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KAVAKLAR (UNYE-FATSA, ORDU) YORESI BENTONITIK KiL
OLUSUKLARININ JEOLOJiK VE MINERALOJIK OZELLIKLERI, KD TURKIYE

Emel ABDIOGLU, Mehmet ARSLAN
Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Boliim(, 61080 Trabzon

Dogu Pontidler (KD Tiirkiye) volkanik provensi igerisinde gok sayida farkl tipte kil
olusumlan bulunmaktadir. Bunlar ana kaya volkanik uriinlerin bilesimiyle iliskili
oldugu kadar alterasyon tipine de baglh olarak dadiim gostermektedirler. Bu
calismada Kavaklar (Unye-Fatsa, Ordu) yéresinde gozlenen bentonitik tiirdeki kil
oluguklari incelenmistir. Calisma alaninin tabanini; kahverengi, gri-beyaz, yesilimsi,
pembemsi renkli, yer yer kolon debisi gosteren trakit, trakiandezit ve
piroklastitlerinden olusan Geg Kretase yasl Tirebolu Formasyonu olusturmaktadir.
Bu formasyon iizerine, sarimsi beyaz renkli, ince-orta tabakalanmali ve gri renkli
orta-kalin tabakalanmali kiregtasi, killi kirectagi ve tiffit ardalanmasindan olugan
Geg Kretase-Paleosen yagh Akveren Formasyonu uyumlu olarak gelmektedir.
Akveren Formasyonu uyumsuz olarak kumtasi, kumlu kiregtasi, marn, silttasi, kiltas
ve karbonath kumtaglarindan olusan Eosen yasii Kumru Formasyonu tarafindan
tuzerlenmektedir. Tim bu birimler Kuvaterner yash aliivyonlar tarafindan uyumsuz
olarak ortiilmektedir.

Tirebolu Formasyonu igerisindeki agik yesilimsi, sarimsi renklerdeki cam ve kristal
tuf bilesimindeki piroklastitlerin ayrismasiyla gelisen bentonitik kil olusuklarinin
mineralojik Ozelliklerini belirlemek igin X-isinlar difraksiyon (XRD), Taramali
elektron mikroskobu (SEM) ve Diferansiyel termal-.analiz (DTA) incelemeleri
yapilimistir. Bentonitik olusuklarda bolluk sirasina gére en yaygin tiim kayac mineral
parajenezini, kil minerali+opal-CT+sanidin+plajiyoklas+biyotit olusturmaktadir. Bu
birliktelige kalsit ve klinoptilolit ender olarak eglik eder. Yapilan kil fraksiyonu
galismalarinda yataklardaki baskin kil mineralinin Ca-smektit oldugu belirlenmistir.
Ca-smektitlerde bazal yansimalar 15.0-15.5 A arasinda degismektedir. Kuru
orneklerde yapilan yonli XRD (normal) gekimlerinde Ca-smektitlerin (001), (002),
(003) ve (005) yansimalar tespit edilmistir. Etilen glikolle doyurulmus 6rneklerde
(001), (002), (003), (004), (005) yansimalari ve firinli érneklerde ise (001), (003)
(005) yansimalar belirlenmistir. Smektitlerin dogo pikleri, 1.494-1.510 A (ortalama
1.503 A) aralidinda olup, dioktahedral karakterli olduguna isaret eder. Biscave
indisi  0.794-0.961 arasinda degisen iyi kristalinite degerleri verirler. SEM
galismalarinda minerallerin morfolojik &zellikleri incelenmistir. Tim &rneklerde
montmorillonitler igin tipik olan “cornflakes” dokusu gozlenmistir. Bu ozellikleriyle
Wyoming-tip bentonitlere benzerlik gésterirler. Orneklerin bazilarinda iki farkh
kristal boyutunda smektit kristallerin varligi, iki safhali bir smektit gelisimine isaret
etmektedir. Smektitler baglayici vitrik materyalden tiiremis olup, yaygin olarak
sferikal alterasyon gosterirler. Feldispat otojenik mineral olarak hemen hemen tiim
orneklerde yer alir. Killesmenin kayaci tamamen etkilemedigi 6rneklerde smektit
kristallerinin yanisira stingerimsi dokulu kalinti cam kiymiklari ve opal-CT sferolitleri
belirlenmistir. Smektitlerin diger mineraller ile olan dokusal iliskileri incelendiginde
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dokanaklari belirgindir. Minerallerin dokanak iligkileri detritik veya otojenik kokenleri
ile uyumludur. DTA incelemelerinde, ilk endotermik pik 140-170°C'de, ikinci
endotermik pik 690-720°C'de ve son endotermik pik 820-900°C arasinda degigim
g6stermektedir. Bu ézellikler dioktahedral smektitlere karsilik gelmektedir.

GEOLOGICAL AND MINERALOGICAL PROPERTIES OF KAVAKLAR (UNYE-
FATSA, ORDU) AREA BENTONITIC CLAY OCCURENCES, NE TURKEY

Different types of clay occurrences are abundantly present within volcanic province
of Eastern Pontide (NE Turkey). These occurrences vary depending on alteration
types as well as on the composition of parent volcanic products. In this study, the
bentonitic-type clay deposits were investigated in the Kavaklar (Unye-Fatsa, Ordu)
area. The base of the studied area is characterised by Late Cretaceous aged
Tirebolu Formation, consisting of brown, grey-white, greenish, pinkish coloured,
locally columnar jointed trachyte, trachyandesite and their pyroclastic rocks. The
formation overlain conformably by Late Cretaceous-Palaeocene aged Akveren
Formation, containing yellowish white coloured, thin-medium bedded and grey
coloured, medium-thick bedded limestone, clayey limestone and tuffite
alternations. This unit overlain unconformably by Eocene aged Kumru Formation,
including sandstone, sandy limestone, marl, siltstone, claystone and carbonate-
bearing sandstone.

X-ray diffraction (XRD), Scanning electron microscope (SEM) and Differential
thermal analysis (DTA) studies were carried out in order to determine mineralogical
characteristics of bentonitic clay occurrences derived from pyroclastics, namely
pale green-yellow coloured vitric and crystal tuffs, of Tirebolu Formation due to
alteration. In the bentonitic clay occurences, the most common whole-rock mineral
paragenesis is clay mineral+opal-CT+sanidine+plagioclase+biotite. Besides, these
minerals are accompanied rarely with calcite and clinoptilolite. Clay fraction studies
indicated that Ca-smectite is dominant clay mineral in all occurrences. Basal
reflections on Ca-smectites range between 15.0 and 15.5 A. (001), (002), (003)
and (005) reflections were determined by orientated XRD (normal) studies on dried
samples. (001), (002), (003) and (005) reflections on ethylene glycollated samples,
and (001), (003) and (005) reflections on heated samples were also identified. doeo
peaks of smectites are between 1.494 and 1.510 A (mean 1.503 A), suggesting
dioctahedral structure of minerals. Their Biscave indexes vary from 0.794 to 0.961,
reflecting well-crystallinity values. Morphological features of minerals were
investigated on SEM. “Cornflakes” texture, typical for montmorillonite, is observed
in all samples. These properties resemble Wyoming-type bentonite. Presence of
smectite crystals in two different size in some samples may suggest two-staged
smectite growth. Smectites derived from vitric material and show spherical
alteration. Feldspar is present nearly ini all samples as authigenic mineral. Samples,
which have not been effected heavily from alteration, contain sponge-like relict
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glass shards and opal-CT spherolites. Contacts of smectites with other minerals are
very identical. Contact relationships of minerals are consistent with their detritic or
authigenic origin. In DTA diagram, smectites have first endothermic peak at 140-
170°C, second endothermic peak at 690-720°C and the last endothermic peak at
820-900°C. All these features correspond to dioctahedral smectites.



55. Tirkiye Jeoloji Kurultayi
55" Geological Congress of Turkey

ADANA ILINDE UST MiYOSEN-PLIYOSEN YASLI HANDERE FORMASYONU
ICERISINDE OLUSAN HEYELANLAR

Altay ACAR, Ulvi Can UNLUGENG, ismail DINGER, Burak BENLIOGLU
Cukurova Universitesi, Jeoloji Mithendisligi Bolimi, Balcali, 01330 Adana

Heyelan tehlikesinin belirlenmesi, yol ve yapilasma gibi sehircilige yonelik planlama,
tasarim ve uygulamalarin baslatimasinda temel unsurdur. 2001-2002 vyillan kig
aylarindaki agin yagislar sonucu Dogu Akdeniz Bolgesi'nde gok sayida heyelanlar ve
taskinlar meydana gelmistir. Bu galismada, Adana ili sinirlari icerisinde nispeten az
engebeli topografyay! olusturan Ust Miyosen-Pliyosen yasl Handere formasyonu
icerisinde olusan yamag hareketleri incelenmistir.

Cukurova Bolgesi'nde akarsu, sig denizel ve laglin/gdlsel karakterli olarak ¢okelen
Handere formasyonunun kalinligi 120-700 metre arasinda degismekte olup, ince
kumtasi, kumtasi, silttasi , kiltasi ve cakiltasi ile yer yer algitasi mercekleri
icermektedir. Altta Tortoniyen yash Kuzgun formasyonu tizerinde gegisli kanal
dolgusu bir dokanaga sahip olan birim, Ustte Adana baseninin yaygin taraga-kaligi
olusumlart ve yer yer de geng aliivyon ile ortiilmektedir. Handere formasyonu
Adana Baseninin giiney kesiminde, Adana sehir merkezinin kuzeydogu ve kuzeybati
kesimlerinde genis alanlarda ylzlek vermektedir.

Heyelanlar, ozellikle Adana sehrinin kuzeybati kisminda yer alan yeni yerlesim
alanlarinda olusmustur. Araliksiz olarak uzun siire devam eden yagislar ozellikle
bolgede kiltagi-ayrismis kiltagi olarak gozlenen biriminin sismesine, farkli oturmalara
ve bunlara bagh olarak sig-derin dairesel kaymalara neden olmustur. Dairesel
kaymalar olarak baslayan yamag hareketleri topografyanin egimine bagh olarak
camur akmasi tipinde gelismistir. Zemindeki bogluk suyu basincindaki artiglarin yani
sira kontrolsiiz olarak yapilan yol yarmalar, dolgular, hatal istinat yapilari ve alt
yap! eksikligi yamag hareketlerinin olusumuna neden olmustur. Ornegin Adana ili
100. yil mahallesi Kireg ocagi mevkiinde son on yil iginde imara agilan Kireg ocadi
mevkiinde 25 adet tek veya iki katli betonarme yapilar oturalamaz sekilde hasar
almistir. Bunlarin biyiik bir gogunlugu bosaltilmistir.

LANDSLIDES OF THE UPPER MIOCENE-PLIOCENE HANDERE FORMATION
IN THE ADANA CITY

The recognition of landslide hazards is essential for the planning, design and
execution of development schemes, such as road and building construction. Heavy
rainfalls during the winter season of 2001-2002 generated numerous landslides
and floods in the region of Eastern Mediterranean. In this study, slope movements
took place within the relatively hummocky topography of the Upper Miocene-
Pliocene Handere formation in the Adana city are discussed.

The Handere formation is represented mainly by fine sandstones, siltstones,
claystone, conglomerates and locally gypsum lenses of fluvial, shallow marine,
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lagoon/lacustrine character in the Cukurova Region. Its thickness varies from 120
m to 700 m. The formation is discordantly overlain by Quaternary caliche-terrace
deposits and locally recent alluvium and underlain by Tortanien Kuzgun formation.
The Handere formation outcrops in the southern part of the Adana Basin, to the
northeast and northwest of Adana city.

Landslides generally occurred in the region of recently constructed area of the
Adana city to the northwest. Continuous long-term heavy precipitation caused
swellings, differential settlements and consequently shallow-deep rotational slope
movements within the uppermost level of the Handere formation made up
claystone-weathered claystones. Following the rotational failures, slope movements
developed as mud flows depending on the relatively low topographical slope angle.
As well as increase in pore water pressure, uncontrolled road cut and
embankments, improper retaining wall design and leaching field septic systems
also resulted in slope instability. For example, 25 single and two storey reinforced
concrete buildings were heavily damaged in the Kireg Ocagi location of the 100 Yil
Subdistrict, which have been constructed during the last decade. Most of those
buildings were evacuated.
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MELILIT — LOSITITLERIN MINERALOJISI VE JEOKIMYASI,
BALGIKHISAR — AFYON

. Ciineyt AKAL, Cahit HELVACI
Dokuz Eyliil Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii, 35100 Bornova izmir

Orta Miyosen de etkin olan ve genis yayllm sunan potasik- ultrapotasik
karakterdeki volkanik aktivitelerin Griinleri bati Anadolu’nun en dogusunda yer alan
Afyon volkanik kompleksini olusturmaktadir. Afyon volkanik kompleksi iginde
yeralan Sandikh - Suhut hattinin giineyindeki bdlgede yapilan galigmalarda,
stratigrafik konumlarina gore (g evreden olusan potasik — ultrapotasik karakterdeki
volkanik aktivitenin uriinlerinin Bati Toros Kusaginin kuzeydogusundaki sedimanter
istifleri kestigi ve/veya ortigu gozlenmigtir.

Uc evreye ait volkanik aktivitelerin rileri lavlara ve onlara eglik eden
volkanoklastiklerin stratigrafik catisina bakildiginda; melilit-lositit, tefrifonolit ve
benekli-trakiandezit lavlarn birinci evre volkanizmayi temsil etmektedir. Bagoren
trakiandeziti ve Bagoren piroklastik serisi olarak adlandirilan ve genis yaylim sunan
trakiandezitik volkanizma bolgedeki ikinci evre volkanizmay! yansitmaktadir. Ikinci
evre volkanik faaliyetin iriinlerinden olan lamproitler trakiandezitik volkanizmaya
ait Uriinleri kesmekte ve birici evre ait volkanikleri de kismen Ortmektedirler.
Losititik volkanizmayla iliskili olan ve Balgikhisar volkanoklastik serisi olarak
adlandirilan volkanoklastik kayalar genel olarak melilit-I6sitit, tefrifonolit, benekli
trakiandezit, lamproit ve Basoren trakiandezitik volkanizmasinin Urdnlerini
drtmektedirler. Balgikhisar volkanoklastik serisinin en karakterisitik ozelligi, mekanik
olarak iist mantodan tasinan ve manto metasomatizmasini isaret eden mafik
minerallerce zengin ksenolitler igermesidir. Ksenolitlerin mineral bilegimleri farl olup
genel olarak mineralojileri; klinopiroksen — flogopit — melanit — melilit — 16sit —
perovskit — ilmenit — apatit den olusmaktadir. Kiregtagi, kiltagi, kumtagi ve gakiltasi
ardalanmasindan olusan golsel sedimanter kayalar birinci ve ikinci evreye ait
volkanizmanin  iriinlerini  ortmektedir. Golsel sedimanter istif {ste dogru
ardalanmali ve dereceli olarak Tokluk volkanosedimanter serisi ile devam
etmektedir. Bu volkanosedimanter seri, bolgedeki Gglingl evre volkanik faaliyeti
temsil eden fonotefritik, fonolitik, bazaltik trakiandezitik ve nosean iceren
“trakiandezitik lav domlar, dayklari ve akmalar tarafindan kesilmektedir.

Bati Toros kusad: istifine ait kiregtaglarini kesen ve kismen orten, birinci evre
volkanizmanin driinii melilit — 16sititler, Mesebagi tepe ve Goktepe cevresinde iki
kiiglik vadide lav domlari ve genis yaylim sunmayan lav akmalari seklinde yuzlek
vermektedirler. Melilit-losititler, Balgikhisar volkaniklastik serisi tarafindan arada
eski toprak dizeyi ile ayirtedilen uyumsuzlukla ortiilmektedirler. Melilit-1ositit lav
akmalari, en iste ince bir pisme zonu iceren ve K-feldispat tarafindan ornatiimis
ozsekilli 16sit kristallerince zengin 4-5 metre kalinlk sunan epiklastik kumtasi ve
konglomera istifini rtmektedir. Akma yapilari icermeyen masif ozelikteki melilit-
lsititler Ozsekilli 16sit makro fenokristalleri (maksimum 6 cm boyutlarda) ve
klinopiroksenlerin varligi ile belirgin porfirik doku sunmaktadir. Baglica Iosit ve
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diopsit-salit komposizyonundaki klinopiroksen fenokristalerinden olusan melilit-
6sititlerin genel mineral bilegimi nefelin - baryum silikat - melilit - melanit - kalsit -
apatit - opak mineral den olusmaktadir. Klinopiroksen fenokristallerinde yaygin
olarak tamamen ve/veya kismen melilit agregatlarina donusiimler gézlenmektedir.

Jeokimyasal olarak %9.5-11.8 arasindaki K,O ve Na,O/K,O oraninin ortalama 2
degerleri ile ultrapotasik karakterdeki melilit-I6sititlerin SiO, bilegeni %44 ile %47
arasindadir. ALO; ve CaO bilesenleri %18 degerine ulasirken ortalama TiO,
bilesenleri %1.1 degerindedir. Melilit Iosititler, dalma — batma ve carpisma
siireclerinin gelistigi aktif kita kenarn ortaminda bdlimsel ergime ile meydana
gelmis ilksel bir erigiyin {st kabuktan kismen kirlenmesi ile olusmus bir magmanin
rinleridir.

MINERALOGY AND GEOCHEMISTRY OF MELILITE — LECITITES,
BALCIKHISAR — AFYON

Middle Miocene volcanic complex in the Afyon region, composed of the products of
the extensive potassic — ultrapotassic volcanic activities, and located in the eastern
part of the western Anatolia. The study area that is situated on the northeastern
portion of the Western Tauride Belt is located in the south of Sandiki — Suhut
trend. According to stratgraphic setting, three stages of potassic and ultrapotassic
volcanism are distinguished which intrude and/or cover the sedimentary formation
of Tauride Belt.

The stratigraphic framework of the three stages volcanic activities is as follows;
melilite- leucitite, tephriphonolite, and spotted trachyandesite lavas are the
products of first stage volcanism. Bagéren trachyandesitic lavas and thick-
widespread Bagoren pyroclastic rocks represent the second stage volcanism. The
lamproites, which are the products of the second stage volcanic activity, extrude
during the successive trachyandesitic volcanism. Volcaniclastic rocks related to
leucitite volcanism, which are described as Balgikhisar volcaniclasitic succession
mainly covers the products of the leucitite, tephriphonolite, spotted trachyandesite,
lamproites, and the products of the Basdren trachyandesitic volcanic succession.
The characteristic feature of the Balgikhisar volcaniclastic succession is the
presence of mafic mineral-rich xenoliths. The mineralogical compositions of the
xenoliths are variable, and a general mineral assemblage consists of clinopyroxene
— phlogopite — melanite — melilite — leucitite - perovskite — iimenite — apatite. The
lacustrine sedimentary rocks cover the products of the first and second stage
volcanism. Lacustrine sediments consisting of limestone, claystone, sandstone, and
pebblestone alternations, are gradationally —overlain by the  Tokluk
volcanosedimentary succession. Phonotephritic, phonolitic, basaltic trachyandesitic,
and nosean-bearing trachyandesitic lava domes, dykes, and flows represent third
stage volcanic activity in the study area. The lava flows and dykes of third stage
volcanic rocks cut and cover the Tokluk volcanosedimentary succession.
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The melilite-leucitites cut and cover the limestone of the Western Tauride Belt and
crop out as small lava domes and limited lava flows around Mesebasi tepe and
Goktepe locations. The melilite-leucitite is overlain by Balgikhisar volcaniclastic
succession. The unconformity between pyroclastic sequence and leucitite can be
recognized with the presence of light grey colour paleo soil. The limited lava flows
of melilite leucitite cover the euhedral leucite phenocrystal-bearing epiclastic
sandstone and conglomerate (4-5 meters thickness) that is includes the thin baked
zone at the top of epiclastic sequence. The euhedral leucite phenocrystals in the
epiclastic sequence are replaced by orthoclase. The melilite-leucitite lavas show
typically porphyritic texture that is characterized by the presence of euhedral
leucite macro phenocrystals (riches up to 6 cm) and the euhedral / subhedral
clinopyroxene phenocrystals. The lavas are composed of leucite, nepheline, Barium
silicate, melilite, clinopyroxene (diopside in composition), melanite, calcite, apatite,
and opaque. The clinopyroxene phenocrystals partially and/or completely are
transformed to melilite aggregates.

Geochemically, the SiO, content of melilite-leucitites varies from 44% to 47% and
present ultrapotassic character with K;O contents of 9.5 to 11.8% and average
ratio of Na,0/K,0 is about 2. The contents of Al,O; and CaO are rather high (18%)
whereas TiO, contents are low (1.22%). Melilite-leucitites are generated from a
primitive source by partial melting process, which is followed by assimilation
fractional crystallization (Upper Crustal Contamination) at the subduction and
collision processes related active plate margin.
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AGRI HAVAALANI GOZETLEME KULESi ZEMININDE YAPILAN JEOLOJIK
VE GEOTEKNIK INCELEMELER

Suat AKBULUT*, Semet CELIK*, Ekrem KALKAN**, Azer KADIROV**
* Atattirk Universitesi, Miihendislik Fakiltesi, Insaat Miihendisligi Bolim, 25240 Erzurum
** Atatiirk Universitesi, Deprem Arastirma Merkezi, 25240 Erzurum

Dogu Anadolu Bolgesi, Nahcivan, iran, Ermenistan ve Giircistan ile birlikte
diinyanin énemli bir deprem hatti olan Alp-Himalaya deprem kusadi (izerinde yer
almaktadir. Avrasya levhasinin glineye, Arap levhasinin kuzeye hareketi sonucunda,
Dogu Anadolu Bolgesinde gok sayida aktif fay meydana gelmistir. Bu diri faylarin
hareketi sonucu yer yizii lizerinde Ozellikle Ust yapilarda kigiik, orta ve biiyiik
hasarlar meydana gelmektedir. Depremler sonucu yapilarda olusan agir hasarlarin
yaninda, ozellikle aletsel biiyiiklugli 6.0'dan kiiglik depremler sonucu, yapilarda
olusan kiigiik ve orta siddetli hasarlarin zemin veya Ust yapidan kaynaklandigini
tespit etmek 6nemli bir problemdir. Bu galismada, allivyon zemin lizerine oturan
Agri Havaalani Gozetleme Kulesinde olusmus catlaklara, zemin durumunun ne
oranda etki ettigi arastinimistir. Calismada arazide yapilan yerinde gézlem ve
incelemeler yaninda, arazide agilan {i¢ adet gozlem kuyusundan alinan Grselenmis
ve Orselenmemis numuneler {izerinde laboratuar deneyleri yapiimistir. Gézlem ve
deneysel incelemelerden elde edilen verilerden zeminin (st yapiya etkileri
degerlendirilmis ve sonuglar diger calisma ve uygulamalara isik tutmasi acisindan
Ozetlenmistir.

GEOLOGICAL AND GEOTECHNICAL SURVEY IN AREA OF AGRI AIRPORT
OBSERVATION TOWER

Eastern Turkey, along with Nakhcihevan, Iran, Armenia and Georgia, is situated in
the Alpine-Himalayan earthquake zone, which is the one of the considerable fault
belt of the world. Many active faults were occurred in Anatolian region due to the
tectonic motion of the Eurasian plate to the south and Arabian plates to the north.
The seismic activities originated from these active faults generate light, moderate,
and heavy damages in soils and buildings on the ground surface during
earthquakes. In many times, besides heavy damages formed in the buildings, it is
also a big problem to determine the light and moderate damages caused by
earthquakes with less than 6.0 magnitudes. In this work, the effects of the soil
condition on the cracks occurred in Agri Airport Observation Tower building,
located in alluvion soil, have been researched. In work, along with observations
and investigations conducted in the area, undisturbed and disturbed samples from
three trenches excavated in the surrounding of the Observation Tower are tested
under laboratory conditions. The available data gathered from the observations
and the tests have been evaluated. The results as a valuable information are
summarized to use in the other researches and applications.
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SOBECIMEN KOYU (CAYIRALAN-YOZGAT) VE CEVRESININ JEOLOJIK VE
YAPISAL OZELLIKLERI

. Biilent AKIL
Hacettepe Universitesi, Jeoloji Muhendisligi Bolimi, 06532, Beytepe, Ankara

inceleme alani, Yozgat ilinin giineydogusunda bulunan Cayiralan ilgesinin
kuzeydogusunda yer almakta olup Akdagmadeni Metamorfitleri olarak adlandirilan
kristalin kiitle tizerinde yer alir. Bu kristalin kiitleyi olusturan stratigrafik birimlerin
alttan ste dogru sistler (kuvars — mikasist, kuvars — muskovitsist, granat —
mikasist, biyotitsist ve kuvarssist), kalksistler, mermerler (mika — mermer, saf
mermer, kuvars — mermer, grafit — mermer ve epidot — mermer) ve bu birimler
icinde mercekler halinde bulunan amfibolitlerden olustugu belirlenmistir. Akdag
Madeni Metamorfitlerini agisal uyumsuzlukla Neojen yagsh Kiziirmak Formasyonu ve
Kuvaterner yash aliivyonlar iizerler. Lepido — granoblastik ve lepido - porfiroblastik
doku 6zelligine sahip sistler granat, plajiyoklaz gibi minerallerin yapisal ve dokusal
verilere gore pre-tektonik, sin-tektonik &zellikler gosterir. Kivrimlanmanin yogun
olarak gerceklestigi inceleme alaninda yapisal analizlerle metamorfizma ile ig ice
gelisen iki ayr kivimlanma evresi ve bir kiriklanma evresinin varligi saptanmigtir. F;
ve F, kivrimlanma evreleri olarak tanimlanan bu deformasyonlar sonucunda ana
yapinin kanatlarinda korunmus olarak gdzlenen diizlemsel yapilar (S;), S2 ve S3
diizlemlerinin gelistigi belirlenmistir. F; yapisal evresinde meydana gelen kivrimin
(B;) eksen konumu K86D/23GB olarak tespit edilmis S; foliasyon diizlemi, bu
kiviimlanma sirasinda gelismistir. F; evresine ait kivrim ekseni yonelimlerinin,
onceki evreyi lizerleyen geng deformasyonlar sonucu biikiildigu, ve genel yon D-B
yoniinden 47° sapma gésterdigi ve KD-GB yoniinde gelistigi belirlenmis ve kivrimin
eksen konumu K47D/3GB olarak tespit edilmistir. F, yapisal evresi olarak
tanimlanan bu evrede S; diizlemlerinin gelistigi anlagiimaktadir. Kivrimlanmay: takip
eden kiriklanma evresinde (F;) yodun bir kiriklanmanin geligtigi goézlenmistir.
Olciilen catlak degerlerinden gatlak sistemi analizleri uygulanmistir. Yapilan
degerlendirmede, bazi aykirikliklar diginda catlak konumlarinin, egemen catlak
yoneliminin - K36B/74GB  konumunda oldugu ve usteleyen deformasyonlarla
meydana gelmis olan ana tektonik eksenle uyumlu oldugu gozlenmektedir.
inceleme alaninda belirlenen ana fay sistemleri KB — GD ve KD — GB yonli kivrimli
yapilari verev konumda kesen oblik atimli sol yonlii faylar ile temsil edilmektedir.

GEOLOGICAL AND STRUCTURAL CHARACTERISTICS OF SOBEGIMEN
VILLAGE (GAYIRALAN-YOZGAT) AND ITS AROUND

The investigated area is situated on a crystalline massive known as Akdagmadeni
metamorphites and  located  northeast  of Cayiralan  (southeast of
Yozgat).Stratigraphic units are determined from bottom to top as schists (quartz-
micaschist,  quartz-muscoviteschist, . garnet-micaschist,  biotiteschist and
quartzschist), calcschists, marbles (mica-marble, pure-marble, quartz-marble,
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graphite-marble and epidote-marble) and amphibolites found as lenses between
these units. In the study area, sedimantery units overly the Akdag metamorphites
with an angular uncorformity. Neogene aged Kizilirmak Formation and Quaternary
aged Alluvial deposits constitutes the sedimantery cover. Garnet and plagioclase
minerals in schist in lepidogranoblastic and lepidoporphyroblastic texture have
tented to indicate pre-tectonic, syn-tectonic properties.As a result of intensive
folding took place in the study area there are two different folding phases and a
fracturing phase associated with related metamorphism were determined by
means of structural analsis. Planar. structures that are protected in the limbs of
main structure (S;), S; and Ss surfaces are developed by the result of deformations
that was known as the F; and F, folding phase. The location of the folding (B,)
axis, occurred while S, foliation surface was devoloping at F, structural phase is
determined as N86E/23SW. The folding axis orientations belong to F; phase were
buckled, as a result of the early deformations that were overlying previous phase
and the main direction of folding axis deviated from E-W to NE-SW and determined
as N47E/3SW. In this phase as known as F, structural phase that S; surface were
developed. An intensive fracturing were developed at the fracturing phase (F3)
after folding. Fracture system analyses were done with the fracture data taken
studied area. The evaluations excepting some abnormalites, the main fractures
determined as N36W/74SW are accordance with main tectonic axis which was
formed by the superimposed deformations. The fault systems are represented by
oblique slip faults that are crossly intersected with NW-SE and NE-SW direction of
folded structures.
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VAN GOLU HAVZASINDA DEPREMSELLIGIN PERIYODIK TEKRARLANMA
OLASILIKLARI

fsmail AKKAYA, Onur KOSE

Yiiziinci Y1l Universitesi, Jeoloji Mihendisligi Bolimi, Zeve KampUsi 65080 VAN

Tirkiye'de (¢ biiylik levhanin (Afrika, Arap ve Avrasya levhalar) goreceli
hareketleri sonucu, zaman icerisinde yikici depremler meydana gelmektedir. Bu
calismada, Van Goli havzasinin depremselligini incelemek tzere 37°-40° K ve 41°-
45° D cografi koordinatlari arasinda yer alan bolge ele alinmistir.

Arap Levhas’nin, Avrasya Levhasi’min altina dalarken kenet olusturdugu Bitlis
Bindirme Kusagi'min hemen kuzeyinde bulunan Van Goli havzasi, ayni zamanda
Kuzey Anadolu Fay'nin Dogu Anadolu Fayr'yla kesistigi Karliova Eklemi ile Zagros
Fay Zonu arasinda yer alir. Onemli sismik aktivite gosteren Caldiran Fayi'nin da
icinde yeraldigi bir gegis fay zonu iizerinde bulunmasi Van Goli havzasinin
depremselligine ayr bir dnem kazandirmaktadr.

Tarihsel ve aletsel doneme ait verilerin kullanildidi galismada, depremlerin zaman
icerisindeki dagiimlari incelenmistir. Bu incelemelerde zamansal kimelenme
gosteren depremlerin merkez (issii dagiim haritalari hazirlanmis, magnitid —
frekans iliskilerinden yararlanilarak zamana badh sismik risk ve tekrarlanma
periyotlar hesaplanmistir.

PERIODIC RECURRENCE PROBABILITIES OF SEISMICITY
IN THE VAN LAKE BASIN
In Turkey, desctructive earthquakes occurs at time due to relative motions of
African, Arabian and Eurasian plates. In this study, the region located in the frame
of 37°-40°N and 41°-45°E geographic coordinates is discussed for the seismicity of
the Van Lake basin.

Van Lake basin, situated at near north of the Bitlis thrust zone sutured in where
the Arabian plate underlies the Eurasian plate, is also located between the Zagros
Fault Zone and the Karliova joint where two intracontinental faults limiting the
Anatolian platelet conjugate, the dextral North Anatolian and sinistral East
Anatolian transform faults. To be settled on a transitional fault zone, also
containing the Caldiran Fault which presents a significant seismicty, gives an
exceptional importance to the seismicity of the Van Lake Basin.

In this study, periodic distributions of the earthquakes are investigated from
historical and instrumental earthquake information data. In our study, epicentre
dispersion maps are presented for the earthquakes represented by a spatial and
periodic cluster. Seismic risks due to the time and recurrence periods are also
calculated by using the relation between magnitude and frequency of the
earthquakes occurred in the Van Lake basin.
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JEOLOJi ARASTIRMALARI VE MADEN ARAMA KONULARINDA BITKI
ORTULU ALANLAR ICIN GELISTIRILEN UZAKTAN ALGIMA VE CBS
YONTEMLERI VE SONUCLARI: DOGU KARADENIZ ORNEGI

A.Unal AKMAN*, Tomoji SANGA**, Temel TOPCU*, Tetsuo SATO** ,

Yasuyuki YAMASHITA**
* MTA Genel Midirlg, Uzaktan Algilama Laboratuvari, 06520 Ankara
** NED, Tokyo Japonya

Bu bildiride, MTA-NED-ERSDAC ortak uzaktan algilama projesinin 1998-2001 yillari
arasinda yapilan calismasinda uygulanan yontemler ve elde edilen sonuglar
sunulmustur. Proje, Ordu-Artvin arasini igeren Dogu Karadeniz BGlgesi‘nin
magmatik yay olarak bilinen jeolojik alanini kapsar.

Inceleme alani birimleri Paleozoyik-Eosen yas araligindaki baglica granitik sokulum
kayaclarindan, asidik ve bazik puskiiriik kayaglarindan ve kismen tortul kayaglardan
olusmaktadir. Bu magmatik yayin Geg Kretase déneminde gelismis masif sulfit
cevherlesmeleri, Tiirkiye'nin dnemli metalik maden Uretimini olusturur. Bilinen
maden rezervlerinin azalmasi ve bdlgenin yogun bitki ortiisii, aramalarda bazi yeni
yontemlerin de arastinlmasina yoneltmektedir. Bdylece, litoloji ve alterasyon
belirlemesini kapsayan klasik uzaktan algilama yontemleri diginda, potansiyel
maden alanlarinin ve yapisal unsurlarin gikartiimasinda ve jeoloji evriminin ortaya
konulmasinda yeni yéntemler uygulanmig ve gelistiriimistir. Bu amagla LANDSAT
TM, JERS-1 ve ASTER uydu verileri ile sayisal yikseklik modellerinden (SYM)
yararlanilimis ve su yontemler uygulanmis ya da geligtirilmigtir: A) Cizgisellik ve
yuvarlak yapilarin gérsel yolla gikartiimasi; I. Uydu gorintileri kullanilarak, II. SYM
kullanilarak elde edilen; a-Tek acili gélgeli gorintii Uzerinden, b-Cok agili gdlgeli
goriintii  iizerinden yapilmasi. B) SYM ile jeolojik ve jeomorfolojik bilgiler
cikartiimasinda su yontemlerden yararlanimigtir; 1. Sirtlarin  ve vadilerin
cikartilmasi, 2. Yiikseklik dagiim modeli kullaniimasi, 3. Standart ylizey sekilleri ve
yiikseklik dagiim anomalilerinin tanimlanmasi, 4. Drenaj sistem analizi, 5.
Parcalanma analizi. 6. SYM kullanilarak SAR gérintiileri lizerinde calismalar; a)
Orto-projeksiyon doniisiimii yapiimasi ve bdylece gizgisel yapilarin gikariimasinda
etkinligin gelistirilmesi, b) Geri-yansima degerlerinin topografik dizeltmelerinin
gelistirilmesi ve c) Geri-yansima Ozelliklerinin yansittigi duzensizliklerin jeolojik
farkliliklardan kaynaklanma olasiiginin arastiriimasi seklinde gergeklestirilmistir.

Ayrica bazi temel ve ileri CBS analizleri yapilmistir: 1. Dasitik birimler icerisindeki
yuvarlak yapilar ve gizgisellik ile minerallesme iligkisini saptamak uzere katlama
‘overlay’ analizi 2. Tampon ‘buffer’ zonlari igerisine diigen masif sulfit
cevherlesmelerinin olasilik analizi, 3. ‘Boolean logic’ modeli ile olasilik haritalarina
dayall olarak potansiyel minerallesme haritasi yapiimasi.

Caligilan tiim bu yontemler sonucunda cizgisellikler ve yuvarlak yapilar gikartiimig,
ortii dolayisi ile saptanamayan altere kayag sinirlar SYM'ne dayali gesitli topografik
analizler ile ckartiimaya caligiimig, gizgisellik-yuvarlak yapi-altere alanlar ve
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minerallesme arasindaki bolgesel iligkiler ile potansiyel bir minerallesme haritasi
elde edilmis, 6zellikle topografyay: sekillendiren Tersiyer doneminin geg evrelerine
ait jeodinamik evrim cikartilmis, bélgede daha 6nce pek az bir kesimi haritalanmis
olan ana tektonik gizgiler ve nitelikleri ortaya konulmustur. Bu sekilde KAF zonuna
paralel, olasilikla Oligo-Miyosen'de gelisip, Pliyosende’de etkin olan Kiimbet fayinin
sag yanal dogrultu atiml bir fay olup, doguya dogru Giimiighane bindirme fayina
baglandigi, daha doduda ise bélgenin bilinen saat yoni tersi hareketinin Rize ve
Kelkit bindirme zonlarinin gelisimine yolagtidi sonucu gikartilmistir. Ayrica, Kiimbet
fay! ile KAF oncesi ve/ya da KAF zonu arasinda Sebinkarahisar dolayindaki bilinen
Oligo-Miyosen karasal ve jipsli gokeller ile Pliyosen volkaniklerinin gelisimine neden
olan gek-ayir benzeri bir havzanin gelistigi ve daha sonra bu havza icerisinde, GB
yoniinde kayma/heyelan sekilli asinmalarin olustugu Ongérilmistir. Bolgedeki
egemen gizgiselliklerin bdlgenin batisinda BKB-DGD, orta kesiminde K-G ve dogu
kesiminde ise KD-GB ile DKD-BGB dogrultularinda yer aldiklari saptanmis ve
bunlarin bilinen damar tipi minerallesmeler ile de genellikle uyumlu olduklari
gozlenmistir. Bu egemen gizgisellik dogrultularinin olusmasinda bati kesimde KAF
zonu ile Kimbet fayinin, dogu kesimde Rize ve Kelkit bindirme zonlar ile
Kuzeydogu Anadolu fayinin etkisi olmalidir. Orta kesimdeki cizgiselliklerin
olusmasinda ise bdlgenin dogu kesiminin saat yonii tersi hareketinin olusturdugu
gerilmelerin K-G dogrultulu kirilmalara neden oldugu soylenebilir.

Sonug olarak; yapilan tim bu calismalarin belirli boliimleri arazide kontrol
edilmistir. Ancak bdlgesel ve 6n galisma niteligindeki bu bulgularin, bélgede cesitli
disiplinlerde galisanlarin arastirmalarina isik tutmasi beklenmektedir.

REMOTE SENSING AND GIS METHODS AND RESULTS FOR GEOLOGICAL
INVESTIGATIONS AND MINERAL EXPLORATIONS APPLIED TO THE
VEGETATION COVERED AREAS: THE EASTERN BLACK SEA EXAMPLE

This article presents the methods and the results obtained from the study
conducted between the MTA-NED-ERSDAC Joint Remote Sensing Project which
performed from 1998 until 2001. The project consists of the area from Ordu to
Artvin in the eastern Black Sea region which corresponds to the magmatic arc
geologically.

The study area is mainly composed of granite intrusions and acidic to basic
volcanic rocks, and sedimentary rocks partly, from Paleozoic to Eocene ages. The
massive sulphide deposits have been developed related with magmatic arc of Late
Cretaceous time consist of the important production of metallic ores of Turkey. It
became necessary to apply some new methods in mineral exploration due to the
reduction of the known deposites, and due to the dense vegetation in the region.
So, some new methods have been applied and developed for the extraction of the
potential mineralization areas and structural elements, exception classical remote
sensing techniques including lithology and alteration identification.  For this
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purpose, LANDSAT TM, JERS_1 and ASTER satellite data and digital elevation
models (DEM) were used, and the following techniques have been applied or
developed: A) Ectraction of circular structures and lineaments by visual
interpretations; 1. Using satellite images, II. Obtained using DEM; a_By single
angle shaded image, b_ By multi angle shaded image. B) In extraction geological
and geomorphological information, the following methods have been used; 1.
Extraction of ridges and valleys, 2. Use of altitudinal dispersion model, 3. Definition
of standart landforms and altitudinal dispersion anomalies, 4. Analysis of drainage
system, 5. Analysis on dissection, 6. On SAR images, high order processing also
were carried out by DEM; a) Evaluation of effectiveness of lineament interpretation
by ortho projection conversion, b) Development of topography correction of
backscattering values, and c) Possibility of distinguishing the roughness caused by
difference of geology by backscattering characteristics.

Besides, some basic and advanced GIS analyses have been performed: 1. Overlay
analysis to determine the relations between mineralizations, lineaments and
circular structures in dasitic rocks, 2. Probability analysis of massive sulphide
mineralization in buffer zones, 3. Potential mineralization mapping based on
probability maps by Boolean logic model.

By these methods, the lineaments and circular structures and the altered rock
boundaries covered with vegetation by several topographic analysis based on DEM
have been extracted, and the information of the regional relations between
lineaments-circular structures-altered areas and the potential mineralization map
have been obtained. Especially, the geodynamic evalution formed topography
related to upper part of Tertiary time has been detemined, and the main tectonic
lines and their charecteristics, which have not been mapped in the previous works
have been revealed. By this way, it was concluded that the Kiimbet fault which
was developed probably in Oligo-Miocene is a dextral strike-slip fault, and
connected to the Giimiishane thrust at the eastern end. Following this line, the
Rize and Kelkit thrust zones have been developed by the probably anti-clockwise
rotation of the area. Besides, a basin developed in Oligo-Miocene between the
NAF or a prior fault that developed as a dextral strike-slip before NAF, in which
terrestrial sediments deposited intercalated with gypsum and volcanic rocks around
Sebinkarahisar town. It can be concluded that this basin which was opened like a
pull-apart mechanism has been eroded by similar landslide movement to the SW
direction in a later stage.It was determined that the dominant lineament directions
are WNW-ESE in the west, N-S in the central part and between NE-SW to ENE-
WSW in the eastern part of the region, and those are similar to the directions of
vein type mineralizations mostly. The effects of the alongation of Eastern Black Sea
Basin axis, NAF and Kiimbet fault are the reasons of development of the dominant
directions in the western part. The Rize and Kelkit thrust zones, and NEAF may be
the reason in the eastern part. The known anti-clockwise rotation of the eastern
part may cause the N-S lineaments in the central part, similar to tensional cracks.
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As a conclusion; some results of this study have been checked by ground-thruth
studies. However, those are regional pre-findings, and they must be investigated in
detail by the researchers belong to the different disciplines in the field. Therefore,
it is expected that the results will be useful to the researchers.

16



55. Turkiye Jeoloji Kurultay!
55" Geological Congress of Turkey

KUZEY ANADOLU'DA YUZEYLEYEN TITONIK FASIYESTEKI
KIREGTASLARININ BIYOSTRATIGRAFIK KARSILASTIRILMASI

Mehmet AKYAZI, Mahmut TUNG

Cumbhuriyet Universitesi, Jeoloji Mihendisligi Bolim, 58140 Sivas

Titoniyen katinin 6zel bir driini olan ve Titonik fasiyes olarak adlandirilan ince
tabakali pelajik kirectaslari icerisinde bol olarak bulunan Calpionellid’ler, iran’in
dogusundan batiya dogru, Dogu Meksika'ya kadar uzanan Tetis provensi igerisinde,
cok genis cografik yayilima sahiptirler. Bu kadar genis cografik yayilim goésteren
Calpionellid* ler Ust Titoniyen-Berriyasiyen'in giiclii géstergeleri olmalarindan ve
herhangi bir mikro veya nannofosil gruplarindan daha kararl olmalarindan dolayi
onemlidirler.

Tetis provensi icerisinde yer alan Tiirkiye de ozellikle de kuzey Anadolu'da; Ust
Jurasik-Alt Kretase vyiizleklerinin genis vyiizlekler sundugu bilinmektedir. Kuzey
Anadolu’da; Bilecik, Bolu, Ankara, Kastamonu, Merzifon, Erzurum ve Bayburt
yorelerinde ylizeyleyen Geg Jurasik-Erken Kretase yash kiregtaglan Titonik fasiyes
urlinleridir ve bol Calpionellid igerirler.

Kuzey Anadolu’da oldukga genis cografik yayihm sunan bu birimler, litostratigrafik,
kronostratigrafik ve biyostratigrafik agidan biyiik Olglide benzer ozellikler
gostermektedirler.

BIOSTRATIGRAPHIC CORRELATION OF TITHONIC FACIES LIMESTONES
IN THE NORTHERN ANATOLIA

The Calpionellides which are a special product of Tithonian age and are found in
abundance within thin-layered pelagic limestones named as Tithonic facies are
geographically very widespread within Tetis province that lays from the east of
Iran to the east of Mexico. The Calpionellides that show such wide geographical
spreading are important as they are significant representatives of Upper Tithonian-
Berriasian and they are more resolute than any micro or nanno fossile groups.

Upper Jurassic-Lower Cretaceous units show wide outcrops in Turkey, northern
Anatolia in particular, which is located within Tethyan province. Upper Jurassic-
Lower Cretaceous limestones which outcrop in Bilecik, Bolu, Ankara, Kastamonu,
Merzifon, Erzurum and Bayburt regions of north Anatolia are products of Tithonic
facies and contain calpionellides in abundance.

These units that present wide geographic distribution in north Anatolia and show
very similar lithostratigraphic, choronostratigraphic and biostratigraphic features.
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KOKLUCE (SIVAS) OMURGALI FOSIL YATAGI

Mehmet AKYAZI*, Nazire Ozgen ERDEM*, Nurdan INAN**

*Cumhuriyet Universitesi, Jeoloji Muhendisligi Bolimai, 58140, Sivas
**Mersin Universitesi, Jeoloji Miihendisligi Bolimi, 33342, Ciftlikkdy Mersin

Sivas'in batisinda yeralan Kokliice kdyii civarinda, Geg Miyosen-Erken Pliyosen yasli
Incesu formasyonunun iist seviyelerinde, fosil sayisi ve gesitliligi bakiminda zengin
bir omurgali fosil yatagi bulunmustur. Incesu formasyonu, cakiltasi, marn, bol
fosilli, killi kumtaglarindan olusur ve akarsularla beslenen gél ortamini temsil eder.
Bu birim, jipslerden olusan Orta Miyosen yash Saritepe formasyonunu uyumlu
olarak Uizerler. Incesu formasyonu iizerinde Geg Pliyosen yasl Bayat Volkanitleri
yeralir.

A VERTEBRATA FOSSIL BED FROM KOKLUCE (SiVAS)

A vertebrata fossil bed, which is very rich in fossil types and number was found in
upper levels of Late Miocene-Early Pliocene aged Incesu formation in Koklice
village located to the west of Sivas town. Incesu formation contains conglomerate,
marl, clayey and fossiliferous sandstones and represents a lacustral environment
fed by streams. This unit overlies conformably Middle Miocene aged Saritepe
formation that is composed of gypsium and is overlain by Upper Pliocene aged
Bayat Volcanics.
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ERYAMAN-FATIH BOLGESI (ANKARA BATISI) YERALTISULARINDA BOR
TEHLIKESI VE PARK-BAHGE SULAMADA KARSILASILAN BAZI SORUNLAR

Ahmet APAYDIN, Adem ONEY, Sahin KUMBAROGLU
DSI Genel Midurltga, V. Bolge Mudurligu, Ankara

Kurak iklim kusaginda yer alan bir bozkir kenti olan baskent Ankara’da son yillarda
yesil bir gevreye ilgi ve yesil alanlarin korunmasina yonelik cabalar artmaktadir.
Ozellikle kentin yeni yerlesim alanlari olan ve genis yesil alanlara sahip Batikent,
Eryaman ve Eskisehir yolu glizergahindaki Umitkdy, Cayyolu, Korukent, Konutkent
gibi bolgelerde bu ilgi odukga yogundur. Kentin igme suyunun oldukga pahali olusu
yeraltisularina olan talebi arttirmaktadir. Son birkag yildir bu bolgelerde park-bahge
sulama amaciyla yogun bir sekilde sondaj kuyulari agimaktadir. Ancak Batikent,
Eryaman ve Fatih bélgesinde yeraltisularinda bazi kalite sorunlar bulunmaktadir.
Halkin ve sondaj firmalarinin bilingsiz alismalari, bu sorunu bilyiitmekte ve daha
da karmasik hale getirmektedir. Bu bolgelerde agilan bazi sondaj kuyulariyla
sulanan alanlarda cimlerde ve agaglarda kuruma ve bazi anormallikler
gbzlenmektedir.

Bu olumsuzluklarin yogunlasmaya bagsladigi Eryaman-Fatih bdlgesinde sorunun
kaynagini arastirmak ve halki aydinlatmak amaciyla pilot bir calisma alan
secilmistir. Bu alanda yeraltisularinin kimyasal ézellikleri ve sulamada 6nem taslyan
bazi kimyasal parametrelerin alansal dagiimi ve degisimi, ayrica bu degisimin
derinlik ve akifer kaya tiirii ve kimyasi ile iligkisi arastirimaya galigilacaktir. Ayrica,
yeraltisuyundan sulama yapilan alanlardan periyodik olarak toprak ornekleri
alinarak gerek cim tiirleri, gerekse agaglar icin risk tasiyan Bor, kalici sodyum
karbonat (RSC), tuzluluk (EC) gibi sulamada onemli parametrelerin toprak
biinyesindeki miktari ve sulanan alanlarda zamanla degisimi izlenmeye
caligilacaktir.

Bu bildiride, yukarida ana hatlan belirtilen ve heniiz baslangig asamasinda olan
calismanin ilk bulgular sunulacak ve ozellikle Bor fazlaliginin yesil alanlarda
yarattigi zararlar ve gelecek igin tasidigi riskler {izerinde durulacaktir.

BORON HAZARDS OF GROUNDWATER IN ERYAMAN-FATIH REGION
(WEST OF ANKARA) AND SOME PROBLEMS ON IRRIGATION OF PARKS

In recent years, people’s interest to green environment is growing and expanding
in Ankara which has arid climate conditions. Especially, in the new settiments such
as Batikent, Eryaman, and Ankara-Eskisehir highway route which have larger green
fields, this interest is excessive. Because the drinking water of Ankara Municipality
is rather expensive, people want to have drilling well and irrigate their gardens by
groundwater. That's why, people have drilled a lot of wells and have begun to use
groundwater as irrigation water in above districts for some years. But, there are
some quality problems in groundwater in Batikent and Eryaman districts, and

19



55. Tiirkiye Jeoloji Kurultay
55" Geological Congress of Turkey

unconscious works of residents and driller of wells becomes the problems more
complex and thretening. It was met some anomally on the grass and trees on
some fields irrigated by grounwater.

A plot study was started which is aimed to explore the origin of problems and to
enlighten the residents in Eryaman-Fatih region in which problems becomes
serious. In this study, it will be investigated origin, spatial and vertical distribution
of hydrogeochemical parameters in groundwaters which are important in wiew of
irrigation. And it will be investigate the relation between some chemicals and
aquifer lithology and chemistry. In addition, by extracting and analysing the soil
samples in irrigated fields periodically, it will be tried to investigate the change in
consantration of some chemicals such as RSC, EC and Boron in the soil.

This paper contains the first conclutions of the study, and particularly Boron
hazards on the grass fields, trees and risks in the future.
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KARATEPE BAZALTLARININ(GORLU-TEKIRDAG), YAPI MALZEMES]
OLARAK KULLANABILIRLIKLERININ INCELENMES]

) I.Feda ARAL
Trakya Universitesi, Corlu Mihendislik Fakdltesi, 59860, Corlu Tekirdag

Karatepe bazaltlari, Corlu'nun 7 km batisinda Karatepe mevkiinde 114,850 m* ‘ye
yayllmis 5 ayri firma tarafindan uretiimektedir.

Bu calismada ocaklardan gikartilan bazaltlar, kirnlip, 6giitilip, ingaat sektorinde;
beton agregasi ve dolgu malzemesi olarak, yol ust yapi malzemesi olarak, kopri ve
menfez insaatlarinda, golet, baraj, dalga kiran insaatlarinda, balast ve parke tasi
olarak kullanilabilme nitelik ve niceligine sahip oldugu saptanmistir.

Tas ocaklarindaki malzemenin yapi endiistrisinde degerlendirilmesinde tanenin
boyu ve sekli, alkali madde igerigi, gozenekliligi gibi tim jeolojik ve mihendislik
kriterleri 6nemli olmaktadir. Bu nedenle Karatepe bazaltlarinin en verimli kesimi
ayrisma ve alterasyonun gok daha az oldugu, biraz daha derinlere dogru bulunan
siyah renkli bazaltlar olarak tanimlanan kisimdir.

INVESTIGATING THE EFFICIENCY OF KARATEPE BAZALTS (GORLU-
TEKIRDAG) AS BUILDING MATERIAL

“Karatepe” is the name of a region which is 7 km far west from Corlu and has
114,850 m? of basalt mines. There are 5 firms operating in the region for basalt
production.

In this study properties of basalt material obtained from Karatepe region is
observed. Before considered as building material, Karatepe Basalts has examined
from their geotecnical and engineering properties of view. Basalts can be used as
construction material when crashed and grinded. They may be an aggregate in
concrete construction, fill material in road construction and also can contribute
various construction applications such as bridge, culvert, dam and breakwater
constructions.

In each application, properties of Basalt to be used such as their sahape and size,
alkali ingredient and porosity has a major role. In this study it is also shown that
most efficient part of Karatepe Basalt mine is oriented in deeper depths then that
of usual excavation depths which they have less alteriation and more massive
characteristics and are black in colour called as “Black Bazalts”.
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_ GATLAK SIRT TiPi LAMINALI TRAVERTEN-TUFA COKELLERININ
MiKRODOKUSAL OZELLIKLERI, OLUSUMU VE DIYAJENEZI, KIRSEHIR,
ORTA ANADOLU

Esref ATABEY
MTA Genel Muduirligd, Jeoloji Etitleri Dairesi, 06520, Balgat Ankara

Kirsehir merkezi Kusdili ve Kayabaginda kuzeydogu-glineybati yonlii agilma catlag
boyunca gelismis sirt tipi traverten-tufa yeralir.Traverten sirti yaklagik 800 m
uzunlugunda,10-30 m genigligindedir. Catlaktan ¢ikan kalsiyum bikarbonat ve
minerallerce doygun sicak yer alti suyu, ¢atlagin duvarlarinda ve her iki yaninda
sar, turuncu, kahverengi, krem renkli traverteni gokeltmigtir. Catlak duvarlarinda
catlaga paralel sik dokulu ve sert, laminali ve ince tabakali traverten kabuklar
cokelmistir. Sirtin her iki yaninda ise yamag egimine uygun tabakalli kabuklar,
bosluklu, siingerimsi tufa oOzellikli gokelim biciminde gergeklesmistir. Sicak su
kokenli bu traverten-tufa icerisinde yaygin olarak gali benzeri mm ve cm boyutunda
mikroskopik yapilari bulunur. Bunlar, 1-Dentritik yapilar ile 2-Kristal demetleridir.
Dentritik yapilar mikritik agregath, cali kiimesi, kamis demeti, ufak dal sekillidir.
Dallar arasi kalsit kristallidir. Kristal calilar ise dentritik yapilarina benzer olup,
bazilarinin bicak sekilli ve kaba kristalli, bazilarinin ise lifsi isinsal kristal yapilariyla
ayrilir. Dentritik yapilar yaygin olarak catlagin her ik yamacindaki laminali
kabuklarda ve mikroteras havuzlarinda geligmistir. Kristal demetleri ise kimyasal
cokelme ile catlak duvarlarina paralel laminali kabuklarda bulunur. Lifsi kristallerin
c-eksenleri boyunca prizmatik kristaller ve onlarinda lzerinde super kristaller
geligmistir.

MICROTEXTURAL PROPERTIES, FORMATION AND DIAGENESIS OF THE
FISSURE-RIDGE TRAVERTINE-TUFA DEPOSITS, KIRSEHIR, CENTRAL
ANATOLIA

In Kirsehir center, Kugdili and Kayabagi along NE-SW directed extentional fracture,
there is a fissure ridge type travertine-tufas. Travertine ridge has approximately
800 m length and 10-30 m width. The hot water exposed from fissures and
saturated with calcium bicarbonate and minerals, have caused to deposit orange,
brown, cream colored travertine in the walls of fissures as well as along the both
sides. On the walls of the fissures, parellel to the fissures, compact and hard
laminated thin layered travertine crusts were deposited, but in the both sides of
the ridges, consistent with the slopes, the layered crusts being porous,spongeous
tufas were deposited as well. Mm and Cm sized microscopic structures, similar to
shrubs, are commonly found in this hot water originated travertine-tufas. These
are; 1-Dentritic shrubs and, 2-Crystal banches. Dentritic shrubs own micritic
aggregate, shrub banch, reed banch, small twig shapes. There are calcite
crystalizations between the twigs. But the crystal shrubs are similar to the dentritic
structures; some of them are differantiated with their knife shapes as well as their
large crystals, and some of them, with their fibrous ray crystal structures. Dentritic
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shrubs have developed in the laminated crust and microterace pools, located on
the both slopes of the fissures. On the other hand, the crystal banches are
common on the parellel laminated deposited chemically. Super crystals were
developed along c-axes of the fibrous crystals, within and on the phrizmatic
crystals.
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KANSER NEDENI ERIONITLI TUFLER ILE GOL COKELLER] iLiSKisi,
KAPADOKYA YORESI, NEVSEHIR, iC ANADOLU

Esref ATABEY
MTA Genel Midiirliga, Jeoloji Etltleri Dairesi, 06520, Ankara

Kapadokya yo6resi Hasandagi, Melendiz dadi ve Erciyes dadi gibi (¢ biyiik
yanardagin milyonlarca yil devam eden piiskiirmeleriyle olusan kalin bir volkanik
ortlyle kaplanmigtir. Kapadokya boélgesinde Nevsehir iline bagh Tuzkdy, Karain ve
Sarihidir kdylerinde yogun akcider kanseri goriilmistir. 1960 I yillardan bu yana
yapilan galismalarda kanser nedeni olarak bu yerlesim yerlerinin kurulmus oldugu
yerdeki tiifler iginde ignemsi erionit minerali saptanmis ve bu mineralin akciger zari
kanseri yaptigi gok yonli arastirmalarca kanitlanmistir. Diinya’da milyonda bir
goriilen akciger zan kanserinin Tuzkdy'de 1000 kat fazla oldugu Diinya Saglhk
Orgiitiince de onaylanmistir. Volkanik malzeme icinde tiiflerde gelisen zeolit grubu
minerallerden erionit, lifsi-ignemsi yapisi 6zelligi nedeniyle insanlara zararli etkisi
olmakta ve Mezotelyama denilen akciger zari kanserine yol agtigi belirtimektedir.
Erionit gibi asbest, kuvars, silis, komiir tozu, talk, mika, hematit, kromit, nikel gibi
mineraller insan saghdina zararli olmaktadir. Volkanizmanin yaygin oldugu Bati
Anadolu ve bazi vyorelere gore lifsi yapili Erionit minerali Kapadokya'da,
Kapadokya'da da Nevsehir'e bagl Tuzkdy, Karain ve Sarithidir kdylerinde insan
saghgini tehdit edici boyutlarda oldugu saptanmistir.Nigin bu (ic kdyde hastalk
yogunlasmistir? Baska yerlesim yerlerinde yoktur? Baska etkenler rol oynayamaz
mi? Tuzkdy'de en altta kayatuzundan olusan seviye, onun lizerinde erionitli tif,
tlifiin Ustlinde de gol gokelleri olan kiltagi, kumtasi bulunur. Sarithidir'da ise en altta
erionitli mercek seklinde tif ve onun lzerinde gol sedimanlari, tekrar tif kayasi ve
sonra da gol ¢okelleri yer alir. Tuzkdy ve Sarihidir koyleri, yaklasik 13.5 milyon vyil
once basglamis ve 6 milyon yil devam etmis olan Hasan dadinin tiifleri ile daha
sonra 7 milyon yil dnce ilk volkanik patlamay! yapan Erciyes ve Melendiz daglarinin
tlfleri Gzerinde kurulmustur. Karain koyiinde erionitli tif seviyesi ve onun da
tizerinde gol ¢okelleri yeraldigini goriilmektedir. Karain kdyiinin {zerinde kuruldugu
tuf yaklagik 5 milyon yil 6nce patlayan Erciyes, Hasandag ve Melendiz dagin
dranddur.Tuzkdy, Karain ve Sarihidir'da bulunan bu tiifler igerisinde yodun ignemsi
erionit minerali bulunmaktadir. Yoreki kayalar Kizilirmak nehri boyunca ve verevine
kesen faylardan etkilenmis, kirlmis ve kivrimlanmistir. Ozellikle kivrimlanmalarda
Tuzkdy'deki dogu bati yonli kayatuzu biriminin davraniginda “Tuz tektonigi” etkili
olmustur. Kanser olaylarinin en fazla oldugu Tuzkdy, Karain ve Sarithidir kdylerinin
golsel ortamda olusan gtkeller ve bu gokellerin altinda yer alan tiiflerin tizerinde
yerlesmislerdir. Ozellikle diinya’da da milyonda bir olan Mezotelyama Tuzkdy'de
1000 kat fazla gorilmesinin nedeni, Tuzkdy'lin Uzerinde yer aldidi tiiflerin altinda
kayatuzu kayalarinin olustugu gol ganaginin burada bulunmasidir. Tiflerin lizerinde
de killi kayalarin gelmis olmasi erionit mineralinin zenginlesmesine yol acmistir.
Sarihidir, Tuzkdy ve Karain'de daha once depolanmis olan tiifler (izerine gol
sedimanlarinin ¢gokelmesi bu tiflerin tuzlu-aci sulu ortamda kimyasal reaksiyona
girerek lifsi erionitin bilinyesinde zenginlestirmistir. Olusum anindaki g6l suyunun
asitligi ve bazikligi, tuzlulugu, iyon alis verisi, gézenek orani ve gémilme derinligi
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onemli rol oynamistir Kapadokya bdlgesinde 35-20 milyon yil 6nce karasal ortam
hakimdi, tuzlu g6l alanlan ve bu géllerde tuz tabakalari olustu. Daha sonra bu gol
alanlarina yaklagik 13,5 milyon yil dnce ilk defa patlayan Hasandagi malzemesi
tifleri ulagti. Tifler su ile kimyasal reaksiyona girerek erionit mineralinin olusmasini
sadladi. Bugiin bu kayatuzu ve onun lzerine gelen tiif tabakalarini Tuzkdy'de
gormekteyiz ve dinyada en vyaygin kanser olayinin oldudu vyer olarak
belirtiimektedir. Benzer olusum Karain ve Sarihidir icinde gegerli olmaktadir. Ancak
Karain ve Sarihidirda Tuzkdy'de oldugu gibi tiiflerin altinda kayatuzu
gorilmemekte, tiiflerin Uzerine dogrudan golsel kiltasi, tifit gelmektedir. Bu
yerlerdeki tiflerde bir gol suyu igine girmis ve biinyelerinde erionit zenginlesmesi
olmugtur. Daha sonra gol ¢okelleri tizeri Nevsehir ve gevresinde yaygin oldugu gibi
tuf, bazalt tiirli volkanik kayalarla ortiilmistir. En sonunda yore kayalari genc
faylarla kinlmig, kivrimlanmig olup, erozyon ve baska bir dizi jeolojik olaylarla
aginarak bazi alanlarda vadiler gelismis, asinmayan alanlar orijinal konumunu
korumugstur. Tiim Kapadokya risk altinda olmayip belli zamanda gél ortamiyla iliskili
olan tiflerde kanser yapici erionit zenginlesmistir.

RELATION OF LAKE SEDIMENTS AND ERIONITE BEARING TUFFS WHICH
SOURCE CANCER, NEVSEHIR, CENTRAL ANATOLIA

Cappadocia province is covered by a volcanic cover formed due to the million years
continued eruption of three big volcanoes as Hasandag, Melendiz Mountain and
Erciyes Mountain. In the Tuzkdy, Karain and Sarihidir villages of Nevsehir at the
Cappadocia, intensive lungs cancer is observed. In the studies made since 1960s in
the presence of needle like erionite minerals in the tuffs is determined at the place
of these villages and it is proved by many studies that the erionite mineral is the
cause of the pleura cancer. While observed one in a million in the world it is also
approved by World Health Organization that pleura cancer is observed 1000 times
more in Tuzkdy. It is stated that Erionite, which is a zeolite group mineral forming
in tuffs in volcanic material, due to its needle like - fibrous peculiarity, is harmful
for people and causes the pleura cancer, so called Mesotelyama. Asbest, quartz,
silica, coal dust, talk, mica, hematite, chromite and nickel as erionite are harmful to
people health. Comparing to West Anatolia and some provinces where volcanism is
widespread, especially in Tuzkdy, Karain and Sarihidir villages of Nevsehir the
fibrous erionite mineral is challenging the people health. Why disease is intensified
in these three villages? Why does not occur in other provinces, may other factors
take role? In Tuzkdy region rock salt layer takes place at the bottom and above
rock salt erionite tuffs are present and at the top claystones and sandstones of
lake deposits are present. Whereas in Sarihidir village erionite bearing lens shaped
tuffs take place at the bottom and above tuffs lake sediments present. Again tuffs
came over the lake sediments, and these tuffs are overlained by lake deposits.
Tuzkdy and Sanhidir villages are founded on the tuffs of Hasandag which started
to erupt 13.5 million years ago and continued for 6 million years and tuffs of
Erciyes and Melendiz mountains which first erupted 7 million years ago. In Karain
village the erionite bearing tuffs and above the tuffs lake sediments are observed.
The tuffs, on which Karain village is founded, are the products of Erciyes, Melendiz,
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and Hasandagi mountains erupted approximately 5 million years ago. In these tuffs
around the Tuzkoy, Karain and Sarihidir villages intense needle like erionite mineral
ic present. The rocks in the region are affected, broken and folded by the diagonal
cutting faults and faults along the Kizilirmak river. "Salt tectonics" has been
effective on the behavior of the east-west directed rock salt unit in Tuzkoy,
especially during the folding. Tuzkdy, Karain and Sanhidir villages, in which the
cancer is appearing most compared to the other areas, are set on the sediments
formed in lake environment and on the tuffs that are at the bottom of these
sediments. The reason for the Mesotelyama, appearing one in million in the world
whereas 1000 times more in Tuzkgy, is that the lake basin in which the salt rock
unit formed below the tuffs on which Tuzkdy is founded. Clayey rocks coming on
the tuffs caused the enrichment of erionite mineral. Accumulation of the lake
sediments on to the tuffs deposited before in Tuzkdy, Karain and Sarihidir caused
the tuffs to enter chemical reaction with salty-acrid waters and this reaction
enriched the fibrous erionite. The acidic-basic proportion and the salinity of the
lake water, ion exchange, porosity and burial depth during the“formation took
important place. At the Cappadocia, 35-20 million years ago terrestrial
environment was dominant and during this time salty lakes and salt beds in these
lakes were formed. And later on 13.5 million years ago the tuffy material of firstly
erupting Hasandag were reached to these lake areas. The tuffs caused the
formation of erionite minerals by chemically reacting with water. Today we see the
salt rock and overlying tuff beds in Tuzkdy which is accepted as the most
cancerous place in the world. The same evolution can be acceptable for Karain and
Sarihidir. But in Karain and Sarihidir there is no salt rock under the tuffs as in
Tuzkoy. Here the lake claystone and tuffites directly overlies the tuffs. Also the
tuffs in these areas were accumulated in a lake and erionite enrichment was
happened. And later on these lake sediments were covered by tuffs and basaltic
volcanic rocks as common in Nevsehir and its surrounding. At the last these rocks
are folded and broken by the young faults and by some other geological
progresses these rocks eroded and as a result of these factors valleys are grown
up in some places and the other places, i.e. non-eroded parts, kept the original
position. The whole Cappadocia is not under the risk but the cancerous erionite
was enriched in some of the tuffs that were in relation with the lake environment
in some definite time interval.
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KUZEY KIBRIS TURK CUMHURIYETI'NDE DETAY JEOLOJI VE JEOTEKNIiK
INCELEMELER

Cavit ATALAR*, Giingdr MOLLAOGLU**, Ismail SOZEN**, Aydin BEYITLER***,

Hilmi BATIHANLI***, Mehmet NECDET*** Ayse OZHUR*** Aysen ALBAYRAK***
* Yakin Dogu Universitesi, Miihendislik Fakiiltesi, Insaat Miihendisligi Bolimii, Lefkosa, K.K.T.C.
** K.T.M.M.O.B. Maden Metalurgi ve Jeoloji Mihendisleri Odasi, Lefkosa, K.K.T.C.
*** K.K.T.C. Jeoloji ve Maden Dairesi, Lefkosa, K.K.T.C.

Kibris 9,251 km2'lik alani ile Akdenizin iiciincii ve Dogu Akdeniz bolgesinin en
bliyiik adasidir. Kuzey Kibris Tlirk Cumhuriyeti(K.K.T.C.) 3,299 km?2'lik alani kapsar.
Ada cografik olarak Avrupa, Asya ve Afrika kitalarinin kesisme noktasinda bulunur.
Jeolojik olarak da Avrasya, Arab ve Afrika levhalarinin kesistigi yerdedir ve bélgenin
jeolojik 6zelliklerini anlamada 6nemli rol oynar.

Kibris jeolojisi adanin morfolojisini tayin eder. Ada yaklasik dogu-bati uzaniminda
kuzeyden giineye dogru ilic ana morfolojik birime ayrilir. Girne daglan, Mesarya
ovasl ve Trodos dadlan. Jeolojik olarak da lic ana birime ayrilir. Girne daglar
birimleri, Mesarya baseni ve Trodos masifi. Ilk iki birim K.K.T.C.de temsil edilir.

Avrasya, Arab ve Afrika levhalarinin carpismasi ve ayrilmasi sonucunda Kibris,
Hellenik yay, Ege graben sistemi, Anadolu ve Sina mikrolevhalar ve birkag okyanus
baseninin olustugu kabul edilmektedir. Bu ofiolit komplekslerinin en biiyiiklerinden
biri ve en fazla inceleneni Trodos masifidir. Yogun arastirmalara ragmen Dodu
Akdeniz bolgesinin tektonigi konusunda fikir birligine ulasilamamistir.

Kibrisin en eski kayaglarn Trodos masifinin magmatik kayaglandir. Trodos masifinin
alterasyonundan tiireyen tortul kayaclarda en fazla sisme Ozelligi gosteren kil
minerali olan montmorillonit bulunur.

Kibrista ilk jeolojik incelemeler 1862 yilinda Gaudry tarafindan yapildi. 1905 yilinda
Bellamy ilk jeoloji haritasini yapti. 1:250,0000 olgekli jeoloji haritasi 1949 yilinda
Henson, Brown ve McGinty tarafindan yayinlandi. Cok sayida yabanci arastirmaci
Kibris jeolojisini inceledi.

K.K.T.C."de 1974'e kadar detay jeoloji ve jeoteknik incelemeler yapilmamigtir. 1974-
2000 yillan arasinda uygulanan ambargolar dolayisiyle uluslararasi kuruluglar
tarafindan herhangi bir proje kabul edilip finanse edilmemisti. Tiirkiye'nin finanse
ettigi, K.K.T.C. Jeoloji ve Maden Dairesi ile MTA Genel Midurligu'niin ortaklaga
yurittigti “K.K.T.C. Dogal  Kaynaklarini Arastirma ve Gelistirme projesi”
kapsaminda 1:25,000 Olgekli jeoloji haritalarr  1996-2000 vyillart arasinda
yapilmistir. Sehirlerarasi yol projeleri kapsaminda bazi  detay jeoloji ve jeoteknik
incelemeler yapilmigtir.

Birlesmis milletlerin sponsorlugunu yaptigi “Lefkosa Bolgesi ve Cevresi Deprem
Tehlikesi Belirleme Calismalari” ve “Sisen Killer: Kibris Yapilarinin Devamli Tehlikesi”
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projeleri kapsaminda Lefkosa Bolgesi ve gevresinin detay jeoloji ve jeoteknik
incelemeleri 2001'de baglatilmigtir.

K.K.T.C'nin Tektono-stratigrafik énemi yapilan yeni calismalar sayesinde bir kez
daha ortaya cikmistir. Lefkosanin batisinda Ovgos fay zonu Girne daglan birimleri
ile Mesarya grubunu ayirir. Lefkosa ve civarinin detay jeoloji ve sondaj calismalari
neticesinde Degirmenlik grubu iizerine gelen formasyonlari, zemin tirlerinin jeolojik
ozellikleri, cokelim birimlerinin diigey ve yatay dagihimlan arastinimistir. Orselenmis
ve Orselenmemis oOrnekler laboratuvarlarda incelenerek fiziksel ve mekanik
ozellikleri belirlenmistir.  Muhtemel ortiilii diri fay tespiti igin incelemeler devam
etmektedir. Dodu Akdeniz — Orta Dogu bdlgesinin tektoniginin agiklanabilmesi,
Kibris'in karmasik Senozoyik tektonigini ve adanmin sismik tehlike potansiyelinin
tesbit edilebilmesi icin K.K.T.C'nin tektonigi ve jeolojik evrimini anlamak gerekliligi
ortaya gikmigtir.

DETAILED GEOLOGICAL AND GEOTECHNICAL INVESTIGATIONS IN THE
TURKISH REPUBLIC OF NORTHERN CYPRUS

Cyprus with an area of 9,251 km?2 is the third biggest island in the Mediterranean
sea, and the biggest island in the Eastern Mediterranean region. North Cyprus
covers an area of 3,299 km2. The Island geographically is located in the center of
the triple junction of three continents Europe, Asia and Africa. Geologically it is also
situated at the triple junction of Eurasia, Arabian, and African plates, and plays a
very important role for the geological understanding of the region.

Geology governs the physiography of Cyprus. The island is divided into three
main features streching in an almost east-west direction, namely from north to
south the Girne range the Mesaoria plane and the Trodoos range. Cyprus
geologically is also divided into three main units from north to south, the Kyrenia
range and surrounding units in the north, the Mesaoria Basin in the center, and the
Trodoos massif in the south. The first two units are represented in T.R.N.C.

It is accepted that tectonic terranes of ophiolite complexes such as Cyprus, the
Hellenic Arc, the Aegean graben system, the Anatolian and Sinai microplates, and
several ocean basins are produced by the seperation and collision of Eurasia,
Arabian, and African plates. The Trodoos massif of Cyprus is one of the largest and
most studied of these ophiolite complexes. Despite the intensive investigations
carried out there is no concensus on the tectonics of the Eastern Mediterranean
region.

The Trodoos massif containing the eldest rocks of Cyprus comprises of magmatic
rocks. All sediments derived from the Troodos complex contain different quantities
of the most expansive clay mineral montmorillonite.

28



55. Tirkiye Jeoloji Kurultay:
55" Geological Congress of Turkey

Geological investigations in Cyprus started in 1862 by Gaudry. The first geological
map of the Island was published by Bellamy1905. The first stratigraphical survey
and 1:250,000 scale geological map was published by Henson, Browne, and Mc
Ginty in 1949. Many overseas experts organised geological field studies to Cyprus.

Until 1974 almost no detailed geological investigations took place in T.R.N.C.
Between 1974 to 2000 due to ambargos no project was approved and financed by
an international institution. 1:25,000 scale geological map of T.R.N.C. was
prepared as part of a project agreement with the Department of Geology and
Mining of T.R.N.C. and General Directorate of MTA which was financed by Tirkiye.
Some detailed geological and geotechnical investigations were carried out for
highway construction projects.

Two projects "Seismic Hazard Assessment for the Nicosia Area" and "Swelling
Clays: A Continuous Threat to the Build Environment of Cyprus" sponsored by the
United Nations enabled us to start detailed geological and geotechnical
investigations in Lefkosa and its surrounding area in 2001.

The tectono-stratigraphic importance of T.R.N.C. has been realised once more by
the recent studies. West of Lefkoga the Ovgos fault zone divides the Kyrenia range
from Mesaria basin. Detailed geological mapping and drilling in Lefkosa and its
surrounding areas investigated the stratigraphic units overly the kythrea formation,
the gelogical futures of the soils, vertical and lateral variations of the depositional
units . Disturbed and undisturbed samples taken from different formations were
analysed in the laboratories and their physical and mechanical properties were
identified. Investigations are still in progress to detect possible buried active faults.
The tectonic framework and evolution of T.R.N.C. is becoming essential to
understand the complex Cenozoic tectonics of Cyprus, evaluating the seismic-
hazard potential of the Island , and interpreting tectonism in the Eastern
Mediterranean - Middle East region.
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KOCADERE NEHRI’'NDE BALYA KURSUN-CINKO-GUMUS MADEN SAHASI
ATIKLARINDAN KAYNAKLANAN AGIR METAL KiRLENMESI BALYA-
BALIKESIR, TURKIYE

A. AYKOL*, Y.ORGUN*, M.TURHAN"", M. BUDAKOGLU*, A.H. GULTEKIN*,

F. YAVUZ*, V. ESENLi*, M.KUMRAL* )
* ITU, Maden Fakiiltesi, Jeoloji Mihendisligi Bolimii, Maslak Istanbul
** ITU, Maden Fakdltesi, Maden Mihendisligi Bélimii, Maslak Istanbul

Tarihi Balya Kursun-Cinko-Glimiis Yatagi, Balikesir ilinin yaklasik 50 km.
kuzaybatisinda yeralir. Balya madeni, 1880-1940 vyillari arasinda Tiirkiye'de en
6nemli Pb ve Ag lretiminin oldugu bir yatak olmustur. Ancak sahanin madencilik
tarihi antik gaglara kadar uzanir. Yatagin karakteristik siilfid mineral birligi galen,
sfalerit, pirit ve kalkopitittir. Tali bilesenler pirotin, markasit, bizmut, arsenopirit,
tatrahedrit/tennanit, bornit, arjantit, manyetit, hematit, piroluzit, orpiment/realgar
ve nativ tetlryumdur. Balya maden sahasindan yaklasik 4 milyon metrik ton (Mt)
cevher dretimi yapiimigtir. Bunun 400.000 tondan fazlasi kursun, 400.000 ton cinko
ve yaklagik 1.000 ton giimiis ve 3 ton altindir. Yatakta iiretime 1950 yilinda son
verilmigtir, ancak halen 6nemli bir rezerve sahiptir. Diger yandan da sahada
yaklagik 1,000,000 metrik ton 6giitme, flatasyon ve izabe atigi mevcuttur. Atiklar
Kocadere Nehrinin kenarinda iki ayri noktada bulunmakdir. Bu calismanin ana
amaci, tarihi Balya Pb-Zn-Ag maden sahasi atiklarinin Kocadere Nehri (izerindeki
etkisini ortaya koymaktir. Bu amacla sahadan Temmuz 2002 de (kuru dénem) 33
nehir suyu, 10 adet kaynak ve kuyu suyu, 98 adet dere sedimani ve 5 adet atik
ornegi alinmigtir. Eylil 2002 de (islak ddnem) ise atiktan itibaren 5 km. mesafeden
14 nehir suyu 6rnegi alinmitir. Su 6rneklerinin pH, elektiriksel iletkenlik (EC) ve
sicaklik degerleri arazide dlglilmistir. Su, sediman ve atik érneklerinin major ve iz
element analizleri ICP MS yontemiyle ACME Labaratuvarlarn - Kanada'da da
yaptirilmistir.  Kuru ve yagmur sonrasi dénemde alinan nehir suyu érneklerine ait
parametrelerden bir kisminin minimum, maksimum ve ortalama degerleri Cizelge 1
ve Cizelge 2'de sirasiyla verilmistir. Cizelge 2'de gériildiigii gibi yagmur sonrasi
alinan oérneklerde ciddi bir metal kirlenmesi ve asit olusumu vardir.

Cizelge 1. Kocadere Nehri'nden alinmig 33 su érneginin (kuru dénem) segilmis
analiz sonuglarinin minimum, maksimum ve ortalama degerleri (ug/!) (EC: pS/cm)

As Cd Co Cr Cu Fe Mn Ni Pb |[Zn pH EC
Min. <1 0,26 0,03 |3,6 03 |14 0,07 <2 |<2 |<0,05 6,93 |367
Mak. |107 207,6 [23,6 |33,3 22,7 |357 94653 |2 2 120066,8 [9,2 |2900
Orta. |15,3 113,7 (4,01 ]11,24 |1,82 54,6 |2038,9 2 2 |1682,02 |7,69 |886
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Cizelge 2. Kocadere Nehri'nden alinmig 14 su rneginin (yagmurdan sonra) segilmis
analiz sonuclarinin minimum, maksimum ve ortalama degerleri (pg/!l) (EC: uS/cm)

As Cd Co Cr Cu Fe Mn Ni Pb Zn pH EC
Min. | <1 0,05 061 |06 6,1 117 23,22 (3,6 2 20 2,22 1230
Mak. | 7186 |4231,5 |32,51 11,9 |5464 |464974 12046 |67 4885 330863 | 6,8 4570
Orta. | 610 [642,9 [12,05]9,39 |1006 |40436,8 |4490 21,25 | 560,57 |47884 |5,64 |1499

HEAVY METALS POLLUTION DERIVED FROM BALYA PB-ZN-AG TAILING
AND SLAG DUMP TO THE KOCADERE RIVER, BALYA-BALIKESIR, TURKEY

The Balya lead-zinc-silver deposit is located about 50 km NW of the city of
Balikesir. The Balya Mine was the main Pb and Ag producting deposit in Turkey
during the period 1880-1940. However its mining history goes back to antique
times. The characteristic sulfide mineral assemblage consists of galena, sphalerite,
pyrite, and chalcopyrite. Minor components are pyrrhotine, marcasite, bismuth,
sulfosalts, arsenopyrite, tetrahedrite/tennantite, bornite, argentite, magnetite,
hematite, pyrolusite, orpiment/realgar, and native tellurium. During that time the
total output of Balya had reached to 4 million metric tons of ore, producing more
than 400,000 t of lead and 400,000 t of zinc metal, as well as nearly 3 t of gold
and 1,000 t of silver. The mining activation in Balya was abandoned at 1950,
however it still carries large ore reserves. Historical Pb and Ag mining activation at
the Balya mine generated approximately 1,000,000 t of tailing and slag. The tailing
and slag dumps of the mine are located at two different parts to the side of
Kocadere River. Main objective of this study was to determine influence of heavy
metal pollution released from Balya Pb-Zn-Ag slag and tailing dumps to the
Kocadere River. For this purpose, 33 river-water samples, 10 spring and well-water
samples, 98 stream sediment- samples and 5 samples from the tailing dump were
collected in July 2002 (dry season). In September 2002, after a heavy rain, 14
river-water samples were collected along first 5 km of the river from the tailing
area. Field measurements were made for pH, electrical conductivity (EC), oxidation
and temperature. All the water samples were analysed directly for major and trace
elements using ICP mass spectrometer. The selected analytical results for the
water samples taken from both summer period and after rain were given in Table
1 and Table 2 as minimum, maximum and average values. As shown in Table 2,
there is a serious heavy metal pollution and acid production deriving from the
tailing dump at the vicinity of historical Balya Pb-Zn-Ag Mine.
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Table 1. Minimum, maximum and average values of selected analytical results of
33 water samples (dry season) from the Kocadere river (ug/l) (EC: uS/cm)

As  |Cd Co |Cr Cu |Fe |Mn Ni_ |Pb |Zn pH |EC
Min. |<1 0,26 [0,03 [3,6 03 [14 0,07 <2 |<21<0,05 16,93 |367
Max. 107 207,6 |23,6 |33,3 |22,7 |357 |9465,3 |2 |2 |20066,8|9,2 |2900
Aver. 1153 [113,7 [4,01 |11,24 1,82 |54,6 [2038,9 |2 |2 |1682,02 7,69 |886
Table 2. Minimum, maximum and average values of selected analytical results of
14 water samples (after rain) from the Kocadere river (ug/!) (EC: puS/cm)
85 |As Cd Co Cr Cu Fe Mn Ni Pb Zn pH EC
Min. | <1 0,05 0,61 {06 6,1 117 23,22 |36 2 20 2,22 1230
Max. | 7186 142315 [32,51[11,9 |5464 | 464974 |12046 |67 4885 330863 | 6,8 4570
Aver. |610 6429 [12,05|9,39 |1006 |40436,8 |4490 21,25 560,57 [47884 |5,64 |1499
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SOMA VE TUNGBILEK TERMIiK SANTRALLERINDE UGUCU KULLERIN
CEVRESEL ETKILERI

Alper BABA
Canakkale Onsekiz Mart Universitesi, Jeoloji Miihendisligi Bélimii, 17020 Ganakkale

Tirkiye'de elektirik dretimi 1999'da 68 GWh olmustur. Bunun yaklagik 28 GWHh'i,
Tiirkiye'de (8.3 milyar ton gibi) oldukga fazla miktarda bulunan, gok dusik kaliteli
linyit komirlerini yakan termik santrallerden saglanmistir. Bu linyitlerin, %70'inin
kalori degeri 2500 kcal/kg'in altinda, %85'inin kiil igerigi %20'nin {izerindedir.
Termik santrale ulasan linyitin kil igerigi bazi durumlarda %50’ye ulagilabilir.
Termik santrallerden (retilen kiiller santraller civarindaki kiil atik sahalarinda
depolanirlar. Kémiir yakith termik santrallerde, kémiir yandiginda, yanici olmayan
maddenin bir kismi taban kiilii veya cliruf olarak kazanda kalirken, geriye kalanlar
baca gazlan ve ugucu iz elementlerle birlikte ugucu kiil olarak kazandan ayrihir.
Tirkiye'de yilda yaklagik olarak 40 milyon ton linyit kémdiri yakilmakta ve 15
milyon ton kil Gretilmektedir. Tiirkiye'de {retilen kiliin ¢ok az bir miktar gimento
sanayinde kullaniimaktadir. Termik santrallerde kullanilan kémiiriin olusturdugu
kiiller, toksik iz element igerikleri nedeniyle toprak ortisi, yiizey ve yeralti sularini
kirletebilmektedir.

Bu calisma kapsaminda Bati Anadolu’da yeralan Soma (Manisa) ve Tungbilek
(Kiitahya) Termik Santrallerinden kaynaklanan kiillerin gevresel agidan ozellikleri
incelenmistir. Soma Termik Santrali toplam 8 linite ve 704 MW'lik glice sahiptir.
Santralde giinliik 25 — 30 bin ton komir yakilmaktadir. Yakilan bu kémiirlerin
yaklasik %401 kil ve ciruf olarak atikk depolama sahasina godnderilmektedir.
Tungbilek Termik Santrali ise, 5 Uniteden olusan 429 MW giiciindedir. Termik
Santralde giinde yaklasik 3750 ton, yilda yaklasik 1.924.000 ton linyit komiiri
yakilmakta ve atik depolama sahasina 668.000 ton kiil ve ciiruf atilmaktadir.

Bu iki termik santraldan alinan kiillerde toksik test ve radioaktivite analizleri
yapilmigtir. Ayrica, kil atik depolama sahasindaki sularin pH’larinin  dokuzun
lizerinde yeraldidi ve atiksahasi ve cevresindeki sularda SO~; degerlerinin ylksek
oldugu goriilmiistiir.

ENVIRONMENTAL IMPACTS OF THE FLY ASHES AROUND SOMA AND
TUNCBILEK THERMAL POWER PLANT

The electricity production in Turkey was 68 GWh in 1999. About 28 GWh of this
amount was provided by lignite-fired power plants which burn extremely low
quality lignite, of which Turkey has an abundant 8.3 billion tons. The ash content
for 85% of this lignite is over 20% while the calorific value of about 70% is lower
than 2500 kcal/kg. The ash content of the lignite burnt in the power plant may be
as high as 50% in some cases. As a result, large amounts of ash are generated
and deposited in ash ponds in the vicinity of the power plants. The latest numbers
suggest that around 15 million tons of ash is generated via the combustion of 40
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million tons of lignite in a year. The utilization of fly ash in Turkey is limited mainly
as a substitute of clinker in cement production. Use of lignite in power generation
has led to increasing environmental problems associated not only with gaseous
emissions but also with the disposal of ash residues. In particular, use of low
quality coals with high ash content results in huge quantities of ash to be disposed
off. A main problem related to coal ash disposal is the heavy metal content of the
residue.

This study is concerned with environmental impact of fly ashes produced from the
Soma (Manisa) and Tungbilek (Kiitahya) thermal power plant which consumes low
quality lignite. These plants are located in western Anatolia. The Soma plant,
25.000-30.000 tons of coal is burnt and approximately %40 of fly and bottom ash
is produced per day. The produced solid wastes are transported to the disposal
site. The Soma plant is made up of eight units original 704 MW energy capacity. In
Tuncbilek plant, 3750 tons of coal is burnt and approximately %35 tons of fly and
bottom ash are produced per day. The plant has five units original 429 MW energy

capacity.

In this study, toxic test and radioactivity analyses have done. Also, the water
samples were taken from waste disposal site. The pH values are above nine and
SO~, are high in water.
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KIZILDAG (HATAY) OFIYOLITINDEKI KUMULAT KAYACLARIN MiNERAL
KIMYASI (G. TURKIYE)

Utku BAGCI, Osman PARLAK
Cukurova Universitesi, Jeoloji Miihendisligi Bolimd, 01330, Balcali Adana

Kizildag ofiyoliti giiney Tiirkiyede en iyi korunmus ofiyolitik massiflerden birisi olyp
tabandan tavana dogru (tektonitler, ultramafik-mafik kimilatlar, izotropic gabrolar,
levha dayklar, volkanikler ve 6rtii sedimanlari) tam bir istif sunmaktadir.

Ultramafik ve mafik kiimilatlar Kizildag ofiyolit masifinin giiney kanadinda
yeralmaktadir. Karagay vadisi, Aydinli ve Uggedik bélgelerinde élgiilen detayl
stratigrafik kesitler sonucunda kiimilat kayaglarin 165-700 metre arasinda degisen
bir kalinhga sahip oldugu saptanmistir. Bu kayaglar magmatik bantlasma-
laminalanma, capraz-dereceli tabakalanma, izoklinal kivrimlanma ve akma yapisi
gibi kiumiilat yapilan sunmaktadirlar. Ultramafik kiimilatlar 100 ile 300 metre
arasinda bir kaliniga sahip olup dunit ve verlitlerle temsil edilmektedirler. 165 ile
400 m arasinda bir kalinhiga sahip olan diisiik Titanyum icerikli gabroyik kimilatlar
'se gabro, olivinli gabro ve olivinli gabronoritler ile temsil edilmektedirler. Kiimilat
kayaglar icindeki minerallerin kristallenme sirasi olivin (Fogs to Foss)tkrom spinel,
klinopiroksen (Enss.ai, FSi4-4, W04g-34), plajiyoklas (Ang,.g3) ve ortopiroksen (Engs s,
Fs20-12, W0g.3)'den olusmaktadir.

Gabroyik kayaglar icinde mevcut olan yiiksek anortit icerikli plajiyoklaslar (Angs.gs),
magnezyumca zengin klinopiroksen (Mg#gs.ss) ve olivinler (Mg#gs76), Kizildag
ofiyolitinin  Onceki calismalarda belirtildigi gibi okyanus ortasi sirti tektonik
ortaminda olusamayacagi ve daha cok okyanus i¢ci dalma-batma zonu istiinde
olusan ofiyolitlerin ozelliklerini yansittigi gézlenmektedir. Tim bu verilerin 151G
altinda, Kizildag ofiyolitinin Neotetisin giiney kolunun Gec¢ Kretase'de kapanmasi
esnasinda okyanus ici dalma-batma zonu iizerinde olustugu onerilmektedir.

MINERAL CHEMISTRY OF THE CUMULATE ROCKS IN THE KIZILDAG
(HATAY) OPHIOLITE (S. TURKEY)

The Kizildag ophiolite is one of the best preserved Neotethyan ophiolites in
southern Turkey and displays a well-preserved ophiolite pseudostratigraphy in an
ascending order: mantle tectonites, ultramafic-mafic cumulates, isotropic gabbros,
sheeted dikes, extrusives and associated sediments.

The ultramafic-mafic cumulate rocks are situated in the southeastern flank o1 the
Kizildag ophiolite. The detail stratigraphic sections in three locations namely
Karagay valley, Aydinl village and Ucgedik village show that the cumulates possess
165 to 700 m thickness and are characterized by igneous layering-lamination,
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cross-bedding, graded bedding, isoclinal folding and slump structures. The
ultramafic cumulates ranging in thickness from 100 to 300 m are mainly
represented by dunite and wehrlite. Whereas the low-Ti gabbroic cumulates
ranging in thickness from 165 to 400 m are characterized by olivine gabbro, olivine
gabbronorite and gabbro. The crystallization order within the cumulates is olivine
(Fogs to Foss)Echromian spinel, clinopyroxene (Enss.a;, FSia.4, WO04g.34), plagioclase
(Angq.g3) and orthopyroxene (Engs-74, FSa0-12, W0g-3).

The presence of high Ca-plagioclase (Anss.g3), highly magnesian clinopyroxene
(Mg#g.78), olivine (Mg#gs.76) and their coexistency in the cumulate gabbroic rocks
are indicative of subduction-related tectonic environment rather than MOR-type
tectonic setting as documented in previous studies. All the evidence strongly
suggest that the Kizildag ophiolite were formed in a suprasubduction zone tectonic
setting during the closure of the southern branch of the Neotethys in late
Cretaceous
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ADAPAZARI-BOLU (BATI KARADENIZ) YORESINDEKI PALEOJEN YASLI
GOKELLERIN PETROLOJIK AGIDAN INCELENMESI

i Biilent BASARA
Hacettepe Universitesi, Jeoloji Miihendisligi Bolimii, 06532, Beytepe ANKARA

Inceleme bolgesi, Bati Karadeniz Bolgesinde bulunan Eregli, Adapazari, Zonguldak
ve Bolu yerlesim merkezleri cevresinde yer alir. Inceleme alaninda bulunan Geg
Paleosen-Eosen yash Kusuri Formasyonu, epiklastik ve volkanoklastik kayaclardan
olusmakta olup, alt, orta ve st seklinde iig seviyeye ayrilarak incelenmistir. Alt
seviye; derin denizel tiirbiditik konglomera, kumtasi, seyl, orta seviye; litik tuf, tif
bresi, volkanoklastik kumtasi-silttasi ve patlamali volkanizma Uriini piroklastikler,
ist seviye ise; sig denizel kumtasi-kiltasi, kalkarenit ardalanmasi seklindedir.
Inceleme alanindan segilmis 40 adet kirintill kayaca ait ince kesitler Uzerinde
yapilan dokusal galismalar, bu érneklerin orta derecede boylanmig, koseli ve yari
yuvarlak tane sekline sahip, karbonat gimento ile baglanmis, yari olgun, cok ince-
ince kum boyunda kayaclar oldugunu gostermektedir. C-M dadihmi kirintil
olusumlarin tiirbidit fasiyesinde oldugunu, Qda-Md ve F1-F2 fonksiyon
uygulamalari ile bu tirbidit 6rneklerinin flaksotiirbidit, proksimal ve distal tiirbidit
karakterli oldugunu gostermistir. Yine ayni 6rneklerde, baglayici malzeme ile tane
boyunun degisimi arasinda bir iliski bulunamamistir. Nokta sayim yontemi ile
bulunan yiizdelere goére yapilan siniflama sonuglari;; 1 6rnek subarkoz, 6 ornek
litarenit, 2 ornek kuvars arenit, geri kalan orneklerin ise sublitarenit olduklan
belirlenmistir. Karbonath kayaclarin ise 2 érnegi intraklasth biyomikritik kirectasi, 1
ornegi fosilli intrasparikalsitik kiregtasi, 7 Ornegi intrabiyosparikalsitik kirectasi
oldudu belirlenmistir. Karigik sedimanter kayaglarda ise 2 ornek kumlu allokemik
kiregtasi, 1 ornek kumlu mikrit, 6 Ornek ise allokemik kumtasi olarak
adlandinimistir. Volkanoklastik kayaglarda ise; 3 ornek kristal tiif, 18 érnek vitrik tiif
olarak adlandinimistir. Q-F-L, liggen diyagramlarina gore 3 6rnek kraton igi kaynak
bolgeyi 37 ornek yeniden gevrimlenmis orojenik kaynak bdlgeyi isaret etmektedir.
Qm-F-L; Gggen diyagramlarina gorede 6 ornek kita igi kaynak bolgeyi, 12 6rnek
gegisli yeniden cevrimlenmis kaynak bolgeyi, 22 &rnek ise kuvarsl yeniden
cevrimlenmis kaynak bolgeyi yansitmaktadir. 25 oOrnekte adir mineral ayirma
yontemi ile; Amfibol %12 , Apatit %8, Epidot %6, Zirkon %4, Rutil %3 ve Granat
%1 mineralleri alt, orta ve (st seviyelerde daginik olarak bulunmuslardir.
Demiroksitlerinde dahil oldugu bu yedi grup mineral tiirii kaynak bolgede, asidik
(sialik) plutonik, yiiksek dereceli metamorfizma gecirmis kayaglarin yanisira tekrar
tasinmis sedimanter kayaclarin varligini ve bunlarin Eosen boyunca c¢okelme
havzasini beslediklerini ortaya koymaktadir. Geg Kretase'de Neotetis okyanusunun
kuzey kolunun kuzeye dogru Pontidler altina dalmasina bagl olarak, Pontidler
lizerinde ve gevresinde yigisim prizmasi, yay volkanizmasi ve yay oni havza
olusmustur. Bu havzanin merkezi kesimi Geg Paleosen’den itibaren istifin alt
seviyesini olusturan tirbiditik konglomera, kumtasi ve seyller ile doldurulmustur.
Geg Kretase yay volkanizmasinin daha sonra giineye kayarak Eosen’de yidisim
prizmasi Uzerinde gelisimi ile havza iki yay volkanizmasi arasinda kalmigtir. Orta
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seviyeye ait volkanoklastik, piroklastik ve st seviyeye ait si denizel epiklastikler
bu yay arasi havzada c¢okelmiglerdir. Bu donemde havza batidan doduya ve
gineyden kuzeye dogru siglasmaktadir. Orta seviyeye ait volkanoklastik ve
piroklastik kayaglar, Eosen yay volkanizmasindan, list seviyeye ait sig denizel
kumtast, kiltasi ve kalkarenitler ise Litesiyen dncesinde ylizeylenen tiim birimlerden
malzeme almislardir.

PETROLOGICAL INVESTIGATION OF PALEOGENE AGED DEPOSITS IN
ADAPAZARI-BOLU (WESTERN BLACKSEA) REGION

The study area is located around Eregli, Adapazar, Zonguldak and Bolu (Western
Black Sea Region) The epiclastic and volcanoclastic rocks, that are formed the
“Kusuri Formation” with age of Late Paleocene — Eocene, outcropted at East Black
Sea region and were investigated and sequences divided into three levels; lower
level, middle level, upper level. Lower level consists of deep marine turbidites,
conglomerates, sandstones and shales, middle level consists of lithic tuffs, tuff
brecias, volkanoclastics, sandstones-siltstones and eruption volcanism product
pyroclastics, upper level consists of alternation of shallow marine sandstone-
claystone, calcarenites. The texture studies were done on 40 clastic sedimantery
rocks in thin sections. These rock samples are very fine to fine grained, moderately
sorted, angular to subrounded, carbonate cemented and submature rocks. CM
diagrams shiows that these sedimantery rocks are turbiditic and Qda-Md and F1-F2
function diagram show that these turbiditic samples have flaxoturbiditic, proximal
and distal turbiditic characteristics. One sandstone sample classified as subarkose,
6 samples classified as litharenite, 2 samles classified as quartz arenite and the
rest of the others are sublitharenite. 2 of carbonate rock samples classified as
intaclast biomicritic limestone, 1 sample as fossilfereous intrasparycalcitic
limestone, 7 samples are intrabiosparycalcitic limestone. In mixed sedimentary
rock samples, 2 sample classified as sandy allochemic limestone, 1 sample as
sandy micrit and 6 sample classified as allochemic sandstone. 3 volcanoclastic rock
sample classified as chrystal tuff, 18 of them as vitric tuff. According to Q-F-L
triangular diagram, 3 sample indicate craton interior provenance, 37 sample
indicate recycled orogenic provenance. In Qm-F-L; triangular diagram, 6 sample
indicate craton interior provenance, 12 sample transitional recycled orogenic
provenance and 22 sample indicate quartzose recycled orogenic provenance. In
25 sampl, heavy mineral seperation process were apllied to these samples and
these heavy minerals found; %12 amphibole, % 8 apathite, % 6 epidote, % 4
zircon, % 3 ruthil and % 1 garnet. These 7 groups of minerals including iron oxide
minerals indicate that acidic(sialic) plutonic, highly metamorphosed and recycled
sedimantery rocks were present and they feed the basen during Eocene.
Depending on the descent of Neotethis in the northern direction beneath the
Pontides in Late Cretaceous, accretionary prism and arc volcanism were developed
on Pontides. The center region of this basin was filled from Late Paleocene with
turbidites, conglomerates, sandstones and shale, that formed the lower level of the
deposit. In Eocene, the activity of Late Cretaceous arc volcanism on the
accretionary prism to the southern of the study area was caused to the basin to be
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located between two arcs. The volcanaclastic, pyroclastic rocks belong to middle
level and shallow marine epiclastic rocks belong to upper level were deposited in
this basin between two arcs. In this period, the basin become more shallow from
west through east and south through north. The volcanoclastic and pyroclastic
rocks of middle level has material from Eocene arc volcanism, shallow marine
sandstone, claystone abd calcarenite of upper level has material from all the units
outcropted before Lutetian.
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MALATYA, KEBAN VE PUTURGE METAMORFITLERI'NIN KOKENLERINE
ILISKIN MINERALOJIK BULGULAR (DOGU TOROSLAR)

Omer BOZKAYA*, Hiiseyin YALGIN*, Zeynel BASIBUYUK*, Olcay OZFIRAT**,
) Hiseyin YILMAZ***
*Cumhuriyet Universitesi, Jeoloji Mihendisligi Bolimu, 58140 Sivas
**Cumhuriyet Universitesi, Fen Bilimleri Enstitlisti, 58140 Sivas
***Cumhuriyet Universitesi, Jeofizik MUhendisligi Bolumi, 58140 Sivas

Keban Metamorfitleri (Karbonifer-Permiyen) metabazit arakatkili kalksist, mermer,
kristalize kirectagi ve yer yer kontakt metamorfik granat fels litolojilerinden
olusmaktadir. Bu kayaglar bagslica kalsit, dolomit, kuvars, feldispat, fillosilikat
(kaolinit, illit/K-mika, klorit, C-S, C-V, I-S, smektit ve vermikiilit) ile ender olarak
epidot, tremolit/aktinolit ve biyotit icermektedir. Epimetamorfik kristalinite
degerlerine sahip beyaz K-mika 2M,, biyotit 1M, klorit IIb, kaolin grubu ise kaolinit
politipine sahiptir. Keban Metamorfitleri, indeks mineral birliktelikleri, kristalinite,
politipi ve orta-yiiksek by verilerine gore alt yesilsist-yesilsist fasiyesi kogullarinda P-
T-t yoniinde ilerleyen bir metamorfizma gegirmistir. Bu kayaglar litolojik ve
mineralojik bakimdan, Dogu Toros Otoktonu’nun (Geyikdagi Birligi) Karbonifer-
Permiyen yagsh kesimine biiyiik bir benzerlik sunmaktadir.

Malatya Metamorfitleri (Karbonifer-Triyas) metakarbonat (mermer ve sleyt laminali
mermer) ve metapelitlerden (fillit, fillitik sleyt, mermer laminal sleyt, metakumtasi
ve metasilttasl) olusmaktadir. Bolluk sirasina gore kalsit, dolomit, kuvars, feldispat,
fillosilikat (K-mika, NaK mika, paragonit, margarit, klorit, kaolinit, C-V, C-S, I-S),
kloritoyid ve gotit icermektedir. Yiiksek ankizon-epizonu temsil eden illit/K-mika
2M1, Klorit ise IIb politipine sahiptir. indeks mineral igerigi, kristalinite derecesi,
diisiik b, dederleri ve meta-antrasitik organik olgunlasma derecesine gore, alt
yesilsist fasiyesi kosullarinda, P-T-t'nin tersi yoniinde bir metamorfizma gegirmistir.
Litolojik ve mineralojik veriler, bu metamorfitlerin Aladag Birligi ile kékensel iligkili
oldugunu goéstermektedir.

Keban ve Malatya Metamorfitleri yaklasik ayni yas araligina sahip olmakla birlikte,
metamorfizma derecesinin yani sira, stratigrafik, litolojik ve ozellikle mineralojik
bilesimleri bakimindan birbirlerinden oldukga farklidir. Bu nedenle, su ana kadar
kullanildi§i  bicimiyle “Keban-Malatya Birimi” gibi birlesik bir adlandirma dogru
olmayacaktir.

Piitiirge Metamorfitleri (Kambriyen-Karbonifer) baglica gozlii/granitik gnays ve mika
sistlerden olusmakta, ayrica amfibclit ve mermer ara bantlari ve/veya mercekleri
icermektedir. Metamorfik kayaglarda kuvars, feldispat, fillosilikat (K-mika, klorit, C-
S ve C-V), amfibol, granat, disten, stavrolit, sillimanit, andaluzit, kalsit ve dolomit
mineralleri  belirlenmistir.  Indeks metamorfik mineral  birlikleri,  Ptilirge
Metamorfitlerinin amfibolit fasiyesinde P-T-t yonilinde ilerleyen barrow tipi bir
metamorfizmaya ugradigini  gostermektedir. Granat ve biyotitlerden itibaren
retrograd klorit, C-V ve C-S olusumlari Pitirge Metamorfitlerinin daha sonra
yesilsist fasiyesinde metamorfizmaya ugradigini isaret etmektedir. Metamorfizma
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derecesi ve mineralojik bilesiminin Malatya ve Keban Metamorfitlerinden oldukga
farkli olmasi, Pitiirge Metamorfitleri'nin olasilikla Arap Platformu’ndan tiiredigini
dlglindlrmektedir.

Dogu Toros kusadindaki metamorfik kayaglar Orta Toroslardakiler ile jeotektonik
konum, koken ve litolojik-mineralojik agidan karsilastirldidinda;  Keban
Metamorfitleri,  Alanya  Metamorfitleri  naplarindan  higbirisine  benzerlik
sunmamaktadir. Ancak Malatya Metamorfitleri, Alanya Metamorfitleri {st napini
olugturan Yumrudag Napi ile agilmali bir basende metamorfizma gecirmesi ve kuzey
kokenli en lst napi olusturmasi, Aladag Birligi'nin metamorfik esdederi olmasi ve
napin alt seviyelerinde kloritoyid fillitler, indeks/ayirtman fillosilikat icerigi,
kristalinite, b, vb. bakimindan 6nemli benzerlikler sunmaktadir. Piitiirge
Metamorfitleri de Alanya Metamorfitlerinin alt napini olusturan Mahmutlar Napi
(dolayisiyla Antalya Birligi) ile denestirilebilir.

MINERALOGIC DATA ON THE ORIGIN OF THE MALATYA, KEBAN AND
PUTURGE METAMORPHITES, EASTERN TAURUS

Keban Metamorphites (Carboniferous-Permian) are composed of lithologies as
caleschist, marble, crystallized limestone and locally contact metamorphic garnet
fels. These rocks mainly include calcite, dolomite, quartz, feldspar, phyllosilicates
(kaolinite, illite/K-mica, chlorite, C-S, C-V, I-S, smectite and vermiculite) and rarely
tremolite/actinolite and biotite. Minerals with epimetamorphic crystallinity degree,
K-micas, biotites, chlorites and kaolinite group have 2M1, 1M, IIb and kaolinite
polytypes, respectively. According to the index mineral associations, crystallinity,
polytype, and medium-high b, values, Keban Metamorphites were metamorphosed
in clockwise P-T-t way at the sub-greenschist to greenschist facies. These rocks
show important similarities for the Carboniferous-Permian parts of the Eastern
Taurus Autochthone (Geyikdagr Unit), with respect to the lithologic and mineralogic
characterisitics.

Malatya Metamorphites (Carboniferous-Triassic) are formed of mainly
metacarbonates (marble and marble with slate laminations) and metapelites
(phyllite, phyllitic slate, metasandstone and metasiltstone) and contain calcite,
quartz, feldspar, phyllosilicate (K-mika, NaK mica, paragonite, margarite, chlorite,
kaolinite, C-V, C-S, I-S) chloritoid and goethite, in order to abundances. Illites/K-
micas and chlorites representing high anchizone-epizone have 2M1 and IIb
polytypes, respectively. Based on the index mineral content, crystallinity degree,
low b, values and meta-anthracitic organic maturation; Malatya Metamorphites
were metamorphosed in the counterclockwise P-T-t way at the sub-greenschist
facies. Lithologic and mineralogic data show that these metamorphites are related
to Aladag Unit with regard to the origin.

In spite of approximately same age period, Keban and Malatya Metamorphites are
fairly different to Keban Metamorphites on account of the stratigraphic, lithologic
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properties and especially mineralogic composition. For this reason, a composite
nomenclature “Keban-Malatya Unit” as known up to now will not be suitable.

Piitirge Metamorphites (Cambrian-Carboniferous) include mainly augen/granitic
gneiss and mica-schist and interbands and/or lenses of amphibolite and marble.
rocks Quartz, feldspar, phyllosilicate (K-mika, chlorite, C-S and C-V), amphibole,
garnet, disten, staurolite, sillimanite, andaluzite, calcite and dolomite minerals are
determined in the metamorphic rocks. Piitiirge Metamorphites display a clockwise
barrow-type prograde metamorphism at the amphibolite facies according to the
index metamorphic associations. Retrograde occurrences such as chlorite, C-V and
C-S from garnet and biotites indicate that Puturge Metamorphites were
metamorphosed at greenschist facies in later periode. It has been considered that
Piitiirge Metamorphites were probably derived from Arabian Platform, because of
their quite different metamorphic degree and mineralogic composition from
Malatya and Piitiirge Metamorphites.

Metamorphic rocks in the Eastern Taurus Belt from point of view of geotectonic
setting, metamorphic degree and mineralogic composition, Keban Metamorphites
do not display any similarities with the Alanya Metamorphites in Central Taurus
Belt. Hovewer, Malatya Metamorphites show important similarities with Yumrudag
Nappe forming upper nappe of Alanya Metamorphites, with regard to
metamorphism in an extentional basin and forming uppermost nappe with
northern origin, derived from Aladag Unit, and chloritoid phyllites at the lower
parts of the nappe, index/diagnostic phyllosilicate content, crystallinity, by etc.
Puturge Metamorphites may be correlated with the Mahmutlar Nappe forming
lower nappe of Alanya Metamorphites, indirectly Antalya Unit.
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KARALAR (GAZIPASA - ANTALYA) BARIT - GALENIT YATAKLARINDA SIVI
KAPANIM INCELEMELERi

Giilcan BOZKAYA, Ahmet GOKGE .
Cumhuriyet Universitesi, Jeoloji Miihendisligi Bolimt, 58140 Sivas

Karalar barit-galenit yataklari Orta Toroslar Bolgesi'nde yaygin olarak gdézlenen
barit-galenit yataklarinin tipik orneklerinden birisidir. Yoredeki cevherlesmelerden
Blylik Ocak cevherlesmeleri, Permiyen yash Bigkici Formasyonu'na ait kirectaslari
icinde, tabakalanma dizlemleri ile uyumsuz, kirik hatlarina bagli, damar tipi
cevherlesmeler geklindedirler (D1; K85B/35GD, D2; K70B/ 85KD ve D3;
K85D/85KB). Cevher kalinliklari 0,2 m ile 2,5 m arasinda degismektedir. Boyalik
Ocagi'ndaki cevherlesme, Permiyen yagsl Bigkict Formasyonu ile Triyas yash Camlica
Formasyonu arasindaki bindirme zonu lzerinde gelismis olup, alttaki Camlica
Formasyonu'nun farkh bir sekilde kivrimlandidi, (Ustteki Bickici Formasyonu
kiregtaslarinin ise asiri derecede breslestigi goriilmektedir.

Cevherlesmelerden alinan 6rneklerden hazirlanmig incekesit ve parlatma bloklari ile
gekilen XRD diyagramlarinda; barit (% 80-85 kadar) ve galenit (%10-15 kadar)'in
hakim mineraller olduklari, sfalerit, pirit, fahl, limonit, kuvars ve Kkalsit gibi
minerallerin gok az miktarlarda bilesime katildiklari gorilmistir. Cevherlesmelerde
barit ve galenitler es zamanl olmayip, baritler daha 6nce olusmuslar ve tektonik bir
hareketle milonitlesmislerdir. Galenitler ve diger mineraller ise baritler arasi
bosluklarda ve baritler igindeki kink ve catlaklar icinde, baritlerin
milonitlesmesinden daha sonra olusmuslar, milonitlesmenin fazla oldugu kesimlerde
ise daha fazla zenginlesmislerdir.

Incelenen 6rneklerde sivi kapanimlari; (i). Barit kristalleri icindeki birincil
kapanimlar, (ii). Barit kristalleri igindeki ikincil kapanimlar ve (iii). Kuvars kristalleri
igindeki birincil kapanimlar geklinde (g farkli olusum gostermektedirler. Her (g
gruptaki tim kapanimlar genellikle ¢ok kiiglik boyutludurlar. Birinci grup
kapanimlarin baritleri olusturan c¢ozeltileri, 2. ve 3. grup kapanimlarin ise
baritlerden daha sonra siilfiirli mineralleri olusturan gozeltileri temsil ettiklerskabdil
edilmigtir.

Sivi kapanim incelemeleri sirasinda Olgiilen T, Tm, ve T, degerleri, mineral
olusturucu hidrotermal gozeltilerin iginde CaCl, ve MgCl, gibi tuzlarin bulundugunu,
gozeltilerin ya deniz suyu kokenli olduklarini veya denizel sedimanlar iginden
gecerek ortama geldiklerini, baritlerin olusumu sirasinda hidrotermal g¢ozeltilerin
tuzluluklarinin biraz yiiksek, sicakliklarinin diisiik oldugunu, kuvarslarin ve siilfiirli
minerallerin olusumu sirasinda ise tuzlulugun onemli miktarda duistigiini ancak
sicakhigin yiikseldigini gostermektedir.

-Hidrotermal ¢ozeltilerin erken ve geg evre minerallerinin olusumu sirasindaki
tuzluluk ve sicakliklari arasindaki uyumsuzluk; si§ derinliklere inerek az isinmis
ylzey sularinin denizel sedimanlardan baryum ve siilfati ¢ozerek erken evrede
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cokelttigi, derinlere inerek daha fazla isinmig sularin ise Pb, Zn ve diger elementleri
tabandan cozerek daha sonraki evrede cevherlesme ortamina gelip stlfiirli
mineralleri olusturdugu seklinde agiklanabilir.

FLUID INCLUSION STUDIES OF THE KARALAR (GAZIPASA-ANTALYA)
BARITE-GALENA DEPOSITS

Karalar galena - barite deposits are the typical examples of the carbonate hosted
barite - galena deposits occured in the Central Tauride Belt. There are three
different ore veins numbered as D1 (N85W / 35 SE), D2 (N70W / 85NE) and D3
(N8SE / 85NW) veins in the Big Mine sector from the ore deposits of the area.
These ore veins are occured along the fault zones which discordant to the bedding
planes of the limestones of the Permian Bickici Formation. The thicknes of the
veins changes from 0.2 m to 2.5 m. In the Boyalk Mine, barite - galena
mineralization is developped as thin ore veinlets within the hardly brecciated
bottom zones of the limestones of the Bigkici Formation, along the tectonic
(overthrust zone) contact between the Permian Bickici and Triassic Gamlica
Formations. '

Investigation of the ore samples by microscopic and XRD methods shown that the
ore deposits mainly contain barite (80 - 85 %) and galena (10 - 15 %) and small
amounts of sphalerite, pyrite, fahlerz, limonite, quartz and calcite. Barites are
occured during the earlier episode of mineralization and mylonitized before than
the galena formation. Galena and other minerals are epigenetically occured with
barite, along the porous zones between the brecciated barite crystals and enriched
especially in the hardly mylonitized zones.

Fluid inclusions within the investigated samples are groupped as; (i) primary
inclusions in barite crystals, (ii) secondary inclusions in barite crystals and (iii)
primary inclusions in quartz crystals. All three types of inclusions are generally very
thiny. First group of inclusions were assumed to be representative for the
mineralizing fluid formed barite crytals in the early episode of mineralizations,
while the 2™ and 3™ groups of inclusions were assumed to be representative for
the fluid formed the sulfide minerals during the later episode of mineralization.

i e and T, measurements during the microthermometric studies indicate
that the ore deposits of the area are occured by hydrothermal. fluids with following
characteristics; contain the salts of CaCl, and MgCl, which indicative that the fluids
are either sea water origine or circulated in the marine sediments, the salinity of
the fluids were high and their temperature were low during the crystallization of
barites (earlier episode of mineralization) and the salinity of the fluids were
decreased while their temperature were increased during the crystallization of
sulfide minerals (later episode of mineralization).

T.,, Tm
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Ore - host rock relations and ore petrographic studies shows that the investigated
deposits are vein type deposits, discordant with the bedding planes of the host
limestones, epigenetically occured along the fault and overthrust zones. These
observations leads to a different conclusion than that of earlier studies suggested
stratiform and strata-bound type occurences. The disharmonies between the
salinity and temperature of the fluids during the early and later episode of
mineralization may be explained as; the fluids were surficial origine (either
meteoric or sea water) rather than magmatic origine and the fluids which
circulated in the shallow depth were sligtly warmed, dissolved the Ba and sulfate
from the marine sediments of the basement and transported to the mineralization
environment during the early episode, while the deeply circulated fluids were
heated up to the higher temperatures, dissolved the Pb, Zn and other elements
from the basement and reached to the environment during the later episode of
mineralization.
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AFYON ZONU'NUN TRIYAS METASEDIMENTLERI i:cERisiNDE ALPIN
YASLI DUSUK DERECELI YUKSEK BASING / DUSUK SICAKLIK
METAMORFIZMASI iLE BAGLANTILI FE-MG KARFOLIT OLUSUMLARI

Osman CANDAN*, Mete CETINKAPLAN*, Roland OBERHANSLI** and Gaétan

) RIMMELE** _
*Dokuz Eylll Universitesi, Jeoloji Miihendisligi Bolumdi, 35100 Bornova Izmir
**Institut fir Geowissenschaften, Universitdt Potsdam, Postfach 601553, Potsdam 14415, Aimanya

Izmir — Ankara Kenet Kusaginin giiney kesiminde yer alan Anatolid — Torid blogu,
Neotetis okyanusunun erken Tersiyerde kapanmasiyla baglantili olarak bir araya
gelmis Tavsanli, Afyon, Menderes Masifi ve Likya naplar gibi tektonik zonlardan
yapilidir. Okay (1984) tarafindan tanimlanmis olan Afyon Zonu kuzeyde Tavsanl
mavisist kusadi, glineyde ise Menderes Masifi ile tektonik dokanaklarla
sinirlanmaktadir. ’

Afyon dogusunda yer alan calisma alanindaki metamorfik kaya istifi; 1)Pan -
Afrikan (?) yash alt birim ve 2) Mesozoik — erken Tersiyer yash ust birim olmak
tzere kendi igerisinde iki gruba aynimaktadir. Orta — yiiksek (?) dereceli Barrow
tlrd rejyonal metamorfizma ve coklu deformasyon gosteren alt birimde tzerleyen
bir diislik dereceli metamorfizmaya iliskin yaygin geri donisiimler gézlenmektedir.
Alt birim ince ve seyrek kuvarsit diizeyleri iceren homojen bilesimde granat — albit
— mika sistlerden yapilidir. Karbonat diizeyleri icermeyen birim boyutlar 500
metreye kadar ulasan yaygin gabroik stok ve damar kayalarinin yani sira olasili
Triyas yagl 16kokratik metagrgnitlerle kesilmektedir. Gabroik kayaglar kenar zonlari
boyunca glaukofan iceren amfibolitlere doniisiim godstermektedir. Alt topluluk,
Triyastan erken Paleosene (Gonciioglu ve dig. 1992) kadar uzanan ve
Gondwananin kuzeye bakan pasif kita kenarinda gokeldikleri diisiinlilen kesiksiz bir
metasedimanter istif tarafindan uyumsuz olarak {izerlenmektedir. Ust topluluk
Neotetis okyanusunun aciimasi ile iliskili oldugu disiiniilen (Gonciioglu ve dig.
1992), kalnhgi 3" km ye kadar ulasan bir metacakiltasi ile baslamaktadir. Iyi
yuvarlaklasmis kuvars ve / veya karbonat cakillari iceren bu konglomera dereceli
olarak camurtasi, silt tasi ve kumtaslarindan tiireme fillitler tarafindan
tzerlenmektedir. Fillitlerin Gst dizeylerinde mermer bantlar siklasmaktadir. Olasili
karasal — si§ deniz gokellerini karakterize eden bu meta-klastik istif kalinligi 4 km
den fazla olan platform tiiri masif karbonatlar tarafindan uyumlu olarak
Uzerlenmektedir. Karbonatlarin en ust diizeylerindeki ince tabakali ¢ortlii pelajik
kirectaslart  ofiyolit, kirectasi ve mavisist bloklari iceren bir olistostroma
derecelenmektedir. Bu pelajiklesme okyanusal kabugun platform (izerine
yerlesmesini karakterize etmektedir.

Karfolitin Likya naplari (Oberhansli ve dig. ,2001) ve Menderes Masifi'ndeki
(Rimmelé  ve dig. 2001) varlidgi son ylllarda gerceklestirilen calismalarla
saptanmistir. Bunlara ek olarak, karfolitin Afyon Zonu'na ait Triyas yash klastik
meta-sedimentler icerisindeki varli¢: ilk kez bu calisma ile ortaya konulmaktadir.
Karfolitler metapelitler igerisinde boyutlart 3 cm ye kadar ulasan rozetler
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olusturmaktadir. Ayrica bolgede metaklastiklerdeki kuvars segregrasyonlari
icerisinde 8-10 cm boyutlarinda lifsi karfolit olusumlar bulunmaktadir. Bolgede
karfolitin gelisimi belirgin bir sekilde kayacin Al icerigi ile denetlenmektedir. Al'ca
zengin metapelitlerde ve kuvars cakiltaglari igerisindeki pirofillit yama ve
diizeylerinde “Fe-Mg karfolit — pirofillit — kloritoid” ve “Fe-Mg karfolit — kloritoid —
fengit” parajenezleri saptanmigtir. Buna karsin kuvars segregrasyonlarinda “kuvars
— Fe-Mg karfolit” biraradaligi bulunmaktadir. Bunlarin yani sira fillitler igerisindeki
mermer bantlar, platform tiiri karbonatlarin en alt dlzeyleri ve meta-
konglomeralar icerisindeki karbonat gakillarinda olasili aragonite ait pirizmatik ve
lifsi karbonat kristalleri g6zlenmektedir.

Yaklagik 350+50 C° sicaklk ve &-8 kbar basing kogullarini gosteren karfolitli
topluluklar bolgedeki metamorfizmanin dugsiik derece, yiiksek basing / digik
sicaklik karakterini acikca ortaya koymaktadir. Bu kosullar, Mesozoik yasl pasif kita
kenari gokellerinin onu uyumsuz olarak altlayan, olasili Pan-Afrikan yash Ust kabuk
metasedimentleri ile birlikte yaklasik 30 km derinlige gémildigini gostermektedir.
Afyon zonuna ait metamorfik istifteki en geng birimin yasi (Geg Maastrihtiyen —
Erken Paleosen) ve onu uyumsuz olara lzerleyen metamorfik olmayan en yagh orti
serilerine (Erken Eosen — Geg Paleosen) dayanarak karfolit olusumu ile baglantili
metamorfizmanin  ve  bolgenin  ylizeylemesinin  Paleosen  yash  oldugu
dustnilmektedir. Bu veriler, Anatolid — Torid platformunun kuzeye dalimi sirasinda
gerceklesen vyiiksek basing / dislik sicaklik metamorfizmalarinin, orjinal
konumlarinda Anatolid — Torid platformunun kuzey kesimlerinde yer alan tektonik
kusaklarda ana hatlariyla kuzeyden giineye dogru genglestigini (Tavsanli Zonu,
Koniasiyen-88 My; Afyon Zonu, Paleosen ?; Menderes Masifi, Eosen-40 My; Likya
naplar Geg kretase — Eosen ?) gostermektedir.

FE-MG CARPHOLITE OCCURRENCE AS A RECORD OF ALPINE LOW-
GRADE, HIGH-P / LOW-T METAMORPHISM IN TRIASSIC
METASEDIMENTS OF AFYON ZONE, TURKEY

The Anatolide — Tauride block in western Turkey, situated to the soyth of the Izmir
— Ankara Suture Zone, is made up of the tectonic zones of the Tavsanl, Afyon,
Menderes Massif and Lycian nappes, that had been assembled by the closure of
the Neotethyan ocean during the early Tertiary time. Afyon Zone described by
Okay (1984), is tectonically bounded by the Tavsanli Blueschist Zone and the poly-
metamorphic Menderes Massif at the north and south, respectively.

The metamorphic succession of ,jthe study area located to the east of Afyon,
consists of two main units: 1) Pan-African (?) lower unit and 2) Mesozoic — early
Tertiary upper unit. The lower unit shows Barrovian-type medium to high (?)-
grade regionai metamorphism and poly-phase deformation with intense low-grade
overprint, and is characterized by the widespread presence of homogeneous
garnet — albite - mica schist with minor quartzite interlayers. This carbonate — free
unit is intruded by numerous gabbroic stocks and veins up to 500 m in lateral
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extent and presumably leucocratic metagranites. The gabbros are rimmed by
amphibolitic marginal zones containing relic glaucophane. The lower unit is
unconformably overlain by a continuous metasedimentary sequence extending
from Triassic to early Paleocene (Gonclioglu et al. 1992), which represents the
northward — facing passive continental margin of Gondwana. The upper unit starts
with metaconglomerates up to 3 km in thickness, which is thought to represent the
rifting episode of the Neotethyan ocean (Goncloglu et al 1992). These
conglomerates with well-rounded pebbles of quartzite and/or carbonate are
gradually overlain by phyllites originated from mudstone, siltstone and sandstone.
Marble layers dominate in the uppermost part of the phyllites. The probably
terrestrial to shallow water meta-clastic sequence is succeeded gradationally by
platform — type carbonates more than 4 km thick. The thin-bedded cherty pelagic
limestones representing the initial foundering of the platform as the result of
obducted ophiolites grade into an olistostrome with ophiolite, limestone, and
blueschist blocks.

In addition to the common presence of carpholite in Lycian nappes (Oberhansli et
al. 2001) and in the Menderes Massif (Rimmelé et al. 2001), the widespread
occurrence of Fe-Mg carpholite is recognized for the first time in the Early Triassic
clastic metasediments of the Afyon zone. They occur as rosette-like crystals up to
3 cm in size in metapelites and 8-10 cm long fibres in quartz segregations. The
assemblages of rock forming carpholites, which are obviously controlled by the Al-
rich parts of metapelites and quartz metaconglomerates with pure pyrophyllite
patches and layers, are “Fe-Mg carpholite — pyrophyllite — chioritoid” and “Fe-Mg
carpholite — chloritoid — phengite”. On the other hand, the paragenesis of quartz
segregation is typically “Fe-Mg carpholite — quartz”. In addition, prismatic and
fibrous carbonate crystals (aragonite?) are commonly observed in the marbles
within the phyllites, in the lowermost part of the platform-type carbonates and in
carbonate pebbles of the metaconglomerates.

Fe-Mg carpholite-bearing assemblages involve temperature of about 350 + 50 C°
and minimum pressure of 6-8 kbar, which clearly indicate a low-grade, high-P /
low-T metamorphism. This P-T condition corresponds to a burial depth of about 30
km of the Mesozoic passive continental margin sediments together with the
underlying Pan-African (?) supracrustal metasediments. The ages of the youngest
rocks of the upper unit (Late Maastrichtian — Early Paleocene) and unconformably
overlying oldest nonmetamorphie cover series (Early Eocene - Late Paleocene) in
the Afyon Zone suggest a probable Paleocene age for HP metamorphism and
exhumation. This implies the continuous younging of high-P / low-T terrains
related to the northward — directed subduction of the Anatolide — Touride platform,
from north to south involving the Tavsanli Zone (Coniacian, 88 Ma), the Afyon
Zone (Paleocene?), the Menderes Massif (Eocene, 40 Ma) and the Lycian Nappes
(Late Cretaceous — Eocene?), which were probably derived from the northern part
- of the Anatolide - Tauride platform.

Okay A., (1984), J. Geol. Soc. London Special Publication 17, p. 455-466
48



55. Tirkiye Jeoloji Kurultayi
55" Geological Congress of Turkey

Gonciioglu et al. (1992), ISGB-92, Guide book, Ankara-Turkey

Oberhansli et al. (2001), Int. J. Earth Sciences, 89: 867-873

Rimmelé et al. (2001), 1*" Int. Symposium of the Faculti of Mines (ITU) on earth
Sciences and Engineering Abstract Book.

49



55. Tiirkiye Jeoloji Kurultayi
55" Geological Congress of Turkey

TURK MASIF SULFIT YATAKLARININ GENEL CEVHER DOKU VE
MINERALOJIK OZELLIKLERI

'Emin GIFTGI*, Richard D. HAGNI**
*Nigde Universitesi, Jeoloji Miihendisligi Bélim(, 51200 Nigde
**University of Missouri-Rolla, Dep. of Geology & Geophysics, Rolla, MO 65401, ABD

Dogu Pontid tektonik kusadinda (KD Tirkiye) bulunan volkanojenik masif siilfit
yataklar (VMS), Pontid adayay! sisteminin olusumu sirasinda gelisen gec¢ Kretase
asidik volkanizmasi ile zaman ve mekansal birlikteligi nedeniyle oldukga 6zgtindiir.
Bu bolge 60’ in lizerinde ekonomik ve ekonomik-alti VMS yatak igerir ve bu yataklar
tendr ve reserv itibari ile cesitlilik arzetmektedir. Bolgedeki VMS yataklar, bolgeye
yakin iki Kibris-tipi masif silfit yataklar -Ergani ve Kiire ile beraber ilkenin ana baz
metal kaynagini olusturmuslardir. Bu vyataklar Miyosen yasl Japon Kuroko
yataklarina benzer kabil edilmiglerdir. Bu iki yatak tipi, stratabound nitelik, cevher
kutlelerinin mimarisi, mineral igerigi, ana-kaya litolojisi, kararli izotop bilesimi,
olusum sicakliklan, tektonik ve jeolojik konum itibari ile oldukga benzerlikler
arzederler. Ancak, Turk VMS vyataklar ayrica onemli farkliliklarda sunmaktadir.
Belirgin olusum yas! farklihdinin yani sira belli dokusal ve mineralojik farkliliklar
ozellikle dikkate degerdir.

GENERAL ORE TEXTURAL AND MINERALOGICAL CHARECTERISTICS OF
TURKISH MASSIVE SULFIDE DEPOSITS

The volcanogenic massive sulfide (VMS) deposits of the eastern Pontide tectonic
belt (Northeastern Turkey) are unique in that they are spatially and temporally
associated with late Cretaceous acidic volcanism that occurred during the
formation of the Pontide island arc system. This region is the host for more than
60 economic and subeconomic VMS deposits that vary in size and tenor. These
deposits have been a major source for base metals for the country, together with
significant contributions from two Cyprus-type VMS deposits, Ergani and Kiire
deposits, that occur in the south and west of the eastern Pontide metallogenic belt,
respectively and the Mesozoic polymetallic vein-type deposits that also occur in the
region. The VMS deposits have been considered to be analogous to the Miocene
age Kuroko-type deposits in Japan. They are similar in many respects, including
stratabound character, architecture of the orebodies, mineral content, host-rock
lithology, their stable isotope compositions, formation temperatures, and tectonic
and geologic settings. However, the Turkish VMS deposits also show distinct
differences that make them highly unique. Their obvious age differences from the
Japanese deposits together with certain textural and mineralogical differences are
especially noteworthy.
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OLTU TASI — MINERALOJISI VE FiziKSEL OZELLIKLERI

Emin GIFTCI*, Sinan COSKUN*, Biilent YALCINALP**
*Nigde Uniyersitesi, Jeoloji Miihendisligi Bolimi, 51200 Nigde
**K T.U., Jeoloji Muhendisligi Bolimi, 61100 Trabzon

Oltu (Erzurum) yakin civarinda gozlenen Oltu Tagi ileri-derece metamorfik bir
kémiir olup oldukga kirilgan ve hafif bir kayactir (6zgiil agirhdr yaklagik 1.2 g/cm?).
Islenmemis halinde genellikle mat bir siyah ve kahverengimsi-siyah renkler
hakimdir. Karbon icerigi bitiimlii kémir-antrasit arasinda bulunur. Oldukga cesitlilik
arzeden bir iz element kimyasina sahiptir. Ozellikle demir, aliminyum, baryum,
kalsiyum, magnesyum ve sodyum bol miktarda bulunur. Oltu Tagl ayni zamanda
organik minerallercede zengindir. En baglicalar barbital, fenanthren ve metil
naftalendir. Parlak kesit incelemelerinde bol miktarda mikron-boyutlu pirit framboid
icerdigi gozlenmistir.

OLTUSTONE- MINERALOGICAL AND PHYSICAL PROPERTIES

Oltustone, occurring in the nearby area of the town of Oltu (Erzurum, Eastern
Turkey), is a high-grade metamorphic coal, which is highly brittle and a light rock
(specific weight is about 1.2 g/cm?). It is dull black to brownish black in color when
it is fresh and unprocessed. Its carbon content is between bituminous coal and
antrasite. It has highly diversed trace element compositions. Particularly, iron,
aluminum, barium, calsium, magnesium, and sodium are the most abundant
elements. Oltustone is also rich in organic minerals. Main components are barbital,
phenanthrene(anthracene) and metyl naphthalene. Polished-section investigations
indicated abundent presence of micron-scale pyrite framboids.
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KANKOY YATAGI — KUROKO-TIPI MASiF SULFITLERE DOGU
PONTIDLERDEN BIR ORNEK

Emin GIFTCI*, Derya KILING*, Abdurrahman LERMI**
*Nigde Universitesi, Jeoloji Mithendisligi Bolimti, 51200 Nigde
**K. T. U., Jeoloji Mithendisligi Bolimii, 61100 Trabzon

Kankdy volkanojenik massif silfit yatag (VMS), dogu Pontid tektonik kusaginin
orta-bati kesiminde yer almaktadir. Yatak, Ust Kretase yash felsik volkanik complex
icinde bulunmaktadir. Yatak esas olarak stratabound nitelikte ve stratiform
yataklarin hem Cu-Zn hemde Cu-Zn-Pb-tipine has Gzelliklere sahiptir. Yatak esas
olarak sar cevher (oko) ile yari-siyah cevher olarak kabiil edilebilen bir cevherden
olusur. Cevherlesme gogunlukla masif ve daha az miktarda da sacinim ve stokvork
halde gelismistir. Ana cevher mineralleri pirit, kalkopirit, sfalerit, galen,
tetrahedrit/tenantit, bornit ile az miktarda kovellin, markasit, kalkosit ve dijenitten
olusur. Gang mineralleri gogunlukla kuvars, kalsit, barit, ve az miktarda jips ve
dolomitten olusur. Yatak igin belirlenen cevher mineral parajenetik sekansi pirit-
kalkopirit (I)-sfalerit-galen-tetrahedrit/tenantit-dijenit-kalkosit-kalkopirit (II)-bornit-
kovellin. Yatak replasman, kolloform, saginim, kirintili gibi bir cok cevher mineral
dokusu icermektedir. Kankdy cevherinin ince-taneli yapisi gelecekte muhtemel
isletimi sirasinda muhtelif problemler yaratacagi tahmin edilmektedir. Sfalerit,
bolgenin diger benzer yataklarinda oldugu gibi, demirce oldukga fakirdir.

KANKOY DEPOSIT— AN EXAMPLE TO THE KUROKO-TYPE VOLCANOGENIC
MASSIVE SULFIDE DEPOSITS FROM EASTERN PONTIDES
‘(TRABZON-NE TURKEY)

The Kankdy volcanogenic massive sulfide (VMS) deposit is situated in the western
to central part of the eastern Pontide tectonic belt. The deposit is hosted
predominantly by the felsic volcanic complex of late Cretaceous age. The deposit is
essentially stratabound with characteristics of both Cu-Zn- and Cu-Zn-Pb-type
stratiform VMS deposits. The deposit is constituted mainly of yellow ore (the oko)
and a zone that can be considered as semi-black ore. Ore mineralization occurred
mainly in the form of massive ore and to lesser extent as dissemination and
stockwork ore. Major ore minerals include pyrite, chalcopyrite, sphalerite, galena,
tetrahedrite / tennantite, bornite, and minor to trace covellite, marcasite,
chalcosite, and digenite. Gangue minerals are chiefly quartz, calcite, barite and
with minor gypsum and dolomite. The deposit has a mineral paragenetic sequence
of pyrite - chalcopyrite (I) — sphalerite - galena - tetrahedrite / tennantite —
digenite — chalcosite — chalcopyrite (II) — bornite - covellite. A great variety of
intimate intergrowth ore textures including replacement, colloform, dissemination,
and fragmental prevails throughout the deposit. Fine-grained nature of the Kankdy
ore may generate complications in future beneficiation processes. Sphalerite, as is
the case in the other VMS deposits of the region, is significantly Fe-poor.
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iZMIiT KORFEZI KUZEYININ JEOLOJISI

o Nese CUVAS ‘
L.T.U. Avrasya Yerbilimleri Enstitlist, 80626, Maslak Istanbul

Kocaeli Yarimadasi'nda yeralan Izmit bélgesinde temel Paleozoyik yash kalin bir
cokel istifle temsil edilmektedir. Bu istif Alt Ordovisiyen yash kirintihlarla baslayip
Silliriyen yash plaj kumtaglarina geger ve Devoniyen yash platform karbonatlariyla
devam eder. Bu Paleozoyik istifin st kisimlarint doguda si denizel-karasal
kinntihlar, batida ise derin denizel kirintiilar ve radyolaryali ¢ortlerle tanimlanan
Karbonifer yasl kinntililar olusturmaktadir.

Paleozoyik birimlerini, Alpin tipi Triyas sedimanter istifi agili uyumsuz olarak
ortmektedir. Bu istif karasal kirmizi renkli kirintililarla baslamakta, tste dogru si§ su
cokellerine gegmekte ve derin denizel Ammonitli kirintililar ve karbonatlarla devam
etmektedir. En Gst kisimlar ise regresif sedimanlarla temsil edilmektedir.

Inceleme alani Jura-Erken Kretase arali§inda olusan bir asinim déneminin ardindan
Geg Kretase'den itibaren yeni bir transgresyonla kaplanmis ve bu durum Orta
Eosen’e kadar stirmistiir. Bu transgresif evrede basta giderek derinlesen bir ortami
yansitan kirintih ve karbonatlar ¢okelmis, Eosende ise regresif kirintililar geligmistir.
Eosen sonundan itibaren yiikselerek asindinimaya baslayan bélgede Ust
Pleyistosen’de bazi karasal kirintililar cokelmistir. Kuzey Anadolu fayinin etkili
oldugu bu evrede giiney alanlarda Izmit Kérfezi aciimis, korfez ve yakin cevresinde
ise fay kontrollli ¢cokiintli alanlarinda denizel kirintilar depolanmigtir.

Kocaeli Yarimadasi Miyosen doénemi sirasinda peneplen niteligini kazanmig, bu
aginim periyodunu takiben Kuzey Anadolu Fay sisteminin etkisi altinda KD-GB ve
KB-GD yonlii faylarla bicilmistir. Bu faylar Izmit Kérfezi ve dogusunda gokelimi
kontrol etmistir. Kuzey Anadolu Fayi giiniimiizde Izmit Korfezi icerisinde sag yanal
atimh tek bir ana fay seklinde aktivitesini siirdlirmektedir.

GEOLOGY OF THE NORTHERN PART OF THE GULF‘OF IZMIT, NW
TURKEY

In the Izmit region, eastern part of the Bhytnian Peninsula, a thick sedimentary
succession of Palaeozoic age forms the basement. This succession starts with
Lower Ordovician fluviatile clastics, and grades into Silurian beach sandstones and
following platform carbonates of Devonian age. The uppermost part of the
Palaeozoic sequence is Carboniferous clastics which is represented by shallow
water to terrestrial clastics in the east and deep-water flysch-type sediments and
radiolariolarian cherts in the west.
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An Alpine-type Triassic sedimentary succession unconformably overlies the
Palaeozoic sequence. It starts with continental red beds and grades upwards into
shallow and deep water Ammonite-bearing clastics and carbonates. The uppermost
part of this sequence is represented by regressive sediments.

The study area lived an erosional period during the Jurassic and Early Cretaceous.
Following this erosional period a new transgression covered the whole region since
Late Cretaceous and lasted until the end of Middle Eocene. Products of this
transgressive period are represented upward deepening clastics, carbonates and
flysch deposits. The youngest units of the region are continental clastics of
probable Upper Pleistocene age.

During the Miocene the Bhytnian Peninsula had been gained a peneplain character
and following this period it is cut by North Anatolian Fault and its NE-SW and NW-
SE extended branches. These faults controlled the sedimentation of Gulf of Izmit
and its eastern parts. North Anatolian Fault and its branches which are
characterized by dextral faults are still lasting their activities.
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ORTA ANADOLU'DAKI URETKEN FE, URETKEN PB-ZN VE KISIR
GRANITOYIDLERIN JEOKIMYASAL KARAKTERIZASYONU iGIN
ISTATISTIK UYGULAMALARI

Gokhan DEMIRELA*, Ilkay KUSCU*, Gonca Gencalioglu KUSCU**, Erkan

YILMAZER*, Cem SARAC***
*Nigd eUniversitesi, Aksaray Miih. Faku!tesn Jeoloji Mihendisligi Bolimu, 68100 Aksaray
**Nigde Universitesi, Miihendislik Fakultesi, Jeoloji Mihendisligi Bolimd, 51200 Nigde
***Hacettepe Universitesi, Jeoloji Miihendisligi Bolimd, 06532, Beytepe Ankara

Ana bilesen analiz yontemlerinden “faktor analizi yontemi” bu calismada Orta
Anadolu Kristalen karmasigi'nda yer alan Fe ve Pb-Zn ile iliskili (iiretken) ve steril
(kisir) granitoyidlerden derlenen jeokimyasal analiz sonuglarinin
degerlendirilmesinde kullaniimistir. Bu galismayla en azindan sadece demir veya
sadece Pb-Zn Uretebilen granitoyidlerle steril (kisir) arasinda ne gibi jeokimyasal
farklarin oldugunun tespiti yaninda (retken Fe, Pb-Zn ve kisir granitoyidleri
birbirinden ayirmaya yarayan jeokimyasal parametreler tespit edilmistir. Bu
parametreler hem kisir hem de (Uretken granitoyidlerin  jeokimyasal
diskriminasyonunda  kullanilabildigi  gibi  bilinmeyen bélgelerde yer alan
granitoyidlerin arama amagl degerlendirilmelerine model olusturmaktadir.

Pb-Zn dreten granitoyidler Fe (reten granitoyidlerinden daha yiiksek silika
degerleriyle ve kismen yiiksek toplam alkali degerleriyle farklilasmaktadir. Ote
yandan kisir granitoyidlerin (her iki grup icin) Uretken olanlara gére daha fazla
magmatik farklilagmaya ugradiklari 6ne siriilmektedir. Pb-Zn iireten granitoyidler
daha yiiksek ortalama Rb, Sr ve Y degerleriyle kitasal kabukla daha fazla iliskili
granitoyidler olarak, Fe Ureten pliitonlar ise daha yiiksek ortalama Zr, Y ve Ni ve
daha diiglik Rb-Sr, ve Th degerleriyle kitasal kabuktan en az ma!zeme almis
granitoyidler olarak goze carpar.

STATISTICAL APPLICATIONS TO GEOCHEMICAL CHARACTERIZATION OF
PRODUCTIVE FE, PB-AN AND STERILE GRANITOIDS IN CENTRAL
ANATOLIA

The factor analysis method, one of the principal component analysis, was used in
evaluation of the geochemical data for productive Fe, and Pb-Zn granitoids and
sterile granitoids in Central Anatolian Crystalline Complex. This study enabled not
only the determination of geochemical differences between Fe and Pb-Zn
producing granitoids, but also determination of geochemical parameters that
discriminate the productive and sterile granitoids. These parameters are used in
geochemical discrimination of productive and sterile granitoids, and in modeling of
granitoids in unexplored areas.

The productive Pb-Zn-granitoids differ from productive Fe-granitoids in their high
silica and relatively high total alkaline contents. On the other hand, it is found that
the sterile granitoids are more evolved (high magmatic differentiation) compared
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to productive granitoids. The Pb-Zn producing granitoids are characterized by
relatively high Rb, Sr and Th values while Fe-producing granitoids are
characterized by high Zr, Y and Ni, and relatively low Rb, Sr and Th contents

indicating lower degrees of crustal contamination.
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KAKLIK-KOCABAS (DENIZLI) TRAVERTENLERININ JEOKIMYASAL
OZELLIKLERI

Ziilfii DEMIRKIRAN*, Faruk GALAPKULU**
* Dokuz Eyll Universitesi, Torball Meslek Yiiksekokulu, Izmir )
** Dokuz Eylil Universitesi, Jeoloji Miihendisligi Bolimi, 35100, Bornova Izmir

Denizli Kaklik bolgesi travertenleri, Menderes metamorfitleri ve Mesozoyik yash
birimler ile bu birimleri uyumsuz olarak Ustleyen Senozoyik yash birimler lizerinde
yer almaktadir. Travertenler Pliyokuvaterner vyashdir. Incelenen traverten
olusumlarinin morfolojik ve litolojik &zellikleri arastinimig; teras, damar, sirt, kanal
ve godlsel ortamda olusmus traverten tipi olmak iizere bes ayr traverten tipi
tanimlanmigtir. Bu traverten tiplerinin kimyasal bilesimleri incelenerek Si, Al, Fe,
Mg, Ca, Na, K, Ti, Mn, P, Pb, Zn, Cu, Ni, Cd, Li, Sb ve S element dadilimiari
arastinimstir.

Farkli tiplerdeki travertenler lizerinde yapilan jeokimyasal calismalar ile, ~

e Stronsiyum‘un damar tipi travertenlerin tanimlayici 6zelligi olarak
ortaya ciktigi,

¢ Aliminyum, Potasyum, Titan Ve Demirin gdlsel ortamda olusmus
travertenlerde damar ve sirt tipi tarvertenlere oranla daha zengin
konsantrasyona sahip oldudu, -

e Kursun ve Antimon'u Sirt ve Damar tipi travertenlerin golsel tip
travertenlerden daha fazla icerdikleri

e Diger incelenen elementlerin belirgin bir farklii§i gostermedigi
belirlenmistir.

Bu calisma sonunda morfolojik agidan beg ayn tipe ayrilmis Denizli travegtenlerinin
jeokimyasal ozellikleri belirlenmistir. Stronsiyum minerolojik olarak arogonit icinde
yer aldigi, traverten olusumuna neden olan sicak su kaynadinin lokalitesinin
belirlenmesinde kilavuz olarak kullanilabilecegi ortaya konulmustur.

GEOCHEMICAL PROPERTIES OF THE TRAVERTINES AROUND KAKLIK-
KOCABAS (DENIZLI) REGION

The morphological and litological characteristics of the Denizli Kaklik area
travertines which exist on the Menderes metamorphics and the Mesozoic and
Denizli Kaklik area Cenozoic aged units Travertines are Plioquvaternery aged. Five
different types of travertines have been described in the district of the Kocabas-
Kaklik: terrace, vein, ridge, channel and lacustrine type travertines. Si, Al, Fe, Mg,
Ca, Na, K, Ti, Mn, P, Pb, Zn, Cu, Ni, Cd, Li, Sb and S element compositions have
been studied on travertine types in geochemical studies.

57



55. Turkiye Jeoloji Kurultay
55" Geological Congress of Turkey

The geochemical studies revealed that the lacustrine type travertines are rich in
the content of aluminum, potassium, titanium and iron, when compared with the
vein and ridge type travertines. The concentration of magnesium is higher in the
lacustrine and ridge type travertines compared with the vein type travertines. The
silica contents of the different type travertines do not show any significant change.
The ridge and vein type travertines contains more lead and antimony than the
lacustrine type travertines. The high Sr contents is characteristic for the vein type
travertines. It is found that there is no any significant differences at the other
elements.

According to the data obtained, the travertines of Denizli area were divided into
five types and based on their mineralogical and geochemical features thus it has
been suggested that the aragonit mineral and the element of the strontium can be
used to determine the locality of hotspring which causes to form of these
travertines.
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1965 SALIHLI, 2000 DENIZLi VE 1999 — 2001 SAVASTEPE (BALIKESIR)
DEPREM DizZiLERI: DEPREM FIRTINASI MI ?

Ramazan DEMIRTAS*, Eren TEPEUGUR**, Bengi ERAVCI*, Miijdat YAMAN*,

Kenan YANIK**
*Afet igleri Genel Midirlagi, Deprem Arastirma Dairesi Bagkanlgi, Aktif Tektonik Grubu
**Afet Isleri Genel MUdirlGga, Deprem Arastirma Dairesi Bagkanhdi, TURKNET Grubu

1965 yilinda Salihli, 2000 yilinda Denizli ve 1999-2001 yillarinda Savastepe (Balikesir)
civarinda buyiklikleri MI=2.0 ile MI=5.5 arasinda degisen gok sayida kiiglik deprem
olmustur. Bu calismada, bu deprem dizilerine neden olan fay ya da faylar ve bu
depremlerin deprem firtinasi mi yoksa yerel faylanma karakterleriyle mi ilgili olduklari
arastinimigtir.

Bilindigi gibi belirli sinirli bir bolgede bir hafta ya da birkag aylik stre igerisinde olugan
cok sayida mikrodeprem deprem firtinasi olarak isimlendirilir. Deprem firtinasi, bir gesit
enerji bosalimidir. Deprem firtinasinda ana sok olabilecek bir deprem sdzkonusu
degildir. Depremler, en ¢ok saylya ulagincaya kadar slrekli artmaya devam eder ve
sonra yavas yavas azalr. Ornedin Meloy kent.ide (Norveg) 1978 Kasim'inda bir
deprem firtinasi baslamis ve 1979 Ocak <»~nuna kadar devam etmistir. Bu stirede yakin
istasyonlarda blyukligu 3.2 ve daha kuglik 10,000 deprem kaydedilmistir. En fazla
oldugu giin 800 deprem kaydedilmistir. Bununla birlikte deprem firtinalari, genellikle bir
giin icinde birkag bin kiglk deprem olusumu seklinde goriltr. Bu tur depremler,
volkanik bolgelerde gok sik olarak gdzlenir.

3 Subat 1965 glini Salihli civarinda hafif siddetli depremler olmaya basglamis ve 18
Subat 1965 gtintine kadar devam etmistir. 10 Subat 1965 giini depremlerin siddetleri
artmis ve giinde 10 deprem olmaya baslamistir. Bu depremlerden en siddetlisi 16 Subat
1965 giinli meydana gelmistir. 18 Subat 1965 giinl depremler gegici olarak kesilmistir.
23 Mart 2001 glini Salihli — Alasehir arasindaki koylerde hasar yapan M=5.5
buytkliginde siddetli bir deprem daha olmustur. Depremler, 15 Nisan 1965 tarihine
kadar 2 ay devam etmistir. Bu siire igerisinde 200 deprem meydana gelmistir. Deprem
dis-merkezlerinin bir kismi Salihli, Kursunlu; bir kismi da Camur banyolan civarinda yer
almistir. Bu depremlere Camur banyolari ile Kursunlu banyolari arasindan gegen bir fay
zonu neden olmustur. Bu depremin en blyik siddeti V (MSK) olarak belirlenmistir.
Depremler, Salihli'de orta derecede hasara yol agmistir. Depremde, binalarin %
50’sinde catlaklar meydana gelmistir. Bu bolgede 8 ev tamamen yikilmig, 100 ev agir,
51 ev hafif hasar gormistir. Depremler, Allahdiyen, Keii (Tepe), Caferbey,
Sartmahmut, Taytan, Hacibektasl, Yenipazar, Durasalll ve Alasehir'e bagl Bagcilar,
Kabazli, Karatas kdylerinde de hissedilmistir. Alasehir'e bagh Kurudere, Derekdy,
Gobekli ve Keserler koylerinde de hafif hasar olmustur. Bu bdlgede 9 ev yikilmig, 37 ev
agir, 36 ev orta ve 7 ev hafif hasar gormistir. Depremler nedeniyle Salihli ve
civarindaki yerlesim yerlerinden 25.000 kisi korkudan kasabayi terketmislerdir.

Denizli'de sismik etkinlik, 24 Subat 2000'de kuigiik bir depremle baslamis ve 20 Nisan
2000'de 4 deprem olmustur. 21 Nisan 2000 giini M=5.2 blylkliginde siddetli bir
deprem olmustur. 2000 yilinin Haziran ayina kadar ilk 2 aylik dénemde 34 artg deprem
meydana gelmis ve izleyen 4 aylik dénemde yodun bir sismik etkinlik gdzlenmistir. Bu
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son dort aylik donemde Denizli yakin civarinda biyUklikleri 3.0 ile -1.0 arasinda degisen
120 deprem meydana gelmistir. Sismik etkinlik, 05 Ekim 2000 gtnl sona ermistir. Nisan
- Ekim 2000 tarihleri arasinda Denizli ve yakin civarinda olan depremler Denizli
havzasinin yakin KD'sundan gecen Honaz-Kalekdy-Ozerlik-Saraykdy arasindan uzanan
Kalekdy fayi; Honaz-Karakova arasinda uzanan Karakova fayr ve Honaz-Pamukkale-
Karahayit arasinda uzanan Pamukkale fayi Gzerinde meydana gelmistir.

26 Temmuz 1999 glnl Savastepe'de (Balikesir) siddetlice hissedilen Mi=4.5
bliyukliginde bir deprem olimustur. Bu deprem, Kozdereglivem favi (izerinde meydana
gelmistir. Bu fay, sol yanal atim bilesenli egim atimli normal fay o..p, yaklasik 5 - 10 km
uzunluktadir. Fayin genel dogrultusu KD-GB'dir. Uzunlugu dikkate alindiginda,
Kozderegtivem fayr en blylk (Mimax) 5.5 blyikliginde depremler Uretebilir. 22
He  n 2001 glnd, Savastepe'yi cok yakindan etkileyen MI=5.0 biyukliginde bir
de, _m daha olmustur. Bu deprem, Yazoren fayi tzerinde meydana gelmistir. Fay, sag
yan..! atim bilesenli e§im atimli normal fay olup, yaklasik 5 km uzunluktadir. Fayin genel
dogrultusu KB-GD'dur. Uzunlugu dikkate alindi¢inda, Yazoren fayi, en blyik (Mimax)
.0 buytkliginde deprem Uretebilir. Son iki yil icerisinde Pinarbasi Yaylas: civarinda
Kozdereglivem fayr ile Yazoren fayinin kesisim bdlgesinde ylzlerce mikrodeprem
rmeydana gelmistir.

26 Temmuz 1999 ve 22 Haziran 2001 depremleri, Yazdren, Hamidiye, Gokcukur ve
Halkaaviu koylerinde 17 evde hafif hasar yapmistir.Hasar hatilsiz, camur hargli moloz
tash eski yapilarda gozlenmistir. Hasar, yapilarin ¢ok kotli ve eski olmasindan ileri
gelmistir. Yazoren koyl, fay Uzerinde yer almkata, ancak zemin olarak saglam masif
Triyas-Jura yasl rekristalize kirectaslari tzerine kurulmustur.

1965 Salihli, 2000 Denizli ve Savastepe’de olmus depremler bir deprem firtinasi degil,
bolgeye 6zgl yerel 6lgekli faylanmalarla ilgilidir. Balikesir civarinda, Kozderegiivem ve
Yazoren faylarina benzer gok sayida kiigiik yanal atim bilesenli egim atimh normal faylar
ver almaktadir. Tarihsel donem icerisinde Savastepe merkezli bliylkligi M=5.5'u gegen
bir depremin olmamasi, bu son depremlerin yerel Glcekte kiiclik faylanmalaria ilgili
olduklarini  dogrulamaktadir. Uzunluk - buylklik iliskisine goére, Yazoren ve
Kozdereglivem faylar sirasiyla en biyik Mi=5.0 ve MI=5.5 buylkliginde depremler
Uretebilir. 1999 ve 2001 yillarinda her iki fay Uzerinde de en biylk manyitidIi
depremler ve artcllan olmustur. Bu nedenle bu depremlerin arkasindan daha biyiik
deprem olma olasiliklar gok dustktiir. 1900 — 2000 yillari arasinda Savastepe'yi igine
alan kuzeybati Ege bdlgesinde blyilikligli 4.5 — 5.5 arasinda degisen 275 deprem
olmustur. Bu depremlerin yinelenme araliklari 5 — 20 yil arasinda degismektedir.

1965 Salihli deprem dizisini izleyen vyillarda, komsu bdlgelerde, 25 Mart 1969 Demirci
(Ms=6.1); 28 Mart 1969 Alasehir (Ms=6.5) ve 28 Mart 1970 Gediz (Ms=7.1) depremleri
meydana gelmistir. Benzer sekilde 2000 Denizli depremlerinden sonra, biraz uzak
bolgede 15 Aralik 2000 Aksehir (MI=5.8) depremi olmustur. Bu sonuglar, bu tiir
depremleri izleyen dénemde, bu deprem dizilerinin oldudu dis-merkez bdlgesinden
ziyade komsu bdlgelerde, biliylik deprem olma olasiliklarinin gok daha yiiksek oldugunu
ortaya koymaktadir.
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EARTHQUAKE SERIES OF THE 1965 SALIHLI; THE 2000 DENIZLI AND THE
1999-2001 SAVASTEPE (BALIKESIR): ARE THEY EARTHQUAKE SWARMS OR
NOT ?

In the years of 1965, 2000 and 1999-2001, earthquake series with magnitudes ranging
from 2.0 te 5.5 occurred in the regions of Salihli; Denizli and Savastepe (Balikesir), in
western - northwestern Anatolia, Turkey, respectively. In this study, firstly we have
investigated individual faults causing these earthquake series, secondly tried to
understand whether they were "earthquake swarms" or characters of local faulting
peculiar to that region.

A large number of earthquakes that took place within a limited area over time periods
from a week to several months are called "earthquake swarms". These are another
mode of energy release. An earthquake swarm shows no pronounced main shock.
Frequency of shocks gradually increases until a maximum is reached and then
gradually decreases. For example, a swarm activity in Meloy, northern Norway, began
in November 1978 and high activity lasted until the end of January 1979. Over 10,000
tremors with magnitudes less than 3.3 have been recorded by nearby stations. The
maximum number of microearthquakes for a day was about 800. However, cases of
swarms are known where the maximum frequency was as high as several thousands of
small earthquakes per day. Swarms are also common in volcanic regions.

Small-sized earthquakes began to occur in the vicinity of Salihli, on February 3, 1964
and lasted un to February 10, 1965. Gradually increasing in magnitude on February 10,
1965, 10 earthquakes per a day begun to form in the area. The strongest one took
place on 18 February. The earthquakes temporally stopped on 18 February 18. On 23
March, a severe earthquake (MI=5.5) caused damage in the villages located between
Salihli and Alagehir. These earthquakes lasted for two months up to 25 April. Epicenters
were mainly clustered in two areas, at locations of Kursuniu and at mud baths. These
clusters defined existence of a fault zone extending from Mud baths to Kursunlu baths.
A maximum intensity of V (MSK) was assigned for the largest one. They caused
moderate damage to property in Salihli. They formed cracks on the walls of fifty
percent of the buildings. Numbers of totally collapsed, heavily and slightly damaged
houses caused by the earthquake were 18, 100 and 51 respectively. The earthquake
closely affected a number of villages (e.g. Allahdiyen, Keli, Caferbey, Sartmahmut,
Taytan, Hacibektash, Yenipazar, Durasalli; Badcillar, Kabazli and Karatas). This
earthquake caused slight damage in the villages of Kurudere, Derekdy, Gobekli and
Keserler belonging to Alasehir. In this region 9 houses were totally collapsed; 37
houses were heavily damaged and 36 houses and 7 houses were moderately and
slightly damaged. 25,000 habitants in and around Salihli left the towns due to
frightness.

Seismic activity in the region of Denizli began on 24 February 2000 and 4 earthquakes
occurred on 20 April. On April 21, 2000 a moderate earthquake, MI=5.2, occurred in
Denizli. During a 2-month period up to June, 34 aftershocks took place in that region.
Following 4-month period, extensive seismic activity was observed. 120 earthquakes
with magnitudes ranging from 3.0 to 4.0 occurred in the last period in the region of
Denizli. This activity ceased on 05 October. These seismic activity was produced by the
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Kalekdy fault, running from Honaz, Kalekdy, Ozerklik to Saraykdy; the Karakova fault
extending from Honaz to Karakova and the Pamukkale fault passing from Honaz,
Pamukkale to Karahayit in the NE part of the Denizli basin.

On July 26, 1999 an earthquake, MI=4.5, was strongly felt in Savastepe (Balikesir). The
fault generating this earthquake is called the Kozderegiivem fault. This fault is a dip slip
normal fault with left lateral strike-slip component and is 5 — 10 km long. Taking into
account the length of the fault, the Kozderegiivem fault is a capable of magnitude of
5.5 at maximum. On June 22, 2001 another earthquake, MI=5.0 took place in
Savastepe. The fault generating this earthquake is called the Yazoren fault. This fault is
a dip slip normal fault with right lateral strike-slip component and is 5 km long. Taking
into account the length of the fault, the Kozdergtivem fault is a capable of magnitude
of 5.0 at maximum. Hundreds of microearthquakes occurred in the Pinarbagi area
where these two faults intersect each other.

The 26 July 1999 and 22 June 2001 earthquakes caused minor damage to 17 houses in
the region. Damage was generally observed in rubble-masonry houses with mud
mortar. The damage was caused by poor quality and old houses peculiar to that area.
Although the Yazoren village was located above the fault, massif recrystalized
limestones crop out under the village.

According to the definition given above, occurrence patterns of the 1965 Salihli, the
2000 Denizli and the 1999 — 2001 Savastepe earthquakes indicate that they are
associated with local faults specific to that region rather than earthquake swarms. No
damaging earthquake, centering in Savastepe, was recorded in the past. This evidence
also proves that these earthquake series were related to local faulting. According to
relationship of length to magnitudes, the Kozderegiivem fault and the Yazdren fault can
produce earthquakes of 5.0 to 5.5 at maximum, respectively. The maximum
earthquakes and aftershocks took place on the both faults in 1999 and 2001. This
result points out that no earthquake bigger than 5.5 was probable to occur after these
earthquake series in the Savastepe region. On the other hand, 275 earthquakes with
magnitudes ranging from 4.5 to 5.5 took place in northwestern Aegean region in the
period of 1900 to 2000. Recurrence intervals of these earthquakes change from 5 years
to 20 years.

In the years following the earthquake series of Salihli, the Demirci earthquake of March
25, 1969; the Alasehir earthquake of March 28, 1969 and the Gediz earthquake of
March 28, 1970 took place in neighboring region. Similarly, the Aksehir earthquake of
December 15, 2000 occurred in a not so far distant region within a short time after the
earthquake series of Denizli. These three earthquake series reveal that probabilities of
the large earthquakes in the periods following these kinds of series appear to be higher
in the neighboring regions than the epicentral region of these earthquake series.
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MENDERES MASIFI ILE ALT-ORTA MIYOSEN TORTUL iSTIFI
ARASINDAKI DOKANAK ILISKISININ NITELIGI VE TEKTONIK ONEMI:
ALASEHIR ILCESI GUNEYINDEN ARAZI VERILERL

Ozan DENIZ*, Hasan SOZBILIR**, Erdin BOZKURT***
*Ondokuz Mart Universitesi, Jeoloji Miihendisligi Bliimii, Canakkale
**Dokuz Eyliil Universitesi, Jeoloji Mihendisligi Blimii, 35100 Bornova, zmir

***Orta Dogu Teknik Universitesi, Jeoloji Miihendisligi Bolimii, Tektonik Aragtirma Unitesi, 06531
Ankara

Bati Anadolu Bolgesi, gerek Menderes Masifini barindirmasi gerekse aktif K-G
gerilmenin etkisi altinda olmasi nedeniyle Diinya’nin sayili alanlarindan biri olup,
yerli ve yabanc bir gok bilimadaminin aragtirma konusunu olusturmaktadir.
Bblgede, Menderes Masifinin yiizeylemesi ile D-B grabenlerin yasi ve olusum
mekanizmalari, ve her iki olayin birbirleriyle olan iliskileri &nemli tartisma
konularindan birini olusturmaktadir. Bu anlamda, calismalar ozellikle Gediz
grabenininde yogunlasmistir. Grabenin giiney kenari boyunca, Miyosen yasl tortul
istif Menderes Masifini olusturan metamorfik kayaclar tizerinde direkt olarak oturur.
Dokunak, literatiirde cok iyi bilinen ve metamorfiklerin yuzeylemesml kontrol eden
kuzeye dogru egimli diisiik agili bir normal faydir (Gediz fayi). Fay, grabenin bati
uzantisinda tipik ozellikleriyle yiizlekler verirken (6zellikle Salihli giineyi), dogudaki
devami bilinmemektedir. Bu probleme 1sik-tutmak amaci ile Alagehir ilgesinin
glineyinde Miyosen yagh tortul istif ile Menderes sistleri arasindaki dokunak iliskisi
detay olarak caligilmistir.

Sézkonusu alanda bugiine degin yapilan bir cok calismada iki birim arasindaki
dokunak stratigrafik bir uyumsuzluk olarak gézlemienmis ve bélgesel bir diskordans
olarak haritalanmigtir (Dart ve digerleri 1995; Cohen ve digerleri 1995; Seyitoglu ve
Scott 1996; Ediger ve digerleri 1996; Yilmaz ve digerleri 2000). Yaptigimiz detay
Galismada ise sozkonusu dokanagin KD'ye dogru egimli disik aeffi normal bir fay
niteliginde oldudu ilk kez ortaya konmaktadir. Fayin, taban blogunu olusturan
metamorfik kayaglarda yaygin bir kataklazma gelisirken tavan blogundaki Alt-Orta
_Miyosen sedimanlari giineye dogru egim kazanmuslardir (20-40°). Sedimanlarda,
depolanmalari sirasindaki tektonik aktiviteyi belirtir normal fay, kivrim ve ters faylar
gibi yapilar yagin olarak gelismistir. Dokunak boyunca korunmus fay diizlemlerinin
dogrultu ve egimleri K52-88°B/08-25°KD olup, dizlemler (zerinde rake acilari
70-97°B arasinda degisen fay cizikleri yaygin olarak gelismistir. Gerek fayin
glinimuzdeki egimi gerekse izerinde faya dogru egimlenmis sedimanlarin egim
miktarlari, Menderes masifinin ylizeylemesini kontrol eden bu fayin ilkin yiiksek acili
bir fay olarak olustugunu (~50°) gostermektedir. Ayrica, elde ettigimiz veriler
Gediz fay’'nin grabenin giney kenah boyunca metamorfikler ile Miyosen
sedimanlari arasindaki siniri olusturdugunu ortaya koymaktadir.

Cohen, H. A., Dart, C., Akyliz, H. S. & Barka, A. 1995. Syn-rift sedimentation and
structural development of the Gediz and Biiyilkk Menderes graben, western
Turkey. Journal of the Geological Society, London 152, 629-638,
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THE NATURE OF THE BOUNDARY BETWEEN THE MENDERES MASSIF AND
THE LOWER-MIDDLE MIOCENE SEDIMENTARY SEQUENCE AND ITS
TECTONIC SIGNIFICANCE: FIELD EVIDENCE FROM THE SOUTHERN

ALASEHIR DISTRICT

Western Anatolia forms one of the most seismically active and rapidly extending
regions in the world and is currently experiencing an approximately N-S continental
extension. A crustal-scale metamorphic core complex, the Menderes Massif, and
disecting approximately east-west trending grabens form the most prominent
features of the region. For these reasons western Anatolia hgs been the subject of
many native and international scientists during the last two decades. However, the
age, origin and mechanism of the exhumation of the metamorphics and the
grabens, as well as the spatial and temporal relationships between the two events
are still controversial. Most of the research in the region is concentrated in the
Gediz graben. Along the southern margin of the graben, Miocene sediments occur
directly above the metamorphics of the Menderes Massif. The boundary is a well-
known, north-dipping, presently low-angle normal fault (Gediz fault), along which
the metamorphics in the lower plate were progressively deformed and exhumed.
Although the western extension of this fault, particularly in the area south of Salihli
district, is well-known/mapped with typical exposures, its easternmost continuation
is not known. For this reason, the contact relationships between the Menderes
schists and the Miocene sediments has been studied in detail in the area south of
Alasehir district.
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In this region, this particular contact is previously defined and mapped as a
regional unconformity (Dart et a/. 1995; Cohen et al. 1995; Seyitoglu & Scott 1996;
Ediger et al. 1996; Yilmaz et al. 2000). However, we mapped this contact, for the
first time, as a northeast-dipping presently low-angle normal fault. The
metamorphics in the lower plate has experienced an intense cataclastic
deformation while the Lower-Middle Miocene sediments in the upper plate are
back-rotated towards the fault and dips southwards (20-400°). Syn-sedimentary
structures - like growth normal faults, folds and reverse faults — are common in
the upper plate sediments, suggesting tectonic activity during their deposition. The
preserved fault planes are common (N52-880W/08-25°NE) and show slip-lines
whose rakes are 70-97°W. The initial dip of the low-angle fault is calculated,
based on the present-day dip of the fault and the dip amount of the upper plate
sediments, as 50°. These results show that the Gediz fault forms the contact
between the Miocene sediments and the Menderes Massif metamorphics along the
southern margin of the Gediz graben.
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ARMUTLU YARIMADASI COGRAFI BILGI SISTEMI

Umut DESTEGUL
ITU, Avrasya Yerbilimleri Enstitiisii, 80626, Maslak Istanbul

Yerlesime uygunluk agisindan bir bélgenin incelenmesi, sosyal ve fiziksel olarak bir
cok inceleme ile acida cikar ve yogun caba gerektirir. 17 Adustos ve 12 Kasim
1999'daki iki blyiik depremin gozler oniine serdigi sonug bu iki kriterden ozellikle
fiziksel arastirmalarin uygulanmadigidir. Armutiu Yarimadas! depremlerden en cok
zarar gormis olan Golciik, Karamiirsel ve Yalova gibi yerlesimleride igine aldidi igin
onemli bir bolgedir.Bu calismada Armutlu Yarnmadasi'nin sadece fiziksel acgidan
arazi kullanim potansiyeli incelemesi amaglanmistir.

Armutlu Yarimadasi Kuzey Anadolu Fay'inin iki ana kolu ile sinirlanmistir.Ana kol
kuzeyde Izmit Kérfezi icerisinde, diger kol ise giineyde Mekece- Sapanca-Gemlik
glizergahi boyunca bulunur. Bu iki fay arasinda pozitif bir gigek yapisi seklinde
ylikselen Armutlu Yarimadasi bilhassa kuzey kesimlerinde tarih boyunca yogun bir
yerlesime sahne olmus, bu yerlesimler depremlerden 6nemli hasarlar gormislerdir.
Bulundugu jeolojik konum ve hizla gelisen niifusu ile Armutlu Yarimadasi ylksek
deprem riski tasimaktadir. Bu acidan bolgenin depremselligi ve zemin kosullarinin
yerlesim planlamasindaki 6nemi buyuktr.

Armutlu yarimadasinin jeolojik konumunun yanisira morfolojik kosullari, toprak,
bitki ortlisi ve heyelanlar yerlesime sinirlamalar koyan bagshca diger fiziksel
unsurlardir.

Bu arastirmada Armutlu Yarimadasinin yerlesim agisindan risklerini degerlendirmek
amaci ile cesitli haritalar Gretilerek bunlar Cografi Bilgi Sistemi ortaminda
degerlendirilmistir. Haritalarin yapiminda SPOT ve LandSat goriintileri uzaktan
algilama teknikleri ile incelenmis, dider mevcut veriler dederlendirilmis ve bunlar
sahada denetlenmistir. Bunun yanisira sayisal yukseklik modeli ile morfolojik
degerlendirilmeler yapilmis, tim bu asamalarda uzaktan algilama tekniklerinden
yararlanilmistir.

Elde edilen jeoloji, jeomorfoloji, heyelan, egim, bakis yonl, toprak tiirii ve orman
dagiim haritalari bilgisayar ortaminda Cografi Bilgi Sistemi cercevesinde
birlestirilmis ve yerlesime en uygun alanlar ortaya konmustur. Ayrica ortaya ¢ikan
yerlesilmis bdlgelerin jeolojik, morfolojik ve depremsellik acisindan yanls alanlar
oldugu gorilmistdr.
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GEOGRAPHICAL INFORMATION SYSTEMS FOR THE ARMUTLU
PENINSULA

Investigating a region due to potential land usage is considerably dense work as it
uses a diverse information related to social and physical conditions. Two
disasterous earthquakes that had been on 17" August and 12" November 1999,
indicate that none of the two conditions were taken into account especially, the
physical one. Armutlu Peninsula consists of Golciik, Karamirsel and Yalova cities
which were the most effected places from these earthquakes. In this study, our
aim is to examine only physical conditions of the Armutlu Peninsula for the future
land use planning .

The Armutlu Peninsula, nortwestern Turkey, is delimited by two main branches of
the North Anatolian Fault, main branch to the north, and Mekece-Sapanca-Gemlik
branch to the south. The northern parts of the Armutlu Peninsula, which was
elevated as a positive flower structure between these two main strike-slip faults,
consists some large deltas where historical settlements have been found. Most of
these settlements were destroyed by historical earthquakes. Due to its critical
geological position and the fast growing population, Armutlu Peninsula is still has
a high hazardous risk . In addition to these geological conditions, morphology, soil-
types, vegetation, landslides are important factors for the landuse planning.

The goal of this study is to analyze the physical conditions due to potential usage
of the region, this potential will be determined by the analysis of the
geomorphologic, geological and geographic conditions by using the Geographical
Information Systems.

In this study SPOT and LandSat images of the Armutiu Peninsula were analysed by
using remote sensing methods. The morphology of the region is analysed by using
digital elevation data. All these data were combined with detailed geology,
geomorphology and geographic maps in a GIS environment. In this paper we
present these data and the first results of the potential lands that could be used
safely. Consequently, we were able to see that the output of the study predicts
that all the settlements were already placed on the wrong regions, according to
the given information.
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KAROT BILGI BANKASINDAN TURKIYE SONDAJ KAROT BIiLGI
BANKASINA

Saadettin DIDIK, Merih OZMUTAF, S.Ali URETURK, Hayri OZDEMIR
MTA Genel Miduirligl , Enerji Hammadde Etiit ve Arama Dairesi, 06520 Ankara

Ulke madenciligine ve yerbilimcilere biyiik hizmetler verecek, gereksiz sondajlarin
yapiimamalarini saglayarak biiyiik tasarruflar saglayacak olan Tirkiye Sondaj Karot
Bilgi Bankasinin kurulug galismalari son agsamasina gelmistir.

1999 ve 2000 yillarinda Tirkiye'de sondaj yapan 14 kamu kurum ve kurulugunun
temsilcileri ile Maden Tetkik ve Arama Genel Midirliigii'nde yapilan toplantilar
sonunda bir adet yonetmelik ve sondaj verilerini sayisallastirmak amaciyla kodlama
formlari hazirlanmigtir. Yonetmelik yasal dayanagi olmadidi igin yayinlatilamamugtir.
Maden Tetkik ve Arama Genel Mudirligi'nin Kurulus Kanunu'na ilave edilmek
lizere tic maddelik yasa tasarisi taslagi hazirlanmus, ilgili beg Bakanhdin ve 14 kamu
kurum ve kurulusunun olurlart alinarak yayinlatiimak (zere Basbakanliga
goénderilmistir. Kanunun yayinlanmasindan sonra hazir durumdaki yonetmelik de
yayinlatilarak Tirkiye Sondaj Karot Bilgi Bankas! kurulmug olacaktir.

Tirkiye Sondaj Karot Bilgi Bankasi'min kurulmasi ile her kurum ve kurulug yapmig
oldugu sondajlarin bilgilerini sayisallastiracak bu sayisal degerlerle birlikte kuyudan
aldiklar karot ve kinnti  6rneklerini Maden Tetkik ve Arama Genel Mudiirligii
biinyesindeki Turkiye Sondaj Karot Bilgi Bankasi'na gondereceklerdir. Bu karot ve
kirinti 6rnekleri digital kameralar vasitasi ile goriintileri alinip bilgisayar ortamina
aktarildiktan sonra Maden Tetkik ve Arama Genel Midurligli Kampistnde yeni
yapilan Tiirkiye Sondaj Karot Bilgi Bankasi Binasinda arsivleneceklerdir. Sondajlarin
sayisal verileri ilgili programlar ile degerlendirilerek yiizeyleyen jeolojik birimlerin
yeraltindaki devamliliklari, jeolojik kesit ve blok diyagramlari ile birlikte bircok
konuda yardimci olacaktir.

FROM CORE DATA BANK TO TURKEY DRILLCORE DATA BANK

Turkey Drillcore Data Bank ( TDDB ) is a department for handling and processing
of drillcores, samples to prevent unneccessary drilling at the same field and also
unneccessary expenses for these purposes.

Between 1999-2000 years, 14 public association and establishment representatives
interested in dirillig, hold meetings in Mineral Research and Exploration Diroctorate
(MRED) and as a result, they formed one regulation and coding form for
processing drill core informations. Due to not legal aspect, regulation could not be
published. In order to add the establishment law of MRED, law draft consisting
three clauses, prepared and sent to the Prime Minester’s office. If this law can be
published, TDDB will be established.
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With the establishment of TDDB, all drillcore sample data and informations will be
digitized and will be collected and put into computer environtment and sent to
TDDB. Also with the aid of digital camera, all the photograps of them will be
prepared. So with computer programs we will obtain underground bick diagrams of
drillcore informations, and we will get data and results about underground geologic
informations. .
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KIRSEHIR MASIFI KUZEYININ TEKTONiK VE MAGMATIK EVRIMI
KONUSUNDA BAZI DUSUNCELER

Ramazan DOGAN
MTA Genel Midiirligi, 06520 Ankara

Kirsehir masifi ve civarinda bugiine kadar farkli disiplinlerde yapilmis bitin
calismalar gézéniine alinarak masifin tektonik ve magmatik geligimi konusunda bazi
yorumlar yapilmigtir. Bolgenin tektonik konumu kisa zaman araliginda farkli
degisimler gostermekte, dolayisi ile olusan magmatik kayaglar da gerek
kompozisyon gerek yapilari agisindan karmasgik bir ézellik sergilemektedirler.

Mesozoyil: basinda sikismali olan tektonik rejim daha sonra agilmali, Mesozoyik
sonunda tekrar sikismali ve en sonunda da tekrar agiimali karaterdedir.” Bununla
ilgili olarak magmatizmanin karakteri 6nce carpisma, sonra riftlesme, daha sonra
yitim zonu ve en sonunda da tekrar riftlesme ortamlarina uygun olarak gelismistir.
Sikismali tektonik rejimde olusan carpisma ve yay magmatizmast genellikle masifin
kenar kisimlarinda gozlendigi halde acgiimali tektonik rejimde olusan rift
magmatizmasi daha gok masifin i¢ kisimlarinda izlenir.

Yozgat Sarhacili’da carpisma ile es zamanl olustudu kabul edilen S-tipi
Ibkogranitlerin  Kirikkale'nin ~ kuzeydogusu  ve  giineybatisinda  Karakaya
formasyonuna benzer meta-bazik kayaclar igine sokulum yaptigi gozlenmis ve
l6kogranitlerin Paleotetis'in  kapanmasi ile birlikte Kirsehir Masifi'nin kuzeyde
Sakarya mikrokitasi ile K-G yoniinde garpismasi sonucunda olustuklar goriisine
varilmistir. Kirsehir'in KB'sindaki Cefalik Dagi kompozit granitlerinin I6kogranitlere
gore badil yasi bilinmemekle birlikte bu granitler yakinindaki diger bitlin magmatik
kayaclardan daha yashdir ve carpisma granitlerine benzer  &zellikler
gostermektedirler.

Keskin'in GD'sunda Kasimada yakinlarinda riftlesme ile ilgili Gglu kesisim noktasi
(triple junction) yapisi gelismistir. Bazik ve alkali dayklarla baglayan riftlesme
acilmanin ileri asamalarinda bazalt ve radyolarit iceren volkanosedimanter
kayaglarla temsil olmustur. Daha sonraki rift magmatizmasi ile yogun olarak
kullanilan KDD yénlii rift kolunun doguda Ankara-Erzincan siitur zonu ile birlestigi
dustiniilmektedir. Riftlesmenin yapisi magmatizmasi ve cevher icerigi buglinki Kizil
Deniz ortamina gok benzerlik gostermektedir.

Riftlesmenin ikinci asamasinda olusan gabro-monzonit serisi magmatik kayaglarin,
birinci asamadaki kayaclar gibi ayni tist manto magmasinda tiiredigi fakat kitasal
kabuktan daha cok malzeme alarak olustuklarina inaniimaktadir. E§er bu goris
dogru ise ve Kirikkale'nin batisindaki Ankara-Erzincan siitur sonundaki deformasyon
da gozonine alinirsa riftlesmenin ki asamasi arasindaki magmatizmadaki
duraksamada Kirgehir Masifi'nin Kirikkale’den gegen KDD yénlii bir fay boyunca 30-
40 km batiya dogru hareket ettigi ve yaklagik 20" saatin ters ydniinde déndugi ileri
siiriilebilir. Bunun sonucunda Kaman'in batisindaki K20D yonlii rift kolu daha sonra
Baranadag- Akcakent arasindaki K40D yonlii bir zon iginde aktif hale gelmistir.
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Ust Kretase'de I¢ Torit Okyanus kabudunun kuzeye dogru hareketiyle Kirsehir
Masifi'nin dogusunda KB'ya batisinda ise KD ‘ya dogru iki yitim zonu gelismistir.
Dogudaki yitim zonu batidakine gére daha etkili olup olusan yay magmatizmasi
kayaglari genis alanlarda daha homojen oOzellikler sunar. Batidaki yay
magmatizmasi ve bu magmatizmaya bagh maden yataklarinin karakterleri ise kisa
araliklarda biiylik degisimler gostermektedir. KD yonli faylarla kesilmis bloklar
icinde yay magmatizmasinin K icerigi KD'ya dogru artmaktadir. Cevherlesme tipi de
ayni yonde Fe, bazmetal ve Mo olarak yer degistirmektedir. Magmatizma ve
cevherlesmedeki bu degisim Kesikkoprii-Karaahmetli ve Masat-Balisth arasindaki iki
alt sektorde de benzer sekilde tekrarlanmistir.Okyanus kabuguna yakin kisimlarda
yay magatizmasinin asidik tyeleri yitim zonuna paralel 6zellikler gosterdikleri halde
magmatizma, masifin daha i¢ kisimlarinda masifin yapisina uygun olarak degisik
yonlerde geligsmistir.

Yay magmatizmasindan hemen sonra bolgede tekrar riftlesme olusmus;
riftlesmenin Uglincl asamasinda siyenit ve kuvars siyenitlerle birlikte florit
cevherlesmesi, dordiincli asamasinda nefelinli, 1sitli siyenit ve fonolit porfirler
meydana gelmigtir. Dordiincli asamada silis bakimindan asin tiiketilmis alkali
kayaclar ring dayk kompleksleri ve daha c¢ok D-B yonli isinsal dayklar halindedir.
Riftlesme sonucunda olusan magmatik kayaglarda uranyum konsantrasyonu
oldukca vyiiksektir.  Rift magmatizmasinin ikinci asamasindan sonra Kirsehir
Masifi'de yanal yonde onemli bir hareket gézlenmemistir.

Tersiyer'de Kirsehir masifinin ic kisimlarinda onemli bir magmatik faaliyet
gorilmez.Masifin ~ kuzeyinde ve kuzeydodusunda kalk-alkali karakterli volkanik
kayaclarla cok az miktarda plato bazaltlar meydana gelmistir.

SOME THOUGHTS ABOUT THE TECTONIC AND MAGMATIC EVOLUTION OF
THE NORTHERN PART OF KIRSEHIR MASSIF

The tectonic and magmatic evolution of the northern part of Kirsehir Massif has
been interprated in the light of all the related studies made so far. The tectonic
situation in the area has been changed dramatically in short time intervals and so
many magmatic rocks have been generated showing complicated structures and
various compositions.

The regional tectonism was compressional at the beginning of Mesozoic and it is
was tensional later, and was compressional at the end of Mesozoic, and it was
tensional again.Related to this condition, the magmatism was first in collisional
character, and then rifting, subduction and rifting in the area played an important
role in changing the character of the magmatism. The collision and subduction
zone magmatism originated during the compressional tectonism was generally
active near the edges of the massif, while rift style magmatism as a response to
the tensional tectonic regime was usually placed at the interior parts of the massif.
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The leucogranites defined as syn-collisional S-type granites, at Sarihacili — Yozgat
intrude into the meta-basic rocks similar to the Karakaya formation as NE inclined
zones at the NE of Kirikkale. Therefore the leucogranites are thought to be formed
during the collision of the Kirgehir and Sakarya microcontinents at the direction of
N-S. The relative intrusion age between the leucogranites and Cefalik Dag granites
is not clear, but the latter is older than all the intrusive rocks around and it shows
features similar to the collision granites.

Rift structures show a triple junction sturacture at the SE of Keskin, near
Kasimaga. The rifting started with basic and alkaline dykes and ended up with the
volkanosedimantery rocks including basalts and radiolarites. The ENE branch of the
triple junction, heavily used by the later rift and other type of magmatism is
thought to extend up to the Ankara —Erzincan suture zone. Structure, magmatism
and style of ore mineralisations of the rifting are all similar to the present day Red
Sea environment.

The gabbro-monzonites formed at the second period of the rifting are believed to
be derived from the upper mantle source like those formed at the first period and
contaminated by the continental crust material to a large extent. If this is true and
the deformation of the Ankara —Erzincan suture zone at the west of Kirikkale is
considered, during the interval between the first and the second rift magmatism,
the Kirgehir masif is thought to be moved 30-40 km westwards along a ENE fault
zone at Kirikkale and it roteted approximately 20 degrees anti-clockwise. As a
result of this, the N20E branch of the rift at the west of Kaman reactivated later in
a N40E zone between Baranadag and Akgakent.

With the northern motion of the oceanic crust of the Inner Torid Ocean during
Upper Cretaceous, a NE trending subduction zone developped at the west of
Kirsehir masif and another NW trending subduction zone at the east. The
subduction zone at the east was more effective than the one at the west and the
character of arc magmatism more homegeneous. The magmatic rocks and related
ore deposits at the west are cut by NE faults. The potassium content of the main
arc magmatism increases northeastwards. The ore mineralisetions also change in
the same direction from Fe and base metals to Mo. The changes repeat
themselves between Kesikkdprii-Karaahmetli and between Magat-Balisih more less
in the same manner.The acidic members of the arc magmatism show parelel
structures near the oceanic crust but they show different inclinations at the interior
parts, depending on the original structures of the massif.

Just after the arc magmatism finished, the rifting restarted again in the region.
Syenites and quartz syenites together with fluorite intruded in the third period and
syenite and phonolite porphyries containing nepheline and leucite formed in the
forth period of the rifting.The magmatic rocks of the last period are all under
saturated in silis and accur as complex ring dykes and radial dykes usually
extending E-W. The magmatic rocks of the rifting all show high uranium
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concentrations. After the second period of the rifting, the lateral movement of the
Kirsehir masif is not much recognisable in the field.

The magmatism was not extensive during Tertiary in the interiors of the Kirsehir

massif. The latest magmatic rocks are represanted by calc-alkaline volcanic rocks
at the north and northeast and by some plateau basalts at the north.
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YOZGAT GUNEYINDEKI MAGMATIK KAYAGLAR VE MADEN YATAKLARI

Ramazan DOGAN, Ercan KUSCU, Okan ZIMITOGLU, Deniz I. ONENG, Emrah AYAZ,

Ali RECBER
MTA Genel Midurligd, 06520 Ankara

Yozgat giineyindeki magmatik kayaclar ve bunlarla ilgili maden yataklari 2000
yilinda MTA'nin asidik magmatizmaya bagli maden yataklari aramalari projesi
cercevesinde calisiimis ve magmatik kayaglar degisik cevher tipleri iceren dort ayri
ana gruba aynimistir. Bu gruplar yaslidan gence dogru su sekilde siralanabilir: 1-
Lokogranitler, 2- Gabro-monzonitler, 3- Granodiyorit- Granitler ve 4- Siyenitler.

Lokogranitler, Yozgat batolitinin kuzeybatisinda goriilirler. Iri tanelidirler. Esas
olarak kuvars ve alkali feldispat ile az miktarda biotit, muskovit ve yer yer granat
mineralleri icerirler. Bu kayaclar yuvarlaklasmis iri kuvars kristalleri ile karakterize
olurlar. Bu birim icinde Yozgat-Ankara karayolunda bazik magma injeksiyonlar ile
Salmanfakili yakinlarinda bazi gnaysik doku oOzellikleri gdzlenmistir. Lokogranitler
birkac yiiz metre kaliniga varan aplitik stok ve dayklari ile birkag metre kalinlikta
pegmatitik damarlarla kesilmislerdir. Feldispatca zengin ve Fe-Mg minerallerince
fakir olan bu son magmatik driinler yer yer seramik sanayiinde kullaniabilir
ozelliktedirler.

Gabro, diyorit, monzonit, porfiritik monzonit ve porfiritik kuvars monzonitten olusan
gabro-monzonit grubu kayaglar Kerkenez Dadi etrafinda normal zonlanma
gosterirler. Bu normal zonlanma faylanma ve magma mingling olusumlarinin gok
sik olarak gérildidii batolitine GB'sinda agikca izlenmez. Gabrolar orta-ince tane
. boylu olup dike yakin ve karmasik 6zellik gosteren bazik dayklarla kesiimislerdir. Bu
grup icindeki porfiritik kayaclarin fenokristalleri bazen 5-6 cm uzunlugu gegen K-
feldispatlardan olusur. Monzonit ve kuvars monzonitlerin uranyum igerikleri
yiiksektir. Genelde 6 ppm den yiiksek olan uranyum konsantrasyonu Kerkenez Dagi
civarinda 7-8 km'lik bir alanda 10 ppm den daha yliksek degerlere ulasir.

Granodiyorit-granit grubu magmatik kayaglar Yozgat batolitinin glineyinde yer alir.
Orta ve es tane boyu goésteren granodiyoritler Sivritepe’de K-feldispat fenokristalli
porfiritik granitlerle kesilmiglerdir. Mikrogranit ve granit porfirler kigik stok ve
dayklar halinde granodiyorit plitonunun kenarinda ve Yozgat'in glneyinde KB
yonlii bir kirk hatti boyunca goriiltirler. Granodiyorit-granit grubu kayaglarin asidik
iiyeleri Fe ve Cu skarnlar, polimetalik damarlar ve porfiri Mo yataklarinin
olusumlarindan sorumludurlar.

Calisma sahasinda en geng yari derinlik kayaglari olan siyenitler 50 m den daha
kiiciik dayklar halinde bulunur ve bazen dissemine halde florit mineralleri igerirler.
Gabro-monzonit grubu gibi siyenitler de diger iki grup arasinda yer alirlar ve KDD -
GBB yénlii derin kirik hatlari, gabro-monzonit grubu gibi siyenitlerin olusumunda da
etkili olmuslardir. Floritler ayrica kuvarsla birlikte damarlar halinde diger birimler
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icinde de gordliirler. Bolgenin kuzeyinde bulunan Tersiyer yash volkanik kayaclar
bolgedeki en geng magmatizmay temsil ederler.

THE IGNEOUS ROCKS AND ORE DEPOSITS AT THE SOUTHERN PART OF
YOZGAT

The igneous rocks and related ore deposits at the southern part of Yozgat have
been studied in 2000 under the project of MTA , the exploration of mineral
deposits related to the acidic magmatic rocks.Four different magmatic associations
showing different mineralisation, have been differentiated in the field. From the
oldest to the youngest the associations are represented by the leucogranities, the
gabbro-monzonites, the granodiorite-granites and by the syenites.

The leucogranites, outcropped at the northwest, are coarse grained and mainly
composed of quartz and alkali feldspar with some biotite, muscovite, and locally
garnet. These rocks are characterized by the presence of rounded big quartz
crystals. Penetration of some irregular basaltic magmatic phases near Yozgat and
some gneissic texture near Salmanfakili are observed within this unit. Several
hundred meter thick aplitic stocks and several meter thick pegmatitic veins, which
may be good to be used in ceramic industry, are the last product of the
leucogranite association.

The gabbro, diorite, monzonite, porphyritic monzonite and porphyritic quartz
monzonite show a normal magmatic zoning around Kerkenez Dag. The zoning is
not clear at the southwestern part of the association where magma mingling and
lots of faults present. The gabbro is fine to medium grained and cut by complex
and near vertical basic dykes. The phenocrysts of the porphyritic rocks are K-
feldspars exceeding sometimes 5-6 cm in length. Uranium contents of the
monzonite and quartz monzonite is anomalous, higher than 6 ppm and it is more
than 10 ppm at Kekenez Dag in a 7-8 km square area.

The granodiorite-granite assocation occurs at the southern part of the studied
area. Equigranular, medium grained granodiorites are cut by porphyritic granites at
Sivritepe. Microgranities and granite porphyries present as small stocks or dykes
around the granodiorite pluton and along a NW fracture zone at the south of
Yozgat. Fe and Cu skarns, pollymetallic veins and Mo porphyries are all related to
the acidic members of granitie-granodiorite assocation.

The syenites in the area are seen as the youngest dykes, smaller than 50 m and
sometimes contain disseminated fluorite crystals. Similar to the gabbro-monzonite
association the syenites also present between the other two associations and used
the same deep fractures, extending ENE-WSW direction. The fluorite together with
the quartz also occurs within the veins in other rock units. The Tertiary volcanic
rocks occurring at the northern part of the area are the youngest magmatic rocks.
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KIRSEHIR KUZEYINDEKI MAGMATIK KAYACLAR VE MADEN YATAKLARI

Ramazan DOGAN, Emrah AYAZ, 1.Deniz ONENC, Kamil UGAR, Okan ZIMITOGLU
MTA Genel Mudiirligl, 06520 Ankara

Kirsehir kuzeyindeki magmatik kayaglar ve bunlarla ilgili maden yataklari 2001
yiinda MTA'nin Asidik Magmatizmaya Bagl Maden Yataklari Aramalari Projesi
cercevesinde galigilmis ve Yozgat giineyinde ortaya konulan magmatik gruplara ek
olarak bes ayr magmatik toplulugun varhgr saptanmigtir. Bolgedeki bdtiin
magmatik kayaglar yaghdan gence dogru su gsekilde siralanabilir: 1) Meta-bazik
kayaclar, 2) Lokogranitler, 3) Cefalik dag granitleri, 4) Gabro-bazaltlar, 5) Gabro-
monzonitler, 6) Granodiyorit-granitler, 7) Siyenitler, 8) Cok alkalen kayaglar, 9)
Tersiyer yasl volkanik kayaglar.

Meta-bazik kayaglar yesil sist metamorfizmasina ugramig gabro, bazalt, volkano-
sedimanter kayaclardan ve az miktarda asidik volkanik kayaglardan
olusmustur.Balisih-Sulakyurt arasirida yaygin olarak mostra veren meta-bazik
kayaglar iginde bazi kiigiik demir madenlerine rastlanmigtir. Lokogranitler genellikle
KD-GB yoniinde uzanan zonlar boyunca meta-bazik kayaglar igine sokulmuslardir.
Aplit ve pegmatit stok ve dayklar Yozgat'a gore daha az gelismistir. Lokogranitler
ayrica Keskin'in batisinda ve Behrekdadr’'nin KD'sunda da yiizeylenirler.

Kaman'n giineyindeki Cefallk dadi granitleri gilineyde migmatitik karakter
gostermektedir. Plutonun bilhassa kenar kisimlarinda kayag igindeki mineral
dagiimi yer yer ¢ok heterojen olup; kayag, etrafindaki yiiksek dereceli metamorfik
kayaclara benzer yapisal unsurlar igerir. Savcilibeyit yakinlarindaki altin zuhurlarinin
da metamorfizma sirasinda olusan segregasyon kuvarslan ile birlikte meydana
geldikleri sanilmaktadir.

Gabro-bazalt grubu magmatik kayaglar Kaman'in KB'sindan gegen KD-GB yonlu ve
Akcakent'ten gegen KDD-GBB yonlii graben havzalan iginde yer alir. Keskinden
gegen KB-GD yonlu havza iyi gelisememistir. Grabenin kenar zonlarinda gabro ve
monzonit dayklan, ig kisimlarinda ise bazalt ve radyolarit iceren volkano-sedimanter
kayaclar gorilir. Kasimada yakinlarinda isletilmis birkag Mn ocadi ve yiiksek Zn
anomalisi bu ortam igin karakteristik cevherlesmelerdir. Graben yapisinin Cefalik
Dad: granitlerini kesmesi ve bu veya bir sonraki grup liyesi gabrolarin I16kogranitleri
anklav olarak igermesi, gruplar arasindaki badil yas iliskilerinin saptanmasinda
onemli olan unsurlardandir.

Gabro-monzonit grubu kayaclar Baranadag'da, Akcakentte ve Dinek dagdinin
glineyinde gordliirler. Sorgun’un giineyinde Kerkenez daginda oldugu gibi, distan
ice dogru gabro-diyorit-monzodiyorit-porfiritik monzonit-porfiritik kuvars monzonit
normal zonlagmasi buralarda da geligmistir. Bayindir ve Akpinar glineyinde ve
Akcakent Madentepe'de oldugu gibi gabrolar iginde bazen dasit porfiri dayklari ve
silislesme ile birlikte Fe cevherlesmeleri olusmustur. Yiizey ve/veya hidrotermal
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alterasyona ugramig porfiritik monzonitlerde K-feldispat fenokristalleri Kilevi'nde
oldugu gibi, bazen basit bir tesiste kolaylikla zenginlestirilebilmektedir.

Granodiyorit-granit grubu kayaglar Yozgat giineyindekilere gére kisa araliklarda
daha farkli kompozisyonlar sergilemektedirler. Ana pliitonik kayaclar genel olarak
Hirfanl'nin kuzeyinde kuvars diyorit - tonalit, Celebi - Keskin civarinda granodiyorit
ve Kirikkale civarinda granit kompozisyonundadir. Buna badh olarak da
cevherlesme KD yoniinde Fe, baz metal ve Mo olarak degisim gdstermektedir. Fe
cevherlesmeleri ieren Karacaali'deki bazaltlarla, Halildede'deki bazalt ve gabrolar
da bu grubun ilk ve en bazik lyeleri olarak kabul edilmektedir. Granodiyorit-granit
grubu kayaclar KD-GB faylarla bloklara ayriimig ve bu bloklarin kuzey yéniinde
doguya dogru tedricen &telendikleri gozlenmistir. Grubun asidik dayklari genellikle
glineyde KB-GD yoniinde olduklari halde bu dayklar Kirikkale’nin dogusunda KD-GB
y6ninde olusmuglardir. Bu yonler ayni zamanda hidrotermal maden yataklarinin da
esas yonlerini temsil ederler.

Magmatik kayaglardaki potasyum  miktarinin artmasi ve cevherlesmelerdeki
degisimler goz oniine alindiginda granodiyorit-granit grubu kayaclar ve bunlara
bagl cevherlesmeler iki alt gruba aynlabilir. Giineybatidaki birinci alt grup icinde
Kesikkdpri ve Halildede'de tonalitler Fe, Celebi'de granodiyorit-granitler W,
Karaahmetli'de mikrogranitler Mo ve kuzeydogudaki ikinci alt grup icinde Masat'ta
tonalitler Fe, Keskin'de granodiyorit-granit-mikrogranitler Pb-Zn, Karacaali'de
bazaltlar Fe, granit-mikrogranitier Cu-Pb-Zn ve Dagardi ve Balisihtaki granit-
mikrogranitler Mo cevherlesmeleri olusturmuslardir.

Siyenitler Hamitkdy-Akpinar arasinda ve Akcakent yakinlarinda mostra verirler.
Ayrica Buzlukdagi ve Gayagz yakinlarinda da ayr siyenit stoklari vardir. Daha genc
faz olan kuvars siyenitler florit minerali icerirler ve bolgedeki florit damarlarinin
olusumundan da sorumludurlar. Kuvars-florit damarlarinin  granodiyorit-granit
grubu kayaglarinin iginde bulunmasi (Kugiikbryik) iki grubun badil yas iliskilerinin
ortaya konulmasinda o6nemli bir rol oynamistir. Iri tane boylu siyenitler
Biyiikboyalik yakinlarinda K-feldispat agisindan degerlendirilebilmektedirler.

Gok alkali kayaclar Egrefli kdyunin etrafinda dis gapt 4 km'yi bulan karmasik ring
dayk ve stoklari seklinde degisik dokusal 6zellikler gésteren nefelinli siyenitlerle ve
daha gok D-B yonlii 1sinsal dayklar seklinde nefelin siyenit, nefelinli ve 18sitli fonolit
porfirler ve I6sititlerle temsil edilmislerdir. Akcakent'te ayrica basanit dayklarina da
rastlaniimigtir. Alkali kayaglar iginde gok sayida yapi tasi amacina yonelik tas ocagi
agllmigtir. Bitiin alkali magmatik kayaglarda uranyum konsantrasyonu anomali
dizeyindedir.

Yozgat kuzeyinde genis alanlarda mostra veren Tersiyer yash volkanik kayaclar
Karadere, Sulakyurt ve Yerkdy yakinlarinda genellikle andezitik ve dasitik lav, tiif ve
domlari seklinde gériiliir. Bu tiir kayaglar yiiksek epitermal cevher potansiyeline
sahiptirler. Bolgedeki en geng magmatizma Sulakyurt dogusunda yer alan plato
bazaltlaridir.
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IGNEOUS ROCKS AND ORE DEPOSITS AT THE NORTHERN PART OF
KIRSEHIR

The igneous rocks and related ore deposits at the northern part of Kirsehir were
studied in 2001 under the project of MTA, the exploration of mineral deposits
related to the acidic magmatic rocks. In addition to the magmatic associations
defined at the southern part of Yozgat, five different magmatic associations have
been found. From the oldest to the youngest all the associations in the region are
as the followings: 1) Meta-basic rocks, 2) Leucogranites, 3) Cefalik dag granites, 4)
Gabbro-basalts, 5) Gabbro-monzonites, 6) Granodiorite-granites, 7) Syenites, 8)
Per-alkaline rocks and 9) Tertiary volcanic rocks.

The meta-basic rocks metamorphosed under the green schists facies are composed
of gabbro, basalt, volcano-sedimentary rocks and some acidic volcanic rocks. They
are widely outcropped between Balisth and Sulakyurt and include small Fe ores.
The leucogranites intrude into the meta-basic rocks along NE-SW extended zones.
Generally aplite and pegmatite stock and dykes are less in amount comparing to
those 11 Yozgat. Besides this occurrence, the leucogranites are also seen at the
west of Keskin and northeast of Behrekdag:. '

The Cefalik dag granites’ at the south of Kaman show migmatitic character at the
south. The mineral distribution within the rock, particularly near the edges of the
pluton display very heterogeneous nature in places. The pluton near the edges
also shows similar structural patterns with the high degree metamorphic rocks
around. The gold occurrences near Savcilibeyit are thought to be formed by the
segregation quartz veins originated during the metamorphism.

The rocks belonged to the gabbro-basalt association occur in the graben basins
which pass through at the NW of Kaman with NE direction and at Akgakent with
ENE direction. The NW graben near Keskin was not developed very well. Gabbro
and monzonite dykes are placed at the peripheries and volcano-sedimentary rocks
including basalt and radiolarite at the interior parts of the grabens. Several Mn
mine and high Zn anomalies around Kasimaga are characteristic for this
environment. Cutting of the Cefalik dag granites by the graben and including the
leucogranite enclaves by the gabbros of this or next association are evaluated as
important features for the relative age relations between the associations.

The gabbro-monzonite association is seen at Baranadag, Akcakent, and at the
south of Dinek dag. The association shows a normal magmatic zoning, the rocks
change inwards from gabbro, diorite, monzodiorite, porphyritic monzonite, to
porphyritic quartz monzonite which is similar to the Kerkenez dag zoning at the
south of Sorgun. Dacite dykes and silification together with Fe are sometimes
presented in gabbros as those at the south of Bayindir and Akpinar  and at
Akcakent-Madentepe. The porphyritic monzonites altered by meteoric and/or

74



55. Tirkiye Jeoloji Kurultayi
55™ Geological Congress of Turkey

hydrothermal waters are sometimes mined for K-feldspars with a simple
enrichment plant such as that in Kilevi.

The granodiorite-granite association shows much more different composition at
small intervals comparing to that at the south of Yozgat. The main plutonic rocks in
general are in composition of quartz diorite-tonolite at the north of Hirfanli,
granodiorite around Celebi and Keskin and granite around Kirikkale. Related to
this, the ore mineralisation also changes as Fe, base metals and Mo in NE
direction. The basalts including Fe at Karacaali and basalts and gabbros near
Kesikkoprii and Halildede are thought to be the first and most basic members
(precursors)of the association. The granodiorite-granites are cut by NE faults and
the blocks are pushed towards E in the direction of NE step by step. The acidic
members of association generally inclined NW at the south, and NE at the east of
Kirikkale. These also represent the main directions of hydrothermal mineralizations.

When considering the increase in K and changes in ore mineralisation,
granodiorite-granite association can be separated into two subassociations. in the
first subassociation at the southwest, Fe formed with tonolites in Kesikkopri and
Halildede, W with granodiorite-granites in Gelebi and Mo with microgranites in
Karaahmetli and in the second subassociation at the northeast Fe is together with
tonalites in Magat, Pb-Zn with granodiorite-granite-microgranites in Keskin, Fe with
basalts and Cu-Pb-Zn with granite-microgranites in Karacaah and Mo with granite-
microgranites in Dagardi and Balisth.

The syenites outcrop between Hamitkdy-Akpinar and near Akcakent. There are
also some separate syenite stocks at Buzlukdag and Cayagzi. The younger
members of the association are in quartz syenite composition and include
disseminated fluorite. This late phase is also responsible for the formation of the
quartz-fluorite veins in the area. The presence of the quartz-fluorite veins in
granidiorite-granite association (Kiiglikbiyik) is interpreted as an important
evidence for the relative ages between two associations. Coarse grained syenites
have been mined for K-feldspar in Biiyiik Boyalik.

The peralkaline rocks are mainly represented by the nepheline syenites showing
various textures and occurring as complex ring dykes and stocks with an outer
diameter of 4 km around Esrefli. The radial dykes extended usually E-W are in
composition of nepheline syenite, phonolite porphyries with nepheline and leucite.
In addition to these, some basanite dykes occur at Akgakent. Several quarries
operate in the peralkaline association for building stone. All the alkaline magmatic
rocks show high uranium concentration.

The Tertiary volcanic rocks outcropping in wide areas at the north of Yozgat
generally occur around Karadere, Sulakyurt and Yerkdy as andesitic and dacitic
lavas, tuffs and domes. This kind of rocks own big potential for epithermal
mineralisation. The youngest magmatic rocks in the region are the continental
plateau basalts at the east of Sulakyurt.

75



55. Tirkiye Jeoloji Kurultay!
55" Geological Congress of Turkey

ANAMUR/ORTAKONUS BOLGESININ PETROGRAFiSI, PB-ZN
YATAKLARININ JEOKIMYASI VE METALOJENEZI

Nil DONDERICI, Mesut ANIL

Cukurova Universitesi, Maden Mihendisligi Bolumi, 01330, Balcali Adana

Bu calisma, Toros Dag Kusadinin Orta Toros bélumiinde yer almaktadir. Yapilan
stratigrafik calismalar sonucunda en alt birimi Kambriyen yash disiik dereceli
metamorfizma izleri tasiyan kalksist, kloritsist,  kristalize  kiregtagi  ve
metakonglomeralar bulunmaktadir. Bunun lzerine diskordan olarak Permiyen yasli
seyl - koyu renkli kiregtagi ardalanmalt istif Mesozoyik cokelleri tarafindan agisal
uyumsuzlukla tzerlenir. Bozyazi-Anamur kuzeyi Mesozoyik istifi Aydincik (Mersin)
dolayi Mesozoyik karbonatlari ile benzerli bir istiflenme sunmakta olup, Geg Triyas-
Erken Kretase evresinde cokelmis olmalidir. Bolgede Demirkazik formasyonu ile
temsil edilen Mesozoyik karbonat istifi 700 metreyi askin bir kalinliga sahip olup,
tabandan tavana 4 Uyeye ayrilarak incelenmigtir. Bunlar tabandan tavana Dibekli,
Karaseki, Orendizii ve Cambeleni tyeleridir. Olasi Geg Triyas-Liyas yash 80 m kalin
Dibekli {iyesi tabanda karbonat gakiltagi, kumlu-siltli kirectagi marn ile baslayip
iistte seyrek dolomitli kiregtagi arakatmanli kalin katmanl, megaladont'lu - onkolitli
kirectas! yapilighdir. Maksimum 3 m kalin, kirmizi renkli, oolitli-onkolitli sedimanter
demirtasi yapiligh, klavuz katman niteligindeki Karaseki Uyesi (Orta Jurasik) ve
istifin bundan sonraki kismini Orendiizii liyesi baglica dolomit yapiligh olup, bunun
orta ve st kesimlerinde megalodont iceren yer yer onkolitli, kalin katmanli
kirectasi diizeyleri olagandir. Mesozoyik istifin tavaninda kalin katmanl, fosilli
kirectas! yapilish Cambeleni tiyesi bulunur (Triyas-Liyas).

Bolgede mevcut olan Pb/Zn yatakiari, Orendiizii Uyesi igerisinde, bir g¢ok
cevherlesme goriilmekte olup, adeseler ve filonlar seklinde yataklanmistir. Cogu
zaman belli bir tabakalasmayl ve stratigrafik seviyeyi takip etmektedir.
Cevherlesme tek diize mineral parajenezi olarak Galen (PbS), Sfalerit (ZnS) az
miktarda Pirit (FeS2), Markasit (FeS2) den ibarettir.

ACME Analytical Laboratories KANADA'da ICP/MS yontemiyle 15 cevher orneginde
41 element analizi yapiimis ve Pb>5000 ppm, Zn>10.000 ppm, Ag> 30 ppm, Cd>
1000 ppm arasinda sonug vermistir. Ayrica Ni igeriginin disiik olmasi ortam
sicakhginin fazla yiiksek olmadigini  gdstermektedir. Sonuglar bolgenin disuk
sicaklikli bir cevherlesmeye sahip oldugunu kanitlamaktadir.

Bolgede kaynak teskil edebilecek herhangi bir magmatik getirim veya volkanik bir
harekete rastlaniimamistir. Yataktaki diisiik parajenez eski, ayni yastaki yatak
alaninin tahrip olduguna, metal iyonlarinin ayrisma sonucu olustuguna ve
meteryalin tagindigina dair bir igaret olabilecegini dugundirmistir. — Ayrigan
meteryalin akigi ve yeniden gcokelti haline gelmesi esnasinda mineral
konsantrasyonunda bir azalma meydana gelmistir. Yataklanma konumu, tespit
edilen cevherlesmeyle beraber mikroorganizmalarin durumu, cevherlesmenin
stratabound seklinde olabilecegini gostermektedir.
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THE GEOCHEMISTRY AND METALLOGENESIS OF THE PB-ZN DEPOSITS
AND THE PETROGRAPHY OF ANAMUR/ORTAKONUS AREA

The study area is located in the middle part of the Taurus mountain belt. The
basement of the region is Cambrian aged low metamorphosed rocks are seen
such as calcschist, chloriteschist, crystallized limestone and metaconglomerates.

The shale and dark coloured Limestone formations are Permian aged that have
been overlaid by Mesozoic rocks with the angular unconformity. The formations of
Aydincik (Mersin area) have been formed in late Triassic and early Creataceous
ages in this region, Mesozoic Carbonate sequence is represented by Demirkazik
formation which is about 700 m thickness. The formation have been seperated to
investigate as four members from basement to the top. These are Dibekli,
Karaseki, Orendiizii and Cambeleni members. Dibekli member was probably late
Triassic age. The thickness of the member is about 80 m. Karaseki member which
is about 3 m, red colour, oolitic and marker zone. Orendiizii member consists of
Carbonate, graywacke, sandy-silty limestone, marl, dolomitic limestone and Oolitic
member. The member is represented by dolomitic, oolitic, thick interbeded with
Magalodont limestones. The GCambeleni member contains fossilferous limestone.
Mesozoic Carbonate sequence of north of Bozyazi-Anamur belongs to Demirkazik
formation which is represented by Dibekli, Orendiizii and Cambeleni members.
These members are deposited in a shallow carbonate environment during Triassic -
Lias.

The lead-zinc mineralizations are observed particularly in Orendiizii carbonate
units. The mineralization follows a stratigraphic horizon. Considerable
mineralizations of lead-zinc beds as lenses, pockets and veins in the carbonate
rocks. The paragenesis is very poor and mineralization is dominated by galenite
and sphalerite. The sulphur minerals are also seen as pyrite, markasite in this
paragenesis.

15 ore samples are analyzed for 41 elements by ICP/MS methods at the ACME
Analytical Laboratories, Canada and aproximately Pb> 500 ppm, Zn> 10.000 ppm,
Ag> 30 ppm, Cd>1000 ppm also were obtained. Beside to, the low Ni content
indicates that the heat of the mineralizations environment is not very hot.

All the evidences indicate that the main mineralization source has no relation with
magmatism and volcanic proceses. The poor paragenesis in this deposit showing
that the metallic ions immigrated from another are deposit are which are the same
age after the alteration processes in this zone and recrystalleted. Major and trace
elemets are quietly similar with Stratabound Type Lead - Zinc deposits.
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03 Subat 2002 AFYON DEPREMi

Tahir EMRE*, Mustafa EFTELIOGLU**
*Dokuz Eylul Unive[sitesi, Jeoloji Muhendisligi Bolimi 35100 Bornova Izmir
**Dokuz Eylll Universitesi, Torball Meslek Yiik. Okulu, Torbali Izmir

Kandilli Rasathanesi ve Deprem Arastirma Enstitiisii kayitlarina gore, 03.02.2002
Pazar glinii saat 09 11'de olusan, odak derinligi 5 km, biiylikligu 6.0, merkez {ssii
Sultandag ilgesi olan deprem, 11 ilge, 48 belde ve 123 kdyde hasara yol agmistir.
Ne yazik ki, si§ odakl orta siddetteki bu depremde de, iilkemizde olusan diger
depremler gibi, olmasi gerekenin kat be kat iizerinde hasar ve can kaybi olmustur.
42 yurttagimiz yitirdigimiz depremde 318 kisi yaralanmig, 314 biiyiikk bas, 3150
kiiglik bag ve 14350 kanath hayvan telef olmus, 6180 konut-317 isyeri agir olmak
uzere 20550 bina hasar gérmiistir. Bu denli bliylik hasarin baslica nedenleri; hicbir
muhendislik hizmeti gérmemig binalarin gogunlukta olmasi ve yer alti su seviyesinin
ylksek oldugu, gevsek malzemeyle doldurulmus, yumusak bir zemine sahip
cokiuntl alanlarinda yapilagmaya izin verilmesidir. Bu tiir zeminlerde deprem
sirasinda olugan sivilasma ve zemin blyiitmesinin deprem hasarini arttirdig
bilinmektedir. Boyle yerlerin tarim alani olarak degerlendirilmesi daha uygun olur.
Deprem Uretme potansiyeli olan, tektonik olarak aktif bolgelerde zemin kosullari
g6z onuinde bulundurularak yapilasmaya izin veriimelidir.

En gok hasarin goriildiigli Gay, Cobanlar, Sultandag ve Bolvadin ilgeleri, kotii
yerlesim yeri segiminin en tipik Ornekleridir. Sultandag Yikselimi'nin K-KD
eteklerinde, Kuvaterner yaslh kalin gokellerle doldurulmus ¢okiintli alaninda yer alan
bu ilgeler ve kdylerinde, genelde kerpig binalarda biylik hasarlar olusmusken, iyi
yapiimis tek katl betonarme binalarda sadece Onemsiz birkag siva catlagi
gorllmektedir. Yeterli zemin etitleri yapiimadan, zayif ve gevsek zemine insa
edilen Gay Sanayi Sitesi ve Cay Belediyesi Toplu Konut Bloklari, kolonlardaki donati
yetersizligi, uygun olmayan etriye araliklar, kétli malzeme ve vetersiz cimentoyla
yapilmis zayif betonun kurbani olmustur.

Bati Anadolu’nun gok yonlii genlesme sisteminin etkisi altinda olan bélgede, 120
km uzuniugundaki KB-GD uzanimli “Sultandag Fayi"nin kuzeybati biiklimiinde
gergeklesen 03.02.2002 depreminin ortaya gikardigi fayin en iyi gézlendigi yer; Cay
ilgesinde, ilgeyi K-G yonlinde kat eden ve Afyon-Konya karayoluna baglayan asfalt
yol tizerinde, séz konusu kavsagin 650 m giineyindedir (28170 D/ **72970 K). Bu
lokasyonda K 65 D dogrultulu olan fayin disey atimi en yiiksek dedere (45 cm)
ulagir. Fay hattinin kuzeyi algalmig, giiney kesimi yiikselmistir. Dogrultusu K 65-80
D arasinda degisen bu yiizey kingi, KD ve GB yonlerinde atimi gittikce azalarak
ilerler ve sénimlenir. Yer yer 20 cm'ye varan agilmalarin gozlendigi fay, genel
anlamda normal fay karakterindedir.

Arazi galismalarimiz sirasinda video cekimlerini gergeklestiren Ars.Gor. Cem
KINCAL'a tesekkiir ederiz.
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03 February 2002 THE AFYON EARTHQUAKE

According to the records of the Kandilli observatory and Earthquake Research
Institute, earthquake occured at 09.11 on Sunday, 03.02.2002, the earthquake
epicenter took place at Sultandagi county with 5 km of focus depth and 6.0 of the
magnitute value and for that reason 11 counties, 48 towns, and 123 villages had
been damaged. Although, it was an intermediate level of scale shallow
earthquake, there are severe damages and more deaths.

Because of this earthquake, totally 2055 buildings had several types of damaged
but 42 of our citizen died, 314 cattles, 3150 sheeps, and 14350 poultries had
destroyed, and also 6180 residences, 317 workplaces had damaged heavily. In
deed, the main reasons for having like this damages as following; there were so
many buildings built with poor standart, the subsurface water level was very high,
and the ground soil had mostly loose materials, and finally, allow to make the
buildings on the poor depositional areas. It is well known that the liquefaction and
enlargement of soil create more damage during the earthquake. Actually, these
types of ground soils should be used agriculturally instead of making buildings on
it. On the other hand, the soil conditions should be investigated before giving any
permission to built any buildings like these types of tectonically active and also
highly risky earthquake areas.

THA counties of Cay, Cobanlar, Sultandagi, and Bolvadin, typical the worst
settlement places, had severe damaged especially adobe soil houses but good
reinforced concrete houses had just small damage as plaster craks. These counties

and villages were established on the depositional area with thick Quarternary

deposition at the foot of the Sultandag right ascension with north-northeast
direction. Without any soil investigations, Cay Industry Site and Cay Cooperative
Blocks were victims of building on the poor and loose ground soil, improper fitting
at the columns, the improper stirrup spaces, and the poor cemented concrete.

At the Cay county, the fault which was created by the 03.02.2002 earthquake that
occured at northwest fold of “Sultan Fault” can be observed very well in this place,
that crossed the north-south direction of the asphalt which connected 650 m south
of the Afyon-Konya highway (28170 E / *?72970 N). At this location, the higher
value of the fault range had 45 cm value at the north 65 east direction. This fault’s
direction changes with north 65 — 80 east direction, and its range gradually
reduces and redeems at the northeast and southwest direction. Basically, this fault
can be called as normal fault and its opening values were observed up to 20 cm of
values.

We would also like to thank Res.Ass.Cem KINCAL who took the video film during
our field works.
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BOR GOKELLERIYLE ILISKIiLI VOLKANIK KAYACLARIN STRATIGRAFiSI
VE TEKTONIK ORTAMI, BIGADIG-SOMA-SINDIRGI SAHASI

Fuat ERKUL, Cahit HELVACI, Hasan SOZBILIR
Dokuz Eyliil Universitesi, Jeoloji Miihendisligi Bolimi 35100 Bornova Izmir

Bu calismada Bigadic, Soma ve Sindirgi gevresinde ylizlek veren bor gokelleri ile
iliskili volkanik kayaglarin stratigrafisi incelenmistir. Caligma alaninda birbirinden
uyumsuzluklarla aynlan ug farklh volkanik istif saptanmigtir. Bunlar yashdan gence
dogru andezitik-bazaltik seri, dasitik volkano-sedimanter seri ve riyolitik seriden
olusur.

Andezitik-bazaltik seri, Bigadi¢ bor havzasinin taban volkanitlerini olusturur ve en
iyi sekilde Kocaiskan cevresinde yiizlek verir. Kocaiskan cevresinde goriilen
volkanizma, andezitik lav akintilan, tikag, dom ve dayklari, piroklastikler ve volkanik
bres fasiyesindeki kayaglarla simgelenir. Andezitik sokulumlar {izerindeki piroklastik
istif, tabanda litik kirintil diizeyler iceren kaba taneli pimeksge zengin ignimbritlerle
baglar ve liste dogru bliyimeli lapilli iceren kil dokiinti ve tiirbulans gokelleri
ardalanmal bir istifle devam eder. Istif iiste dogru kalin, litik bakimdan fakir
ignimbrit ¢okellerine geger. Bu istifin degisik kesimlerinde bazaltik andezit bilesimli
otobres aradiizeyleri gozlenir. Piroklastik istifin lzerinde g¢ok bilesenli kalin bir
volkanik bres fasiyesine ait kayaglar yer almaktadir. Bu kayaclar pembe, gri ve
siyah renkli andezit, bazaltik andezit ve bazalt bilesenlerinden olusmaktadir. Bu istif
icinde kanal dolgulan seklinde yerlesmis volkanik kumtasi-cakiltasi diizeyleri ve
altivyal yelpaze cokelleri yer alir. Kocaiskan istifinin andezitik bres fasiyesindeki
kayaglari bazaltik dayklar ile kesilmekte ve bazaltik lavlarla 6rtiilmektedir.

Bigadi¢ bor havzasinin taban volkanitleri, ekonomik bor yataklan ile girik dasit
bilegimli volkanitler tarafindan uyumsuziukla ortiilidiir. Tabandaki volkanik istif ile
dasit bilesimli volkanitlerin baskin oldudu istif arasindaki dokanak cogu yerde iyi
yuvarlaklagmig ve oldukga altere volkanik klastlar iceren matriks destekli bir taban
gakiltagi ile simgelenir. Dasit bilesimli volkanizmanin eslik ettigi volkano-sedimanter
istif Gelembe-Baslamig, Golciik, Sindirgl ve Bigadic ¢evresinde genis yayilm sunar.
Bu istif tabanda volkaniklastik kayaglarla ardalanmali gélsel ¢okeller ile karakterize
edilir. Bigadig havzasindan bilinen bor yataklari, istifin bu kesimine karsilik gelir.
Istif liste dogru dasit bilesimli masif lav akintilari ve piroklastik cokeller ile son
bulur.

Bolgenin en geng volkanitleri hidrotermal alterasyon sunan riyolit bilesimli
volkaniklastikler, masif lav akintilari ve sokulumlardir.

Dasit bilesimli volkanitler KD dogrultulu kink hatlan boyunca sirtlar olusturacak
sekilde yerlesmistir. Bu sirtlar bor c¢okelleri ile iligkili gdlsel tortullarnin gokelimi
sirasinda havza igi yiikseltileri olusturmuslardir. Bu zayiflik zonlari borlu hidrotermal
akiskanlarin havzaya getirilmesinde’etkin olmustur. Bu volkanik sirtlarin varligr gok
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sayida ve KD dogrultulu bor ganaklarinin gelismesini sonuglamigtir. Bu nedenlerle
dasit bilesimli volkanitlerle ardalanmali olan ve bor iceren volkano-sedimanter istif,
calisma alaninin farkl kesimlerinde degisik kalinliklar sunar.

STRATIGRAPHY AND TECTONIC SETTING OF THE VOLCANIC ROCKS
RELATED TO THE BORATE DEPOSITS,
BIGADIG-SOMA-SINDIRGI AREA

In this study, stratigraphy of volcanic rocks related to borate deposits outcropping
in Bigadic, Soma and Sindirgi, is described. Three distinct volcanic sequences
overlying unconformably eachother were distinguished in the study area. These
volcanic sequences are in ascending order as follows: andesite-basalt, dacite
volcano-sedimentary and rhyolite series.

Andesitic-basaltic series form the basal volcanics of the Bigadi¢ borate basin.
Typical sections of the series crop out around Kocaiskan. Volcanism around
Kocaiskan is represented by andesitic massive coherent lava flows, plugs, domes,
dykes, pyroclastics and volcanic breccia facies. Pyroclastic sequence above
andesitic intrusions initiates with coarse grained pumice-rich ignimbrites containing
lithic-rich layers and persists with ash-fall and surge deposits showing locally
accretionary lapilli layers. The sequence passes through thick and lithic-poor
ignimbrites towards upper part. Heterolithologic and thick volcanic breccia facies,
consisting of pink, greyish and black coloured andesite, basaltic andesite and
basalt clasts, takes place above the pyroclastic sequence. Volcanic sandstone,
conglomerate and alluvial fan deposits occur as layers within the volcanic breccia
facies. Volcanic breccia facies in Kocaiskan succession are intruded by basaltic
dykes and overlain by basaltic massive coherent lava flows.

Basal volcanics in the Bigadi¢ borate basin are covered unconformably by the
volcanics dacite in composition, which are transitional to economical borate
deposits. The contact between the basal volcanic sequence and the dacitic
volcanics is represented by a matrix supported basal conglomerate composed of
well-rounded and altered volcanic clasts. Volcano-sedimentary succession
accompanied by the dacitic volcanism is widespread in Gelembe-Baglamig, Golciik,
Sindirgi and Bigadic. The succession is characterised by the intercalation of
volcaniclastic rocks and lacustrine sediments on the lower part. Borate deposits
known from Bigadic basin correlates to this part of the succession. The succession
ends with dacitic massive coherent lava flows on the upper part.

The youngest volcanics of the area are the rhyolitic volcaniclastics, massive
coherent lava flows and intrusions with intense hydrothermal alteration.

Dacitic volcanics formed ridges NE in direction along the fracture zones. The ridges
were topographic high within the basin during deposition of lacustrine sediments
associated with borate deposits. These fracture zones became active in
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transportation of boron into the basin. The occurrence of the volcanic ridges in the
basin resulted in forming of boron-rich ponds NE in direction. Boron-bearing
volcano-sedimentary succession interbedded with dacitic volcanics represents
diverse thickness in different localities of the study area.
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BiGADIC BOR HAVZASI VE GEVRESINDEKI VOLKANIK FASIYESLER

Fuat ERKUL, Cahit HELVACI, Hasan SOZBILIR
Dokuz Eyliil Universitesi, Jeoloji Miihendisligi Bliimii, 35100, Bornova Izmir

Bigadic bor havzasi ve gevresindeki volkanizma andezitik-bazaltik, dasitik ve riyolitik
bilesimli g farkl volkanik evreden olusur.

Bigadic'te Miyosen yagsh bor igeren volkano-sedimanter evaporitik-gélsel tortullarin
temelini olusturan andezitik-bazaltik bilesimli volkanik kayaclar fasiyes ozelliklerine
gére bacadan uzakligina gore baca fasiyesi, medyal ve distal fasiyesi olmak Uzere
ic kisima ayrilir. Andezitik-bazaltik bilesimli volkanizmanin geometrisi baca
fasiyesinden itibaren digar dogru sirasiyla medyal ve distal fasiyes ile izlenir. Baca
fasiyesini andezit bilesimli tikag, medyal fasiyesi ise masiv lav akintilari ve yersel
olarak gdzlenen otobregler ile piroklastik gtkeller olusturmaktadir. Distal fasiyes,
calisma alaninda cok genis yayilim sunan ve volkanizma sonrasinda tortullagma
siirecinde taginmis ilksel volkaniklastik (piroklastik, lav ve otobreg) cokellerden
meydana gelen volkanojenik epiklastik kayaglar ile karakterize edilir. Baca
fasiyesindeki andezitik tikaglar yaklasik olarak dogu-bati dogrultuda olup dort
noktada Ust Kretase-Paleosen vyash Izmir-Ankara zonu kayaglari igerisine
sokulmuslardir. Baca fasiyesinin gevresinde masiv lav akintilar (zerindeki
piroklastik seri akma, dokiintii ve turbulans (surge) ¢okellerinden yapilidir. Distal
fasiyese ait volkanojenik epiklastik cokeller ise volkan yamaglarindan yigin akmasi
sonucu gelisen diizensiz, cok bilesenli (pembe, gri ve siyah renkli andezit-bazalt
bilesimli) ve koseli klastlardan yapili volkanik bresler ile ardalanmal flivyal
kumtaglar ve aliivyal yelpaze gokellerinden olugmaktadir. Distal fasiyes ¢okellerinin
bacaya yakin olan kesimlerinde ise sicak volkanik malzemenin yigin seklinde
akmasini ifade eden sicak ¢i§ seli (debris avalanche) ¢okelleri de yer yer
gézlenmektedir. Baca yakinindaki epiklastik gokeller bazaltik dayk ve sokulumlarla
kesilmektedir. :

Bigadic ve cevresindeki bor igeren golsel cokeller ile ardalanma sunan asidik
volkanitler, tortullasmaya eglik etmistir. Dasit bilesimli volkanizmanin gikis noktalari
bélgede iist Kretase-Paleosen yasl temel kayaglarina sokulan tikaclar ile temsil
edilmektedir ve bu cikislar Bigadic'in kuzeyinde Yenikdy'de, dogusunda Alagamdag
graniti cevresinde ve giineyde ise Sindirgi gevresinde godzlenmektedir. Volkanik
cikislar temel icerisinde 1sinsal soguma catlaklari sunan sokulumlar ve gdlsel
tortullar arasinda diizensiz dokanak sunan dasit dayklan ile gcevresindeki
hyaloklastit bregler ile karakterize edilir. Bor mineralleri iceren golsel volkano-
sedimanter istif, litolojik ve stratigrafik olarak birbirinden ayrlan iki piroklastik
seviye ile ardalanma sunar. Bununla birlikte gdlsel tortullar icerisinde ara dizeyler
seklinde volkanojenik epiklastik tortullar da (bagslica volkaniklastik tirbiditler) yer
almaktadir. Boélgede baskin dasit bilesimli volkanizmayla birlikte yersel olarak
tortullasma ile yasit bazalt dayki da gérilir. ’
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Galisma alanindaki son volkanik evre olan riyolitik volkanizma en belirgin Sindirg!
cevresinde gozlenmektedir. Riyolitik volkanitler volkanik cikis noktasindan digari
dogru sirasiyla masiv lav, otobres, kaynakli ignimbrit ve plimeksge zengin masiv
ignimbritler ile temsil edilir. Riyolitik volkanitlerin gevresindeki ignimbrit
fasiyesindeki kayaglarin havza icerisindeki tortullarla vyanal gecisli oldugu
gozlenmistir.

VOLCANIC FACIES IN THE BIGADIGC BORATE BASIN AND ADJACENT
AREA

Volcanism around and within Bigadic borate basin emplaced in three episodes are
respectively andesite-basalt, dacite and rhyolite.

Andesitic-basaltic volcanic rocks, which form the basement of Miocene borate-
bearing volcanosedimentary evaporitic-lacustrine sediments in Bigadi¢, can be
divided into three facies with respect to proximity to the source as follows: near
vent, medial and distal facies. The geometry of the andesite-basalt volcanism is
followed by the extent of medial and distal facies from source to basin respectively.
Near vent facies is represented by andesitic plugs and domes and surrounded by
medial facies formed by massive coherent lava flows, autobreccias and pyroclastic
flow, surge and fall deposits. Volcanogenic epiclastic deposits of distal facies, which
were transported from volcano flank as debris flow deposits, composed of
intercalation of fluvial sandstone, alluvial fan deposits within disorganised,
heterolithologic volcanic breccia with angular clasts (andesitic-basaltic, pinkish,
greyish and black coloured). The debris avalanche deposits can locally be observed
in distal facies close to the near vent facies. Volcanogenic epiclastic deposits close
to the near vent facies are intruded by basaltic dykes and intrusives.

Acidic volcanics, which are intercalated with boron-bearing lacustrine sediments,
accompany sedimentation around Bigadic area. Source of volcanism in dacite
composition is represented by plugs and domes intruding the upper Cretaceous-
Palaeocene basement rocks. These intrusives can be observed in Yenikdy in the
north, around Alacamdag granite in the east, and in Sindirgi in the south of Bigadic
district. Volcanic sources are characterised by radial cooling joints and rosette
jointing, and dykes intruding lacustrine sediments with irregular contact transitional
to hyaloclastite breccias. Boron-bearing volcano-sedimentary succession is
interbedded with two pyroclastic facies, which can be distinguished lithologically
and stratigraphically. Furthermore, volcanogenic epiclastic sediments (mainly
volcaniclastic  turbidites) occur as lenses within lacustrine sediments.
Synsedimentary basalt dyke is also observed in lacustrine sediments transitional
with predominant volcanism in dacite composition.
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Rhyolitic volcanism, which is the last volcanic event in the study area, can be
observed clearly around Sindirgi. The facies of rhyolitic volcanism can be followed
from source to basin as respectively massive coherent lava flow, autobreccia,
welded ignimbrite and pumice-rich massive ignimbrite. It is also observed that the
ignimbrite facies of rhyolitic volcanics are transitional with the sediments in
lacustrine basin.
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YENIKOY KARISIGI'NIN (GB TRAKYA) METAMORFIiK EVRIMi

i Kenan EROL
Hacettepe Universitesi, Jeoloji Milhendisligi Bolimii, 06532, Beytepe Ankara

Glneybati Trakya'da temeli olusturan Yenikdy Karisigi, mavisist ve yesilsist fasiyesi
kosullarinda metamorfizma gecirmis cesitli kayag bloklarindan olusmaktadir.
Glokofan-lavsonitsist, tremolit/aktinolitfels, klorit-epidotsist ve serpantinit, karisigi
olusturan esas kayag bloklandir. Bunlara ek olarak, hafif rekristalize kiregtasi,
metacort, metabazit ve irili ufakh gesitli volkanik kayag bloklari da bulunmaktadir.
Tektonik melanj 6zelligi sunan birim, Ust Kretase yashdir. Az miktarda baglayici
malzeme igeren bu karisik, blok agirhkiidir. Yenikdy Karisigi, Rodop-Pontid Kitasi ile
' Sakarya Kitas! arasinda bulunan Pontid-ici Okyanusu kabudunun kuzeye dalmasi
sonucu gelisen gomilme metamorfizmas: kosulan altinda, bazik kokenli
kayaclardan tiiremistir. Alp Orojenezi sirasinda Yenikdy Karisigi'ni etkileyen iki farkh
metamorfik siire¢ gelismistir. Ilk olarak kayaclar, mavisist fasiyesi (M;) kosullari
altinda yuksek basing/diisuk sicaklik (YB/DS) metamorfizmasina maruz kalmislardir.
Ilk metamorfizma evresinde metabazitlerde, glokofan ve lavsonit mineralleri
meydana gelmistir. M, evresinde ise, tipik yesilsist fasiyesi kosullar etkili olmustur.
Klorit, epidot, aktinolit ve albit bu metamorfik evrenin mineralleridir. Yesilsist
metamorfizmasi sonucu, mavisist minerallerinden olan glokofan, aktinolit tarafindan
kusatilmig; lavsonit yerini kismen epidota birakmistir. YB/DS metamorfizmasinda
(M,), vaklasik 6-10 kbar basing ve 250-400 °C sicaklik kosullarinin etkili oldugu
belirlenmigtir. M, evresinde ise 4-6 kbar basing ve 350-450 °C sicaklik kosullari
tespit edilmistir. Boylece Yenikdy Karnsidi kayaglarinda tespit edilen mineral
topluluklarn ve dokusal ozellikleri dikkate alindidinda, PTt evriminde cok evreli
metamorfizmanin varligi ortaya gikmaktadir. Yesilsist fasiyesi metamorfizmasi, daha
onceden etkili olan mavisist metamorfizmasini kismen lzerlemistir.

METAMORPHIC EVOLUTION OF YENIKOY MELANGE (SW THRACE)

Yenikdy Melange constituting the basement in southwest Thrace, is formed by
various rock blocks metamorphised in blueschist and greenschist facies conditions.
The main constitues of metamorphic rocks are glaucophane-lawsoniteschist,
tremolite/actinolitefels, epidote-chloriteschist and serpentinites. Morover there exist
metabasite, metachert, weakly recrystallized limestone and various volcanic rock
blocks. This units is in the forms of tectonic melange and its age is Upper
Cretaceous. The melange has limited amount of matrix material and is mainly build
up of rock blocks. Yenikdy Melange is derived from basic origin magmatic rocks,
under burial metamorphism conditions, resulted from subduction of Intra-Pontide
Ocean crust which is situated between Rodop-Pontide and Sakarya continents.
During the Alpine orogeny two different metamorphic phase were effected the
Yenikdy Melange. Firstly, the rock undergone high pressure/low temperature
(HP/LT) metamorphism with blueschist facies (M,;) conditions. At the first
metamorphic stage, the glaucophane and lawsonite minerals were derived from
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metabasites. However in the M, phase, the rocks types have experienced typical
greenschist facies conditions. The minerals of this metamorphic stage are, chlorite,
epidote, actinolite and albite. As a result of greenschist facies metamorphism,
blueschist minerals, such as glaucophane rimmed by actinolite and lawsonite were
partly replaced by epidote. For the HP/LT metamorphism (M;), we can estimate a
6 to 10 kbars pressure and 250-400 °C temperature values. Nevertheles, in M,
phase we could estimate 4-6 kbars pressure and 350-450 °C temperatures. In this
way, the mineral assemblage observed rocks and their textural features of the
Yenikdy Melange may indicate a polymetamorphic evolution in the PTt path.
Likewise, the greenschist facies metamorphism partly overprints the blueschist
metamorphism.
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ANTALYA KORFEZI'NIN OSINOGRAFIK YAPISI VE GUNCEL COKEL
DAGILIMI

Mustafa ERYILMAZ*, Fulya YUCESOY ERYILMAZ **

* Mgrsin Universitesi, Silifke Meslek Yiiksekokulu, Silifke Mersin
** Mersin Universitesi , Jeoloji Mihendisligi Bolimu, 33342, Ciftlikkdy Mersin

Akdeniz'in 6nemli korfezlerinden Antalya Korfezi, doguda Anamur Burnu, batida
Tasghk Burnu arasinda kalan deniz alani kapsamaktadir. Ortalama derinligi 1000
metreden fazladir ve kérfezde 2500 m'yi asan derinlikler goriilmektedir.

Seyir, Hidrografi ve Osinografi Dairesi tarafindan 1999 vyilina kadar Antalya
Korfezi'nden alinan yilizey cokel ornekleri, tane biiylkligine gore siniflandirilarak,
bélgenin 1:100.000 6lgekli gokel dagilim haritast hazirlanmistir.

Antalya Korfezi'nde ortalama yiizey su sicakliklari ilkbaharda 16.90 °C, yaz
mevsiminde 28.73 °C, sonbahar ‘da 24.16 °C ve kis mevsiminde ise 16.51 °C ‘dir.
100 m derinlikte her mevsimde ortalama 16,5 °C civarindadir. Bolgede mevsimlere
bagl olarak deniz suyundaki ortalama tuzluluk degisimleri derinlige bagl olarak
ilkbaharda ylizeyde %0-38.65, 100 m su derinliginde %o 39.17; yaz mevsiminde
ylizeyde %o 38.27, 100 metre derinlikte %o 38.99; sonbaharda ylizeyde %o 39.04,
100 metre derinlikte %0 38.87; kis mevsiminde yiizeyde %o 39.14, 100 metre
derinlikte %o 39.35'dir. Antalya Korfezi'nde ylizey akintilar Levant Denizi'nin genel
akinti sistemine uyum gostermekte, korfeze dogudan girerek kiyiya paralel batiya
dogru devam etmektedir. Bu akintinin sirati 10-25 cm/sn’dir.  Akinti sisteminin
yapisi genel olarak degismemekte, mevsimlere ve meteorolojik sartlara bagh olarak
siirati degismektedir.

Antalya  Korfezi'nin dip cokelleri, yerel akintilar, dalgalar, karanin topografik
ozellikleri, denizalti morfolojik yapisi, batimetri, kiyi sekilleri, riizgar durumu ve
derelerin denize tasidigi maddelerin etkisi altindadir. Karadan tasinan ve dalgalarin
kiyidan kopardigi materyaller denizin dinamik hareketleriyle deniz icinde tekrar
asinmaya ug@rayarak kigdlurler. Antalya Korfezi'nde kiyidan aciga dogru cokel tane
boylarinin  kugtildigli  goriliir. Yamag egimi 10°'den fazla olan bolgeler ile selfin
ani bir egim ile derinlere dogru indigi kita yamacinda gokel birikimi olmaz ya da
cok incedir. Antalya Korfezi ¢okel dagilimi, koken olarak litojenik agirhikhidir ve
kohezyonlu malzeme hakimdir. Genellikle kaba taneli ve kirintili kohezyonsuz
materyal yiiksek enerijili kiyl kesiminde yer alirken, derin ve kiyidan uzak bolgelerde
kohezyonlu materyal birikir.

Hazirlanan 1:100.000 olgekli tane boyuna gore cokel dagilimi haritasina gore,
bolgedeki hakim birim kaya,. cakil, kum, silt ve camur birimleridir. Ancak bu
birimlerden gakil, kumlu cakil, gakill kum ve gakilli gamurlu kum kiyida cok sinirli
alanlarda (yaklasik 5 m su derinligine kadar) ince bir bant seklinde yer aldigi igin
bu haritada gosterimi mimkiin olmamistir. Kumlu birimler (20-50-100-200 metreler
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arasinda), kum, gakilli gamurlu kum, gamurlu kum, killi kum ve siltli kumdur. Bu
birimler haritada kum alani icine dahil edilmistir. Siltli birimler ise, silt, kumlu siltten
ibarettir. Gamur birimi ise; camur, cakilli gamur ve kumlu gamur olarak goriliir ve
genellikle 200 m’den derin alanlarda yayilim gosterir. Kil materyali tek bagina ok
sinirl alanlarda gériilmektedir. Ancak genel olarak camur materyali icinde karisim
halinde yer almaktadir. Bolgede biyojenik materyal (kavki, kavki kirintilari, gesitli
bitki artiklari, organik kalintilar) ¢okel icinde yer almaktadir. Bu tiir materyal, su
derinliginin fazla olmadigi, kiyiya yakin deniz alanlarinda yer almaktadirlar.

OCEANOGRAPHIC STRUCTURE AND RECENT SEDIMENT DISTRIBUTION
OF ANTALYA BAY

Studying samples were taken out from Antalya Bay bottom by research vessel of
Department of Navigation, Hydrography and Oceanography. Surface sediment
sampling had been taken with orange-peel and other type grabs. Samples were
analysed with Standard Methods of grain size. Bottom sediments dispersion map
based on grain size in 1:100.00C scales was prepared by making a general
correlation between all grain size data.

Antalya Bay is limited by the Anamur Cape with Taslik Cape.Antalya région is
rised up the coast toward back side. Antalya Bay has mean 1000 m depth and
2500 m depth further more depth.

At the Antalya Bay, mean surface water temperatures are at the spring 16.90 °C,
at the summer 28.73 °C, at the autumn 24.16 °C and at the winter 16.51 °C. All
seasons, in the 100 meters depths are mean water temperature 16-17 °C.
According to mean salinity variation of season of the Antalya Bay is at the spring
on the surface salinity, %0-38.65, in 100 m depth, %o 38.99; ; on the summer,
surface water salinity, %o 38.27 , in 100 meters depth, %o 38.99; on the autumn
surface water salinity, %o 39.04 in 100 meters depth %o 38.87 and on the winter
surface water salinity, %o 39.14, in 100 meters depth, %o 39.35. Generally in this
bay, surface water currents are harmonious surface water current of the Levant
Sea. This water current speed is 10-25 cm/sn. According to seasons, the structure
of water current systems does not change, but current speed changes.

Recent of sediment distribution of Antalya Bay is affected by current system,
bathymetry, under water morphological structure of regional, topographic structure
of mainland. Fine grain materials are not accumulated in high wave energy and
high current speed. Generally coarse materials are accumulated in this area and
sediment in this area is thin. Either sediment does not collect in slope and
continental slope more 10 degree or less collects.

Recent of sediment distribution of Antalya Bay consist of five kind fundamental
sediment materials, which these rock, gravely, sandy, silty, and mudy materials.
Gravelly materials are gravel, sandy grave] and muddy sandy gravel. Sandy

-89



55. Turkiye Jeoloji Kurultayt
55" Geological Congress of Turkey

materials are sand, gravely sand, gravelly muddy sand, muddy sand, silty sand and
clayey sand. Even if silty materials are silt sandy silt and muddy materials mud,
gravelly mud and gravelly sandy mud. Clay materials take place in area, but these
materials are seen very limited sea area. Generally, in this region  grain size
distribution is transitive coarse size towards fine size and is seen on parallel zones
according coast.

Generally, gravel and sandy gravel material take place in shallow sea area up to 5
meters. Especially, block rock is seen at high slopes coasts towards sea area on
sea bottom. This rocky is layer limestone. Gravel materials are seen very limited
area. Sandy materials take place approximate up to 20-50-100-200 meters . Silty
and muddy materials take place on 20-50, 200-1000 meters depth in sea bottom.
But, muddy materials are seen in sea bottom until 200 meters depth, further more
mud spreads 500 m depth.
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