1. Tiirkiye Jeoloji Hurultay Bildiri Ozleri

Ankara Bolgesi’nin depremselligi ¢ercevesinde 31 Temmuz 2005, 20 Arahk 2007 ve 27 Arahk
2007 Afsar (Bala-Ankara) depremleri ne anlama gelir ?

What do the 2005.07.31, 2007.12.20 and 2007.12.27 Afsar (Bala-Ankara) earthquakes mean in the

seismic frame of Ankara region?

Ali KOCYIGIiT

Orta Dogu Teknik Universitesi Miihendislik Fakiiltesi, Jeoloji Mithendisligi Béliimii.
Aktif Tektonik ve Deprem Arastirma Laboratuvari. akoc@metu.edu.tr

0z

Son yillara degin Ankara bolgesi deprem bakimindan giivenli bir yer olarak varsayilmigtir. Bu nedenle, ¢ok
yakin gegmiste olugan orta biiyiiklikteki 2005 ve 2007 Afsar (Bala-Ankara) depremleri, Ankara ve onun
yakin gevresinde yagtyan insanlar igin siirpriz olmustur. Gergekte Ankara bolgesi ve g¢evresi Anadolu
levhacigi iginde yer almakta olup, yalmzca levha kenari faylari degil fakat ayni zamanda dogrultu atmli ve
genislemeli neotektonik rejimleri karakterize eden levha igi deformasyon ve onunla ilgili aktif faylarin da
tehdidi altindadir. Ankara’ya enyakin (harita tizerinde yaklagik 90 km) ve biigytikligt 7 ve tizerinde deprem
iireten ¢ok aktif deprem kaynagi Kuzey Anadolu Fay Sistemi’dir (KAFS). 7.6 biyiiklugiindeki 1 Subat 1944
Gerede depremi, KAFS’nin Gerede kesiminden kaynaklanmus olup, o giinlerde Ankara’da yogun niifus ve
yapilasma olmamasina ragmen, kdy, kasaba ve hatta Ankara sehir merkezinde afir hasara ve can kayibina
yol agmustir.

Son yirmi yilda gergeklestirilmis olan neotektonik ¢ahgmalar ve arazide yapilan jeolojik haritalama sirasinda,
Ankara bolgesi ve yakin gevresinde KB-, K-G ve KD-gidisli ¢ok sayida aktif fay kusagi ve tekil fay
saptanmustir. Bunlardan bazilart KB-gidisli Inonii-Eskisehir, Tuz Goli, Salanda (Giimiskdy), Seyfe ve Afgar
fay kusaklari; KKD-gidisli Altinekin-Bolluk, Kizilirmak, Balaban-Kiiredag, Elmadag, Kazan, Ayas, Celtikei
ve Sungurlu fay kugaklar ile K-G gidisli Dodurga fay kusagidir. Bu fay kusaklarmdan bazilari dogrudan
KAFS’nden ayrilir, Anadolu levhacigi boyunca uzanir ve onun i¢ deformasyonuna yol acar. Bu fay
kusaklarindan her biri ¢ok sayida parallel-yar1 parallel, yakin aralkli, birkag ytiz metre ile 22 km arasinda
degisen uzunlukta fay segmentinden olusur. Fay segmentleri, uzunluklar baz alindiginda, 6.6 buyiikligiinde
deprem iiretme potansiyeline sahiptir. Bu durum, yirminci yiizyl igerisinde, yukarida sozi edilen fay
kusaklarim olugturan fay segmentlerinden kaynaklanan yikici depremlerle birka¢ kez kamitlanmistir. Agr
hasar ve can kaybima yol agan bu depremlerden bazilari 6.6 biiyiikligindeki 1938 Akpinar (Kirgehir), 6,4
biiyiikliigiindeki 1956 Eskisehir, 6.1 buyikligiindeki 2000 Orta (Cankar), 5.2 biyiikligiindeki 2005 Afsar ve
yine 5.7 ve 5.5 biyiiklugiindeki ¢ok yeni 2007 Afsar (Bala-Ankara) depremleridir. Bu depremlere ragmen,
Ankara bolgesi ve yakin cevresindeki gok sayida aktif fay segmenti, (6rnegin: Cihanbeyli fay1 gibi), uzun
stireli sismik bosluk olma 6zelliklerini giiniimiizde hala siirdiirmektedir. Ayrica, Ankara bolgesi ve genelde i¢
Anadolu’daki fay segmentleri tizerindeki yillik kayma hizlari oldukga yavastir. Bu deger milimetrenin bir
kesrinden en fazla 5 mm/yil’a kadar degisir. Bu yiizden, Ankara bolgesi ve gevresindeki faylardan
kaynaklanacak biyiik depremler igin gerekli enerji birikimi uzun siirede (yaklasik 1000-5000 yil)
gergeklesmektedir. Bu zaman dilimi insan 6lgegine gore ok uzun bir siiregtir ve maalesef Ankara bolgesinde
yasamug ve yasamakta olan insanlar bu tiir yikic1 depremleri asla hatirlamazlar. Bu nedenle, tipki 17 Agustos
1999 Golciik (izmit) depreminin tiim Turkiye'deki insanlari uyarmis oldugu gibi, ¢ok yakin zamanda
gergeklesmis olan Afsar depremleri de, Ankara ve gevresinde yasiyan insanlant bir kez daha uyarmigtir.
Sonug oloarak, Ankara bolgesindeki her biiyiiklikteki yerlesim alani ve mithendislik yapisi, yukarida sozii
edilen fay kusaklarindan kaynaklanacak orta biiyiikliikteki depremlerin dogrudan tehdidine agiktir. Buna
karsin, KAFS’nden kaynaklanacak biiyiik depremler Ankara bolgesinde birincil degil fakat ikincil etkiye
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61. Tiirkiye Jeoloj Hurultay Bildii Orler

sahiptir. Ciinkii Ankara ili’nin yaklagik %50 zayif ve pekismemis bir zemin tizerinde kuruludur. Bu
baglamda, Ankara bélgesinin deprem tehlike haritasimin  hazirlanmasi, ayrintih  mikro bolgeleme
caligmalarmin yapilmasi ve bunlar1 baz alan deprem risk degerlendirmesine gegilmesi bir zorunluluktur.

Afsar (Bala-Ankara)-Cihanbeyli yoresi, uzun siiredir gerilim enerjisinin biriktigi yapisal bir kavsaktir.
Cihanbeyli-Bala yapisal kavsag1 olarak adlanan bu alanda Indnii-Eskisehir, Tuz Golii, Salanda,ve Afsar gibi
KB-gidisli fay zonlar ile Altinekin-Bolluk, Kizilirmak ve Balaban-Kiiredag gibi KKD-gidisli fay kusaklari
kesisgmekte ve fay segmentleri tzerindeki devinimi (hareketi) kilitleyip zorlagtirmaktadir. Bu yiizden
Cihanbeyli-Bala yapisal kavsagi uzun siireli gerilim enerjisi birikim vyeridir. Bu baglamda, 5.2
biiytklagiindeki 31 Temmuz 2005, 5.7 biyiikliigiinderki 20 Aralik 2007 ve 5.5 biyiikliigindeki 27 Aralik
2007 Afsar (Bala-Ankara) depremleri, KB-gidisli sag yanal ve KD-gidisli sol yanal dogrultu atimh faylarin
kesismesinden olusan eslenik dogrultu atimli faylanma sonucu gergeklesmistir. Bu durum, yalmzca kavsak
bolgesinin fay haritasiyla degil fakat ayn1 zamanda artgil depremlerin episantir dagilimi ve orta buyiikliikteki
depremlerin Coulomb gerilim analiziyle de kanitlanmkatadir.

Anahtar Sozciikler: Ankara Bélgesi, Afsar depremleri, yapisal kavsak, eslenik dogrultu atimli faylanma

ABSTRACT

Until the recent times, it has been assumed that the Ankara region is seismically very safe place. From this
point of view, the very recent and moderate-sized Afsar (Bala-Ankara) earthquakes of Mw 5.2 and 5.7 were
surprised to most of people living in Ankara and its neighborhood. Indeed, the Ankara region is located
within the Anatolian platelet, and under the threat of not only the plate-boundary faults but also intra-plate
deformation and related active faults characterizing both the strike-slip and extensional neotectonic regimes.
The nearest (~ 90 km on the map) and very active source of the large earthquakes with Mw 7 or higher is the
North Anatolian Fault System (NAFS). The 1944.02.01, Mw 7.6 Gerede Earthquake originated from the
NAFS caused heavy damage and loss of life in villages, towns and also at the center of Ankara, even if it has
not been densely populated and constructed in those days.

During the neotectonic studies and field geological mappings carried out in last twenty years, a number of
active fault zones and isolated faults trending in NW, N-S and NE were detected in and adjacent to the
Ankara region. Some of them are the NW-trending Inonii—Eskisehir, Lake Salt, Salanda (Giimiiskent), Seyfe
and Afsar fault zones; the NNE-trending Altinekin—-Bolluk, the Kizilirmak, the Balaban-Kiiredag, the
Elmadag, the Kazan, the Ayas, the Celtikgi and the Sungurlu fault zones, and the N-S-trending Dodurga fault
zone. Some of these fault zones directly splay off from the NAFS, run across the Anatolian platelet and
deform it internally. Each of these fault zones consists of numerous parallel to sub-parallel, closely-spaced
Jault segments of differing lengths ranging from a few hundred meters to 22 km. These Jault segments have
seismic potential of creating a moderate-sized earthquake up to Mw 6.6 based on their lengths. This was
proved several times by the occurrences of destructive earthquakes sourced from the SJault segments
comprising the above-mentioned fault zones in twentieth century. These seismic events, which caused
destructive damage and loss of life, are the 1938 Ms 6.6 Akpinar (Kirsehir) earthquake, the 1956 Ms 6.4
Eskisehir earthquake, the 2000 Ms 6.1 Orta (Cankirt) earthquake, the 2005 Mw 5.2 Afsar earthquake, and
again and very recent (2007.12. 20 Mw 5.7 and 2007.12. 27 Mw 5.5) Afsar (Bala-Ankara) earthquakes.
However, there are a number of active fault segments (e.g. the Cihanbeyli fault) in the Ankara region and its
neighborhood, and they still retain their nature of long term seismic gap. In addition, the rates of motion per
year along these fault segments are very slow. It ranges from a friction of milimeter to 5 mm maximum. For
this reason, a long time slice (up to 5000 years) is necessary for the accumulation of elastic strain energy
releasing from the large earthquake to be sourced from the active faults in and adjacent to the Ankara
region. Unfortunately, this time slice is very long according to the human scale, therefore people lived in
especially Central Anatolia also including the city of Ankara never remember such kind of large
earthquakes. For this reason, the very recent Afsar earthquakes have warned once more people in the
Ankara region just like that the 1999.08.17 Gélciik (Izmit) earthquake has done it for people allover Turkey.
Consequently, all sized settlements and some engineering structures in the Ankara region are open to the
threat of direct effects of the moderate-sized earthquakes to be sourced from the above-mentioned fault
zones. In contrast, the large earthquake to be originated from the NAFS will have secondary effects on the
city of Ankara, because approximately 50% of Ankara is located on a weak and loose ground. For this
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reason, it is necessary to prepare the earthquake hazard map and carry out the detailed microzonation
studies of the Ankara region for its earthquake risk evaluation.

The Afsar (Bala-Ankara) locality is a structural junction and site of long term accumulating strain energy.
This junction is here termed as the Cihanbeyli-Bala Structural junction where several NW- and NNE-
trending fault zones, such as the Inéonii—~Eskisehir, the Lake Salt, the Salanda, the Afsar, the Balaban—
Kiiredag and the Kizilirmak fault zones, intersect each other, interlock and make the motion very difficult
along the fault segments. For this reason, the Cihanbeyli-Bala structural junction was a site of long term of
accumulating strain energy. In this frame, the 2005.07.31 Mw 5.2, the 2007.12.20 Mw 5.7 and the
2007.12.27 Mw 5.5 Afsar (Bala-Ankara) earthquakes were originated from the conjugate faulting of the NW-
trending dextral and the NE-trending sisnistral strike-slip faults. This is indicated by not only the active fault
mapping of this region but also both the epicentral distribution of aftershocks and the Coulomb stress
analysis of moderate-sized earthquakes.

Key Words: Ankara region, Afsar earthquakes, structural junction, conjugate strike-slip faulting
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Ankara sehri genelinde sismik olarak aktif olmayan bir bolgede yer almaktadir. Buna ragmen, kuzeyde
Kuzey Anadolu Fay Sistemi’nin ve Dodurga Fay Zonu’nun tehdidi altinda olan Ankara son ii¢ yildir
glineyindeki sismik hareketliligin endisesini yasamaktadir. Ankara’nin giineyindeki en son orta biiyiikliikteki
deprem 21 Nisan 1983 tarihindeki Kulu-Bala Depremidir (Mb: 5.1). O giinden beri sismik hareketlilik
gozlenmeyen bolge 31 Temmuz 2005 Pazar giinii, yerel saatle 00.45 de Bala merkezli orta biiyiikliikte
(MI=5.3, Mw=5.2), derinligi 5.3 km olan bir deprem ile sarsilmuistir. Deprem Ankara ili yan1 sira komsu
illerden de hissedilmistir. Bu sismik hareketlilik 31 Temmuz 2005 saat 18:18’de M=4.3, 1 Agustos 2005
tarihinde saat 02:41’de (M=4.8) ve 03:45’de biiyiikligi M=4.6, 6 Agustos 2005 tarihinde saat 12:09°da
biiyiikligii M=4.6 olan depremle ve ¢ok sayidaki art¢1 depremlerle devam etmistir. iki y1llik bir aradan sonra
bolgenin biraz daha giineyi, Yeniceoba ve ¢evresi 13 Aralik 2007 tarihinde saat 20:06’da biiyiikliigii M=4.9
olan bir depremle sarsilmistir. Bu sarsintiyr takiben 20 Aralik 2007°de saat 11:48’de Bala ve civan
biyiikliigii M=5.7 olan bir depremle sarsilmigtir. 20 Arahk ile 26 Aralik arasinda bolgede biiyiikliigii 2.8 ile
4.0 arasinda degisen yaklasik 140 art¢1 sarsinti kaydedilmistir. Bunu takiben 27 Aralik 2007 de saat 01:47°de
bolge tekrar orta biiyiiklikkte (M=5.5) bir depremle sarsilmustir. Bu sismik hareketlilik ayn1 giin 09:47°de
biytkligi M=4.8, 14:48’de buyiikligi M=5.0 ve 19:56’da biiyiikliigi M=4.4 olan depremlerle devam
etnmstir.

Orta Anadolu’nun bu béliimiinde KB-GD ve KD-GB dogrultulu faylar blgenin tektonik gelisgiminde 6nemli
rol oynanustir. Genelde eslenik dogrultu atimli fay karakterinde olan bu faylarin en onemlileri: Bala’nin
glineyinde yer alan KB-gidisli Afsar fay zonu ile KD-gidisli Sirapinar fay zonlar (Kogyigit ve Deveci 2005),
KB-gidisli Inonii-Eskisehir fay sistemi (Ozsaym ve Dirik 2007) ve Tuzgélii fay zonudur (Dirik 2001, Dirik
ve Erol 2003, Kogyigit 2003). Eslenik dogrultu atimli fay karakterinde ve yaklagik 20-25 km uzunlugundaki
Afsar ve Sirapmar fay zonlarmin aktif oldugu Saroglu vd. (1987) tarafindan belirtilmistir. Ana sok ve artgi
odak dagihmlar1 31 Temmuz 2005 Bala depremleri Afsar ve Sirapinar fay zonlarinin birlikte etkin hale
geldigini ortaya koymustur. 20 Aralik ve 27 Aralikta meydana gelen depremler ise Afsar fay zonu iizerinde
geligmis ve art¢r sarsmtilarin giineyde Pasadagdan Tuzgolii Fay Zonu’nun kuzey ucuna dogru ilerlemesi
Afsar fay zonu ile Tuzgoli Fay Zonu’nun iliskisini ortaya koymustur. 13 Aralik 2007 Yeniceoba depremi ise
Inonii-Eskisehir Fay Sisteminin iginde yer alan Ilica Fay Zonu ile Yeniceoba Fay Zonu’nun GD ucunda yer
almigtir. Bu depremler, Kuvaternerde aktif olan Inénii-Eskisehir Fay Sisteminin bu béliimiiniin giiniimiizde
de aktif oldugunu kanitlamistir.

Anahtar Kelimeler: Sismik aktivite, Ankara, Afsar-Sirapinar eslenik fay zonlari, Ilica fay zonu, Yeniceoba
fay zonu, Tuzgéli fay zonu.
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ABSTRACT

Ankara city is located seismically inactive region. But, it is under the seismic threat of the North Anatolian
Fault system and Dodurga Fault Zone in the north and also living the anxiety of seismic activity occurring in
the southern part of the region since three years. The last earthquake with moderate magnitude (Mb=5.1)
was occurred in the south of Ankara at April 21 1983 namely Kulu-Bala earthquake. Any seismic activity
was not observed in the region up to July 2005. But, the region was shaken by a moderate earthquake
(MI=5.1, Mw=5.2, depth: 5.3 km) at 00.45 with Bala epicenter. An earthquake was felt by neighboring cities
including Ankara. This seismic activity was followed by a lot of aftershocks and earthquakes with following
date and magnitude: July 31 2005, 18:18, M=4.3; August 1 2005, 02:41, M=4.8; 03:45, M=4.6; August 6
2005, 12:09, M=4.6. After two years seismic silence, the southern part of the region, Yeniceoba and
surrounding area was shaken with an earthquake (M=4.9) at December 13 2007, 20:06. Following this
earthquake Bala and surrounding area was shaken by an earthquake (M=5.7) at December 20 2007, 11:48.
Approximately 140 aftershocks with magnitudes 2.8-4.0 were recorded between 20-26 December. The region
was shaken again by an earthquake with a moderate magnitude (M=5.5) at December 27 2007, 01:47. This
seismic activity was followed by various earthquakes with different magnitude: M=4.8 at 09:47, M=5.0 at
14:48, M=4.4 at 19:56.

The NW-SE and NE-SW directed faults have played important role in the tectonic development of this part
of central Anatolia. These faults are mostly display conjugate strike-slip fault character and most important
examples of these zones are namely: NW-trending Afsar fault zone and NE-trending Sirapimar fault zones
located in the south of (Kogyigit and Deveci 2005), NW-trending [nonii-Eskisehir fault system (Ozsayim and
Dirik 2007) and Tuzgélii fault zone (Dirik 2001, Dirik and Erol 2003, Kogyigit 2003). The activity of the 20-
25 km long Afgar and Sirapinar conjugate fault zones with strike-slip character was first introduced by
Saroglu et al. (1987). The distribution of the main shock and aftershocks of July 31 2005 Bala earthquakes
have shown the activity of the Afsar and Sirapinar fault zones together. The December 20 and 27 earthquakes
were occurred along the Afsar fault zone, and the propagation of the aftershocks from Afsar towards the
northern tip of Tuzgélii fault zone through Pasadag is an important evidence of the relationship between these
two fault zones. The December 13 2007 Yeniceoba earthquake was located at the south eastern tip of llica
fault zone and Yeniceoba fault zone of Inénii-Eskisehir Fault System. These earthquakes are the important
evidences of the activity of this part of the Inonii-Eskigehir Fault System at present.

Key words: Seismic activity, Ankara, Afsar-Sirapar conjugate fault zones, llica fault zone, Yeniceoba fault
zone, Tuzgolii fault zone.
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Ankara’nmin Bala ilgesinin 15 km giineyinde 20 Aralik 2007 tarihinde ML=5.6 bilyiikliigiinde bir deprem
meydana gelmistir. Depremden hemen sonra, TUBITAK Marmara Arastirma Merkezi Yer ve Deniz
Bilimleri Enstitiisii (YDBE) ve Baymndirlik ve Iskan Bakanhgi Afet Isleri Genel Miidiirliigi (AIGM),
Deprem Aragtirma Dairesi (DAD) elemanlarindan olusan iki ekip DPT destekli ve iki kurumun igbirligi
halinde yiiriittigti Deprem Acil Gozlem Calismalant (DEPAR) projesi kapsaminda derhal bolgeye hareket
etmiglerdir. Ekipler, depremden 12 saat sonra 4 adet deprem istasyonunu kurarak veri toplamaya
baslamuglardir. 21 Aralik 2007 sabahi kurulan ilave 3 deprem istasyonu ile birlikte toplam 7 adet deprem
istasyonu (Reftek-130 deprem kayit¢1 cihazlar ve ii¢ bilesen, 4.5 Hz ii¢ bilesen jeofonlardan olusan alet
setleri) Anasok merkez olmak iizere, ortalama yarigapt 35 km olan bir deprem ag1 olusturacak sekilde
kurulmus (asagidaki sekil) ve art¢1 depremlerin kaydedilmesine baglanmustir.

Artg1 deprem agindan alinan veriler, AIGM Deprem Arastirma Dairesinde (DAD) ve TUBITAK MAM Yer
ve Deniz Bilimleri Enstitiisiinde (YDBE) es zamanl ve paylasim esasli okunup degerlendirilerek hem YDBE
hem de DAD web sitelerinden ilgililerin ve kamuoyunun bilgilerine sunulmustur. Sekil.1’de elde edilen
episantir dagilimi 20 Aralik 2007 - 7 Ocak 2008 tarihleri arasinda meydana gelen depremleri gostermektedir.
Gorildigii gibi, artg1 deprem dagilmi KB-GD yoniinde yaklastk 20 km uzunlukta bir alanda
yogunlagmaktadir. Bu depremlerin derinlikleri ise 3 ile 15 km arasinda , ancak yogun olarak 5-8 km arasinda,
degismektedir.

Ana sok ve sonrasinda meydana gelen ML > 5 depremlerini gozeten kabuk deformasyon calismasi
kapsaminda, belirlenen faylanma (sag yonli dogrultu atim) mekanizmalar kullanilarak Coulomb gerilme
analizi de asagidaki sekilde gosterildigi gibi yapilmustir. Gerilmenin arttig: yerler (koyu alanlar), artc
sarsintilarin yogunlastig1 alanlar ile biiyiik oranda uyusmakta ve deprem tehlikesine yonelik ipuglar
vermektedir. Veri toplama galigmalar halen devam etmektedir. Bu nedenle, bahsedilen bu bilgiler sadece 6n
bulgulardir. Veri toplama agsamasinin sonuglanmasi ile elde edilecek tiim bilgiler biraraya getirilecek ve kesin
bir sonug ¢ikartilmaya ¢alisilacaktir,

Anahtar Kelimeler: Bala depremi, Ankara, Art¢1 deprem, Sismoloji, Coulomb.
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Sekil: Dort biiyiik depremin Coulomb gerilme analizi sonucu.
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ABSTRACT

An earthquake of magnitude ML=5.6 occurred on December 20, 2007 at about 15 km South of Ankara’s
town of Bala. Just after the earthquake, two teams consisting of researchers of TUBITAK Marmara Research
Center Earth and Marine Sciences Institute (EMSI) and Ministry of Public Works and Settlement Disaster
Affairs General Directorate (AIGM), Earthquake Research Department (DAD) moved immediately into the
region within the framework of the State Planning Organization (DPT)-funded Urgent Earthquake
Monitoring Studies (DEPAR) project, which is carried out by cooperation of these two organizations. The
teams started collecting data by deployment of four earthquake monitoring stations 12 hours after the
occurrence of the earthquake. After installation of 3 additional earthquake monitoring stations in the
morning of December 21, 2007, a total of 7 units of earthquake monitoring stations (including three
components Reftek-130 earthquake recording devices utilizing three component 4.5 Hz geophones), an
earthquake monitoring network with the main shock as the center and an approximate 35 km radius, shown
in the Figure below, became available to record the aftershocks.

The data collected by the aftershock earthquake network were read and evaluated synchronously on a
sharing basis by the AIGM Earthquake Research Center (DAD) and TUBITAK MRC Earth and Marine
Sciences Institute (YDBE) and was made available both at YDBE and DAD websites for the public and
interested parties.

The epicenter distribution of the earthquakes occurring between December 20, 2007 and January 7, 2008 is
displayed on Figure 1. The aftershock earthquake distribution is concentrated in an area of approximately 20
km long in NW-SE direction. The depths of these earthquakes vary between 3 -15km but most frequent
between 5 -8km.

Coulomb stress analysis as shown in the Figure was carried out using the (dextral strike slip) faulting
mechanisms within the framework of crust deformation studies noticing earthquakes ML > 5 occurring at the
main shock and after. Locations where stress increases (dark areas) are greatly in harmony with the areas
with frequent aftershocks and give clues directed to earthquake risk. Data collection studies still continue.
Therefore, this information is based only on first findings. After finalization of data collection studies, all
information will be compiled to derive a decisive conclusion.

Key Words: Bala earthquake, Ankara, Aftershock earthquake, Seismology, Coulomb.
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Figure: Coulomb stress analysis of the four earthquakes.
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20 Arahik 2007 ML=5.6 Bala (Ankara) Depremi Kuvvetli Yer Hareketi Kayitlar: ve
Deprem Acil Gézlem (DEPAR) Calismalari.

Strong Ground Motion Records of Bala Earthquake of December 20, 2007 ML=5.6 and
Earthquake Immediate Observation (DEPAR) Studies.

OZMEN T. 0., KURU T., DOGAN i., ALKAN A. M., APAK A., DENIZLIOGLU Z. A., IRAVUL
Y., TUZEL B., YASAR A., SAHIN C., TENGILIMOGLU E.

Adres : Afet Isleri Genel Miidiirliigii Deprem Arastirma Dairesi Sismoloji Sube Miidiirliigii Eskisehir Yolu 12. km
Lodumlu / ANKARA
E-Posta :kuru@deprem.gov.tr
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Bu calismada, Afet [sleri Genel Midiirliigii, Deprem Arastirma Dairesi Baskanlig: tarafindan isletilmekte
olan; Kuvvetli Yer Hareketi Kayit Sebekesi tarafindan kaydedilmis; 20 Aralik 2007 tarihindeki saat 09:48
(GMT) M= 5.6, Mp= 5.3 Bala depremi ve art¢1 sarsintilarini izlemek amaci ile TUBITAK Marmara
Aragtirma Merkezi Yer ve Deniz Bilimleri Enstitiisii ile ortak yiiriitiilen Deprem Sonrasi Acil Gézlem
Aragtirmalari Projesi (DEPAR) kapsaminda bélgeye kurulan gegici deprem ivme 6lger istasyonlarindaki
kuvvetli yer hareketi kayitlarinin incelenerek deprem ivmesinin uzaklikla degisimi ve hasarin nedenlerinin
arastirilmasi amaglanmigtir,

Depremin meydana geldigi Bala ilgesi Afet Bolgelerinde Yapilacak Yapilar Hakkinda Y 6netmelikte, 2. inci
derece deprem bolgesinde yeralmaktadir. Kaydedilen ivme degerlerinin; 2. inci derece deprem bolgesi i¢in
verilen yonetmelikte etkin ivme degerlerinin altinda oldugu gozlenmistir. Bolgedeki yapisal hasar dagilim
incelendiginde, 834 konut, 63 ahir ve 3 isyerinin agir, 5 konutun ise orta hasarli oldugu tesbit edilmigtir. Orta
biytikliikteki s1g bir deprem igin olduk¢a fazla hasar gozlenmektedir. Bu durum; kirsal alanlarda hasara
ugrayan yapilarin yap: tarzindan kaynaklandigi ve bu yapilarin yénetmelige uygun yapilmamus oldugu
gergegini ortaya koymaktadir.

Anahtar Kelimeler : ivme, kuvvetli yer hareketleri

ABSTRACT

In this study, it is aimed to search the variation of the earthquake acceleration with distance and the reasons
of the damage occurred during Bala Earthquake on December 20, 2007 at 09:48 GMT with magnitude
ML=5.6, Md=5.3 by analysing the strong ground motion receords of National Strong Motion Network
operated by General Directorate Disaster Affairs, Earthquake Research Department and also temporary
acelerometer stations established in the region to monitor the aftershocks of the earthquake in the frame of
the project of Immediate Observation Research after the earthquake (DEPAR) cooperated with TUBITAK
Marmara Research Center, Earth and Marine Sciences.

Bala town where earthquake occurred is in the second degree earthquake zone acording to the spesifications
Jor structures to be build in disaster areas. It is observed that recorded acceleration values are below the
predominant aceleration values given in the mentioned spesification. When the damage distrubution of
region was investigated, 834 houses, 63 barn and 3 offices damaged heavily and 5 houses damaged
moderately were found out. It is observed a fairly much damage for a moderate shallow earthquake. This
situation shows that the source of the damage is the construction method of the structures because they were
not built appropriate to the spesifications.

Keywords : Accelerometer, strongmotion
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Ankara’nin Kuzeyindeki Plio-Kuvaterner Zeminlerin Dinamik Karakterlerinin Ve Yerel
Zemin Kosullarinin Yiizey Dalgas1 Yontemleri ile Belirlenmesi

Determmnation Of The Dynamic Characteristics And Local Site Conditions Of The Plio-
Quarternary Sediments Situated Towards The North Of Ankara Through Surface Wave Testing
Methods

H. AKGUN*, M. K. KOCKAR", A. M. EKER"

“Orta Dogu Teknik Universitesi Jeoloji Miihendisligi Béliimii, Ankara
*Gazi Universitesi, Deprem Arastirma ve Uygulama Merkezi (DEPAR), Ankara
merteker@gmail.com
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Bu calisma, bu zamana kadar bu bolge igin daha 6nce yapilmamis dinamik zemin
karakterizasyonlarimin ve araziye ozel yer etkilerinin belirlenmesini kapsamaktadir. Bolgedeki zayif
zeminlerin kayma dalgasi hizlari, yer salimm periyotlari ve zemin biiyiitme oranlari gibi dinamik zemin
karakterleri kisa-periyotlu yerin dogal sismik giiriiltiisiinii 6lgen mikrotremor, Refraksiyon Mikrotremor
yontemi (ReMi) ve Yiizey Dalgalarinin Cok Kanalli Spektral Analizi Yontemi (MASW) gibi yiizey dalgas1
olgiimlerine dayanan sismik yontemlerle belirlenmistir. Bu ¢ahgmalar, daha ¢nceden ve bu calisma ile
yapilan mihendislik jeolojisi ve jeoteknik arazi ¢aligmalarmin yaninda dogrusal dinamik analiz
modellemeleri ile desteklenerek bir biitiinsellik saglanmugtir. Daha sonra, bolge igin detayli zemin
karakterizasyonlannin yapilmasi sonrasi ¢alisma alaninin yerel zemin kogullar1 ve dinamik zemin karakterleri
belirlenmistir. Cahsma alani, Ankara’nin Kuzey Dogusundaki Cubuk ilgesi ve gevresindeki Plio-Kuvaterner
ve ozellikle geng aliivyon zeminlerini kapsamaktadir. Bu alan, konumu itibariyle Tiirkiye’nin dnemli deprem
potansiyeline sahip alanlarindan biri olan Kuzey Anadolu Fay Sisteminin alt-fay kusaklarindan oldugu
samlan ve Dodurga Fay Zonunun devamu olarak disinilen Cubuk Fay Zonunun izerindeki olasi
depremlerden 6nemli 6lgiide etkilenecegi diisiiniilen bir bolgede yer almaktadir. Son zamanlarda bu bolgede
meydana gelen sismik aktiviteler, ozellikle 30.12.2004 Cubuk Depremi (M; = 4.6) bunun en o6nemli
gostergesidir. Sonug olarak, zeminlerin sismik karakterizasyonlan yapilarak ve yerel zemin kosullan
belirlenerek Cografi Bilgi Sistemleri (CBS) yardimyla Cubuk ve cevresi igin sismik tehlike
degerlendirmeleri gergeklestirilmistir.

Anahtar Kelimeler: Yiizey Dalgasi Olgimleri, Sismik Yontemler, Dinamik Analiz YOntemleri, ReMi,

MASW, Mikrotremor, Yerel Zemin Kosullari, Sismik Tehlike Degerlendirmeleri, Plio-Kuvaterner
Sedimanlar, Cubuk, Ankara
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ABSTRACT

This study encompasses dynamic soil characterization and determination of site effect which have not been
carried out for this area so far. By this study, dynamic soil characteristics like shear wave velocities, soil
predominant periods and soil amplification rates of the weak soils in this region have been determined by
microtremor method measuring natural seismic noise of the soil in short period and seismic methods
depending on surface wave measurements such as Refraction Microtremor (ReMi) method and Multi-
Spectral Analysis of Surface Waves (MASW) method. These studies have been supported by engineering
geological and geotechnical field studies carried out before and during this study, and also by linear
dynamic analysis modeling. By integrating these studies, local soil conditions and dynamic soil
characteristics for the study area have been assessed by detailed soil characterization in the region. The
study area covers Plio-Quaternary and especially late alluvium soils of the Cubuk district and it's close
vicinity that is situated towards the northeast of Ankara. This area is located at a region which has a
potential of being seriously affected by a possible earthquake occurring along the Cubuk Fault Zone that is
thought to be a continuation of the Dodurga Fault Zone and a sub-fault belt of the North Anatolian Fault
System that is one of the fault systems in Turkey with significant earthquake potential. Seismic activities
occurring in this region recently, especially the Cubuk earthquake (M;= 4.6) on December 30", 2004, is the
most important indication of this phenomenon. As a result, seismic hazard assessments have been performed
SJor Cubuk and it’s close vicinity with the aid of Geographical Information Systems (GIS) through
establishing seismic characterization and local soil conditions of the area.

Keywords: Seismic Methods, Surface Wave Measurements, Dynamic Analysis Methods, ReMi, MASW,
Microtremor, Local Soil Conditions, Seismic Hazard Assessments, Plio-Quaternary Sediments, Cubuk,
Ankara
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Ankara’nmin Batisindaki Plio-Kuvaterner Sedimanlara Ait Zemin Kosullarinin, Sismik Ve
Jeoteknik Saha Karakterizasyonu Caliymalarina Bagh Olarak Degerlendirilmesi

Evaluation of site conditions for Plio-Quaternary sediments situated towards the West of Ankara
based on seismic and geotechnical site characterization studies

M. K. Kogkar®, H. Akgiin"

“Gazi Universitesi, Depre_m Arastirma ve Uygulama Merkezi (DEPAR), Ankara
YOrta Dogu Teknik UniversitesiJeoloji Miihendisligi Boliimii, Ankara
mkockar@gazi.edu.tr
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Bu ¢alismanin amaci Ankara’nin batisindaki, 6zellikle Ankara havzas: igerisinde yer alan Plio-Kuvaterner
zeminlerin sismik ve jeoteknik karakterizasyonunun ve buna bagli olarak sismik tehlike degerlendirmelerinin
yapilmasidir. Bu baglamda, oncelikle yiizey jeofizik yontemleri yardimiyla ¢alisma alanindaki sediman
kosullar belirlenmis ve zemin profilleri karakterize edilmistir. Bu sayede proje alanindaki bolgesel ve yerel
sismik zemin ozellikleri tanimlanmustir. Bu ¢aligmalar proje alaninda bu zamana kadar yapilmis olan arazi
jeoteknik ve diger yardimer sismik karakterizasyon ¢alismalari ile birlikte degerlendirilerek bir biitiinsellik
saglanmis ve bunun sonucunda detayh bir sismik ve jeoteknik veritabani olusturularak ¢alisma alaninin
dinamik zemin karakterleri belirlenmistir. Bu ¢aligmalarin devaminda ¢aligma alani i¢in bir sismik bolgeleme
haritas1 hazirlanmistir. Sonug olarak, proje alani igin zemin siniflandirma sistemleri, zeminlerin yer etkileri
de gozoniine alinarak sismik tehlike degerlendirmeleri i¢in yapilmig ve bu degerlendirme sonuglarma yonelik
gerekli yerbilimsel oneriler verilmigtir. Sonug degerlendirmeleri Cografi Bilgi Sistemleri platformu ve atisi
yardimiyla, bélgenin tamamini kapsayan detayli bir sismik ve jeoteknik veri tabani olusturularak yapilmigtir.

Anahtar Kelimeler: Plio-Kuvaterner Sedimanlar, Sismik ve Jeoteknik Zemin Karakterizasyonu, Sismik
Bolgeleme, Sismik Tehlike Degerlendirmeleri, Ankara

ABSTRACT

The purpose of this study is to assess the seismic and geotechnical characteristics and to perform seismic
hazard studies of the Plio-Quaternary sediments within the Ankara Basin located towards the west of
Ankara. Based on a general engineering geological and seismic characterization of the site, site
classification systems were assigned for seismic hazard assessment studies. In this respect, initially sediment
conditions were determined and a soil profile was characterized by the aid of surface geophysical methods.
Secondly, the regional and local seismic soil conditions of the site were determined. These studies were
combined and integrated with existing in-situ geotechnical and other seismic characterization studies to
create a seismic and geotechnical database for the site. A detailed database regarding the dynamic site
characters of the study area were constructed. A seismic zonation map of the site was then prepared. Finally,
site classification systems were assigned to account for site effects in relation to seismic hazard assessments.
The consequences of the seismic hazards were investigated and necessary recommendations were presented.
Assessment of the results of the project will be carried out with the aid of a Geographic Information System
platform and framework to construct a seismic and geotechnical database for the entire project area.

Keywords: Plio-Quaternary Sediments, Seismic and Geotechnical Site Characterization, Seismic Zonation,
Seismic Hazard Assessments, Ankara
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Ankara’nin Batisindaki Plio-Kuvaterner Zeminlerin Yer Etkilerinin Mikrotremor
Calismalarina Bagh Olarak Degerlendirilmesi

Evaluation of site effects for Plio-Quaternary sediments situated towards the west of Ankara based
on microtremor measurements

M. K. Kockar®, H. Akgiin”

“Gazi Universitesi, Deprem Arastirma ve Uygulama Merkezi (DEPAR), Ankara
*Orta Dogu Teknik Universitesi,Jeoloji Miihendisligi Béliimii, Ankara
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Son yillarda meydana gelen depremler, 6nemli miktarda zararlarin ve hayat kayiplarinin yerel zemin
kosullarmm etkisi ile dogrudan iliskili oldugunu géstermistir. Onemli biiyiitmeler yaratabilen yer yiizeyine
yakin zeminlerdeki jeolojik ve topografik kosullar ile sismik yer hareketlerinin mekansal degiskenliginin,
yerin salinim seviyesi ve zay1f zeminler tizerindeki tepkisi hakkinda bilgi edinmede énemli bir rol oynadigini
gostermistir. Bu sebeplerle, yer bilyiitmelerine egilimli alanlarda, zeminlerin bu tiir yer hareketlerinin
tanimlanmast ve buna bagl olarak karakterize edilmesi i¢in yontemler olusturmak cok arzulanan bir
durumdur. Giintimiizde ylizeye yakin zeminlerdeki sediman karakterlerinin genis alanlarda belirlenmesinde
kullanilan pek ¢ok yontem olmasina karsin, bu yontemlerin ekonomik ve teknik olarak uygulanmasi hala
zordur. Ote yandan, 6zellikle kentlesmis alanlarda goreceli olarak kullanimi kolay ve ekonomik olarak cazip
olan mikrotremér yontemi ise, 6lgiime ve veri ¢oziimleme teknikleri diigiiniildiigiinde, zeminlerin biiyiitme
potansiyelini degerlendirmek i¢in yerin dogal sismik giiriiltiistiniin kullanimini igermekte ve bu sayede sismik
bolgeleme ¢alismalarina uygunlugu sebebiyle sismik tehlike degerlendirilmeri i¢in ¢ok kullanishdir.
Belirtilen bu arastirmalar ve yontemler dogrultusunda, bu ¢alisma ile Ankara’nin batisindaki, Ankara havzasi
icerisinde yer alan Plio-Kuvaterner sedimanlarin zemin karakterlerinin yer tepkileri incelenmis ve buna bagh
olarak sismik tehlike ¢aligmalar1 yapilmustir. Bu sebeple ¢aligma alanindaki Plio-Pleistosen Fluviyal ve
Kuvaterner aliiyvon zeminler iizerinde kisa-periyotlu, yerin dogal sismik giriiltiisii kayitlarim igeren
mikrotremor Olgiimleri ile almmustir. Bu g¢alismalar ile ilgili iglenmemis kayitlarin dalga formlan
kullanilarak, islenmis kayitlarin tepki spektrumlart (FFT spectrum) Nakamura teknigine gére yatay bilesen
spektrum degerlerinin diisey bilesen spektrum degerlerine oram (HVSR) ve referans noktasina gore spektral
oran (SSR) yontemlerinin her ikisi ile proje alanindaki kayit noktalarinda degerlendirilerek, 6l¢iim yapilan bu
alanlardaki yerel zemin kosullar1 (zemin hakim titresim periyodlari ve bu noktalardaki zemin biiyiitme
oranlart) hesaplanmistir. Bu iki metodolojiden elde edilen sonuglar kargilagtirildiginda, HVSR yontemi ile
elde edilen yerel zemin karakterleri, ¢alisma alani igin daha giivenilir sonuglar vermektedir. Ozellikle, bu
zeminlerden elde edilen sediman kalinhiklarinin ve zayif zemin karakterlerinin, HVSR yoénteminden elde
edilen zemin hakim titresim periyotlar: ile karsilastirildiginda ¢ok uyumlu oldugu goriilmektedir. Sonug
olarak, HVSR yéntemi kullanilarak zeminlerin temel rezonans frekanslarinin saptanmasi ve hakim titresim
periyodu haritasina bagli olarak hazirlanan sismik bélgeleme ¢alismalan ile yerel zemin kosullarinin
glvenilir olarak belirlenmesinin  miimkiin olabilecegi goriilmektedir. Bu sayede sismik tehlike
degerlendirmelerinin  Ankara havzasimin batisindaki  Plio-Kuvaterner zeminler iizerinde yapilmasi
saglanmustir.

Anahtar Kelimeler: Yer Etkisi, HVSR yontemi, Sismik Tehlike Degerlendirmeleri, Plio-Kuvaterner
Sedimanlar, Ankara havzasi, Ankara
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ABSTRACT

The effect of local site conditions in several recent earthquakes has been directly related with significant
damage and loss of life. Near-surface geological and topographical conditions that can generate significant
amplification and spatial variations of the earthquake ground motion play a major role in the level of ground
shaking and in gathering information on soft soil response. It is therefore highly desirable to develop
methods for identifying and characterizing regions prone to this type of site amplification. There are several
methods to determine the subsurface sediment characteristics over a wide area, but these explorations are
still economically and technically difficult to make. On the other hand, measurement and analysis of
microtremor, being a relatively easy and economically attractive method especially in urbanized areas,
involves using ambient seismic noise to evaluate the sediment-amplification potential and to perform seismic
zonation that are very useful in hazard assessments. Considering the research and the methodology outlined
herein, this study investigates the site response of the sediment characteristics and performs seismic hazard
studies on the Plio-Quaternary sediments within the Ankara Basin located towards the west of Ankara.
Hence, short-period noise recordings of microtremor measurements were conducted at the project site
locations on the Plio-Pleistocene Fluvial and Quaternary Alluvial sediments in the study area. Regarding the
waveform of the unprocessed microtremor data that were used in this study, the processed results of the
response spectrum (FFT spectrum), spectral ratio between the horizontal and vertical components (HVSR)
according to the Nakamura technique and spectral ratios relative to a firm site reference station (SSR) of the
microtremor measurements at the ground surface have been used to estimate the local site effects
(predominant periods and amplification factors at these locations) of the site. On the basis of the results for
comparing these two methodologies, HVSR gives more reliable results to determine the local site characters.
In particular, the results showed a good correlation between thickness and/or the type of soft soil and the
Sundamental period obtained with the HVSR method. As a conclusion, it seems possible to use the HVSR to
determine the fundamental resonant frequency of sediments and to establish the seismic zonation in terms of
a predominant period map for reliably determining the local site character which enabled seismic hazard
assessments on the Plio-Quaternary sediments within the western part of the Ankara Basin.

Keywords: Site Effects, HVSR method, Seismic Hazard Assessments, Quaternary Sediments, Ankara Basin,
Ankara
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Seyfe Fay Zonu'nun (Kirsehir) Neotektonigi ve Depremselligi

Neotectonic and Seismicity of Seyfe Fault Zone (Kirsehir)
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Calisma alani, Kirsehir, Boztepe ve Akpinar ilgeleri arasinda kalan bolgede yer almaktadir. Bu bélgede, Orta
Anadolu Kristalen Karmasig1 ve Tersiyer ortisti, Ge¢ Miyosen-Pliyosen ve sonrasi olugmus tektonik yapilar
biinyesinde barindirmaktadir. Bu yapilar Kirsehir ve dolayinda aktif faylar, sismik aktivite ve catlak sirt1
traverten olusumu ile belirgindir. Calisma alaninda en onemli aktif yapiyt KB-GD uzamiml, sag yanal
dogrultu atimli Seyfe Fay Zonu olusturur. Bu fay zonunda, KB-GD uzamiml ve birbirine kogut faylar
gelismistir. Bu faylardan en 6énemlisi, KB-GD uzanimh sag yanal dogrultu atimli ve 19.04.1938 yilinda 6.6
biiytikligiinde deprem olusturmus olan Akpinar Fayr’dir. Seyfe Fay Zonu, Seyfe goli hizasinda saat yoniinde
gevseten biiklime bagl olarak Seyfe golii ¢ek-ayir havzasini olusturur. Kirsehir'de Kugdili ve Kayabasi
mabhallesinde yiizlek veren ¢atlak sirt1 bantl travertenlerin merkezlerinden ve kenarlarindan alinan 13 adet
ornek U/Th yontemiyle yaslandirdmigstir. Kusdili traverten kiitlesinin (Holosen) depolanma sirasindaki
ortalama agilma hizlar1 0.583 ve 0.805 mm yr ' arasinda iken Kayabasi traverten kiitlesinin (Pleistosen)
ortalama ag¢ilma hizinin 0.028 and 0.039 mm yr' arasinda oldugu bulunmustur. Kusdili ve Kayabasi
mabhallesindeki g¢atlak sirt1 traverten olusumlarinin, banth traverten kalinligi ve uzanimlari dikkate alinarak,
Kirsehir ve yakin civarinda Pleistosen ve Holosen olmak tizere iki farkh tektonik faz degisikligi oldugu
saptanmustir. (38.00-40.00)N-(33.00-35.00)E koordinatlart ile siirlanan bolge i¢in probabilistik sismik
tehlike analizi yapilmigtir. Bolge i¢in hazirlanan Poisson modeline gore, 10 yillik siire iginde M=6.6
biiytikliigiinde olan depremin olugma olasiligi % 9.2 olarak bulunmustur.

Anahtar Kelimeler: Kirsehir Masifi, Seyfe Fay Zonu, ¢atlak sirt1 traverten, sismik aktivite, probabilistik
sismik tehlike analizi.

ABSTRACT
The investigated area comprises the region among Kirsehir, Boztepe and Akpinar province in the southeast
Central Anatolia. This region is characterized by the Central Anatolian Crystaline complex and its Tertiary
cover experienced by the tectonic structures of Late Miocene-Pliocene time. These tectonic structures and the
Sfeatures mainly are active faults, fissure-ridge travertines and related seismic activities of the neotectonic
period. The most prominent active structure of the region is the right-lateral Seyfe strike-slip fault zone in
NW-SE trend. Some en echelon parallel and subparallel strike-slip faults have been developed in this zone as
the main structural elements of the region. The last and most important seismic activity has been ocurred on
the Akpinar strike-slip fault in 6.6 magnitude in 19.04.1938 in the northwest of this zone. Seyfe fault zone
caused to the development of the Seyfe lake pull-apart basin in the releasing bend or right overstep of the
Seyfe fault in the south of the lake. Two travertine masses outcropping in Kirgehir region (Central Anatolia)
have been dated using the U/Th method. These travertine masses, namely Kusdili and Kayabasi masses. 13
samples took from both the margins and centres of banded travertine deposits were dated by U/Th methods
in order to determine the age and the dilation rates. Whereas individual fissures of Kusdili travertine mass
(Holocene) has been dilating at average rates of between 0.583 and 0.805 mm yr—" during deposition, the
dilating of Kayabasi travertine mass (Pleistocene) has at average rates of between 0.028 and 0.039 mm yr—'.
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And two different tectonic episode as Pleistocene and Holocene have been revealed by considering the
alignments and the thickness of the banded travertines for the Kirsehir and close region. A probabilistic
seismic risk analysis for the area defined by the coordianates of 38.00 to 40.00 N and 33.00 to 35.00 E has
been assigned. The probability of an earthquake in the magnitude of 6.6 in 10 years time period has been
calculated as 9.2 % according to the Poisson model proposed for the mentioned area.

Keywords: Kirsehir massive, Seyfe Fault Zone, fissure-ridge travertine, seismic activity, probabilistic seismic
risk analysis
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Rhodiapolis Antik Kenti’nin Arkeosismolojik Ozellikleri
(Kumluca-Antalya)

Archaeosismological Features Of Rhodiapolis Ancient City
(Kumluca-Antalya)
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Akdeniz Universitesi  Jeoloji Miihendisligi Boliimii, Antalya
mail: ekaraman@akdeniz.edu.tr

OZ
Akdeniz Universitesi ile T.C. Kiiltir Bakanligi arasinda yapilan bir protokol ¢ergevesinde, Kumluca
(Antalya) dolayindaki Rhodiapolis antik kentinde, 2006 yilindan itibaren ilk kez kazi ¢alismalarina
baglanmis olup, halen kentin giin 15181na ¢ikarilmas: islemleri siirdiiriilmektedir. Kaz1 ¢alismalarinda yer alan
aragtiricilarin, sahada yaptiklari incelemelerin ilk bulgular: bu bildirinin konusunu olusturmaktadir.

Anadolu ‘nun Bati Akdeniz kesimi, gegmis tarihsel donemlerde bir gok medeniyete ev sahipligi yapmustur.
Rhodiapolis antik kenti de, M.O. 7.yy’da Likya déneminde kurulmustur. Bu kentin tarihsel dnemi; ticaret,
ulagim, iklim ve tarim agisindan énemli bir bolgede yer almasidir.

Akdeniz bolgesinde Likya doneminde 6nemli bir liman kenti olan Rhodiapolis, ge¢mis tarihsel dénemlerde
cok sayida yikict depremlerin etkisi altinda kalmistir. Rhodiapolis antik kentinin yerlesim alani, Kumluca
ilgesinin kuzeybati yamaglarinda Mesozoyik yasl Alakirgay Formasyonu birimleri {izerinde yer alir.

Simdiye kadar yapilan kazi ¢alismalarinda kentin gelismis ve dnemli bir sehir alt yapisina sahip oldugu
ortaya ¢ikarilmigtir. 2006’dan simdiye kadar yapilan kazi ¢aligmalarinda antik sehirde tiyatro, hamam,
ahgveris merkezleri, klise, mezar ve lahitler, su sarnici, gesitli bina ve duvar kalintilari,ana cadde gibi
yapilarin bir kismu giin 1s181na ¢ikarilmustir.

Deprem-episantr dagilm haritalarina gore; Kumluca- Finike, Kas- Kalkan, Fethiye, Rhodos ve Girit dolaylar
tlkemizde en ¢ok deprem odagimin goriildigii alanlardandir. Bu depremlerden bir ¢ogu Rhodiapolis antik
kentini de etkilemis ve 6nemli tahribatlara neden olmustur.

Caligmalar sirasinda kentin depremlerle tahribatinda 6nemli rol oynadig: diisiiniilen aktif bir kink hattinin
varhgi belirlenmis ve bu kirik hattina ilk kez “Rhodiapolis Fay1” ismi verilmistir. Egemen olarak egim atim
bilesenine sahip olan bu fay, KB-GD uzanimh olup, Rhodiapolis antik kenti ile Gagai antik kenti arasinda yer
alir.

Bu bildiri ile, dzellikle Rhodiapolis antik kentini etkileyen ve ¢ok yakinindan gegmekte olan “Rhodiapolis
Fay1” min jeolojik- tektonik ve arkeosismolojik 6zelliklerinin sunulmasi ve tartigilmasi amaglanmistir.

Anahtar Kelimeler: Bat1 Akdeniz, Rhodiapolis, Antalya- Kumluca, Likya, deprem
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ABSTRACT
Excavation studies were started to bring Rhodiapolis Ancient City (Kumluca- Antalya) to life by a protocol
between Akdeniz University and Ministry of Culture, Republic of Turkey in 2006. Currently, the excavation
studies have still been continuing and this paper aims to present the first data and observations.

In the past, the western Mediterranean part of Anatolia host many civilizations. Rhodiapolis Ancient City
was founded in the 7th century BC by Rhodes in Lycia period, too. The city is located in a very important
region in commerce, transportation, climatic features and agricultural products. Therefore it was an
important city in the past.

Rhodiapolis, was a very important harbour city in Lycia period. It was affected by lots of destroying
earthquakes in the past. Rhodiapolis ancient city is located on the units of Alakir¢ay Formation (Mesozoic)
which is on the northwest of Kumluca province.

It was discovered during these excavation studies that the city had a very important and advanced city
substructure. Some of the structures discovered in the city are theatre, bath, shopping centers, church,
cemeteries, water cistern, buildings, walls, and the main road.

Kumluca- Finike Plain, Kag-Kalkan-Fethiye Region, Rhodes and Crete took place on a region in which there
are a lot of epicenters according to earthquake epicenter distribution maps of our country. Most of these
earthquakes affected and destroyed the Rhodiapolis. The existence of many active faults and their features
that may cause to earthquake damages were identified in the region.

An important active fault in the study area, was discovered and called first time as Rhodiapolis Fault which
had an important role of destroying the ancient city. Dominantly, it has dip slip and striking NW-SE and is

located between Rhodiapolis ancient city and Gagai ancient city.

Geological -tectonic and archaeological features of Rhodiapolis Fault which affected the ancient city and is
located close to Rhodiapolis are going to be explained by this paper.

Key Words: West Mediterranean, Rhodiapolis, Antalya- Kumluca, Lycia, earthquake.
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0Z

Cumaovasi havzasi Izmir {li’nin giineybatisinda yer alan ve izmir Iline igme suyu saglayan Tahtali Baraj su
toplama alanimi olugturan en onemli havzalardan biridir. Yaklagik ytlizey alani 550 km® olan havzanin
temelini Menderes Metamorfitleri olusturur. Temel Uzerine karmasik bir litolojiye sahip olan Bornova Filisi
gelir. Neojen yagh kirintili seriler ise Bornova Filigini tstler. Ttim kaya birimlerini kalinhigr 30 m’yi bulan
alitvyonlar uyumsuzlukla orter. Farklh akifer kayalarmm yer aldigi ¢alisma alaninda, yeralti sularmn
beslenme ve akim kosullarimin ortaya konmast i¢in hidrojeolojik ve yeralti sularinda kararl izotop analizleri
yapilmigtir. Yapilan degerlendirme sonucunda iki farkli akifer sistemi belirlenmistir. Birincisi, serbest akifer
ozelligi tagiyan aliivyon akifer ve Neojen yash karstik kiregtaslar, digeri ise kismen basingh 6zellik sunan
Neojen yagli konglomeralardir. Killi Kiregtaglart ve konglomeralar ¢alisma alaninin orta ve kuzeydogu
kesimlerinde birgok ilge ve kdye igme suyu saglamaktadir. Aliivyonlar ise Tahtali Baraj goli ve ¢evresinde
sulama amagh yeralt1 suyu saglamaktadir. Caligma alaninda farklr derinliklerde ag¢ilmig olan 35 adet kuyudan
alman yeraltisuyu orneginde yapilan 8°H ve 8'0 analizlerine gore yeralt1 sulari meteorik kokenli olup,
calisma alani i¢in 8’H = 6.13 8'®0+2.77 bir bagmti sunmaktadir. Bu baginti Akdeniz Sularini temsil eden
§’H = 6.52 §'"*0+6.78 bagnti ile biiyiik bir benzerlik sunmaktadir. Yeraltisuyu izotop kimyasi, Izmir’in
Akdeniz iklim kosullarina benzer ¢zellik sundugunu yansitmaktadir. Yeralt: sularinin beslenme miktarini
bulmak i¢in yapilan kloriir kiitle tasinimi bagintisina gore yeralti suyu beslenmesi yillik bazda 8-240 mm
arasinda degismekte ve en yiiksek beslenme degerinin karstik kiregtaglarindan ger¢eklesmektedir. Onemli
oranda i¢me ve sulama suyu saglanan Cumaovasi yeralti sularinin kuzeydogudan beslendigi ve giiney batiya
dogru hareket ettigi goz oniine alindiginda, havzada yeralti sularinin koruma alanlarmin karstik ve altivyonel
alanlarin bulundugu kesimlerde yogunlastirilmasi kirlenme agisindan 6nem tasimaktadir.

Anahtar Kelimeler: Cumaovasi Havzasi, Hidrojeoloji, izotop kimyasi, [zmir

ABSTRACT
Cumaovasi plain, located in southwest of Izmir, is a very important basin for Tahtali Dam that supplies
drinking water for Izmir and environs. The Menderes metamorphic units comprise the basement rocks in the
basin having a land area of 550 km’. The basement is overlain by Bornova Flysch with a heterogeneous
lithology. Neogene-aged series lie with non-uniformity over Bornova Flysch. Neogene units mainly consist of
a number of rocks including claystones, sandstones, conglomerate and clayey limestones. The alluvial unit
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overlies all the other units. The thickness of the alluvium reaches about 30 m. The main objective of this
study is to determine the groundwater flow and recharge mechanism in complex aquifers using the
hydrogeological and isotopic data. According to hydrogeological features, it is determined that there are two
aquifer systems. The first aquifer system is unconfined alluvial system and limestones of the Neogene and the
second is the semi-confined conglomerate aquifer. The alluvial and Neogene aged limestone aquifer supply
significant amount of groundwater for drinking and irrigation in central and northern part of the settlement
area. The isotopic samples are taken from various depths of 35 groundwater wells in the study area and
these isotope analyses indicate that all groundwater in the study area have meteoric origin characteristics.
The relationship between 8°0 and §H in groundwater in the study area is fitted to °H = 6.13 §'°0+2.77
and this equation is similar to Mediterranean precipitation characteristics as given by 6&°H = 6.52
0'%0+6.78. It is considered that the precipitation between Izmir and Mediterranean occur under similar
climatic conditions. In order to estimate the groundwater recharge in the region the chloride mass balance
method is used. The groundwater recharge is variable and it ranges from 8 to 240 mm in a hydrogeological
year. Highest recharge occurs in limestone aquifer. Hydrogeological and isotopic results show that the
groundwater is recharged from northeast of the study area and flows from northeast to southwest. Therefore,
the groundwater recharge area, especially the alluvial and limestone areas, should be protected against
groundwater pollutants.

Key Words: Cumaovasi Plain, Hydrogeology, Isotope chemistry, Izmir.
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(074
Bir sisteme giren solar radyasyon veya insolasyon, enerji ve su dengesinde onemli rol oynadig gerekgesi ile
birgok fiziksel ve biyofiziksel prosesler igin ¢ok onemlidir. Sistemden ¢ikan radyasyon veya kizil &tesi
radyasyon ise atmosfer gevresinde su buhart basinci ve molekiiler ¢ekim ile direkt etkilesimlidir. Bir sisteme
giren ve ¢ikan solar radyasyon degerlerinin toplamu sistemdeki net radyasyonu vermektedir. Hidrolojik butge
hesaplamalarinda hayati rolii olan buharlagma ve terlemenin hesaplanmasi igin gereken verilerden biri olan
net radyasyon degeri bu sekilde belirlenmis olmaktadir.

Insolasyon haritalar1 dijital yiikseklik modellerinden itibaren hesaplanmaktadir. Insolasyon modeli genel
olarak atmosferik sartlar, yiikseklikleri, yiizey farklilklarni veya farkh topografya bilgilerini igermektedir.
Sistemde bulunan net radyasyon degeri hesaplanirken, bolgesel 6lgekte bulunan kompleks topografik
verilerdeki farkli toprak sicakliklarinin enterpolasyonuna odaklanmak gereklidir. Eger kompleks topografik
bir alanda ¢ahsiliyorsa ortalama toprak sicakhiklarinin, yiikseklik ve insolasyon verileri ile kargilagtiriimasi
gereklidir. Bu sekilde enterpolasyon teknii ile bolgesel Glgekte yapilan galigmalardan tiim bolgeye etki
edecek genis Slgekte etkin olabilecek veriler elde edilmis olmaktadir. Gergekte bolgesel dlgekler kompleks
topografik bolgelerde farkli yiiksekliklerde ¢ok fazla temsil edici olamamaktadir. Bu nedenle enterpolasyon
teknigi ile bolgesel olgeklerden genis alanda etkin olabilecek olgeklere gegis yapmak gereklidir. Bu
alismada kullanilan topografik veriler insolasyon dagilminda veya farkli degerler icermesinde en etkin
parametredir. Egim ve egim yonelimlerinin farkhhk gostermesi yani sira arazi gevresindeki farkh topografik
yiikseklikler, ok fazla miktarda insolasyon degerlerinde farklilik olusturmaktadir.

Farkli toprak derinliklerinden alinan farkli toprak sicakliklari, dijital yiikseklik modelinden elde edilen egim
ve egim yonelim degerleri dogal olarak farkli yiiksekliklerde ¢ok degZisken olmaktadirlar. Yiizey sicakligi
belirlenmesi agisindan kullanilabilecek, uzaktan algilama teknikleri 6nemli olmasma ragmen daghk veya
topografyanin degisik oldugu bolgelerde zorluklar ortaya ¢ikarmaktadir.

Sisteme giren radyasyon verileri hesaplamrken giinliik maksimum ve minimum toprak sicaklik verileri ¢ok
yararli olmaktadirlar. Ancak bitki Ortiisinden kaynaklanan sapma degerleri ortaya ¢ikabilmektedir. Afsin
Hurman ¢ay1 havzasm kapsayan bolgede farkli yiiksekliklerde ¢ok degisik ve zengin bir bitki ortiisti vardur.
Teknik olarak bitki ortiisiinden kaynaklanan fotosentez ve riizgar, kar erimesi, buharlasma ve terleme, hava
ve toprak 1s1 akist gibi degerler insolasyon degerini ¢ok fazla bir gekilde etkilemektedir.

Bu ¢alisma kapsaminda insolasyon hesaplamalari i¢in 6ncelikle farkli yiiksekliklerdeki sicaklik degisimlerini
gosteren sicaklik haritalar olusturulmustur. Sicaklhik haritalarinin olusturulmasinda en dnemli veri DEM yani
Dijital Yiikseklik Modelidir. DEM, insolasyon hesabinda kullanilacak toprak sicakligi haritalarmin ortaya
¢ikarilmasinda en etken parametredir. DEM’den kaynaklanan sagmmis veya direkt radyasyon hesabinda
ESRI tarafindan geligtirilen ARCGIS programinin bir uzantisi olan konumsal analiz-solar radyasyon (spatial
analyst-solar radiation) modeli kullamlmigtir. Bu modelde teori ve algoritmalar Fu ve Rich (1999) tarafindan
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gelistirilmigtir. Temelde kullanilan ve her yénden ¢aligma alanina direkt veya saginim yolu ile gelen
radyasyon modelinde kullanilan algoritma Rich (1994) tarafindan gelistirilmistir. Daha sonra topografik
degerlerden ve sicaklik haritalar1 yardimiyla insolasyon haritalari olusturulmustur. Farkli yiizey yénelimleri
ve ¢evredeki farkli topografik 6zelliklerden kaynaklanan degisken verilerin hepsi modifiye edilmis sicaklik
ve insolasyon modelinde biitiinlestirilmigtir.

Sistemden ¢ikan radyasyon veya asagi yonli atmosferik parlaklik hesaplanirken, 1969 yilinda gelistirilen
Idso-Jackson formiilii uygulanmaktadir. Bu formiilde Stefan-Boltzman sabiti gibi baz1 degerler ve Kelvin
cinsinden hava sicakligi verileri kullanilmaktadir.

Sonug olarak hidrolojik biitge ve buharlagma-terleme hesabinda ¢ok énemli bir rol oynayan net radyasyon
degeri, kisa ve uzun dalga boylarinda yukarida belirtildigi sekilde hesaplanmugtir.

Anahtar Kelimeler: Net Radyasyon, Solar Radyasyon, insolasyon, DEM, Egim Y 6nelimi, Egim

ABSTRACT
Incoming solar radiation (insolation) is fundamental to most physical and biophysical processes because of
its role in energy and water balance. Qutcoming solar radiation or long-wave infra-red radiation through
the atmosphere is governed mainly by the molecular emissions and absorptions of water vapor, incoming and
outcoming solar radiations give net radiation datas from fields therefore net radiation data is utilized in
evaporation calculations that plays a vital role in the hydrologic budget.

Insolation maps are calculated from digital elevation models, using an insolation model that accounts for
atmospheric conditions, elevation, surface orientation, and influences of surrounding topography and also
when calculating outcoming and incoming solar radiation we have to focuse on insolation model for spatial
interpolation of soil temperature measurements over complex topography at landscape scale. If one is
working on complex topography, average soil temperature has to be correlated with insolation and elevation
in regional scales do not capture the high variation of finer scales. Therefore, existing interpolation
techniques generally apply only at continental or broad regional scales. In reality the regional scales are not
representative in different elevations at complex topography, hence there is a need to pass broadband scales
Jrom locale scales that are effective in huge area. At landscape scales that were used in this field, topography
is the major factor modifying the distribution of insolation. Variability in elevation, surface orientation like
slope and aspect, and obstruction by surrounding topographic features creates strong local gradients of
insolation.

Different soil temperatures derived from different depths are very helpfull with aspect and slope data in the
Digital Elevation Models of the field. Both air and soil temperature vary significantly with topographic
position. Remote sensing of surface temperature appears to be a promising technology, however, slope and
aspect variations in mountainous regions lead to difficulties of data interpretation.

Daily minimum and maximum soil temperature are very useful for calculations of incoming solar radiation
model. Residual variations could be revelaled and this is explained by factors such as vegetation cover.
Various and rich vegetative cover exist in different altitudes in Afsin Hurman stream watershed. T echnically
insolation, through its influence on the energy and water balance at the earth’s surface, affects such
processes as air and soil heating, evapotranspiration, photosynthesis, winds, and snow melt.

In this study for calculations of insolation, first of all temperature maps were developed for a
topographically diverse study area. Digital Elevation Model (DEM) serves as a primary data layer for
constructing soil temperature maps for insolation calculations. Spatial Analyst-solar radiation model, which
calculates insolation maps, including both direct and diffuse solar radiation, from DEM. This model as the
Spatial Analyst-solar radiation, an ArcGIS extension (ESRI), provides an expanded user interface and
calculation capabilities. The theory and algorithms of solar radiation are described in detail by Fu and Rich
(1999). In essence, these programs use an algorithm developed by Rich (1994) that generates upward-
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looking viewsheds based on DEM, and uses these viewsheds to calculate incoming direct and diffuse
radiation from each sky direction.

When calculating outcoming solar radiation or downward atmospheric irradiance Idso-Jackson formula

(1969) is used. This formula uses some constants like Stefan-Boltzman and air temperatures in terms of
Kelvin.

In conclusion, net radiation which plays a vital role in hydrologic budget and evapotranspiration
calculations has been estimated in short and long wave lengths as explained above.

Keywords: Net Radiation, Solar Radiation, Insolation, DEM, Aspect, Slope.
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Armagan Baraji Kurklareli [linin yaklagik 33 km kuzeydogusunda Kocadere iizerinde sulama ve taskin
koruma amaciyla kaya dolgu tipinde insa edilmistir. Baraj aks1 dolomitik kiregtaslar1 ve kalksistlerden olusan
Dolapdere Formasyonu birimleri iizerinde yer almaktadir. Baraj aksi altinda yer alan mermerler olduk¢a
karstlasmus, catlakh ve kil dolguludur.

Armagan Baraji ile ilgili ilk jeoteknik ¢aliymalar Elektrik Isleri Etiid Idaresi (EIEI) tarafindan (1. aks yeri)
mevceut baraj yerinin 1 km mansabinda 1964 yilinda yapilmistir. Ergiil (1964) tarafindan hazirlan raporda,
mermerler igerisindeki erime bosluklari ve agik gatlaklardan dolay1 sist-mermer dokanaklarindan su sizmalar:
olabilecegi ve su basinct ile tikali durumdaki mevcut catlaklarin yikanip yeraltisuyu akimim
hizlandirabilecegine dikkat ¢ekilmistir. Ikinci aks yerinde eklem, catlak ve fay sistemlerinin bulundugu, sol
yamacin karstik yapiya sahip olmasindan dolay1 su tutma yéniinden sorunlar yasanabilecegi belirtilmistir.
DSI Barajlar ve Hidroelektrik Santraller (HES) Daire Bagkanhigimin simdiki aks yerini (3. aks yeri) 6nermesi
lizerine 2. aks yerinden vazgecilmistir

Armagan Barajinin 3. aks yerindeki (Baraj yeri) ¢aligmalar 1978 yilinda DSI XI. Bolge Miidiirliigii tarafindan
yapilmis olup, barajmn gévdesinin sist ara tabakali masif mermer iizerine oturacagi, mermerlerin {ist
seviyelerinin karstik bogluk igerdigi ve belli bir derinlikten sonra kompakt oldugu belirtilmistir.

Armagan Baraj yeri ve gél alaninda Istranca Masifine ait Permiyen ncesi gnays ve sistler temel kayaglan
(¢ekirdek sistleri) olusturmaktadir. Bu birimler Armagan koyii giineyi ve giineydogusunda yiizeylenirler ve
Kurklareli grubunda yer alrlar. Temel birimlerinin iizerinde Triyas yash Mahya sistleri uyumsuzlukla
gelmektedir. Bunlar Terzidere killigist iiyesinden olusmaktadir. Bu tye, metakiltasi, metamiltagi, metaseyl
benzeri killi sistler ile yer yer metatiiflerden olusmaktadir. Mahya sistleri, iizerine gelen Dolapdere
Formasyonu ile dereceli olarak gegislidir. Metakiregtaslar1 ¢ok catlakli ve karstlasmistir. Catlak ve diger
stireksizlik kugaklari kahverengi renkli kil dolguludur. Karstlagma yapilarina styirma kazisinda, sondajlarda,
derivasyon tiinellerinde ve cut-off kazis1 sirasinda rastlanmistir.

Armagan barajinda 1998 yilindan 2003 yil sonuna kadar 103 000 m delgi ve 17 600 m’ enjeksiyon yapilmis
ve 2004 yili bagindan itibaren baraj goéliinde su tutma islemine baslanmugtir. Ancak yapilan enjeksiyon
caligmalarina ragmen baraj mansabindaki su kagaklari rezervuar su seviyesi yiikseldik¢e artmakta,
rezervuardaki su seviyesi diistiikce azalmaktadir.

2005 yilinda g6l su seviyesinin maksimuma yiikselmesi ile IAR-3, [AR-4, AR-10 ve SK-4 kuyularinda
yaklagik 40 giin sonra su seviyesi maksimum seviyeye ulasmustr. Baraj goliindeki su seviyesinin diismesi ile
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Vana odasi alti bosalim ve Tasocagi Kopriisii bogalimi  enjeksiyondan oénce bir ayda etkilenmis,
enjeksiyondan sonra gol su seviyesinin maksimuma yiikselmesinden yaklasik iki ay sonra etkilenmistir.

X-Ray Difraktometresi yontemi ile yapilan kil analizinde, baraj mansabindan bosalan ¢amurlu sularin
igerdigi kilin baraj govdesi kili (CL) olmadig1, mermerlerin karstik bosluklari i¢erisindeki killerden (ML, SM
ve SM-ML) kaynaklandigi belirlenmuistir.

Inceleme alaninda, baraj golii ile 12 adet su noktasindan Haziran ve Eylil 2005 tarihlerinde alman su
numunelerine ait analiz sonuglar1 degerlendirilmistir. Sulardaki hakim iyonlarm Ca** Mg ve HCO; oldugu,
ayrica diyagramdaki su numunelerinin yaklasik birbirine parelel dogrular seklinde oldugu goriilmektedir. Bu
sularin metakiregtaslarindan kaynaklanan sularin 6zelliginde olduklan goériilmektedir. Baraj golii sularinm
yeralti sularina gore elektriksel iletkenlikleri daha fazladir.

Armagan baraji aksinda ve baraj rezervuar alaninda olabilecek su kagaklarni, yeralti suyu akim yonii ve
hizini tesbit etmek amaciyla 1990 yilinda izleme deneyi yapmaya karar verilmistir. Enjeksiyon noktast olarak
sol sahildeki AR-3 kuyusu belirlenmistir. izleyici olarak 2 kg Uranin boya kullamlmustir. Gézlem
noktalarindan AR-5, AR-6, AR-7, AR-9 ve Konduvi’de boya gozlenirken, AR-1 ve AR-4 nolu kuyularda
gozlenmemistir. [zleme deneyi sonucuna gore yeraltisuyu hizlari genel olarak diisiiktiir.

Bu su kagaklarindaki artigin, mermerler igerisinde karstlasma sonucu olusan bosluklardaki killerin baraj goli
rezervuart sularmin yiikselmesine bagh olarak, yiiksek basing altinda yikanmast sonucu oldugu
belirlenmistir. Marn i¢indeki karstlasma ve karstik yapilar su hareketinin daha fazla oldugu, ozellikle
siireksizlik diizlemlerinde ve mermerlerin farkl litolojilerle olan dokanaklarinda gelismesi beklenmektedir.

Baraj aks yeri sag sahilindeki dusey atimh 2 adet ana fay sistemi, enjeksiyon perdesinin altinda zayiflik
zonu olusturmaktadir. Bu zayiflik zonunun, ayni zamanda karstlagsmis bir kusak oldugu, muhtemelen baraj
g6l alanindaki bir karst sisteminden beslenerek su kagaklarini olusturdugu diistintilmektedir.

Baraj eksenindeki mermerlerin normal faylarla gistler {izerinde asagiya dogru, graben seklindeki dustimii
sonucunda, siireksizlik diizlemleri sist-mermer dokanag: ve siireksizlik diizlemlerindeki karstlasmanin daha
¢ok gelismis olmasi nedeniyle baraj rezervuar sularim baraj mansaba ile hidrolik iligkisini kolaylagtirmigtir.
Siireksizlik diizlemlerinde ve karstik bosluklardaki killerin zamanla baraj golii sulariyla yikanmasi baraj
mansabindaki bosalimi ve sizinti sularinin hizin1 artirmigtir. Farkli zamanlarda yapilan izleme deneylerine
gore (1990, 2001 ve 2005), ¢imento enjeksiyonu barajdan sizintilar1 azaltmis, sol sahili kismen gegirimsiz
hale getirmistir. Ancak, 6zellikle sag sahil baraj temeli enjeksiyon paterni alt1 ve bu civardaki karstik yapilar,
fay kugaklar1 ve mermer-sist dokanagimnin enjeksiyonla sizdirmaz/gecirimsiz hale getirilmesi gerekmektedir.
Aksi takdirde barajdan sizma devam edecektir.

Armagan barajindaki su kagaklari, karstik kiregtagi tizerinde baraj yapmanin ne kadar zor olduguna iyi bir
ornektir. Bu ¢alismanin amaci, baraj mansabindan bosalan sularin kaynagini, baraj goli ile iliskisini
belirleyerek, su kagaklarmin énlenmesi igin onerilerde bulunmaktir.

Anahtar kelimeler : Armagan Baraji, su kagaklar1 problemi, izleme deneyi, karstik kiregtasi.

ABSTRACT
The Armagan Dam of rock-fill type at about 33 km northeast of the Kirklareli city was built on the Kocadere
River for irrigation and flood protection purposes. The dam axis sets above the Dolapdere formation
consisting of dolomitic limestones and calc-schists. Marbles under the dam axis are intensively karstified,
fractured and clay filled.

Geotechnical studies for the Armagan Dam were started in 1964 by the General Directorate of Electrical
Power Resources and Survey and Development Administration (EIEI) at 1 km downstream part of the dam
site (first axis site). In the report prepared by Ergiil (1964), it was pointed out that there could be water leaks
from schist-marble contacts due to dissolution voids and open fractures in marbles and present fractures
which are plugged with the water pressure could accelerate the groundwater flow upon washing. It was also
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stated in the report that there are joint, fracture and fault systems at the axis site and there could be water
accumulation problems since the left slope has a karstic structure ((in second axis site). With the proposal of
present axis site (third axis site) by the Department of Dams and Hydroelectrical Power Plants (HEPP), the
second axis was abandoned.

Studies at 3™ axis site of the Armagan Dam were started in 1978 by the 11" Branch Office of DSI. It was
determined in these studies that upper levels of marbles contain karstic voids and they are compact
structures after a certain depth.

Pre-Permian gneiss and schists (core schists) comprise the basement rocks at the Armagan Dam site and
lake area. These units belonging to the Kirklareli Group are exposed at south and southeast of the Armagan
village. The basement rocks are unconformably overlain by the Triassic Mahya schists consisting of
Terzidere clayey schist member. This member is composed of metaclaystone, metasandstone, metashale,
clayey schists and locally metatuffites. The Mahya schists are in transition with overlying Dolapdere
Sformation. Dolomites are very fractured and karstified. Fractures and other discontinuity zones are brown
colored and filled with clay. Karst structures are encountered in scraping excavation, wells and derivation
tunnels and during the cut off excavation.

In the Armagan Dam, a total of 103 000 m drilling and 17 600 m’ injections were performed from 1998 to
the end of 2003 and water has been accumulated in the dam lake since the beginning of 2004. However, in
spite of injection works, water leaks at downstream part of the dam are increasingly continued. Water leaks
at downsream part of the dam are decreasing with the reservoir elevation decreasing.

40 days after the lake water level at 2005 year, increased at maximum, water levels in IAR-3, IAR-4, AR-10
and SK-4 wells attained their maxima. With the lowering of the dam lake water level, discharges under the
valve room and Tasocag1 Bridge were influenced one month prior to injection and about 2 months after the
lake water level was raised at maximum following the injection.

X-ray diffractometer analysis indicates that clays in the muddy waters issuing from dam downstream are not
derived from the dam body but from clays within the karstic voids of marbles (ML, SM and SM-ML).

Results of analysis of water samples collected during June and September 2005 periods from dam lake and
12 water points in the study area were evaluated. It is shown that Ca™’, Mg"? and HCOj; are the dominant
ions and chemical compositions of waters are almost identical. It is shown that these waters are derived from
marbles. Electrical conductivity values of lake water are higher than those of groundwaters.

In order to determine water leaks, groundwater flow direction and velocity in the axis and reservoir site of
the Armagan Dam, a tracer test was performed in 1990. AR-3 well at the left shore was selected as the
injection point. 2 kg uranin paint was used as the tracer. Paint was detected in observation points of AR-5,
AR-6, AR-7 and AR-9 and penstock but not in AR-1 and AR-4 wells. As a result of tracer test, velocities of
groundwater are generally low.

Water leaks occurred upon washing of clays under high water pressure depending on rising of reservoir
waters of the lake. Karstification and karstic structures in marbles are expected in discontinuity planes
Jacilitating intense water movement and along the contacts of marbles with different lithologies.

Two normal fault systems at right shore of the dam axis forms a weakness zone under the injection screen.
This weakness zone is thought to be a karstified belt that facilitates water leaks recharging probably from a
karst system under the dam lake area.

As a result of graben-like fall of marbles at the dam axis over the schists via normal faults, discontinuity
planes were developed along the schist-marble contact and karstification become effective on the
discontinuity planes and this facilitated the hydraulic connection of dam reservoir waters with the dam
downstream. Continuous washing of clays in discontinuity planes and karstic voids with waters of the dam
lake increased the discharge at dam downstream and flow rate of leak waters. According to tracer tests
performed at different periods (1990, 2001 and 2005), cement injection lowered the leaks from the dam and
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the left shore has become totally impervious. However, the permeability of karstic structures at the right side
and underground dam, fault zones and marble-schist contact should be reduced by injections. Otherwise,
water leaks from the dam will continue.

Water leaks in Armagan dam is a good example showing that the construction of dams on the karstic
structures could create serious problems. The aim of this study was to determine the origin of waters
discharging from downstream part of the dam and their relation with the dam lake and make suggestions to
prevent water leaks.

Key words: The Armagan Dam, water leak problem, monitoring test, karstic limestone.
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Orta Sakarya Akarsu Havzasi (Eskisehir, Bilecik ve Giiney Sakarya) Karstik Evriminde
Pliyo-Kuvaterner Sakarya Nehri Gelisiminin Etkisi

The effect of the development of the Plio-Quaternary Sakarya River on the karstic evolution of the
Central Sakarya (Eskisehir, Bilecik ve South Sakarya)River Basin

Kadir TUNCER

MTA Genel Miidiirliigii Jeoloji Etiitleri Dairesi, Ankara
tuncerk@mta.gov.tr
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Cografik olarak I¢ Anadolu, Karadeniz, Marmara ve Ege Bolgeleri simirinda bulunan Orta Sakarya Akarsu
Havzasi; Izmir-Ankara Okyanus Kolu’nun kapanmasi ile bir araya gelmis Anatolitler ile Orta Sakarya
(Pontitler)ve Karakaya Birliginin olusturdugu Kenet Kusagi iizerinde yer alir. Yaglar, lito-stratigrafik,
yapisal ve metamorfizma 6zellikleri farkli kayalardan olugan bu birlikler iizerinde ¢ok donemli—¢ok kokenli
gelisimi karakterize eden sekil ve yapilara sahip, jeomorfik sistemler gelismistir. Karadeniz, Marmara Denizi
ve Anadolu Kapali Havzalar’nin (Yenisehir-Karacabey, Sogiit, Uyukdy, Pamukova, Gemicikdy, Saricakaya,
Beydilli, Beypazar1 kapali havzalart) morfolojik diizeyleri ve bu diizeylerin degisimlerine bagh olarak gelisen
ve 100-1700 metreler aras1 yiikseltilerde uzanan jeomorfik sistemlerin en belirgin iinitesini karstik sekiller
olugturur. Degisik tektonik birliklere ait farkli konum ve stratigrafideki Permiyen — Eosen yas araliginda
¢okelmis karbonatli kayalar iizerinde geligsen karstlagsma; karstik sekiller paleo (Miyosen-Pliyosen) ve neo
(Pleyistosen, Sakarya Nehri’'ne bagli) karst olmak iizere iki farkli gelisim donemini karakterize ederler.
Karadeniz deniz diizeyi ile Anadolu Kapali Neojen Havzalari’nin taban diizeylerinin degigsimine bagl olarak
gelisen paleo karstik doneme ait sekiller gogu yerde pargalanmig veya geng ¢okellerle fosilize edilmislerdir.
Buna karsilik Pleyistosen’de birgok kapali havzay: par¢alayarak Kenet Kusgag lizerine yerlesen Sakarya
Nehri’nin derinlesmesine bagli olarak gelisen neo karst ise ¢ogu yerde i¢ ige derin veya si1§ karst dzelligi
tagir. Pliyosen’e ait paleo drenaji biiyiik 6l¢iide par¢alayarak Kanyon sekilli birlestirme bogazlan vasitasiyla
havzalarin bosaltilarak dis drenaja ag¢ilmasini saglayan Pleyistosen Sakarya Nehri’nin gelisimi, bolgedeki
karstlagmayi belirleyerek sekillendirmistir.

Anahtar Kelimeler : paleo karst, neo karst, cok dénemli karst, ¢ok kékenli karst, Neojen Kapal Havzalan
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ABSTRACT

Sakarya River watershed, at the edge of Central Anatolia, Black Sea, Marmara, Aegean Regions as
geographical, is on the Anatolites which was formed by the closing of Izmir-Ankara ocean branch and Kenet
Zone which was formed from the Middle Sakarya (Pontits) and Karakaya Assembly. Geomorphic systems
have been developed that have shape and structures characterizing multi period —multi origin development
on the assemblies which were formed from rocks having different ages, structural, litho-stratigraphic, and
metamorphic characteristics. Karstic structures form the finest units of the geomorphic systems which
recumbent between 100-1700 meters heights and develop according to morphologic levels of Black Sea,
Marmara sea and Anatolia Closed Watershed (Yenisehir-Karacabey, Sogiit, Uyukoy, Pamukova, Gemicikoy,
Saricakaya, Beydilli, Beypazari closed watersheds) and the change of the these levels. Karstification were
developed on Permian-Eocene carbonate rocks with different position and stratigraphy belonging to different
tectonic units characterized by two different development as paleo karst (Miocene-Pliocene) and neokarst
(Pleistocene, Sakarya river). Shapes belonging to paleo karstic period which have been developed according
to change of Black Sea sea level and base level of Anatolia Closed Neojen Watershed have been destroyed at
most places or fossilized with young sediments. On the other hand, developed neokarst depending upon
deepening of the Sakarya river on Kenet Zone by means of cutting it into many closed basins in Pleistocene
have interior deep or shallow karst. Developed Pleistocene Sakarya River rended a paleodrainage in
Pliocene and discharged the basin by means of joining the straits like as canyons. In that way, this
paleodrainage obtained outside discharge and karstification where it is formed by Pleistocene Sakarya
River.

Keywords: Paleokarst, neokarst, polycycle karst, polygenic karst, Neogene closed basin, joining strait.
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Aladaglar (Kayseri, Nigde, Adana) Bolgesinin Karst Evrim Siirecleri

Karst Evolution Processes Of Aladaglar (Kayseri, Nigde, Adana) Region
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Orta Toroslarn dogu ucunu olusturan  Aladaglar, karbonatlarin (Mesozoyik) ve bunu izleyen ofiyolit
yerlesimini izleyen siirecte, bolgenin K-G sikismasina bagh olarak, giineyden kuzeye dogru naplh bir yapi
kazanmugtir. Bolge genelindeki sikisma rejimi ayni zamanda karstik stireglerin de baglangicidir. Miyosen
sonuna kadar var olan ve goreceli olarak yavas tektonik siiregler karst morfolojisini de etkilemistir. Bu
doneme ait karst yapilarmin bir kismu, paleokarstik cepler (Zn, Pb ve Fe yataklarinin bulundugu alanlar) ve
ortti altinda (Miyosen-Pliyosen) korunarak giiniimiize kadar ulasmistir.

Neotektonik donemle beraber, hizli yiikselimin yanisira hizli aginim da baslamugstir. Karst taban seviyesinin
hizla derinlesmeye baglamasi da bu déneme karsilik gelmektedir (Pliyosen ve sonrasi). Ayni zamanda kuzey-
giney uzamimli olan Aladaglar’m giincel hidrolojik sisteminin temelleri de yine bu dénemde kurulmaya
baglamistir. Cok evreli (polycyclic) yapr gosteren karstlasmada yatay, s1g karst sistemleri yerini dikey yonde
gelisen karst/magara sistemelerine birakmigtir. Derinlesen karstlasma, Zamanti Nehri st havzalarinda
goriillen ve morfolojik olarak askida kalmis karstik sekiller (dolin, polye) ve Aladaglar’in merkezi
kesimlerindeki fosil dikey magaralar ile giiniimiizde temsil edilmektedir.

Epikarstik yaptyr derinden etkileyen Pleyistosen buzul dénemleri ise, giincel topografyamin yeniden
sekillenmesinde en baskin rolii Gistlenmistir. Aladaglarn iist kotlarinda ve vadilerde cilalanmus yiizeyler,
sirkler, moren depolar1, horgii¢ kayalar vb. seklinde kendini gosteren buzul etkisi, dzellikle iist kotlardaki
karst topografyasini  (epikarst) tamamen kazimstir. Bolgenin onemli bosahmlarindan Kapuzbasi
Kaynaklari’nda da oldugu gibi buzullar, karst hirolojik sistemini de etkilemistir.

nahtar Kelimeler: Karst, Magara, Buzul Erozyonu, Evrim

ABSTRACT
Aladag Region (eastern of Central Taurus) geologically characterized with the the napped structure that
effected by the N-S compression afier the setting of ophiolitic mélange. The compressive tectonic processes
had been also beginning of the karstification of the area. The landforms of relict karst as paleokarstic
pockets and buried karst of the Miocene and previously terms have been reached as protected today'’s.
The acceleration of denudation and erosion has been increased with the uplift of the area since the
Neotectoic Term. The deepen of the karstification was coincided with the uplift of the Aladag Massive. The
settlement of the actual river basins and the development of the polycyclic karstification were also coincided
with neotectonic processes.
The dominant factor on the reshaping of the actual landforms is the glacial age of Pleistocene that deeply
effected epikarst. The epikarts of the highest part of the mountain were erased by the glacial that traced with
the polished surface, cirques, moraine, kettle hole, hump landscapes. The karst hydrological system also
effected from the glacial processes as Kapuzbasi Karst Springs.

Key Words: Karst, Cave, Glacial Erosion, Evolution

104



61, Tirhige Jeoloj Hurultay Bildir Onleri

Posterler

Konya Kapal Havzaz Giineyi (Karaman Ve Cevresi)
Magaralari Ve Karst Cografi Bilgi Sistemi

Caves And Karst Geographic Information System Of Konya Closed Basin
(Karaman And Close Area)

Murat AKGOZ
MTA Genel Miidiirliigii Jeoloji Etiitleri Dairesi, Ankara
murat_akgoz@yahoo.com

(0V4
Yiizolglimiiniin %401 karstlagmaya uygun siilfath ve karbonatli kayaglarla kaph olan Turkiye’nin,
Konya Kapali Havzasi'nin bati ve giineyi arasinda yer alan Karaman’da, Permiyen-Miyosen yas aralifinda
¢okelmis, farkl tektonik birliklere ait karbonatlarda, degisik konum ve bilyiiklikkte ¢ok sayida magara
gelismistir. Cok donemli-gok kokenli gelisim 6zelligi gosteren bu magaralar, Miyosen’den giiniimuze,
bolgesel jeolojik, jeomorfik, hidrolojik ve klimatolojik gelisim ve degisimleri karakterize eden sekil ve
yapilara sahiptirler.

Yiizeyden kapali bir i¢ havza niteligindeki bolgede, Miyosen’den giiniimiize siiregelen yogun ve derin bir
karstlasma izlenmektedir. Bolgede yapilan ¢alismalarda karstlasmanin tektonizma ve yeraltisuyu seviye
degisimleri ile olan iliskisinden yola ¢ikarak, havzanin giineyine dogru ylizeyde belirgin karstik
derinlesmenin oldugu belirlenmistir. Gomiilii tektonik hatlar boyunca izlenen karstik derinlesme ve ylizey
bosalimmin en karakteristik sekilleri; belirgin alanlarda depolanan kalin aliivyonlar, s1g polye ve uvalalar ile
magara ve obruklardir. Siirdiiriilen ¢ahsmalarda elde edilen verilere bagh olarak bolge, karstlasma agisindan;
a) s1g fakat yogun bir karstlagmanin goriildiigii Akgasehir-Ayranci, b) gii¢li bir yeralti drenaj1 olan Ayranci-
Karaman giineyi ve c) karstlagmanin genel olarak yanal yonde ve sl derinliklerde gelistigi Bati-
Giineybati Karaman olmak iizere 3 alt bolgeye aynlmistir.

Son yillarda ¢ok genis bir kullanim alani olan cografi bilgi sistemlerinin (CBS) magara ve karstik alanlarda
kullanimi olduk¢a yenidir. Bu galigmada, yukarida tanimlanan verilerin 1s1ginda bolgenin karstik ozelliklert,
olusturulan karst cografi bilgi sistemi desteginde saptanmaya ¢ahigilmistir.

Anahtar kelimeler: Karaman, karstlasma, magara, CBS

ABSTRACT
Karaman has numerous caves which has different features and development processes in different tectonic
Permian-Miocene limestone units where take part between west and south Konya Closed Basin in Tt urkey
which is fairly rich country with respect to karstification and about 40% of its surface area is covered by
sulphate and carbonate rocks. These, which is indicate different origin and poligenic development, has
different form and structure charactarised by local geological, geomorphological, hydrologic and
climatologic development and changes since Miocene age.

Followed that intense and deep karstification since Miocene in this closed interior basin. In according to
recent studies was made in this area appeared karstification mechanism by investigation relationship
between tectonism and underground water level changes and determinated clear karstic deepen on surface
toward south. Deepen karst and surface discharge where observed along burid tectonic line has the most
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characteristic features, these are thick alluvium, shallow polje and uvala, cave and ponor. By the way this
region divided three subarea about karstification; a) Akgasehir-ayranci subarea which has shallow but
intense karstification, b) Ayranci-South Karaman which has strong underground drainage and c) West-
Southwest Karaman which has developed horizontal and limited deepness karstification.

In recent years the Geographic Information System (GIS) has a widespread practice field as well as it is an
almost technique. However it is relatively new science using about cave and karstic fields. In this study, we
try to determine karstic features and caves potentially economic value by using these all information and try

to establish karst geographic information system.

Keywords: Karaman, karstification, cave, GIS
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Tiirkiye’deki Kuvaterner Paleobuzullarinin Kozmojenik Yas Tayini ve Paleoiklimsel
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Surface Exposure Dating of Quaternary Paleoglaciers in Turkey and Paleoclimatic Interpretations
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Kuvaterner paleoiklim degisikliginin belirlenmesinde kullanilan temel yontemlerden biri de kita
inlandsislerin ve vadi buzullariin hacim degisimlerinin rekonstriiksiyonudur. Buzul hacim degisimlerinin ve
moren istiflerinin yaslandirilmasinda kullanilan metot Kozmojenik yas tayinidir. Uludag, Dedegol ve Kagkar
daglarinda bulunan paleobuzullara ait jeolojik kayitlarin '°Be radyoizotopunu kullanarak kozmojenik yas
tayinlerinin yapilmasi sonucunda Tirkiye’deki buzul kronolojisinin olugturulmasi amactyla, eratik granit
bloklardan, buzul tarafindan torpiilenmis ve buzullasmadan etkilenmemis ana kaya yiizeylerinden 94 adet
ornek alinmustir.

Elde edilen '°Be kozmojenik yaglarina gore, paleobuzullarin ilerlemesi 26 bin yil’dan énce gerceklesmis, Son
Buzul Maksimumu’ndaki (SBM) ilerleme ise yaklagik 18,5 bin yil civarina kadar devam etmistir. ilerleme
evresini takiben (18,5 bin yildan sonra) paleobuzullarda bir gerileme evresi yasanmustir. Ozellikle Kackar
daglarinda s6z konusu paleobuzullarin asih vadilerle sinirl kiigiik buzullara ayrildiklari sanilmaktadir.
Uludag ve Kagkar daglarinda buzul sonrasi doneme ait (biiyiik olasilikla Geng Dryas), yaklagik 13-11,5 bin
yil olarak yaslandirilmis cephe morenlerini olusturan bir buzul ilerlemesi daha belirlenmistir. Calisma
alanlarinda, Kiigiik Buzul Cagina (KBC) ait herhangi bir buzul ilerlemesinin belirtilerine ise rastlanmamigtir.
Bu ¢aligma sirasinda, Kagkar daglarinda birgok ¢1§ sirti saptanmis (Akear vd., 2007a) ve bu sirtlarda bulunan
5 adet granit blogu orneklenmistir. C1g sirtlarindan elde ettigimiz '°Be kozmojenik yaslar1 hepsi birbirinden
farkli olup yaglar 7,7-2,3 bin yil arasinda degismekte oldugundan, elde ettigimiz sonuglar, ¢1g sirtlarinin
olusumunun Erken Holosen’de bagladigii, dolayistyla buzul aktivitesi ile alakalarinin olmadigim
gostermektedirler.

Uludag, Dedegol ve Kagkar daglarindaki paleobuzul aktivitesinin zamanlamasi ve bu paleobuzullarin
SBM’deki ilerlemesi Italyan (Orta Apeninler), Yunanistan ve Alp daglarindaki buzul ilerlemeleri ile de
bagdasmaktadir. Bu ilerleme, Pleniglasyal - Ge¢ Buzul déneminde Anadolu Platosunun iclerinde aga¢
tirlerinin yoklugu ve Aksehir, Burdur, Beysehir, Konya, Tuz ve Van gibi kapali havza gollerinin yiiksek
seviyeleri ile de uyumludur ve bu durum, iklimin giiniimiizden daha soguk, yagis ve buharlagma oranlarinin
ise daha diisiik oldugunu ortaya koymaktadr.

Anadolu ve Dogu Akdeniz’deki bitkilerin ani yayilimina, kapal havza gollerinde ani seviye diistislerine veya
bu gollerin tamamen kurumalarina, kuzeybati Karadeniz havzasinda kirmizi killer tabakalarinin ¢okelmesine
ve Heinrich-1 doneminde Kuzey Atlantik’deki IRD (Ice-Rafted Debris) tabakalarimin ¢okelmesine neden
olan Ge¢ Buzul Donemindeki 1sinma Tiirkiye’de SBM paleobuzullarinin ani erimeleri ile kaydedilmistir
(Akgar vd., 2007a; 2008). Tiirkiye’de Geng Dryas ve KBC sogumalarina ait karasal jeolojik kayitlarinin hala
arastinlmasi ve detayli cahisilmasi gerekmektedir. Ozellikle Kagkar daglarindaki sirklerde belirlenen buyiik
ve aktif kaya buzullart KBC sogumast ile ilgili olabilir, ancak bu konuda salt yaslar heniiz meveut degildir.
Buna ragmen, KBC siiresince etkin olan soguk ve kuru iklim kogullarmin buzul olusumu i¢in uygun

108



B1. Turhige JeaolajiHurultay Bildni rleri

olmamast KBC’ye ait herhangi bir buzul ilerlemesinin belirtilerine rastlanmamasini agiklayabilir ve Istanbul
Bogazinda son 2 bin y1I’da yasanan donma olaylar: da bu diisiinceyi desteklemektedir (Yavuz vd., 2007).

Anahtar Kelimeler: Son Buzul Maksimumu; Kuvaterner Paleobuzullagmalari; Kozmojenik Yas Tayini.

ABSTRACT

One of the key tools used in the quantification of Quaternary paleoclimate change is the reconstruction of ice
volume fluctuations of continental ice sheets and mountain glaciers. The method to put glacier fluctuations
and moraine sequences into a time frame is surface exposure dating. The application of this approach to
quaternary paleoglaciers in Turkey merits special attention. The primary focus of this study is the
construction of the glacial chronology in Turkey by exposure dating the geological records of paleoglaciers
in NW (Mt. Uludag), NE (Kackar Mountains) and SW (Dedegol Mountains) Turkey, using the cosmogenic
nuclide '’Be. For this purpose 94 samples were collected from erratic boulders, glacially abraded and
glacially unaffected bedrock surfaces.

According to the '’Be exposure ages, the advance of paleoglaciers occurred before around 26 kyr. The Last
Glacial Maximum (LGM) advance continued until around 18.5 kyr, afterwards paleoglaciers receded.
Subsequent to this retreat, paleoglaciers in the Kackar Mountains most probably separated into small
glaciers that were restricted to the tributary valleys. A Lateglacial glacier (most probably Younger Dryas)
advance took place around 13 to 11.5 kyr and produced terminal moraines in the Kagkar Mountains and the
Mt. Uludag. Little Ice Age (LIA) moraines appear fo be absent in all sites. Several snow—avalanche ridges
were distinguished in Kagkar Mountains. 'Be exposure ages from five granitic boulders are different from
each other, ranging from 7.4 to 2.3 kyr BP. These ages show that these events occurred during the Holocene
and are therefore not linked to glacier fluctuations.

The timing of events in the Turkish mountains seems 1o be synchronous with the global paleoclimate signal.
The LGM advance of paleoglaciers appears to correlate well with the Central Appenines, Italy; the Greek
Mountains; and also with the expansion of glaciers onto the Alpine foreland. This advance also matches well
with the almost complete absence of trees from the interior of Anatolia during Pleniglacial to Lateglacial
times and with the higher levels of the Anatolian closed lakes, assuming that the climate was much colder
than today with lower precipitation and evapotranspiration rates and higher catchment runoff coefficients.
Lateglacial warming, which is indicated by a rapid vegetation response in Anatolia and the Eastern
Mediterranean Region; by the deposition of reddish-brown clay layers in the northwestern Black Sea,; and by
the deposition of ice-rafted debris layers in the North Atlantic during H1; is also recorded by the retreat of
LGM paleoglaciers (Akg¢ar et al., 2007a; 2008).. In Tt urkey, terrestrial geological records with regard to the
Younger Dryas and the LIA cooling still remain to be studied in detail. Huge and active rock glaciers in the
cirque areas may be related to the LIA cooling. Absolute dates, however, are still absent. Though, dry and
cold climatic conditions during the LIA could explain the absence of glacier advance, as the conditions were
not conducive for ice build-up. This idea is also supported by the freezing events in the Bosporus during the
last 2 kyr (Yavuz et al., 2007).

Keywords: Last Glacial Maximum; Quaternary paleoglaciations; Surface exposure dating.
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Baskil Granitoyidi’nin K-Ar Soguma Yagi, Tiim Kayac¢ ve Pb-Sr Izotop Jeokimyasi

K-Ar Cooling Age, Whole-Rock and Pb-Sr Isotope Geochemistry of the Baskil Granitoid

Ayten ONAL

Inénii Universitesi, Maden Miihendisligi Bolimii, 44280, Kampus, Malatya/ Tiirkiye.
E-posta : aonal@inonu.edu.tr
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Baskil Granitoyidi Malatya ve Elazig arasinda (Dogu Anadolu) yaklagik 200 km? lik bir alanda ylizeylenir ve
Toros orojenik kusagina ait metamorfik masifler ile ofiyolitik kayaclarla birlikte bulunmaktadir. Bu intriizif
kiitle gabro, diyorit, kuvarsdiyorit, monzonit, tonalit, granodiyorit ve granit bilesimli kayaclardan
olusmaktadir. Gabro digindaki derinlik kayaglari mafik (diyabaz ve lamprofir) ve feslik (aplit) damar
kayaglar tarafindan kesilmekte ve mafik magmatik anklavlar icermektedir.

Diyorit ve tonalit bilesimli kayaglardan ayrilan hornblend ve biyotit’de 80 ile 85 My arasinda,
tonaliti kesen diyabaz dayki’ndan ayrilan hornblend+piroksen’de ise 78 My (st Kretase) K-Ar soguma yasi
elde edilmistir.

Granitik’ler yiiksek-K’lu, diger kayag tiirleri ise orta ve diisiik-K’lu dur. Gabro’lar hafifge toleyitik
iken diger derinlik kayaglan kalk-alkalin 6zelliktedir. Tim kayag tirleri I-tipi ozellikte ve aliminyum
doygunluk indeksleri metaliimino ile peraliimino arasinda degismektedir. Kondrit’e gitre normallestirilmis iz
element diyagraminda tim kayag tiirlerinde genelde HFSE’lere gore LILE’ce zenginlesme goriilmektedir.
Primitif mantoya normallegtirilmis iz element oriimcek diyagramlarinda ise LILE’den HFSE’lere dogru
dereceli bir azalma ile negatif inis goriilmekte ve kuvvetli negatif Nb ve Ti anomalisi kaydedilmektedir.
Granit’lerde ise plajiyoklas fraksiyonlasmasi ve/veya kabuksal kirlenmeden kaynaklanabilen negatif Eu ve Sr
anomalisi bulunmaktadir. Hareketsiz iz element igerikleri granitlerin kitasal bir yayda, diger kayag tiirlerinin
(gabro, diyorit tonalit vs.) ada yay1 ortaminda yerlestiklerine isaret etmektedir.

Granit, tonalit, diyorit bilesimli kayaglarda ***Pb/’**Pb oranlar1 39.6897 ile 39.0180, 27Pb/**pb
oranlart 157453 ile 15.6769 ve ***Pb/**'Pb oranlari ise 19.6560 ile 18.9841 arasinda degismektedir. Tonaliti
kesen diyabaz daykinda ise **Pb/**Pb, 2’Pb/’™Pb ve 2Pb/2*ph degerleri sirasiyla 38.6788, 15.6368 ve
18.7847 dir. ¥/*Sr (i) oranlan granitte 0.70870, tonalitde 0.70481, diyoritte 0.70655 ve tonaliti kesen
diyabaz daykinda 0,70483 olarak elde edilmistir. 0.704- 0.708 arasmnda degisen bu izotopik oranlar Baskil
Granitoyidi’ni olusturan iki farkli magma kaynagin isaret etmektedir. Bazik ve ortag bilesimli kayaglar
olugturan magma litosferik manto ve/veya dalan dilimden tiiremis akigkanlar tarafindan zenginlestirilmis bir
manto kamasindan tiiremistir. Baskil Granitoyidi’nin asidik magmasi ise muhtemelen kabugun baskin oldugu
bir kaynaktan tiiremistir. Granit’deki yiiksek *’St/*Sr;,, *Pb ve *Pb oranlar: farkli kaynak ¢zelliklerinden
veya manto ve kitasal kaynaklarin zaman igerisinde izotopik olarak karigmasi ile baglantili olabilir.

Anahtar Kelimeler: K-Ar yaslandirma, tiim kayag ve izotop jeokimyasi, yay granitoidi, Elazig, Turkiye
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ABSTRACT
The Baskil granitoid associated with ophiolitic rocks and metamorphic massives of Taurus orogenic belt
covers in about 200 km2 area between Malatya and Elazig in Eastern Anatolia. The intrusion is composed of
gabbro, diorite, quartz diorite-monzonite, tonalite, granodiorite and granite. All rock compositions are cut by
mafic (diabase) and felsic (aplite) dykes and include mafic magmatic enclaves, except gabbroes.

The hornblende and biotite separated from the diorite and tonalites yield K- Ar cooling ages
ranging from 80 to 85. The hornblende+pyroxene separated from a mafic dyke which cut the tonalite has K-
Ar cooling age of 78 Ma-upper Cretaceous.

The granites are high-K in composition, but other rock types vary from medium-K to low-K. The
gabbros are slightly tholeiitic and others calc-alkaline. All rock compositions are I-type and their alumina
saturated index varies from metaluminous to peraluminous. Condrite-normalized trace element patterns
exhibit enrichment in large ion lithofile elements (LILE) relative to high field strength elements (HFSE).
Primordial mantle-normalized spider diagrams show negative slope with gradual decrease from LILE to
HFSEs and are marked by Nb and Ti negative anomalies. The granite has negative Sr and Eu anomalies
because of plagioclase fractionation and/or crustal contamination. Immobile trace-element contents indicate
an island arc setting for the gabro, diorite, tonalite and a continental arc setting for the granite.

In the granite, tonalite and diorite, 205ppL¥Ph ratios vary from 39.6897 to 39.0180, *’Pb/"'Pb
ratios vary from 19.6560 and 18.9841, 26ppfYph ratios vary 19.6560 and 18.9841. In the diabase dyke
which cut tonalite, **Pb/"'Pb, *”’Pb/"Pb and *’Pb/'"Pb ratios are 38.6788, 15.6368 and 18.7847,
respectively. 87/865r(i) ratios are 0.70870 in granite, 0.70481 in tonalite, 0.70655 in diorite, and 0,70483 in
diabase. Isotope ratios vary from 0.704 to 0.708, and indicate two different magma sources (basic and
asidic) for the Baskil granitoid. The magma for basic and intermediate rock is thought to be derived from the
lithospheric mantle and/or mantle wedge modified by slab-derived melts and/or fluids and fraction of oceanic
sediment. But the asidic magma of the Baskil granitoid was possibly derived from crustal-dominated sources.
The high values *'Sr/**Sr;), **Pb and **°Pb of the granite are either related to distinct source characteristics
or to isotopic mixing between mantle and crustal sources through time.

Key Words: K-Ar dating, whole rock and isotope geochemistry, arc granitoid, Elazig, Turkey.

111



61, Tirkiye Jeoloj Hurultay Bildiri Ozl

Keban (Elazig) Yoresi Pliitonik Kayaglarin K/Ar Radyometrik Yasi ve Sr-Pb izotop
Jeokimyasi

K/Ar age dating and Sr-Pb Isotope Studies on Plutonic Rocks in the Keban Area,
Elazig, Turkey

Sevecan KURUM

Firat Univ. Jeoloji Miih. Boliimii, 23119, Elazig
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Orta Anadolu Kristalen Kompleksinin en dogu kismini olugturdugu diisiiniilen Keban provensi, ortag, asidik
ve bazik bilesimli ii¢ ayr1 faz halinde pliitonik ve yiizey kayaglarindan olusmustur. Iinceleme alaninda Permo-
Triyas yashh Keban metamorfitleri ile tektonik ve intriizif dokanak olusturan pliitonikler, bu dokanaklar
boyunca zengin mineral parajenezi olusturur. Yalnizca pliitonik kayaglarin incelendigi bu provenste,
kayaclarin tonalit, kuvarsdiyorit ve gabro bilesiminde oldugu belirlenmistir. Genel petrografik 6zelliklerin
gozlendigi bu kayaclarda, tonalitlerde farkhi olarak bigagimsi biyotit ve ignemsi apatit dokulari gibi
mikroskopik ozelliklerle birlikte, yer yer degisik boyutlu ve yuvarlaklagmis mafik magmatik anklavlar ile
syn-pliitonik dayklarin olmasi, es yaslh mafik ve felsik magmalarin karigimina isaret eden petrografik ve arazi
bulgulandir. Kalkalkalen 6zellikteki bu tonalitlerin diigiik K’lu olmalarina karsin, Ca degerlerinin yiiksek
olmasi, magnetit i¢germeleri, mafik faz olarak amfiboliin biyotit ve piroksenlere gore daha baskin olmasi,
muskovitin bulunmamasi gibi 6zellikler aktif yitim zonu kayaglara isaret ederken, yine bu kayaglarin andezit
ve dasit gibi volkanik bilesenlerinin bulunmas: ve mafik bilesenlerinin ise Q-diyorit ve gabro bilesiminde
olmasi, magma mixinge isaret eden diger bulgulardir.

Tonalitlerden alinan amfibol minerallerinde yapilan K/Ar radyometrik yas tayininde, bu kayaglarin soguma
yast 75.7+ 1.5 my iken, diyorit-gabrolarda 84.8+2 ve 84.4+ 2my elde edilmistir

Asidik ve bazik-ortag bilesimli bu kayaglar arsindaki bu farklilik, Sr; izotop verilerinde de goriiliir.
Tonalitlerdeki Sr; sonuglar1 0.705405 ve 0.706053 iken, diyorit-gabroda bu degerler 0.704828 ve 0.704754
diir. Farkli olarak Pb izotop oranlari ise her iki tip kaya¢ grubunda da benzerlik sunar. Bu izotop sonuglar
jeokimyasal veri sonuglarini desteklerken aynca pliitonun orojenik bir kusak iriini oldugunu da
gostermektedir.

Jeokimyasal veriler ile mineralojik-petrografik verilerin ortaya koydugu es yash? ancak farkh kokenli iki
magma kaynaginin varligini Sr izotop verileri de desteklemektedir. Diisiik Ni igerigine sahip Keban pliitonu
kayaglarindan ozellikle diyorit-gabrolarin manto ergiyiginin 6nemli bir fraksiyonal kristallesmesiyle,
tonalitlerin ise amfibol fraksiyonlasmasi ile olustugu Na,O-K,0O ve RI1-R2 diyagram dagilimlarinda
gortilmektedir. Tonalitler kalkalkalen bilesimli I-tipi granitoid 6zelligi sunarken diyorit-gabrolar toleyitik
bilesimli, M-tipi granitoid 6zelligindedir. Yine tonalitler metaaliminden peraliiminoya kadar degisen
ozellikler sunarken, diyorit ve gabrolar metaliimin 6zellik gostermektedir.

Bu iki kayag grubu arasindaki belirgin farklihk Kayag¢/Kondrit ve Kayag/MORB spider diyagramlarda da
goriliir. Tonalitlerin LREE’ce zenginlesmis olmalarina kargin, diyorit-gabrolann tiiketilmeleri ve Rb, Sr, Ba
(LILE), Hf, Zr, Th, U (HFSE) elementler bakimindan tonalitlerin, diyorit-gabrolara gore daha zengin
olmalar1 jeokimyasal olarak gozlenen ozelliklerdir. Manto kaynakli magmalarin kabuksal kirlenmesine isaret
eden LILE zenginlesmeleri 6zellikle tonalitlerde ¢ok belirgindir. Ancak her iki kaya¢ grubunda da Nb’un
negatif anomali vermesi, plutonun yitim zonu magma serilerine benzerlik gostermesinin isaretidir.

Anahtar Kelimeler: Keban pliitonik kayaglari, K/Ar, Sr-Pb izotop jeokimyasi
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ABSTRACT

The Keban province which is thought to comprise the eastern most part of the central Anatolian Crystalline
Complex is composed of plutonic and volcanic rocks in three different phases of intermediate, acidic and
basic composition. These plutonic rocks are also characteristic with various mineral occurrences along their
tectonic and intrusive contacts with the Permo-Triassic Keban metamorphites. In this province where only
the plutonic rocks are investigated, rocks are in tonalite, quartz diorite and gabbro composition. In these
rocks which display standard petrographic features, the presence of needle-like apatite and flake-shaped
biotite textures together with synplutonic dikes and rounded mafic magmatic enclaves in various sizes
indicate mixing of cogenetic mafic with felsic magmas. Given that tonalites with calc-alkaline nature are
characterized by low-K and high Ca contents and contain magnetite amphiboles are more dominant than
biotites and pyroxenes and muscovite is absent, these rocks represent the active subduction zone. In addition,
having those plutonic rocks the volcanic equivalents such as andesite and dacite and mafic components are
represented by Q-diorite and gabbroic rocks also imply magma mixing.

Amphibole mineral’s K-Ar radiometric age dating conducted on tonalities yield cooling ages of 75.7+1.5
Ma and diorite and gabbros yields ages of 84.8+2 and 84.4+2 Ma, respectively. The difference between
these acidic and basic-neutral rocks is also reflected by Sr; isotope data. 88k /°Sr; ratios of tonalites and
diorite-gabbros are 0.705405-0.706053 and 0.704828-0.704754, respectively. However, Pb isotope ratios of
both rock groups are similar. Results of isotope Sr and Pb analysis are in well agreement with geochemical
data and indicate that pluton was implaced a product forming under an orogenic belt.

The presence of cogenetic (?) two magma sources with different origin revealed by the geochemical data and
mineralogic-petrographic observations is also supported by Sr; isotope data. Na,O-K,O and RI-R2
distributions indicate that diorite-gabbros of the Keban pluton which has low Ni content were formed by a
significant fractional crystallization of mantle melts while tonalites are formed by amphibole fractionation.
Tonalites are represented by I-type granitoid with calc-alkaline character while diorite-gabbros are
represented by M-type granitoid with tholeiitic character. In addition, tonalites display a wide compositional
spectrum ranging from metaluminous to peraluminous character while diorite and gabbros are only
represented by metalumin composition.

The most pronounced difference between these two rock groups is shown in Rock/Chondrite and Rock/MORB
spider diagrams. Tonalites are enriched in LREE while diorite-gabbros are depleted and, tonalites are more
enriched in Rb, Sr, Ba (LILE), Hf. Zr, Th, U (HFSE) elements. LILE enrichment that implies crustal
contamination of mantle magmas is more prominent for tonalites. However, a negative Nb anomaly in both
rock groups indicates that pluton resembles to subduction zone magma series

Keywords: Keban plutonic rocks, K/Ar, Sr-Pb 1sotope
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Cataldag Granitoyidi Skarn Yataginin Olusum Kosullarinin Durayh izotoplarla
(8"0, 6"C ve 5**S) Belirlenmesi

Constraints on the Origin of Cataldag Granitoid Skarn Deposit from Stable Isotopes
(3"°0, 6"C and §7S)

Avyse ORHAN, Halim MUTLU

Eskisehir Osmangazi Universitesi, Jeoloji Miihendisligi Béliimii, 26480, Eskisehir
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Durayl izotop (8'°0, 8"C, &S) oranlar cevher olusturan akiskanlarin kéken ve evrimine yonelik
problemlerin ¢oziimiinde onemli faydalar saglamaktadir (minerallerin ve hidrotermal sivinin koken ve
sicakliginin belirlenmesinde). Susurluk dogusunda Paleosen yash Cataldag Granitoyiti ile Mesozoyik
kiregtagi ve mermer arasindaki dokanak boyunca gelisen endo ve ekzoskarn zonlarinda granat, piroksen,
veziivyanit ve vollastonit minerallerinden olusan genel bir zonlanma tespit edilmistir. Granitoyid
minerallerine ait 8'*0 (VSMOW) oranlan plajiyoklaz i¢in 8.95%, kuvars i¢in 9.53-12%. ve biyotit igin
2.87-6.82%o arasindadir (Tablo 1). Endoskarn zonundaki 8'°0 degerleri plajiyoklaz (2.63%o), granat (5.93—
9.08%o), piroksen (4.08-7.10%o) ve vollastonit (4.89-5.52%o) seklindedir. Ekzoskarn zonunda 6lgiilen 8'%0
oranlari ise granat (5.99-6.94%o), piroksen (5.71-9.94%o), vollastonit (6.25-7.45%0) ve veziivyanit (6.65—
8.28%o) arasinda degismektedir. Granitoyitten orneklenen biyotitlerin 8D oranlart 223 ile —110%o
arasindadir. Endo ve ekzoskarn minerallerinde yiiriitiilen sivi kapanim ¢ahgmalarindan elde edilen yaklasik
600°C’lik bir sicaklikta, granat ve piroksen ile denge halindeki akiskanlarin 8'®0 oranlari sirasiyla 8.03-
11.18%o ve 6.64—11.78%o olarak hesaplanmustir. Endo ve ekzoskarn zonlarina ait piroksen ve vollastonitlerin
farkli 'O oranlarina sahip olmas: skarn minerallerinin olusumu sirasinda dekarbonatlagmanin etkin
olduguna isaret etmektedir. Dekarbonatlasma sonucunda agiga ¢ikan CO, ve ayrica meteorik su karisim
kalk-silika minerallerinde agir oksijen ve karbon izotoplarinin azalmasina neden olmustur. Mermer
orneklerinden elde edilen 8"°C ve 8'*0 oranlan sirastyla 4.67-5.31%o (VPDB) ve 29.83-27.66%0 (VSMOW)
arasinda olup bu degerler denizel kokene isaret etmektedir. Skarn kalsitlerinde ise 8°C: —11.60 ile —0.02 %o
ve 8"%0: +1.21 ile +20.62%o arasinda degismektedir. Skarn kalsitlerin artan sicaklik altinda devamli sekilde
meteorik su ile reaksiyonu sonucunda 8"C ve 8O oranlari sistematik olarak tuketilmistir. Bolgede
ekzoskarn zonunda gelisen siilfit minerallerinin (kalkopirit, bornit) §*S izotop degerleri —0.2 ile 2.9%o (ort
1.78%o) arasindadir. Bu degerler kiikiirdiin magmatik kékenli oldugunu géstermektedir.

Anahtar Kelimeler: Susurluk Skarn yatagi, durayli izotoplar, meteorik su, izotopik tiiketilme.

ABSTRACT
Stable isotopes of §°0, 8°C and &S are very useful for determination of the origin and evolution of ore-
Sorming fluids (e.g., fluid chemistry and temperature). Endo and exo skarn zones developed along the contact
between Paleocene Granitoid, Mesozoic limestone and marble in eastern Susurluk area are represented by a
mineral assemblage of garnet, pyroxene, vesuvianite and wollastonite. §°0 ratios (VSMOW) of samples
JSfrom the granitoid minerals are recorded 8.95%o for plagioclase, 9.53—12%o for quartz and 2.87-6.82%o for
biotite (Table 1). 8°0 ratios in the endoskarn zone are 2.63%o Jor quartz, 5.93-9.08%o for garnet, 4.08-
7.10%o for pyroxene and 4.89-5.52%o for wollastonite. §°O values in the exoskarn zone are 5.99-6.94% Sfor
garnet, 5.71-9.94%o for pyroxene, 6.25-7.45%o for wollastonite and 6.65-8.28%o for vesuvianite. 6D values
of biotite samples from the granitoid range from —223 to —110%o. At a temperature of 600°C estimated from
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fluid inclusion studies, 5'°0O ratios of fluids in equilibrium with garnet and pyroxene are found as 8.03—
11.18%o and 6.64—11.78%, respectively. Different §°0 ratios of pyroxene and wollastonites of the endo and
exoskarn zones indicate that decarbonation was an effective agent during the skarn formation. CO, released
Jrom decarbonation and meteoric water infiltration resulted in depletion of heavy isotopes of calc-silicate
minerals. The 8"*C and 6"°0 values of marble samples are 4.67—5.31%0 (VDB) and 29.83—27.66%0 (VSMOW)
that are conformable with the marine origin. 6"°C and 5"°0 values of skarn calcites range from —11.60 to —
0.02 %o and +1.21 to +20.62%o, respectively. Under increasing temperatures, as a result of continuous
interaction of skarn calcites with the meteoric water, 6"°C and 6'°0 values of calcites are systematically
depleted. 'S values of sulfide minerals (e.g., chalcopyrite and bornite) in the exoskarn zone are between -
0.2 to 2.9%o indicating that sulfur has a magmatic origin

Keywords: Susurluk Skarn deposit, stable isotopes, meteoric water, isotopic depletion.
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Tiirkiye’de izotop Jeokimyasi Arastirmasinda Yeni Bir Laboratuvar

A New Laboratory for Investigation on Isotope Geochemistry in Turkey

Serhat KOKSAL®, M. Cemal GONCUOGLU® & Pinar TOKMAKKAYA"

(1) Radyojenik Izotop Laboratuvari, Orta Dogu Teknik Universitg;i Merkezi Laboratuvar, ANKARA
(2) Jeoloji Miihendisligi Béliimii, Orta Dogu Teknik Universitesi, ANKARA
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oz
Jeokronoloji ve izotop jeokimyasi analizleri yerbilimlerinde nemli veriler saglamaktadir. Bu alanda
yapilan aragtirmalara hizmet vermek iizere, Orta Dogu Teknik Universitesi (ODTU) Merkezi Laboratuvari
biinyesinde bir [zotop Laboratuvari kurulmustur.

Bu laboratuvar 3 birimden olusmaktadir: (1) “Kaya¢ Kirma ve Zenginlestirme Laboratuvari’nda,
kayag ornekleri kirma, oOgiitme, eleme ve mineral zenginlestirme islemlerine tabi tutulmaktadir. (2)
“Kimyasal Proses Laboratuvar1” bir adet 1000 ve iki adet 100 standardinda temiz odadan olugmakta olup
asitte ¢ozdiirme ve iyon kromatografisi yontemleri ile ornekler burada hazirlanmaktadir. (3) “Termal
Iyonizasyon Kiitle Spektrometresi (TIMS) Laboratuvar’inda drneklerin izotop orani 6l¢iimleri yapilmaktadir.

Bu laboratuvarda siirdiiriilmekte olan radyojenik izotop ¢aligmalarinin ilk sonuglar1 2007 yilindan bu
yana alinmaya baglanmigtir. Bu ¢alismalar kapsaminda; tiim kaya¢ orneklerinden Stronsiyum *’Sr/**Sr) ve
Neodimyum ('**Nd/'**Nd) izotop oranlar 6l¢iilmektedir.

TIMS cihazinin kalibrasyonu ¢ergevesinde yapilan ¢alismalarda; Sr SRM 987 Standard: ortalama
degeri 0,710242 + 9 (2644ev» N=26) olarak Ol¢iilmiis olup, bu deger standardin uluslararasi kabul edilen
degerinin (0.710240 + 20) hata pay: sinirlan iginde kalmaktadir. Nd LaJolla Standardinda olgiilen ortalama
deger 0,511849 + 5 (2644ev, 1=26) olup, bu veri uluslararas1 standard degeri ile ortiismektedir (0,511850 +
10).

Ayrica Sr ve Nd izotop orani analizlerinin, ornek hazirlamadan (asitte ¢ozdirme ve iyon
kromatografisi) 6l¢iimlere kadar olan kalite kontrolii kapsaminda; U.S.G.S. referans ¢rneklerinde (BCR-1, G-
2, GSP-1 ve AGV-1) analizler yapilmistir (Tablo 1). Bu analizlerden elde edilen izotop orani sonuglar da
uluslararasi kabul goren/tercih edilen degerlerin hata paylan igerisinde kalmaktadir (Koksal & Gonciioglu,
2008).

ODTU izotop Laboratuvari’nda gerekli kalibrasyon ve standardizasyonun saglanmasini takiben Orta
Anadolu’daki baz1 Geg Kretase yash granitik kayaglardan Sr ve Nd izotop orani dl¢timleri yapilmistir. Bu
caligma kapsaminda, S-tipi biyotit-muskovitli Orta Anadolu Granitoyidleri (OAG)’ni temsilen Sinandi
mikro-graniti (Aksaray), I-tipi hornblend-biyotitli OAG’ni temsilen Borucu granodiyoriti (Aksaray), I-tipi
monzonitik OAG’ni temsilen Terlemez quartz-monzoniti (Aksaray) ve A-tipi OAG’ni temsilen Camsari
quartz-syeniti (Kirsehir) se¢ilmistir. Sinandi1 granitoyidi kalk-alkalen peraliiminali, Borucu granitoyidi ise
kalk-alkalen metaaliiminali veya zayif peraliiminali karaktere sahiptir (Koksal & Gonctioglu, 2008). Buna
kargin Terlemez granitoyidi kalk-alkalen metaaliiminali, Camsar1 granitoyidi ise alkalen metaaliiminali-
peraliiminahidir (Koksal & Gonctioglu, 2008; Koksal vd., 2004).

Bu granitoyidlerden elde edilen Sr ve Nd izotop oranlari Tablo 2’de verilmektedir. Sinandi
granitoyidi digerlerinden daha radyojenik ilksel Sr ve daha disik eNd, degerlerine sahipken, Borucu
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granitoyidi, Sinandi granitoyidi ile Terlemez ve Camsari granitoyidlerinin arasinda veriler sunmaktadir
(Koksal & Gonctioglu, 2008).

Mevecut petrolojik ve jeokronolojik verilerle birlestirildiginde, bu ¢alismada sunulan izotop verileri
Orta Anadolu’da ¢arpigma ile ilgili S- / I-tipi granitik birlikler ve nispeten geng monzonitik I- ve syenitik A-
tipi magmatizma onerisini desteklemektedir (6r: Koksal & Génciioglu, 2008). Sr ve Nd izotop verilerine
dayanilarak I- ve A-tipi OAG’nin hibrid ve heterojen kaynaklardan, S-tipi OAG’nin ise muhtemelen kitasal,
veya baskin-kitasal kokenli magmatik kaynaklardan olustugu onerilebilir (Koksal & Goénctioglu, 2008).

Oniimiizdeki donemde, ODTU izotop Laboratuvari'nda Sr ve Nd izotop ¢aligmalarmin yanisira
kursun izotop ¢alismalarmin da gergeklestirilmesi planlanmaktadir. Bu laboratuvarda uygulanan/planlanan
izotop jeokimyast metodlarinin, Tiirk yerbilimi camiasina 6nemli katkilar saglayacagina inanmaktayiz.

Anahtar Kelimeler: Izotop Jeokimyasi, Termal Iyonizasyon Kiitle Spektrometresi (TIMS), Temiz
Laboratuvar, Stronsiyum ve Neodimyum Izotop Oranlari, Granitoyid

Tablo 1. Bazt USGS referans maddelerinin ODTU Izotop Laboratuvari’nda yapilan analizlerinin uluslararas
kabul goren/tercih edilen degerlerle karsilastirilmas:

USGS 87SE/8?Sr 87Sr/868r 143Nq/ltf4Nd l43Nd/144Nd
(ODTU-Izotop (Uluslararasi Kabul (ODTU-Izotop (Uluslararasi Kabul
Referans .. . . .
Maddeleri ) Laboratuvari Goren/Tercih Laboratuvari Goren/Tercih
Ol¢iim Sonuglarr) Edilen Degerler) Olgiim Sonuclari) Edilen Degerler)
_ 0,705020 + 40 _ 0,512640 + 20
BCR-1 0,705027 £ 5 (n= 3) (GeoRem) 0,512644 + 1 (n=2) (GeoRem)
0,709770 + 14 (Weis 0,512228 + 6 (Welis
- - " _
G-2 0,709776 + 11 (n=3) v, 2006) 0,512216 + 1 (n=2) v, 2006)
_ 0,767310 + 34 B 0,511373 + 38
GSP-1 0,768798 £ 9 (n= 3) (Raczek vd. 2003) 0,511388 £ 2 (n=3) (Raczek vd. 2003)
_ 0,703999 =+ 60 _ 0,512790 + 20
AGV-1 0,703985 + 45 (n=4) (GeoRem) 0,512747 £ 10 (n=2) (GeoRem)
(Koksal & Gonciioglu, 2008” den alinmigtir)
Tablo 2. Orta Anadolu Granitoyidlerinden elde edilmis olan Sr ve Nd izotop verileri
Granitoid S /MSr Rb St | wgemesr, | ONarNa | N Sm e/ MNd G | eNd )
(ppm) | (ppm) (ppm) | (ppm)
Sinandi 0,714717 £ 12 127,.5 226,.1 0,712827 0,512131+3 30,1 6,2 0,512082 9,1
Borucu 0,715323 £ 10 171,3 136,9 0,710891 0,512181 + 4 22,9 4,0 0,512130 -1,9
Terlemez 0,709462 + 9 1753 633,5 0,708608 0,512227+3 37,3 6,8 0,12184 -7,2
Camsart 0,711517 + 11 334,8 308,9 0,708218 0,512215+3 58,5 7,5 0,512177 -7,1
ABSTRACT

Geochronology and isotope geochemistry analyses provide important data for the earth sciences. An
Isotope Laboratory was established within Middle East Technical University (ME TU) Central Laboratory to
serve the researches in this area.

This laboratory consists of three units: (1) Rock samples are subjected to crushing, grinding,
sieving, and mineral enrichment processes at the “Rock Crushing and Enrichment Laboratory”. (2)
“Chemical Process Laboratory”, where samples are prepared by acid digestion and ion-chromatography
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methods, is composed of one class-1000 and two class-100 clean rooms. (3) Measurements of isotope ratios
of samples are carried out in the “Thermal lonization Mass Spectrometer (TIMS) Laboratory”.

First results of the radiogenic isotope studies have been obtained in 2007. Strontium (*’Sr/*°Sr) and
Neodymium (" Nd/""*Nd) isotopic ratios from the whole-rock samples are measured.

In the frame of the calibration of TIMS, for the Sr SRM 987 standard, an average of 0.710242 + 9
(265140 n=26) was obtained which is within the error of its commonly accepted value (i.e. 0.710240 + 20).
The long-term average value of the Nd LaJolla standard, i.e. 0,511849 + 5 (26540, n=26), overlaps the
internationally accepted value of this standard (i.e. 0,511850 + 10).

Furthermore, due to quality control of Sr and Nd isotope ratio analyses from sample preparation
(i.e. acid digestion and ion chromatography) to measurement, analyses of some U.S.G.S. (rock) reference
materials (i.e. BCR-1, G-2, GSP-1 ve AGV-1) were also performed (Table 1). The isotope ratio results
obtained from these analyses are also within the errvor of the internationally accepted/preferred values of
these standards (Koksal & Gonciioglu, 2008).

Following the necessary calibration and standardization were provided at the METU Isotope
Laboratory, Sr and Nd isotope ratios were measured from some Late Cretaceous granitic rocks within
Central Anatolia. In the scope this study the Sinandi microgranite (Aksaray) representing the S-type biotite-
muscovite Central Anatolian Granitoids (CAG), the Borucu granodiorite (Aksaray) representing the I-type
hornblende-biotite CAG, the Terlemez quartz-monzonite (Aksaray) representing the I-type monzonitic CAG,
and the Camsari quartz-syenite (Kirsehir) representing the A-type CAG are chosen. The Sinandi granitoid
has calc-alkaline peraluminous, whereas the Borucu granitoid has calc-alkaline metaluminous or weakly
peraluminous character (Koksal & Gonciioglu, 2008). Alternatively, the Terlemez granitoid is calc-alkaline
metaluminous, while the Camsari granitoid is alkaline metaluminous-peraluminous (Kéksal & Gonciioglu,
2008; Koksal et al., 2004)

Sr and Nd isotope ratios obtained from these granitoids are given in Table 2. While the Sinandi
granitoid has more radiogenic initial Sr and lower eNd values than others, the Borucu granitoid reveals data
between the Sinand: granitoid and the Terlemez and Camsari granitoids (Koksal & Gonciioglu, 2008).

When combined with available petrological and geochronological data the isotope data presented in
this study support the idea of collision-related S- / I-type granitic associations and relatively younger
monzonitic I- and syenitic A-type magmatism in Central Anatolia (e.g., Koksal & Génciioglu, 2008). It can
be suggested based on the Sr and Nd isotope data that the I- and A-type CAG are formed from hybrid and
heterogeneous sources, the S-type CAG, on the other hand, are probably formed from crustal or crustal-
dominated magmatic sources (Kéksal & Gonciioglu, 2008).

In the following period, besides Sr and Nd isotope studies, it is also planned to establish the lead
isotope ratio method at the METU Isotope Laboratory. We believe that the isotope geochemistry methods
applied/planned in this laboratory will provide important contributions to the Turkish earth science
community.

Keywords: Isotope Geochemistry, Thermal lonization Mass Spectrometer (TIMS), Clean Laboratory,
Strontium and Neodymium Isotope Ratios, Granitoid
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Table 1. Comparison of analyses from some USGS reference materials performed at the METU Isotope
Laboratory with internationally accepted/preferred values

USGS YSr/*Sr Y8r/*Sr “SNd/'*Nd 'Nd/"Nd

Reference (Results of analyses (Internationally (Results of analyses of (Internationally

Materials of METU-Isotope accepted/preferred METU-Isotope accepted/preferred
Laboratory) values) Laboratory) values)

0.705020 + 40

BCR-1 07050275 @=3) | (e 0512644+ 1(n=2) | 0.512640 + 20 (GeoRem)
G2 0709776 + 11 (n=3) | 2799770 o 14 Weis | 0512216+ 1 (n=2) 2650162)228 6 (Wels et al.
GSP-1 0.768798 + 9 (n=3) ?I'Jaizzl’((’;;fzom) 051138842 (n=3) | 7 ;2)32; * 38 (Raczek ef
AGV-1 0.703985 + 45 (n= 4) ?‘Jfﬁi&if 60 051274710 (1=2) | 0.512790 £ 20 (GeoRem)

from Koksal & Gonctioglu, 2008)

Tablo 2. Sr and Nd isotope data obtained from Central Anatolian Granitoids

Granitoid Sr/MSr Rb Sr YSrMSr, | NA/Nd Nd Sm o eNgMNd | eNdg
(ppm) | (ppm) (ppm) | (ppm)
Sinand: 0714717+ 12 | 1275 | 226.1 0.712827 05121313 30.1 6.2 0.512082 9.1
Borucu 0.715323+£10 | 1713 | 1369 0.710891 0512181 +4 22.9 4.0 0.512130 7.9
Terlemez 0.709462 + 9 1753 | 6335 0.708608 0512227 +3 37.3 6.8 0.512184 72
Camsari 071151711 | 3348 | 3089 0.708218 0.512215+3 58.5 7.5 0.512177 7.1
(from Koksal & Gonctioglu, 2008)
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Ege’nin En Sicak Noktasi: Allionai (Bergama—izmir)

The Hottest point of Aegean: Allionai (Bergama-Izmir)

Mehmet SENER

Nigde Universitesi Miihendislik Mimarhk Fakiiltesi Jeoloji Miihendisligi Boliimii 51100 Nigde
msener@nigde.edu.tr

0z
Mineral ve organik olgunlasma indikatorlerinin sistematik korelasyonlar1 petrol jeolojisi i¢in yapilan
basen analizi ¢alismalarinda kullanilan bir yontemdir. Yontem gomiilme diyajenezi ve ¢ok diisiik dereceli
metamorfizma siiresince organik madde ve kil mineralleri iizerinde gelisen degisimlerin saptanmasina
dayanmaktadir.

Bu degisimlerin olusumunda sicaklik faktorii 6nemli bir rol oynamaktadir. Gomiilme diyajenezi
siresince gelisen normal jeotermal gradyan (25-30 °C km' ) a bagli olarak kalm sedimanter istiflerde (3000-
5000m kalinlik ve yaklastk 70-90 °C ) erken-orta-ge¢ diyajenez asamalari olusmakta ve ozellikle kil
mineralleri ile kerojen iizerinde kalic1 etki ve degisim ger¢eklesmektedir.

Bu degisimlerin jeotermal sahalarda paleosicakhik indikatorii veya jeotermometre olarak
kullanilmas: diinya genelinde kisithdir. Kisitlama jeotermal enerji potansiyeline sahip tlkelerin yerel jeolojik
yapilarindan kaynaklanmaktadir. Organik madde agisindan zengin sedimanter kayaglar ile jeotermal
kaynaklarin birlikte gozlenebildigi jeotermal provensler diinyada sayil alanlarda bulunmaktadir.

Bu sayih alanlardan biriside komiir igeren birimlerin ¢okeldigi havzalar ile jeotermal provensin
cakistigi Ege Bolgemiz olup galisma alam olarak secilmistir. Ege Bolgesinin jeotermal potansiyeline katki
koyabilmek igin mineral ve organik olgunlasma indikatorlerinin birlikte kullanilarak —paleosicaklik
ongoriilerinin yapilmasi amaglanan bu ¢aligmada, Soma linyit sahasi ile korelasyonlu olarak yapilan vitrinit
yansima degerleri olgiimlerinin yamsira alinan drneklerdeki kil mineral birliktelikleride degerlendirilerek
jeotermal sistemin termal siireci ve sicakligi hakkinda 6ngériilerde bulunulmustur.

Yapilan incelemeler sonucunda Soma Formasyonuna ait linyit Orneklerinin vitrinit yansima
degerleri % 0.512 - 0.574, Aliaga jeotermal alaminda yapilan sondajlara ait karot omekleri ile ytizey
omeklerinde % 0.138 - 1.16, diger bolgelerden alman ylizey Orneklerinde ise 0,138-1,795 arasinda
degismektedir. Bu yansima degerlerinin yam sira gerek kiil ve nem gerekse 1sil giigleri ile ASTM ve DIN
standartlarma gore Linyit olarak belirlenen Soma linyitleri jeotermal etkilesim nedeni ile Jeotermal alanlarda
Sub bituminous A ve High Volatile bituminous A safhalarina karsilik gelmektedir.

Organik olgunlagma ve/veya termal olgunluk parametrelerinin yani sira yapilan hidrotermal
alterasyon ¢alismalan neticesinde ¢alisma alaninda gozlenen hidrotermal alterasyon yogunlugunun giineyden
kuzeye, batidan doguya dogru arttig1 goriilmektedir.

Yapilan incelemeler sonucunda belirlenen bu 6nemli degisiklikler Linyithi Miyosen istiflerinin jeotermal
provens igerisinde hizl bir 1snmadan etkilendiginin onemli bir gostergesi olarak kabul edilmigtir. Gerek
vitrinit yansima degeri (% 1.795Rmax) gerekse mineral birliktelikleri ile ¢alisma alaninin en sicak noktasi
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olarak yapim tartismalari halen siiregelen Yortanli baraji altinda kalacak olan saghk tanrisi Asklepiosun
yasadigina inanilan Allionai kenti belirlenmistir.

ABSTRACT
Systematic correlation of minerals and organic maturation indicators is a useful method in basin
analyses for petroleum exploration. The method depends on determination of variation of clay minerals and
organic matter during the burial diagenesis and very low grade metamorphism.

Temperature is very effective on formation of these variations. Stage of early-middle-late diagenesis
have been advanced in very thich sedimentary section (3000-5000 m thick and 70-90 °C) depend on normal
geothermal gradient ( 25-30 °C km'') and released permanent effect on clay minerals and kerogene.

Usage of this method as paleotemperature indicator or geothermometer is limited all over the
world. This limitation depends on geological structure of country which has geotermal source because of
geothermal provens where geothermal source and organic matter bearing sedimentary rocks are together is
very few in the geothermal world.

One of them is our study area named Aegean region of Turkey where geothermal provens overlap
with lignite bearing sedimentary basin. The aim of this study is contribution to geothermal potential of
aegean region with usage of mineral and organic maturation indicators.In this study, vitrinite reflectance
measurement in collaboration with clay mineral variations are determinated for thermal development of
geothermal system.

As a result of these investigation vitrinite reflectance values of lignite samples taken from Soma formation
are 0,512-0,574%, core samples taken from Alaga geothermal drills are 0,138-1,16 % and the other surface
samples are 0,138-1,795%. In addition to these values depends on ash, water percent and caloriphic values
samples are lignite for Soma formation, subbituminous A and High Volatile Bituminous A stage for other
samples according to ASTM and DIN standarts.

On the side of organic maturation indicator result of the hydrothermal alteration studies suggest that
intensity of hydrothermal alteration increase from south to north and from east to west.

These important variations are accepted as lignite bearing Miocene sedimentary rocks are effected from
geothermal activity in provens very fastly. Whether vitrinite reflectance value (1,795 %Rmax) or mineral
paragenesis suggest that hottest point of investigated area (Aegean region) is Allionai where medicine god”
Asklepios” lived and be left under the water because of Yortanli Dam which concluded for construction.
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Jeotermal Akiskanlarda Paleo-Deniz Suyunun Varhgima Bir Ornek: Omerbeyli-Germencik
(Aydin) Jeotermal Sahasi

An Example To The Presence Of Paleo-Seawater In Geothermal Fluids:Omerbeyli-Germencik
(Aydin) Geothermal Field

ismail Noyan GUNER 'Nazim YILDIRIM

MTA Genel Miidiirliigii Enerji Dairesi, 06520 ANKARA,
n.guner@mta.gov.tr
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Ege Bolgesinde yeralan Biiyik Menderes Grabeni’nin batisinda bulunan Omerbeyli-Germencik jeotermal
alan1, Turkiye’nin Kizildere jeotermal sahasindan sonra ikinci biiyiik yiiksek entalpili jeotermal sahasidir.
S6z konusu alanda, 1982-1986 yillari arasinda Maden Tetkik ve Arama Genel Midirliigii tarafindan
derinlikleri 200-2398 m. arasinda degisen 9 adet sondaj a¢ilmistir. Kotlarmin deniz seviyesinden yiiksekligi
53-120 m. arasinda degisen bu kuyulardan 203-230 °C arasinda degisen sicakliklarda jeotermal akiskan elde
edilmistir. Jeotermal alanin giineyinden gegen Menderes nehrinin vadi taban kotunun denizden yiiksekligi ise
calisma alani yakininda ortalama 20 m. dolayindadur.

Ayrica yine Maden Tetkik ve Arama Genel Miidirligii tarafindan 2000-2002 yillari arasinda “Biiyiik
Menderes Grabeninde Yeralan Yiiksek Sicaklikli Jeotermal Akiskanlarda Yas ve Koken Tayini” projesi
yiiriitiilmiistiir. S6z konusu jeotermal sahada yeralan akigkanlari gruplandirmak, yeraltinda gegirmis oldugu
jeokimyasal siiregleri, kokenlerini ve dolagim siirelerini belirlemek amaglanmugtir. Bu amaglar dogrultusunda
su kimyasi, 8'%0, 8°H, 8°H, §"°C ve "C izotop 6rneklemeleri yapilmistir.

Calisma alamindaki jeotermal sularin kimyasal yapist Na-CI-HCO; tipindedir. Omerbeyli-Germencik
jeotermal sahasindaki ii¢ adet kuyudan yapilan 6reklemelerde Na iyonu 58-68 meq/l, Cl iyonu 40-48 meq/l,
HCO; iyonu ise 21-27 meq/l arasinda degismekte iken Bozkoy A2 kuyusunda bu deZerler sirasiyla 46 meq/I
23 megq/l ve 35 meq/l dir. OB-9 sondaji ile Bozkdy sicak su kaynaginda onceki yillarda yapilan *He, *He ve
Ne asal gaz izotop igeriklerinin %99 oraninda kabuksal kokenli oldugunu saptanmigtir. NETPATH
jeokimyasal model programu yardimu ile yapilan 'C izotopu yast jeotermal kuyularda 40.000 yilin tizerinde,
Bozkoy-Alangiilli MTA2 kuyusunda ise 50.000 y1l olarak hesaplanmustir.

Gerek asal gaz verilerinin sulardaki gazin kabuksal kokenli oldugunu gostermesi, "“C izotopu dolasim
stiresinin "*C izotopunun iist limitine gelmis olmasi ve gerekse caliyma alaninin denize olan uzakhg goz
oniine alindiginda, jeotermal sular denizel kokenli olmalidir. Bu durum, Pleyistosen doneminde Akdeniz’in
6. denizel izotopik donem sonrast meydana gelmis bir ve/veya bir kag tane biiytk transgresyonunun ¢alisma
alamim kaplamug olmast ile agiklanabilir. Bolgedeki kirik ve fay sistemleri boyunca yeraltina siiziilen deniz
sular rezervuarda birikmistir. Daha sonra ortam tekrar karasallasmuis ve grabenin iist kotlarindan yeraltina
siizilen yagislar rezervuardaki tuzlu suyu seyreltmistir. Bugiin bu tuzlu su %7-8'lik bir oranda
bulunmaktadir.
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ABSTRACT

Omerbeyli-Germencik geothermal field, situated in Buyuk Menderes graben of the Aegean Region, next to
Kizildere geothermal field, is potentially the second high enthalpy geothermal field of Turkey (MTA). From
1982 to 1986, MTA has drilled 9 wells, with depths ranging between 200 and 2398 m. The base elevations of
these wells are 53-120 m above sea level.The valley basement altitute of Buyuk Menderes river, which flows
through the south part of the field, is 20 m asl. Geothermal fluids at temperatures between 203-230 °C, have
been obtained from the drilled wells.

Between years 2000 and 2002, an investigation project named as “The Mean Residance Time and the
Origine of High Enthalpy Geothermal Fluids in Menderes Graben” was carried out by General Directorate
of Mineral Research and Exploration of Turkey. In this study, classification, mean residence time
determination and the evolution processes of geothermal fluids involved in the Gaben, have been studied.
With this aim, beside sampling for water chemistry, sampling for 5'°0, 8’H, 8’H, 6" C and "' C isotopes were
realized.

The waters found in the study area belong to Na-CI-HCOj type. Three wells that were sampled from
Omerbeyli-Germencik geothermal field contain Na, CI, and HCOj ions in concentrations of 58-68 meq/l, 40-
48 meq/l and 21-27 meq/l respectivelly. On the other hand, the consentration of the same ions (Na, Cl and
HCQO;) in Bozkoy A2 well, is in the order of 46 meq/l, 23 meq/l and 35 meq/l. Previous studies of *He, "He ve
“!Ne noble gases isotope analyses from OB-9 well and Bozkoy hot spring show a dominancy of 99 %
derivation from crustle origin. The ages of geothermal fluids with "'C isotope by using NETPATH model,
were calculated to be over 40.000 years for the wells in Germencik and over 50.000 years for Bozkoy
Alangullu MTA2 well.

Taking into consideration the sea distance, either the indication of noble gases that are crustle originned and
either ''C age determination pointing out to upper limits, reveal that geothermal fluid should be of marine
origin. This situation can be explained by sequent transgration that repeated at least more than one during
the Pleistocene period, covering study area before sixth marine isotopic stage. In the studied area, water that
infiltrated through faults and fissures has been accumulated in the reservoir. After the environment has
become terrasterial, the infiltrated precipitation from upper part of the graben has diluted the ancient
seawater in the reservoir. Presently, it is determined that 7-8 % of the geothermal fluid is consisted of paleo-
seawater in the reservoir.
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Palamutova Jeotermal Alam (Bayrami¢-Canakkale) ve Cevresinin
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[nsan yasaminda onemli bir yer tutan enerji, giiniimiizde tim diinya tlkelerinin en basta gelen sorunlar
arasinda yer almaktadir. Bunun nedenleri niifus artisi, sanayilesme ve yasam standartlarinin ytikselmesi
olarak gosterilmektedir. Tiim dinyada hizh bir artis gosteren enerji gereksiniminin biiyiik bir kismu, bir siire
daha fosil yakitlar ve hidrolik enerji ile karsilanabilecektir. Fosil yakitlarin kisa bir donemde tiikkenmesi ve
yerini yeni enerji kaynaklarnin almasi beklenmektedir. Son yillarda biitiin tlkeler yeni enerji kaynaklarinin
gelistirilmesine 6zen gostermektedir. Bir enerji kaynagi olan jeotermal enerji baslangigta sadece kaplica
amagl kullanilirken giiniimiizde genis kullanim olanaklari sunan enerji tiiriine dontgmustiir.

Magmatik, tortul ve metamorfik kayalarin hemen hemen her tiirinin gozlendigi Biga Yarimadasi, Kuzey
Anadolu Fay Zonu’nundaki aktif tektonik hatlar ile yakindan iliskilidir. Biga Yarimadasi'nda ylizey
sicakliklart 30 ile 102 °C arasinda degisen birgok sicak su kaynagi bulunmaktadir. Bu kaynaklarin degisik
amaglara hizmet eden birgok kullamim alani (elektrik tretimi, ev ve sera 1sitmast, kimyasal madde tretimi
vb.) bulunmasina ragmen sicak sular genellikle kaplica amagh (balneolojik uygulamalar) kullammaktadir.
Biga Yarimadasi’nda yer alan tesisler ulusal ve uluslararasi talepleri kargilayacak nitelikte degildir. Tesis
kosullarinin iyilestirilmesi durumunda 6zellikle yaslilara hizmet veren saglik turizminin hem her yas grubuna
hemde oniki aya yayilmas1 miimkiindiir.

Canakkale ili, Bayramig ilgesinin 12 kilometre kuzeybatisinda, 4591 14/4415731 koordinatlarinda yer alan
Palamutova 1licast Biga Yarimadasi’ndaki jeotermal alanlardan biridir (Sekil 1). Sicak su, Degirmen deresi
adi ile anilan dar ve iki tarafi sarp ve kayalik yamaglardan olusan derenin kenarinda, K-G yonlii dogrultu
atiml fay ile yiizeye ulagsmaktadir.

Palamutova jeotermal alaninda temeli Geg¢ Kretase yasli Camlica metamorfiklerine ait metabazit,
metavolkanit, fillit, mermer ve sistler olusturur. Senozoyik Kusgayin granodiyoriti ve Hallaglar volkaniti ile
temsil edilir. Alt Oligosen yash Kusgayiri graniti granodiyorit bilesimlidir. Ust Oligosen-Alt Miyosen yash
Hallaglar volkaniti andezit, dasit, tiif ve aglomeradan meydana gelir. Degirmen dere ¢evresinde yiizlek veren
Kuvaterner yash aliivyon tim birimleri uyumsuzlukla orter.

Sicak suyun ortalama debisi 0.3 Usn olup, yiizey sicakligi yaklagik 31-34 °C arasinda degismektedir.
Jeotermal kaynak 99 km2’lik bir havzadan beslenmektedir. Hamam harabesinin igerisinde ¢ikan kaynak
sadece yore insani tarafindan banyo amagh olarak kullanilmaktadir (Sekil 2.a; b). Sicak su bazik karakterli
olup, pH1 8.6-8.8, elektriksel iletkenligi (EC) ise 15001700 pS/cm arasinda Olgiilmiistir.  Silis
jeotermometresine gore sicak suyun rezervuar sicakhign 7075 “C arasinda hesaplanmustir.
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Sekil 2. a. Palamutova ilicasinin KB’dan kusbakis1 goriiniimii b. Hamam harabesi i¢erisinde sicak su cikist

Sicak su kaynagindan 2005, 2006 ve 2007 yillarinda, dort farkli dsnemde ornekleme yapilmistir. Elde edilen
veriler Piper, Schoeller, Pie gibi su kimyasi diyagramlarina yerlestirildiginde sicak suyun Na-SO4
bakimindan zengin oldugu saptanmistir. Sicak su, Oksijen-18 ('*0) ve Déteryum (D) igerigine gore derin
dolasimli, meteorik su bilesimindedir.

Anahtar Kelimeler: Palamutova, jeotermal, hidrojeokimya, izotop
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ABSTRACT

Energy which plays an important role in human life, is one of the serious problem among the countries in
today’s world. The causes of it show as increasing of population, industrialization, and rising of life
standards. Main part of the energy demand which increases rapidly in all over the world, will be provided by
fossil fuel and hydraulic energy. The fossil fuel will be expected to consuming in a short period and new
energy resources which has to be replaced into near future. The research studies are continued for
investigation new energy resources by most of countries. The geothermal energy as an energy source was
only used for thermal spring at the beginnings but today it has transformed to be the type of energy that has
wide using facilities.

Almost all of magmatic, sedimentary and methamorphic rocks lithologies are overlaying in Biga Peninsula
which are mostly controlled by North Anatolian Fault Zone's active tectonic structures. Hot water springs
surface temperature are change between 30 and 102 C in Biga Peninsula. This springs serve different
purposes (electicity production, district, greenhouse heating, chemical metarial production and so on)
although hot water generally use only for spa (balneologic applies). Spas are located in Biga Peninsula
haven't enough qualification for national and international demands. The spa hotels are mostly used by older
people for healthy reasons in a certain time. When the hotels conditions are improved that can be used for
people of all ages in each month of a year.

Palamutova geothermal site is one of the geothermal area in Biga Peninsula, on 45 9114/4415731
coordinates, located 12 kilometers northwest of Bayramig (Canakkele) town (Figure 1). Hot water is reach
surface by N-W strike-slip fault which edge of narrow, steep of two sides and slope of rocks called Degirmen
river.

Late Cretaceous Camlica methamorphics mainly consists of metabasit, metavolkanic, phylite, marbles and
schits which are formed basement of Palamutova geothermal area. Cenozoic is represent by Hallaglar
volkanics and Kuscayir1 granodiorits. Early Oligocene Kugg¢ayirt granit is form granadiorit. Upper
Oligocene-Early Miocene Hallaglar volkanics consists of andesite, dacite, tuff and aglomerate. Quaternary
alluvium which are outcropping Degirmen river's surroundings overlies with the other units as an
unconformably.

The average discharge of the thermal water in study area is 0.3 l/sec. The surface temperature of
Palamutova spring is ranging from 31 to 34 C. The catchment of Palamutova geothermal area is about 99
km’. Spring discharges in an old building, use only thermal bath from vicinity people (Figure 2.a; b). Hot
water has basic character, pH value is between 8.6-8.8 and electrical conductivity (EC) value is 1500-1700
uS/cm. The reservoir rock temperature is predicted between 70-75 ’C by silica geothermometer.
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Explanations

Figure 2. a. The view of Palamutova spring's b. Hot water spring in an old building
The samples for experimental study have been taken in four different period of time which are in 2005, 2006

and 2007. When results are plotted on water chemistry diagrams like Piper, Schoeller and Pie it seems that
hot water is enriched with Na-SO,. Thermal water has deep circulation and meteroic in origin as depicted by

its Oxygen 18 ("*0) and Doterium (D) contents.

Key Words: Palamutova, geothermal, hydrogeochemistry, isotope
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Jeotermal Kaynak Zenginligimiz, Uygulamalar Ve Sorunlar

Our Geothermal Resource Richness, Applications And Problems
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Ulkeler, her gegen giin artan tiketimin yol agtigi enerji agig1 nedeniyle hizla yeni enerji kaynaklarina
yonelmektedirler. Ihtiyacmin % 70’ni disandan saglayan Tiirkiye’de ise enerji sorunu artik ciddi
boyutlardadir. Bu agidan bakildiginda, yerli kaynak kullanimimin ekonomik katkilar bir yana, 6zellikle gevre
kirliligi yaratmayacak enerji kaynaklarma y6nelme, kaynak cesitliliginin artinlmasi, kaynaklarm en
ekonomik ve maksimum yararlanmay1 saglayacak bi¢imde degerlendirilmesi gibi zorunlulukla karst karsiya
oldugumuz goriilmektedir. Tiirkiye, 6teden beri kullamlagelen enerji kaynaklarinin sahip oldugu diizeyde
potansiyele sahip olmamakla birlikte ucuz, temiz, siirdiriilebilir, ayni akigkanin ¢ok amach kullanilabilir
olmasi, tiim y1l boyunca istihdam yaratmas, yerli kaynak olmast, basarih uygulamalarin giderek artmasi gibi
ozellikleriyle one ¢ikan énemli bir jeotermal kaynak potansiyeline sahiptir. Diger enerji kaynaklarina gore
onemli avantajlar sunan bu 6zellikleri nedeniyle jeotermal kaynaklara olan ilgi, tlkemizde de giderek
artmakta, biiyik yatmmlar yapilmaktadir. Tirkiye’de jeotermal kaynaklardan, Konut, sera, termal tesis
isitmast, elektrik iiretimi, endtstriyel uygulamalar, termal turizm ve balneolojik uygulamalarda
yararlanilmaktadir. Bu kullanimlarin rakamsal degerlerine gore; 983 MWt konut, termal tesis ve sera
1s1tmas1, 402 MWt kaplica kullanimi olmak iizere jeotermalin dogrudan kullanim kapasitesinin 1385 MWt’e
ulastigr goriilmektedir. Bu haliyle Tiirkiye, jeotermal enerjinin dogrudan kullanimi agisindan Cin, Japonya,
ABD ve izlanda’nin ardindan diinyada ilk 5 igerisinde yer almaktadir.

Isitma uygulamasia uygun 92 sahaya karsilik 13 alandan iiretilen jeotermal akigkandan yararlanilarak 1sitma
uygulamasi yapilmaktadir. Halen igletilmekte olan jeotermal 1sitma sistemlerinde toplam 117.000 konut
esdegeri jeotermal 1sitma yapilmaktadir. Hizla yayginlasan konut 1sitmaciligl yaninda kurulan modern
seralarda jeotermal enerjiden ekonomik olarak yararlanilmakta, 195 kaplicada hizmet verilmektedir.

Ancak iilke genelinde yaygin olan bu kaynaklardan yararlanma ve ekonomiye kazanim hak ettigi diizeyde
degildir. Bunun en 6nemli nedenleri arasinda, yatirim oncesi isletilebilir potansiyelin belirsizligi ve
kaynaklarin 20 yili askin bir siire boyunca yasal zeminden yoksun olmasi 6ne ¢ikmaktadir. Kaynagin yasal
dayanaga kavusmus olmasiyla bu konuda yasanan sikintilarin bir boliimiiniin  ortadan kalkabileceg1
umulmaktadir. Ancak ilkemiz icin onemli bir jeolojik zenginlik olan jeotermal kaynaklarin, arama
yontemleri ve uygulanan teknikler gibi spesifik 6zellikleri nedeniyle, belli bir kiiltiiriin olugmasi ve birikimin
tesisi icin, bu kaynaga dayali tiim faaliyetlerin yetkin, yonlendirici ve uzman kurum ve disiplinlerle planlanip
yiiriitilmesi, kamu kurum ve kuruluglari ile dzel sektoriin kullanimina sunulmas: hedeflenmis bir karakteri
tasimas1 gerekirken; uygulamalann yerellesme adina ozel idareler tarafindan yapilacak olmasi, sektorde
gecmiste yasanan sikintilar da dikkate alindiginda bu yasanin dinamik ve uygulanabilir olamayacagi, yerel ve
siyasi baski, kayirma gibi hususlar1 6nleyemeyecegi endisesi yaratmaktadir. Bu da halen devam eden sorun
ve sikayetleri daha yogun bir sekilde tekrar giindeme getirecek, yatirimcl {izerinde caydirici rol oynayacaktir.
Ote yandan sahip oldugu potansiyel ve kullanim ¢esitliliginin sagladigi avantajlara karsihk kaynagin
yeterince tanindigi soylenemez. Son yillarda bazi il ve ilgelerde jeotermal enerjiye dayali ozellikle konut
1sitmaciligina yonelik tesislerin kurulmasi, bu kaynagin giderek taminmasina vesile olmustur. Gegtigimiz S yil
icerisinde dogrudan kullanimda % 50 oraninda bir artig s6z konusudur ve bu deger dnemli bir artisi ifade
etmektedir. Gelecekte ise oranin daha da artmas: beklenmektedir. Giiniimiize kadar yapilan ¢alismalarla
ortaya konulan kullanilabilir potansiyel degerlerine karsilik kaynaktan yararlanma goz oniine ahndiginda
jeotermal enerji arama ve gelistirme calismalan konusunda yapilacak ¢ok seyin oldugu gorillmektedir.
Jeotermal sistemlerin dogast geregi dogrudan dogruya jeolojik yapiya bagh olarak gelistigi bilinmektedir. Bu
durumda kaynaZin aranmasi-arastiriimasi, degerlendirilmesi ve isletilmesinde agirlikli ve etkin bigimde yer
alan jeoloji mithendislerine ¢ok is diismektedir. Dolayisiyla kaynaklarin en ekonomik ve {ilke menfaatlerine
uygun bir sekilde degerlendirilmesi, optimum kosullarin saglanabilmesi, kontrol ve denetim hizmetlerinin
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yerine getirilebilmesi igin; jeotermal alanlarin arama ve arastirlmasi, gelistirilmesi ve isletilmesi
asamalarinda jeoloji mithendisleri oncelikli ve etkin bigimde gorev almalidirlar.

ABSTRACT

Countries are rapidly directing towards new energy resources because of energy deficit resulting from
consumption increasing every day. In Turkey, which supplies 70% of her needs by importation, energy
problem is now in a serious position. In this aspect, it is seen that we are face to face with necessitates such
as evaluation of resources in such a way so as to provide the most economic and maximum usage, increasing
resource variations, orientation to energy resources which especially do not cause environmental pollution,
in addition to economic supplements of native resource usage. Turkey has an important geothermal resource
potential which appears with characteristics such as its increasing successful applications, being a native
source supplying employment throughout the year, being cheap, clean, continuing, the same fluid having a
multi-target usage; although it does not have a potential at the level of the energy resources which Turkey
has been using long since. Because of these characteristics presenting serious advantages with respect to
other energy resources, interest to geothermal resources is gradually increasing in Turkey as well, and great
investment is being made. In Turkey, geothermal resources are made use of in housing, greenhouse and
thermal plant heating, electricity production, industrial applications, thermal tourism and balneologic
applications. According to the numerical values of these usages, it is seen that the direct usage capacity of
geothermal has reached 1385 MWt, 983 MWt being used in housing, thermal plant and greenhouse heating,
and 402 MWt being hot spring usage. With this position Turkey takes place among the first 5 countries in the
world after China, Japan, USA and Iceland with respect to direct usage of geothermal energy. Heating
application is made by making use of geothermal fluid produced from only 13 areas for 92 fields suitable for
heating application. Geothermal heating equivalent to a total of 117,000 housing is made in the geothermal
heating systems which are being operated at the present time. In addition to housing heating which is getting
rapidly widespread, geothermal energy is made use of economically in modern greenhouses established:
service is given in 195 hot springs. However, contribution to the economy and making use of these resources
which are widespread throughout the country is not at the level it deserves. Among the most important
reasons for this are the uncertainty of the operable potential before investment and the fact that the resources
have been deprived of legal ground for over a period of 20 years. Now that the resources have a legal basis,
it is hoped that a part of the problems encountered on the matter up till now will disappear. However, due to
their specific properties such as resource methods and applied techniques, for the formation of accumulation
and development of a certain culture, although all activities based on geothermal resources, which are an
important richness for our country, must be planned and executed by perfect, orienting and expert
association and disciplines and must bear a character aimed to be presented to the usage of public
associations and foundations together with the private enterprise, the fact that applications are to be made
by local governments in the name of localization, when problems are encountered in the sector in the past
are considered also, there is concern that this law may not be dynamic and applicable, that it may not be
able to prevent cases such as local and political pressure and favor. This will bring on the agenda again the
currently continuing problems and complaints more intensely, and will play a dissuasive role on the investor.
On the other hand, despite the advantages its potential and usage variation provide, it cannot be said that the
resource s sufficiently known. In recent years, the establishment of foundations especially for housing
heating based on geothermal energy in some cities and countries has been the cause of this resource being
gradually well-known. Within the past 5 years, there is an increase of 50% in direct usage and this value
indicates a considerable increase. In the future, it is expected that this ratio will increase even more. It is
seen that there is still a lot to do on geothermal energy research and developmental studies when making use
of the resource is considered in return for the exposed usable potential values in the studies carried out up to
date. It is known that geothermal systems develop depending on their geothermal structure directly in
accordance with their nature. Under these condition geological engineers, who take part considerably and
effectively in the search-research, evaluation and operation of the resource, have a lot of 1o do consequently,
geological engineers must primarily and effectively be on the job in the search and research, development
and operation stages of geothermal areas so that resource can be evaluated in the most economic way and
appropriate to the benefits of the country, optimum conditions can be provided, control and supervision
services can be fulfilled.
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Jeotermal enerji tizerine yapilan arastirmalarin artmasina paralel olarak gozenekli ortamlarda tek ve iki fazli
akiskan akimi ve 1s1 tagimminin benzestirilmesi konusunda biiytk gelismeler kaydedilmistir. Son yillarda
matematiksel modeller yardimiyla jeotermal alanlarin modellenmesi yogun olarak ¢alisilan bir konudur. Bu
modeller, jeotermal alanlarin kavramsal modellerinin gelistirilmesi ve dogrulugunun kanitlanmast i¢in
kullanildig1 gibi, rezervuarin potansiyelinin belirlenmesi ve yenilenebilir enerjinin miktar1 ve yenilenme hizi
konusunda tahmin yapilmasma olanak saglamaktadir. Bu ¢alisma kapsaminda, Kiitahya-Gediz jeotermal
alani, Kipp (1987) tarafindan gelistirilen tek fazli sonlu farklar modeli olan HST3D model programi
kullanilarak modellenmistir. HST3D, bir 1s1 ve kiitle tasimm modeli olup yeralusuyu akimi ve bununla
baglantili olarak 1s1 ve kiitle tagmimmni ¢ boyutlu olarak benzestirmektedir. Modelde, igsel bosluk hiz,
basing, sicaklik ve ¢oziinmiis kiitle oranina bagimli olan akiskan yogunlugu ve akigkan viskozitesinin
birlestirilmesi ile elde edilen ti¢ temel esitlifin ¢ozimii esas alinmaktadir. Esitliklerin ¢6ziimiinde sonlu
farklar teknigi kullanilmaktadir. Modelde kullanilan sinir kosullari, sabit deger, sabit aki, akifer ve ylzey
sular1 sizmasi ve 1st iletimini kapsamakta olup tiim sinir kogullart zamanin fonksiyonudur. Kiitahya-Gediz
jeotermal alaninin, jeotermal enerji potansiyelinin belirlenmesi amaciyla iller Bankasi tarafindan, MTA
Genel Midiirliigii'ne bir fizibilite gahigmast yaptirilmis ve bu kapsamda kuyularda testler gergeklestirilmigtir.
Bu ¢alisma kapsaminda, sdz konusu kuyu testlerinden yararlanilarak Kiitahya-Gediz jeotermal alaninda,
termal akiferin isletilmesine bagl olarak ortaya ¢ikabilecek sicaklik ve basing diismesi problemlerini
arastirmak, optimum isletme kosullarmi belirlemek, isletme sonrasi termal akiferin dinamiginde meydana
gelebilecek degisimleri ortaya koymak amac ile sicak su akiferindeki basing ve sicaklik dagihmi, HST3D
modeli aracihgiyla benzestirilerek model alanindaki sicaklik ve basing dagihimi belirlenmistir. Elde edilen
sonuclar degerlendirildiginde, sahada yeni kuyu agilmasi durumunda, bu kuyularin meveut kuyularin etki
yarigapt ve akiferdeki hidrolik dengenin korunmasi kosulu goz oniine ahnacak sekilde, mevcut kuyulan
etkilemeyecek mesafede agilmasi jeotermal alanin gelecegi agisindan dnem tagidigi belirlenmistir.

Anahtar Sézciikler: Gediz, 1s1tma, jeotermal enerji, Kiitahya, matematiksel model.

ABSTRACT

Many advances in simulating single and two-phase fluid and heat transport in porous medium have been
made with geothermal energy research. During the last decade the use of numerical modeling for geothermal
resource evaluation has grown significantly, and new modeling approaches have been developed. These
models are used to verify and improve conceptual models of specific geothermal field sites. In addition they
are used to evaluate the potential of a reservoir and to estimate the quantity of recoverable energy. In this
paper, Kiitahy-Gediz geothermal area has been analyzed using the single-phase finite difference model
HST3D by Kipp (1987). The HST3D code simulates groundwater flow and associated heat and solute
transport in three dimensions. The three governing equations are coupled through the interstitial pore
velocity, the dependence of the fluid density on pressure, temperature and solute-mass fraction. Finite
difference techniques are used to discretize the governing equations. Boundary condition types offered
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include specified value, specified flux, leakage and heat conduction. All boundary conditions can be function
of time.

Kiitahya-Gediz geothermal field has a great potential for space heating. Iller Bank General Directorate has
been made a research project to put forward the geothermal energy potential of Kiitahya-Gediz and to
achieve this purpose many well tests have been conducted in wells in this geothermal field. Within the scope
of this study, it is aimed to conceptualize the hot water circulation system, to indicate the effects of the
current exploitation activities on the aquifer system by modeling the temperature and pressure distribution
with the HST3D numerical model. According the results derived from the model, the temperature and
pressure around the boreholes decrease gradually in time. Due to the low permeability, the turnover of the
system requires a long time. Therefore, new wells should be located far away from the existing wells and
exploited with low rates in order to prevent temperature interferences.

Keywords: Gediz, heating, geothermal energy, Kiitahya, mathematical modelling.
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Son 20 bin Yilda Akdeniz-Marmara-Karadeniz Baglantilari:
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Akdeniz Bolgesinde Geg Buzul ve Holosen donemi 6nemli degisim periyodlaridir. Her iki zaman aralign Geg
Buzul’den Holosen’e, 100m ‘lik deniz seviyesi degisimiyle karakterize edilen ve global iklim degisimleriyle
ilgili olan 6nemli vejetasyon dinamiklerine taniklik etmistir. Dogu Akdeniz Bolgesi (6rnegin Marmara ve
Karadeniz), sirasiyla Marmara ve Karadeniz’i Akdeniz sularinin 12 bin ve 8.4 bin yilinda doldurmasiyla
meydana gelen denizel paleogevresel degisimlerden etkilenmistir. Bu deniz geliminden énce bu iki denizde
bagimsiz havzalardi ve taze-aci su (fresh-brackish water) ortamlariyla karakterize edilmekteydi.

Ana bilimsel sorular sunlardir: Akdeniz, Marmara ve Karadeniz arasindaki baglantiyi kontrol eden faktérler
nelerdir?, Deniz isgali katasrofik bir olay miydi? Bu sorulari cevaplamak igin, 5 sondaj karotu ve 40 ylizey
orneginde yiiksek ¢oziiniirli palinolojik ¢alismalar yapilmigtir. Polen tasimmi ve taphonomisi {izerinde
yapilan ¢aligmalar, cahsilan karotun yeri, iklim, polen yogunlugu ile iliskili olan ylizey sediment
orneklerindeki polen konsantrasyonlarim gosterir (i.e. proximal/distal). Genellikle, yiiksek deniz seviyeleri
sicak periyodlarla iliskilendirilmistir ve yiizey sediment ornekleri yiiksek oranda mezofil agaclar
igermektedir (i.e. warm-temperate). Tersine soguk periyodlar (diisiik deniz seviyesi) ise herb’lerin yliksek
oranda bulunmasiyla karakterize edilirler. Bisaccate polen taneleri, 6zellikle Pinus yiiksek yiizme (buoyancy)
yetenegine sahiptir ve bazi yillar i¢in yiizey sularinda yiizebilirler ve genis olgiide yayilabilirler (uzak
lokalitelerdeki polen ¢aligmalarinda yiiksek miktarda goriilmesi). Yiksek ¢oziiniirlii ornekleme stratejisi son
20 bin yilda deniz seviyesi degisimleri ve iklimin tanimlanmasini saglar. Ug ana polen orani iklimsel ostatik
indeks olarak kullanilabilir:

1. mezofil agaclar/Artemisia oranm; bu oran GRIP oksijen izotop egrisiylede iyi korole edilebilir
(ayrica iklimsel parametrelerle uyumludur),

2. Pinus/halofit (i.e. kiyisal bitkiler tuzlu kosullara gereksinme duyar) orani, deniz seviyesiyle ilgili
olarak, karotun yeri uzaksal yada yakinsal olmas1 hakkinda bilgi verir,
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3. halofit/herbs orani bir 6nceki oranla ayni 6neme sahiptir, fakat devamli bir sekilde uygulanabilir,
hatta sapropellerdede (burda gosterge Pinus i¢in kullanilir).
Calisilan karotlarda, bu oranlar palinofasiyes igerigi (oksijenli-anoksik kosullar1 ve karada erozyonu gosterir)
ve dinoflogellat kist topluluklar ile uyumludur.

iki dinokist toplulugu tanimlanmigtir. Bunlar denizel ve onu iizerleyen aci-su endemik topluluklaridir.
Denizel fauna stenohaline ve 6rohaline tiirlerin herikisinide i¢ermektedir. Aci-su faunasi ise stenohaline
tiirleri igerir. Denizel transgresyonun hidrografik etkisi kangiktir ve ekolojik dinamikler bu kangiklig
yansitmaktadir. Baglangigtaki ekolojik degisim denizel orohaline tiir populasyonlarinin hzh yayilim ile
karakterize edilirler. Fakat stenohaline tiir populasyonlar1 daha dereceli yayilimi karakterize ederler. Bu
dinamik havzamn hidrografik stabilizasyonu ile ilgili olan transgresyonun bastaki hizl etkisini yansitabilir.

ABSTRACT

The Late Glacial and Holocene were periods of important change in the Mediterranean region, both time
intervals witnessed significant vegetation dynamics relating to changes in global climate and the transition
from the Glacial to Holocene was characterised by a sea—level rise of 100 m. The eastern Mediterranean
region (i.e. Marmara and Black Seas) was affected by major marine palaeoenvironmental changes induced
by the invasion of marine Mediterranean waters at 12 ka and 8.4 ka, respectively into Marmara and Black
Seas. Before this marine invasion, these two seas evolved as independent (perched) basins and were
characterised by fresh- to brackish environments.

The major scientific questions are: What are the history and controlling factors of the connection
between the Mediterranean, Marmara and Black Seas? Was the invasion a progressive or catastrophic
event? To answer at these questions, a high-resolution palynological study (pollen and dinoflagellates cysts)
was performed on 40 surface-samples and five cores (four on the Black Sea and one in the Marmara Sea).
Studies on the pollen transport and taphonomy show that the pollen concentration in surface sediment
samples is linked to pollen density, climate and location of the studied core (i.e. proximal/ distal). Generally,
high sea-levels correspond to warmer periods and the surface sediment samples are characterized by high
percentages of mesophilous (i.e. warm-temperate) trees. On contrary, cooler periods (low sea-levels) are
characterised by high percentages of herbs. Bisaccate pollen grains, especially those of Pinus, have high
buoyancy and therefore can float on surface waters for some years and as a consequence, become widely
dispersed. (resulting in their over-representation pollen studies of distal localities)

The high-resolution sampling strategy ensures the identification of climate and sea-level changes during the
last 20 kyrs. Three main pollen ratios can be used as climatic and eustatic indexes:

1. “mesophilous trees / Artemisia” ratio, which correlates well with the GRIP oxygen isotope curve
(also in agreement with quantified climate parameters),
2. “Pinus / halophytes” (i.e. coastal plants requiring salted conditions) ratio, which documents on the
distal or proximal location of the core in relation to sea-level changes,
3. “halophytes / herbs™ ratio has the same significance as the previous ratio, but it is continuously
applicable, even within sapropels (where the signal is biased for Pinus)
In the studied cores, these ratios are in good agreement and also consistent with palynofacies content (both
indicating oxygenated vs. anoxic conditions and erosion on land) and dinoflagellates cyst assemblages.

Two dinocysts assemblages have been identified, with the marine assemblages overlaying brackish endemic
assemblages. The marine assemblages are composed of both stenohaline and euryhaline species, whereas the
brackish assemblages feature exclusively stenohaline species. The hydrographic impact of the marine
transgression is complex and the ecological dynamics reflect this complexity. The initial ecological change is
characterised by a rapid expansion of marine euryhaline species populations with a subsequent, but more
gradual expansion of stenohaline species populations. This dynamic could reflect the dramatic initial impact
of the transgression coupled with the progressive hydrographic stabilisation of the basins.
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Bu ¢aligma kapsaminda Marmara kiy: bolgelerinin bir ¢ok boliimii arastirilmis ve orneklenmistir. Bu alanlar
Bithynia (Marmara Denizi’nin giiney kiyis1), Canakkale Bogazi, Gelibolu yarimadast, Trakya (Saros Korfezi,
Istanbul’un kuzey batis1 Karadeniz kiyr alan1)’dir. Bu alan genellikle Karadeniz ve Akdeniz arasinda Geg
Neojen gegis zonu olarak disiiniilmektedir (Popov e al., 2006), ve Kuzey Anadolu Fayindan (KAF)
etkilenmektedir (McKenzie, 1972; Sengér et al., 1985).

Armijo ve dig.’nin (1999) belirttigi gibi Mesiniyen Tuzluluk Krizi bolgeyi 6nemli sekilde etkilemistir. Bu
calismada asafida belirtilen yaklasimlari gelistirdik: (1) Mesiniyen Erozyonal Yiizey iizerinde bulunan
sedimentleri karakterize etmek ve belirlemek igin saha arastirmalari (sismigi de igeren), (2) Mesiniyen
Tuzluluk Krizi'ni (MSC) takiben ve oncesinde kesin yaslandirma igin mikropaleontolojik analizler
(foraminiferler, genellikle nannoplanktonlar) ve Karadeniz-Ege Denizi arasindaki potansiyel su
degisimlerinin arastirilmasi (dinoflogellat kistleri).

C1kan ana sonuglar sunlardir:

—  Subaerial (6rnegin fliivyal) erozyon Saros Korfezi’nde nispeten zayifti, fakat Karadeniz selfinde ve
[stanbul’un bati yamacinda (Karadeniz abisal dizligiine ulasan Karacakdy Mesiniyen Kanyonu)
yogundu,

- Giinlimiizdeki Canakkale Bogazi, 6nemli bir fluvial drenaj aginin ana kanali tarafindan kesilen
Mesiniyen kanyonunun tizerinde bulunmaktadir,

— Marmaranin giineyindeki ana Mesiniyen drenaj kanallari Génen ve Bursa’da yer almistir. Bu
sonuglar Mesiniyen Tuzluluk Krizi’nin hemen ¢ncesinde ve sonrasinda bu bolgede Karadeniz ve
Akdenizi birbirine baglayan iki yonlii akig sistemini saglayan bir su gegisinin bulunmadigin
desteklemektedir (Popescu, 2006).
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ABSTRACT
Several areas have been investigated in the region of the Sea of Marmara: Thrace (Gulf of Saros, Black Sea
coastal area northwest Istanbul), Gelibolu Peninsula and Dardanelles (Canakkale) Strait, Bithynia (southern
edge of the Marmara Sea). This is a key-region because it is generally considered as the late Neogene
passage zone between the Mediterranean and Black seas (Popov et al., 2006), and has been severely affected
by the North Anatolian Fault (McKenzie, 1972; Sengor et al., 1985).

As Armijo et al. (1999) proposed that the MSC significantly impacted the region, we developed the
following approach. (1) field (including seismic) investigations in order to identify the Messinian Erosional
Surface (MES) and characterize which sediments overlie the MES, (2) micropaleontological analyses for
precisely dating (foraminifers, nannoplankton mostly) deposits preceding and following the Messinian
Salinity Crisis (MSC) and documenting the potential exchanges (dinoflagellates cycts) between the Aegean
and Black seas.

The main results reveal that:

- the subaerial (i.e. fluvial) erosion was relatively weak in the Gulf of Saros but intensive in the Black
Sea shelf and slope west of Istanbul (Messinian canyon off Karacakdy reaching the Black Sea abyssal
plain),

- the present-day Dardanelles Strait is superimposed on a Messinian canyon which appears to have
been cut by the main channel of an important fluvial drainage network,

- the main Messinian drainage channels in the southern Marmara are located in the areas of Gonen
and Bursa,

and supports that the gateway which connected the Mediterranean and Black seas in a two-way flow system
Just before and after the MSC was not located in the area (Popescu, 2006).
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Canakkale bolgesinin kargisinda bulunan Kuzey Anadolu Fayr’nin (KAF) yayilimi igin Armijo ve dig. (1999)
tarafindan sunulan kanit tartismanin konusudur (e.g. Yaltirak et al. 2000 vs. Armijo et al. 2000). iki gozlem
bu tartismada onemli gorilmektedir. Bunlardan biri daha 6nce gériilmeyen, fakat Armijo ve dig. (1999)
tarafindan tanimlanan Ganos-Gelibolu antiklinalinin 70 km’lik atimidir. Diger tartismal goriinen gozlem ise
ana sedimenter birimlerin stratigrafisi ve muhtemelen Erken Pliyosen yasli Algitepe Formasyonunun yataya
yakin duran tabakalar ve bunu tizerleyen Orta-Geg¢ Miyosen yaslh (Gazhanedere ve Kirazh Formasyonlarinin
kuvvetli kivrimlanmis tabakalari arasindaki uyumsuzluga neden olan olan tarafindan smirlandirilmis
Canakkale bolgesindeki sikismali deformasyonun zamanidir. Bundan bagka, Armijo ve dig. (1999)
Mesiniyen Tuzluluk Krizi esnasinda Canakkale Bolgesinde oyulan kanyonu transgresif Algitepe
Formayonunun doldurdugunu belirtmistir. Daha once haritalanmamis olan bu ana ozellik, su anda
arastirllmaktadir. Farkli birimlerin kapsamli 6rneklenmesi ve nannoplankton analizleriyle dogru yaslandirma
yapilmasi sonucu:

(DKirazli Formasyonu Mesiniyen yashdir (NN11b zonu) ve Algitepe Formasyonu Zanclean yashdir (NN12
zonu), bu nedenle Canakkalede erozyonal kanyonun olusumu esnasinda tektonik uyumsuzluk Mesiniyen
Tuzluluk krizini gosterir,

(2)Canakkale Bolgesindeki kisalma hemen hemen Mesiniyenin (NN11b zonu) sonunda Zanclean’i (NN12
zonu) takip eden donemde kisa bir zaman araliginda meydana gelmistir (600, 000’den az),

(3)KAF tzerindeki dogrultu atim Pliyosen ve Kuvaterner boyunca tektonik siireclerin baskin oldugunu
gostermektedir. Ganos-Gelibolu antiklinalinin 70 km’lik atimi Armijo ve dig.’nin (1999) daha onceki
sonuglartylada uyumlu olarak son 5 milyon yil esnasinda meydana geldigini gostermektedir.

Bu yeni kamt, Mesiniyen Tuzluluk Krizi esnasinda deniz sulan tarafindan yiiklenen degisimlerle fay

ilerlemesinin mekanik modellerinin yeniden tayinini ve paleocografik evrim senaryolarini da igeren bir ¢ok
onemli perspektif sunmaktadir.
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ABSTRACT
The evidence presented by Armijo et al. (1999) for the propagation of the North Anatolian fault (NAF) across
the Dardanelles Region is subject of controversy (e.g. Yaltirak et al. 2000 vs. Armijo et al. 2000). Two
observations appear crucial to this discussion. One is the apparent 70 km offset of the Ganos-Gelibolu
anticline, not seen before, but which Armijo et al. (1999) describe as a very clear feature. The other disputed
observation is the stratigraphy of the main sedimentary units and the timing of the compressional strain in
the Dardanelles, constrained by the unconformity between the strongly folded strata of middle-late Miocene
age (Gazhanedere and Kirazl Formations) and the overlaying, nearly flat layers of possible early Pliocene
age (Alcitepe Formation). Furthermore, Armijo et al. (1999) suggested that the transgressive Algitepe
Formation fills a canyon incised in the Dardanelles region during the Messinian Salinity Crisis. This major
Jeature, unmapped previously, has now been investigated further. Extensive sampling of the sediments of the
different units and accurate dating by nannoplankton analyses show that:
(1) The Kirazli Formation is of Messinian age (zone NN11b) and the Algitepe Formation of Zanclean age
(zone NN12), so the tectonic unconformity spans the Messinian Salinity Crisis, during which an important
erosional canyon formed in the Dardanelles.
(2) The shortening in the Dardanelles area has occurred in a short time interval (possibly less than 600,000
yrs) mostly at the end of the Messinian (zone NN11b) and had completely ceased by the Zanclean (zone
NNI2b).
(3) Strike slip on the NAF appears the dominating tectonic process throughout the Pliocene and the
Quaternary and the 70 km offset of the Ganos-Gelibolu anticline has occurred during the past ~5 Myr, in
agreement with the earlier inference of Armijo et al. (1999).
The new evidence opens many exciting perspectives, including development of paleogeographical evolution
scenarios and reassessment of mechanical models of fault propagation interacting with loading changes by
marine waters during the Messinian Salinity Crisis.
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Anadolu’nun giliniimiizdeki bitki ortiisii (vegetation) ve bitki floras1 gegmisteki bitki oOrtiisii ile
karsilagtinldiginda tamamiyla karakteristik 6zellikler gostermektedir (Zohary, 1973; Quézel ve Médalil,
2003). Bu bélge son 2.6 milyon yillik iklim dongtleri esnasinda Akdeniz vejetasyonunun 2 tiiriinden;
Angiosperm (Liquidambar orientalis, Parrotia persica, Pterocarya fraxinifolia, Zelkova crenata) ve
Artemisia stepleriyle birlikte bulunan Gymnosperm (cedrus) gibi kalint1 bitkileri igermektedir.

Karadeniz’de Istanbul Bogazi yakinlarinda 2107 m su derinliginden alinan 1073,5 m uzunlugundaki DSDP
380 A karotundan alinan 6rneklerde polen analizleri yapilmistir. Polen analizi i¢in polen érnekleri Cour’un
klasik metoduyla hazirlanmistir (Cour, 1974). Polen analizleri Erken Pliyosen-Erken Pleyistosen’de iklimde
ve vejetasyonda onemli degisimler gostermektedir.

DSDP (Deep Sea Drilling Program) 380 A karotu baglica bes stratigrafik birim ve ondért alt birimi
icermektedir (Ross, 1978). Bu birimler karotun istinden tabanmma dogru Unit 1-Unit 5 olarak
isimlendirilmigtir. Birim 1 baglica terrijenik sedimentleri kapsamaktadir. Birim 2 aragonit, sideritik ve
kalsitik marl; Birim 3 marl, kalsitli biyojenik ¢okeller (ooze); Birim 4 kalsitik, sideritik, aragonitik ve
dolomitik ¢okelleri; Birim 5 ise siyah seylleri icermektedir.

Karotda 300-700 m’ler arasi (Birim 2, Birim 3, Birim 4a) palinolojik yontemlerle incelenmistir. Geg
Miyosen’de (700-1,073.5 m) kiy1 vejetastonu delta ortamiyla belirlenmistir. Erken Pliyosen (Zaclean), Erken
Pliyosen-Erken Pleyistosen’de de devam eden iki vejetasyon grubu ile karakterize edilmistir (termofil
ormanlar; tropikal, yan-tropikal ve sicak-1liman agaglar ve stepler; Popescu, 2006). En ¢ok gozlemlenen agag
turleri; termofilik agaglar i¢in Taxodiaceae ( Taxodium'uda igeren), yapragini déken-Quercus, Betula, Alnus,
Zelkova; step ve herb’ler i¢in Artemisia, Amaranthaceae-chenopodiaceae, Asteraceae-Astroideae, Poaceae,
Asteraceae-chichorioideae’dir. A¢ik vejetasyon formasyonlart bolgede buzul (glacial) doénemlerini
gosterirken, termofil bitkiler buzularasi (interglacial) donemleri temsil etmektedir. Ayni vejetasyon degisimi
Erken-Geg Pleyistosen’de de devam etmistir (0-300 m). Polen kayitlarinda step-orman degisimleri 41 bin
(ka) 100 bin (ka) yillik dongiisellik gostermektedir.

Tropikal bitkilerden Avicennia alba (mangrove) karotda 412,53 m’de (1.8 Ma) tanimlanmistir. Bu durum
tropikal bitkilerin Karadeniz’de Akdeniz’den daha uzun bir zamandir varligini siirdiirdiigiinii gostermektedir
(Suc ve dig., 1995). Carya, Carpinus orientalis, Pterocarya, Liquidambar orientalis, Zelkova gibi kalinti
bitkilerin halen bolgede varligini devam ettirmesi Asya Muson iklimin etkisiyle agiklanabilir.

Anahtar Kelimeler: Palinoloji, Vejetasyon, Iklim, Pliyosen, Karadeniz
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ABSTRACT
A comparision of the presentday and past flora and vegetation of Anatolia shows some distinct
characteristics (Zohary, 1973; Quézel and Meédail, 2003). This region includes today a lot of relict
Angiosperm (Liquidambar orientalis, Parrotia persica, Pterocarya fraxinifolia, Zelkova crenata, etc) and
Gymnosperm (Cedrus) forest taxa coexisting with Artemisia steppes, that constituted the two successive types
of Mediterranean vegetation during the climatic cycles of the last 2.6 million years.

Pollen analyses were carried out in the 1073.5 m long sedimentary sequence 1f the DSDP Drill Hole 380 A
recovered from 2107 m water depth off the Bosphorous Strait’s entrance in the Black Sea. Samples were
prepared using Cour’s clasical method (Cour, 1974). Pollen analyses indicate important changes in
vegetaion and climate during Late Miocene-Early Pleistocene time interval.

The sedimentarysequence at DSDP 380 site in the Black Sea includes five stratigraphic units and fourteen
sub-units identified by Ross (1978). These are named as Unit 1 to Unit 5 from top to bottom. Unit 1 consists
of mainly terrigenous sediments (muds and silts). Unit 2 includes aragonite, sideritic and calcitic marl
interbedded with muds. Unit 3 is composed of marl, including calcitic oozes and marls. Unit 4 includes
calcitic, sideritic, aragonitic and dolomitic sediments interbedded with muds. Unit 5 consists of black shales.

The palynologically studied interval between 300 and 700 m includes Unit 2, 3 and 4a that were deposited
during the Early Pliocene-Early Pleistocene. During the Late Miocene (700-1,073.5 m depth), coastal
vegetation characterizes a deltaic environment. The Early Pliocene (Zanclean) indicates the competition
between two vegetation groups in the region (thermophilic forests constituted by tropical, sub-tropical and
warm-temperate trees, and steppes; Popescu, 2006) which continued during the Early Pliocene — Early
Pleistocene interval. The most relevant tree taxa are Taxodiaceae (including Taxodium-type), decidous
Quercus, Betula, Alnus, Zelkova for thermophilic plants and Artemisia, Amaranthaceae-Chenopodiaceae,
Asteraceae-Asteroideae, Poaceae, Asteraceae-Chichorioideae for steppes and herbs. Open vegetation plants
represent cold-dry climate (glacial) and termophilic plants represeningt warm-humid (interglacial) climate
in the region. The same vegetation pattern continued from Early to Late Pleistocene (0-300 m depth).
Steppe-like vs. forest-like alternations in the pollen record clearly document the successive 41 ka to 100 ka
glacial-interglacial cycles .

Avicennia alba, a mangrove shrub (tropical) was sparingly recorded up to 412.53 m depth, i.e. up to 1.8 Ma.
This situation supports that thermophilic plants persisted in the the Black Sea region longer than in the
Western Mediterranean region (Suc et al., 1995). Relict plants such as Carya, Carpinus orientalis,
Pterocarya, Liquidambar orientalis, Zelkova have been continuously recorded. This can be explained by the
effect of the Asian Monsoon in the region.

Key words: Palynology, Vegetation, Climate, Pliocene, Black Sea
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Mersin Korfezi kiyilar1 (Dogu Akdeniz) hem insan hem de ¢esitli s1§ denizel organizma
faaliyetlerinin yogun olarak gozlendigi bir alandir. MO 1. bin yil baslarinda insa edilen antik Soli-
Pompeiopolis kenti limaniyla (Yagci, 2007) birlikte kiyr morfolojisine ilk insan miidahalesi baglamigtir. 1954
yilinda Mersin Limanin ingasina baglamasiyla bu miidahaleler énemli boyutlara ulasmistir. Giiniimiizde
yapimu devam eden park ve sahil yolu dolgular, dalgakiran, marina, akarsu setlerinin uzanimi ve benzeri
insan yapimi kiy: insaatlari, giincel kiyr morfolojisini 6nemli élg¢iide degistirmektedir. Bu yapilar deniz
dalgalarinin yoniinii ve siddetini etkilemekte, ayrica kiyiya paralel akintilarin yoniinii degistirmektedirler. Bu
engellemeler kiy1 bolgelerinde erozyona neden olabildigi gibi yeni sediman yigma alanlannin gelisimine de
neden olabilmektedir.

Yukarida bahsedilen insan faktoriine ek olarak, cesitli s1§ denizel organizma faaliyetleri Mersin Korfezi
kryilarindaki yayginca Miyosen ve daha az oranda Jura-Kretase kiregtagi anrosmanlarini ve Pliyo-Kuvaterner
cakiltaglarmi etkilemektedir. Bu faaliyetlerin en 6nemlileri; Brachidontes pharaonis (Fischer P. 1870)
midyeleri tarafindan meydana getirilen vazo sekilli oyuklar (gastrochaenolites; maksimum 44 mm derinlikte),
Phoronida solucanlan tarafindan olusturulmus, ince-uzun tiip sekilli oyuklar (endolithes; 35 mm derinlikte,
1,5 mm c¢apta) ve digerleri kadar belirgin olmayan Patella sp. gastropodlar tarafindan meydana getirilen
kazima izleridir. Bu organik faaliyetler kiyr oniinde bulunan gevsek ¢akiltaglarinin orta-kaba kum boyu
baglayic1 malzemesinin i¢ine niifuz ederek, bunlarin tamamen pargalara ayrilmasina neden olmuslardir.
Parcalanma sonunda kum boyu sedimanlar kiyitya ve agik denize dogru tasinabilirken, cakillar kiyiya
tagmarak cakilli sahilleri olusturmustur. Ayni organizmalar kiregtasi anrosmanlan {izerinde yaklasik 3 cm’lik
bir organik ortii ve 4,5 cm kalinhiginda bir bozunma zonu meydana getirmektedir. Biyolojik bozunma
kiregtagi anrogmanlari yiizeyinde asinmaya neden olmakta, bu da kayaglarda dayanimi azaltmaktadir. Ancak
organizmalarin tiim kayaci giiglii bir hasir gibi kaplamasi halinde, kayaci dalga ve sonraki organik etkilerden
korumaktadir.

Anahtar Kelimeler: Mersin, Giincel Kiy1 Morfolojisi, Biyoerozyon, Anrosman
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ABSTRACT

The Mersin Bay coasts (Eastern Mediterrranean) is the area where the both densely human and several
shallow marine organisms activities are observed. The first human intervention to the coastal morphology
started with the building of the ancient Soli-Pompeiopolis city port at the beginning of the BC 1. thousand
year (Yagci, 2007). Those interventions reached to significant amount after the starting construction of
Mersin Port in 1954. Park and coastal road fillings, breakwater, marina, extension of river embankments
and similar man made coastal structure, whose constructions are recently continuing, are significantly
changing the coastal morphology. Those structures are affecting the direction and intensity of sea waves and
changing the direction of longshore currents. These barriers cause both erosion and new sediment
accumulation areas in coastal region.

In addition to the human factors that mentioned above, several shallow marine organism activities are
affecting the abundantly Miocene and lesser Jurassic-Cretaceous limestone armourplates and Plio-
Quaternary conglomerates of the Mersin Bay coasts. The most important activities of them are, vase shaped
holes (gastrochaenolites; maximum 44 mm depth) formed by Brachidontes pharaonis (Fischer P. 1870)
mussels, long, thin tubular sahpe holes (endolithes; 35 mm depth, 1.5 mm diameter) formed by Phoronida
worms and scrape trace, which is not significant like the others, formed by Patella sp. gastropodas. These
organic activities have diffused inside the medium to coarse-grained sand size binding materials of the loose
conglomerates, locally found in the foreshore, and cause the total disintegrations of them. As a result of this
fragmentations, sand size sediments are transported to open sea and coastal area, while gravels are then
transported to the shore and form gravelly beach. The same organisms have formed roughly 3 cm thick
organic cover and 4.5 cm thick weathered zone in the limestone armourplates. Biologic degradation cause
surficial erosion of the armourstone and decrease the rock stability. However if the organism cover the
whole rock as a strong mat that act to protect the rock surfaces from the further wave and organic effects.

Keywords: Mersin, Recent Coastal Morphology, Bioerosion, Armourstone
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Tetis Okyanusu’nun pargalanmasi ve kuzeyde Paratetis’in/Karadeniz’in ve glineyde giiniimiiz Akdenizi’nin
ayr1 bir biyoprovens olarak ortaya ¢ikist Orta Miyosen’nin ge¢ evrelerine rastlar. Ancak, bu donemden
guntimiize kadar gegen 12 Milyon yillik siire¢ igerisinde, bu iki biyoprovens arasinda ve genellikle statik
deniz seviyesi degisimlerine ve Anadolu’nun ve gevresinin yiikselmesine bagli, kisa siireli ve donemsel
baglantilar hep var olmustur. Bu iligkiler, bu ¢alismada 6zellikle Ostrakod faunasinin incelenmesi ile ortaya
konulmustur. Ayrica, foraminiferler ve mollusklar gibi bentik fauna gruplan da bu iki biyoprovens arasindaki
etki alanlan ve bunlarin siirlarmin belirlenmesinde katki saglamaktadir,

Giintimiizden geriye giderek, 12 Milyon yil éncesinden giiniimiize kadar Kuzeybati Anadolu Bolgesi’nde
Tetis-Paratetis veya Akdeniz/Karadeniz iliskisi sekiz farkli dénemde incelenebilir.

1. Giiniimiiz Karadeniz/Akdeniz bentik-biyolojik yayihm smin Istanbul Bogaz’nin  kuzeyinden
Anadolu’nun Catalca ve Kocaeli Yarimadalar kiyilari boyunca dogu ve batiya dogru incelen bir mantar
sapkasi seklinde yayilim gostermektedir (Tunoglu 2002¢). Marmara Denizi’nin bugiinkii ekolojik ve ortamsal
ozellikleri ve ostrakod faunas: biiyiik oranda Akdeniz biyoprovensi 6zelliklerini yansitmaktadir (Tunoglu, ,
1996a, b; 1999). 2. Holosen dénemi boyunca Istanbul Bogazinin agilmasi paralelinde, Marmara Denizi ve
cevresinde her iki biyoprovensi temsil eden karisik bir ostrakod toplulugu izlenmektedir (Kerey vd., 2004 a,
b; Meri¢ vd., 1998, 2000). 3. Geg¢ Pleistosen déneminde Marmara Denizi ve ¢evresindeki baz1 alanlarda
Karadeniz’in etkisi goriilmektedir (Schneider vd., 2005). 4. Erken-Orta Pleyistosen doneminde s6z konusu
biyoprovens siniri Gelibolu Yarimadasi bolgesinden gegmekteydi. Bu dénemde tiim Marmara Denizi ve
¢evresinde Karadeniz faunasi baskin durumdaydi. Bu durum ostrakod faunasinin yani sira foraminifera ve
Bivalvia faunasinin incelenmesi ile de ortaya konulmustur (Taner, 1983; Merig vd., 2000; Tunoglu, 2007). 5.
Pliyosen donemi tiim Karadeniz kiyis1 ve Trakya’da ve ozellikle Sinop Yarimadas: ¢evresinde fosilsiz
karasal, yari-karasal ve az oranda denizel birimlerle ve taracalarla karakteristiktir (Tunoglu 1984, Tunoglu
vd, 1998). 6. Ge¢ Miyosen (Ponsiyen/Messiniyen) doneminde tim Karadeniz kiyilar1 Trabzon, Sinop,
Igneada ve Gelibolu Yarimadasi dahil Marmara Denizi’nin bitylik bir kismi Paratetis’in etki alanindayd:
(Tunoglu, 1984, Tunoglu & Goékgen, 1991, 1997:; Tunoglu, 2001a, b; 2002a, b, 2003). 7. Ponsiyen 6ncesinde
(Meosiyen/Ge¢ Pannoniyen), Tetis/Akdeniz biyoprovensinin etki alani kisa bir dénem bugiinki etki
alanindan daha genis olarak izlenmekteydi ve tiim Marmara Denizi dahil Sinop Yarimadasi’na kadar
uzanmaktaydi (Tunoglu, 1984; Tunoglu & Goékgen, 1985, 1991, 1997; Tunoglu vd., 1998; Tunoglu 2001a, b;
2002a, b; 2003; Cagatay vd., 2006). 8. Pannoniyen doneminde ise Paratetis’in etki alani Gelibolu
Yarimadasi'na oldugu kadar Marmara Denizi vasitast ile Bati Anadolu’nun i¢ kesimlerine kadar
uzanmaktayd, Tetis/Akdeniz etkisi ise bu kesimlerde ya izlenmemekte idi ya da son derece azdi (Tunoglu &
Unal, 2001a, b; Atay & Tunoglu, 2002, 2005; Gokgen 1979).

Anahtar Kelimeler: Ostracoda, Anatolia, Tethys-Paratethys, Miocene-Recent
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ABSTRACT

With the closure of the Tethy,s different bioprovinces of Paratethys to the north and Mediterranean to the
south came into existence at the end of Middle Miocene. Both the bioprovinces have been connected and
influenced each other for short periods since 12 Million years ago as result of eustatic sealevel changes and
tectonics of Anatolia. Ostracoda assemblages, as is used in this study, are very useful tool for studying the
relationships between the two bioprovinces.But Benthic foraminifera, Mollusca groups also has provided
very important and useful data for delineating the biodiversity boundaries andshowing the influences of
the two bioprovince.

Tethys-Paratethys or Mediterranean/ Black Sea relation can be examined in eight main different periods for
the last 12 Millon years in the northwest Anatolia.

1. Recent echological conditions and the biologic spreading of the ostracoda fauna of the Sea of Marmara
are great proportion influenced by the Mediterranean Sea and this situation has been the case since Late
Quaternary-Holocene with the opening of Istanbul Strait (Bosphorus). Today, benthic biologic spreading
boundary can be drawn like a mushroom from exit of Istanbul Strait to the Black Sea and both side (east and
west) shorelines of Black Sea Coasts (Tunogu, 1996a,b, 1999, 2002c). 2. Holocene epoch has been observed
in the Sea of Marmara and around it as a mixed ostracoda assemblage of Mediterranean and Black Seas.
(Kerey et al., 2004 a, b; Meri¢ et al., 1998, 2000). 3. Black Sea or Paratethys infuence has been observed in
some localities of the Sea of Marmara and its surroundings during the Late Pleistocene epoch (Schneider et
al., 2005). 4. At the Early-Middle Pleistocene epoch, the border between these two bioprovinces was located
arround the Gelibolu Peninsula and Canakkale. All of the Sea of Marmara and the surrounding areas was
influenced of Black Sea. This is indicated by ostracoda, foraminifera and bivalvia (Taner, 1983; Meri¢. et al.,
2000; Tunoglu, 2007,). 5. Pliocene is characterized with continental, epicontinental and little marine
facieses and environments throughout the Black Sea coast of Anatolia and Thrace and especially around of
Sinop Peninsula (Tunoglu, 1984; Tunoglu vd, 1998). 6. In the Late Miocene, particularly
Pontian/Messinian, the entire Black Sea coast from Trabzon to Sinop, Igneada regions and Sea of Marmara
and surrounding were under the influence of Paratethys (Tunoglu, 1984, Tunoglu & Gokgen, 1991, 1997;
Tunoglu, 2001a, b; 2002a, b, 2003). 7. In the Meotian/Late Pannoniyen stage, Tethys’ influence was much
more pronounced than today, and Meotian successions can be seen until Sinop Peninsula in the east for a
brief period (Tunoglu, 1984, Tunoglu & Gokgen, 1985, 1991, 1 997; Tunoglu et al., 1998; Tunoglu 2001a, b,
2002a, b; 2003; Cagatay et al., 2006). 8. In the Pannoniyen stage, once again, the influence of Paratethys
was expanded to Gelibolu Peninsula as well as to some inner part of western Anatolia, with no or very little
influence of the Tethys on these regions(Tunoglu & Unal, 2001a, b; Atay & Tunoglu, 2002, 2005; Gokgen,
1979).

Keywords: Ostracoda, Anatolia, Tethys-Paratethys, Miocene-Recent
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Trabzon-Akc¢aabat arasi giincel deniz ¢okellerinin jeokimyasal 6zellikleri

Geochemical Characteristics of Recent Marine Sediments of the Trabzon-Ak¢aabat Bay Area

Ciinevt SEN, Tiilay BAK

KTU MF Jeoloji Miihendisligi Boliimii
csen@ktu.edu.tr

(0V4
Dogu Pontid Eosen volkanizmas: kiy1 hatti boyunca, Harsit (Tirebolu) nehrinden Arsin’e (Trabzon) kadar
uzanir. Bu ¢alismada s6z konusu volkanik hattin kuzeyinde yer alan Trabzon-Akg¢aabat arasindaki kiyr yakim
giincel tortullarinin jeokimyasal ozellikleri ¢aligilmuistir. Tortullarin jeokimyasal ozellikleriyle beslenme
alanlarindaki kayaglarin jeokimyasal 6zellikleri arasinda iligki kurulmas: amag¢lanmustir.

Trabzon-Akgaabat arasinda yer alan ve korfez morfolojisine benzeyen ¢alisma alaninin kuzeyindeki deniz
alti adalar;, Dogu Karadeniz’de KB-GD yonlii ana akinti yonlne bariyer olusturmakta ve korfeze bu
akintilarla tasinacak askinti malzeme ¢okelmesine biiyiikk 6l¢iide mani olmaktadir. Korfez, batidaki Fener
Burnu ile doguda Trabzon ¢ikintisi arasindaki yaklasik 20 kiigiik dere ile beslenmektedir. Bu derelerin birkag
tanesi harig digerlerinin beslenme alami sadece Eosen volkanik kayag¢larnin olusturdugu alanlardir.

Sekil 1. Calisma alani, Trabzon-Akgaabat arasi ve tortul 6rneklerin alindig yerler.

Tortul 6rnekleri KTU Siirmene Deniz Bilimleri Fakiiltesi’ne ait DENAR-I arastirma gemisi ile Nisan-Mayis
2004 tarihleri arasmnda Orange Peel Bucket kullamlarak almmistir. Omneklerin kurutulup elenmesinin
ardindan -100 mesh boyutundaki malzeme ICP-MS yontemiyle analiz ettirilmistir. Analizi yapilan deniz
¢okellerinin, % 0.41 ile 0.54 arasinda Mg numarasina, 350 + 30 ppm Sr, 55 + 5 ppm Rb, 75 + 20 ppm Zr, 20
+ 3 ppm Y ve, 320 + 35 ppm Ba igerdikleri saptanmustir. (La/Lu)cpon oranlari ise 8 ila 12 arasindadir. Bu
degerleriyle beslenme alanindaki kayaglarla biiyiik ol¢iide benzerlik gosterdikleri tespit edilmistir. Ancak,
ayrisma, tasinma ve depolanma islemleri sirasinda kimyasal bilesimde farkliliklarin oldugu da saptanmugtir.
Anahtar Kelimeler: jeokimya, deniz tortullar
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ABSTRACT
Eastern Pontid Eocene volcanic rocks extend along the shores of Back Sea from east bank of Harsit
(Tirebolu) River through west of Arsin village (Trabzon). The aim of this study is that to investigate
geochemical characteristics of recent sea sediments of Trabzon Bay area.

Sea mount barriers at the north of the bay prevent NW-SE directed currents, therefore, minimal colloid
carried by the currents to the bay area. The bay feeds by the twenty small creeks which mostly are cut by only
the Eocene aged volcanic formation.

Samples are collected by DENAR-I that is sea vehicle of KTU Faculty of Marine Science through April-May
2004 using orange peel bucket. Samples were analyzed by ICP-MS after the dried and sieved under 100
mesh.

Mg-numbers of studied samples range 41 to 54. Their average trace element concentrations are 350 + 30
ppm Sr, 55 £ 5 ppm Rb, 75 £ 20 ppm Zr, 20 + 3 ppm Y, 320 + 35 ppm Ba. Their (La/Lu)cyoy ratios are 8-10.
All these values show similarity respect to the provenance area. But, during the weathering, transporting and

deposition some elements are differentiated.

Keywords: geochemistry, marine sediments
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Trabzon-Fener Burnu ile Of Arasi Deniz Tortullarinin Agir Metal icerikleri

Heavy Metal Contents of Marine Sediments of the Shoreline Between From The Fener Cape
(Trabzon) to The Of Village

Tiilay BAK, Ciineyt SEN

KTU MF Jeoloji Miihendisligi Béliimii
tulaybak@ktu.edu.tr

0z
Dogu Karadeniz Bolgesi’'nde yerlesim genellikle kiy1 bolgelerde yogunlagmistir. Samsun-Hopa kiy1 hatti
boyunca 5 il ve onlarca belde belediyesi mevcuttur. Karadeniz’deki geleneksel deniz kenarinda yerlegim
merkezi kurma ozelligi itibariyla bu illere bagl belediyelerin ¢ogu sahillerdedir. Tiim bu belediyeler birkag
istisna haricinde yillar boyunca denizi atik deposu olarak kullanmistir. Caligma alamimizda Trabzon
Akgaabat-Of arasinda da evsel, endiistriyel ve tarimsal atiklar herhangi bir aritma olmaksizin denize
birakilmaktadir.

Bu ¢aligmanin amaci Trabzon Belediyesi’nin yaptirmis oldugu desarj hatlarinin denizdeki kolektorleri
civarinda ve kiy1 boyunca toplanan ¢rneklerden deniz tortularinin agir metallerce ne kadar kirletildigini
saptamaktir.
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Sekil. 1. Caligma alani, Trabzon-Of aras1 kiyisal bolge ve drneklerin alindig: yerler.

Trabzon-Of arasi ¢aligma alaninda ve 4,5-127 metreler arasinda degisen su derinliklerinde deniz tabaninin
yaklasik tst ilk 25cm’sinden “orange peel bucket” 6rnekleyicisi ile tortu érnekleri alinmistir. Tortullarin kil
boyutundaki kismindan 6mekler analize hazirlanmig ve Cd, Co, Pb, Cu, Ni, Zn, Cr, Hg, Mn, Fe, V, P, Ag’nin
de i¢inde oldugu 37 elementin analizi yapilmistir.

Yapilan ¢aligmalar sonunda kirlilik faktorii (cf) hesaplanmus esik degerler Uzerindeki degerler kirlilik
anomalisi olarak tespit edilmistir. Buna gore; Camburnu ve Of istasyonlarinda Cd igin; Sogiitlii deresi
oniinde Co i¢in; Yeniay istasyonunda Pb i¢in; Camburnu ve Of istasyonlarinda Cu i¢in; Yomra Deresinin
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ag181, Camburnu ve Of istasyonlarinda Zn i¢in; Fatih Egitim Fakiltesi a¢ig1, Gazipasa-Ganita arasi ve
Degirmendere agzi istasyonlarinda Hg i¢in; Fatih Egitim Fakiltesi 6nii, Akyazi, Degirmendere agz1, Yomra
Deresi agz1 ve Karadere agzinda Mn igin; Yeniay istasyonunda Fe i¢in; Yildizli’da V i¢in; Besirli A¢iklar,
Gazipasa-Ganita aras1 ve Yomra Deresinin agiginda P i¢in; Degirmendere, Camburnu ve Of istasyonlarinda
Ag i¢in dusiik dereceli kirlilik (1,5<cf<6) saptanmigtir. Yine Yeniay istasyonunda ise Cd, Cu, Zn, Ag i¢in
yiiksek derecede kirlilik (cf>6) saptanmigtir.

Kirliligin gorildugii yerler genellikle yerlesim ve niifus yogunlugunun fazla oldugu ve evsel atiklarin denize
desarj oldugu (Akg¢aabat, Sogiitlii Fatih Egitim Fakiiltesi onii, Besirli agiklar1, Gazipasa-Ganita arasi) bolgeler
ile sanayi atiklarinin ve maden isletmeleri atiklarinin denize desarj oldugu (Degirmendere, Yomra, Siirmene-
Yeniay, Camburnu, Karadere, Of Deresi) yerlerdir.

Anahtar Kelimeler: agir metal kirliligi, deniz tortullar:

ABSTRACT
The population of the east Black Sea region is densely located on the seashore. Through Samsun to Hopa,
there are 5 cities and tens of village municipalities, which discharge most of effluents to the Black Sea all
year round. In the study area between Trabzon Ak¢aabat and Of, all household, industrial and agricultural
wastes have been discharged to the sea without any treatment.

The main purpose of this study is to determine the extend of heavy metal pollution of the marine sediments
around the discharge collectors installed by the Trabzon municipality and along the coasts.

In the study area, off the shoreline between Trabzon-Of and at 4.5 to 127 meters water depths sediment
samples were collected from the upper 25 cm of seafloor using an orange peel bucket. Clay-size materials of
the samples were prepared to be analyzed for 37 elements including Cd, Co, Pb, Ni, Zn, Cr, Hg, Mn, Fe, V, P
and Ag..

From above the background values contamination factors (cf) were determined. According to these
determinations, low to moderate degree of cf (1.5 < cf < 6) was determined for Cd (at Camburnu and Of),
Co (off the Sogiitlii Creek), Pb (at Yeniay), Cu (at Camburnu and Of), Zn (off the mouth the Yomra Creek, at
Camburnu and Of), Hg (at Trabzon City), Mn (off the mouths of Trabzon City and Yomra and Karadere
Creeks), Fe (at Yeniay), V (at Yildizli, P (at Trabzon city) and Ag (at Camburnu and Of). In addition, high
degrees of cf (cf > 6) were detected for Cd, Cu, Zn and Ag at Yeniay.

Pollutions became serious in densely populated areas (such as off the coast of Trabzon city) and industrial
and mining camp fields (such as Degirmendere and Siirmene-Yeniay locations).

Keywords:heavy metal pollution, marine sediments
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Poster

Marmara Denizi’nde Orta Pleyistosen’den giiniimiize deniz seviyesi degisimleri ve Akdeniz
ve Karadeniz ile su gegcisleri

Middle Pleistocene to recent sealevel changes in the Sea of Marmara and water exchange with the
Black and Mediterranean Seas

K.Kadir ERIS* ve M.Namik CAGATAY*

“Istanbul Teknik Universitesi Maden Fakiiltesi Genel Jeoloji Ana Bilim Dali, Maslak, Istanbul. (keris@itu.edu.tr)

0z

Marmara Denizi’'nde bu ¢aligma kapsaminda karot ¢aligmalariyla belirlenen en yash ¢okeller Birim-L35 ile
temsil olunup, bu birim Orta Pleyistosen sonunda Akdeniz Tirheniyen transgresyonu ile Marmara Denizi’nin
golsel bir ortamdan denizel bir ortama doniismesi sonucunda ¢okelmistir. Besinci deniz izotop donemi
(Marine Isotope Stage 5; MIS-5; G.0O. 129-78 bin yillan aras1) igerisinde ¢okelen bu birimde ara seviye
halinde Dreissena’li ¢okellerin varligi, Orta Pleyistosen’de G.O. 112-85 bin yillar1 arasinda Marmara
Denizi'nin golsel bir ortama doniistigiinii gostermektedir. Birim-L5’in iist seviyelerinde tekrar denizel
cokellerin gozlenmesi ise Orta Pleyistosen sonunda ortamin yeniden denizele doéniistiigiini gostermektedir.
Marmara Denizi’nde deniz seviyesinin giiniimiz ile ayni veya daha yukarida bulundugu zamanlarda
Karadeniz ile su gegisi saglanmistir. Geg Pleyistosen baglarinda diinya deniz seviyesinde ani bir diistisiin
yasanmasi sonucunda Marmara Denizi’nin Akdeniz ile olan su gecisi kesilmis ve denizel ¢okelme ortam
yerini golsel ¢okelme ortamina birakmustir. Deniz izotop dénemlerinden MIS-4’iin ilk yansinda (G.0O. 78-64
bin yillar1 arasi) meydana gelen bu regresyon ile yaygin Dreissenali kavkilar igeren Birim-L4’{in alt
seviyeleri ¢okelmeye baslamigtir. Geg Pleyistosen baglarinda MIS-4 déneminin ikinci yansinda (G.0O. 64-59
bin yillar arasi) diinya deniz seviyesinin ani yiikselimi ile Akdeniz sular1 Marmara Denizi ve Karadeniz’e
girmistir.

Geg Pleyistosen ortalarinda deniz izotop donemlerinden MIS-4’den MIS-3’e gegiste (G.O. 59 bin yilindan
sonra), diinya deniz seviyesinde (Shackleton, 1989) yeniden ani bir diisiisiin yaganmas: sonucunda Marmara
Denizi’nin Akdeniz ile olan su gegisisi kesilmig olmalidir. Marmara Denizi’nin denizel ortamdan MIS-3
basinda golsel bir ortama doniismesiyle Birim-L3’e ait yaygin Dreissena kavkilart igeren ¢okeller
olugmustur. MIS-3 déneminde (G.O. 59-25 bin yillar arasi) diinya deniz seviyesi bu donemin sonlarina
dogru -90 m’lere diiserken, Marmara Denizi’nde su seviyesinin -100 m’lere kadar gerilemistir. Geg
Pleyistosen sonlarina dogru ‘Ge¢ Buzul Maksimum’ déneminde (Late Glacial Maximum; LGM), Marmara
Denizi’nde self kenarinda yamaca dogru ilerleyen Birim-L2a’ya ait ¢okeller ile bulunmaktadir. Bu dénemde
self kenarinda -100 m’nin altinda sedimantasyon devam ederken, self {izerinde -105 m’den daha derine vadi
kazimalar1 meydana gelmistir. Marmara Denizi’nde bu ¢aligma kapsaminda karotlarda yapilan kronolojik
calismalara gore; MIS-2 doneminin ilk yarisinda su seviyesinin gerilemesi ve regresif sedimantasyon G.O
yaklagik 15 bin yilina kadar devam etmistir. Ilk buzul erime dénemi ile baglayan su seviyesindeki yiikselme
sonucunda transgresif golsel ¢okeller olan Birim-L2b birikmeye baglamistir. Marmara Denizi’ndeki bu
transgresyonun Karadeniz’in G.O. 15 bin yilinda Marmara Denizi’ne akmasiyla ger¢eklesmis ve su seviyesi
-85 m’ye yiikselmistir. Bu seviye Marmara Denizi’nde denizel sartlarin olustugu G.O yaklagik 12 bin (C)
yilina kadar devam etmistir. Marmara Denizi’nde Holosen baslangici Istanbul Bogazi giriginde kanal-bank
kenar ¢okeliminin baslamasi ile temsil edilmektedir. Istanbul Bogazi’ndan boyle bir akigin Karadeniz’den
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G.O 11.5-10.5 bin ("*C) yillar1 arasinda gergeklesmis oldugu saptanmustir. Holosen baslarinda -85 m’lerde
olan deniz seviyesinin ‘Younger Dryas’ donemi (YD; G.O. 11.5-10.5 bin yillar1) sonuna dogru yiikselemeye
baslayarak -63 m’ye ulastif1, kuzey selfte yeralan sismik profillerde bu derinlikte kiyr agimma diizligi ve
taragalarin varligindan anlagilmaktadir. Marmara Denizi’nde Holosen ortalarina dogru deniz seviyesi artig
hizinda yavaslamanin ve karadan ¢okel gelimi hizinin artmast sonucu Istanbul Bogaz1 girisi dogusunda delta
cokelleri  olusmustur.  Sismik profillerden olusturulan kalinhk haritasi  bu delta ¢okellerinin
Kurbagalidere’den kaynaklandigini gostermektedir. Ozellikle Istanbul Bogaz1 girisinde yeralan MD-2750
karotunda yapilan yas modellemesine gore delta ¢okelleri G.O. 6.2-3.8 bin yillari arasinda depolanmusgtir.

Anahtar Kelimeler: Marmara Denizi, deniz seviyesi, sismik stratigrafi

ABSTRACT

The oldest depositional unit sampled in cores in the Sea of Marmara (SoM) in this study is Unit-L5. As a
result of the Tyrrhenian transgression (129 kyr BP), the SoM was converted from lacustrine to marine
environment leading to the deposition of marine sediments of Unit-L5. Presence of a Dreissena-bearing layer
intercalated within Unit-L5 shows that marine environment in the Marine Isotope Stage 5 (MIS-5) was briefly
converted into a lacustrine environment between 112-85 kyr BP. During this stage, the Black Sea was also
marine according the core stratigraphic studies of previous researches. As a result of sudden global sealevel
decrease at the beginning of late Pleistocene (129 kyr BP), the water exchance between the SoM and
Mediterrenean was interrupted and the SoM was transformed into a lacustrine environment. Regression at the
beginning of Marine Isotope Stage 4 (78 kyr BP) gave rise to the deposition of lacustrine sediments in the
SoM with abundant Dreissena shells in the lower part of Unit L4. Global sealevel rise at the beginning of late
Pleistocene (78 kyr BP) caused the incursion of Mediterranean waters into the SoM during the later half of
MIS-4. Deposition of marine sediments in the Black Sea during this time shows that the water connection
between the SoM and the Black Sea was established.

The sharp sealevel decrease during the transition from MIS-4 to MIS-3 in the middle of late Pleistocene
halted the water exchange between the SoM and the Black Sea and soon after the SoM started depositing
lacustrine sediments of Unit-L3 with abundant Dreissena shells. During MIS-3 (59-25 kyr BP), global
sealevel (Shackleton, 1989) dercreased to -90 m and the minimum depth of the Unit-S3b representing this
time period in the seismic profiles shows that Marmara water level might have been around -100 m. Onset of
Late Glacial Maximum (LGM) and MIS-2 in the SoM is accompanied by deposition of Unit-L2a showing
progradation on the shelf edge in the seismic profiles. During the LGM, sedimentation contiuned at the shelf
edge below -100 m depth and the valley incision took place over the shelf to depths of -105 m. With the onset
of deglaciation at about 15 kyr BP, the water level rose in the SoM and the transgressive Unit-L2b started to
accumulate. This transgression in the SoM was the result of the Black Sea outflow at 15 kyr BP. Increase in
the water level during the time period from 15 kyr BP to beginning of the Holocene can be deduced by the
formation of a wave-cut erosional surface (BS-1) at -85 m below the Holocene marine sediments. Marine
conditions in the SoM was established in the beginning of the Holocene around 12 kyr BP, as also previously
mentioned by many other researchers. Following this connection, the sealevel in the SoM started rising in
tandem with the global sealevel. Onset of the Holocene is represented by deposition of levee sediments in the
submarine channel of the Istanbul Strait on the shelf. The levee was formed by a Black Sea outflow during
11.5-10.5 kyr BP. According to the formation of terraces and wave-cut erosional surfaces in the seismic
profiles along the northern shelf, the sealevel rose from -85 m at 12 kyr BP to -63 m at the end of the
Younger Dryas (around 10 kyr BP). As a result of deceleration in the global sealevel rise, together with an
increase in clastic input from the drainage area resulted in deposition of deltaic sediments close to the
enterance to the Istanbul Strait. Isopach map of the deltaic sediment unit and the dip direction of the foreset
beds shows that the delta was sourced from the Kurbagalidere. According to core stratigraphy the deltaic
deposition took place between 6.2-3.8 kyr BP.

Keywords: Sea of Marmara, sealevel changes, seismic stratigraphy
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Bir Gelismislik Gostergesi Olarak Koruma Alanlar
ve
Jeolojik Miras Ulusal Envanteri Protokolii’niin Onemi Uzerine Goriisler

The Areas Under Protection as a Development Indicator
and
Views on the Significance of the Protocol of National Geologic Heritage

M.GURLER', Y.Z.COSAR’, M.K.YALINKILIC?, E.TIMUR?, FFOCAKOGLU*, G.GURLER’,
U.K.TEKIiN®, E.KURU?, S.ARDA?, N.S.OZTAN?, EONDOGAN'

'Doga ve Cevre Dernegi, mutlugurler@hotmail.com, Ankara
’MTA Genel Miidiirliigii, Ankara
’Doga Koruma ve Milli Parklar Genel Miidiirliigii, Ankara
‘Osmangazi Universitesi Jeoloji Miihendisligi Boliimii, Eskisehir
’Hacettepe Universitesi, Jeoloji Miihendisligi Béliimii, Ankara

(074

“Koruma altindaki alanlann tilke yiizlglimiine oran1”, giiniimiizde, tlkeleraras1 gelismislik gostergesi olarak
kullanilmaktadir. Ulkemize bakildiginda, mevcut Doga Koruma ve Milli Parklar Genel Midiirliigii verilerine
gore yapilan degerlendirmeler, koruma altindaki iilke topraklarinin toplam ytizolgtimiine oranminin, yaklasik
olarak % 6 diizeyinde oldugunu gostermektedir. Gelismis lilkelerde ise bu oran %10-%15 seviyelerindedir.
1980’1i yillarda Avrupa eksenli olarak baslayan “Jeolojik Miras” ve “Jeopark™ ¢aligmalarinin, “jeoturizm”
bashg! altinda tariflenen ve gittik¢e yayginlagan bir alternatif turizm etkinliginin de tetikleyicisi oldugu
goriilmektedir. Global Geoparks Network ve European Geoparks bashklan ile uluslararasi planda
orgiitlenmis jeolojik koruma ¢aligmalari, son yillarda kurumsallasma ve bilgi/iletisim altyapisi anlaminda
olduk¢a 6nemli mesafeler kaydetmis bulunmaktadir.

Ulkemizin jeolojik tarihgesinin dogal bir sonucu olarak sahip oldugumuz yerbilimsel zenginliklerin, bu
agidan degerlendirilmesi durumunda; korunan alan yizdesinin, orta vadeli bir planlamayla, en azindan iki
katina yiikseltilebilecegi tahmin edilmektedir. Bu sayede, koruma — kullanma dengesi gozetilerek, iilkemiz
turizmine alternatif bir gelir kaynag1 yaratilabilecek ve Jeoloji Mihendisligi alanindaki yaygin igsizlik
sorununun ¢6ziimiine belirli oranda da olsa, katki yapilabilecektir. Bu 6ngorii ¢er¢evesinde MTA Genel
Miidiirliigti, Doga Koruma ve Milli Parklar Genel Miidurliigii ile Doga ve Cevre Dernegi arasinda “Jeolojik
Miras Ulusal Envanteri Protokolii” imzalanmis bulunmaktadir.

Bu sunumda, oncelikle Jelojik Miras Ulusal Envanteri’ne iligkin tg¢lii protokol kapsamindaki ¢alismalarin
seyri ile dinya Olgegindeki benzer caligmalarin kapsami, ulusal orneklerle karsilastirmali olarak
tartistlacaktir. Buna paralel olarak, meslek toplulugunda butinlikli bir jeolojik miras kavrayisinin
yayginlagsmasina gidecek yolun kose taslari, baglangigtan giiniimiize, tarihsel kesit icerisinde ele alinacaktir.

Anahtar Kelimeler: Jeolojik Miras Ulusal Envanteri, Kiiresel iklim Degisikligi, Kiiresel Jeopark Ag1,
Jeopark, Avrupa Jeoparklar
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ABSTRACT

“The ratio of the areas under protection to the total country area’ is nowadays used as an indicator to rate
the development countries. According to the data obtained from the General Directorate of Nature
Protection and National Parks, this indicator is approximately 1.5% for our country. This rate varies
between 10 % and 15 % in the developed countries. The works on “Geologic heritage” and “Geopark” in
Europe in 1980s initiated the concept of “geotourism” as an alternative tourism activity. The “geologic
protection” works organized under the topics of Global Geoparks Network and European Geoparks in
international level seem significantly progressed on the subjects of institutionalization and
infrastructuralization of knowledge-communication in the last years.

As a result of complex geologic history of our country, we have a considerable amount of geological
richness. If this opportunity is used for tourism, the areas under protection can be increased at least two
times by an intermediate term plan. By carefully considering the balance between the protection and benefit,
this can also contribute in some degree to the prosperity of the country and provide partial solution to the
unemployment problem of geological engineers. In the context of this prediction, a protocol on “Geological
Heritage National Inventory” between General Directorate of Mineral Research and Exploration (MTA),
General Directorate of Nature Protection and National Parks and the Association of Nature and
Environment was signed.

In this presentation, the progress of the works described in the tripartite protocol on the geologic heritage
inventory and similar worldwide works previously realized will be discussed. Moreover, the milestones of the
way to be gone for the spreading of a united comprehension of the geologic heritage among the earth
scientist community will be considered in a historical perspective from beginning to today.

Key Words: National Geologic Heritage Inventory, Global Climate Changing, Global Geoparks Network,
Geopark, European Geoparks
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Kemaliye (Erzincan)’ nin jeositleri ve jeoturizm potansiyeli

Geosits and Geoturism potential of Kemaliye (Erzincan)
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Kemaliye, eski adiyla Egin, Firat Nehri'nin Karasu kolu kenarinda yer alir. Munzurlar bu bolgede, KD-GB
yoniinde siralanmis ve yiiksekligi 3000 metreyi gegen ¢ok sayida sirt ve tepeden olusur. Jeolojik anlamda ise
bu buyiik dag silsilesi, Toros dag olusum kusagmin KD béliiminde ve kusagin kuzey Anadolu fay: ile
kesildigi alanda yerlesmistir (Ozgiil ve dig. 1981; Ozgiil & Tursucu, 1983). Munzurlar ve bulunduklar alan
Tiirkiye jeolojisinde 6nemli bir role sahiptir, ¢linkii birbirinden farkl jeolojik ge¢mise sahip Dogu Pontidler,
Anatolidler ve dogu Toroslarin bir araya geldigi énemli kilit bolgelerden biri olarak kabul edilir (Ozgiil ve
dig., 1981).

Munzur daglarinin Kemaliye ve yakin g¢evresinde yiizlek veren birimleri 6nceki ¢alismalarda, Munzur
kiregtas1 (ge¢ Triyas - Kampaniyen), Kemaliye formasyonu (ge¢ Kampaniyen - Erken Maastrihtiyen) ve Erig
ofiyolit kansigi (ge¢ Kampaniyen — erken Maastrihtiyen) olarak adlandirtlir. Bu birimler birbirleriyle
tektonik iliskili olup, farkli stratigrafik, metamorfik ve yapisal 6zelliklere sahip kaya topluluklarina aittir
(Keban Birligi, Munzur Kiregtast ve Ovacik Birligi) (Ozgiil ve dig., 1981; Ozgiil & Tursucu, 1983). Tersiyer
donemine iligkin birimler ise, Subasi (erken Eosen) ve Bagpinar (erken Miyosen) formasyonlaridir.

Buna gore, Kemaliye ve ¢evresi'nin jeolojik 6zelliklerini bigimlendiren olaylar zinciri, Ge¢ Triyas’ta bolgeyi
kaplayan Neotetis Okyanusu’nun olusumuyla baslamustir. Bundan sonra, Ge¢ Kretase‘ye kadar devamh
karbonat ¢okeliminin gergeklestigi neritik kosullar hitkiim siirmustiir. Ge¢ Kretase’den itibaren bu okyanusun
kapanmasina neden olan olaylar (bindirme ve ofiyolit yerlesimi) ile bolge sikismis, yiikselmis ve Neotetis
Okyanusu’nun tabanini olusturan okyanusal litosfer kita iizerine yerlesmistir (Ozgiil ve dig. 1981; Sengor &
Yilmaz, 1983). Bolge, Tersiyer sirasinda daha ¢ok sikigma ve yiikselme hareketlerinin etkisi altinda kalmistir
ve erken Miyosen sonunda denizel kosullar tiimilyle ortadan kalkmistir (Ozgiil ve dig. 1981). Bugiin,
bolgedeki sozkonusu denizel birimler, farkli gruplara ve zamanlara ait zengin ve karakteristik fosil igerigine
sahiptir (Paleodacyclades, Megalodontidae, Foraminifera, Rudistler, ekinitler, Bivalveler, gastropodlar,
mercanlar gibi).

Miyosen sonrasi donemde gelismis tektonik olaylar, bolgede dik yamach derin vadilerin, iyi gelismis
karstlasma yapilarinin ve su kaynaklarninin ¢ikisini denetlemigtir. Bu hareketlerin izleri en iyi Munzur
kiregtaginda gozlemlenir. Sert topografik ¢ikintilar ve tagyolu kanyonu, bu etkiyle olusmus yapilar
arasindadir. Karanlik Kanyon olarak da adlandirilan tagyolu kanyonu, Karasu vadisinde yer alir. Kanyonun
Keban baraj goltini iceren kismu 8 kilometre, tim uzunlugu yaklasik 35 km.dir. Kanyondaki nehir tabam ile
vadi kenan arasindaki kot farki ise 1000 metreye kadar ulagmaktadir (Ozgiil ve dig. 1981). Bu haliyle
Karanlk Kanyon diinyada ilk bes derin kanyon arasinda yer almaktadir.

Yukarida 6zetlenen jeolojik yapilarin hem zaman - mekan anlaminda pek ¢ok farkli birimi, iliskiyi ve yapiy1
bir arada sunmasi, hem de bunlarin gorsel 6zellikleri, Kemaliye ve ¢evresini bilimsel ¢aligmalar ve jeoturizm
agisindan oldukga elverigli hale getirmektedir. Bolgenin engebeli arazi yapisi ¢esitli doga sporlari i¢in de
uygun goziikmektedir. [lge merkezi kendine has yerlesim bigimi ve mimari 6zellikleri nedeniyle 2005 yilinda
SIT alani ilan edilmistir. Tim bu ozelliklerine ilave olarak, Kemaliye'nin, gelecekteki jeolojik miras,
jeoturizm ve Kkiiltiirel jeolojiye yonelik c¢ahsmalar i¢in de uygun bir yer olarak degerlendirilmesi
onerilmektedir.
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Anahtar Kelimeler: Kemaliye, kiiltiirel jeoloji, jeoturizm, paleontoloji, biyoloji, tarih, doga sporlari

ABSTRACT

Kemaliye, with its old name Egin, is situated on the blanks of the Karasu tributary of Firat river. In this
region, Munzurs are made up of numbers of hills and mountains over 3000 meters high that arrenged in NE-
SW direction. As for geological meaning, this huge mountain range is situated in the northeastern end of the
Tauride orogenic belt and in the area that it is cut by the North Anatolian Fault (NAF) (Ozgiil et al. 1981;
Ozgiil & Tursucu, 1983). Munzurs and their surrounding area have an important role in Turkey geology.
Because, Munzurs are accepted as one of the important key regions where Eastern Pontids, Anatolids and
Eastern Taurids come together that each of them has a different geological background (Ozgiil et al. 1981).

In the previous studies, the units of the Munzur mountains outcropped Kemaliye and its surrounding area are
called as Munzur limestone (Mesozoic), Kemaliye formation (late Campanian — early Maastrihtian) and Erig
ophiolitic melange (late Campanian — early Maastrihtian). These units, have a tectonic relationship with
each other and they belong to the different rock units representing different stratigraphic, metamorphic and
structural features (Keban Unit, Munzur Limestone and Ovacik Unit). Tertiary units are Subasi (early
Eocene) and Baspinar (early Miocene) formations..

According to this, the chain of the events forming geological features of Kemaliye and surrounding area
began with the occurence of Neotethys ocean covered the area during the Late Triassic time. After that, up to
Late Cretaceous, neritic environmental conditions prevailed in which continuous carbonate sedimentation
were deposited prevailed. In the region, after late Cretaceous, by the events that caused the closure of this
ocean (thrusting and ophiolite emplacement) the region was compressed, uplifted and latter oceanic
lithosphere of the bottom of the Neotethys replaced over the continent (Ozgiil et al. 1981, Sengor & Yilmaz,
1983). The region was mostly influenced epeirogenic movements during Tertiary and afier early Miocene,
the marine conditions disappeared completely (Ozgiil et al. 1981). Today, the mentioned marine units in the
region include rich and characteristic fossils belonging to different groups and times (Paleodacyclades,
Megalodontidae, Foraminifera, Rudists, echinoids, corals, bivalves, gastropods etc.).

Tectonic movements which especially developed after Miocene controlled forming of deep valleys having
steep slopes, well developed karstic structures and spring of water resources. Traces of these effects are very
well observed in the Munzur limestones very well. Sharp topographic heights and Tagyolu Canyon, are the
examples among the structures formed by this effect. Tasyolu Canyon, also named as Karanlik Canyon is
located in the Karasu valley. The lenght of the Keban dam lake part of the Canyon is 8 km. and its total
lenght is approximately 35 km. Topographic difference between river bottom and valley summit is nearly
1000 m (Ozgiil et al. 1981). As it is, the Karanlik Canyon is among the first fives deep Canyons in the world.

That geological structures, summarized up, present both lots of different units in the meaning of time- place,
relations, structures all together, and their visual characteristics indicate that Kemaliye city and vicinity area
is suitable for scientific studies and geoturism. Rough morphology of the area is also convenient for different
kinds of sports.

Having architecture characteristics and original settlement forming, the city center was announced as a site
area. In addition to it’s all features, it is proposed that this area must be evaluated as a suitable place in

terms of geotourism, geological heritage and cultural geology in the future.

Key Words: Kemaliye, cultural geology, geotourism, paleontology, biology, history, nature sports
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Giimiishane ilinin Jeositleri ve Jeoturizm Potansiyeli
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Dogu Pontidleri teskil eden stratigrafik birimler ile bunlarin jeolojik evrimine eslik eden tektonizma ve
magmatizmanin izleri Giimigshane ili sinirlan iginde belirgin olarak goézlenmektedir. Dolayisiyla Dogu
Pontidleri ve buradaki olaylar1 temsil eden jeositler ¢ok ag¢ik olarak izlenir. Bu ¢alisgmada adi gegen
jeositlerin en belirginleri ile yok olma tehdidi altinda olanlar tanitilacaktir.

Giimiishane nin denizden yiiksekligi 1153 m., yiizol¢iimii 6585 km”’dir. Harsit Cayr'nin iki yakasinda vadi
boyunca uzanan ilin toplam yiiz6l¢liminiin, % 60’m1 daglar, % 29’unu platolar, % 11’ini ovalar
olusturmaktadir. Artabel Golleri Tabiat Parki sinirlan igerisindeki Abdal Musa Tepesi (3331m) ilin en
yiiksek zirvesidir.

Il smirlan i¢inde az oranda Paleozoyik, baskin oranda Mesozoyik ve Senozoyik kayaglari yayilim
gostermektedir. Engebeli ve ¢iplak topografya bu birimlere ait jeositlerin agik olarak izlenmesini
saglamaktadir. Dogu Karadeniz’deki tek Paleozoyik yiizeylemesi, Malm-Alt Kretase platform kiregtaglari ve
dolomitleri tipik olarak izlenmektedir. “Ammonitico Rosso” fasiyesi olarak bilinen ve Gumiishane ilinde
yaygin olarak gozlenen, bol fosil seviyeli, karbonath ve marnli kaya¢ yuzeylemeleri, diger jeolojik miras
Ogesi olarak degerlendirilmektedir. Bu yiizeylemeler, igerdikleri yogun fosil gruplari ile mutlak olarak
korunmasi gereken fosil yataklarnidirlar. Giimiishane yoresi, jeolojik-jeotektonik agidan ¢ok kisa mesafelerde
¢ok farkli kayag¢ gruplarinin bulundugu agik bir jeoloji laboratuart 6zelligindedir. Yorede spesifik olarak
degeri olan, iyi korunmus hardground/sert zemin, neptiiniyen dayklar, silislesmis agaglar ve ¢esitli iz fosil
bulgular da yer almaktadir. Ozellikle yoredeki travertenler, yapi tagt olarak kullanilmis ve tarihi degere
sahip diger olusumlardir.

Giimiishane ili icindeki ¢ok sayida jeosit yaninda bir ¢ok yersekli ve kiltiir 6gesi de bulunmaktadir. Bularin
basinda, bélgede turizmin lokomotifi konumundaki Karaca Magarasi gelmektedir. Tarihi Ipek Yolu
{izerindeki Korum (Krom-Gorom) Vadisi’nde bulunan Karaca Magarasi, yilda 50.000’in tizerinde ziyaretgi
agirlayan bir cazibe merkezidir. Karaca Magaras1 diginda farkl biiyiikliiklerdeki 30 un tizerinde magara, ilin
jeoturizm potansiyeli agisindan vazgegilemez kaynaklardir. Bunlara ilaveten Artabel Vadisi’nde bulunan
Kara Gol, Inci Golleri ve Karanhk Gol gibi, farkli 6lgeklerdeki buzul golleri disinda, Limni ve Aygir Goli
gibi kendi dogalarma has ozellikler sunan pek ¢ok gél, ilin Jeolojik Miras potansiyelini destekleyici diger
unsurlardir.

fle adini veren Giimiis madenleri, gogu yerbilimci tarafindan bilinmemekte ve atil halde bulunmaktadir. Bu
sahalar gegmiste yogun sekilde isletilmis antik maden yataklarndirlar.

Yérede Avrupa’nin en uzun ladinleri meveut olup Amit Agag olarak tescillenmistir. Oriimcek Ormanlar
Tabiati Koruma Alam ve Artabel Goélleri Tabiat Parki ekoloji agirhkl koruma alanlaridir. Ote yandan,

159



1. Tirkiye Jeolaji Huruttay Bildiri (zleri

Giimiishane ilinin kendisi, zengin yerbilimsel 6zellikleriyle adeta bir Jeopark konumundadir ve fakat heniiz
tescillenmis bir ogesi yoktur. Gumiishane’deki zengin jeosit varh@mim taninmasi ve bilinmesi hem
yerbilimleri hem jeoturizm agisindan kazang olacaktir.

Anahtar kelimeler : Giimiighane, Jeolojik Miras, Jeopark, Jeosit, Artabel Golleri, Karaca Magarasi

ABSTRACT
Stratigraphic units forming eastern Pontides and its geologic evolution accompanying tectonism and
magmatism signatures have been clearly observed in Giimiishane city. Hence geosites presenting eastern
Pontides and its geodynamic evolution are clearly seen. Mentioned geosites under the extinction have been
determined.

Giimiishane has an altitude of 1153 metres and covers 6585 km’. Giimiishane is located along the Harsit
Valley and composed of 60 % mountains, 29 % platos and 11 % lowlands. The highest summit of the city is
Abdal Musa Hill (3331 meters) which is located in the Artabel Lakes Natural Parks.

Giimiighane consists mainly of Mesozoic and Cenozoic, and limited Paleozoic rocks. Geographic
irregularities and naked topography help to clearly follow geosites which belongs to these ages. Alone
Paleozoic outcrops in eastern Blacksea, Malm-Lower Cretaceous platform carbonates and dolomites are
typically seen. Ammonitico Rosso Facies, containing calcerous and marly rocks with abundant fossils,
commonly observed in Giimiishane is considered as another geological heritage component. These are the
Jossiliferous beds which have to be protected. Giimiishane region is considered as geological laboratory
since different kind of rocks exposed in a small distances. Hardground, neptunian dykes, siliceous woods and
different kinds of trace fossils are also present in Giimiishane. Especially, travertine is other occurrences
which is used as building stones, have historical importance.

Giimiishane has got lot of landfigures and culturel components besides geosites. Karaca Cave is one of the
most important place for the geotourism potential of Giimiishane. It is the place which attracts more than
50.000 visitors each year although there are many planning negations for Karaca Cave located in the Korum
(Krom-Gorom) Valley on the historical Silk Road. In addition to Karaca Cave, there are more than 30 caves
which are inalienable source on the geotourism potential of Giimiishane. In addition to the different sized
glacier lakes such as Kara Lake, Inci Lake and Karanlik Lake, many lakes which have peculiar features such
as Limni and Aygir Lakes are the other components support the geological heritage of Giimiishane.

Old silver mines which give the name to the city are not known by the geologists. These mines are antique
ore deposits and were extensively mined in the past.

There are no more protected places other than Oriimcek Ormanlari, which has the longest spruce of the
Europa registered as monument trees, and Artabel Lakes. Furthermore with all these features Giimiishane is

considered as a geopark but it doesn 't still have registered components. To recognize and know rich geosite
existing in Giimiishane will be a gain in terms of both geology and geotourism.

Key words: Giimiishane, geological heritage, geopark, geosite, Artabel Lakes, Karaca Cave
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Dissapeared geosites in Istanbul and Ankara megacities
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Jeosit bir jeolojik olay, siire¢ veya sonucu temsil eden kaya¢ veya kayag grubu, mineral, fosil toplulugu,
istif, tektonik deformasyon yapilari, tortul doku ve yapi, yersekli vb jeolojik olusumlardir. Jeosit jeolojik
gecmisin belgesidir ve bunlarsiz jeoloji yapilamaz, jeositin bulunmadigi zorunlu hallerde en yakin alanin
jeolojisi o bolgenin jeolojik gegmisi olarak sunulur. Bu ise yamlgilara yol agar. Kentlesme ve bilhassa biiyiik
yerlesim yerleri dogal gevreyi, ozellikle jeositleri en fazla tahrip eden ve fakat kagmilmaz gergeklerdir.
Modern yasam sehirleri biiyiitmekte, bu ise jeositlerin ortadan kalkmasini dogurmaktadir. Bu gelisimin en iyi
ornekleri Istanbul ve Ankara’dir.

Genelde Tiirkiye ozelde ise Istanbul civari, Paleotetis’in kapandigi, Neotetis’in agildigi, Avrasya ve
Gondwana’nin ¢arpistign ve bunlarin izleri olan ¢ok sayida siitiir zonu ile tektonik kusagmn bulundugu
yerlerdir. Bunlardan Tirkiye jeolojisinin en ¢nemli elemanlari olan Istanbul Zonu, Sakarya Zonu ve Intra
Pontid Siitiirii, Istanbul civarinda mevcut oldugu artik kayitlarda kalan Paleozoyik ve Mezozoyik istiflerin
son yillardaki yorumlariyla ortaya konulmustur. Sehirlerin genislemesinden once yapilan gok ayrintili
haritalama ve stratigrafi incelemeleri olmasaydi bugiinkii jeoloji bilgileri ¢ok farkli olacakti. [stanbul
Zonu’na ait Paleozoyik birimlerinin en ¢nemli 6zelligi Ordovisiyen’den Permiyen’in sonuna dek streklilik
gostermesi, gogunlukla kirntih fasiyeste bulunmalari ve bol fosilli oluslandur. Bunlar i¢inde ozellikle
Devoniyen istifi ile Kocaeli Triyast bagka yorelerdeki esdegerlerinden tiimiiyle farkhdirlar. Giinimuizde
istanbul zonuna ait Paleozoyik istifin timii, Triyas’in ise ¢ok kii¢iik bir ytizlek diginda hepsi yok olmustur.
Eskiden Kartal’da ¢ok iyi gozlenen Brachiopodlu istif ile Pendik’teki Halysitesli kirectaglar1 yok olmanin
ornekleridr. Camlica Kaynak suyunu barindiran kiregtaglari gibi kaynagm kendisi de yoktur. Aym sekilde
Paleozoyik istifini kesen ve iizeri Triyas ile Ortiilen Sancaktepe Graniti yalnizca eski haritalarda kalmstir.
Ankara’da da benzer durum vardir ve melanj kavraminin diinya literatiiriine girmesini saglayan “Ankara
Melanji” neredeyse ortadan kalkmugstir. Dikmen grovvaklar olarak bilinen metadetritikler, Ankara Melanjinin
hamurw/matriksini olusturur, ancak artik bunlari gdzlemek miimkiin degildir. Melanj i¢indeki degisik zaman
dilimlerine ait dev kirectasi bloklari/olistolitler ve spilitik volkanik kayalar da ortadan kaldirilmistir.
Eymir’deki Permiyen bloklari, yeraltisuyu hazne kayasi olan Incek’teki Jura kiregtaglari, Yakacik’taki
Ammonitico Rosso fasiyesi ve Ammonitler jeoloji literatiiriinden bilinen kayip jeositlerdir. Ankara’nin
miicavir alan sinirlari igindeki sert kayalar ve bilhassa karbonatlar tas ocagi olarak isletilmig ve tiiketilmistir.

Ankara ve istanbul’daki olumsuz durumun asil nedeni, kentlerin planlanmasi asamasinda yerbilimcilere rol
verilmemesi ve Kent Jeolojisi (urban geology) kavraminin benimsenmemesidir. Jeolojik geemisi kurtarmak
adma zorunlu ¢dzim olarak, Istanbul ve Ankara’da temel kazilarinda ¢ikan veya ¢ok az kalmig kayag
orneklerinin korumaya alimasi ve bunlarin dogal tablolar seklinde sergilenmesi onemli bir adim olabilir.

Anahtar Kelimeler: Kaybolan jeositler, Brachiopodlu Kartal Paleozoyik’i, Halysitesli kirectaslari, Ankara
Melanji, Permiyen ve Jura Bloklar
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ABSTRACT

Geosites are representatives of geological events, processes and /or formations in the earth history such
as rock units, mineral and fossil assembblage, typical textures, stratigraphic sequences, tectonic or
sedimentary structures, crust deformations, landforms etc. A geosite is a solid document of the geological
past for the relevant area; hence correct explanation is impossible without it. When there is no geoitse in an
area, the nearest one may be used for geology, however it usually causes misinterpretations. Intense
urbanisation and particularly large settlements are today’s realities and unfortunately they have destroyed
natural environments and geosites as well. In last century some towns have changed to megacities rapidly,
thus they have caused to disappear all geosites in their surroundings. Typical examples of this development
are megacities Istanbul and Ankara.

Turkey and specifically Istanbul region is the area where a series of world-wide geological events took
place i.e. closure of Palacothtys, opening of Neothetys, collision of Eurasia and Gondwana represented by a
lot of suture zones and tectonic belts. Istanbul Zone, Sakarya Zone and Intra Pontid Zone, which are the most
important elements of geology of Turkey, could be described recently by the re-interpretation of Palaeozoic
and Mesozoic sequences in the area, but now their rocks have been completely destroyed. Our modern info
about the geology of [stanbul and Marmara region is thanks to detail maps and stratigraphy realized years
ago. The significance of Paleozoic units of Istanbul Zone was due to their continuiy from Ordovisian to the
end of Permian and also due to rich fossil content of these rocks unit. Particularly Devonian and Triassic
sequences of Istanbul Zone were completely different from analogues elsewhere. Now nobody can see a sign
of Kartal Devonian with brachipod or Pendik limestones with Halysites as well as Camlica limestones and its
famous spring water. Similarly, Sancaktepe Granite, the only Paleozoic intrusion in istanbul and Kocaeli
region can be seen only in old gelogical maps because of concrete cover by thousands of constructions.
Situation is same more or less in Ankara; the rocks of Ankara Melange, which was the firstly introduced here
to the literature as term and rock type, have been nearly disappeared. Metadetritics known as Dikmen
greywackes formed matrix of the melange, but now it is almost impossible to observe these sedimentary
rocks. Also spilites and many olistolites of the melange which belong to Carbonifer and Permian fossiliferous
limestones were used as construction material. Eymir Permian blocks, Incek Jurassic limestone blocks,
Yakacik Ammonitico Rosso facies and large ammonites in Koserelik were examples of disappeared geosites.
It is pity that geosites of Ankara have been consumed and totally finished as raw material by constructions,
instead of simply covering as in Istanbul.

The main reason of this unplesant situation in Istanbul and Ankara and possibly in other megacities is the
ignorance of concept and criteria of urban geology. An urgent but not permanent solution could be

conservation small in situ rock patches as earth windows in all corners of both cities.

Keywords: Dissapeared geosites, Kartal Palaeozoic with Brachiopoda, Pendik limestones with Halysitidae,
Ankara Melange, Olistolites of Permian and Jurassic
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Karapmar Konya'nin ilgesi olup 95 km dogusunda yer almaktadir. Ilge, Konya-Eregli Ovasr’nin Obruk
Platosu igine dogru sokulan Sultaniye Ovasi giney kenarinda, Karacadag volkanik kiitlesinin batisinda
kurulmustur. Bulundugu yer dolayisiyla 6nemli sehir ve turizm merkezlerine de olduk¢a yakindir.

Calisma alammuz Karapinar ve yakin ¢evresini igine alicak sekilde belirlenmis ve bu alandaki 6nemli jeolojik
ve jeomorfolojik olusumlar temel alinmigtir. Alan jeolojik ve jeomorfolojik 6zellikler bakimindan baslica iki
boliime ayrilmistir. Bunlardan birincisi; maarlar, piroklastik koniler, diatremalar, lav ortiileri gibi geng
volkanik yapilar1 iceren “Volkanik Bahge” olarak adlandirdigimiz bélimdir. Calisma alammizda
volkanizma, Miyosen’de baslamig, Kuvaterner’de de devam etmistir. Bu donemde olugmus olan ve pek sik
rastlanmayan iyi korunmus maarlar alanin 6nemli olusumlarindandir. Ozellikle Meke Goli ve Acigol
Maarlan gerek olusumlan gerekse gortiniimleri itibariyle oldukga ilgi ¢ekici yapilardir. Ikincisi ise; karstik
ozellikleriyle dikkat geken ve bir ok obruk yapisinin goriilebildigi “Obruk Platosu”dur. Cirali ve Kizoren
obruklar jeoloji ve arkeoloji birlikteliginin gozlendigi ender alanlardandir. Meke Goli (maar) ve Kizdren
obrugu Tiirkiye'nin bulundugu biyocografik bolgedeki benzerleri igerisindeki en iyi ornekleri olusturmasi
sebebiyle Ramsar Listesine dahil edilmislerdir. Bunlarin disinda traverten konileri, gas ve sicaksu kaynaklar
alandaki diger 6nemli 6zelliklerdir. Bolgedeki arkeolojik kalintilarin ¢ok yaygin olmasi alani daha da ilging
kilmaktadir. Karapmar ve civarindaki heniiz turizme agilmamis Oymali Yeralti Sehri, Kapadokya
bolgesindeki benzerleri gibi odalar, derinlere dogru agilmis katlari, ibadethaneleri ile zamanin izlerini
tasimaktadir.

Karapinar cevresinin, yukanida sayilan jeolojik olusumlar dolayisiyla, biiytik turizm potansiyeli oldugu
soylenebilir. 2006 yilinda bu alana ¢ok yakin mesafelerdeki Konya Mevlana Miizesi (100 km) 1,250,000,
Goéreme Tarihi Milli Parki (320 km) 2,000,000 turist tarafindan ziyaret edilmistir. Bu ziyaretgilerin bir
boliminiin bile Karapmar’a yonlendirilmesi ciddi ekonomik katki saglayabilir. Aymi sekilde, Cumra
ilcesinde bulunan ve buraya yakin Catalhdyiik (40 km) ile birlikte diistintildiigiinde, Karapmar ve civarmin
bir an 6nce iilke turizmine kazandirilmasi gerektigi sonucu ¢ikarilmaktadir.

Anahtar Kelimeler: Karapiar, Jeopark, Turizm, Stirdiirilebilir Kalkinma, MTA

ABSTRACT
Karapinar which is a town of Konya is situated 95 km east of Konya. The town is established south margin of
Sultaniye Plain, west of Karacadag volcanic mountain. Because of its position, it is very close to important
city and tourism centers..

Our study area is determined as involving Karapinar and its surroundings also it is based on the
considerable geological and geomorphological formations. The area is divided into two main parts
according to its geological and geomorphological properties. One of these is, the part which we named as
“Volcanic Garden” that consists of young volcanical structures such as maars, pryroclastic cones, diatremes
and lava covers. The volcanic activity at the study area was started in Miocene and has continued during
Quaternary. Rare and well-preserved structures maars that are formed during this period are the important

163



61 Turkiye Jeoloji Huruttay Bildir Orfer

structures of the area. Especially, Meke lake and Acigol lake are very attractive places according to their
appearances and genesis. The second part is “Obruk Plateau” which is attractive about karstical properties
and having many obruk (sinkhole) structures. Especially “Cirali” and “Kizoren" sinkholes are the unique
places that have both geological& archeological togetherness. “Meke Lake” (maar) and “Kizoren” sinkhole
are involved to Ramsar List because of forming the best examples of structures in their bio-geographical
region. Other than these, travertine cones, gas and hotwater sources are the other properties of the region.
Also the widespread archeological remains make the region more and more interesting. Oymali
Underground City as similar to the ones in Cappadocia region, having rooms, temples, very deep floor, is
carrying the footprints of time.

It can be taught that Karapinar and its surroundings have a big tourism potential because of its geological
Jormations mentioned above. The places very close to Karapinar such as Konya Mevlana Museum (100km)
had been visited by 1,250,000 tourists and worldwide known tourism center Goreme National Park in
Cappadocia (320km) is visited by 2,000,000 tourists in 2006. Even a small part of this tourists being oriented
to Karapnar can do a serious economical improvement. Also if we think Catalhéyiik in Cumra town, a
conclusion is established that Karapinar should be gained to national tourism.

Key Words: Karapinar, Geopark, Geotourism, Susceptible Development, MTA
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Geoparks In Bulgaria: Dormant Present And Future Potential

Todor TODOROYV,

(ProGEQ Past-President)
Sofia 1113, POBox 121, Bulgaria, uptech@tea.bg

The territory of Bulgaria is located in the northern branch of the of the Alpine orogen on the Balkans and
contains rock complexes of Precambrian to Phanerozoic age, reworked by several tectonic events. T) his
geological diversity on an although small territory (110 000km?) is presently over imposed by active relief-
building, determined by extension, representing the northernmost part of the Aegean extensional region.
Therefore, we have a quite lucky over imposing of geohistorical evolution and relief-building, determining
the richness of Bulgaria in geosites of both geomorphological and scientific importance and all together — in
opportunity to speak for the potential geoparks..

In 1998 a new legislation related only to the preserved territories was adopted. According to it the preserved
territories were divided into 6 groups: Reserves, National parks, Natural beauty spots, Supported reserves,
Natural parks, and, Preserved sites. The geological sites belong to all mentioned groups, no comments
regarding the geoparks in this law..

The first list of geological heritage in Bulgaria was published in 1964 and 55 geological sites were included
in it. Ten years later, in 1974, they became 224 and now stand at over 360.

In 1998 during the ProGEO annual meeting the concept of UNESCO GEOPARK Programme was firstly
advertised and the idea for the creation of geoparks was adopted by the Bulgarian geologists. Unfortunately,
up to date no geoparks have been created. However, such opportunities are discussed.

As potential future geoparks may be considered.

- “Pobitite kamuni” (“Dikili-tash”, the upright stone columns) - a spectacular natural and geological
phenomena subject of severe scientific discussions and surrounded by a unique landscape, built up in
Paleogene sediments.

- Some areas from SE Bulgaria and the southern Bulgarian Black Sea Coast, with spectacular geosites
showing the evolution of the Late Cretaceous subduction-related arc-system. A future geopark here should
indicate the specific features of magamatic rocks, structures, ore geology and geodynamics. In these area the
geological sites are further more combined with some specific wetlands and landscape rock forms.

The general overview of both above areas is completed by numerous historical sites.

- The picturesque gorge of Iskar River N of Sofia, entrenched about 1300 m in the Balkan Range, being the
deepest valley on the Balkans and exhibiting a rock section from the Lower Palaeozoic to the Tertiary with
numerous sites of both esthetic and scientific value.

Numerous other opportunities may be listed, like areas with specific erosional landscapes (e.g. Belogradchik
rocks of northwest Bulgaria - red beds of Early Triassic age, Melnik Pyramides of southeast Bulgaria,
formed in continental Neogene sediments) or areas with interesting paleontological and mineralogical sites.

The creation of geoparks will create new opportunities for geotourism in areas with already established

national and international touristic interest, but will also establish new opportunities for economic
development, thus meeting the requirements for a geopark.
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Magmadan Arkeolojik Siitunlara Bir Granitin Oykiisii:
Jeosit Alam Olarak Onerilen Canakkale-Kestanbol Arkaik Dénem Tas Ocagi

Story of a Granite From Magma to Archeological Columns:
Suggested Geological Site Area Canakkale- Kestanbol Archaic Age Quarry

Gonca GURLER, Ayhan ILGAR, Serkan OZTAN

Maden Tetkik ve Arama Genel Miidiirliigii, Jeoloji Etiitleri Dairesi CBS Birimi, 06520 Ankara; gurler@mta.gov.tr
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Granitlerin, yeryiiziiniin kilometrelerce derinliklerinde magmanin ¢ok yavas sogumasina ve kristallenmesine
bagli olarak olugmasi ve zaman i¢inde yiikselerek yiizeylenmesi bu kayaglari yeterince 6zel kilmaktadir.
Kayacin yavas sogumaya bagl olusumu fiziksel etkilere kars yiiksek dayanima sahip olmasini saglamistir.
Iri ve renkli kristalli dokusu ise kayaca gorsel agidan estetik bir goriinim kazandirmustir. Bu ozellikler
sertlifine ragmen granitin yiizyillar boyu yapt tag olarak kullanimini saglamustir.

Kestanbol graniti, Canakkale’nin giineyinde, Ezine kazasimin batisinda, Kestanbol-Bergaz-Yaylacik koyleri
arasinda ytizeylenmektedir. Kogali k6yii civarinda bulunan ve halkin “pembe tas” olarak adlandirdigi porfiri
dokulu granitler Oligosen-Erken Miyosen araliginda bolgeye yerlesmislerdir.

Goreceli iri kristalli dokusu ve pembe rengi ile dikkat ¢eken bu granitlerden antik gaglarda ¢aplari 160 cm,
uzunluklart 10 - 12 metre ve yaklasik agirhigi 60 ton olan siitunlar tretilmistir. Granit ocaklarindan en
biyiigi, Kogali Koyii’ntin 1.5 km batisinda Yesiltaslar mevkiinde olup, ocak i¢inde halen yedi adet siitiin
bulunmaktadir.

Dokusal 6zelligi nedeniyle ¢ok sert bir kayag olan granitin biiyiik kiitleler halinde kirilp pargalanmadan ana
kayadan sokiilmesi bile oldukga giicken bu kayaglarm siitun baglar ile birlikte piiriizsiiz olarak islenmesi ve
sekillendirilmesi yeterince hayranhk uyandiracak bir olgudur. Ustelik bu is¢iligin basit aletler ile yapildig
distiniildiginde hayranhgmn yanisira hayret duygusu da belirmektedir. Siitunlarin ¢ikarildigi duvarlarda
halen korunan is¢ilik izleri ocagi ziyaret edenleri bir an antik ¢aglara gétiirmekte, granitten yansiyan keski
sesleri kulaklarda ¢inlamaktadir. Islenmis siitunlarin bir kisminin ocakta, yol tizerinde ve antik limanda
kalmis olmalari da yoreyi ilging hale getirilmektedir.

Tarihi MO 8. yiizyila kadar uzanan granit ocaginda iretilen siitunlar tomruklar tizerinde kaydirilarak 13 km
mesafedeki Alexandria Troas (Dalyan) antik limanma tasinip buradan Avrupa ve Kuzey Afrika’ya dek
uzanan bir cografyaya gemilerle ihra¢ edildigi tarihi belgelerden bilinmektedir. Bazi siitunlarin Osmanl
Imparatorlugu déneminde Istanbul’a gotiiriiliip gesitli yapilarda kullanildig: kayithidir,

Bu tiir jeoloji ve arkeoloji birlikteliginin gozlendigi yani insanin ¢aglar boyu dogayi/kayaglari isledigi alanlar,
arkeoloji yoniinden 6nem tasidig1 gibi jeoarkeoloji, jeolojik miras, jeoturizm ve kiiltiirel jeoloji agisindan da
onemli unsurlardandir. Bu bildiride Kestanbol antik granit ocagmin yurt iginde ve yurt disindaki benzerleri
ile korele edilerek ortak yanlari ortaya koyulacaktir.

Anahtar Kelimeler: Jeoarkeoloji, Jeoturizm, Kiiltiirel Jeoloji, Kestanbol Antik Granit Ocag
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ABSTRACT
Due to very slow cooling and crystallisation of magma beneath hundreds of kilometers from surface and
outcroping by rising during time make Granites sufficiently special. According to the formation by slow
cooling it has high strength to the physical effects. Its big and colorfull crystalline texture brings in the rock a
visually esthetical appearance. These properties make granite being used for building material for centuries
despite its roughness.

Kestanbol Granite is surfaced at south of Canakkale, west of Ezine town, between Kestanbol-Bergaz-
Yaylacik village. Existing near to Kogali village and called as “pink stone” by public, the porphiritic
textured granites were located to the region during Oligocene- Early Miocene peiod.

From these granites which have realtively large crystalline texture and pinkish color, it has been producted
column heads that have 160 cm diameter, 10-12 meters in length and 60 tons of weight at antique times. The
biggest granite quarry is located at Yesiltaglar region that is 1.5 km west of Kogali village and still has seven
column inside.

Since granite is very hard because of its textural property, even extracting the big blocks without break up is
very hard, so proccesing and giving shapes to these rocks with column heads is a sufficiently admirable fact.
In addition, as we think this operations were done with simple devices, apart from admiration, astonishment
appears. The working footprints that is still protected makes the visitors to go to antique ages and the voices
of hatchets reflected from granites make tingles to ears. Some of the processed columns can be seen at the
quarry, on the road and antique harbour and this makes the region more interesting.

It is known that, the producted columns in granite quarry that has a history of B.C. eight century; were slided
on the logs to the 13 km away Alexandria Troas antique harbour and from here they were exported to
Europe and North Africa within ships. It is registered that some of them were sent to Istanbul during
Ottoman time and used in various structures.

These kind of places in which both geological and archeological togetherness is seen that means the areas
people processed during time, are important facts in archeology, geoarcheology, geological heritage,
geotourism and cultural geology. In this paper, there will be a correlation between the Kestanbol granite
quarry and similar places both in Turkey and at outside.

Key Words: Geoarcheology, Geotourism, Cultural Geology, Kestanbol Antique Granite quarry
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Sirtlanini Magarasi’min (Karacasu-Aydin) Jeolojik ve Paleontolojik Ozellikleri

Geological and Paleontological Properties of Sirtlanini Cave
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Sirtlanini Magarasi, Ege Bolgesi’nde Aydin’in Karacasu ilgesine bagh Camarasi Koyii’niin yaklasik
1,5 km giineydogusunda, deniz seviyesinden 1060 metre yukarda yer almaktadir. Magaranin élgiilen toplam
uzunlugu 450 metre ve girise gore en derin yeri 40 metredir. Magaraya karayoluyla ulagim yilin her ay:
miimkiindiir. Denizli-Aydin karayolunun 60.km’sinde giineye, Karacasu yol ayrimi yer almaktadir. Karacasu
ayrimindan 37 km sonra Geyre’ye (Afrodisias) ulasilir. Geyre’nin i¢inden giineybati yoniinde ilerledikten
sonra Camarasi koyiine varilir. Daha sonra yaklagik 1,5 km stabilize yoldan ilerledikten sonra Sirtlanini
Magarasi’na ulasilir.

Sirtlanini Magarasi, Menderes Masifi’nin ortii birimlerinden Mesozoyik yash, 1yi karstlagmis
rekristalize kirectaslar iginde gelismistir. Bolge tektonik hareketlerden oldukea fazla etkilenmistir. Sirtlanini
Magarasi’nda olusumunu ve gelisimini tamamlamus iki farkl seviye gézlenmektedir. Her iki seviyede vadoz
zonda yer almaktadir. Yagish mevsimlerde magara i¢cinde damlayan sular gozlenmesine karsin, kurak aylarda
damlama tamamen kesilir. Magara giris seviyesinin yaklasik S5 metre Gstiinde bulunan en eski seviyeyle
ylizey arasindaki kot farki oldukga azdir ve bu seviyede yer yer yiizeyde bulunan maki topluluklarina ait bitki
kokleri gozlenmektedir.

Magarada yarasa, farkli 6riimcek tiirleri, solucanlar gibi canh yasamina da rastlanmistir. Giintimiizde
oldugu gibi, ge¢miste de canlilarin yagsam siirdiigiine dair belirtiler bulunmaktadir. Magara tabaninda bol
miktarda kemik ve dis kalintilar1 gézlenmistir. Bu kalintilarin at, domuz, ke¢i ve sirtlan gibi farkli memeli
tiirlerine ait olduklarmi diisinmekteyiz. Ismini magaraya veren sirtlanlarin, avlarini yakaladiktan sonra
magara i¢inde beslendikleri sanilmaktadir.

Bolgede, Sirtlanini Magarasi’nin yaklastk 10 km KB’sinda bulunan antik Afrodisias kenti
kazilarinda rastlanilan belgelerde, bolgede 4. ve 7. yuzyillarda iki biiyok deprem meydana geldigi
belirtilmistir. Bu belgelerde 4. yiizyilda meydana gelen depremde yeralti su seviyesinin degistigi, sehrin bir
kisminin sular altinda kaldigindan bahsedilmistir (Erim, 1988). Meydana gelen bu depremlerin magaradaki
yeralti su seviyesinin degisiminde etkili oldugu dusiniilmektedir. Magarada ¢ok sayida sarkit, dikit ve
siitunlarm bulunmasi, magaranin olustugu kiregtaginda ¢atlak sistemlerinin iyi gelistigini gostermektedir.

Bolge ekonomisine katki saglamak amaciyla turizme ag¢ilmasi planlanan magara; jeolojik,
paleontolojik ve biyolojik zenginligi nedeniyle iyi korunmali ve turizme agildig taktirde ugrayabilecegi

tahribatlar tekrar gozden gegirilmelidir.

Anahtar Kelimeler: Magara, Fosil, Sarkit, Dikit, Karacasu
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ABSTRACT

The Sirtlanini cave is located in approximately 1.5km south-east of Camarasi Villige which belongs to
Karacasu county, Aydin. The elevation of cave is 1060 meter. The total measured length of cave is 450 meter.
The deepest point is 40 meter according to the entrance level. It is possible to reach to the Sirtlanini cave in
every month with highway. There is a Karacasu junction to the south after 60" km. of Denizli-Aydin highway.
It can be reached to Geyre after taking 37 km from Karacasu junction. When Geyre is passed in the south-
west direction Camarasi village is over there. After taking the stabilized road by approximately 1,5 km,
Sirtlanini Cave is then reached.

The Sirtlanini cave was formed in highly karstified Mesozoic recrystallized limestone which is covering unit
of Menderes Massif. The region was fairly affected from the tectonic activities. Two different levels were
observed in the Sirtlanini cave which were completed its formation and development. Both two levels were in
vadose zone. In rainy seasons, some dripping water are observed in the cave however in arid seasons totally
is dried. The oldest level which was formed approximately 5 meter above from the entrance level of the cave,
is so close to the surface that some lemur roots were seen in this level.

Different arachnid species, worms and bats were observed in the cave. There were life evidences that belong
to the past in the cave. There were plenty of bones and teeth pieces found in the cave. We thought that these
remains were belonging to horses, boars, goats and hyenas. It was thought that hyenas, which give the name
of the cave, were fed in the cave after hunting.

Notice that region was exposed to two major earthquakes in 4" and 7" century according to some documents
which were found in Aphrodisias antique city excavation where 10 km northwest of Sirtlanini cave. In these
documents it was written that groundwater level was changed during the earthquake that occured in 4th
century and some part of the city was flooded (Erim, 1988). It was thought that groundwater level in the cave
was affected by these earthquakes. Numeruous existence of stalactite, stalagmite and column show that crack
systems highly developed in the limestone.

The Sirtlanini cave has been thought to organize for tourism activities, to improve the level of income of the
region. The Sirtlanini cave should be well protected since its geological, paleontological, biological richness

and negative effects of man activities.

Key Words: Cave, Fossil, Stalactite, Stalagmite Karacasu
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Siitun Catlak Olusumu (Bala, Ankara)

Development Of Columnar Joints In Bala (Ankara)

Erdem YiRMIBES

Ankara Universitesi, Jeoloji Miihendisligi Boliimii, Tektonik Arastirma Grubu, 06100 Tandogan, Ankara.
erdemyirmibes@gmail.com

0z
Stitun ¢atlak olusumlarinin geometrik goriniimlerindeki zerafet, bu yapilari korunmasi gereken jeolojik
olusumlar sinifina koymaktadir. Ankara-Bala yolu tizerinde Bala il¢esine 5 km mesafede (GPS:08241-82526)
tipik sttiin ¢atlak olusumlar1 bulunmaktadir. Bunlar bolgedeki Eosen yash filis birimleri tlizerine gelen
Miyosen yasli bazaltlar igerisinde gelismistir. Incelemeye konu olan gatlaklar yaklagik 70 m yanal uzunluk ve
19 m yiikseklikteki yol yarmasinda gozlenirler. Sonraki tektonik olusumlar siitun ¢atlak olusumunun i¢
yapisini yersel olarak tahrip etmis olda da ilksel olusumlar 6nemli 6l¢tide korumus goriilir.

Catlak olusumlar basalt kayasinda gelismis olup mikroskop incelemeleri bu bazaltlarin olivine basalt tiriint
isaret eder. Kaya matriks ve feno kristal olarak iki bilesenden olusmustur. Fenokristalleri piroksen (ojit) ve
olivin, matriks bilesimini ise plajioklas mikrolitleri ile piroksen ve opak mineraller olusturur. Mezoskobik
incelemeler stitiinsal olusumlar ile 1lgili su bilgileri vermektedir: Sttun olusumlar tiim mostra kalinligim
temsil ederken sonraki kiriklar siitunlari verevine veya paralel keserler; Kimi kirik alanlar gevrek makaslama
karakterindedir. Siitunlar arasindaki agiklik 0.8 cm ile 2 cm arasinda degigmektedir. Siitunlarin kenarlarindan
merkesine dogru onemli dokusal degisim goriilmemekle birlikte bir kag cm kalinlikta alterasyon gozlenir.
Siitunlarin yatay kesitleri besgen veya altigen sekillidir. Bu sekilleri olugturan kenarlar genelde nadiren esit
uzunluk sunarlar. Bunlarin kenar uzunluklar ¢ogunlukla farkli olup 8 cm ile 42 cm arasinda degisir. Yol
boyunca goértintimleri ile dikkat ¢eken bu yapiin korunmast, bir jeolojik olusumun kisiler gosterilmesi ve
yerbilimlerinin sevdirilmesi agisindan énem arzetmektedir.

Anahtar Kelimeler. Siitun ¢atlaklar, Miyosen volkanitleri, Bala, Orta Anadolu

ABSTRACT
The attractive vision of columnar joints must be under protection for geological heritage. Columnar joints
are typical in Ankara-Bala highway, which found them distance 5 km far away from Bala district
(GPS:08241-82526). Columnar joints formed in Miocene volcanic rocks lying the flysch unit Eocene age in
region. An area formed joints has 70 m length and 19 m in thickness. Although the area has been destroyed
by later tectonic movements it seems that internal structure and primer constitution of joints have been
mainly protected.

Microscopic studies indicate that columnar joints occurred in type of olivine basalt. The rocks contain two
components; these are phenocrysts and matrix. The phenocrysts consist mainly of pyroxene (augite) and
olivine. The matrix components of the basalt include plagioclase microlites and pyroxene plus opaque
minerals. In mesoscopic studies, it is clearly seen that later fractures affected and cut formations of the
columnar both horizontally and diagonally with respect to columns. Typical brittle shear zones along the
some of these fractures have been formed. The gap of every column can be changed from 0.8 cm to 2 cm.
Every column does not display main textural varieties, but the distance a few centimeters scale alteration
from edge of column to center can be observable. Basal sections of these columns formed by joints are
pentagon and hexagonal in shape. The length of sides of pentagons and hexagons can be variable between §
cm and 42 cm. The columnar joints formed in this region display attractive appearance need to be protected
because of geological heritage. Key Words: Columnar joints, Miocene volcanites, Bala, Central Anatolia
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Hasangelebi demiroksit cevherlesmeleri, alterasyon desenleri, alterasyon ve cevherlesme arasindaki iligkiler,
cevherlesme tipi ve tiirleri agisindan diinyadaki benzerleri gibi demiroksit-bakir-alin (DOBA) tipi bir
cevherlesme olarak tanimlanmistir (Kuscu ve dig., 2002; 2003). Bu tip cevherlesmelerde alterasyon ve
cevherlesmeye neden olan akiskanlarin kaynagi her zaman tartisma konusudur. Hasancelebi bolgesindeki
cevherlesme ve alterasyon, Geg Kampaniyen-Ge¢ Maastrihtiyen yash diyabaz, trakit ve siyenit bilesimli
kayaglar iizerinde geligmistir. Yankayaglar iizerinde yapilan zirkon U-Pb ve biyotit-hornblend Ar-Ar
radyometrik yaslari; trakitik kayaglarin 76.80 My, diyabazlarin 74.26 My ve siyenitlerin ise 71.80-68.60My
yaginda oldugunu ortaya koymustur. Alterasyon zonlarindaki biyotit-K feldispatlar tizerinde yapilan Ar-Ar
radyometrik yas tayinleri; skapolitli ve manyetit damarciklari igeren filogopitli kayaglarin 74.30 ila 68.64My
arasinda degisen yaslara sahip olduunu gostermektedir. Alterasyon ve cevherlesmelere yan kayaglik eden
orijinal (taze) magmatik kayaglar ile alterasyon zonlarmin yaklagik ayni radyometrik yaslarda olmasi,
alterasyon ve cevherlesmenin, Hasangelebi bolgesindeki alkalen magmatizmayla iliskisi oldugu olasiligim
kuvvetlendirmektedir. Ancak, alterasyon ve magmatizma arasindaki zaman-mekan iliskisi, alterasyon ve
cevherlesmelere neden olan akiskanlarin kokeni hakkinda bir yorum yapma konusunda yetersiz kalmaktadir.
Eger magmatik kristallenme ve sofuma sirasinda salgilanan magmatik-hidrotermal akigkanlar alterasyon ve
cevherlesmeye neden olduysa hem magmatik hem de alterasyon zonlarma ait Omeklerin izotop
sistematiklerinin de birbirlerine benzemesi gerekir.

Magmatik kayaglar ve alterasyon zonlarna ait Nd-Sr izotop sistematikleri ve ¥St/*Sr  oranlarinin
"NA/"Nd oranlarina kars1 ¢izildigi izotop korelasyon diyagrami, orijinal kaya¢ ve alterasyon zonu
orneklerinin birbirleriyle ortiisen izotop bilesimlerine sahip oldugunu gostermektedir. Bu da alterasyon
siireglerinin orjinal kayag izotop bilesimini ¢ok fazla etkilememis olduguna ve/veya alterasyon sirasinda
kayag-akiskan arasinda izotopik denge durumunun korunduguna ve izotop dengesini degistirecek harici
element alisverisi olmadigina isaret etmektedir. Dolayisiyla, alterasyonu olusturan g¢ozeltilerin, magmatik
kayaglarin bolgeye yerlesmesi sirasinda dogrudan siyenitik magmadan saglanmis olan ortomagmatik
¢ozeltiler oldugu one siiriilebilir. Ancak, potasik alterasyon zonundan alinan bir drnek en yiiksek YSr/%Sr -
Rb/Sr ve en diisiik SiO, degerlerine sahiptir. Bu durumda yiiksek Sr izotop oranlarina ulagabilmek i¢in Ca ve
Sr bakimindan zengin ¢ozeltilerin potasyum metazomatizmasimn siirdiigii sirada siyenitik-trakitik kayaglarin
biinyesinde dolasmasi gerekmektedir. Bunlar (1) ya meteorik sularin sirkiilasyonu sirasinda kabuktan
yikanarak-¢ozindiiriilerek ortama getirilmis veya (2) potasik alterasyon sirasinda dogrudan deniz suyundan
saglanmis, ya da (3) denizel sedimanlar i¢indeki gézenek suyunun magma intruzyonu sirasinda 1sinmasi ve
magmatik-hidrotermal dongiiye katilmasiyla yine denizel kokenli olarak ortama girmis olabilir. Potasik
zondaki filogopitler tizerinde yiiriitiilmiig olan sivi kapanim galigmalari, bu minerallerin homojenlesme
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