, agglomerates, and tuffs as
well as Plio-Quaternary terraces contain placer Au.

Collected samples contain Au up to 24.0 ppm and Ag up to 28.0 ppm.

Ore minerals include native gold, pyrite, marcasite, arsenopyrite, limonite, hematite, magnetite,
chalcopyrite, sphalerite, malachite, and antimonite. Quartz, calcite, ankerite, fuchsite, amethyst, opal,
chalcedony, jarosite, and alunite occur as gangue minerals.

Au-Ag bearing quartz veins, alteration assemblages and ore textures in different section,
mineralogical-petrographical features and Sb-As anomalies suggest an epithermal-type Au-Ag
mineralization in the area.

On the basis of incomplete data, a resource of 7.5 mt averaging 8.5 g/t Au has been estimated for
primary ore. In addition, a gold placer having a volume of 6 million m3 with unestimated average
grade was discovered throughout this study as confirmed by chemical analyses and studies of heavy
mineral concentrates.
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Dogan AYDAL*, Alaaddin VURAL** ve Olgu POLAT?*
*Ankara Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Bolimii
06100 Besevler-ANKARA-TURKEY
aydal@eng.ankara.edu.tr

**MTA-Maden Tetkik ve Arama Genel Miidiirliigii.

0z

Calisma alani, Canakkale-Balikesir il sinirlarinda, H 17 d4, 117 al, a4, {17 d1 paftalari iginde yer
almaktadir. Daha 6nce yapilan ¢alismalara gore, ¢alisma alaninda, Kazdag grubu metamorfik kayaglari,
Ayvacik-Karabiga Zonu'na ait metamorfik kayaglar, ofiyolitik melanj ve bu kayaglari kesen ve/veya
orten  Oligosen-Alt Miyosen yash magmatik kayaglar ve Neojen yash sedimanter kayaglar
bulunmaktadir. Ayrica sahanin yakin kesiminde Geg Miyosen-Pliosen yasli bazalt lavlarina da
rastlanmaktadir. Bolgede ¢esitli minerallerce zenginlesmis 3 yer belirlenmistir; Bunlar, Alakeci,
Yumrudagi, Kartaldagr ve yakin crvarlaridir. Alakegi, Yumrudag ve Kartaldag sahalarindaki altin
zenginlesmeleri, alterasyona ugramus, andezitik, latitik, dasitik kayaclarda ve tiiflerinde ve bu
kayaglarin igindeki silislesmis kesimlerdedir. Alakegi sahasindaki ultrabazik kayaglar i¢inde gelismis
olarak goriilen silislesmelerde de altin i¢in anomali degerleri elde edilmistir. Volkanik kayaglar
icindeki silislesmis zonlarin kalinligr 1-10 metre arasinda degisirken, uzunluklari birgok bélgede
ylzlerce metreyi gecmektedir.

Bu calismanin amaci, degisik CBS-UA tekniklerinin bu arazide uygulanabilecegini ve Landsat 7 TM
goriintiilerinin, Cu, Pb, Zn. Mo, Sb. As, Au, Ag minerallerince zenginlesmis, silislesmis bolgelerin ve
hidrotermal alterasyonlarin tanimlanmasinda ve yorumlanmasinda etkin olarak kullanilabilecegini
gostermektir. Kullanilan goriintti yaklagitk 180 km*180 km’lik bir alani kapsamaktadir.Calisma
esnasinda bu goriintiiden bazi bolimler kesilmis ve biitiin CBS-UA islemleri bu kisimlar iizerine
uygulanmistir. Minerallesme gostermesi sebebiyle 6zel olarak incelenen Alakegi , Yumrudag ve
Kartaldagi sahalart ve yakin ¢evrelerine ait goriintiilerde higbir atmosferik giiriiltii olmadigr gibi., bulut
da kesinlikle bulunmamaktadir.

Biitiin haritalar, Landsat 7 TM goriintii ile rektifikiye edilmeden 6nce sayisallastirilmis ve mozaik
haline getirilmistir.Cesitli band kombinasyonlari hazirlanmis ve dekorelasyon germesi ve Birincil
Bilesen Analizleri gibi goriintl iyilestirme ¢alismalari, Erdas image 8.5, Arc GIS 8.2, Arc View 3.2,
TNT Mips 6.4, and ER Mapper 6.3 gibi CBS-UA programlarinin degisik amaglar i¢in kullaniimasiyla
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yaptlmistir. Anomali gosteren bélgelerden alinan numunelerin yerleri, numunelerden elde edilen ana
oksit degerlerinin yanisira, Cu, Pb, Zn, Mo, Sb, As, Au, Ag degerleri, CBS ortaminda, jeoloji,
tektonizma,drenaj sistemi,egim ve baki haritalari g6z Oniine alinarak kontrol edilmis ve
yorumlanmistir. Buna ek olarak, kesilmis gorintii {izerinde, ¢ok sayida, Yonlendirilmis ve
Yonlendirilmemis siniflama ¢alismalari yapiimistir. Sonugta, minerallerce zenginlesmis ve alterasyona
ugramis alanlar ve bolgedeki dagilim modeli ¢ok net olarak tanimlanmistir,

ABSTRACT

The study area is located in (anakkale and Balikesir provinces and covered by 1: 25 000 scaled H 17
d4, 117 al, a4, 117 d1 maps. According to the previously made studies, the study area covered by
metamorphic rocks of Kazdag group and Ayvacik-Karabiga zone, besides ophiolithic melange.These
units were cut and overlaid by Oligocene and Lower Miocene aged magmatic rocks and Neogene aged
sedimantary rocks respectively. Late Miocene- Pliocene aged basalt lavas outcrop close to the study
area.Three different mineralogically enriched places, namely, Alakeci, Yumrudagi, Kartaldagr and
close surroundings were detected in the study area. The auriferous areas in Alake¢i, Yumrudag and
Kartaldag were mostly located in altered and/or silicified zones in andesitic,latitic and dasitic rocks
and tuffs. Additionally, some Au anomalies were detected in silicified zones located in ultramafic rocks
in Alakegi. The width of the silicified zones in the volcanic areas are changing 1-10 meters, whilst the
length of them exceeds hunderds of meter in many locations.

The aim of this study is to show that various GIS-RS techniques can easily be applied to the areas and
Landsat 7 TM ( Thematic Mapper) can effectively be used in detecting Cu, Pb, Zn, Mo, Sb, As, Au, Ag
minerals bearing silicified zones and alteration halos surrounded them. This image covers about 180
km x180 km area. A part of Landsat TM image was extracted as detailed study area and all GIS-RS
processes were applied to this extracted part. The study area and its surroundings are clearly seen in
this image and atmospheric noise and cloud cover does not exist at all.

All maps were coordinated, digitized and mosaiced before rectification made with the imported
Landsar 7 TM imagery. Various band combination were prepared and contrast enhancement
techniques, such as decorrelation stretching and PCA analysis were applied by using various GIS-RS
programs, Erdas image 8.5, Arc GIS 8.2, Arc View 3.2, TNT Mips 6.4, and ER Mapper 6.3 for different
reasons.

The location of the samples and their major oxides values, besides Cu, Pb, Zn, Mo, Sh, As, Au, Ag
values in the anomaly detected areas were cross-checked and interpreted with the geology, tectonic
feature, drainage systems, slope and aspect maps of the study area in GIS programs. Furthermore,
various supervised and unsupervised classifications were performed on the extracted Landsat imagery.
As a result, a model of the distribution of the auriferous silicified zones and alteration zones were
precisely defined.

90



57. Tiirkiye Jeoloji Kurultayi 08-12 Mart 2004, MTA Kiiltiir Sitesi, Ankara
57th Geological Congress of Turkey
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Stvi kapanimlar, maden yataklarinin olusumunda rol oynayan fizikokimyasal sartlarin, yataklanma
evrelerinin ve yatagin jenezinin anlasilmasinda énemli veriler sagladiklarindan, maden yataklan
caligmalarinda oldukga 6nem tasirlar. Giintimiize degin gelistirilen yeni analiz teknikleri ile sivi
kapanimlarin izotop, iz element ve nadir toprak element bilesimleri dogrudan tespit edilerek, cevher
olusturan sivilarin gelisimini ortaya koyan daha kesin veriler elde edilebilmektedir. Bu amacla Midi
madeninde sfalerit ve kuvars minerallerinde gergeklestirilen sivi kapanim ¢alismalarinda, s6z konusu
minerallerden crush-leach (parcala-¢6z) yontemiyle cevher olusturan sivilarin kimyasal analizi
yapilmis, cevherin fizikokimyasal olusum kosullari ve cevher olusturan sivilarin gelisimi belirlenmeye
calisiimistir.

Baskin cevher mineralleri sfalerit, galen olan ve iki cevher mostrasindan olusan Midi Madeni.
genellikle tortul birimlerin yaygin oldugu Dogu Pontid’lerin Giiney Zonunda yer alir. KB-GD
dogrultulu ve kuzeydoguya egimli Kostiirelik cevherlesmesi Kirtillik Bregine, D-B dogrultulu ve
kuzeye egimli Maden Dere Cevherlesmesi ise volkano-tortul bir seriden olusan Zimonkdy
Formasyonu’nun taban kesimine yerlesmistir. Bu cevherlesmeler tamamen fay kontrollidiirler. Cevher.
Maden Dere’de mercekler halinde, Kostiirelik’de ise kenarlari diizensiz baca sekilli olup, yan kayaca
ornatim ve bosluk dolgusu seklinde yerlesmistir. Yatagin cevher mineralojisi sfalerit, pirit, galenin
yaninda az miktarda kalkopirit, arsenopirit, pirotin, manyetit, fahlers, enarjit, eser miktarda altin ve
elektrumdan meydana gelir. Gang minerallerinin biiyiik bir kismini karbonatlar (kutnahorit, ankerit,
siderit, dolomit ve rodokrozit) daha az oranda kuvars, epidot. illit, kaolen ve klorit olusturur.

Stvi kapanim galismalari, mineral ¢okeliminin 250-388 °C arasinda gerceklestigini gostermektedir.
Tim yatagm ortalama homojenlesme sicakhigr (306.6+25 °C. n=51), Na-K alkali jeotermometresiyle
belirlenen sicaklikla (ortalama 298 °C) olduk¢a uyumludur. Cevher olusturan sivilar, isitma sogutma
isleminde elde edilen ilk ergime sicakligina (-16 °C ve -18 °C) gore NaCl +KCI-H,O sisteminde
gelisen disiik-orta derecede tuzluluga (6.1+1.4, n=51) ve ortalama 0.76 + 0.05 g/cm”® (n=51) yogunluga
sahip sivi karakterindedir. Homojenlesme sicakligi-tuzluluk degisimi, tuzlulugu nispeten birbirinden
farkh, benzer sicakliga sahip iki sivinin izotermal karisimi ve sogumanin cevher ¢okeliminde etkili
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oldugunu gostermektedir. Midi Madeni'nin tuzluluk degisimi (% 3.1-8.1 NaCl) ve ortalama
homojenlesme sicakhiginin, magmatik kaynakh sivilarin homojenlesme sicakhg (240-430 °C) ve
tuzluluguna {%]1-15 NaCl) yakin, epitermal-mezotermal yataklarla (140-350 °C) benzer olmasi
cevherin epi-mezotermal sartlarda olustugunu gostermektedir. Ortalama tuzluluk, sivi kapanimlarin
minimum gaz basinci, ortalama yogunluk ve bagimsiz termometre [T = 347.2+20 °C, S izotop
termometresi (sfalerit-galen)] kullanilarak yapilan hesaplamalar, sivi kapanimlarin kapanlanma
basincinin (Py) 520 bar ve buradan hareketle Midi maden yataginin olusum derinliginin ise yaklasik
5300 m oldugunu belirlemistir.

Analizi yapilan crush-leach sivisindan elde edilen kimyasal veriler ve ortalama tuzluluk degerleri Na’a
gore normallestirilmis ve sivilarin Na, K, Ca, Mg, S ve Cl’ca baskin olan katyon ve anyonlar i¢erdigi
belirlenmistir. Midi Madeni’ni olusturan s6z konusu sivilar, TAG (Atlantik ortasi hidrotermal sivi) ve
21°NPR (Kuzey Pasifik Okyanus Ortasi) sivilarindan K, Mg, Ca ve Sr elementleri bakimindan daha
zengin; Mn, Fe, Cu, Zn ve Pb elementleri bakimindan ise daha fakir olmasina ragmen, hidrotermal
magmatik orijinli olan s6z konusu sivilarla kékensel benzerlik sunarlar. Na-Cl-Br-I sistematikleri bu
stvilarin icermis oldugu halojenlere, magmatik sivilar ile karisan meteorik veya deniz suyu, en 6nemlisi
yan kayaglarla 6nemli derecede etkilesime giren stvilarin kaynaklik ettigini gostermektedir. Bu veriler
1is1ginda Midi Madeni’ni olusturan sivilarin Ca ve Mg’ca zengin, nispeten Si’ce fakir, zayif asidik ve
alkalen karakterli sivi 6zelliginde oldugu sdylenebilir.

ABSTRACT

Fluid inclusions are very useful in understanding of ore deposition, since they bear important
information on physico-chemical conditions governing the ore formation and on the formation stages
and genesis of the ore deposits. Modern techniques are able to analyze isotopic compositions, trace
and rare earth element contents of the fluid inclusions, thus producing much precise results. Fluid
inclusions of quartz and sphalerite were analyzed by using crush-leach method to estimate physico-
chemical conditions under which ore mineralization occurred and to determine evolution of the ore-
Sforming fluids.

Dominating ore minerals are sphalerite and galena in the Midi deposit, represented by two separate
mineralized zones. It is located in the southern zone of the Eastern Pontides, where sedimentary units
are prevalent. One of the mineralizations, the Kostiirelik deposit, is hosted by the Kirtillik Breccia. The
mineralized zone strikes NW-SE and dips NE. The other mineralization, the Maden Dere, is located at
the base of volcano-sedimentary Zimonkoy Formation. Mineralized zone itself strikes E-W and dips
northward. Both mineralizations are restricted strictly to the faults. Ore depositions occured in the
form of lensoid bodies in the Maden Dere and in the form of irregular bodies partially réplacing the
wall rocks in the Kostiirelik deposit. Ore minerals include sphalerite, galena, pyrite and minor
chalcopyrite, arsenopyrite, pyrrhotite, magnetite, sulfosalts, enargite, trace gold and electrum.
Carbonate minerals including cutnohorite, ankerite, siderite, dolomite, rodocrosite account for the
majority of gangue minerals. Minor quartz, epidote, illite, kaolinite, and chlorite are also present.

Fluid inclusions investigations indicate that ore mineralizations occured at temperatures berween 250-
388 °C. Average homogenization temperature for the deposit is 306.6225 °C ( n=51), which is highly
consistent with the temperature acquired through Na-K geothermometry study (Av. 298 °C). Ore-
Sforming fluids have moderate salinity (6.1x1.4, n=51). According to the first melting temperatures (-16
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°C, -18"C), the fluids evolved from a NaCl +KCI-H,O system. Average density for the fluids was found
as 0.76 £0.05 g/em’ (n=51).

Homogenezation temperature—salinity variation indicates that two fluids with similar temperature but
relatively different salinity may have formed the ore forming fluids by mixing under isothermal
conditions and cooling was the most effective parameter in the ore mineral precipitation. Salinity and
formation temperature ranges are close to the magmatic water and epithermal-mesothermal systems,
indicating its possible formation under such conditions. Average salinity, minimum gas pressure of the
fluid inclusions and mean density-independent thermometer [Ty=347.2420 °C, S isotopes thermometer
(sphalerite-galena)] were used to construct isochor diagrams, which are then used to determine
trapping pressure (Pr) of fluid inclusions as 520 bar. Subsequently formation depth was calculated as
about 5300 m.

Analyses of the fluids acquired through crush-leach and mean salinities were used to gether after fluids
of the inclusions normalized to Na. Dominant cations and anions are Sfound as Na, K, Ca, Mg, S and
Cl, suggesting that the ore-forming fluids are more enriched in K, Mg, Ca and Sr than those of TAG (
Mid-Atlantic Ocean hydrothermal fluids) and 25° NPR (North Pasific Ridge) fluids, and more depleted
in Mn, Fe, Cu, Zn, and Pb. Despite those discrepancies, they also present genetic similarities. Na-Cl-
Br-I systematics indicate that the fluids were sourced by meteoric waters and sea water mixing with
magmatic fluids, most strikingly, the ore-forming fluids have interacted with the wall rocks. Under the
light of these findings, the ore-forming fluids of the Midi deposit can be considered as rich in Ca, and
Mg, depleted in Si and are weakly acidic and alkaline in character.
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Inceleme alani, Kirsehir il merkezinin yaklasik 20 km kuzeybatisinda olup, 1/25.000 6lgekli J31-b3,

J32-a4 ve J32-d1 paftalarinda Kirsehir, Cayagzi-Terziali Koyt sinirlart i¢inde yeralmakta ve 70 km’lik
bir alana yayilmaktadir.

Terziali-Cayagzi sahasinda metamorfitlerin diskordans diizlemlerine ve silislesmis fay zonlarindaki
bozunma yiizeylerine baglt olmak iizere 2 tiir altin cevherlesmesi izlenmistir. Ozellikle altin igerikleri
yiiksek olan silisli zonlardan alinan yiizey ve karot drneklerinde sivi kapanim ¢alismalari yapilmistir.
Metajasperoidlere ait kuvarslarda 300-420°C ve 480°C" den daha yiiksek olmak iizere 2 farkh
homojenlesme sicaklik araligi tespit edilmistir. Tuzluluk degerleri ise %2-8 ve %12-15 (% NaCl
esdegeri) arasinda degismektedir.

Sistler igerisindeki fay zonlarina bagh silislesmis kesimlerdeki kuvarslarin = birincil =~ sivi
kapanimlarindan saptanan homojenlesme sicakliklari 150-390°C arasinda ve 420°C" den daha biiyiik
degerlere sahiptir. Bu sivi kapanimlarinin tuzluluk degerleri ise %3-5 (% NaCl esdegeri) arasindadir.
Ayni 6rnekler igerisindeki ikincil kapanimlarda yapilan 6lgtimlerde ise homojenlesme sicakliklari 80°C
ve 250°C arasinda degismekte ve 170-190°C arasinda yogunlagmaktadir.

Sivi kapanim &lglim sonuglarina gore metajasperoidlerdeki sivi kapanimlarinin  homojenlesme
sicakliklari ve tuzluluklar, fay zonlarindaki silislesmis kesimlerin sivi kapanimlarinin homojenlesme
sicaklik ve tuzluluklarina gére daha yiiksek degerlere sahiptir. Bu sonug, jeolojik ve petrografik
gozlemlerle uyumlu olup, metajasperoidlerde ve silislesmis zonlardaki sivi kapanimlarinin farklh
kokene sahip olduguna isaret etmektedir. Bu veriler is13inda, metajasperoidlerdeki sivi kapanimlarinin
metamorfik kokenli oldugu ve fay zonlarindaki sivi kapanimlarinin ise daha geng, muhtemelen
meteorik kokenli ¢ozeltileri temsil ettikleri diistintilmektedir.
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ABSTRACT

The study area is located at approximately 20 km northwest of Kirsehir, within the boundaries of
Cayagzi-Terziali village at the 1/25.000 scale topographic maps of Kirsehir J31-b3, J32-a4 and J32-
dl. It covers an area of 70 knr’.

In the Terziali-Cayagzi area, two types of gold mineralization are distinguished which are controlled
by the unconformity planes of the metamorphites and weathering surfaces over the siliceous fault zones
in the metamorphites. Fluid inclusion studies are performed on the outcrop and the core samples of
siliceous zones that have particularly high gold contents. Two different homogenization temperature
intervals of quartz within the metajasperoids are established. The values ranged from 300 to 420°C
and higher than 480°C . Also the salinity values are between 2-8 wi% and 12-15 wt % NaCl
equivalent.

The homogenization temperatures which are determined on primary fluid inclusions of the silicified
zones related to the young faults within the schist, take place berween 390°C and higher than 420°C.
The salinity values of these fluid inclusions range from 3 to 5 wt% NaCl equivalent. The
homogenization temperatures values of secondary fluid inclusions for the same samples range between
80 and 250°C and concentrate the temperatures berween 170 and 190°C.

According to the results of fluid inclusion thermometry, the homogenization temperature and salinity
values of the fluid inclusions within the metajasperoids are higher than silicified parts in the fault
zones. This condition is compatible with the geological and petrographical observations and indicates
the fluid inclusions of metajasperoids and silicifed zones were derived from different sources.
Consequently, these results showed that the fluid inclusions of the metajasperoids are considered to be
metamorphic in origin, while fluid incluions of siliceous fault zones are considered to be younger and
probably derived from the meteoric fluids.
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Karahalka Demir Yatagi , Dogu Torid Tektonik Birligi'nin bati béliimiinde yer alan Jura-Kretase yasli
Marasli Ofiyolitik Karisigi i¢inde yer almaktadir. Cevherlesme , tabandaki ofiyolitik kayaglar ile iistte
yer alan kiregtaslart arasindaki tektonik karekterli dokanakta yer almaktadir. Cevherlesme , diizensiz
dis sekilli, genellikle masif, kiregtaslarr i¢indeki kesimlerde ise yer yer tabakali goriintimliidiir.Cevher
minerallerini, manyetit, hematit , ilmenit, gotit , lepidokrosit, pirit, kalkopirit ve psilomelan
olusturmaktadir. Yer yer 6nemli miktarda barit olusumu da gozlenmektedir. Cevherlesmenin yan
kayacini olusturan kiregtaslarindaki kalsit ve baritlerde sivi kapanim analizleri yapilmistir.
Kalsitlerdeki sivi kapanimlar, koékenlerine gore iki gruba , bilesimlerine gore ti¢ gruba ayrilmistir.
Kalsitlerdeki sivi kapanimlardan elde edilen homojenlesme sicakliklari 190°C ve 360°C arasindadir.
Ortalama tuzluluk degerleri( % NaCl es degeri olarak) 9.0'dir. Baritlerdeki sivi kapanimlarinin
homojenlesme sicakliklari 200°C ve 370°C arasindadir. Stvi kapanim incelemeleri dikkate alindiginda,
cevherlesmenin mezotermal kosulllarda olusmus hidrotermal-metasomatik cevherlesmeler oldugu
sOylenebilir.

ABSTRACT

Karahalka Iron Deposit is located in the Jurassic-Cretaceous aged Maragsl Ophiolitic Melange in the
eastern part of the Eastern Taurid Tectonic Belt. Mineralization, occurs at the tectonic contact,
between ophiolitic rocks and limestone unit. Ore bodies have irregular morphologies and occur as
generally

massive type and stratabound type within the limestones. The main ore minerals are magnetite,
hematite, ilmenite, goethite, lepidochrosite, pyrite, chalchopyrite and psilomalane and common gangue
is barite mineralization. Fluid Inclusion studies are carried out on calcite and barite minerals taken
from limestone unit. Fluid inclusions in calcite are divided into two according to their origin and in to
three according to their compositions. The homogenezation temperatures of the fluid inclusions in
calcite vary between 190°C and 360°C . The avarage salinity degree is 9.0 % NaCl equvilant. The
homogenezation temperatures of the fluid inclusions in barite are between 200°C and 370°C . Fluid
inclusion studies indicate that the mineralizations have hydrothermal-metasomatic origin and are
formed under mesothermal conditions.
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Calisma alami Celikhan (Adiyaman) ile Sivrice (Elazig) arasinda yer almakta olup, Giineydogu
Anadolu Bindirme zonnuna parelik sunmaktadir.

Arap Platformunun kuzeyinde yer alan Glineydogu Anadolu Bindirme zonunda, Dogu Toros Orojenez
kusagina ait gesitli kayag birimleri ve yapisal birliklerin dilimlenerek iist tistte gelismis ekaylari izlenir.
Kusakta stratigrafik olarak en altta Bitlis-Piitlirge Metamorfitleri bulunur. Bunun tizerinde ise Guleman
(Ispendere-Kmiirhan) Ofiyolit napi ve her birimi tizerine Orta Eosen yash Maden Karmasigi kayaglari
gelmektedir.

Orta Eosen sonrast tektonik aktivitenin yogun olarak goézlendigi Celikhan (Adiyaman) ile Sivrice
(Elazig) arasinda MTA tarafindan gerceklestirilen jeokimyasal prospeksiyon ¢aligmalari sonucunda bir
¢cok alanda Cu-Pb-Zn-As veSb anomalileri belirlenmistir. Anomali sahalari Giineydogu Anadolu
Bindirme zonu ile Dogu Anadolu Fay hattinin kesisim alanlarinda yer almaktadir. Anomalilere yonelik
yapilan jeolojik calismalar sonucunda dogudan- batiya dogru; Uslu (Sivrice-Elazig) Cu, Sey Deresi
(Kale-Malatya) Au-Cu, Yanik Tepe (Pitiirge-Malatya) Au, Sincik (Adiyaman) Au-Cu ve Ormanbas:
(Sincik -Adiyaman) Au-Cu zuhurlari belirlenmistir.

Uslu  (Sivrice-Elaz1g) Cu ile Sey Deresi (Kale-Malatya) Au-Cu mineralizasyonu Piitiirge
Metomorfitlerine ait sistler ile Maden Karmasigina ait camurtaslari arasindaki tektonik hatta
bulunmaktadir.

Yanik Tepe (Piitiirge-Malatya) Au ve Sincik (Adiyaman) Au-Cu mineralizasyonlari ise Piitlirge
Metomorfitleri igerisinde yer almakta olup, Orta Miyosen sonrasi gelismis ters faylara parelel yada
Dogu Anadolu fay hattinda yer almaktadir.

Ormanbasi (Sincik -Adiyaman) Au-Cu mineralizasyonu ise Orta Miyosen yasli (lingiis Formasyonu
Alt Miyosen yashi Lice Formasyonun olusturdugu tektonik hatta bagh olarak gelismistir.

Bes farkli lokasyonda tanimlanan bu zuhurlarda pirit, kalkopirit, delofosit, galenit ve sfalerit gibi siilfit

minerallerinin yani sira genisce alanlarda fillik altarasyon, silislesme, karbonatlasma ve breslesme
belirlenmistir.
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Bolgede ilk defa belirlenen bu cevherlesmeler bindirme tektonigi veya Dogu Anadolu Fay zonu ile
uyum igerisindedir. Bu veriler 15181 altinda mineralizasyonlarin, bolgedeki bindirme tektonigi ile
beraber veya sonrasindaki hidrotermal faliyetlerle ilgili oldugu disiiniilmektedir. Hidrotermal
akigkanlarin kokeni ise tartismali olup, ya Orta Eosen sonrasi magmatik faliyetlerle yada tektonizma
esnasindaki siireglerle iliskili oldugu diisiiniilmektedir.

ABSTRACT

The study area which is located between Celikhan (Adiyaman ) and Sivrice (Elazig), lies parellel to the
Southeast Anatolian Thurst Zone.

The Southeast Anatolian Thurst Zone which is located at the northern margin of the Arabian Platform,
includes en echelon structures developed as a result of imbrication of diverse rock types and structural
units. The Bitlis — Piitiirge Metamorphics constitute the lowermost part of the stratigraphic sequence in
this belt . This unit is structurally overlain by the Guleman (Ispendere — Komiirhan) Ophiolite Nappe
which in turn is overlain by the Maden complex of Middle Eocene age.

As aresult of geocvhemical surveys conducted by MTA, Cu — Pb — Zn — As- Sb anomalies werte
revealed in various areas between Celikhan (Adiyaman) and Sivrice (Elazig) where intense tectonic
activity took place during post- Middle Eocene. Anamalous areas coincide with intersection of the
Anatolian Thurst Zone with the East Anatolian Fault Line . Geological studies focused on the
anomalous areas consequently delineated the following mineralized areas from east to west Uslu
(Sivrice - Elazig) Cu, Sey Deresi (Kale- Malatya) Au- Cu, Yanik Tepe (Piitiirge-Malatya) Au, Sincik
(Adyaman) Au-Cu and Ormanbasi (Sincik — Adiyaman) Au — Cu prospects.

The Uslu (Sivrice - Elazig) Cu, Sey Deresi (Kale- Malatya) Au- Cu prospects occur along atectonic
line between schists of Piitiirge Metamorphics and mudstone of Maden complex.

The Yamk Tepe (Piitiirge-Malatya) Au, Sincik (Adiyaman) Au-Cu occurrences hosted by the Piitiirge
Metamorphics lying parallel to the post Middle Eocene reverse fauults or within the East Anatolian
Fault Zone.

Ormanbasi (Sincik — Adivaman) Au — Cu mineralization occurs in association with a tectonic
lineament between Middle Miocene Ciingiis Formation and Lower Miocene Lice Formation.

These prospects defined at five different localities comprise sulfide minerals such as pyrite,
chalcopyrite, delofossite, galena and sphalerite associated with pervasive phyllic alteration,
silicification and brecciation.

These newly discovered mineralized areas appear to have occurred in association with the thrustin g
tectonics or East Anatolian Fault Zone. In the light of these occurrences are closely related to syn or
post tectonic hydrothermal activites. The oorigin of hydrothermal fluids that is controversial is
assumed 10 have been generated during post — Middle Eocene magmatic activites or through syn-
tectonic proceses.
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Kisacik Kdyii Kirantepe Au sahasi, Ayvacik ilgesinin yaklasik olarak 13 km dogusunda yer almaktadir.
Yorede, Sakarya Zonuna ait Kazdagi Metamorfik Grubu; gnays, sist, amfibolit ve mermerler ile temsil

edilmektedir. Bu metamorfitlerin iizerinde Ust Kretase yasli Cetmi Ofiyolit Melanji, tektonik olarak
bulunur. Daha tstte ise Oligo-Miyosen yasl volkanitler ve karasal cokeller yiizeyler.

Oligo-Miyosen volkanitleri; dasit-andezit bilesimli tiif, aglomera ve lavlardan meydana gelir. Inceleme
sahasinda bu volkanitler, genel olarak tabakali yapidadir. Tabakalanma dogrultulari DKD-BGB yonlii
olup G veya GD ya dogru 10-50 derece egimlidir. Bu volkanitler KD-GB ve KB-GD dogrultulu dik ve
dike yakin egimli faylar tarafindan kesilmektedir.

Kirantepe’nin kuzey sirti boyunca, alterasyon sahasi i¢erisinde bulunan altinin silislesmeler ile iligkili
oldugu goriilmektedir. Sahadaki hidrotermal alterasyonu, domsal yapilt bir dasit/riyodasit kiitlesinin,
verlesiminden sonra gelisen hidrotermal eriyiklerin meydana getirdigi distiniilmektedir. KD-GB
dogrultulu bir uzanima sahip aterasyon zonu, merkezinde ¢ok evreli hidrotermal bresler ve agsal
kuvars damarlari ile yer yer limonitin bulundugu, yogun bir silis zonu ve bunu saran serizit. kaolen.

montmorilonit ve kloritin hakim oldugu kil zonundan meydana gelir. Alterasyon sahasinda az oranda
pirit ve jips de goriilmektedir.

Sahadan alinan toprak ve kayag Orneklerinin jeokimyasal analiz sonuglarina gére Au, As ve Sb
anomalileri yaklasik olarak 0.4 km? genislikte bir alana sahiptir ve bu anomaliler alterasyon sahasi ile
sinirlanmaktadir. Au, As ve Sb elementleri arasinda pozitif bir korelasyon bulunmaktadir. Yapilan
analizlerden toprak orneklerinde en yiiksek 14 ppm Au ve kayac 6rneklerinde en yiksek 3 ppm Au ile
1 ppm Ag degeri elde edilmistir.

Bu ¢alismayla inceleme sahasinda ilk defa dogal olmayan ¢ukurluklar ve cevherli kayayi kirma-ezme
islemlerinde kullanilmis oldugu diistiniilen tas aletler bulunmus ve bu veriler burada bir antik Au
isletmesinin oldugu yéniinde degerlendirilmistir. Belirlenen bu antik Au isletmeleri dom yapili
dasit/riyodasit kiitlesiyle tiiflerin dokanaginda yer almaktadir.
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Sonug olarak, sahada ilk defa bir altin cevherlesmesi belirlenmistir. Yiizey verileri, bu olusumun
volkanitlere bagh diisiik kiikiirtlii / adularya-serizit tip (Ag<Au) Au yatagina daha cok benzemekle
beraber, bazi yapi ve mineralizasyon 6zellikleri alkali tip Au yataklanmasina da isaret etmektedir.

ABSTRACT

The Kisacik-Kirantepe Au mineralization is located about 13 km east of Ayvacik town. In the area, the
Kazdagi Metamorfic Group belonging to the Sakarya Zone is represented by gneiss, schist,
amphibolite, and marble. These metamorpics are tectonically overlain by Upper Cretaceous Cetmi
Ophiolitic Melange. Oligo-Miocene volcanics and terrigeneous sediments overlie older units.

Oligo-Miocene volcanics are composed of tuffs, agglomerates, and lavas of dacitic-andesitic
compositions. These volcanics commonly have bedded stucture. Bedding planes strike ENE-WSW and
dip southward or southeastward at 10-50°. These vvolcanics are intersected by NE- and NW trendding
and steeply or almost steeply dipping faults.

Gold appears to have occured in association with silisification along the northern ridge of Kirantepe.
Hydrotermally alterations are thought to have been developed by hydrothermal solutions following the
emplacement of dacite/rhyodacite dome. The NE-elongated alteration zone is characterized by a
densely silicifed core of multi-phase hydrothermal breccias and stockwork quartz veins with locally
limonite and surrounding annulus of clay alteration dominated by sericite, kaolinite, montmorillonite,
and chlorite. Pyrite and gypsum occur in lesser amounts.

. - 2 .
Au, As, and Sb anomalies were defined over on area of about 0.4 km™ based on geochemical analyses
of soil and rock samples. These anomalies are surrounded by on alteration envelope. Au, As,

and Sb elements well corelate as expressed by positive correlations. Soil samples contained 14 ppm Au
as the highest value. Maximum Au and Ag values from rock samples are 3 and 1 ppm, respectively.

Throughout this study, man-made pits and stony tools possibly used for crushing-grinding processes
have been newly discovered in the study area, suggesting ancient Au mining activities. This Au mine is
located at the contact of dacite/rhyodacite dome with tuffs.

As a consequance, gold mineralization in the area was discovered during the present study. Surficial
data indicate that this mineralization greatly resembles volcanic-hosted low sulfidation / adularia-
sericite-type (Ag<Au) gold deposits altough it shows similarities to alkali-type gold deposits in
structural and mineralization features.
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0oz
Eskisehir Sepet¢i Koyii kromit yataklarinda vapilan ayrintili yapisal jeoloji ¢oziimlemesiyle bunlarin
olusum ve bigim degistirme stiregleri aniasiinaya calisthmistir.

Bu kapsamda Kurtulus ve Tastepe Ocaklarinda ayri ayr yiriitiilen ¢alismalarla ortak bir yapisal
gelisim modeli kurulmustur.

Kurtulus Ocagi ¢evresi, ultramafik kayalarin tektonit perdotitlerden kurulu bir kesiminde yer
almaktadir. Peridotit kiitlesinin biitiintine yakini harzburjit bilesimlidir. Bunun i¢inde diinit bandlari ve
kromit danelerinin matriksinde de diinit bulunmaktadir. Kromit sa¢ilmis minik kristaller, diizenli
bandlar, ender olarak katmanlar ve diizensiz kafalar bi¢iminde goriilmektedir. Bunlar, ¢cok sayida
piroksenit damariyla kesilmektedir. Bu ocakta harzburjit-diinit bantlasmasi ve kromit bantlarindan
olusan bilesimsel (So) yapilar (19 yiizey); iri piroksenit kristalleriyle belirginlesen diizlemler ile ¢akisan
metamorfik tektonitlerin folyasyon (S,) yapilari (135 yiizey); piroksenit damarlarinin daha kalin olan
kiviimlanmug ilk fazi(S)-kalin) (45 ytizey); daha ince, kivrimlanmamis ilk faz damarlar(S»-ince) (14
ylizey); piroksenit damarlarinda tanmabilen kivrim ekseni diizlemleri(S,") (9 yiizey); makaslama
yarthmlari(S;) (221 yiizey); ayrik. dolgusuz ve diizlemsel eklem(Sy)ler (560 yiizey) stereoskopik
izdtigtimleri ile statistik olarak incelenmis ve bunlari olusturan gerilme ortamlari belirlenmeye
cahigilmistir. So, S;. Sy(kalin) ve S,” diizlemleri neredeyse cakismaktadir. S,(ince) bunlart dik
kesmektedir. Sy, S;’ten sonra gelismistir. S4’iin gerilme eksenlerinden ikincil olanini diiseye getirecek
dondirme islemi yapildiginda Sy, Sy, Sy(kalin) ve S, yatay konuma gelmektedir. Bu durumda S, de
ayni gerilme ekseniyle agiklanabilmektedir. Incelenen faylardan bir bsliimii sag yanal ve bir boliimii de
ters fay niteligindedir. Bu faylar, oteki siireksizliklerle birlikte topluca degerlendirildiginde incelenen
yapisal Ogelerin bir boliimiinin (S,. S;. Sy(kalin) ve S,) manto igindeki siire¢lerde olustugu
anlagilmaktadir. Kati fazdaki harzburjitik mantonun, yiikselme ve yayilmasi sirasinda olusan donel
makaslama gerilmeleri altinda sivi zorlamasiyla agilan ¢atlaklarina, kismi ergime iriinii diinitlerin
dolmasi ve bu diisey kanallar i¢indeki konveksiyon dolasimi sirasindaki is1 ve basing degisimleriyle
kromit olusup birikmektedir. Bu kanallarla mantodan kabuga magma akisi ne denli uzun siirmiisse
kromit birikim ve zenginlesmesi de o denli artabilmektedir.

Goriintise gore Kurtulus Ocagi ¢evresinde dar bir diinit kanalinda kisa siireli bir birikim olusmustur. Bu
sirada kayada kromit-diinit bandlagmasi ve piroksenit damarlarindan olusan bilesimsel yapilar
gelismistir. Mantonun, yayilma sirtlarindan disa dogru konveksiyon hareketi, 1200°C dolayindaki
yiiksek sicaklikta, fakat kati fazda plastik akmasini ve plastik bi¢im degistirmesini dogurmustur. S, S,.
Si(kahn) ve ozellikle S,” diizlemleri ileri derecede bir bigim degistirmenin gerceklestigini
gostermektedir. Bu siirecin sonuna dogru yeni bir kismi ergime ve dncekileri kesen yeni piroksenit ve
diinit damarlari olusmustur. Bu siire¢, daha once sekillenmis olan diinit dilimlerini (pod’larini) de
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bi¢im degistirmeye zorlamistir. Diinit dilimi yeniden bigimlenerek yapraklanmistir. Kromit bandlari
yatk kivrimlar olusturmustur. Bu dilimin kabuk i¢ine yerlesmesi ile birlikte etkili olan kabuksal
gerilme ortaminda 6nce serpantinlesme esliginde ve siddetli, daha sonra zayif ve yaln, boyuna
eklemler ve faylar olusmus; makaslamalarla olusan kirtk dilinimleri gelismis; bu siireksizliklerin
bazilari kalsedon, serpantin ve/ya da manyezitle doldurulmus; ve bunlar yapiyr karmasiklastirmistir.
Belirlenen faylar ve eklem takimlari birlikte incelendiginde bunlarin yaklasik 110° dogrultulu, yataya
yakin bir sikisma gerilmesi etkisinde gelistigi; bindirmelerin daha ¢ok ikinci derece gerilmeler sonunda
yerel olarak gelistigi; makaslama zonlari ve énemli faylarin birinci derece makaslama yiizeylerinde
verlestifi; ve sonugta olusan yapisal ¢atinin kuramsal semalara uydugu goriilmektedir. Son olarak bu
faylanmalarla, Kurtulus Ocagi ¢evresindeki diinit podu basamaklr bloklara ayrilmistir.

Ayni bolgedeki Tastepe Ocagi’nda da, sahada Olctilen toplam 613 yapisal 6genin stereoskopik
izdiisimiintin statistik ¢6ziimlenmesiyle, daha &nce ylizeyleme madenciligiyle kromit yataklanmasina
iligkin belirtilerin yok edildigi alanda kromitli diinit diliminin yayilim ve 6zellikleri modellenmistir. Bu
sahada da, PODIFORM-UYUMLU-BANDLI bir kromit yataklanmasi yer almaktadir. Cevherlesme
zayiftir. Kromit zonu ¢ok pargalanmis olmakla birlikte, genel durusu pek degismemistir.

ABSTRACT

Formation and deformation processes of Eskisehir Sepet¢i Village chromite deposites have been
investigated by detailed structural geological analysis.

Thus, a common structural evolution model has been offered after separate studies at Kurtulus and
Tastepe Pits.

Surrounding of Kurtulus Pit is situated at a sector formed by tectonite peridotites. Most of the
peridotite mass has harzburgitic composition. There are dunitic bands and dunitic matrix with
chromite grains in it. Chromite composed by dispersed minute crystals, regular bands, occasional
nypical layers and irregular pods. These are being cut by pyroxenite veins. Compositional structures
(So) of harzburgitic-dunitic bandings and chromite bands (19 surfaces); foliation structures (S;) of
metamorphic tectonites occurred as coarse pyroxenite crystal accumulations (135 surfaces); folded
thicker first phase pyroxenite veins (Sy-thick) (45 surfaces); thinner nonfolded second phase veins (S--
thin) (14 surfaces); axial surfaces of folds (S-’) of pyroxenitic veins (9 surfaces); shear zones (S;) (221
surfaces); separate, nonfilled and planar joints(Sy,) (560 surfaces) have been evaluated statistically by
their stereoscopic  and properties of the stress environment responsible for these have been
interpreted. S, S;, So(thick) and S, surfaces are nearly wholly coincident. S-(thin) cut these
perpendicularly. S; had been developed after S;. Sy, S,, So(thick) and S5’ are being horizontal after the
rotation of secondary stress axis of Sy to vertical. Thus, S, can be explained with same stress medium,
100. Investigated faults are either right lateral or overthrusting types. By evaluation of these faults
together with other discontinuities it is obvious that a part of these strructural elements (S,, S,
Sa(thick) and S5’) had been developed by mantle processes.

Chromites had been formed and accumulated by thermal and pressure variations by the convection of
partially melted basal dunites which filled the vertical channels at solid phase harsburgitic mantle
which had been hydrofractured under the influence of rotational deviatoric stresses developed during
its uprising and spreading. Chromite formation and accumulation could be progressed further,
according to the duration of the magma flow from mantle to crust from these channels.
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A relatively shorter chromite accumulation in a narrow dunitic channel had been occured at around
Kurtulus Pit. Compositional structures such as chromite-dunite bands and piroxenitic veins have been
developed at this period. Convectional movement of the mantle from spreading ridges to outside
brought plastical flow and deformation under high temperatures as 1200°C but as solid state. Sy, S,
So(thick) and especially S>’ surfaces show the development of extensive deformations. Near the end of
this stage a new partial melting has been occurred and new pyroxenitic and dunitic veins have been
formed which are discordant to the previous ones. This process forced the previously shaped dunitic
pods to deformation. Dunitic pods have been foliated by this deformation. Chromite bands made
narrow folds. Intensive joints and faults have been developed primarily and accompanied by
serpentinisation and then simple and weak under the crustal stres environment during the
emplacement of this pod into the crust; fracture cleavages formed by shear stresses; some of these
discontinuities have been filled by calcedony, serpentine and/or magnesite; and all of these make the
general structure more complex. A general evaluation of the all faults and joints show that these have
been developed at a NI1I10°E nearly horizontal principal axis compressive stress environment,
overthrusts have been developed locally at secondary directions; shear zones and important faults
have been emplaced onto primary shear directions; and this complex structural framework coincides
with theoretical schemas. Dunitic pod has been separated to steppy blocks by these faultings at around
of Kurtulus Pit.

Tastepe Pit area at same region, has been investigated by stereoscopical evaluation of 613 structural
elements and distribution and properties of chromitic dunit pods were modelled, outcropes of which
was already disturbed before by outcrope mining. There is a PODIFORM-CONFORMED-BANDED
chromite site at this Pit, too. Ore forming is weak. Chromite zone was intensively fragmented; but, its
general situation is generally saved.
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Hekimhan (Malatya) Yoresindeki Demir Yataklarinin Jeolojik Konumlari
Geological Setting Of Irone Deposits In The Hekimhan (Malatya) Region
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Ulkemizin en 6nemli demir yataklarinin bulundugu Hekimhan yéresinde temeli Jura yasli ofiyolitik
kayalar ve Ust Jura-Alt Kretase yaslt kristalize kiregtaslari olusturur. Bu temelin iizerinde acih
uyumsuzlukla Kampaniyen-Maastrichtiyen yasli  volkano-tortul bir dizi yer alir. Birimin alt
kesimlerinde bazaltik ve trakitik volkanik kayalarla yanal gegisli konglomera-kumtasi-camurtasi
aradalanmas gériiliir. Kaya toplulugunun bazi seviyelerinde ise resifal kiregtaslari gézlenir. Birimdeki
volkanik ara katkilar yukariya dogru azalir ve orta kesimlerde camurtasi-marn ve kiltaslarr ardalanmasi
yer alir. Bu birim tiste dogru Ust Maastrihtiyen yash kirectaslarina geger. Bu volkano-tortul dizinin
ozellikle s13 denizel kesimlerinde ve ozellikle de resifal boliminde ana minerali siderit olan,
katmanlanmaya uyumlu cevher kiitleleri bulunmaktadir. Bu tip cevherlesmeye Deveci demir yatagi ve
Sirzi (Bogazgéren) demir yataklari en iyi drnektirler.

Paleosen’de yorede siyenitik bir magmatik etkinlik gergeklesmistir. Ust Kretase yash volkano-tortul
dizi Hasangelebi yakinlarinda yanal olarak, bol miktarda siyenitik dayklarca kesilmis ve
metazomatizmaya ugramistir. Ana minerali manyetit olan Hasangelebi demir yatagi bu birimin iginde
bulunmaktadir. Kuluncak dolayindaki kiiciik demir yataklari da Hasangelebi demir yatagi ile benzer
konumdaki kaya birimleri iginde yer almaktadir. Hekimhan yoresinde Oligo-Miyosen yasli birimlerin
ozellikle kirintil bolimiinde, katmanlanmaya uyumlu olmayan yogun silisifiye ve demirli zonlar
gozlenmektedir. Kirmizitepe ve Fenk tepe cevherlesmeleri de bu zonlarin i¢indedir. Yoredeki en
onemli diger bir demir yatagi da ana minerali manyetit olan Karakuz Demir yatagidir. Bu yatak ise
Hasangelebi Demir yatagini da kesen Orta Miyosen-Pliyosen yasli volkanikler iginde yer almaktadir.
Buna goére Hekimhan havzasindaki Ust Kretase yasli volkano-tortul dizinin ve Miyo-Pliyosen yaslt
volkanitlerin 6zellikle demir cevherlesmeleri acisindan ayrintili olarak incelenmesi énemlidir.
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ABSTRACT

The basement of Hekimhan region where contains most important iron deposits of Turkey consists of
Jurassic ophiolitic rocks and Upper Jurassic-Lower Cretaceous recrystallized limestone. An Upper
Cretaceous volcano-sedimentary suit overlies uncomformably this unit. Alternation of conglomerate-
sandstone-mudstone associated with basaltic and trachyandesitic volcanics are observed at the base.
There are some reef limestone levels in this part. Volcanic intercalations are decreased upward and
alternation of mudstone-marl-clay is observed in the middle of this unit. Upper Maastrichtian
limestone forms the upper part of this rock association. Some strata-bound siderite deposits are
observed especially in the shallow marine sedimentary rocks and reef limestone of Upper Cretaceous
volcano-sedimentary suit. Deveci [ron Deposit and Sirzi Iron Deposit are good examples for this type
depositions.

There is a syenitic magmatism in Paleocene in this region. Upper Cretaceous volcano-sedimentary suit
also is intruded by numerous syenitic dyks near Hasancelebi and Kuluncak. Hasangelebi Magnetite
Deposits and some minor iron deposits in Kuluncak district are in this metasomatic unit. Some iron
bearing silicified zones are observed in the Oligo-Miocene detritic sedimentary rocks in Hekimhan
region. Kirmizitepe and Fenktepe Iron Deposits are in these zones. Karakuz Iron Deposit is hosted by
trachyte-trachyandesite that intruded Hasangelebi Iron Deposit. For these reasons it is important to
study the Upper Cretaceous volcano-sedimentary suit and Mio-Pliocene volcanics for the iron
exploration in Hekimhan region.
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Olympic Dam Tipi Fe Oksit-_Cu-Au-(Ag-Ba-F-U-Th-Nte) Yataklarina
Tiirkiye’den Bir Ornek: Hasancelebi Fe Yatag

An Example Of Olympic Dam -Type Fe Oxide-Cu-Au-(Ag -Ba-F-U- Th-Ree)
Deposits From Turkey: Hasangelebi Fe Deposit
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Inceleme alani Malatya ilinin 78 km kadar kuzeybatisinda Hekimhan, Kuluncak ve Hasangelebi
arasindaki bélgedir.

MTA Genel Miudirlugi tarafindan “Yukari Firat Havzasi Maden Aramalari Projesi” kapsaminda,
2002-2003 yillarinda Hasangelebi Fe, Karakuz Fe, Kuluncak Fe ve Kuluncak NTE-U-Th
cevherlesmeleri incelenmistir. Gegmiste demir arama amaciyla yapilan sondajlarin karotlar: yeniden
gozden gecirilmis ve drneklenmistir.

Dogu Toros Orojenez Kusagi lizerinde bulunan sahada temeli Ust Jura-Alt Kretase yash Cataldag
Kiregtasi ve bunlarla tektonik iliskili olan Ust Kretase yaslh Kuluncak Ofiyoliti olusturur.
Maestrihtiyen-Paleosen arasindaki dénemde yay gerisi agilma tektonigiyle iliskili olarak alkali
magmatizma Urtnleri izlenir. Orta Miyosen-Pliyosen déneminde sikisma tektonigi ile iliskili alkali
magmatizma (Obuz Volkaniti) gelismistir. Bolgede bu iki magmatik etkinlige bagh olarak farkl iki tip
cevherlesme izlenir:

Birinci tip cevherlesme Maestrihtiyen-Paleosen yagsh alkali siyenitlerle iliskili kontak metasomatizma
ve devamindaki hidrotermal etkinligin iiriiniidiir. Kontak metasomatizmasinin baslangi¢ evresinde Na-
metasomatizmasi (skapolit) ve manyetit cevherlesmesi, gerileyen evresinde K-metasomatizmasi
(flogopit, biyotit ve K-feldispat) ve siilfit cevherlesmeleri olusmustur. Baslangi¢ evresinde olusan
skapolitlesme daha sonraki hidrotermal etkilerle olusan potassik alterasyon tarafindan ver yer
maskelenmistir. Si1g derinlik kosullarinda ise silislesme gozlenir. Gerileyen evre alterasyonuyla iliskili
olarak pirit, kalkopirit, arsenopirit. kalkosin, kovellin gibi siilfit mineralleri ve altin olusmustur.
Yiizeyden ve demir arama galerilerinden alinan 6rneklerde en yiiksek %0.8 Cu ve 2 ppm Au degerleri
saptanmistir.

Ikinci tip cevherlesme Orta Miyosen-Pliyosen vyash alkali magmatizmayla iliskili olup, damar,
damarcik, agsi ve sagimimh manyetit, hematit ve spekiilarit cevherlesmesidir. Bu evrede de 1.7 ppm’e
ulasan Au degerleri belirlenmistir.
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inceleme alaninda, her iki doneme ait alkali magmatizma ve iliskili cevherlesmeler D-B dogrultulu
tektonik hatlara baglidir.

Bolgedeki Fe-oksit, U-Th, NTE (nadir toprak elementleri) ve Cu-Au olusumlari ve alterasyon deseni
birlikte degerlendirildiginde, disiik tendrli (%16 Fe;O,) fakat buyik rezervli (1,9 milyar ton)
Hasancgelebi Fe yataginin Olympic Dam Fe oksit-Cu-Au-(Ag-Ba-F-U-Th-NTE) yatagiyla biiyiik 6l¢iide
benzerlik gosterdigi anlagilmaktadir.

ABSTRACT

The study area is located between Hekimhan, Kuluncak and Hasangelebi 78 km northwest of Malatya
province.

The Hasancelebi Fe, Karakuz Fe, KulancakFe and kuluncak REE-U-Th deposits were investigated
within the framework of “Upper Euphrates Basin Mineral Exploration Project” undertaken by MTA
in 2002-2003. Cores from the past iron explaration drill holes were reevaluated and sampled.

The basement of the area which is located within the Eastern Tauride Orogenic Belt is constituted by
Upper Jurassic-Lower Cretaceous Cataldag Limestone and tectonically overlying Upper Cretaceous
Kuluncak Ophiolite. During the time span of Maastrichtian-Paleocene, product of alkali magmatism
were formed as related to back —arc extensional tectonics. Later alkali magmatism (obuz Volcanics)
developed in relation to compressional tectonics in Middle Miocene-Pliocene period. In the region,
two types of mineralization are recognized in association with both magmatic episodes.

First type of mineralization occured as a result of contact metasomatism associated with alkali syenites
of Marstrichtian-Paleocene age and subsequent hydrothermal activity. The initial stage of contact
metasomatism is characterized by Na metasomatism (scapolite) and magnetite mineralization while
retrograde stage is represented by K metasomatism (phlogopite, biotite and K-feldispar) and sulfide
mineralization. The initial scapolitization is locally overprinted by potassic alteration as product of
later hydrothermal fluids. Silicification took place at shallow depthy. Gold and sulfide minerals such
as pyrite, chalcopyrite, arsenopyrite, chalcocine and covellite occur as accompanying retrograde stage
alteration. Samples collected from outcrops and through adits previously driven for iron exploration
vielded up to 0,8% Cu and 2 ppm Au.

Second type of mineralization that is associated with Middle Miocene- Pliocene alkali magamatism,
consists of veins, veinletys, stockworks and disseminations of magnetite, hematite and specularite. Au
values reach up to 1,7ppm at this stage.

In the study area, alkali magmatism and related mineral occurrences belonging to both episodes,
developed along E- trending tectonic lines.

By evaluation of Fe — oxide, U Th,REE (rare earth elements), and Cu-Au occurrences along with
alteration patterns, it is concluded that the Hasangelebi Fe deposit having bulk tonage (1,9 billion
tons) but low grade (16% Fe;0, ) greatly resembles Olympic Dam Fe oxide - Cu -Au -(Ag -Ba -F-U -
Th -REE):
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MINERALOJI - PETROGRAFi OTURUMU-I
MINERALOGY-PETROGRAPHY SESSION-I
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Crystal Chemistry And Crystallisation Conditions Of Ca-Rich Clinopyroxenes
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Bu calisma, Dogu Karadeniz Bolgesi'nin (Dogu Pontidler) en kuzeyinde ve o6zellikle Trabzon
civarinda yiizeyleyen Neojen yasli alkalen volkanitlerdeki Ca’ca zengin klinopiroksenleri konu alir. Bu
zamana kadar §6z konusu alkalen volkanitlerin gelisimiyle ilgili, jeokimya ve petrojenez agirlikl ¢ok
sayida ¢alisma yapilmasina ragmen, mineral kimyasi ile ilgili ¢ok az sayida 6zel arastirma mevcuttur.
Dolayisiyla bu galisma, séz konusu alkalen kayaglarda baskin olan klinopiroksenlerin kimyasi ve
kristallenme sartlari ile ilgili bilgi eksikligini gidermeyi ve bolgedeki alkalen volkanizmaya sebep olan
birincil magmanin ilksel bilesimini ve kékenini aydinlatmayi amaglar.

Ca’ca zengin klinopiroksenler, en az iki farklilasmis seriden (feldispatoid ve feldispatca zengin)
meydana gelen Neojen yash alkalen volkanitlerin en 6nemli ferromagnezyen minerallerdendir.
Klinopiroksenler, petrografik a¢idan, hamurda hem tek bir kristal halinde hem de iki ya da daha fazla
kristalin bir araya geldigi kiimelenmeler seklinde bulunur ve analsim, sodalit, 16sit veya nefelin
(ozellikle feldispatoidce zengin seride), K- ve plajiyoklas-feldispat (6zellikle feldispat¢a zengin seride),
biyotit, + kalsik amfibol, Fe-Ti-oksitler ve apatit ile birliktelik sunar. Ayrica bunlar sahinimli ve sektor
zonlanma yaninda 6zellikle her iki serinin bazik tiyelerinde iskeletimsi ve elek dokusu da gosterirler.

Kristal kimyasi verilerine gore, her iki serideki klinopiroksenlerin bilesimleri oldukga benzerdir ve bu
bilesimler Ti’ca zengin Al-diyopsitden salite ve hatta kismen de fasayite kadar degisir. S6z konusu
klinopiroksenlerin en 6nemli 6zellikleri, goreceli olarak yiiksek Mg numarasina (0.85-0.63), diisiik
ALO; (% 3.2-7.6) ve TiO, (< % 2.5) icerigine ve diisiik Al'AI" oranina (< 0.5) sahip olmalaridir. Bu
degerler yiiksek basing ve manto klinopiroksenlerinden oldukga farklt olup, dusiik basing kristallenme
sartlarini yansitir. Klinopiroksenler igin hesaplanan ortalama basing, sicaklik ve derinlik sirasiyla, 1.5 +
0.8 kbar, 935 +9 °C ve 4.1 £ 2.2 km’dir.
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Incelenen klinopiroksenler, manto kékenli klinopiroksenlerle ([La/Lu]x < 1) karsilastirildiklarinda,
oldukga farklilasmis NTE patternlerine ([La/Lu]y = 16-20) ve ayrica gok yiiksek BIYLE ve HNTE
iceriklerine sahiptirler (6rnegin; Sr = 885-1588 ppm. Ba = 10-172 ppm, La = 62-75 ppm ve Ce = 163-
199 ppm). Ozellikle ANTE lere (kondirit degerlerinden 20-10 kat fazla) gore HNTE (> 200 kat)
iceriklerinde goriilen asirt zenginlesmeler kaynaktaki kalinti garnetin varhgina isaret eder ve HNTE ce
zengin ana ergiyikten itibaren kristallenmeyi yansitir; ki bu HNTE zenginlesmesi muhtemelen yitim
iliskili metazomatizmaya baglidir. Mevcut mikrokimyasal ve termobarometrik veriler kabuktaki s1g
magma odasinin veya odalarinin varhigini ve magma gelisimi igin agik-sistem modellerini (diisiik
basing kristal farkhilasmasi + magma yiikselimi + yenilenme + daha az oranda kabuk kirlenmesi)
destekler.

ABSTRACT

This study focuses on Ca-rich clinopyroxenes in Neogene alkaline volcanics around Trabzon from the
northernmost of Eastern Blacksea Region (Eastern Pontides ). Although a number of studies related to
the evolution of the alkaline volcanics have been made in terms of geochemistry and petrogenesis, few
special searches are present concerning the mineral chemistry. Therefore, the present paper aims to
fill the gap in the information on the chemistry and crystallization conditions of the clinopyroxenes
which is dominant phase in the host rock and to clarify the initial composition and possible origin of
parental magma responsible for alkaline volcanism in the region.

Ca-rich clinopyroxenes are the most important ferromagnesian minerals in Neogene alkaline volcanics
consisting of at least two evolutionary series (feldspathoid- and feldspar-rich). Petrographically, they
occur as both individual crystals and as glomerocrysts of two or more intergrown crystals in the
matrix and are associated with analcite, sodalite, leucite or nepheline (especially in feldspathoid-rich
serie), K- and plagioclase feldspar (particularly in feldspar-rich serie), biotite, + calcic amphibole, Fe-
Ti-oxides and apatite, and characteristically show oscillatory and sector zoning as well as skeletal and
sieve textures in the basic member of the both series.

Based on crystal-chemical data, the compositions of the clinopyroxenes in both series are very similar
and vary from Ti-rich Al-diopside to salite and lesser fassaite. The most important characteristics of
the clinopyroxenes are relatively high Mg-number (0.85-0.63), low Al>O; (3.2-7.6 wt %) and TiO- (<
2.5 wt %) contents and low AI'"/AI"" ratio of < 0.5, suggesting low-pressure crystallization conditions,
and they differ from those of high pressure and mantle clinopyroxenes. The calculated crystallization
pressure, temperature and depth for the clinopyroxenes are on the average 1.5 + 0.8 kbar, 935 +9 °C
and 4.1 +2.2 km, respectively.

The clinopyroxenes have extremely fractionated REE patterns with [La/Lu]y = 16-20 compare to
mantle clinopyroxenes ([La/Lu]y < 1) and also have very high LILE and LREE concentrations; for
example, they contain 885-1588 ppm of Sr, 10-172 ppm of Ba, 62-75 ppm of La and 163-199 ppm of
Ce. In particular, strong enrichments in LREE (> 200 times chondritic values ) relative to HREE (20-
10 times) imply the presence of garnet as a residual mineral in the source and reflect the
crystallization from a LREE-enriched parental liquid, probably enriched by subduction-related
metasomatism. Present microchemical and thermobarometric data support the presence of shallow
magma chamber(s) in the crust and the open-system dynamic models (combination of low-pressure
crystal fractionation + magma eruption + replenishment + lesser crustal contamination ) for magma
evolution.

111



57. Tiirkiye Jeoloji Kurultay: 08-12 Mart 2004, MTA Kiiltiir Sitesi, Ankara
57th Geological Congress of Turkey

Yozgat-Kargihik Pembe Turmalin iceren Pegmatit Damarlarinin Ozellikleri
ve Yer Radar1 Yontemi Ile Aranmas
Features Of Pink Turmaline Bearing Pegmatite Veins At Kargilik, Yozgat-
Turkey And Exploartion Of Pegmatites By Ground Penetrating Radar (Gpr)
Method

i. Sonmez SAYILI, Selma KADIOGLU, N. Yildirnm GUNDOGDU,

Tuba KADIRIOGLU ve K. Mert ONAL
Ankara Univ. Miithendislik Fak. Jeoloji Miih. Boliimii. 06100 Tandogan Ankara-TURKIYE,

savili@eng.ankara.edu.tr
Ankara Univ. Miihendislik Fak. Jeofizik Miih. Boliimii. 06100 Tandogan Ankara - TURKIYE

Ankara Univ. Miihendislik Fak. Jeofizik Miih. Bolimii. 06100 Tandogan Ankara-TURKIYE,
ygundog @eng.ankara.edu.tr

Ankara Univ. Miihendislik Fak. Jeoloji Miih. Bélimii. 06100 Tandogan Ankara-TURKIYE,
tuba.kadirioglu@yok.gov.tr

Ankara Univ. Miihendislik Fak. Jeofizik Miih. Bélimii. 06100 Tandogan Ankara-TURKIYE,
kemalmertonal @hotmail.com

(077

Yozgat ilinin 35 km dogusunda Kargilik Koyii’niin giineydogusunda Orta Anadolu Kristalen
Kompleksi’nin mermerleri iginde boyu 30 m, eni 15 m civarinda olan KD-GB uzanimli bir yarmada
altere 16kogranitler i¢inde pegmatit damarlari yiizeylemektedir. Bu damarlarin gozlenebilir derinligi 5-
10 m arasinda olup kalinliklari ise 5-50 cm arasinda degismektedir. Lokogranitler mermerlerin igine
sokulum yaparak dokanak zonunda piroksen ve pilajiyoklazlardan olusan yesil-gri renkli skarn benzeri
metasomatik kayaglar olusturmuslardir. Daha sonra pegmatit damarlari grafik-granofirik dokulu K-
Feldispat, kuvars, biyotit ve siyah turmalinleri ile biitiin birimleri kesmektedir. Pegmatit damarlar
icinde halen yiizlek vermeyen ve daha onceleri ¢ikartilmig bulunan pembe ve bazen karpuz turmalinler
(Elbait) ile mor mikalar (Zinwaldit) yer almaktadir.

Yarmanin goriilebilir kisimlarinda tespit edilen pegmatit damarlarinin devamhliginin olup olmadigt,
devamlihgr varsa hangi yonde ve ne kadar uzunlukta oldugunun saptanmasi amaciyla sig derinlikler
icin yer alti geometrisinin elde edilmesinde ayrimhiligi en yiiksek jeofizik yontem. olan yer radari
yontemi kullanilmistir. Damarlarin bulundugu yarma merkez olmak tizere 50x50 m’lik bir ¢alisma
alani belirlenmistir. Jeolojik birimler ve gdzlenebilir pegmatit damarlarinin yiizeyden derinligi goz
oniine alinarak frekanst 200 MHz olan bir anten se¢ilmistir. Bu alanda yapilan dlgtimler sonucu yarma
ve civarinin litolojileri, pegmatit damarlarinin konumu ve yer altindaki kirik yapilari ortaya
konulmustur. Pegmatit damarlari 8 metre derinlige kadar izlenmis, bu metreden sonra yer alti su
seviyesi basladigindan damar ve litolojileri takip etme olanag olmamustir.
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ABSTRACT

Pegmatite veins take place in altered leucogranites cropping out in a NE-SW trending trench with the
sizes of 30 m length and 15 m width. These units are located in marbles of Central Anatolian
Crystalline Complex around Kargilik village of Yozgat, Turkey. The visible depth of pegmatite veins
are 5 to 10 m and their thickness vary between 5 to 50 cm. Pyroxen and plagioclase bearing green to
gray colored skarn like metasomatic rocks are formed at the contact zones of leucogranitic intrusion
into marbles. Graphic and granophyric K-Feldspar, quartz, biotite and black turmaline bearing
pegmatite veins intersect into all units. Pink turmalines (Elbaite) sometimes watermelon turmalines
and purple micas (Zinwaldite) take place in pegmatites which are during previous mining activities
produced and nowadays they are almost totally excavated.

Ground penetrating radar (GPR) method which is one of the highly precise methods to understand the
underground geometry for shallow depths, is used to determine the continuation of pegmatite veins to
the depths and if they continue, to which direction and in what thicknesses and lenghts they exist.
Taking the center of the trench containing pegmatite veins for investigation and exploration, a 50x50 m
sized area is studied. Due to geology and the depth of outcrop, an antenna with frequency of 200 MHz
is used. Depending upon the measurements, lithologies in around trench, strikes and dips of pegmatite
veins and structural characteristic such as fractures and cracks are determined. Pegmatite veins are
followed up to the depth of 8 meters. Because of underground water level, veins and lithologies could
not be dedected after that depth.
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inonii (Eskisehir) Giineyinde Yeni Bir Ofiyolit Bulgusu ve Petrojenezi
Petrogenesis and From New Ophiolitic Series In The South Of Inénii (Eskisehir)
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0z
Calisma alani, I¢ Bati Anadolu’nun kuzeyinde Neotetis Okyanusu’nun kuzey kolunun kapanmasinin
neden oldugu Anatolid-Torid Kitasi'nin Pontid Kitast ile ¢arpistigt kusak tizerinde yer alir. Bolgede

pasif kita kenarina, yitim zonuna, okyanus kabuguna ve daha sonraki geng¢ birimlere ait kayaglar
ylizeylemektedir.

indnii (Eskisehir) giineyindeki Geg Kretase ofiyolit napi, Tavsanli Zonu’na ait indnii mermerleri ve
[nénii mavisistleri tizerinde tektonik konumludur. Ofiyolitin altinda yer yer ince ofiyolitik melanj zonu
izlenir. Ofiyolitik ekay diliminde; tektonitik peridotitler (harzburjit, dunit), kiimiilatif ultramafik-mafik
kayaclar (dunit, verlit, piroksenit, gabro), levha dayk karmasigina ait diyabazlar gozlenirken, yastik
debili bazalt bloklari, diger radyolaryali ¢amurtasi, neritik-pelitik kiregtasi, metapelitik kaya ve
serpantinit bloklart ile beraber ofiyolitik melanj igerisinde bulunur. Bazen peridotitleri kesen izole
diyabaz dayklari ve pegmatitik gabro dayklari gézlenmis olup, pegmatitik gabro dayklari, kiimiilatif
serideki gabrolari olusturan kanallar olarak yorumlanmaktadir. Bu ozelligi ile incelenen ofiyolit
dilimin hemen hemen tam bir ofiyolit dizisi sundugu séylenebilir.

Harzburjitler ve dunitler porfiroklastik taneli doku sunar ve kismen ya da tamamen serpantinite
doniismiistiir. Bu kayaglarin ana kimyasini SiO, ve MgO olusturur. Basta olivin ve klinopiroksenden
olusan verlitlerde, piroksen mineralinin kayaca hakim olmasiyla, piroksenite gegis gozlenir. Okyanusal
kabugun temsilcileri olan gabrolar ise katmanli veya masiftir. Petrografik incelemelerde, plajiyoklaz
(labrador)+klinopiroksen olivintortopiroksen+lokoksen mineralleri tespit edilmigtir. Gabrolar
cogunlukla hidrotermal alterasyona ve/veya ¢ok diisiik dereceli metamorfizmaya ugramistir.
Alterasyon iiriinleri serisit, aktinolit (uralitlesme), klorit ve zeolit mineralleridir. Ozellikle makaslama
zonlari boyunca tamamen amfibolsiste dontigmistiir. Subofitik ve intersertal doku igerisinde
plajiyoklaz+klinopiroksen igeren diyabazlar, ofiyolitlerin olusum ve yerlesim yaslari arasindaki kisa
zaman aralifinin yarattidi hizli yerlesimden dolayi, arazide kirikli ve ezik bir yapi sunar. Ofiyolitik
melanjda derin denizel ¢okellerle beraber bulunan yastik debili bazaltlar, intergraniiler dokulu olup
plajiyoklaz+ klinopiroksentolivin+opak mineraller icerir.

Gabro, diyabaz ve bazaltlardan yapilan iz element analizleri bu kayaglarin LILE (Sr, K, Rb, Ba, Th)
bakimindan zenginlesme ve HFSE (Nb, Zr, Ti, Hf, Y) bakimindan fakirlesme sundugunu gostermistir.
Th elementi disinda, LIL elementleri alterasyondan dolayi hareket ettigi i¢in, bazen diisiik degerler
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vermektedir. Oriimcek ve tektonomagmatik diyagramlarda incelenen ofiyolitik serinin dalma-batma
zonunda (SSZ) adayay toleyitik (IAT) bir magmadan tiiredigi diisiintilmektedir.

ABSTRACT

The investigated area is located onto the orogenic belt formed as a result of the closure of the northern
branch of Neotethyan ocenic lithosphere due to the collision between the Anatolide-Tauride Continent
and Pontide Continent. The rocks belonging 1o the passive continental margin sequence, subduction
zone, oceanic lithosphere and further the youngest units crop out widely in this region.

Late Cretaceous ophiolite nappes are tectonically found onto Inonii marble to blueschists related
Tavsanl Zone in the southern Inémii (Eskisehir). The ophiolitic melange is sometimes observed
beneath the ophiolite slabs. The studied ophiolitic slice is characterized by a almost complete
ophiolitic sequence because of containing the ultramafic tectonites (harzburgite, dunite), ultramafic
mafic cumulates (dunite, werhlite, pyroxenite, gabbro), diabases pertaining to sheeted dike complex
and pillow lavas but latter is within the ophiolitic melange. The isolated diabase and pegmatitic
gabbro dikes that cut the peridotites are encounterred locally. The pegmatitic gabbros may most
probably be interpreted as the conduits that feed the cumulative gabbros from the ophiolitic suite.

The harzburgites and dunites show the porphyroclastic textures. These rocks have partly and/or
completely altered to serpentinites. The chemical composition of these rocks are composed mainly of
Si0; 10 MgO. The werhlites consisting of olivine and clinopyroxene crystals grade the pyroxenites,
increasing pyroxene minerals within them. The layered to massive gabbros represented the oceanic
crust comprise plagioclase (labrador)+clinopyroxeneolivinezorthopyroxene+leucoxene minerals.
The secondary minerals such as sericite, actinolite, chlorite and zeolite have produced due to
alteration resulting from the hydrothermal fluids. The gabbros have changed to the amphibole schists
along the shear zones. The partly or completely altered ar hydrothermal alteration/very low
temperature metamorphism conditions diabase dikes with plagioclase and clinopyroxene in the
subophitic and intersertal textures display the fractured and the crushed structures developed as a
result of the formation during short-time and soon after emplacement of the ophiolite bodies onto the
region. The pillow basalts seen with together the blocks of the radiolarian mudstone, neritic-pelagic
limestone, metapelitic rock and serpentinite within the ophiolitic melange contain plagioclase
(labrador)+clinopyroxenezolivine+opaque minerals.

According to the trace element analysis of the gabbros, diabases and basalts, these basic rocks exhibir
LILE (Sr, K, Rb, Ba, Th) enriched and HFSE (Nb, Zr, Ti, Hf, Y) depleted compositions. However, LILE
except to Th have somewhat low values caused of hydrothermal alteration. The normalized trace
element variations in the spider diagrams and tectonomagmatic diagrams may suggest prensence of a
subduction type oceanic component in derivation of island-arc tholeiitic magma.
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Orhaniye Yoresi (KB Ankara) Alt Eosen Karasal Cokellerinin Sedimanter
Petrografik Ozellikleri

Sedimentary Petrographic Characteristics of the Lower Eocene Continental
Deposits in the Orhaniye Region (NW Ankara)

Sanem ACIKALIN ve Faruk OCAKOGLU

Osmangazi Universitesi, Jeoloji Miihendisligi Bélimii, Eskisehir

O0Z

Calisma alanimin (Orhaniye, KB Ankara) tiimiinde Mastrihtiyen yash flis benzeri Dikmendede
formasyonu ve bununla yanal/dikey gecisli fan-delta ¢okellerinden olusan Kuskonan formasyonu
Uzungarsi grubu tarafindan diisiik bir agisal uyumsuzlukla tzerlenir. Tiimiyle karasal kokenli
Uzungarsi grubu alttan iste dogru Liiliik, Gokdere ve Saribeyler formasyonlarindan olusur. Grup yakin
ge¢miste omugal fosillerine dayanilarak Erken Eosen’e yaslandirilmistir (Maas et. al., 1998). Aliivyal
yelpaze ¢okellerinden olusan Liiliik formasyonunda tane destekli konglomeralar ile ¢amurtas! ve ince
taneli kumtaslarinin ardalandigi gézlenir. Uzungarst grubunun diger birimi olan Gokdere formasyonu
Liilik formasyonuna gére daha yaygindir, ancak alanin KD ve G’inde gozlenememistir. Bu formasyon
inceleme alaniin GB kesiminde Kuskonan formasyonu iizerine agisal uyumsuzlukla gelir. Genel
olarak volkanik kayag pargalari igeren ¢akiltagi/kumtasi seviyelerinden olusan Gokdere formasyonunda
KB’ya dogru gidildikge kil/silt seviyelerinin artugi gézlenir. Birimin st kesiminde vyesil killer ve
bunlarin arasinda mikritik kiregtasi izlenir. Gokdere formasyonunun orgiilii akarsulardan ve KB'ya
dogru Lilik Tepe civarinda menderesli akarsular ve gegici gollerden itibaren olustugu
diigiiniilmektedir (Ocakoglu ve Ciner, 1995). Saribeyler formasyonu Uzungarsi grubunun en yaygin
birimidir. Alanin GB’sinda bu formasyon kiltagi, ince kumtasi ve kirectaslarindan olusur. KD’ya
gidildikge cakiltaslari ve kumtaslari, camurtagsi/kirectasi ardalanmasina yanal gecis gosterir. Saribeyler
formasyonu yorenin KD kesiminde tiimiiyle golsel iken; GB kesiminde g0l ve akarsu cokellerinin
ardalanmasindan olusur. Uzungarsi grubu once volkanik ¢akill ince bir diizeyle, ardindan Orta
Miyosen yasli s1g denizel karbonatlarla tizerlenir.

Uzungarst Grubu’nun sedimanter petrografik 6zelliklerinin arastrilmasi amaciyla daha 6nce bélgenin
cesitli kesimlerinden Ocakoglu (1990) tarafindan yapilan 3 6lciilii kesit tizerinden sistematik 72 adet
ornek toplanmistir. Orneklerden tabakalanmaya paralel ince kesitler yaptlmis; bu kesitlerden kayaglarin
mineralojik bilesimlerinin yanisira, tane boyu dagilimlari, késelilikleri ve kiiresellikleri belirlenmistir.
Nokta sayma yontemi ile yapilan mineralojik bilesim tayininde her kesitte 250 nokta sayilmis ve
sonuglar kayag siniflandirmasi (Pettijhon ve dig., 1987) ve levha tektonigi yerlesimi (Dickinson ve
Christopher, 1979) iicgen diyagramlari kullanilarak degerlendirilmistir. Tane boyu 6l¢iimleri
Hutchinson (1979) da onerilen metodolojiye uygun olarak her kesit i¢in bir hat iizerindeki 100 adet
tanede gergeklestirilmistir. Her kesitteki tane boyu topluluklarinin tane boyu dagilim egrileri ¢izilerek
Folk ve Ward (1957)’ye gére ortalama tane boylari, boylanmalari, yamukluk ve kurtosis degerleri
hesaplanmistir. Koselilik indeksi, Folk (1974) standardina uygun olarak, her bir kesitteki 50 adet
tanede, her bir taneye icten ve distan teget en biiyiik ve en kiigiik gemberler ¢aplarinin oranlanmasiyla
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belirlenmistir. Kiiresellik tayinleri ise her kesitte bir hat tizerindeki 50 adet tanenin Powers (1953)
tarafindan hazirlanan gorsel abaklarla karsilastiriimasiyla yapilmistir.

Yapilan mineralojik incelemeler Uzungarsi grubunun gogunlukla grovak bilesiminde kumtaslarindan
olugtuunu gostermektedir. Bunlardan “yeniden g¢evrimlenmis orojen” kaynak alanindan beslenen
Liltk formasyonuna ait 6rneklerde yamuklugun (skewness) pozitif olmasi ortamin fliiviyal oldugunun
verisi olarak degerlendirilebilir (Folk ve Ward, 1957). Liilik formasyonunu iizerleyen Gokdere
formasyonunda kumtaslari feldispatik grovak bilesimindedir ve bu birim, bolgenin GD’da “magmatik
yay” kaynak bolgesinden; KD’da ise “kitasal blok™ kaynak bolgesinden beslenmistir. Uzungars
grubunun son birimi olan Saribeyler formasyonu diger formasyonlardan igerdigi tanelerin yari kiiresel
olmastyla farklilik gosterir. Bolgenin GD’da Gokdere formasyonunun beslendigi gibi Saribeyler
formasyonuda bdlgenin tiimiinde magmatik yay kaynak alanindan beslenmistir. Tane boylar1 2 — 3 phi
arasinda degisen bu birimdeki kumtaslari da litik grovak bilesimindedir. Mikroskopik olarak incelenen
birimlerin levha tektonigi agisindan farkli kaynak bolgeleri temsil etmesi, biitiin bu yerlesimleri
karakterize eden kayag topluluklarinin (ofiyolitli melanj, epimetamorfik kayaglar, volkanik kayaclar
vs) boélgenin tektonik dykiisii iginde biraraya geldiklerini ve kaynak bélgenin zaman iginde degistigini
gostermektedir. Yine incelenen birimlerin tane kiireselliklerinde, istifte yukariya dogru gidildikce
kireselden yari kiiresele dogru bir evrilme stratigrafik olarak tste dogru golsel ortamlara gecisin
nedeninin drenaj alani geniglemesi degil paleoklimatik degisiklikler olabilecegini gostermektedir.

ABSTRACT

At the whole study area (Orhaniye, KB Ankara), Maastrichtian aged flyshoidal Dikmendede formation
and horizontally/vertically integrated fan — delta deposited Kuskonan formation overlies by Uzuncarsi
group. Uzungargt group with a low angular unconformity. Uzungarsi group, which is continental,
deposited, is composed of Luliik, Gokdere and Saribeyler formations from bottom to top. This group
recently aged Early Eocene by using vertebrate fossils (Maas et. al., 1998). Liiliik formation is
composed of alluvial fan deposits and observed alternation of conglomerates, mudstones and fine-
grained sandstones. Even though the other unit of Uzungarsi group, Gokdere formation is wider
compared to Liiliitk formation, but can not be seen at the NE and S of the region. Gokdere formation
lays on Kuskonan formation with an angular unconformity at the SW of the study area. This formation
is composed of gravel stone/sandstone layers, which contains generally volcanic rock particles, and
towards the NW, the increase of clay layers is observed. At the upper parts green clays and micritic
limestone in green clays are observed. It is thought that Gékdere formation has been formed by
braided streams and towards NW, around Liiliik Hill, by meandering streams and temporary lakes
(Ocakoglu and Ciner, 1995). Saribeyler formation is wider unit of Uzungarsi group. At the SW of the
region, this formation is formed by clay stone, fine-grained sandstone and limestone. Towards the NE,
conglomerates and sandstones are horizontally crossing to alternation of mudstone/limestone.
Saribeyler formation at NE is completely lacustrine but at SW formation is composed of alternation of
lacustrine and stream deposits observed. Uzungarst group is overlaid primarily by volcanic gravelly
layer and then shallow marine carbonates which are aged Middle Miocene.

For the purpose to find out sedimentary petrographic characteristics of Uzungarsi group, 72
systematic samples has been taken on 3 stratigraphic sections which are made by Ocakoglu (1990) at
various parts of the area. Thin sections have been prepared out of the samples collected parallel to the
layers. Out of these thin sections, mineralogic modal composition of rocks has been investigated and
also grain size distributy, angularity and sphericity of the particles has been determined. In order 1o
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Jind out mineralogic composition using point counting method, 250 points at each section has been
counted and the results has been evaluated by rock classification ( Pertijhon et al., 1987) and plate
tectonic settlement (Dickinson and Christopher, 1979) triangle diagrams. At each section, grain sizes
have been measured approximately 100 particles on one line (Hutchinson, 1 979) and using the datas
grain size distribution curves has been composed. As per Folk and Ward ( 1957) mean, sorting,
skewness and kurtosis for each rock has been measured. Angularity index of rocks, determined by
measuring the radius of largest inscribe circles and smallest circumscribing circles of each particle for
50 particles per section (Folk 1974). For sphericity investigation 50 particles on one line has been
compared to visual diagrams, which composed by Powers (1953).

As a result of all measurements done, it is found out that Uzungarsi group is dominantly composed of
graywacke sandstones. Samples of the Liiliik formation, which are nourished by recycled arc orogen
provenance, have positive skewness and it shows that the environment is fluvial (Folk and Ward 1 957).
The sandstones of Gokdere formation, which is overlies Liiliik formation, are feldispathic graywackes
and this formation is nourished by magmatic arc provenance at SE, continental block provenance at
the NW of the area. Saribeyler formation, which is youngest unit of Uzungarsi group, is different with
its subelongate particles from the other formations of the group. As Gékdere Sformation, ar SE of the
region Saribeyler formation is nourished by continental block provenance. At this formation the
sandstones are lithic graywacke and particle sizes are between 2 - 3 phi. Since the units representing
different provenances are indicated by the modal mineralogical analysis, these rocks of different plate
tectonics significance should have come together in the course of tectonic history of the area, and the
source region has shifted with time. On the other hand, the evolution of sphericity of particles from
equant 1o subequant, through the succession upward may prove that the passage towards the lake
environment by the time was not related with the enlarging drainage area, but due to paleoclimatic
changes.
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Granitoid
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oz

Incelemeler Kirikkale — Keskin sinirlart iginde Baliseyh ilgesi yakininda yapilmis olup 1/25.000 lgekli
Kirsehir i31 a3, a4, b4, d1, d2 topografik paftalari i¢inde yaklasik 200 km® lik bir alani kaplamaktadir.
Baliseyh Granitoyidi Orta Anadolu Kristalin Kompleksi® nde Keskin Plitonu olarak tanimlanan

sokulumun bir bolimiint olusturmaktadir ve bilesimsel olarak hem asidik hemde orta¢ karakterli
magmatik kayag¢ gruplari igermektedir.

Yapilan arazi, petrogratik ve jeokimyasal ¢alismalar sonucunda Baliseyh Granitoyidi 6 alt birime
ayrilmistir. Bunlar Maruftepe Graniti, Arapli Alkali Feldispat Graniti, Camlidere Granit Porfiri,
Yagmurdede Granodiyoriti, Golyeri Kuvars Monzodiyoriti, ve Seyfli Tonalitidir. Bu birimlere ait 35
adet kayag¢ 6rneginin ana oksit, iz element, ve nadir toprak element analizleri yapilmistir. Yapilan bu
analizler gesitli diyagramlara aktarilarak magma karakteri ve kokeni hakkinda yorumlar yapilmaya
calisilmistir. Buna gore Baliseyh Granitoyidi gerek ana oksit, gerekse iz element verilerine gére Orta
Anadolu’ da yer alan pekgok granitoyid kayag¢ grubuna benzer sekilde metalumino-peralumino gegisli,
hem I tipi hemde S tipi granitoyid 6zellikleri sunan H (hibrid) tipi, kalkalkali karakterli ve ¢arpisma
ortaminda olusmus bir magmayi temsil etmektedir. Ayrica Baliseyh Granitoyidi ile iliskili olarak Mo
tiirti cevherlesmeler mevcuttur.

ABSTRACT

Study area is in the vicinity of Kiritkkale-Keskin cities and is very close to Baliseyh town, covering
1725000 scale Kirsehir i31 a3, a4, b4, d1, d2 topographical maps and approximately an area of 200
km”. Baliseyh Granitoid is a part of Keskin Pluton which is a member of Central Anatolia Crystalline
Complex, and consists of both asidic and intermediate rock groups in composition.

According to field observations, petrographical and geochemical studies, Baliseyh Granitoid can be
divided 6 subunits. These subunits are called Maruftepe Granite, Araplt Alkali Feldspar Granite,
Camlidere Granite Porphyry, Yagmurdede Granodiorite, Golyveri Quartz Monzodiorite, and Seyfli
Tonalite. 35 rock samples belonging to these subunits were analyzed for major, trace and rare earth
elements. Distinctive X-Y variation diagrams representing magma origin and character are chosen to
illustrate relationships between subgroups by using major and trace element data. Geochemical
studies show that Baliseyh Granitoid has calcalkaline character and exhibit a transition of typical
trends between metalumino-peralumino associations and represents both I and S type (H type-hybrid)
magma which intrude collisional environment. These typical characteristics of Baliseyh Granitoid are
similar to other granitoids of Central Anatolia.
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Dogu Karadeniz Bolgesindeki Volkanojenik Masif Siilfit Yataklarinin
Jeokimyasi ve Mineralojisi

Mineralogy and Geochemistry of Volcanogenic Massive Sulfide Deposits (VMS)
of the Eastern Pontides (NE Turkey)
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Dogu Karadeniz Bdlgesinde bulunan volkanojenik masif siilfit (VMS) yataklar iilkenin en biiyiik baz
metal kaynagini olusturur. Bu yataklar birbirleriyle kuvvetli benzerlik sunar. Tamami Ust Kretase
yash felsik volkanitler igerisinde bulunan bu yataklar tabakalara bagli (strata-bound) 6zellik tasir. Bu
yataklar esas olarak Cu-Zn bilesimlidirler; fakat bolgede Cu-Zn-Pb (Lahanos) ve Zn-Pb-Cu bilesimli
(Kopriibast) olanlar da mevcuttur.

Bu yataklar oldukga benzer dokusal ve mineralojik ozellikler sergilerler. Cu’ca zengin ve Cu’ca fakir
yataklar arasindaki ana farkhlik, ilk gruba giren yataklarin Safha-II mineral birligini (sfalerit-galen-
tetraedrit/tenantit), sonraki gruba giren yataklarinsa Safha-IV mineral birligini (kalkopirit (II)-bornit)
igermemesidir. Cu’ca fakir yataklarin bir kismi bu safthanin belirtilerini belli belirsiz sunar (Lahanos
madeni gibi), oysa diger yataklar bu safhayr hi¢ sergilemezler (Murgul yatag gibi). Bu, cevher
olusturan sistemde belli metal iyonlarinin varligina baglanabilir.

Sivi kapanim ¢alismalari incelenen yataklarin tamaminin 320°C’den 160°C’ye degisen sicakliklarda
¢Okeldigini gostermistir. Masif siilfit zonlar1 320°C’den 220°C’ye degisen daha dar sicaklik araliginda
olusmuslardir. Sivi kapanimlarin tuzluluklari ag.%0,5-6 esdeger NaCl arasinda degismektedir. Sivi
kapanimlar genellikle sivica zengin ve genellikle sabit sivi-gaz oranlarina sahiptir. Bu, yataklarin
muhtemelen nispeten derin olusum ortamlari nedeniyle kaynamanin olmadigint géstermektedir.

Pontid VMS yataklarinda altin ve giimiis varhg submikroskobik olarak kabul edilebilir ve 0,5-2 ppm
arasinda degismekte, 1-2 ppm araliginda ise yogunlagsmaktadir. Altin esas olarak sar1 cevherin baskin
oldugu yataklarda, genellikle elektrum ve petzit olarak kalkopirit, pirit ve kuvars gangi ile iliskili
olarak, bulunur. Giimiis esas olarak tetraedrit ve bornit biinyesinde, nadiren (kalkopirit ile iliskili
akantit) seklinde ayri mineraller halinde bulunur.

Incelenen masif siilfit yataklarinin hemen hepsi Japon esleniklerine oranla oldukca yiiksek Cu/Cu+Zn
orani sunarlar.

Incelenen biitiin yataklarin kiikiirt izotop bilesimleri ¢ok dar bir araliga diiser, ki bu da oldukc¢a
homojen kaynak ve olusum sicakligi 6nerir. Baskin olarak siyah cevher veya sari cevher igeren
yataklar §*S degerlerine gore nemli farkhilik sunmazlar.

Kursun izotop degerleri de Pb metali i¢in homojen bir kaynak 6nermektedir. Lahanos, Képriibasi ve
Murgul yataklarindan alinan galen ornekleri tizerinde yapilan Pb-Pb yas tayinleri, yataklar i¢in 89
milyon yillik yaslar vermektedir.

Diger taraftan kuvarstan elde edilen §'%0 degerleri magmatik su araligiyla sinirhdir; fakat yaklasik
300°C’de deniz suyundan kuvars-su fraksiyonlagmasi Pontid VMS yataklarinin §'*0 degerlerine
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karsihk gelmektedir. Bu arastirma cevher-olusturan eriyiklerin deniz suyundan veya deniz suyu ve
magmatik sularin bir karisimindan tiiremis olabilecegini 6nermektedir.

Anahtar sozciikler: Dogu Pontidler, volkanojenik masif siilfit yataklar, Kuroko, KD Tiirkiye, VMS

ABSTRACT

The upper Cretaceous volcanogenic massive sulfide deposits (VMS), occurring in northeastern Turkey
known as the eastern Pontide tectonic belt are considered to be the largest sources for base metals in
the country and are closely associated with acidic volcanics of Upper Cretaceous age.

The Turkish VMS deposits throughout the eastern Pontide tectonic belt show strong similarities with
each other. They are all hosted by the felsic volcanic pile of Upper Cretaceous age. Thus, they have
strata-bound nature. These deposits belong mainly to the Cu-Zn-type, but Cu-Zn-Pb- (Lahanos), Cu-
(Murgul), and Zn-Pb-Cu-types (Kopriibasi) also are present in the region.

The VMS deposits show very similar textural and mineralogical characteristics. The major differences
between Cu-rich and Cu-poor (in the form of chalcopyrite) deposits are that the former does not
contain the Stage-1I of mineral association (sphalerite-galena-tetrahedrite/tennantite), whereas the
latter lacks the Stage-1V mineral association (chalcopyrite (I1)-bornite). Some of the Cu-poor deposits
briefly exhibit indications of this stage, whereas others completely lack it. This could be attributed to
the availability of certain metal ions within the ore-forming system.

Fluid inclusions’ investigations indicated that all the deposits investigated were deposited at
temperatures ranging from 320°C to 160°C. The massive sulfide zones were deposited under a
narrower formation temperatures range from 320°C to 220°C.

The salinities of the fluid inclusions were between 0.5 — 6 wt. % equivalent NaCl. Fluid inclusions are
generally liquid-rich and have consistent liquid-to-vapor ratios, indicate a lack of boiling, probably
due to relatively deep formation depths for the deposits.

The presence of gold and silver within the Pontide VMS deposits can be considered as submicroscopic
and range between 0,5-3 ppm, concentrating between 1-2 ppm. Gold occurs mainly within the yellow-
ore dominated deposits, generally as electrum and petzite associated with chalcopyrite, pyrite, and
quartz gangue. Silver however, rarely occurs as a discrete mineral. Rarely, it occurs as acanthite
associated with chalcopyrite. However, major silver presence is with tetrahedrite and bornite as a
substitutional element.

Almost all of the VMS deposits investigated in the eastern Pontides exhibit a very high Cu/Cu+Zn ratio
relative to Japanese counterparts.

The sulfur isotope compositions for all of the deposits investigated fall in very a narrow range that
suggests a very homogeneous source and formation temperature. The black ore and vyellow ore
dominated deposits do not differ significantly with respect to their S values.

Lead isotope data also suggests a uniform source for the metal lead in the Pontides deposits.
Radiometric dating on galena samples from the Lahanos, Kopriibast ve Murgul deposits by employing
Pb-Pb method gave 89 my for the deposits.

The §'°0 values acquired from quartz, on the other hand, are restricted to the magmatic fluid range,
bur quartz-water fractionation from seawater at about 300°C could account for the 8°0 values in the
Pontide VMS deposits. This investigation suggests that the ore-forming fluids could have been
originated from seawater or from a mixture of seawater and magmatic waters.

Keywords: Eastern Pontides, volcanogenic massive sulfide deposits, Kuroko, NE Turkey, VMS
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Galismamizin konusunu olusturan Bayindir ve Alisar (Kirsehir) bélgesinde yer alan fluoritlerin nadir
toprak element (NTE) icerikleri belirlenmistir. Her iki bélgede incelenen fluoritlerin birbirleriyle olan

benzerlikleri ve farkliliklari tartisilarak cevherlesmelerin  kokensel yorumu ortaya konulmaya
calisilmistir. ’

Bayindir ve Alisar (Kirsehir) fluoritleri yesil, beyaz, mor ve sari renklerde olup siyenit ve alkali siyenit
gibi kayaglarin catlak ve kirtklarinda damarlar seklindedir.

Bayindir ve Alisar (Kirsehir) fluorit 6rneklerinin nadir toprak element igerikleri (NTE) 0,01-160.7 ppm
arasinda defismektedir. Ornekler {izerinde yapilan analizler sonucunda Hafif Nadir Toprak
Elementlerinin (HNTE) igerikleri her iki fluoritte zenginlesme gosterdikleri belirlenmistir. Fluorit
orneklerin pozitif Eu ve negatif Ce anomali géstermeleri hidrotermal akiskanlarin oksijen fugasitesinin
yikksek oldugunu gosterir. Bayindir ve Alisar (Kirsehir) fluoritleri Tb/La-Tb/Ca diyagraminda
hidrotermal alana digmektedir. Bu durum Bayindir ve Alisar fluoritlerinin olusumunda daha yiiksek
sicakliktaki hidrotermal ¢ozeltilerinin etkili oldugunu gostermektedir. Elde edilen sonuglar (Yaman
1984) stvi kapanim verileri ile isaret edilen hidrotermal (Th 170° %1-10 NaCl esdeger tuzluluk) kokene
uygunluk gostermektedir. Bu bulgular arazi gozlemleri ile de biiyiik uyumluluk i¢indedir.

Anahtar Kelimeler: Bayindir, Alisar, Fluorit, Nadir Toprak Elementleri (NTE), Hidrotermal
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ABSTRACT

Under the comprise of this study, rare earth element contents of Bayindir and Alisar (Kirsehir) region
fluorites are determined. As a result of discussion of similarities and differences in fluorites that
examined in both region, genesis interpretations are tried to make.

Bayindir and Alisar ( Kirsehir) fluorites are green, white, purple and yellow colored and placed in
syenite and alcaline syenite cracks and fracture as a vein.

Bayindir and Alisar (Kirsehir) fluorites rare earth element contents are changing between 0.01-160,7
ppm. Analysis results indicdted that light rare earth element contents in both place fluorites showed
enrichment. Positive Eu and negative Ce anomaly in fluorite samples suggest that hydrothermal fluids
have high oxygen fugacity. Bayindir and Alisar (Kirsehir) fluorites placed in hydrothermal section in
Tb/La- Tb/Ca diagram. This shows us hotter hydrothermal solution is effective in Bayindir, Alisar
Sfluorites evolution. These results is fitting Yaman (1984) result which was indicating a hydrothermal
(Th 170° %1-10 NaCl equivalent salinity) origin as a result of fluid inclusion data. These findings also
has a greed concordance with field observation.

Keywords: Baywdir, Alisar, Fluorites, Rare Earth Elements (REE), Hydrotermal
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Tirkmen Tepe (Eskisehir’in Kuzeydogusu) Dolayindaki Felsik Karakterli
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Petrogenesis Of Shallow-Seated Near Surface Felsic Rocks Around Tiirkmen
Hill ( NE Of Eskisehir )
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Eskisehir [li’nin kuzeydogusunda, Tiirkmen Tepe civarinda yaklasik 20 km*lik alani kaplayan felsik
karakterli yilizeye yakin sig derinlik kayaglari bulunmaktadir. Sahadaki yogun ortii nedeniyle, bu

kayaglarin Dagkiiplii ofiyolitine ait gabrolarla ve ofiyolitik melanjla smirlari belirsizdir. Arazide
yesilimsi gri renkte gozlenen bu kayaglar, camsi goriiniisii ile dom yapili riyolite benzemektedir.

Petrografik ¢alismalarda, gabro dokanaklarina yakin yerlerden alinan 6rnekler, kuvarsh mikrodiyorit
olarak adlandirilirken, incelenen ¢ogu kayaglar afanitik-mikroporfirik doku sunan ve baslica
plajiyoklas ve kuvarstan olusan mikrotonalit-trondjemit karakterindedir. Kuvarsh mikrodiyoritler, %50
civarinda plajiyoklaz (oligoklaz-andezin) latalari, %5-10 arasinda kuvars mineralleri igerir. lksel
mafik mineraller (%15-20) kismen ya da tamamen ikincil klorit, epidot, aktinolit ve karbonat
minerallerine  doniismiistiir. ~ Alterasyondan kalinti  olarak kalmis vyesil hornblend kristalleri
gozlenmistir. Plajiyoklazlar kismen sossiiritlesmistir ve bazen hissedilebilir bir sekilde akma
dogrultusuna paralel dizildikleri goriilmistiir. Ikincil minerallerin yaygin olarak gozlenmesi ve kayaci
yer yer kesen ¢atlaklarin ikincil epidot+klorit tarafindan doldurulmasi, kayacin hidrotermal eriyiklerin
etkisi ile alterasyona ugradigi soylenebilir. Arazide ¢ogunlukla gézlenen mikrotonalit-trondjemit
bilesimli kayaglarin mikroskobik incelemesinde, g¢ubuksu-kurt¢uk formda i¢ ige biiyiime sunan
plajiyoklaz (albit) ve kuvars mikrokristalleri ve/veya kriptokristalleri (<0.05-0.1 mm) hamur igerisinde
gozlenmistir. Az miktarda plajiyoklaz (albit) ve klinopiroksen (ojit) mikrofenokristalleri
- bulunmaktadir. Hamurda kloritlesme ve epidotlagsma yaygin oldugu gibi mikrofenokristallerin yerini de
kismen ya da tamamen almistir. Bazi 6rneklerde, plajiyoklaz kristalleri disariya dogru lifsi sagaklanma
yaparak silis mineralleri ile beraber sferiilitik doku sunmaktadir. Bu da incelenen kayaglarin yiizeye
¢ok yakin yerlerde katilastiklarinin kaniti olabilir. Bununla beraber, kayaci kesen ¢atlaklarda bazen
yogun epidot ve kloritlerin bulunmasi, felsik kayaglarin ilksel mineralojik bilesimlerinin genellikle
diisiik dereceli yesilsist fasiyesine ait minerallere doniismesinde sicak sularin (yaklasik 200-400°C)
etkili oldugunu dustindiiriir.

Kalkalkalen tonalit bilesimli kayaglardan yapilan XRD analizlerinde kuvars, plajiyoklas, klorit ve
epidot minerali tespit edilmistir. Kimyasal analizlere gére; %65-70 SiO,. %4-5 Na,O. % 10-14 Al,Os.
T05-8 Fe 05, %2-3 CaO icermektedir. MgO ve K,O ise ¢ok diisiiktiir.

Incelenen kayaclarin sahada her ne kadar diger kayaclarla sinir iliskisi belirsiz olsa da, komsu
kayaglarin ofiyolite ait gabrolarin olmasi, ofiyolitik seriye ait gabro, diyabaz ve bazaltlar gibi
hidrotermal alterasyon/diisiitk dereceli yesilsist fasiyesi kosullarinda olusan albit, epidot, klorit ve
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minerallerden olusmaktadir. Nadir olarak kuvars, ortoklaz ve piroksen de icermektedirler. Ozellikle
kenar zonlarda ignemsi, lata sekilli mafik mineraller ince taneli zonlar olarak gozlenmektedir.

Mafik ve felsik magmalarin homojen karisimi sonucu tek bir eriyigin kristalizasyonu s6z konusudur.
Dengelenmis hibrid sistem adi verilen bu evrede, kristalizasyon esnasinda meydana gelebilecek ozel
bazi mixing dokular1 (Hibbard, 1991, 1995) tanimlanmistir. Kestanbol granitoyidinde de ana kayagta
antirapakivi dokusu, iri plajiyoklaz icerisinde lata sekilli kiigiik plajiyoklazlarin olusumu, pokilitik K-
feldispat ve plajiyoklaz dokusu, nadiren ignemsi apatit, appinitik doku ve sifen-plajiyoklaz gozli
dokusu gibi dokular gozlenirken; MME’larda ise en yaygin olarak ignemsi apatit, bigagimsi biyotit,
poikilitik K-feldispat, poikilitik plajiyoklaz, plajiyoklazlarda erime-¢oziinme dokulari ve sifen-
plajiyoklaz g6zl dokusu olusmustur.

ABSTRACT

Kestanbol granitoid, one of the post-collision granitoids outcroping in Northwestern Anatolia, takes
place as a pluton in the southern of Canakkale that aproximately N-S trending and within a great
tectonic belt. This tectonic belt is bordered with Intra Pontide Sutiir in the Northern part and Izmir-
Ankara Suture in the Southern part and the region between two is called as Sakarya Continent
(Karacik and Yilmaz, 1998). Kestanbol granitoid intruded into crustal meta-sedimentary rocks by hot-
contact and it is sourrounded by contact metamorphic aureole. Kestanbol granitoid have a contact
relation with volcanic and volcano-sedimentary rocks formed in coeval plutonic rocks or younger
ones.

Kestanbol granitoids is composed of monzonite, quartz monzonite, monzogranite and granodiorite
according to field and microscopical investigations. Due to nteraction of felsic and mafic magmas
(Didier and Barbarin, 1991), syn-plutonic dykes, magma mingling and magma mixing processes are
revealed. Magma mingling is heterogenous mixing of felsic and mafic magmas in shallow depths of the
crust and products of this processes mafic magmatic/microgranular enclaves (MME). Magma mixing
is also homogenous mixing in depth of the crust of felsic and mafic magmas and products of magma
mixing are some microscopical textures. Medium-coarse grained Kestanbol granitoids have commonly
holocrystalline granular texture but sometimes it displays porphyritic texture due to the presence of K-
feldspar megacrystalls. It includes plagioclase (An g.14) + orthoclase + quartz + hornblende + biotite
minerals and sphene+apatite+zircon and opaque minerals as accessory minerals. Mafic magmatic
enclaves are darker than their host rocks and they are composed of diorite, quartz diorite,
monzodiorite and quartz monzodiorite. The boundaries between MME and host rock commonly have
sharp; seldom gradually contacts. MMEs have generally microgranular but sometimes porphyritic
textures due to the presence of plagioclase phenocrystalls. These enclaves are described as “composite
enclaves” due to their different textures and rock-types. Surrounding chilled margin zones of MMEs
are darker than their host rocks. Porphyritic textures are formed by plagioclase phenocrystalls and K-
feldspar megacrystalls that exist either in the host rocks or their MMEs. MMEs are mostly ovoidal-
ellipsoidal and rarely cornered shaped. Some of them are elongated-ellipsoidal shaped. Size of long
axises of MMEs are ranging from centimeter to meter. Cause of these elongated shapes is the intensive
deformation of their host rocks. Mineralogically they are composed of plagioclase (An j5.,) +
hornblend + biotite + titanite + apatite + zircon and opaque minerals. It rarely includes quartz, K-
feldspar (ortoclase) and pyroxene. Acicular, lath-shaped mafic minerals are seen along fine grained
marginal zone around of MMEs.
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Homogenous mixing of felsic and mafic magmas cause just a crystallization of one melting that is
called equilibrated hybride system. In this system some special mixing textures (Hibbard, 1991, 1995)
are defined during crystallization. Kestanbol granitoid includes some textures such as antirapakivi ,
lath-shaped small plagioclase within large plagioclase, poicilitic K-feldspar and poikilitic plagioclase,
rarely acicular apatite, appinitic and sphene-plagioclase ocellar textures. Also MMEs have some
mixing textures such as commonly acicular apatite texture, blade-shaped biotite, poicilitic K-feldspar
and plagioclase texture, dissolution-melting in plagioclase texture.
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Bati Pontidlerde istanbul — Zonguldak tektonik birliginin metamorfik taban, Prekambriyen yasli bir
orojenik mozayikle temsil edilir. Birbirinden farkli kokende kaya topluluklarindan olusan bu
mozayigin pargalarini Cele metaofiyoliti, Yellice metavolkaniti, Demirci metamorfiti ve Dirgine
metagraniti olusturur. Siinnice, Almacik ve Armutlu metamorfik masiflerindeki mostralarindan elde
edilen yapisal, stratigrafik, petrografik ve jeokimyasal veriler Cele metaofiyolitinin eksiksiz ve diizenli
bir ofiyolit dizisinin kalintilarini temsil ettigini gostermektedir. Yellice metavolkanitleri bir ensimatik
ada yayr ve bir yay ardi lav-¢kel dizisini temsil etmektedir. Demirci metamorfik toplulugu ise
metamorfik masiflerin tabaninda yer alan bir kitasal temeli temsil etmektedir. Tiim bu farkh kékende
metamorfik kaya topluluklari, biraraya gelmelerinin ardindan Dirgine granitleri (570-590 Ma; Chen et
al..2000; Ustadmer et al. .2003) ile kesilmislerdir. Farkli kékende metamorfik temel kayalari ve bunlari
kesen granitler topluca Istanbul — Zonguldak Paleozoyik'i olarak bilinen Erken Ordovisiyen —
Karbonifer yash istifle agisal diskordan olarak &rtiilmiistir. Buna gore istanbul — Zonguldak
Paleozoyik istifinin temelinde yer alan farkli kokende metamorfik topluluklari bir araya getiren
tektonizma Pan-Afrikan orojenik olaylarla ¢agdas ve doguda Pan-Afrikan, batida Trans-European
Stitur zonlari arasinda onlari birbirine baglar bir konumda yer almaktadir.

Temel kayalarin metamorfizma derecesi iiste dogru azalmaktadir. Alt kesimlerde metamorfizma
amfibolit fasiyesinin {st mertebelerinde iken istifin Gist kesimlerinde diisiik Yesilsist fasiyesi
kosullarindadir. Siinnice, Almacik ve Armutlu masiflerinde Paleozoyik ortii de gok diisiik dereceli yesil
sist fasiyesi kosullarinda metamorfizmaya ugramistir. Paleozoyik istif, metamorfik temel iizerinde
¢okeliminin ardindan, tabanindan siyrilarak faylanmistir. Faylanma daha gok kuzeye egimli normal fay
zonu niteligindedir. Ust Jura yash karbonat istifini (Inalti fm) de etkileyen bu listrik normal faylanma
¢ok muhtemelen erken Kretase basinda gelismistir. Ciinkii hem metamorfik temel kayalarini, hem
Paleozoyik istifi ve hem de bunlar arasinda gelisen listrik normal faylanmayi 6rten ilk olagan ¢ékel
istif Alt Kretase yash Ulus formasyonudur. Gerek bu veriler ve gerekse Ulus formasyonunun ¢okelme
nitelikleri, sézkonusu metamorfik masiflerin erken Kretase basinda yiikseldiklerini. bu yiikselime
nazaran kuzey ve giineyde gerilmeli bir tektonizmanin etkisi altinda ¢ékel havzalarin acildigini isaret
etmektedir.
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ABSTRACT

Precambrian metamorphic basement of Istanbul — Zonguldak Unit, in western Pontide, is represented
by an orogenic collage that composed mainly of distinctly different metamorphic units. Components of
this orogenic collage are represented by Cele metaophiolite, Yellice Metavolcanics, Demirci
Metamorphics, and Dirgine metagranite. Field relations and structural characteristics of these units
were studied and, geochemical analyses on representative samples, obtained from the Siinnice,
Almacik, and Armutlu areas. The studies reveal that the Cele metaophiolite displays disrupted
components of a complete suprasubduction ophiolitic suite. The Yellice metavolcanic sequence
contains fragments of both an ensimatic island arc and a back-arc basin association built on the
ophiolite. The Demirci Metamorphics represent reworked continental fragments forming the base of
the metamorphic massifs. These different metamorphic units were intruded by the Dirgine granitic
pluton of 570-590Ma (Chen et al.,2000; Ustaomer et al., 2003), after their amalgamation. The
metamorphic tectonic units and the granite are overlain collectively by a thick Paleozoic sedimentary
cover known as the Istanbul-Zonguldak Unit. The sequence ranges in age from Lower Ordovician to
Carboniferous. The orogenic event that led to the amalgamation of the different tectonic entities is
partly penecontemporaneous with the Pan-African orogeny, supporting the view that the basement of
the Istanbul-Zonguldak Unit formed a link berween the Pan-African and Trans-European Suture
Zones.

Metamorphic grade of the Precambrian basement decreases steadily upwards from amphibolite facies
to greenschist facies. This is mainly due to the last major phase of metamorphism. In the Siinnice,
Almacik, and Armutlu massifs, the overlying Paleozoic sequence also shows low-grade metamorphism
that does not go beyond the lower limit of the greenschist facies.

The contact between the basement and Paleozoic cover sequence was detached. This tectonic contact is
a major north dipping normal fault. The data indicates that the Paleozoic sequence, which was initially
deposited above the Siinnice Group rocks, was later detached from its root along a low-angle listric
normal fault.

The first common cover sedimentary succession, which covers both the Siinnice Group and the
Paleozoic sequence is the Lower Cretaceous Ulus Group. This unit is interpreted to be deposited
within a newly developed extensional basin. The extension affected the regionally deformed, uplifted
and eroded terrain.
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Simav (Kitahya, Bati Anadolu) Bolgesi Menderes Masifi’ nin kuzey-kuzeydogu simirini olusturur ve
dort farkli kaya grubuyla temsil edilir: 1. Menderes Metamorfikleri, 2. [zmir-Ankara Zonu kayalari, 3.
Simav Magmatik Kompleksi ve 4. Neojen volkanosedimenter kayalari. Menderes metamorfikleri
icinde ti¢ farkli kaya birimi ayirtlanir. Altta baskin olarak gozlii ve yer yer bantli gnayslardan olusan
Kalkan Formasyonu yer alir. Kalkan Formasyonu biotitge zengin gnayslar, biyotit sistler ve ince
mermer merceklerinden yapili Simav metamorfikleri tarafindan dereceli bir dokanak boyunca
tizerlenir. Dokanaga yakin kesimlerde gnayslar i¢inde biyotit oraninda belirgin artis gozlenir ve bu
bolimlerde Kalkan Formasyonu biyotit gnayslarla temsil edilir. Yiiksek dereceli metamorfik Kalkan ve
Simav Formasyonlar: ilksel magmatik dokusu yer yer taninabilen Dolaylar metagraniti tarafindan
intriizif dokanaklarla kesilir. Dolaylar metagraniti dokanaga yakin kesimlerde Kalkan Formasyonu ve
Simav metamorfiklerinin foliasyonlarini keser ve yiiksek dereceli metamorfiklere ait farkli boyutlarda
anklavlari icerir. Simav ¢evresinde gnayslar ve sistlerle birlikte gézlenen Dolaylar metagranitinin saha
ve jeokimyasal oOzellikleri Menderes Masifi’ nin metamorfizmasi sirasinda sokulmus sintektonik

granitler oldugunu ve masifin ana metamorfizmasinin son agamalarinda metamorfizma gegirdiklerini
gosterir.

Menderes metamorfikleri, Izmir-Ankara Zonu kayalari tarafindan tektonik bir dokanakla iizerlenir.
Simav’in kuzeyinde Izmir-Ankara Zonu, hafif yaprakli gamurkayalari ve kumtaslarindan yapili matriks
(Dagardi Melanji) ve bu matriks iginde yaralan kiregtasi bloklarindan (Budagan kiregtasi) yapilidir.
Hem Dagardi Melanji’ na ait camurkayalari i¢inde hem de Budagan kiregtas iginde tektonik dokanaga
yaklastik¢a diisiik dereceli dinamik metamorfizma izleri gozlenir. Camurkayalarinda gozlenen
yapraklanma ve kiregtaslarinda gozlenen siddetli rekristalizasyon, dokanaktan uzaklastik¢a azalir ve
ilksel doku taninabilir hale gelir.

Menderes Metamorfikleri ve izmir-Ankara Zonu kayalari 20-24 my (Ge¢ Oligosen-Erken Miyosen)
yash granitik plutonlar ve bunlarin volkanik ve yarivolkanik esdegerlerinden yapili olan Simav
Magmatik Kompleksi tarafindan kesilir. Simav Magmatik Kompleksi, si yerlesimli Egrigoz,
Karakoca ve Camlik granitleri ve Camlik granitinin ¢evresinde gdzlenen Catak volkanitlerinden
yaphdir. Camhk graniti ile Catak volkanitleri arasindaki dokanak ayni magmatizmaya ait riyolitik
dayklar ve stoklar tarafindan kesilir. Simav Magmatik Kompleksi i¢inde dokanaga yakin kesimlerde
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ince taneli holokristalin doku ve Menderes Masifi metamorfiklerine ait gnayslara, biyotit sistlere ve
Dolaylar metagranitine ait anklavlar karekteristiktir.

Erken-Orta Miyosen yash kirintili kayalar ve volkano-sedimenter istif Menderes metamorfiklerini ve
Simav Magmatik Kompleksi kayalarini uyumsuz olarak iizerler.

Izmir-Ankara Zonu kayalarinin Menderes Masifi'ne ait farkli metamorfik kayalari {izerlemesi ve
metamorfik olmamasi Menderes Masifi ana metamorfizmasinin, [zmir-Ankara Zonuna ait naplarin
yerlesiminden 6nce tamamlandigini masifin yiikselmesinin naplarin yerlesiminden 6nce baslamis
oldugunu ve bu metamorfizmanin nedeninin naplarin agirhgindan kaynaklanan gomiilme ile ilgili
olmadigini gosterir.

Sig yerlesimli Simav Magmatik Kompleksi Menderes Masifi’ne ait gnayslari ve onlari izerleyen
Izmir-Ankara Zonu kayalarini kesmesi ve aynt magmatizmanin volkanik esdegerlerinin Menderes
Masifine ait kayalart ve Izmir-Ankara Zonu kayalarini {izerlemesi Masifin Simay Magmatik
Kompleksinin yerlesimi sirasinda yiikselmis oldugunu ve iizerinde gok ince bir 6rtiiniin kaldigini
gosterir.

ABSTRACT

Simav Region (Kiitahya, Western Anatolia) forms the north-northeastern margin of the Menderes
Massif and is characterised by four different rock groups: 1. Menderes Massif. 2. [zmir-Ankara Zone,
3 Simav Magmatic Complex, and 4. Neogene volcano-sedimentary rocks. There are three distinctive
rock units in the Menderes Metamorphics: The Kalkan Formation is made mainly up of the high-grade
biotite rich augen and banded gneisses and graditionally pass upward into the biotite schists of Simav
Metamorphics with thin marble lenses. Close to the boundary, biotite content evidently increases and
Kalkan Formation is characterized by biotite gneisses in these layers. These two units are intrusively
cut by the deformed Dolaylar metagranite which is recognised by its primary magmatic texture. Close
to the boundary, Dolaylar metagranite cuts the foliation of Kalkan Formation and Simav
Metamorphics and icludes enclaves derived from the country rocks. The field occurences and chemical
characteristics of the Dolaylar metagranite, cutting the high-grade Menderes metamorphics, indicate
that they intruded syntectonically during the metamorphism of Menderes Massif, and metomorphosed
in the last stages of the main Menderes metamorphism.

The Menderes Metamorphics are tectonically overlain by the Izmir-Ankara Zone. To the north of
Simav, Izmir-Ankara Zone consist of slightly cleavaged shales and sandstones (Dagardi Melange) with
megablocks of the Budagan Limestone. Close to the tectonic boundary, low grade dynamic
metamorphic features are observed in the mudstones of the Dagardi Melange and also in the Budagan
Limestone. Low-grade metamorphic structures in [zmir-Ankara Zone diminish upward, and primary
texture becomes recognisable far away from the boundary.

Both the Menderes Metamorphics and Izmir-Ankara Zone are cut by the Simav Magmatic Complex
which is formed by of three seperate granitic bodies in 20-24 ma (Late Oigocene-Early Miocene), and
volcanic and subvolcanic equivalents of the same magmatism. Simav Magmatic Complex is made up of
shallow emplaced plutons of Egrigoz, Karakoca and Camlik granites and Catak volcanics surrounding
the Camlik Granite. The boundary between Camlik Granite and Catak volcanics is cut by the rhyolitic
dykes and stocks of the same magmatism. Close to the boundary of the Egrigiz, Karakoca and Camlik
Granites, fine grained holocrystalline texture and enclaves derived from Menderes Metamorphics are

134



57. Tirkiye Jeoloji Kurultayi 08-12 Mart 2004, MTA Kiiltiir Sitesi, Ankara
57th Geological Congress of Turkey

characteristic. Around Simav region these rock groups are unconformably overlain by the Neogene
volcano-sedimentary sequence.

Since the Izmir-Ankara Zone is not metamorphosed in Simav region, the main metamorphism of the
Menderes Massif must have been completed and the massif started to uplift before the emplacement of
the Izmir-Ankara Zone. Thus, the metamorphism of the Menderes Massif should not be caused by the
emplacement of the Izmir Ankara Zone.

The Latest Oligocene-Early Miocene granites of the Simav Magmatic Complex intruded permissively
into the metamorphic rocks of the Menderes Massif and the Izmir-Ankara Zone in a post orogenic
tectonic setting and very shallow crustal environment. The volcanic equivalents of the granitic plutons
(Camlik volcanics) overlie the Menderes Metamorphics indicating that the Menderes Massif continued
10 uplift and be eroded before and during the intrusion of the Simav Magmatic Complex.
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Dogu Toroslar’daki Kireclikyayla Kanigigina Dahil Edilen Yapisal
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The Stratigraphical Characteristics Of The Structural Units Of Kireclikyayla
Melange In Eastren Taurides And Their Correlation With Similar Units West-
Central Taurides
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Dogu Toroslar’in bati kesiminde Bozkir birligi, Yesiltasyayla karisi, Yaghpmar karisigi, Daglica
karisigi gibi adlarla da tanimlanan Kireglikyayla karisigi, genelde Mesozoyik yash platform, yamag,
havza ve okyanusal kabuk kokenli kaya birimlerinden olusmaktadir. Yapisal olarak Ofiyolit napi
altinda yer alan Kireglikyayla karisigina ait degisik karakterdeki kiregtasi bloklari Ofiyolit napi
tizerinde de izlenmektedir. Bolgede oldukga genis alanlar kaplayan Kireglikyayla karisigi, birbirinden
ayirtlanabilir ofiyolitik melanj, Senoniyen yasli bloklu flis, farkli ortam kosullarinda gelismis neritik
ve pelajik ¢okeller ile volkano-sedimenterlerden olusan yapisal birimleri kapsamaktadir. Kireglikyayla
karigifina dahil edilen ofiyolitik melanj ile Senoniyen yash bloklu flis her yerde birbirinden
ayirtlanmasi giigtiir. Ancak Kireglikyayla karisigina dahil edilen kiregtast bloklari, genelde Orta Triyas-
Kretase ve Orta Triyas-Liyas yash platform tipi karbonatlar, Dogger-Ust Kretase yasli yamag-havza
tipi ¢okeller, Orta Triyas-Kretase yasli yamag-havza tipi ¢okeller ile Orta-Ust Triyas yash kiregtasi,
¢ort, ve radyolarit ara seviyeli volkanitlerle temsil edilen birbirinden bagimsiz farkli yapisal
birimlerden olusmaktadir. Bunlar genelde ayirtlanabilir allokton kiitleler olup Triyas yaslh volkanitler
ile havza-yamag tipi yer yer radyolarit-¢ort seviyeli kalsitiirbidit, Kiregtas1 ve ¢otlii kiregtaslarindan
olusan kaya birimleri, genelde alt yapisal birim, diger karbonat kiitleleri ise {ist yapisal birim
karakterindedir. S6z konusu olan bu kiitlelerin bslgedeki stratigrafik ve yapisal 6zellikleri ayrintili
olarak degerlendirildiginde, bunlarin kendi iclerinde bir vapisal stil olusturdugu ve Bati-Orta
Toroslar’da tanimlanan Domuzdag, Kozagag, Giilbahar, Agla, Gencek, Kayabasi, Boyalitepe ve Huglu
birimleri olarak tanimlanmis olan allokton kiitlelerin dogudaki uzantilari olduklari sonucuna
vartlmistir.

Dogu Toroslar’da Ofiyolit napi ile birlikte bolgeye yerlesen Kireglikyayla karisigina dahil edilen,
birbirleriyle tektonik iliskili yapisal birimlerin stratigrafik ~ ozellikleri ayrintili olarak ortaya

konuldugunda, Anadolu-Torid platformunun kuzey kenarinin yapisal evrimine biiyiik ¢apta 151k
tutacaktir.
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ABSTRACT

The Kireclikyayla melange also called as the Bozkir unit, Yesiltasyayla melange, Yaglipinar melange
and Daglica melange in western part of the Eastren Tauride Belt, consist generally of Mesozoic rock
units of platform, slope, basinal and oceanic crustal origins. The limestone blocks of diverse origins
belonging to the Kireglikyayla melange that structurally underlies the Ophiolite nappe is also seen as
overlying this nappe.The Kire¢likyayla melange which covers extensive areas throughout the region,
includes recognizable structural units of Ophiolitic melange, Senonian blocky flysch, neritic and
pelagic sediments reflecting environmental conditions and volcano-sedimentary sequence. It is difficult
to discriminate ophiolitic melange included in the Kire¢likyayla melange from Senonian blocky flysch
in some places. However, the limestone blocks included in the Kire¢likyayla melange, usually comprise
different structural units represented by platform rype carbonates of Middle Triassic- Cretaceous and
Middle Triassic- Liassic ages, slope-basin type sediments of Dogger- Upper Cretaceous age, slope-
basin type sediments of Middle Triassic-Cretaceous age and Middle- Upper Triassic volcanics
interbedded with limestone, chert and radiolarite. These are generally recognizable allochthonous
units. Triassic volcanics and basin- slope type rock units consisting of calciturbidite, limestone and
cherty limestone locally interbedded with radiolarite-chert compose the lower structural unit whereas
other carbonate rocks represent the ipper structural unit.It is concluded from detailed interpretation
of regional stratigraphic ans structural characteristics of these units that they make up their own
internal structural style and constitute the eastward extensions of allochthonous units defined as
Domuzdag, Kozagag, Giilbahar, Agla, Gencek, Kayabasi, Boyalitepe and Huglu units in Western-
Central Taurid Belt.

The detailed study of stratigraphic features of different structural units showing tectonic relations with
each other, included in the Kireglikyayla melange which has been contemporaneously emplaced with
the Ophiolitic nappe in Eastern Taurid Belt, will greatly elucidate the structural evolution of the
northern margin of the Anatolide- Tauride platform.
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Pinarbagi ofiyoliti Orta Anadolu bolgesinde Kayseri ilinin 90 km dogusunda yer almakta olup
kuzeyden Anadolu-Torid platformu tizerine Geg Kretase'de yerlesmistir. Pinarbasi ofiyoliti okyanusal
litosferin alt boliimlerine ait kalintilarini igermektedir. Tabanda yiiksek sicaklik metamorfikleri ve
bunlari tektonik dokanakla fizerleyen tektonitler yer almaktadir. Ultramafik ve mafik kiimiilatlar ise:
bu birimlerin tizerine gelmektedir. [zole diyabaz ve piroksenit dayklart degisik seviyelerde tektonitler
iginde intrizif olarak goriilmektedirler. Tektonitler esas olarak harzburjitlerden olusmakta olup
igerisindeki dunitik seviyelerde stratiform kromit olusumlari gézlenmektedir. Ultramafik kiimdilatlar
verlit ve piroksenitler ile mafik kiimiilatlar ise olivinli gabro, troktolit ve gabronoritler ile temsil
edilmektedir. Pinarbasi ofiyolitinde gozlenen metamorfik kayaglar serpantinize peridotitlerin tabaninda
ince dilimler halinde olup, granat-amfibolitten, epidot-amfibolite kadar degisen fasiyes araliginda ters
metamorfik zonlanma gdstermektedirler. Metamorfik dilim igerisinde gozlenen kayaglar kalksist,
epidot-plajiyoklaz-amfibol sist, plajiyoklaz-amfibol sist, amfibol sist, plajiyoklaz amfibolit, amfibolit
ve granat amfibolit’ten olusmaktadir.

izole diyabaz dayklari toleyitik (Nb/Y=0.03-0.07) zelliktedir. Kondrite gbre normalize edilmis Nadir
Toprak Element (REE) sekilleri, okyanus ortasi sirti bazaltlarina (MORB) gére normalize edilmis
orimcek diyagramlart ve durayl iz elementlere gore yapilmis tektonik ayirim diyagramlari izole
diyabaz dayklarinin Anadolu-Torid platformunun kuzeyinde dalma-batma zonu ile iliskili bir ortamda
olustugunu isaret etmektedirler. Diger taraftan Pinarbasi ofiyolitinin tabaninda gézlenen metamorfik
kayaglar iki farkli jeokimyasal 6zellik sunmaktadirlar. Birinci grup kayaglar toleyitik (Nb/Y=0.05-
0.22), ikinci grup kayaglar ise alkalen (Nb/Y=1.5-2.6) 6zelliktedirler. Kondrite gére normalize edilmis
Nadir Toprak Element (REE) sekilleri, okyanus ortasi sirti bazaltlarina (MORB) gére normalize
edilmig ortimcek diyagramlari ve durayli iz elementlere gore yapilmis tektonik diskriminasyon
diyagramlari birinci grup amfibolitik kayaglarin ada yay: toleyiti ve ikinci grup amfibolitik kayaglarin
ise kita ici alkali bazalt 6zelliginde olduklarini gostermektedir.

Elde edilen veriler; Pinarbasi ofiyolitinin Geg Kretase’de Anadolu-Torid platformunun kuzeyinde
okyanus i¢i dalma-batma zonu fizerinde olustugunu gostermektedir. Metamorfik dilime ait
amfibolitlerde yapilan jeokimyasal galismalar 1s18inda bu kayaglarin ada yayi toleyitleri ve okyanus
adas alkali bazaltlarinin Anadolu-Torid platformunun kuzeyindeki okyanusal alanin Ge¢ Kretase'de
kapanmasi sirasinda okyanus igi dalma-batma zonuna bagli olarak metamorfizmaya ugradiklari ve
Pinarbast ofiyolitinin tabanina tektonik olarak yerlestikleri diistiniilmektedir.
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ABSTRACT

The Pmarbast ophiolite is located 90 km east of Kayseri in Central Anatolia and emplaced onto the
Anatolide-Tauride platform in Late Cretaceous from the north. It comprises remnants of lower part of
oceanic lithosphere namely mantle tectonites tectonically underlain by high-grade metamorphic sole
rocks and ultramafic to mafic cumulates. Number of isolated diabasic and pyroxenitic dikes cut the
mantle tectonites at different structural levels. The mantle tectonites are dominated by harzburgite in
which high amount of chromite deposits are seen mainly as stratiform lenses within the dunite
envolepes. The ultramafic cumulates consist of wehrlite and pyroxenite whereas the mafic cumulates
are characterized by olivine gabbro, troctolite and gabbronorite. The metamorphic sole rocks in the
Pmarbagi ophiolite crop out as thin slices beneath the sheared serpentinites and display inverted
metamorphic gradient from garnet amphibolite io epidote amphibolite facies. The rock units in the
metamorphic sole are calc-schist, epidot-plagioclase-amphibole schist, plagioclase-amphibole schist,
amphibole schist, plagioclase amphibolite, amhibolite and garnet amphibolite.

The isolated diabase dikes are tholeiitic in character (Nb/Y=0.03-0.07). The chondrite-normalized
REE patterns, N-MORB normalized spider diagrams as well as the tectonic discrimination diagrams
based on immobile trace elements suggest that the isolated dikes formed in a subduction-related
environment to the north of Anatolide-Tauride platform. On the other hand, the metamorphic sole
rocks beneath the Pinarbagi ophiolite exhibit two distinct geochemical features. The first group is
tholeiitic (Nb/Y=0.05-0.22), whereas the second group is alkaline (Nb/Y=1.5-2.6) in nature. The
chondrite-normalized REE patterns, N-MORB normalized spider diagrams as well as the tectonic
discrimination diagrams based on immobile trace elements suggest that the protholite of the first group
is island arc tholeiitic rocks, whereas the protholite of the second group is within plate alkali basalts.

All the evidence suggest that the Pinarbasi ophiolite formed in a suprasubduction zone tectonic setting
to the north of Anatolide-Tauride platform during the Late Cretaceous. The geochemistry of
metamorphic sole rocks indicate that the subduction-related tholeiitic basalts and seamount type
alkaline basalts were metamorphosed at the time of intraoceanic subduction and accreted to the base
of the Pinarbast ophiolite during the closure of the oceanic realm to the north of Anatolide-Tauride
platform in Late Cretaceous.
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Galismanin amaci, Landsat TM uydu goriintiileri ile gahsirken, CBS-UA tekniklerinin, litolojik
sinirlarin tanimlanmasinda,kontrolunda , yeniden ¢izilmesinde ve tektonik hatlarin ¢izilmesindeki
onemini gdstermektir.Calisma esnasinda 22.09.2002 tarihli Landsat 7 TM  goriintiisii kullanilmistir,
Goriintli ,UTM 36 zonunda bulunmakta ve Landsat tarafindan 175-34 olarak numaralanmig olup,
yaklagtk 180 km*180 km bir alani kapsamaktadir. Ancak, incelenen alan yaklasik 2000 km2 ( 45
km*45 km) bir alani kapsamakta olup, bu alandaki goriintii atmosferik giiriiltiisiz ve tamamen

bulutsuzdur. Calisma esnasindaki biitiin uygulama ve ¢alismalar Arc GIS 8.2 ve TNT Mips 6.4
programlarinda yapilmistir.

Caligmada 1:100 000 6lgekli Kozan K19 haritasi kullanilmis ve sayisallastirilmistir. Calisma
alani, Tarkiye'nin yaklagik giiney kisminda ,Anatolit ve Torit kusaklari arasinda, Adana-Ciftehan ile
Nigde —Kemerhisar-Camardi arasinda kalan alani kapsamaktadir.Bu bélgede, Tersiyer éncesi yasa
sahip ii¢ ana tektonostratigrafik birim, Anatolitlere ait Bolkardag birimi ve Nigde metamorfik birimleri
ile Torit’lere ait Aladag naplari yiizeylemektedir. Kuzey kesimler dnemli lgiide iist Miyosen-Pliosen
yasli volkanikler ve volkanoklastikler ile kapli durumdadir.Camardi formasyonuna ait filis karakterli
sedimanter kayaglar ile Bagmak¢r formasyonuna ait kiregtaslart Camardi ve gevresinde
yiizeylemektedir.Segilmis RGB  kompozit goriintiileri iizerinde yapilan calismalarin  oncesinde
geometrik diizeltmeler yapilmistir.

Cesitli bant kombinasyonlari hazirlanmis,dekorelasyon germesi ve Birincil Bilesen Analizi gibi
goriintii gelistirme galigmalari yapilmistir. Ayrica Kemerhisar-Bor-Nigde ve gevresine ait baki ve egim
haritalari hazirlananarak GIS ortaminda yorumlanmustir ve ayrica ayni bolgeye ait gesitli tic boyutlu
gorintiiler de hazirlanarak ,ortam saghkli olarak anlagilmaga galisilmistir. Arazi dogrulamalari, bu tiir
tekniklerin, kayag ve toprak sinirlarinin tanimlanmasi,kontrolu ve diizeltilmesinde ve tektonik hatlarin
belirlenmesinde ¢ok etkili oldugunu géstermistir.
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ABSTRACT

The aim of this study is primarily  to show the importance of  GIS-RS  technics in
determining,controlling , redrawing of lithological boundries and tectonic lines in the studied region,
while working with Landsat TM imagery. In this study, Landsat 7 TM (Thematic Mapper) Image
acquired on the date of 22/09/2002 was used. This image covers about 180x180 km field passes
through UTM 36 zone and numbered as “175-34"by Landsat. The study area covers only about 2025
sq km and clearly seen in this image and atmospheric noise and cloud cover does not exist at all . All
GIS and RS technics were performed in Arc GIS 8.2 and TNT Mips 6.4 programs.

In this study, 1:100 000 scaled KOZAN_KI19 map were used and digitized. The study area covers
- Adana-Ciftehan, Kemerhisar and Camardi-Nigde provinces and surroundings, which are located in
southern  Turkey,between Anatolid and Taurid belts. Three pre-tertiary aged main
tectonostratigraphic units,namely Bolkardag unit and Nigde metamorphic unit of Anatolid and Aladag
Nappes of Tauride Belt outcrop in the study area. Upper Miocene-Pliocene volcanics and
volcanoclastics covers extensive areas in northern parts. Flyschoidal sediments of Camardi Formation
and Basmakgi Limesones are seen near (amardi town.

Geometric corrections were performed before all analysis on selected RGB composite of imagery.
Various band combinations were prepared and contrast enhancement techniques, decorrelation
streching and PCA analysis, were applied. Furthermore, aspect and slope maps of the

Kemerhisar-Bor-Nigde area were prepared and discussed in GIS and some 3D views were prepared in
order to understand the study area more clearly. As a result of ground truth, it was shown that these
techniques can effectively be used for determination and/or controlling of the boundaries of the rocks
and soil patterns and as well as tectonic lines.
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Miyosen Denis Althavzasinin (KD Soma) Evrimine iliskin On Bulgular

Preliminary Findings On The Evolution Of The Miocene-Aged Denis Sub-Basin
(NE Soma)

Firat TEKIN' ve Faruk OCAKOGLU?
ICelal Bayar Universitesi, Soma Meslek Yiiksek Okulu, Soma, Manisa

*Osmangazi Universitesi, Jeoloji Miihendisligi Boliimii, Eskisehir
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Soma havzasinin (Bati Anadolu) KD’sunda yeralan Denis civarindaki Miyosen istifi KKD
dogrultusunda uzanan, 4-5 km genisliginde ve 15 km uzunlugunda bir kusak seklinde yayilim sunar.
Cokellerin KB sinir1 bazi kesimlerde bir kag 100 m genislikte bir zonda asiri sekilde paralanmistir.

Alanin oldukga fayli olmast Miyosen ¢6kellerinin yanal devamliliklarini engellediginden, sézkonusu
kayaclarin i¢inde ¢okeldikleri eski havzanin analizini oldukga gii¢lestirmektedir.

Calismanin bu erken asamasinda, gozden gecirilmis stratigrafi, sistematik asma iliskileri, sondaj
verilerinden saglanan paleotopografik veriler ve tektonik ¢alismalarla erken bir havza evrim semasi
gelistirmek miimkiin olabilmistir. Yapilan calismalar, karmasik tektonige karsin, ¢okellerin KB
sinirinin, havza geometrisini ve sedimanter gelisimi kontrol eden bir kenar fayina karsilik geldigini
gostermektedir. Bu havza kenar fayinin batisinda temel kayaglar metagrovaklardan ibaretken havza
tabant ve dogusu rekristalize kiregtaslarindan olusur. Havza dogusu boyunca temel ile Miyosen
kiregtaglar1 arasinda engebeli topografya lizerine asmay1 anlatan girintili ¢ikintilt bir sinir mevcuttur.
Havza igindeki onemli bir engebe (Kocasivri T) havza kenarina paralel olarak KKD dogrultusunda
uzanan, Miyosen komirlii ¢okelleri tarafindan sistematik sekilde asilan bir temel yiikseltisine karsilik
gelmektedir.

Havza dolgusunun en alt seviyeleri, biiylik oranda metagrovaklardan tliremis, tane boyu yukari dogru
hizla incelen kaba kirintilardan olusmaktadir. Bu alt seviyelerde bir ka¢ ince, yanal devamsiz linyit
tabakasi da mevcuttur. Yukari dogru, komir ve ¢amurtasi/marn seviyelerinin 10’larca m dlgeginde
ardalandigr bir istife gecilir; burada kémiir damarlarinin kalinhklart dm ile 3-5 m arasinda degisir. Bu
istifin Kocasivri T‘de yaklasik 150 m yiiksekliginde bir topografyayi asarak doldurdugu goriiliir.
Stratigrafik olarak daha liste dogru marn ve sonra da gélsel kiregtaslar1 gelir. Bu sonuncular, havzayi
batidan sinirlayan temel yiikseliminin tzerine ilk gelen sedimanlardir. Bu durum, havza kenarinda
ylikselen blok lizerinde bir asmanin verisi olarak degerlendirilmistir. Stratigrafik olarak daha tiste
dogru, marnlar iginde 20-30 cm kalinhkta piroklastik diisme c¢okelleri izlenir; bunlarsa masif
aglomeratik ¢okeller, lahar ve yer yer ignimbiritler tarafindan tizerlenirler.

Inceleme alani ve civarina daha kusbakisi bakildiginda komiirlii istifin en iist seviyesindeki
volkanoklastik ¢okellerin, o6zellikle Soma kuzeyinde, olduk¢a iyi korundugu ve bunun o kesimde
glincel Soma grabenini bi¢imlendiren D-B gidisli normal faylarla gerceklestigi anlasiimaktadir.
Miyosen havzasi i¢inde (Denis koytintin 1 km KD’su) kémiirlii Neojen ¢okellerindeki fay diizlemi
olgtimleri, baskin olarak K 20-30 B dogrultusunu gosteren dogrultu atimli faylarin varhigini
gostermektedir. Sinirht lokaliteden elde edilen bu veriler K 30 D gidisli havza kenar fayiyla
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birlestirildiginde, neotektonik dénem &ncesinde bolgenin KB-GD dogrultusunda kisalirken KD-GB
dogrultusunda genisledigi, dolayisiyla havzanin transtansiyonel karakterde oldugu ileri siiriilebilir.

ABSTRACT

The outcrgps in the Denis area, to the NE of the Soma basin (West Anatolia), extend as a NNE-
trending belt, 4-5 km wide and 15 km long. At the NW boundary, Miocene deposits disrupted
rigorously in a several 100s metres wide zone. The severe deformation of sedimentary succession
prevents the lateral correlation, and hence makes the analysis of the basin difficult.

In this early stage of the study, the revised stratigraphy, common onlap relations with the basement,
drill-hole data and structural evaluations allow a prelimenary basin evolution scheme. Despite its
complex structural pattern, our field observations vield that the linear NW limit of the outcrops
corresponds to a basin margin fault that controls the sedimentary evolution and the geometry of the
basin. The western area of this margin is covered by metasediments while the base of the basin and the
more eastern sectors are formed from recrystallized limestones. The boundary between the basement
marbles and Miocene basin fill in the east is quite sinous probably due 1o onlap relation. A basement
uplift, the Kocasivri T, elongates NNE parallel 1o the basin margin and is onlapped by the coal bearing
Miocene succession.

The basal levels of the basinal sediments are the rapidly fining upwards siliciclastics. These are mostly
sourced from the metagreywackes to the NW. These lowermost intervals can alternate with several
thin, discontinous coal seams. Stratigraphically upwards, the alternations of marl and coal bands (up
10 3-5 m thick) are seen. At the SW corner of the Kocasivri T uplift, the successions onlap a very steep
topography of 150 m heigh. More upwards, the succession passes to marls and later lacustrine
limestones. These latter is the lowermost rock type overlying the basement on the Jfoorwall of the basin
margin near Pelitoren area. To the NE of the basin, marly sussion includes 20-30 cm thick pyroclastic
fall deposits. More northwards, agglomerates, lahar and pyroclastic flow depostis make the uppermost
observable units of the basin fill.

A more general bird’s eye view at the basin reveals that the uppermost volcanogenic sediments are
well preserved in the north of Soma where E-W trending active normal faults shaped the northern edge
of the Soma graben. The fault plane measurements in the Miocene basin fill near Denis village
indicates that the faults generally strike N 20-30 W, and of mostly stike slip character. When the N 30
E trending basin margin is evaluated in relation with this limited structural data, it can be deduced
that the region was subjected to compressional stress in the NW-SE direction and, to extensional stress
in the NE-SW direction before the onset of neotectonic regime.
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Kapadokya Volkanik Provensi Dogusunda Alt Pliyosen Golsel Karbonat
Fasiyeslerindeki Dikey Istiflenme Desenleri ve Gol Seviye Degisimleri ile
Iliskisi
Vertical Stacking Patterns Of The Lower Pliocene Lacustrine Succession And
Their Relations To Lake Level Fluctuations In The Eastern Cappadocian
Volcanic Province

Faruk OCAKOGLU

Osmangazi Universitesi, Jeoloji Miihendisligi Boliimui, Eskigehir
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Erken Pliyosen zamani Kapadokya Volkanik Provensinin (KVP) dogu kesiminde (Yahyali ile
Pinarbasi arasinda) KD gidisli, olasilikla normal faylarla sinirlanmis kapali bir havzanin sedimanlariyla
temsil olunur. Bu ¢dkeller havza kenarlarinda aliivyal/fliivival 6zellikler sergilerken havza i¢ine dogru
fliviyal/gtlsel ortamlara gegerler. Cogunlukla karbonatlar ve yesil camurtaslariyla temsil olunan golsel
¢okellerin kalinligr yer yer 40-50 m’yi bulur. KVP’nin bu kesiminde 2,7 Ma yasindaki Valibaba tepe
ignimbiriti akarsu ve golsel ¢okelleri lizerleyerek iyi bir fiziksel denestirme ve vas kontrolii olanagi
saglar.

Bolgedeki golsel ¢okellerin ayrintili sedimantolojik loglarinda 5 tiir fasiyes ayirtlanmuistir. Bunlardan
en yaygin olant dikey biyiimeli iskeletli yesil alg resifleridir (Fasiyes A). Boylari 15-20 cm’yi
gecmeyen, prasa ya da sa¢ piiskiilinii andiran bu yigisimlardan bazilart charopytler tizerindeki CaCO;
kabuklasmasiyla iliskili olabilirler. Tamamen alg kiriklariyla degisen miktarda pizolitten olusan ayri
seviyeler de mevcuttur (Fasiyes B). Kumlu seviyeleri yer yer capraz tabakalanma gosteren bu ¢okeller
ayrt hidrodinamik kosullari yansittiklarindan farkli bir fasiyes olarak degerlendirilmislerdir. Pizolitik
cakiltaslart bir baska yaygin fasiyesi (Fasiyes C) olusturmaktadir. Kalinligi yer yer 2 m’ye ulasan bu
fasiyes belli belirsiz tabakalanma gosterir. Capt yer yer 10 cm’ye ulasan iri pizolitlerin arasinin daha
kiigiik pizolitlerle ve alg kiriklariyla doldugu, hatta desimetrik alg yamalarinin da bu tabakalar iginde
mevcudiyeti gozlenir. Hig bir i¢ yapr gostermeyen, bilesenleri de ¢iplak gozle segilemeyen yer yer
fosilli, sert, bembeyaz kiregtaslart incelenen kesitlerde siklikla karsilagilmis ve ayri bir fasiyes olarak
degerlendirilmislerdir (Fasiyes D). Bu fasiyes yer yer birbirini lizerleyen tabakalardaki kavislerin
(dalga kirsikliklari?) sirt ve teknelerinin c¢akismast sayesinde merceksi bir geometriye sahip
olabilmektedir. Gélsel ¢okellerdeki sonuncu fasiyes gri/yesil renkli camurtasi fasiyesidir (Fasiyes E).
Bu fasiyes yer yer gastropod fosillerini ya da alg yumrularint igerebilir. Rengi organik malzeme igerigi
yliziinden gri/koyu griye kayabilir. Tabakalagmast masiften ince laminaliya kadar degisebilir.

Ozetlenen bu fasiyeslerin dikine istiflenmeleri zamanla derinlesmeyi gosteren 1-3 m kalinhktaki gesitli
desenler sergilerler. En yagin dikey desen (Ing. pattern) Fasiyes B ile baslayip Fasiyes A ile devam
eder ve Fasiyes E ile sonlanir. Bu ¢evrim, g6l “karbonat kirintili” kiyi ¢izgisinin dereceli gerilemesiyle
alg resiflerine ve oradan da agtk gol tabant camurlarina gegisi temsil eder. Fasiyes A ile baslayan ve
Fasiyes E ile sonlanan eksik cevrimler ve keskin tabakalasma yiizeyleri ile ayrilmis Fasiyes A
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cevrimleri daha kigtik olgekli gol seviye degisimleriyle olusmus dikine istiflenme desenleri olarak
yorumlanmustir,

Bu degerlendirmeler Erken Pliyosen’de, olasilikla orbital zorlama denetiminde. gol seviyesinin “6nce
dereceli yiikselme, bir zaman sonra durmasindan (still-stand)” ibaret ¢evrimleri defalarca tecriibe
ettigini gostermektedir. Bu ¢evrimlerin iklimsel/hidrolojik karsiligi, cogunlukla 1liman olan Erken-Orta
Pliyosen zamaninin, buzularasi donemlerin yagish rejimi (dolayisiyla goldeki siirekli su birikimi
nedeniyle goliin giderek derinlesmesi) ve buzul dénemlerinin soguk ve daha az yagish (yani yagis
sinirh ve gol seviyesi pek degismiyor “still-stand”) rejimi olarak formiile edilebilir.

ABSTRACT

Early Pliocene time is represented by continental deposition in a NE-trending normal-fault controlled
basin in the East of the Cappadocian Volcanic Province (CVP) between Yahyalt and Pinarbagsi. These
deposits are alluvial 1o fluvial near the basin margin and turn to fluvial and lacustrine towards the
basin centre. Thickness of the lacustrine succession attains 40-50 m in places. In this eastern part of
the CVP, 2.7 Million years old (radiometrically dated) Valibaba tepe ignimbrite conformably covers
the already deposited fluvial and lacustrine sediments, producing an excellent mean of physical
correlation and date control.

Detailed sedimentological logging in the lacustrine succesion reveals 5 types of facies. The most
common facies is the algal reef of erect skeletal green (!) algae (Facies A). The individuals are like
[flower bouquette or leek, and hardly reach 15-20 cm high. At least some of these erect material may be
formed by carbonate encrustation on charophvtes. Facies B comprises variosly-sized algal clasts and
pisolites. Sand grade examples of this facies may exhibit large scale cross-bedding. Pisolite-
conglomerate is another frequent facies (Facies C). This is found as crude-bedded conglomerates of, in
some instances, 2 m thick. Diametre of individual pisolites exceeds 10 cm and the intergranular space
is filled with smaller pisolites and algal remains. In places, small algae growth on hard pisolitic
substrarum was developed. Hard, milky-white, sometimes fossiliferous limstones are regarded as
another facies (Facies D). This facies may have undulations (probably wave ripples) at the top, and
hence shows lensoidal appearence. The last facies is the grey/green mudstone (Facies E). This may
comprise gastropoda molds and algal nodules. Its colour may shift to grey/dark grey in accordance
with the rise of organic matter content. Bedding varies from massive to finely laminated.

These briefly-given facies build several 1-3 m thick vertical stacking patterns. Each pattern represents
an episode of deepening of the lake by the time. The most common pattern starts with facies B, goes on
with facies A and terminates with facies E. This cycle represent the relative rise of lake level from
“detrital carbonate” shoreline to algal reef and at last to open lake bottom organaceous mud. The
other frequently encountered partterns are the facies A to facies E cycles and the solely facies A cycles
separated by abrupt bedding surfaces. These patterns are considered as the result of relatively small
Sfluctuations of lake level.

The interpretation of the vertical facies siacking patterns reveals that the Early Pliocene lake level
experienced numerous fluctuations (probably due to orbital forcing), each starts with a relative rise
and subsequent still-stand of lake level. These cycles correspond palacoclimatologically (and
hyrologically) to warm/rainy period (that allow accumulation of water, and hence deepening of lake)
followed by relatively cold/less rainy period when the water addition was limited (indicating a lake
level still-stand).
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Derin Tekirdag Cukuru (Bati Marmara Denizi) Holosen Tortullarinin
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Seismic Stratigraphy Of Holocene Sediments From The Deep Tekirdag Basin
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Marmara Denizi’nde tektonizmanin sédimenter yapi {izerine olan etkilerini arastirmak amaci ile
hazirlanan bu ¢alisma, TUBITAK -MTA-Ankara Universitesi isbirligi ve Ulusal Deniz Jeolojisi ve
Jeofizigi Programlar gergevesinde yiiriitiilen bir projenin jeofiziksel sonuglarini tartismaktadir. Bu
kapsamda 2001 yilinda MTA Sismik 1 Arastirma Gemisi ile Marmara Denizi’nin batisindaki Tekirdag
Cukuru’'nun derin diizlitk, yamag ve gevresindeki self alanlarindan hava tabancasi ile 3 hat iizerinde
sismik yansima profilleri alinmistir. Gemideki SYNTRAK-480 MSTP kayit sistemi ve 150 m
uzunlugundaki kablo tinitesi ile 3 saniye kayit uzunlugu ve 24 kanal sismik veri toplanmistir. Sismik
hatlarin 2 tanesi gukuru K-G dogrultusunda, 1 tanesi de B-D dogrultusunda kesmektedir.

Tekirdag Cukuru’nun deniz tabani Holosen yash ve ¢ogunlugunu silisiklastik camurun olusturdugu
tortullar ile ortiiliidiir. Bununla beraber kalinhgi 4 metreye varan tortul karotlarinin bazi seviyelerinde
az da olsa, kaba tanece ve bentik-karbonatga zengin bilesenler saptanmistir. Tekirdag’in batisi ile
Marmara Adast arasinda alinan sismik profil TKD-02 self, yamag¢ ve derin diizliik gibi batimetrik-
morfolojik birimleri gostermektedir. Kuzeybatida Gazikéy (“Ganos™: Bargu, 1989) Fayina dik meyilli
bir yamag lizerinde gelisen sismik fasiyes birimleri genelde siirekliligi diistik, ve gogunlukla da kaotik
yansimalar ile belirgindirler. Kaotik yamag fasiyesleri giineydoguya dogru yamag onii ve derin havza
diizligi fasiyeslerine gegmektedir. Bu sismik fasiyesler genelde paralel yansimalar ile belirgin olup,
fay boyunca ¢6kme ve deformasyona ugramis goriiniimii vermektedirler. Profilin giineydogu
devaminda diizensiz, engebeli, dalgali, kiimbetimsi ve tepemsi sismik fasiyesler bulunmaktadir. Kaotik
yansimal bu sismik fasiyesleri tektonizma sonucu deformasyona ugramis ve kiitle-gekim akmalari ile
tasinmis ve yeniden ¢okelmis birimlere isaret etmektedirler. Diger taraftan profil iizerinde ve
kiimbetimsi yiginlar arasinda kesilmis vadi veya kanyona benzer vapilar goriilmektedir. Tekirdag
Cukuru’nun giiney kenarinda kiimbetimsi, karmasik ve degisken yansima sekilleri alt yamagta sona
erer ve ¢ok meyilli bir yamagtan sonra self fasiyeslerine gecer. Oldukca yatay ve paralel yansimalar ile
tstte sinirlandirtlan self fasiyesi, kenarda bir tortul kamalanmasi gostermektedir. Oblik ve sigmoid
ilerleyen self klinoformlari i¢inde yer yer normal faylanma hareketleri belirgindir.
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ABSTRACT

The main purpose of this study is to investigate the effects of tectonism on sedimentary structure in the
Marmara Sea. This work discusses geophysical results of a project which is carried out in cooperation
between TUBITAK-MTA-Ankara University and supported by the National Marine Geology and
Geophysics programme of TUBITAK. With this aim, in the year 2001 and onboard R/V MTA Sismik 1
seismic reflection profiles were collected along three tracklines across the abyssal plain, slope and
surrounding shelf areas of the Tekirdag Basin. Using the onboard SYNTRAK-480 MSTP recording
system, 24 channel and 150 m long streamer unit, seismic data were collected in 3 sec TWT length.
Two of the seismic tracklines are aligned with N-S direction and one is in the E-W- direction and all
the crossing the basin.

Sea floor of the Tekirdag Basin is covered mainly by siliciclastic mud of Holocene age. However,
coarse-grained and benthic carbonate materials are also found in some levels of sediment cores up to
4 m in length. Seismic profile (TKD-02) obtained between west off Tekirdag and Marmara Island show
the morphologic-bathymetric units such as shelf, slope and abyssal plain. Seismic facies developed on
the steep slope at Ganos (“Gazikoy”; Baygu, 1989) Fault in northwest are characterized by chaotic
reflection configurations with low continuity and amplitude. Chaotic slope facies grade southeastward
laterally to basin-slope and abyssal plain or basin-floor facies. These seismic facies are generally
characterized by parallel reflections but display slump-slide and deformation structures along the
fault. Seismic facies with irregular, hummocky, mounded, wavy, reflection configurations are observed
on the southeastern section of seismic record. These chaotic reflection configurations indicate
tectonically deformed, transported through gravity mass flows and redeposited units. On the other
hand, canyon- or valley-like features are also observed between mounded seismic sections. On the
southern margin of the Tekirdag Basin mounded, complex and varying seismic reflection
configurations terminate at basin slope, and after the steep slope, they grade to shelf facies. Shelf
facies at their upper boundaries are marked by a toplap with rather lateral paralel reflections and
show a sediment wedge at shelf break. Locally occurrences of normal faults are also found within
oblique and sigmoid prograding shelf clinoforms.
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Slope Stability Problems At The Spillway Excavations In Hatap Dam (Corum)
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Hatap Baraji 1/25000 6lgekli Corum H33 b4 nolu topografik haritasinda Corum-Alaca karayolu
tizerinde yer alir. Baraj insaati galismalari kapsaminda yapilan kazilarda, dolusavak bosaltim kanali
glizergahindaki sevlerde duraysizlik sorunlari ile karsilagtimistir. Calisma alaninda serpantinit,
radyolarit, diyabaz ve kiregtasi bloklarindan olusan ofiyolitik melanj ile sistler yer alir. Birimler

tektonik  dokanaklidir.  Ofiyolitik melanjdaki birimler ile sistlerde ileri derecede ayrisma
gozlenmektedir.

Sev yenilmesinin oldugu alanda, derinlikleri 8.00 — 16.00 m arasinda degisen 8 ayri noktada toplam
102 m aragtirma sondaji agtlmistir. Sondajlarda yiizeyden itibaren yaklasik 4.00 m kahnhgindaki
kesimde son derece ayrismis serpantinit, 4.00 m ile 10.00 m arasinda orta derecede ayrigmis
serpantinit, bununda altinda ise iler derecede ayrismis sist kesilmistir. Serpantinit numuneleri iizerinde
yapilan kesme kutusu deneyleri sonucunda kohezyon ortalama 6 kN/m?, igsel siirtinme agist ise
ortalama 30° olarak bulunmustur. Ayrica birim hacim agirlik 19 kN/m’, doygun birim hacim agirhk ise
20 kN/m’ olarak hesaplanmistir.

Durayhlik analizlerinde PCSTABLE 6 yazilimi kullanilmis, kayma modeli olarakda karisik tip kabul
edilmistir. Analizler; 1) Sev durayhiliginin saglanabilmesi igin, fore kazik, ongerilmeli ankraj ve topuga
betonarme koruma duvari yapilmasi, 2) Dolusavak bosaltim kanali egiminin dusiiriilerek govdeye
yaklagtiriimasi olmak tizere iki ayri segenege gore yaptmistir.

Ikinci segenegin ekonomiklik ve yapilabilirlik yoniinden daha uygun oldugu belirlenmistir. Buna gore;
dolusavak bosaltim kanalinin egimi disiiriilerek gbvdeye yaklastirilmis ve kayacin daha saglam
boliimii lizerinde yapilmistir. Bosaltim kanali ile yamag arasinda kazanilan bolgeye serilen agirlik
malzemesi ile de topuk olusturulmustur. Boylece giivenlik katsayisinin 1.8 olmasi saglanmustir.
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ABSTRACT

Hatap dam is located on the Corum-Alaca motorway which is shown in H33 b4 section of the 1/25.000
scaled topographical map. Stability problems occured in the slopes of spillway excavations during the
construction stage. Serpantinites, radiolarites, diabase, ophiolithic melange of limestone blocks and
schists are seen in the study area. Highly alteration is seen within the ophiolithic melange and schists.

Totally 102 m’s of boreholes were drilled at 8 different locations, which change in between 8.00 —
16.00 m depth. Very altered serpantinite was observed in the first 4.00 m depth from the surface, while
moderately altered serpantinite was between 4.00m - 10.00 m and the very altered schist was below
this level. Shear box tests on the serpantinite samples indicated that the average cohesion is 0 kN/m?”,
intern{al friction angle is 30°, unit weight is 19 kN/m" and the saturated unit weight is calculated as 20
kN/m’.

PCSTABLE 6 software was used for stability analysis and the slipping model was assumed as mix type.
Analysis were performed for two conditions; 1) Piling, prestressed anchorage and concrete shelter
would be done at the toe in order to stabilise the slope, 2) Reducing the slope of spillway discharge
canal in order to approach the dam.

Based on performed studies, second choise was found as feasible in terms of economy and the ease of
application. Therefore, slope of the spillway discharge canal was reduced in order to approach to the
dam and the structure was built on the stronger part of the rockmass. Toe was constructed from the
heavy material which was laid down between the discharge canal and the slope. By this method, factor
of safety was established as 1,8.
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Ornek: UT Charter Okul Alani, Austin, Texas
An Example For Shallow Subsurface Geological Modelling Using GPR:
Ut Charter School Site, Austin, Texas

Yahya CIFTCI*, Jeffrey G. PAINE** ve Edward W. COLLINS
Yiiziinci Yil Universitesi Jeoloji Mithendisligi Bolimii
65080 — Van - Tiirkive -
yahyacif@yyu.edu.tr
Bureau of Economic Geology, The University of Texas at Austin
University Station, Box X, Austin, Texas, USA
Jelf.paine@beg.utexas.edu, eddie.collins @beg.utexas.edu

0Z

GPR (Ground Penetrating Radar) arastirmalari kisaca; si1g yeralti yapilarinin, kullanilan anten tipine
gore birka¢ metre ile birkag on metre arasindaki derinliklerde yiiksek frekansli radyo dalgalari
kullanilarak taranmasi, yansiyan dalganin kaydedilmesi ve yansiyan dalganin kendi dalga boyuna
uygun renklendirilmesi, bu yolla elde edilen jeofizik enine kesitlerden yararlanilarak ortamin jeolojik
modellerinin (stratigrafik, tektonik) tiretilmesi temeline dayanmaktadir.

Bu ¢alisma, UT Giivenlik Ofisinin (Texas) istemi dogrultusunda, yeni insa edilmeye baslayan UT
Charter okul insaat alaninda, beklenmedik bir sekilde bulgulanan yeralt: bosluk yapisina benzer, olasi
baska yeralti bosluk yapilarinin saptanmasi amaciyla yiiriitiilmiistiir.

Ik saha gozlemleri sonucunda; hedef derinliklerinin 3 ila 4 m oldugu ve bu derinlikler igin yiiksek
¢ozlnlirlikli radar goriintiisti tretebilecek olan 400 MHz frekansli radar anteninin kullanilmasinin
yeterli olacagi anlagilmistir. Alanda yiiriitilecek GPR uygulama planinin olusturulmast amaciyla 6n
¢alismalar kapsaminda bir adet 1.5 m derinlikli arastirma ¢ukuru agilmis ve jeolojik istif kontrol
edilmistir. Ayrica, jeolojik istif ile bu aragtirma gukurunun hemen yanindan elde edilen GPR goriintiisi
kargilastirilmis. jeofiziksel anomali tipleri tanimlanmis, istif jeolojik ve jeofiziksel agidan korele
edilmistir. Ayni sekilde, boyutlari bilinen yeralti bosluk yapisinin jeofizik kesiti iizerinde ne tiir bir
anomaliye neden oldugu yerinde denetlenmistir. Bu 6n ¢alismalar sonucunda, bina oturma alanini icine
alan, 20 x 40 m’lik alanin birer metre aralikli olarak toplam 20 hat iizerinden denetlenmesine karar
verilmistir.

Toplam 20 hat iizerinde kaydedilen GPR goriintiileri bilgisayara aktarilarak SPW formatinda
Jeofiziksel enine kesit goriintiilerine doniistiiriilmiistiir. Olusturulan jeofiziksel enine kesitler tizerindeki
goriintiilerin incelenmesi sonucunda, birkag alanda sig kazi — dolgu yapilari ile, ¢galisma alanini enine
kesen eski bir boru hattinin giizergahi ve yeni kurulan insaatin temel kaziklari disinda, sozii edilen
bosluk yapilarina benzer yeralti yapilarinin bulunmadigi anlasilmistir. Bu ¢alismanin toplam ti¢ giinde
tamamlandigl ve uygulama kolayhigi ile ¢ok kisa siirede sonuca ulasma iistiinlikleri gézoniine
alindifinda, s1g yeralt jeolojik modelleme ¢aligmalari i¢in GPR yonteminin biiyiik kolaylik ve
ekonomi sagladig ortaya ¢ikmaktadir.

Anahtar Sozciikler: GPR. Austin, Texas
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ABSTRACT

GPR (Ground Penetrating Radar) investigations are a type of shallow subsurface monitoring
technique based on geological determination of the high-resolution radar images. Mainly, the radar
waves penetrate the subsurface environment from several meters to more than thirty meters. A receiver
collects reflecting data. These data are converted into the images and thus construct geophysical cross
sections (GCS). Geophysical anomalies on the GCS’s are identified and geological modeling
(stratigraphy and/or tectonic) of subsurface environment is designed.

This study was conducted at the UT Charter School site, Texas. Unexpected ground hole was detected
when the building was constructed. The aim of this study is to investigate possible hole-like structures
in the construction area.

The site observations led to the utilization of 400 Mhz frequency radar antennas to monitor the site for
shallow depths. High-resolution images could be created for the 3 m upper zone with 100 ns two-way
travel time.

The research project proceeded as follows. Firstly, the investigation area was outlined. Secondly, the
distance between the GPR lines was optimized. Thirdly, 20 lines with 40 m in length were constructed,
which are parallel and 1 m distance to each other. One trial pit was excavated with 1.5 m depth to
identify the geology of the upper section of the deposits. This step is also important to correlate the
geophysical data with the geological data. After these studies, geophysical data was tied to the real
geological vertical section. In addirion, radar images were collected from the previous discovered hole
10 understand both the real dimensions of the hole and the geophysical anomaly rype of the hole-
structures.

As a result, the data were collected from 20 lines and were transferred to the computer, and radar
images were constructed in SPW format GCS’s. Geophysical anomalies were investigated on each
GCS, and geological model of the study area was developed.

The findings suggest that, few small cut-and-fill structures and one pipeline exist in the study area. The
pipeline was crosscutting the research area. But no other hole-like structures were detected in the site.
Considering the investigation time, which was completed within three days, GPR investi gation method
is an effective, economical and fast geophysical tool for shallow subsurface geological modeling.

Keywords: GPR, Austin, Texas
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istanbul Sariyer Biiyiikdere’de, Biiyiikdere Vadisi’nin sol (kuzey) yamacindaki 450 hektarlik bir alanin
arazi kullanimi degerlendirmesi yapilmistir. 1/5000 &lgekli jeoloji, jeomorfoloji, hidrojeoloji haritalari

hazirlanan bu arazi i¢in yapilan degerlendirmede sahanin planlamaya esas olacak miihendislik
ozellikleri tartisiimistir.

Saha, Siltiryen yashh Aydos Formasyonu kuvarsit ve silisli seyleri, Devonyen yasl Biiyiikada
Formasyonu kiregtaslari ve Karbonifer yash Trakya Formasyonu karbonatli seyl, litik kumtasi ve
grovaklarindan olusan Paleozoyik Temel kayalarinin, Sile Saryaji olarak bilinen yapisal kusak
cercevesinde kendi i¢inde dilimler halinde birbiri tizerine bindirmis durumdaki yigisimindan kuruludur.

Arazi kullanimi kararlarina esas olmak tizere, saha 11 ayr etken agisindan, Yamag egimleri agisindan
7; Zemin mekanigi agisindan 7; Kazilabilirlik a¢isindan 7; Yamag duraysizlasma sakincasi agisindan 4;
Riizgar siddeti agisindan 4; Taskin sakincasi agisindan 3; Manzara olanaklari agisindan 5; Guriiltiiye
duyarlilik agisindan 3; Kaynak sularinin kirlenmeye duyarligi agisindan 2; Golet yapimina elverislilik
agisindan 3; ve hava kirlenmesine duyarlik agisindan da 3 zona ayrilarak, her bir zona yerlesime
uygunsuzluk puanlart verilmis; daha sonra sahanin her bir birim alaninin toplam puanlari haritalanarak
bir “Arazi Kullanimi Haritas1™ olusturulmustur.

Sonugta, sahanin %5’lik bir bolimiiniin yerlesime “Cok Elverisli” (1-15 puan); %40’ lik bir kesiminin
“Elverigli”(16-25 puan); %30’luk kesiminin “Uygun” (26-30 puan); %15°lik bir kesiminin “Az
Uygun” (31-35 puan); %8 kadarmnin “Elverissiz” (36-40 puan); ve %2’lik bir kesiminin “Cok
Elverissiz” (>41 puan) oldugu belirlenmistir.

Bu doku ve ayrintili bulgulara dayanilarak sahanin bazi béliimlerinin yapilanma agisindan 6ncelikle
kullanilabilecegi,bazi boliimlerinin belli islevler i¢in kullanilmasi durumunda atmosferik kirlililigin
birikmesine neden olunabilecegi; sahanin bazi kesimlerinde yamag¢ duraysizlanmasina neden
olunabilecegi; var olan ustiin nitelikli kaynak sulari ¢evresinde de koruma 6nlemlerinin alinmasinin
gerekecegi vurgulanmistir.
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ABSTRACT

450 ha land plot at Istanbul Sariyer Biiyiikdere was evaluated for its land use potential which is
situated at the left (north) bank of Biiyiikdere Valley. Geological, geomorphological and
hydrogeological mapping of the area were prepared by scale of 1/5000 and its engineering properties
which can be related with land use planning were discussed.

The area consists of quartsites and silisic shales of Silurian aged Aydos Formation, limestones of
Devonian aged Biiyiikada Formation and limy shales, lthic sandstones and greywackes of
Carboniferous aged Trakya Formation; and these are outcropped as large slabs which were
overthrusted onto each other in a thrust belt which is known as “Sile Overthrust”.

The area has been divided into some zones for providing a basement for the land use planning
decisions, as 7 zones by slope inclinations; 7 zones by soil mechanical properties; 7 zones according to
rippability; 4 zones according to mass movement risk; 4 zones according to wind strength; 3 zones
according to flooding risks; 5 zones according to scenic advantages; 3 zones according to sensibility
10 noise; 2 zones according to sensibility to spring water pollution risks; 3 zones according to
suitability for the construction of recreational pond; 3 zones according to the sensiblity ro air pollution
and land use unsuitability points have been attended each of these subzones; these points have been
added to representative scores for each unit areas of the land and a “Land Use Suitability Map” was
prepared.

Concludingly, the ratios of these zones has been determined as the “Very Suitable Zone” has been
estimated as 5 percent of total (1-15 points); the “Suitable Zone” has been estimated as 40 percent of
total (16-25 points); the “Fair Zone™ has been estimated as 30 percent of total (26-30 points); the
“less Fair Zone” has been estimated as 15 percent of total (31-35 points); the “Unsuitable Zone” has
been estimated as 8 percent of total (36-40 points); the “Very Unsuitable Zone” has been estimated as
2 percent of total (>41 points).

This texture and detailed findings have been interpreted as, some parts of the land primarily can be
preferred for settlement; the use of some parts of this land for some definite functions can result
accumulation of the polluted air; the land use at some sectors can trigger slope instabilities; and there
is a requirement for the protection of the high quality spring waters during the construction periods
and after.
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Cografi bilgi sistemleri bir ¢ok degisik alanda kullanilabildigi gibi, madencilikte ve yol yapim
caligmalarinda da kullamlabilmektedir. Bu 6zel galismada Sirnak’tan bir bolge segilmistir. Yol ve agik
isletmelere biylk benzerlik gosteren yarmalar, cografi bilgi sistemleri programlari araciligi ile
incelenmistir. Calisma alani 1:25000 Olgekli N49 bl paftas: igindedir. Calisma esnasinda 1:1000
olgeginde galisilmus, paftalarin rektifikasyonu ve sayisallastiriimasi TNT Mips programi ile yapilmistir.
Yol ve yarmalara ait biitin Z degerleri nokta verileri olarak alindigi igin, ¢izgi ( line) olarak
sayisallagtirilan konturlarin noktalar halinde gésterilmesi gerekmis ve bu islemler i¢in Map Info
programi kullanilmigtir. Calismada, bu nokta verilerden olusturulan orijinal topografik sayisal
yiikseklik modelinin hacmi esas alinmistir. Yol yapimindan &nce, yol giizergahi boyunca ve
yarmalardan elde edilen nokta &l¢iim degerlerinin ( Kirmizi kot) olusturdugu sayisal yiikseklik
modelinin hacmi ile, yol yapildiktan ve yarmalar agilip,hendekler doldurulduktan sonra olusan yol
degerlerinden elde edilen nokta degerlerin ( siyah kot) olusturdugu sayisal yiikseklik modelinin
hacminin, ilk olusturulan model hacmi ile karsilastiriimasi sonucu, bélgeden alinan malzeme
miktarinin hacmi bulunmustur. ekapaj hesaplari ise tamamen Arc view 3.2 programi yardimiyla
yaptlmistir.

Bu ¢alismada, bolgeden yapilan toplam dekapajin hesaplanabilecegi, hatta bu hesaplamalarin, yol ve
yarmalar igin ayri ayri yapilabilecegi gosterilmistir. Bu ¢alismada, yol agirlikh bir durum séz konusu
olmakla beraber, ¢alisma, uygulama mantigi ayni oldugundan , agik maden isletme dekapaj hesaplarina
yonelik olarak da yapilabilir.
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ABSTRACT

Geographic information system(GIS)can be used in many scientific disciplines as is in use in open
mining and road construction sectors. In this specific study, the study area was chosen from Sirnak
city. The constracted road and excavated areas surround it, which shows quite similarities to open
mining areas, were investigated with GIS programs. The study area is located in 1:25 000 scaled N 49
b1 map. During the study 1:1000 scaled topographic maps were used and rectification and digitization
of the maps were done in TNT Mips 6.4 GIS_RS program. The Z values belonging to excavated areas
and the road were given as points, therefore all contours were needed to be converted to points. For
this special reason Map Info 5 program was used. These points were used to form original
topographic digital elevation model( DEM) of the study area. Then,two different digital elevation
models were prepared in the study area by using the red and black codes, which show the elevation of
the road and excavated ares as points before and after excavation respectively. Finally the comparison
of the volumes of these DEM’s showed the amount of the excavated material from the study area.
Finally, for all calculation processes were performed Arc View 3.2 program.

It was shown that the excavated amout of soil or rock from the road and surroundings can easily be
calculated as total and as separate volumes. In this study , calculation of the road construction
excavation seem to be more important, but because of its application similarities , this study can be
applied in open mining excavation calculation as well.
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Bu calismada tek eksenli basma dayammi ile kaya kirilganhigr arasindaki iliskiler degisik kaya
tirlerinde yapilan deneyler ile ortaya konulmustur. Saglam kaya deneyleri; tek eksenli basma,
Brazilyan ¢ekme dayanimi ve zimbalama deneyleri New York (ABD) sehrinde agilan bir tiinelden
secilerek alinan kaya numuneleri {izerinde laboratuvarda yapilmistir. Kayanin tek eksenli basma ve
cekme dayanimi ASTM standardlarina gore yapilmistir, ancak Zimbalama deneyi heniiz giiniimiizde
enstitii standardi olmadigindan dolay: endustri standardlarina gore yapilmistir. Tiinel boyunca 100
degisik noktada numuneler alinmistir ve her bir nokta igin en az ili¢ adet deney yapilarak ortalama
degerleri veritabanina kayit edilmistir. Sonug da elde edilen veriler, kirilganlik degerleri ve tek eksenli
basma dayanimi arasinda ¢ok katli regresyon analizi yapilmistir. Zimbalama testinden elde edilen
kirtlganlik degeri ile tek eksenli basma dayanimi arasinda bir iliski vardir ve farkli metodlarla hesap
edilen kirilganlik degerleride kendi aralarinda iliskilidir.

ABSTRACT

The purpose of this study is to investigate the relationship between uniaxial compressive strength and
brittles of selected rock types. Intact rock tests including Uniaxial compressive and Brazilian tensile
strength and punch penetration tests were performed in the laboratory on selected rock samples
collected along the tunnel excavated in New York Ciry. Uniaxial and Brazilian compressive strength
tests are performed according to ASTM standards, however punch penetration tests do not have any
academic/institutional standard at this moment; therefore, the test was performed according to United
States of America industrial standard. Along the tunnel from 100 different locations, rock samples are
collected and from each data point, at least 3 tests were performed and average values were recorded
for establishing database. Finally, multiple regression analysis was performed to achieve correlation
between the brittleness values (b1, b2, b3, gathered from punch penetration tests, and uniaxial
compressive to Brazilian tensile test ratios) and uniaxial compressive strength of selected rock types.
Good correlation was achieved between the uniaxial compressive strength to punch penetration tests
results as well as correlation between the brittleness values themselves.

160



57. Tiirkiye Jeoloji Kurultayi 08-12 Mart 2004, MTA Kiiltiir Sitesi, Ankara
57th Geological Congress of Turkey

Yeralti Goriintiillemede 3 Boyutlu Sismik Veri Kullanimi
Using 3D Seismic Data In Subsurface Monitoring

Songiil YILDIZ  ve Yahya CIFTCi**
*TPAO Arama Grubu, Ankara
vildizssongul @ hotmail.com
**YYU Jeoloji Miihendisligi Bolimii, Van
yahyacif@yyu.edu.tr

(077

Jeofiziksel aragtirma yontemlerinden sismik, yeralti Jeolojisi uygulamalarinda 20. yiizyilin baslarindan
buyana kullanilmaktadir. Ancak sismik 6l¢iimlerin 2 boyutlu profiller halinde degerlendirilmesi 70’li
yillarda baslamistir. 90°Ii yillarda ise veri toplama (Data Acquisition) yontemlerinin gelismesi ile
birlikte ¢ok yiiksek ¢oziiniirliiklii sismik calismalar deniz ve kara ortamlarinda ve giderek daha genis
alanlarda gergeklestirilmektedir. Boylelikle yeraltindaki Jeolojik yapilarin korelasyonu, yorumlanmasi
ve modellenmesi igin Gnemli bir avantaj elde edilmistir. Yine de, yeralti jeolojisi uygulamalarinda asil
buiyiik gelisim, sismik verilerin 3 boyutlu olarak degerlendirilmesi ile gerceklesmistir. Bu teknik,
yeralti kaynaklarinin arastiriimasinda maliyet ve zaman agisindan 6nemli avantajlar saglamistir.

3 boyutlu sismik veri degerlendirmesi baslangicta 6zellikle petrol ve dogalgaz aramacilifinda
uygulanmak {izere, Sequence Stratigraphy ilkeleri ile yorumlanarak petrol sirketleri tarafindan
gelistirilmistir. Daha sonraki donemde bu konuda uzmanlagmis birgok kurum (Schlumberger, Western
Geco vb.) gerek petrol sektériine gerekse Jeolojinin diger alanlarinda faaliyet gésteren 6zel kurumlar
ile bilimsel arastirma kurumlarina 3 boyutlu sismik veri tretmeye baglamislardir. Bu yontemin gelisip
hassaslasmasi ile birlikte Sismik Stratigrafi ve Sismik Sedimantoloji gibi yeni uygulamali bilim dallari
ortaya ¢ikmistir.

3 boyutlu sismik veri olusturma baslangigta yiiksek maliyetleri gerektirse de, veri toplama
yontemlerinin gelistirilmesi ve yayginlasmasi ile birlikte giderek daha disiik diizeylere inmistir.
Boylelikle de, bir siire sonra bu veriler sadece petrol ve dogalgaz arastirmalari ile sinirli kalmamis,
maden yataklari, ¢evre koruma ve yeraltisuyu arastirmalarinda da kullanilmaya baslanmistir.
Giintimiizde sismik verilerin 4 boyutlu olarak degerlendirilme yontemleri hizla gelistirilmekte ve bu
uygulamalar ozellikle petrol sirketleri tarafindan petrol — dogalgaz rezervuar takibi amaciyla
kullanilmaktadir.

-

Veri isleme (Data Processing) asamasi, 3 boyutlu sismik verilerin LandMark™. GeoGuest ve
RockWorks Visual Seismic gibi programlara aktarilmasi ve bu jeolojik programlarda degisik amagl
goriintiiler tretilmektedir. 3 boyutlu sismik veri bir sismik kiip haline getirildikten sonra yatayda
dilimlenebilmekte (slicing), bdylece birbirine paralel yatay diizlemler tizerinde jeolojik ortamin izleri -
jeolojik tarih iginde- ardisik olarak elde edilebilmektedir. Bu goriintiiler genel olarak genlik haritas
(Amplitude Map) olarak adlandirilirlar. Bu sekilde diizenlenmis jeofiziksel verilerden olusturulan
amplitid haritalarinda  yansima degerlerindeki farkhliklarin yorumlanarak ortamin jeolojik
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modellemesini yapmak ise veri degerlendirme (Data Evaluation) asamasini olusturur. Veri
degerlendirmede genlik haritalarina ek olarak, disey diizlemler (x, z) boyunca, hatta istenilen
dogrultularda diiz veya kirikli hatlar veya poligonlar halinde sismik enine kesitler veya sismik panel
diyagramlar da kullanilabilir.

Yazarin yiiksek lisans calismasi, yukarida ana hatlari verilen yontemler kullanilarak tretilmis bir
¢alisma niteligindedir. Yazar bu ¢alismasinda 2 sn’lik 3 boyutlu sismik veri ile 45 adet kuyu logundan
yararlanmistir. Bu ¢alisma sonunda 15 x 15 km’lik bir alanin 2 sn’lik derinlik i¢in sequence stratigrafi
¢oziimlemesi yapilmis, Ust Miyosen — Ust Pliyosen araliginda ¢okelmis olan kirintili istifin ¢okelme
ortamlari yorumlanmustir. Sozii edilen ¢alisma, giiniimiizde birgok petrol sirketinin petrol ve dogalgaz
aramaciliginda kullandigi yontemlerin bir uygulamasi niteligindedir.

Ulkemizde uzun yillardir jeolojik arastirmalara yeterince kaynak ayrilmadigi bilinmektedir. Arama
maliyetlerinin yiiksekligi ve maden fiyatlarindaki global gerileme en ¢nemli parametrelerdir. Oysa
metalik maden ve endistriyel mineral aramacilifinda 3 boyutlu sismik verilerden yararlanmanin
yayginlasmasi, arama maliyetlerinin biiytik oranda diismesini saglayacagi gibi, nemli oranda zaman
tasarrufu da saglayacaktir. Buna ek olarak, diizensiz kentlegsme alanlarinin tehdit ettigi yeraltisuyu
kaynaklarinin izlenmesi de 6niimiizdeki siiregte biiylik bir énem kazanacaktir. 3 boyutlu sismik veri
degerlendirme yontemlerinin zaman kaybetmeden ilkemizdeki jeoloji arastirmalarinin hizmetine
sunulmasi, saghikh ve dengeli (stirdtirtlebilir) tilke kalkinmasina biiyiik katkr saglayabilir. Kanimizca
bu konuda uzmanlagmis kurumlarin olusumu asil hedef olmahidir. Yine de, kimi 6ncii kurumlarin var
olan kapasitelerinin degerlendirilmesi ile hizla 3 boyutlu yiiksek ayrimli (high resolution) sismik veri
algilamas: baglatilabilir. Ayrica belirtmek gerekir ki, bu verilerin toplanmasi, goriintiilerin
yorumlanmast ve jeolojik modelleme c¢alismalarinin saglikli olarak ytritiilmesi, biyiik oranda
tiniversitelerin jeoloji - jeofizik boliimlerinin igbirligine bagl olacaktir. Yeraltr jeolojisi problemlerine
fizibil ¢oziimler iiretmek giiniimiiz kosullarinda 3 boyutlu yiksek ayrimli sig sismik ¢alismalar ile
olanakli olacaktir.

ABSTRACT

Seismic as a research method in geophysics started to be used at the beginning of 20°Th century.
Seismic profiles were developed in the 70’s and they have enabled the researchers to analyze seismic
‘data in two dimensions, vertically and horizontally. In the 90’s, data acquisition techniques in seismic
were further improved so that high-resolution images could be collected from larger areas, both
offshore and onshore. In the same decade, a revolutionary development occurred in the seismic
reflection studies through the invention of 3D data analysis. This subsurface monitoring technique has
decreased the coast of explorations in mining, industrial minerals and energy resources. It has also
become possible to obtain sensitive results faster. The inventor of this technique was the research
group of the petroleum companies. Afterwards, many other expert companies such as Schlumberger
and Western Geco, etc. Initially, researchers evaluated 3D seismic data with Sequence Stratigraphy
rules. Then they tied the core and well log data with the 3D seismic data, which yielded Seismic
Stratigraphy and Seismic Sedimentology.

The most crucial issue in the 3D seismic data analysis is the data processing stage, which includes
several geophysical steps. By changing processing parameters, different seismic data can be obtained
for different purposes.
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3D seismic data can be evaluated in many ways through such programs as Landmark™, GeoGuest and
RockWorks Visual Seismic, etc. Data Evaluation Stage starts with picking faults and horizons that are
correlative surfaces. Different kinds of amplitude maps can be created as a product of the horizontal
slice, stratal slice and coherency slice. These are the most important studies for the 3D seismic data
evaluation stage. If the 3D seismic data are well processed, several high quality amplitude maps and
vertical seismic cross sections (both linear and polygonal) can be created and evaluated. This helps
correlating the geological features and creating geological (sedimentologic, stratigraphic, tectonic,
etc.) modeling.

While the cost of investments has usually been high, the product prices have tended to decrease in the
mining sector globally for various reasons. Meanwhile, the decrease in the prices has triggered new
developments in geophysical research techniques to lower the investment costs in geological research.
Improvements in 3D data analysis have been one of the results of this process. These improvements
decreased the costs firstly because using the high-resolution amplitude maps in all levels of the
geological environment has become possible and secondly, results in the geological prospections could
be obtained faster. The 3D seismic studies are applied also in environmental and underground water
monitoring studies. As a result, subsurface monitoring and geological modeling have become more
effective with the 3D seismic studies.

The M.Sc. study of the author included 2 second 3D seismic data for around 100 miles square area and
45 well logs. The sequence Stratigraphy and depositional system of Upper Miocene — Upper Pliocene
sediments were studied using these data. This study can be accepted as a key study for 3D seismic
studies, which applied from main petroleum companies for oil and gas investi gations worldwide.

We propose that the experienced companies should produce the 3D high-resolution seismic data to
accelerate the geological prospections in the mining sector to support the sustainable development of
Turkey. We also want to note that geology and geophysics departments should perform together in
data acquisition, data processing, and data evaluation steps of the 3D seismic data analysis because
this is the only way to produce feasible solutions for subsurface geological investigations.
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Amasya iline bagh Tasova ile Alpaslan ilgeleri arasindaki kesiminde yer alan Kuzey Anadolu Fay
Zonu lizerinde fosil heyelanlar bulunmaktadir. Bu heyelanlar zaman zaman aktif hale gecmekte ve
tarim arazileri ile yerlesim alanlarini olumsuz etkilemektedir. Bu ¢alismada, Tasova ilgesinin batisi ve
kuzeyindeki fosil heyelanlari olusturan jeolojik birim degisikliklerini ve muhtemel kayma yiizeyleri ile
yaklasik temel sondaj derinliklerinin belirlenmesinde, segilen iki profil boyunca, sismik kirilma, dogru
akim &zdireng ve yer radart yontemleri kullaniimistir.

Birimlerin mithendislik jeolojisi ozellikleri, yeralti suyu ve kayma derinligi hakkinda bilgiler elde
etmek amaci ile alti noktada derinligi 30.00 m ile 52.00 m arasinda degisen toplam 250 m temel
sondaji yapilmustir. Kayan kiitleyi ve alttaki kayma yiizeyini olusturan killeri temsil edici drselenmemis
ve Orselenmis ornekler alinmistir. Kuyu derinligi ve yeralti suyu degisimlerini 6lgmek amaci ile
kuyulara plastik borular yerlestirilmistir. Kuyu koordinatlarindaki degisimler, RASCAL-8 ‘sekiz
kanalli, yatay hassasiyeti 5 mm+1 ppm/uzaklik, diigey hassasiyeti 10 mm+1 ppm olan GPS alicisi ile
aylik olarak dlgiilmektedir. =

inceleme alanmin miihendislik jeolojisi haritasi ile egim haritasi olusturulmustur. Yaklasik 5 km
eninde ve 2 km uzunlugunda olan ve ¢ok sayida kiigiik heyelandan olusan fosil heyelanlarda genel
olarak kayan malzeme, Pliyo-kuvaterner yagli kum ve gakildan olusan kahverenkli kétii dereceli cakil
(GP), siltli ¢akil (GM), kotii dereceli kum (SP) ve siltli kum(SM) dan olusan gevsek malzeme ile yer
yer disiik plastisiteli kil (ML) tabaka ve bantlarindan olusmaktadir. Bunun altinda Pliyosen yasli yesil
renkli yiiksek plastisiteli inorganik silt (MH) bulunmaktadir. Kayma derinligi ve yeralti suyu seviyesi
sondaj noktalarina gére degismektedir.
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ABSTRACT

There are paleo-landslides on the North Anatolian Fault Zone (NAFZ) in between the Tasova and
Alpaslan settlements of Amasya province. These landslides become active sometimes and result in
major geohazards to both settlement and agricultural areas. Within this study, seismic refraction,
direct current resistivity and the geo-radar techniques were used along two major sections, in order to
identify the properties of paleo landslides in terms of slip surfaces and proposed borehole depths.

There were 250 meters of boreholes were drilled between 30.00-52.00 m depths to define the
engineering properties of the units in terms of groundwater condition and slipping depth. Both
disturbed and undisturbed samples were collected representing the clays of slip surface and plastic
pipes were installed. Depth of the boreholes and the groundwater level fluctiations were recorded by

RASCAL-8, horizantal sensivity with 5 mm+1 ppm, vertical sansivity with 10 mm+1 ppm GPS for
every month.

Engineering geological map and the slope map of the study area were prepared. Main material in the
slipping zone is the compositon of Plio-Quartenary sand (SP, SM), loose gravel (GP, GM) with brown
color and the clay bands of low plasticity. Green colored Pliocene silts with high plasticiry (MH) is the

underlying material of all these formations. Depth of sliding surfaces and ground water level are
changeable for borehols.
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Jips ve anhidrit iceren kayalar lizerine insa edilmis miihendislik yapilarinda ciddi sorunlarla
karsilagilmaktadir. Bu sorunlarin bashcalari; karstlasma, su kagaklari, borulanma, temel tasima
giictinde zamanla olusan azalma, farkli oturma ve anhidrit — jips déniisiimii sirasinda ortaya ¢ikan
sisme basinglaridir. Sivas, Orta Anadolu’da son yillarda hizli bir gelisme ve kalkinma siireci igine
girmis bir il olup zeminin biiyiik bir kismi jipslerle ortiiliidiir. Bu ilde gelecekte agilacak yeni yerlesim
alanlari, yapilacak sanayi kompleksleri, tiineller ve barajlarin bir kisminin bu jipsli birimler tizerinde
ina edilmesinin kaginilmaz oldugu bilinmektedir. Bu nedenlerden dolayt jips gibi evaporitik kayalarin
zamana bagli davranig karakteristikleri ve dayanim parametrelerinin arastirilarak, elde edilecek
verilerin mithendislik jeolojisi, yeriistii ve yeralti insaat uygulamalari agisindan degerlendirilmesi
bliylik 6nem tagimaktadir. Bu c¢alismada, Sivas ilinden alinan jipslerin zamana bagh davranis
karakteristikleri ve dayanim parametrelerini belirlemek amaci ile tek eksenli ve ii¢ eksenli gerilme
kogullarinda, degisik gerilme basamaklarinda yiiklemeler yapilmistir. Bu yiiklemeler tek eksenli ve ii¢
eksenli kosullarda maksimum sikisma dayaniminin % 40, % 60 ve % 80’ ine karsilik gelecek sekilde
uygulanmistir.  Yapilan tek eksenli ve ¢ eksenli deneyler sonucunda, eksenel ve capsal
deformasyonlarin zamana gore degisimi, zamana bagh eksenel ve capsal krip orani, deformasyona
bagli eksenel ve gapsal krip orant ile ilgili parametreler belirlenmistir.

ABSTRACT

Serious geotechnical problems are experienced in the engineering structures built on gypsum and
anhydrite bearing rocks. These problems are karstification, water loss, piping, bearing capacity
reduction, differential settlement and the swelling pressures occuring during the anhydrite — gypsum
transformation. Sivas is one of the fast growing and developing cities in Central Anatolia. Majority of
the Sivas province is covered by gypsum bearing rocks. Major structures such as new dwelling sites,
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industrial complexes, tunnels and dams may to be built over the gypsum bearing unit in this provence.
Dueto these investigation of the time dependent behaviour and strength parameters of evaporitic rocks
such as gypsum are of prime importance for the engineering geological assessment and construction of
surface and underground structures. In this study, tests are carried out on the gypsum samples
obtained from the Sivas province, to determine their time dependent behaviour and strength
parameters, under uniaxial and triaxial loading conditions and varying stepped loading. The gypsum
samples are loaded to 40, 60, 80% of their maximum uniaxial compressive strength. Time dependent
axial and radyal deformation values, time dependent axial and radial creep ratio, and parameters
belong to the deformation dependent axial and radial creep ratio are obtained from the uniaxial and
triaxial tests. Based on the results of uniaxial and triaxial tests variation of axial and radial
deformations with time, time dependent axial and radial creep ratio, and deformation based axial and
radial creep rations have been determined.
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Tam cepheli “tiinel delme makineleri” (TBM) ile yapilan kazilar, sagladiklari hiz ve maliyet avantajlari
nedeniyle son yillarda ulagim, sulama ve enerji amagh projelerde yogun olarak kullanilmaktadir. Bu
yontemden en iyi verimin alinabilmesi i¢in her TBM, arazideki 6zel zemin kosullarina gore tasarlanir.
Agilacak tiinel giizergahinda yapilan jeoteknik incelemelerin sonucuna bagli olarak, kullanilacak

makinenin giicli, itme kuvveti, kesici tipi ve sayisi gibi pek ¢ok 6zellik dnceden belirlenerek, ilerleme
hizt tahmin edilmeye ¢alisilir.

Bu galigmada DSI tarafindan halen yapimi devam eden Ermenek Baraji ve HES insaati (Karaman)
kapsaminda yer alan enerji tiineli kazisi, 6rnek olarak segilmistir. Nihai ¢api 5.60 m ve toplam
uzunlugu 8.600 m olan bu tiinelin 8.064 m’lik kismi TBM ile agilmaktadir. Proje ¢alismalari sirasinda
yapilan sondaj ¢alismalarindan elde edilen jeolojik kesite gore tiinel sirasiyla kiregtasi, ofiyolit ve filis
birimlerini kesmektedir. Bu birimlerin jeolojik (litolojik yap1, mineral igerigi, dokanaklar arasi iliski ve
ayrisma durumu) ve jeomekanik ozellikleri (yogunluk, suya doygunluk, siireksizlik, gozeneklilik,
mukavemet ve gerilme degerleri) yapilan jeoteknik g¢aligmalar neticesinde belirlenmistir. S6z konusu
ornek ¢ahgmada, hakim jeolojik kosullara bagli olarak tasarlanan TBM’in kazi oncesi hesaplanan
teorik ve kazi sirasindaki gergek verimliligi (performansi ve ilerleme hizi) giizergah boyunca degisen
zemin kosullarinda incelenmistir.

ABSTRACT

Excavations by full face “tunnel boring machines” (TBM) are extensively used at transportation,
watering and energy projects in recent years, due to their high progressive speed and cost advantages.
Each TBM is designed for specific soil conditions at study area in order to get the maximum
performance. The power, pushing force, type and the number of cutters of TBM, are designed
according 1o the geotechnical investigations performed through the proposed tunnel alignment.
Therefore, progressive speed of the TBM is nearly estimated.

In this study, energy tunnel excavation works, is selected as a case study under the ongoing Ermenek
(Karaman) Dam and HEPP construction, which is supervised by State Hydraulic Works (DSI). 8.064
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m’s of 8.600 m long tunnel is being excavated by a TBM, which has 5.60 m of inner diameter.
Proposed tunnel alignment cuts the limestone, ophiolite and phylish series accordingly, based on the
geological section which was prepared during the project and drilling works. Geological (lithology,
mineral content, contact boundary interactions and alteration conditions) and the geomechanical
properties (density, water saturation, discontinuity, porosity, compression and tension strength values)
of these units were identified after the geotechnical investigations. Within this case study, theoretical
and the real performances (progressive speed) of TBM was analysed along the varying soil conditions
57.Tiirkiye Jeoloji Kurultayi
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Tiinel agma makinelerin (TBM) performans analizinde anahtar parametreler intak (saglam) ve kaya
kiitle parametreleridir ki bu parametreler; kayalarin basma-¢ekme dayanimi, kaya kirilganligi, kaya
kiitlelerinde ki catlak takimlari, = siireksizlikler ve folyasyonlardir. Tiinel agma makinelerinin
performansinin  onceden belirlenebilmesi, tiinelin zamaninda ve ‘ekonomik sartlarda bitirilmesi
bakimindan 6nem arz eder. Son 'yillarda tamamlanan New York (ABD) su i¢gme tiinelinden elde edilen

tiinel agma makinesinin (TBM) verileri, intak ve kiitle kaya parametreleri arasinda ¢ok katli regrezyon
analizi kullanilarak; intak ve kiitle kaya parametreleri ile TBM ilerleme hizi arasinda iliski gelistirildi.

ABSTRACT

The key parameters in all performance estimation analysis are various intact and mass rock
parameters, in particular rock strengths, joints, fractures, foliation, and brittleness. Accurate
prediction of Tunnel Boring Machine, (TBM) performance allows for more reliable estimates of
project completion times and costs. Using the actual TBM, intact and mass rock property data from a
recently completed hard rock TBM project in New York City, USA, correlation of intact and mass rock
properties with TBM field data was performed. So, Using commercial Statistical Software, multiple
regression analyses was performed and the relationship was developed based on TBM field data,
intact and mass rock properties.
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Yer se¢iminde birimlerin jeolojik ve jeoteknik 6zelliklerine gore bélgelendirme yapilarak yerlesime
uygunlugu incelenmelidir. Kaman ilgesi, Akpinar fayina paralel kuzeybati-giineydogu dogrultulu
Kirgehir fay takimindan etkilenmektedir. Birinci derece deprem bélgesinde bulunan inceleme alanimnin
1/5 000 olgekli mithendislik jeolojisi haritasi ile sismik ve mikrotremér calismalari yapilmistir.

Inceleme alaninda yaslidan gence dogru Paleozoyik yash kristalize kiregtasi, Kretase yasli ayrismis
granit, Geg Pliyosen ¢okelleri ile Kuvaterner aliivyon mevcuttur.

Birimlerin yatay ve diisey yondeki dagilimlari ile miihendislik jeolojisi dzelliklerini belirlemek,
yeraltisuyu ve sivilasma potansiyeli hakkinda bilgiler elde etmek, ince taneli zeminlerin kivami ve iri
- taneli zeminlerin sikih@ini belirlemek, zemini temsil eden &rnekler almak amaciyla 48 noktada
derinlikleri 3.0 m ile 14.0 m arasinda degisen toplam 387.0 m temel sondaji ile derinligi 2.20 m ile
3.00 m arasinda degisen 12 noktada arastirma gukuru agilmustir. Orneklerin dogal su igerigi, tane boyu
dagilimi ve Atterberg limitleri ile konsolidasyonsuz-drenajsiz sartlarda lic eksenli basing deneyi ile
kohezyon ve iggsel siirtinme agisi, tek eksenli basing dayanim: ve konsolidasyon &zellikleri
belirlenmistir.

Paleozoyik yasli kiregtasinin tek eksenli basing dayanimi 78 -102 MPa arasinda olup, orta ve yiiksek
direncli kaya gurubuna girmektedir. Ayrismis granit, zemin Szelligi gostermekte olup, killi kum (SC)
ve killi ¢akil (GC)’dir. Bu birimin SPT N3, darbe sayisi 50° nin iizerindedir.

Ust Pliyosen ¢okelleri genel olarak diisiik plastisiteli inorganik kil (CL) ve yiiksek plastisiteli inorganik
kil (CH)'den olusmaktadir. Bu killerin igerisinde killi kum (SC) ve killi cakil (GC) mercekleri
bulunmaktadir. CH gurubu kilin LL degeri %51 ile %56 arasinda ve CL gurubu kilin ise %33 ile %48
arasinda degismekte olup, orta plastik ve ¢ok plastiktir. Her iki gurubun ortalama dogal birim hacim
agirlig 18 kN/m’, kohezyonu 51 kPa ve igsel siirtiinme agis1 7 derecedir. Likidite indisi 0.11 ile 0.13
arasinda degismektedir.

Mikrotremér verilerine gore Geg Pliyosen birimlerinin zemin hakim titresim peryodu 0.22 s. ile 0.30 s.
arasinda ve bliylitme faktorii 1.0 ile 1.8 arasinda, Aliivyonun zemin hakim titresim peryodu 0.20 s. ile
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ABSTRACT

Van settlement dates back 6000 years. Some of them have been located within fertile soil grounds
whereas the rest on rocky grounds. Historical site investigation works depicted that all the buildings
constructed till the end of the 18" century in fertile plains have been destroyed completely and/or sank
down by earthquake and/or flood. Van castle, Cavustepe, Kiztasi, Sahmaran canal, Akdamar Church

complex and the other structures erected on rocky grounds still preserve more or less their original
identity.

Presently the Van enlarges over the fertile Van plains where numerous ancient buildings are buried.
However, the YYU - EDU group has struggled to convince decision makers to stop invading the plains
and move to the Erdemkent areas where travertine crops out everywhere. This study constitutes a
major part of the Van city planning work. The historical and recent earthquakes proved that they
destroy buildings if they are in/on soil grounds. Rock and soil differ in terms of the items given below.

(1) Elastic deformation constant (E, kN/m’ ) of rock is at least 1000 times greater that of wet soil. Ey,y=
10 kPa iken, Eyayerine> 10° kPa “dir.

(2) Effective shear strength of rock [ . cohesion (c), kPa; internal friction angle (), (°)}=c+ ' *
tan ] assuming that the effective normal stress (') at foundation is at least 1000 times greater.

(3) Liquefaction occurs only and only in wet soil grounds. While the earthquake, the wet ground turns

into liquid. Thus, the values of c and  in the equation T = ¢+ 0, 'tan ¢ turn into zero.

(4) Sand ridges, sand cones, sand trenches, pull-apart lakes, subsidence, and the other geotechnical
problems are only peculiar to the wet soil grounds.

(5) Rocky grounds, in contrast to soil ground, have high seismic velocity with high frequency. Hence,
rocky grounds impede magnification of the seismic wave amplitude.

Based upon the earthquake experience in Turkey, one can conclude that earthquakes and floods harm
to structures if they are infon wet soil grounds. This study enhanced decision makers and designers 1o
move new settlement from fertile plain to the Erdemkent area characterized by rocks.

Key words: Earthquake; Geotechnics; Plain; Environment; Monument.
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Cesitli gerekgelerle yeraltina gomiilen seliilozik yapili bitkisel artiklar, odun ve lata parcalari, eski
motor yagi veya mazot vb atiklar, oksijence zengin yeraltisuyunun etkisiyle, zaman iginde bakteriyel
bozunmaya ugramakta ve nitrojen, karbon dioksit ve metan gibi gazlar iiretmektedir. Bunlardan metan
gazi, tiiredigi veya gog ettigi kapali ortamlarda birikmekte, en kiiciik bir kivileimla dahi yanarak
patlamakta, can ve mal kayiplarina neden olabilmektedir. Gomiilmeden sonra metan gaz tiiretiminin
baglamasi igin gegen siire yaklasik bir yildir. Bu siire ve metan gazi tiiretim hacmi, ortamdaki bitkisel
artik miktari, nem diizeyi, sicaklik ve oksijen giris debisi gibi etkenlere bagli olarak degisebilmektedir.
Kocaeli ilinin Gebze ilgesinde, ondort yil énce karkas halde devir alinan eski bir yem karistirma ve
hazirlama tesisi lizerinde zemin arastirmasi yapilmadan kurulmus olan bir binanin bodrum katinda,
metan gazi birikimine bagli oldugu savlanan bir patlama ger¢eklesmistir. Patlama sonucunda ti¢ kath
bina kullanilamaz hale gelmis ve bir kisi yasamini yitirmistir. Olay yerindeki incelemelerde, binanin
kuzey ucundaki alanda zemin gogmesi olmustur. Gogmenin altina denk gelen ve binanin patlama
geciren bodrum katinin kuzey ucundan igeriye toprak akisi oldugu saptanmistir. Bu iki olayin iliskili
oldugu diisiiniilerek, gogmenin oldugu yerde bir kazi islemi gerceklestirilmis, binaya bitisik halde ve
yeraltina gémiilii, 4.7 m gapinda ve 6.2 m derinliginde silindirik bir yap: bulunmustur. Silindirik yapi
icinde 4 m derinlikten sonra, ingaat sirasinda atildigi anlasilan, zaman icinde bakteriyel bozunma
sonucu turbalagmig bitki, odun ve lata pargalarina rastlanmis, silindirin duvarlarinda ve dolgu
malzemesi icinde bakteriyel bozunmanin izleri gériilmiistiir. Alinan bazi rneklerde ise mazot kokulu
birikintiler gdzlemlenmistir. Taban diizeyleri ayni olan silindirik yapi ile bodrum kati arasinda “2x2”
m boyutlarinda agilmis bir pencere ile karsilagiimigtir. Patlama ile silindirik yapidan bodrum katina
olan dolgu malzemesi akisinin bu pencereden gergeklestigi ve pencerenin, silindirik vapt iginde biriken
yeralti suyu ve tiiretilen metan gazini bodrum katina aktaran bir gegit gorevi de gordiigii anlasilmistir.
Alinan dolgu 6rneklerinin igerdigi bitkisel artiklar, kiigiik odun ve lata parcalarinin miktari dikkate
ahnarak, ondort y1l 6nce silindirik yapr igine atilmis seliilozik madde miktari ve bunlarin zaman icinde
tiiretebilecekleri metan gazi hacmi belirlenmeye ¢alisiimistir. Hesaplanan metan gazi hacmi, Amerikan
Cevre Koruma Ajansi (EPA) tarafindan kent atik alanlarinda metan gazi tiiretimi icin gelistirilmis bir
analitik modelin eldeki duruma uygulanarak kullanilmasiyla hesaplanan metan gazi hacmi ile uyum
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icindedir. Dolayisiyla, s6z konusu patlamanin silindir iginde tiiretilen metan gazimin pencere yoluyla
bodrum katina sizmis ve birikmis olmasindan kaynaklandigi savi bu hesaplamalarla desteklenmistir.

Sonugta, yeraltina gdmiilen seliilozik yapili bitkisel ve odunsu artiklar ile kullanilmis mazot veya
motor yagi gibi hidrokarbon artiklarin bakteriyel bozunma ile metan gazi tiiretebilecekleri ve bu gazin
kapali hacimler i¢ine gogle birikerek patlamalara neden olabilecegi belirlenmistir. Bu belirleme,
ozellikle ingaat oncesi yapilan jeolojik-jeoteknik arastirmalarda bu tiir gomiili atiklarin da
arastirilmasini gerekli kilmaktadir.

ABSTRACT

The wastes of cellulosic plants, wood pieces, and wood beams and of used diesel oil and motor oil,
etc., when sequestered for various reasons, decompose in time by bacterial action with the contribution
of oxygen-rich subsurface waters and generate gases, such as nitrogen, methane and carbon dioxide.
Of those gases, methane may accumulate within the media of generation or migration and may explode
by a minute spark to cause the loss of property and lives. Methane generation, which starts at about
one year after the burial of waste, may vary depending on the amount and type of waste material, level
of moisture, rate of oxygen input, and temperature.

An explosion, hypothesized to be originated from methane gas, took place in the basement of a three
story building in Gebze district of Kocaeli province. The building was built over the framework
structure of an animal-food preparation facility, which was purchased fourteen years ago. The
sequestered waste material was not paid attention during the ground investigation. At the explosion
the building became mostly demolished and one person died. During the incident investigation, a
subsidence in the northern yard of the building and a soil inflow from the northern end of the basement
were detected. These two observations, thought to be interrelated, lead to the excavation of the
subsided area, and a cylindrical concrete structure of 6.2m in depth and 4.7m in diameter was found
as attached to the building. The remnants of plants and pieces of wood beams, buried during the
construction of the building and became peat by bacterial decay in time, were encountered below the
depth of 4m in the cylindrical structure. The traces of bacterial decay were observed in the filling soil
and on the walls of the cylindrical structure. Some soil samples had accumulations of a decomposed
material with diesel oil fragrance. A window of “2x2” meters in size was found to be connecting the
lower ends of both the basement and the cylindrical structure. Thus, it was understood that the
explosion caused the inflow of filling soil into the basement through this window, which also served as
the conduit for the ground water and methane gas to accumulate in the basement.

The original amount of cellulosic waste material sequestered fourteen years ago and the volume of
methane generated in this time frame were tried to be determined, based on the amount of plant and
wood remnants found in the sampled soil. The calculated methane volume agreed with that of using
the analytical model tuned for this case and developed by the EPA for predicting the methane gas
generation in municipal landfills. Such agreement supported the hypothesis stating that the methane
gas was generated in the cylindrical structure, then accumulated and exploded in the basement.

Consequently, it is shown that the methane gas, generated by the bacterial decay of sequestered
cellulosic and used hydrocarbon waste material, may accumulate and cause major explosions in
confined spaces. Therefore, the importance of considering such sequestered waste material during the
geological and geotechnical investigations, particularly prior to the building constructions, is
emphasized.

181



57. Tiirkiye Jeoloji Kurultay: 08-12 Mart 2004, MTA Kiiltiir Sitesi, Ankara
57th Geological Congress of Turkey

Kati Atik Diizenli Depolama Yer Sec¢imi I¢in Yeni Bir Oneri
A New Approach For A Sanitary Landfill Site Sellection

Mahmut MUTLUTURK?* ve Remzi KARAGUZEL*
*SDU Miih. Mim. Fak. Jeoloji Miihendisligi Boliimii-Isparta,

mutlu @mmf.sdu.edu. tr

kguzel @mmf.sdu.edu.tr
0z
Giiniimiizde niifus ve sinai iiretim artisi ile birlikte evsel ve endistriyel kati atik miktarlar1 da
artmaktadir. Bu artis yeni diizenli depolama sahalarinin yapilmasini gerektirmektedir. Kati atiklarin
bertarafinda, gelismis ilkelerde uygulanan yakma gibi ¢ok farkli teknikler bulunsa da, ozellikle

gelismekte olan ilkelerde gevre giivenligi ve ekonomik agidan diizenli depolama tercih edilmektedir.
Diizenli depolamada en temel unsuru da dogru yer segimi olusturmaktadir.

Bu calismada, kati atik depolama sahasi segiminde yeni bir degerlendirme yontemi Onerilmistir.
Depolama Sahasi Kalitesi (Landfill Area Quality) LAQ olarak adlandirilan iki asamali bu yontemde
birinci asamada, Yasal Koruma Alanlari disinda kalan arama bdlgesinin Genel Jeolojik ve Morfolojik
niteliklerine bakarak, kati atik deponilerinin konuslandirilabilecegi alanlar belirlenmektedir. ikinci
asamada ise, bu alanlar iginde konuslandirilan belli sayida deponi secenekleri, her biri degisik sayida
oleitiin bileskesi olarak tanimlanan ii¢ temel boyut agisindan degerlendirilmektedir. Bu li¢ temel boyut,
(1) Elverislilik (deponi yerinin &zelliklerinin depolama isine ne Sl¢iide uygun distigt), (2) Konum
(deponi konumunun artilari, eksileri) ve (3) Toplumsal Uygunluk (deponi projesi yapilirsa toplum
lizerine yaratacag olumsuz etkiler) olarak tanimlanabilir.

Bu ikinci agamada, 6nce deponi segeneklerinin her biri biitiin lgiit agisindan puanlandiriimaktadir.
Sonra, igerdigi dlgiitlerin puanlarina gore her boyut agisindan deponi seceneginin degerlendirilmesi
yapilmaktadir. Béylece, 3 boyutlu bir degerlendirme uzayinda noktalar olarak tanimlanmis deponi
segenekleri arasindan planlamaci ve karar vericilerin se¢im yapilmasi kolaylastirilmis olmaktadir.

Bu ¢alismada, LAQ yonteminin esaslari agiklanmakta ve yontemin uygulanmasini gosteren bir drnek
olarak, Goller Bolgesinin iginde kalan yaklagik 150.000 niifuslu Isparta Kenti evsel kati atiklar icin
deponi segeneklerinin degerlendirilmesi sunulmaktadir.
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ABSTRACT

Nowadays, gradual increase in world population and industrial production has enhanced the amount
of residential and industrial solid waste. Thus, a need for building additional landfill sites has arisen in
order to dispose them safely. In developed countries, although solid waste can be disposed by various
techniques such as burning in incineration, in developing countries, sanitary landfills are still
employed due to the reasons of economy and environmental protection. The most fundamental
parameter in landfilling is the selection of suitable land(fill sites.

In this study, a new evaluation method called Landfill Area Quality (LAQ) has been introduced to
determine appropriate sites for landfilling. The new method will be applied in two stages. In the first
stage, landfill sites are decided by considering geological and morphological properties of the site,
excluding the sites under special protection. In the second stage, a number of options for landfill sites
situated in fore-mentioned locations are re-assessed using three fundamental dimensions described by
a combination of different criteria. These three fundamental dimensions can be defined as

(1) Site Suitability (suitability of the potential site for waste disposal) (2) Locational Factors
(advantages and disadvantages of the location of landfill site) (3) Public Acceptability (adverse effects
of landfill sites on general public)

In the second stage, initially each option for landfill site is rated numerically taking all the criteria
involved into account. Later, each option is re-evaluated according to the rates assigned based on
each of three fundamental dimensions. Therefore, planning engineers and decision makers can easily
decide for the best option for a landfill site among the available choices of sites in three-dimensional
evaluation space.

In this study, the fundamentals of LAQ Method are explained in detail and a case study is presented to
evaluate the options for a landfill site for residential solid waste of the city of Isparta, situated in the
Lakes Region with a population of 150000.
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Son yillarda, ¢evre planlamasinin gelismesine paralel olarak ¢evre problemleri de artmis ve bdylece
bunlara uygulanan ¢6ziimlerde belirgin bir sekilde gelismistir. Cevre Etki Degerlendirmesi (CED)
¢evrenin planlamasinda kullanilan oldukga etkin bir yontemdir. ilk CED prosediirii 1969 yilinda
Amerika’da basilmistir. CED sistemleri diinyada yaygin bir sekilde olusturulmus ve projelerin
planlama asamasinda ¢evrenin giivenligi i¢in bir gii¢ haline gelmistir. 1973 yilinda Kanada’da, 1974 te
Avusturalya, 1975’te Almanya, 1976’da Fransa ve diger iilkelerde uygulanan CED c¢esitli formlar
seklinde basitimistir (Thors and Thoéroddsson, 2003). Birgok iilke kendine 6zgii CED prosediirleri
uygulamakla birlikte, CED i¢in farkl isimler ve farkli anlamlar da kullanmaktadir (Roberts, 1991).
Ornegin Cin, Izlanda ve Tirkiye’de Cevre Etki Degerlendirmesi (CED); Amerika'da Cevre Etki
Bildirisi (CEB); Yeni Zelanda’da ise Cevresel Etkilerinin Degerlendirilmesi (CED) seklinde ifade
edilmektedir.

Jeotermal enerji, fosil enerji kaynaklari ile karsilastirildiginda, genelde ¢evre ile uyumlu iyi huylu
kaynaklar olarak kabul edilir. Jeotermal enerji kullanimi son 40 yilda gelismistir. Ancak sonuglar, bu
kaynaklarin da gevresel etkiler yarattigint gostermistir. Jeotermal alanlarda mevcut kirlilik giiniimiizde
az oranda olsa bile ileride bunun artacagi acgiktir. Gegmiste saklanan ve goz ardi edilen cevre
problemleri dolayisiyla, halk, yasalar ve finans sektdrlerinin endiistri gelisimine saglayacaklari giiven
ve desteklerini azaltmistir. Eger hedefimiz gelecekte jeotermal enerji kullanmak ise bu enerjinin olasi
cevresel etkilerini agtk bir sekilde belirlemek, karsi dnlemleri almak ve bu etkileri minimize etmek
gerekmektedir. Jeotermal uygulamalarin gevresel etkileri ile ilgili en 6nemli problemler Axtmann
(1975); Ellis (1978); Armannsson and Kristmannsdottir (1992); Hunt (2001) ve Baba (2003) tarafindan
gdzden gegirilmistir. Jeotermal kullanim ylizey bozulmasina, akiskan cekilmesi nedeni ile fiziksel ve
kimyasal degisikliklere, giirtiltii, sicaklik, kimyasal emisyonlara ve kaynagin bulundugu alandaki
halkin sosyal ve ekonomik yapisina etki etmektedir.

Biitiin jeotermal (hidrotermal) alanlar yeraltinda sikismis sicak akigkanlari igerir. Ancak bu jeotermal
kaynaklarin sicakliklari ve kimyasal ozellikleri belirgin bir sekilde farkli olabilir. Bu sicak kaynaklar
kullanim i¢in ¢ekildiginde, bulundugu alani etkileyebilmektedir. Bazi diisiik ve yiiksek sicakliga sahip
jeotermal sistemler fiziksel cevreye etki edebilmektedir. Jeotermal kaynaklarinin cevresel etkileri
kullanim amaglarina gore farkli evreler icermektedir. Bu ¢alisma kapsaminda; jeotermal sistemlerde
cevre etki degerlendirmesi ve diinya’dan orneklerle jeotermal uygulamalarda kaynaklanan cevre
problemleri irdelenmistir.
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ABSTRACT

In recent years there has been a remarkable growth of interest in environmental issues- sustainability
and improved management of development in harmony with the environment. Environmental impact
assessment (EIA) is the tool most widely used in environmental management. The first EIA process was
established in the USA in 1969. EIA systems have been set up worldwide and become a powerful
environmental safeguard in the project planning process. EIA has been established in various forms
throughout the world, beginning with Canada in 1973, Australia in 1974, Germany in 1975, and
France in 1976 —and later in other countries too (Thors and Thoroddsson, 2003). Many countries have
adopted their own EIA procedures. Every country that has developed a process for making
environmental impact assessments has given it a different name and some slightly different meaning
(Roberts, 1991). For example; in China, Iceland and Turkey it is Environmental Impact Assessment
(EIA); the U.S. version is Environmental Impact Statement (EIS); in New Zealand it is Assessment of
Environmental Effects (AEE).

Geothermal energy is generally accepted as being an environmentally benign energy source,
particularly when compared to fossil fuel energy sources. Geothermal developments in the last 40
years, however, have shown that it is not completely free of adverse impacts on the environment. These

. impacts are becoming of increasing concern, and to an extent which may now be limiting development.
History shows that hiding or ignoring such problems can be counter productive to development of an
industry because it may lead to a loss of confidence in that industry by the public, regulatory, and
financial sectors. If our aim is to further the use of geothermal energy, then all possible environmental
effects should be clearly identified, and countermeasures devised and adopted to avoid or minimize
their impact. The most important environmental effect of geothermal utilization have been reviewed by
Axtmann (1975); Ellis (1978); Armannsson and Kristmannsdéttir (1992); Hunt (2001); Baba (2003 ).
Geothermal utilization can cause surface disturbances, physical and chemical effects due to fluid
withdrawal, noise, thermal effects and emission of chemicals as well as affecting the communities
concerned socially and economically.

All geothermal (hydrothermal) fields contain heated fluids trapped beneath the earth, but temperature
and chemical characteristics of the geothermal resource can vary significantly. When these resources
are abstracted for geothermal generation, the environment of an area can be affected. Some of the low
and high- temperature geothermal systems can have impact on the physical environment.
Environmental impacts from geothermal development will vary between the various phases of
development. Geothermal environmental impact assessment and environmental effects of geothermal
developments in world are summarized in this study.
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Bu ¢alismada Elazig yoresindeki onemli bir metalojenik provens olan Keban’daki cevherlesmelerin

cevreye etkileri arastirnlmistir. Bu amagla yeralti sulari, dere ¢okelleri, alg ve yosun ornekleri
toplanarak ICP/ES ve MS yontemiyle analiz edilmis ve kirlilik yaratan element icerikleri saptanmistir.

Yeralti suyu orneklerinde Mg, Ca, S, Fe, F, Mn, Zn, Mo, Ba, Pb, U, Ni, Cd, Co, Ag, Cu, Sb, Se
igeriginin yeralti sularindaki normal degerlerin iizerinde oldugu ve (Al, Cd, Cr, Fe, K, Mg, Mn, Na, Pb,
Sb. SiO,. Tl ve Zn) gibi bazi toksik elementleri vyiiksek oranda i¢ermesi bakimindan bu sularin
icilebilir su niteliginde olmadig1 tespit edilmistir. Ozellikle madencilik faaliyetlerine bagli galeri
kaynaklarmin, kirletici parametrelerin olusmasinin baslica nedeni oldugu sanilmaktadir.

Bazi ana ve tali derelerden alinan kumlarin —80 +140 mesh boyutunun zayif leaching elementleri
analiz edilmis ve bunlarin As, Cu, Zn, Mo, Ag igeriklerinin yiiksek oldugu belirlenmistir.

Cesitli alg ve yosun ornekleri Cu, Pb, Zn, Ag, Cd, Cr gibi yiiksek agir metal icerikleri ile dikkat
cekmektedir. Silikat ve ozellikle cevher minerallerinin bozusmasi sonucu bazi elementlerin su
icerisinde yogunlastigr bazi elementlerin ise Fe-Mn oksitler, killer ve bitkiler tarafindan tutuldugu
belirlenmistir. Su, dere ¢okelleri ve bitki drnekleri ayni zamanda jeokimyasal arama ¢alismalarinda
kullanilabilir.

Kirliligin kaynagint ve ti¢ farkli materyaldeki yiiksek element derisimlerini, eski madencilik
faaliyetlerinin ve farkli tiirdeki cevherlesmelerin olusturdugu diistiniilmektedir.

Anahtar kelimeler: Alg, aramalar, ¢evre kirliligi, dere kumu, kaynak sulari, yosun.

ABSTRACT

The aim of this study is to determine the effect of mineralization in Keban area one of the largest
metallogenic province of Turkey, on the environment. In this respect, element concentrations of
groundwater, stream sediment, algae and moss samples in the area were analyzed by ICP/ES and MS.
It was determined that Mg, Ca, S, Fe, F, Mn, Zn, Mo, Ba, Pb, U, Ni, Cd, Co, Ag, Cu, Sb and Se
contents of groundwater are above the standards of drinking water and it is also enriched in some
toxic elements such as Al, Cd, Cr, Fe, K, Mg, Mn, Na, Pb, Sb, SiO>, Tl and Zn. It is believed that
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springs particularly issuing from the mine galleries are probably the main source of pollution
parameters.

Analyses of weak leaching elements of =80 +140 mesh size sands collected from some main river and
creeks indicate high As, Cu, Zn, Mo and Ag contents.

Various algae and moss samples are characterized with high Cu, Pb, Zn, Ag, Cd and Cr
concentrations. Due to most likely weathering of silicate and ore minerals, some elements were
retained in water while some others were absorbed by Fe-Mn oxides, clays and plants.

The source of pollution in water, stream sediment and plants is-derived from previous mining activities
and various types of mineralizations in the area.

Keywords: Algae, environmental pollution, exploration, groundwater, moss, stream sediment
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