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Pleistosen’den Beri Marmara Denizi’nin Kuzey Kenarindan Kaynaklanan
Jeolojik Tehlikeler: Giincel Arastirma Sonu¢larinin Degerlendirilmesi

Naci Goriir ve M. Namik Cagatay

Istanbul Teknik Universitesi{ Maden Fakiiltesi, Jeoloji Miihendisligi Boliimii,
34469 Maslak, Istanbul (E-posta: naci@stokist.com)

Marmara Denizi Avrasya ile Anadolu levhalarn arasindaki Kuzey Anadolu Transform Fayi tizerinde
yer alir. Hizli deformasyon (25 mm/y yatay ve 5—6 mm/y diisey), yiiksek sismik aktivite ve dik havza
yamaglariyla (10°-29°) karakterize edilir. Bu nedenlerden dolay1 da deprem, denizalt1 heyelanlar1 ve
tsunami gibi jeolojik tehlikelere karsi aciktir. Ayrica, Akdeniz ve Karadeniz arasindaki o6zel
osinografik konumu nedeniyle taban sulart sik sik oksijen kaybina ugrar. Bu makalede Marmara
Denizinin jeolojik ve osinografik evrimi igerisinde ge¢miste olmus ve gelecekte de olabilecek bu tiir
jeolojik tehlikeler tartisilmaktadir.

Marmara Denizinin kuzey kenarinin morfolojisi ve yapist genellikle eski Hersiniyen yapilar
tarafindan kontrol edilir. Bu kenar olduk¢a egimli bir yamaca sahiptir ve bu nedenle de sik sik
denizalt1 kiitle hareketleri olusturur. Bu hareketler genellikle deniz seviyesinin diisiik oldugu
donemlerde olmustur. Diinyanin en aktif faylarindan biri olan Kuzey Anadolu Fayr Marmara Denizini
dogu-bat1 dogrultusunda keser ve burada Onemli bir sismik bosluk meydana getirir. Bu sismik
boslugun oniimiizdeki otuz sene icerisinde biiylikliigii yediden fazla bir veya iki deprem iiretecegi
tahmin edilmektedir. Dip sularimin oksijence fakirlesmesi ¢ogunlukla Marmara Denizinin Akdeniz’le
birlesmesi sonucu su seviyesinin yiikseldigi zamanlarda goriilmiistiir. Biitiin bu jeolojik tehlikeler diin
oldugu gibi bugiin de gergeklesebilir, dolayisiyla Marmara Bolgesindeki niifus, yerlesim alanlar1 ve
her tiirlii kiy1 ve denizalt1 yapilar tehdit altindadir.

Anahtar Sézciikler: jeolojik tehlikeler, Marmara Denizi, denizalt1 heyelani, tsunami
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Geohazards Rooted from the Northern Margin of the Sea of Marmara
Since the Late Pleistocene: A Review of Recent Results

Naci Goriir & M. Namik Cagatay

Istanbul Teknik Universitesi, Maden Fakiiltesi, Jeoloji Miihendisligi Boliimii, Maslak,
TR— 34469 Istanbul, Tiirkiye (E-mail: naci@stokist.com)

The Sea of Marmara (SoM) is located on the Northern Anatolian Fault (NAF), a major transform fault
boundary between the Eurasian and the Anatolian plates. It is characterized by fast deformation rates
(25 mm/a Horizontal and 5-6 mm/a vertical), high seismic activity and steep slopes (10°-29°). As a
consequence it is prone to high geohazard risks, including earthquakes, submarine landslides and
associated tsunamis. Its oceanographic setting between the Mediterranean and the Black Sea has
caused also bottom-water hypoxia. In this paper, we discuss the past and future geohazards related to
the geological and oceanographic evolution of the SoM.

The morphology and structure of the northern margin of the SoM is controlled mainly by the
reactivated Hercynian structures. The slope of this margin is particularly steep and prone to submarine
landslides. The most active northern branch of the NAF crosses the SoM in the east-west direction and
constitutes a seismic gap that is expected to create one or more large (M>7) earthquakes in the next 30
years. Submarine mass movements were especially common during low sea-level periods. Anoxic-
suboxic events occurred during marine transgressions, following marine connection with the
Mediterranean Sea. All these geohazards affected the Marmara region in the past and may also affect
it in the future, thus threaten populated areas, offshore infrastructures and onshore facilities.

Key Words: geohazard, Sea of Marmara, earthquake, submarine landslide, tsunami
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ESONET Miikemmelliyet Ag1 ve EMSO Bilim Altyapisi Projeleri
ve Marmara Denizi Dogal Afet Izleme Cahsmalari icin Onemi

M. Namik Cagatay', Giinay Cifci® ve Cemil Giirbiiz’

! [stanbul Teknik Universitesi, EMCOL (Dogu Akdeniz Osinografi ve Limnoloji Arastirmalar:
Merkezi), Maden Fakiiltesi, 34469 Maslak, Istanbul (E-posta: cagatay@jitu.edu.tr)
? Dokuz Eyliil Universitesi, Deniz Bilimleri ve T eknolojisi Enstitiisii, 35340 Inciralt, Izmir
3B0gazig:i Universitesi, Kandilli Rasathanesi ve Deprem Arastirma Enstitiisii,
34684 Cengelkoy, Istanbul

ESONET NoE (Avrupa Denizleri Gézlem Evi Miikemmeliyet Ag1) ve EMSO (Avrupa Deniztabani
Gozlem Evi) Avrupa Komisyonu'nun 6. ve 7. Cerg¢eve Programlari ile destekledigi projelerdir.
Projelerin ana amaci Avrupa 6l¢eginde Kuzey Buz Denizi’nden Karadeniz’e uzanan denizlerde ¢ok
disiplinli gézlemler yapacak bir gbzlem ag1 olusturmaktir. Bunlardan ESONET NoE projesi bilimsel
ve teknik konularda bilim camiasi igerisinde miikemmeliyet agi olusturmayi; EMSO projesi ise
Avrupa’da deniz taban1 gézlemleri konusunda hukuk, yonetim ve finans sistemiyle donanimli gerekli
bir bilim altyapisi kurmay1 amacglamaktadir. Uzun siireli deniz gozlemlerinin bilimsel amaci Avrupa
denizlerinde kati yerkiire, biyosfer ve hidrosfer arasindaki etkilesim siireclerini arastirmaktir.
Denizlerde bu tiir gozlemlerin yapilmast dogal afetler (6rnegin; deprem, denizalti heyelanlar1 ve
bunlarla iligkili tsunami), iklim degisimi, eksistem dinamigi ve biyo-¢esitlilik, kiyilarda deniz siiregleri
ile okyanus kabugunda yasam ve akigkanlar gibi konularinda ¢igir agacak bilim ve toplum agisindan
hayati 6neme sahiptir. ESONET ve EMSO projeleri ile yiiriitiilen ¢gabalar GMES (Global Monitoring
for Environment and Security: Kiiresel Cevre ve Giivenligin izlenmesi, http://www.gmes.info/)
tarafindan belirtilen ‘yerinde’ ve ‘uydu’ izleme sisteminin deniz ayagim olusturarak, GMES’e énemli
bir katkida bulunma amaci giitmektedir. Tiirkiye EMSO projesinde ITU-EMCOL (Eastern
Mediterranean Centre for Oceanography and Limnology) ve ESONET projesinde, ITU-EMCOL, BU-
Kandilli Rasathanesi ve DEU-Deniz Bilimleri ve Teknolojisi Enstitiisii tarafindan temsil edilmektedir.

Gerek tektonik konumu ve deprem basta olmak iizere dogal afet riski ve gerekse Akdeniz ve
Karadeniz arasindaki ilgi¢ osinografik konumu nedeniyle Marmara Denizi her iki proje tarafindan da
onemli bir ¢aligma alami olarak secilmistir. ESONET Marmara Uygulama Projesi kapsaminda
baglatilan ¢alismalar halihazirda fay boyunca ¢ikan akiskanlar ile sismisite iligkisi, tektonik hizlar,
uzun siireli deprem kayitlar1 ve derin bentik yagam konusundaki bilgilerimize ¢ok dnemli katkilarda
bulunmugstur. Bu ¢aligmalarin en énemli amaci; Marmara Denizi’nde depremselligi (fay etkinligini)
uzun siireli izlemek amaci ile ilerde olusturulacak siirekli deniz tabani gézlem istasyonlari i¢in en etkin
parametrelerin ve gbzlem yerlerinin saptanmasidir.

Anahtar Sozciikler: ESONET, EMSO, Marmara Denizi, dogal afet, denizalt1 gozlem istasyonu
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ESONET NoE and EMSO Infrastucture Projects and Their Importance for
Geohazard Monitoring in the Sea of Marmara
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ESONET NoE (European Seas Observatory Network of Excellence) and EMSO (European Seafloor
Observatory) Infrastucture Projects are funded by Eurupean Commisson’s 6th and 7th Framework
Programmes, respectively, with the principal objective of establishing European-scale network of
multidisciplinary seafloor observatories from the Arctic to the Black Sea. ESONET NoE project is
concerned with scientific and technical aspects, networking and integrating the European scientific
community, whereas EMSO has the objective of constituting an European science infrastructure with
legal, management and financial structures. The scientific objective of long-term real-time monitoring
of processes related to interactions between geosphere, biosphere and hydrosphere. These observations
are of critical scientific and societal importance for marine geohazards (e.g., earthquakes, submarine
landslides and associated tsunamis), climate change, ecosystem dynamics and biodiversity, coastal
ocean processes, deep sea biology and crustal fluids. These efforts are complimentary to GMES
(Global Monitoring for Environment and Security, http://www.gmes.info/) in developing a marine
segment integrated in the in situ and satellite global monitoring system. Turkey is being represented in
the EMSO project by ITU-EMCOL (Istanbul Technical University-Eastern Mediterranean Centre for
Oceanography and Limnology) and in the ESONET NoE by ITU-EMCOL, Bogazi¢i Univeristy-
Kandilli Observatory and Dokuz Eyliil University-Institute of Marine Sciences and Technology.

Both the ESONET and EMSO projects have selected the Sea of Marmara as an important node
because of the geohazard risks as well as its interesting oceanographic setting between the
Mediterranean and the Black seas. The studies carried out under the ESONET Marmara
Demonstration Mission project have already contributed immensely to our knowledge about the
relations between fluids and seismic activity, tectonic rates, long-term earthquake records, and deep
benthic life. One of the most important aims of these studies is to determine optimum parameters and
the locations for permanent seafloor observatories for earthquake monitoring in the Sea of Marmara.

Key Words: ESONET, EMSO, Sea of Marmara, geohazard, seafloor observatory
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Marmara Denizi’nde Kuzey Anadolu Fay1 Boyunca Holosen Yash Deprem
Kiriklar: Yasi, Mekansal Boyutu ve Sedimanter Siiregleri
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Marmara Denizi’nin tabaninda Kuzey Anadolu Faymm (KAF) yiiksek ¢Oziiniirliiklii multibeam
batimetri, deniz tabani profili ve sediment karotlartyla ¢alisilmistir. Bu ¢aligmanin ana amaci karadaki
paleosismik calismalara benzer dlgekte olan stratigrafik kayitlardan fayin tektonik gegmisini ve sismik
etkinligini 6grenmek ve genellikle fay kontrollii havzalara uygulanabilen sualti deprem jeolojisi igin
yontemler gelistirmektir. Marmara Denizi’nden elde edilen ilk sonuglar: (1) Bolgesel deprem kiriklari
sediment kayitlarindan ve yiiksek ¢oziiniirliiklii jeofizikten, fayin izi boyunca goriilen kiigiikk fay
havzalarinda belgelenebilir. (2) Homojenitler havza tabaninda (‘depocenters’) en derin kisimlarin
sedimantasyonuna hakimdir. Marmara Denizi’ndeki homojenitler mm’den cm’ye kadar degisen
Olcekteki bircok kum ve silt laminasyonlarini takiben keskin taban dokanagi ile baslamaktadir. Tiim
laminalar normal derecelenmis ve 50 cm kalinliklikta, yukar1 dogru tane boyu incelmesi diginda
homojen ¢okellerdir. Tane boyu analizleri her bir lamina i¢inde ve tiim homojenit igerisinde olmak
iizere normal derecelenmenin iki seviyesini gostermektedir. Cokelme merkezinde havzalarin yiiksek
ortalama sedimantasyon hizlar1 (1-3.5 mm/y1l) kenar havzalardan taginmasi muhtemel olan homojenit
¢Okellerinin sonucudur. (3) Biiyiikk tarihsel depremlerle (M>7) kisa Omiirlii radio-izotop ve
radyokarbon tarihlendirmesi yapilan homojenitlerin korelasyonu, homojenitlerin biiyiik depremlerle
olustugunu desteklemektedir. Cokel karotlarinda 181AD, 740AD, 1063AD, 1343AD, 1509AD,
1766AD, 1894AD ve 1912AD’de meydana gelen tarihsel olaylarla, mekansal ve gecici olarak
kargilagtirilan depremlerin kaydi ile bazen ¢ok az sayida bilinen depremlerle iligkilendirilmeyen
gravite akis1 ve kiitle kaybi olaylarinin izlerini bulduk. Bu kayitlar tarihsel kiriklara yakin olan
havzalardandir. Boylece, aktif tektonik havzalardaki 6nemli gravite ve kiitle akislarinin kirigin hemen
yakininda meydana geldigi goriilmektedir. KAF boyunca meydana gelen sik depremlerin ¢okelleri dar
bir kararlilik araliginda, yakinsak depremlerde esigin altinda, fakat raksak deprem ve ani kirilmalar
icin esigin istiinde tuttugunnu oOneriyoruz. Deprem etkileri kiriktan uzaklastikca azalan zemin
sarsintisini igeren yamag ¢okiintiilerini ve kirigin hemen yakiinda yaygin olarak meydana gelen sivi/
yada gaz ¢ikisini ve devrilme gibi deniz tabani deformasyonunu tetikleyebilir. (4) Giiney sinir fay
yakinindaki Imrali Fayr boyunca diisey tektonik deformasyon paleosinografiden yararlanarak
Olciilmiistiir. Marmara Denizi’ndeki golsel ortamdan denizel ortama gecis, yast ve paleo-yliksekligi
bilinen paleo-yatay bir seviye olarak bu diizlemi kesen faylarda diisey hareket bilesenini hesaplamak
i¢in miikemmel bir firsat saglamaktadir. Bulgularimiz Imrali Fayinmn yaklasik son 12.000 yilda ~15
metrelik bir atimla yilda ~Imm/y1l ortalama diisey kayma hizim1 gostermektedir. Denizaltt deprem
jeolojisi hala baslangi¢ asamasinda olmasina ragmen, biiylikk depremlerin mekansal ve gecici
yayilimimin ¢oziilmesi i¢in umut vermektedir. Cinkii deprem c¢okelleri havza ¢dkel merkezlerinde
egemendir. Bundan bagka, ¢okelimi etkileyen siiregleri anlamamiz kara paleosismolojisinden daha
uzun zaman Ol¢egindeki depremin sikligi ve olusunu yeniden yapilandirmamiza izin verecektir.
Ornegin, Marmara Denizi’ndeki havzalarda bu yeniden yapilandirmalar havzalarin evrimi konusunda
100 yildan 100,000 yila ve hatta daha uzun siirelere kadar degisen zaman dilimlerinde bilgiler
saglayabilir.

Anahtar Soézciikler: denizalt1 deprem jeolojisi, homojenitler, Kuzey Anadolu Fayi, Marmara Denizi,
tarihsel depremler, sedimanter siirecler, havza ¢okel merkezleri
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The submerged portions of the North Anatolia Fault system beneath the Marmara Sea were studied with
high-resolution multibeam bathymetry, subbottom profiling and sediment cores. The major objectives were
to learn about the seismic and tectonic history of the fault from the stratigraphic record at a scale similar to
paleoseismic studies on land, and to develop tools for submarine earthquake geology that can be applied to
fault-controlled basins in general. Initial results from the Marmara Sea show that: (1) Local earthquake
ruptures can be documented in small fault basins located along the trace of the fault from both high-
resolution geophysics and sediment sampling. (2) Homogenites dominate the sedimentation of the deepest
parts of the basin floors (‘depocenters’) where the sedimentary record is most likely complete.
Homogenites in Marmara Sea begin with a sharp basal contact followed by numerous mm- to cm- scale
sand and silt laminations. All laminae are normally graded and are contained within a 50 cm thick fining
upward and otherwise homogeneous deposit. Grain size analyses confirm two levels of normal grading, in
the homogenite as a whole and within individual laminae. The high average sedimentation rates (1 to 3.5
mm/year) of the basins depocenters are the results of homogenite deposits that are likely reworked from the
basin margins. (3) Correlation of homogenites to the historical record by radiocarbon and short-lived
radioisotope dating suggests that these homogenites are related to large earthquakes (M>7). We found
evidence of earthquakes that were spatially and temporally correlated with historic events in 181AD,
740AD, 1063AD, 1343AD, 1509AD, 1766AD, 1894AD, and 1912AD, and very few, if any, gravity flow
and mass wasting events that could not be associated with known earthquakes. This evidence is primarily
from those basins adjacent to the corresponding historical ruptures. Thus significant gravity flows and mass
wasting in these tectonically active basins seems to occur predominantly in the immediate proximity of a
rupture. We propose that frequent earthquakes along the NAF and their associated failures generally keep
sediment in a narrow stability range, below the threshold for failure from a proximal earthquake, but well
above the threshold for distal earthquakes and spontaneous failures. Earthquake effects that could trigger
slope failure include ground shaking, which decays with distance from the rupture, and seafloor
deformation such as tilting, and fluid and/or gas escape, which commonly occur within the immediate
vicinity of the rupture. (4) Vertical tectonic deformation along the Imrali Fault near the Southern Boundary
Fault was quantified from paleoceanography. In the Marmara Sea the transition from lacustrine to marine
environment offers an ideal paleo-horizontal marker of known age and paleo-elevation, and provides an
excellent opportunity to evaluate the vertical component of motion on faults that intersect that horizon. Our
results show that the Imral1 Fault has been vertically offset by ~15 m in the past 12.0 cal ky BP implying an
average slip rate of ~Imm/year. Although submarine earthquake geology is still at the pioneering stage, it
holds promise for successfully unraveling the spatial and temporal distribution of large earthquakes.
Because earthquake deposits dominate the basins depocenters, furthering our understanding of the
processes that lead to their deposition will permit to reconstruct earthquake occurrence and frequency over
much longer time scales than is typical of land paleoseismology. For example in the Marmara basins, these
reconstructions can provide information ranging from 100’s to 100,000’s of years and even longer
timescales that cover their entire evolution of the basins.

Key Words: submarine earthquake geology, homogenites, North Anatolia Fault, Marmara Sea, historical
earthquakes, sedimentary processes, basin depocenters
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TAMAM (Tirk-Amerikan MArmara Multichannel) bir ¢ok ABD ve Tiirk kurumlarinin yeraldigi
isbirligi yatig1 bir projedir. Temmuz 2008’de bu proje kapsaminda Piri Reis gemisi ile ~2700 km
uzunlugunda ¢ok kanalli sismik hatlar (MSC) elde edilmisti. TAMAM, daha 6nce Marmara
Denizi’nde Kuzey Anadolu Transform Fayi1 (KAF) boyunca elde edilen sismik etiidlerin bir
devanudir. Onceki etiidler daha derin yapiy1 veya ¢ok s1§ yiiksek ¢oziiniirlii (HR) kayitlar1 elde
etmistir. TAMAM ise bunlar1 tamamlayici nitelikte yiliksek ¢oziliniirlii olmasi yaninda orta derecede
penetrasyonla havza gelisimi ile aynmi yastaki tabaka yapilarinin daha ayrintili goriintiilenmesine
olanak saglamis ve Onceki iki tip etlid arasindaki boslugu doldurmustur. Bu etiid ilk asamada su
konulara odaklanmustir:

Kararh-hal teknonigi. Bazi calismacilar ge¢ Kuvaternde havzada gerilmli bir tektonik rejimden levha
hareketine parallel yanal-atimli bir rejime gecis oldugunu savunmustur. Bu degisimin yapisal
bliylimeyi tiimiiyle degisime ugratmasi, ancak ¢ok yakin zamanda olmasi durumunda yeni yapinin
biiylimesinin taninmasinda zorluklar olacagi beklenmektedir. Cinarcik havzasinda TAMAM hatlari
acik bir sekilde Holosen i¢inde havza biiylimesini gdstermektedir. Bu biiyiimenin alt kisimlara dogru
degismeden devam ettigi de goriilmiistiir. KAF havzanin sinir fayidir. Sintektonik tabakalarda goriilen
havza biiyiimesindeki tekdiizelik faym kinematik konumunda havza biiyiimesi sirasinda giiniimiize
degin bir degisimin olmadigina isaret etmektedir.

Derin Sekans Swtmwrlari ve Diigiik Su Diizeyi Paleo-Deltalar. Deniz diizeyi degisimleri Marmara
cukurluklarina olan tiirbidit akilarim1 denetlemektedir. Cokel girdisindeki ani degisimler ve hizl
tektonik egimlenme Marmara havzalari igin tipik olup, ‘Derin Sekans Sinirlari’ adini verdigimiz agisal
uyumsuzluklar1 olusturmustur. Sismik veriler aym1 zamanda Imrali Faymin diisen blogu iizerinde
disiikk su-diizeyi donemlerinde olusmus dort ayr1 delta karmasiginin varligmi gostermistir. Bu
deltalarin 100 bin yillik disiik su diizeyi donemlerini temsil ettigi varsayimi dogru ise, deltalar
arasindaki 130 m’lik atimlar yillik 1.33 mm ¢okme hizi vermektedir. Bu hiz da imral1 fayi iizerindeki
diisey atim bilesenine benzerlik gostermektedir.

Gravitasyonal C6kme. TAMAM sismik hatlart Marmara Derin ¢ukurlularinda hizli havza ¢kmesi ve
egimlenmesinin bazen derin kokenli gravitasyonal hareketlerin nedeni oldugunu gdstermistir. Ornegin
KAF boyunca Tekirdag havzasinda kademeli kivrimlar haritalanmistir. Sismik profiler havzanin sarp
giiney yamaci boyunca bir ¢okme yapis1 gostermektedir. Bu ¢okme yamacin baslangicinda bir gerilme
ve yamacin tabaninda KAF boyunca sikigsmali bir kivrimlanma ile iligkilidir. Bu sikisma havza
tabanindan % saniye derinlige ulagsmaktadir. Daha da derinde fay, gerilmeli bir havza smir fayindan
beklenecegi lizere, normal bir bilesene sahiptir. Gravitasonal ¢okmelerin tabanindaki sikigmali yapilar
yanlighkla tektonik daralma olarak yorumlanabilir.

Anahtar Sézciikler: Marmara Denizi, Kuzey Anadolu Fayi, tektonik, ¢ok-kanalli sismik, diisey
kayma
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The TAMAM (Turkish-American MArmara Multichannel) Project is a collaboration between several
US and Turkish research institutes. During July 2008, TAMAM collected ~2700 km of multichannel
profiles (MSC) in the Marmara Sea using the R/V K. Piri Reis. TAMAM follows a series of excellent
seismic surveys of the North Anatolian transform (NAF) in the Marmara Sea. These surveys tended to
strive, either for deep penetration MCS imaging of the large-scale structure of the basin, or for very
high-resolution (HR) imaging of near-surface faulting and other features. TAMAM fills a gap by
achieving HR with intermediate penetration and thus imaging critical details of the structure in the
strata contemporaneous with basin growth. Preliminary analysis has focused on the following:

Steady-State Tectonics. Some authors favor a major late Quaternary shift from transtensional basin
growth to a new purely transcurrent phase on a new plate-motion parallel strand of the fault. Such a
major tectonic transition is likely to alter structural growth pervasively, but the growth of new
structure might be subtle if he change is very recent. In the Cinarcik basin, TAMAM profiles clearly
resolve basin growth in the upper 0.05 s TWTT (two-way travel time) of the sequence, which is
thought to represent only the Holocene. This Holocene growth appears to extend in deeper parts of the
section (=1.5 sec TWTT). The NAF is the border fault of the basin. The uniformity of basin growth
through the syntectonic strata strongly suggests that the position or the kinematics of this fault has
been also uniform during the growth of the basin up to the present.

Bathyal Sequence Boundaries and Low-Stand Paleo-Deltas. Sealevel changes modulate turbidite flux
to the Marmara basins. Drastic changes in sediment flux combined with rapid tectonic tilting create
angular unconformities, which are typical of the Marmara basins and we name ‘bathyal sequence
boundaries’. The seismic data also reveal a stack of at least four low-stand delta complexes, which are
preserved by subsidence on the downthrown side of the Imrali fault. If these deltas mark the ~100 ky
interval between low stands, their 130-m spacing implies subsidence rates of 1.3 mm/yr and thus a
similar dip-slip component rate on the Imrali fault.

Gravity Collapse. TAMAM profiles show that rapid subsidence and tilting in the Marmara Trough are
responsible for widespread gravitational collapse, which is deeply rooted in some cases. For example,
en echelon folding has been mapped along the NAF in Tekirdag basin. The profiles reveal a major
collapse structure on the steep south flank of the basin. This collapse is associated with extension at
the head of the slope and with contractional folding at the bottom of the slope along the NAF. This
contraction reaches to about 1/2 second below the basin floor. Deeper still, the fault displays a normal
component, as expected from its role as the transtensional border fault of the basin. Contractional
structures at the toes of gravitational collapses can be misinterpreted as tectonic shortening.

Key Words: Marmara Sea, North Anatolian Fault, tectonics, multi-channel seismics, vertical slip
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Kuzey Anadolu Fay Sisteminin énemli noktalarinda elde edilen yliksek ¢oziintirliiklii jeofiziksel ve
jeolojik verilerin (deniz tabaninin yiiksek ¢oziiniirlikklic morfobatimetrik goriintiileri, 3-D ve pseudo-
3D yiiksek ¢ozlniirliiklii sismik yansima goriintiisii ve ayrintili sedimanter ve stratigarfik kayitlar)
birlikte yorumu: (1) aktif ve aktif olmayan faylar ayirt ederek haritalamak; (2) faym yapism ve
geometrisini belirlemek; (3) tek fay kollar1 boyunca jeolojik zamanda kayma hizlarini tahmin etmek;
(4) sedimanter istif icerisindeki ge¢mis depremleri tarihlendirmek ve tanimlamak; (5) 1999 kiriginin
denizalt1 uzanimini teshis etmek i¢in uygulanmustir.

Marmara Deniz havzasinin dogu ve bati tarafindaki giivenilir sonuglar Kuzey Anadolu Fay sisteminin
farkli fay kollarinda jeolojik zaman boyunca (~10" y1) kayma hizinin dogru tahmin edilmesine olanak
saglamistir. Aktif olmayan ve kalm Holosen sedimanter ortiiyle dolu olan Saros Kérfezi ve Izmit
Korfezi’'nde otelenmis sedimanter elemanlar (denizaltt kanyonlar1 ve akarsu kanali) kesfedilmistir.
Son buzul doéneminden sonra bu sedimanter elemanlarin etkinligini yitirerek terkedilmesini
tarihlendirebildigimiz i¢in Marmara Havzasinin her iki yanindaki Kuzey Anadolu Fay sisteminin
kuzey kolu boyunca kayma hizinin dogru tahminlerini gerceklestirebilmekteyiz. Elde ettigimiz hizlar
kabul edilen levha tektonigi modelleri ve jeodetik Ol¢iimlerin yarisini temsil eden 10 mm/yr
dolaymdadir. Marmara Denizinin giiney selfi iizerinde yeralan Gemlik Korfezi’nin morfobatimetrik
haritalar1 deformasyonun karmagsik geometrisi ve deniz tabami aktif fay Otelenmesinin varligini
gostermektedir. Son buzul doneminde olusan gdlsel delta Kuzey Anadolu Fay sisteminin orta kolu
boyunca dogrultu atimli fay tarafindan Gtelenmis goriinmektedir. Jeofizik ve sediment karot verileri
beraber degerlendirildiginde bu fay kolu iizerindeki kayma hizinin toplam sag yanal hareketin en az
Smm/y1l kadarini saglayabilecegi goriilmektedir. Bu veriler Marmara bolgesindeki sismik tehlike ve
fay araylizeylerini anlamamiz ve Kuzey Anadolu Fay sisteminin deniz altindaki kisiminin neotektonik
yerlesimini analamamiz agisindan énemlidir.

Havza evrimi, stratigrafi, paleosinografi ve bolgesel teknonik gibi ¢ok disiplinli ¢aligmalarin fay kolu
dinamiklerinin ince dlgekte acikliga kavusturalmasindaki yaklagimin 6nemini vurgulamak isityoruz.
Bu ¢ok 6lgekli ve ¢ok disiplinli yaklagim gegmiste biiyiik depremlerle (M>7) kirilmis ve muhtemelen
glecekte de kirillacak bir fay kolu etkinliginin izlenmesi i¢in stratejilerin gelistirilmesine katkida
bulunacaktir. uhtemel yerlerinin tesbitinde ve ge¢misteki biiylik depremlerin kirilmig fay kolu i¢in
gozlemleme stratejilerininin tasarlanmasinda dizayn edilmesine Onciilik edebilir. Bu c¢aligmalara
dayanarak Istanbulu gelecekte etkilemesi beklenen deprem esnasinda kirilacak olan fay dilimi
iizerinde, Marmara Denizindeki sivi akis emisyonlarmin sismisite ile birlikte 6 ay izlenmesini
planlamaktayiz.

Anahtar Sozciikler: dogrultu atimli fay, keskin noktalar, kayma hizi, Kuzey Anadolu Fay1
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An integrated interpretation of the high resolution geophysical and geological data (high-resolution
morphobathymetric images of the seafloor, 3-D and pseudo-3D high resolution seismic reflection
imaging and detailed stratigraphic reconstruction of the sedimentary record) acquired in key-areas of
the NAF fault system has been carried out in order to: (1) map the fault pattern discriminating between
active and inactive faults; (2) address their nature and geometry; (3) estimate slip-rates over geological
time along single fault strands; (4) describe and date the past earthquakes in the sedimentary sequence;
(5) recognize the submarine extent of the 1999 (last) rupture.

Findings of reliable piercing points on both sides of the Sea of Marmara basin enabled us to obtain an
accurate estimate of the slip-rate over a geological time (~10" years) on different fault strands of the
NAF system. We discovered displaced sedimentary features (submarine canyons and a river channel)
in the Gulf of Izmit and Gulf of Saros that are presently inactive and locally filled by a thick Holocene
sedimentary cover. Since we can date the abandoning of these sedimentary features after the Last
Glacial Maximum, we might perform accurate estimates of the slip-rate along the northern strand of
the NAF system on both sides of the Marmara basin. The rates we obtained are in the order of 10
mm/yr that represents about one half of what expected from geodetic measurements and accepted
plate-tectonic models. Morphobathymetric maps of the Gemlik bay (southern shelf of the Marmara
Sea) show the presence of active fault offsetting the seafloor and producing a complex pattern of
deformation. A lacustrine delta, which developed during the Last Glacial Maximum (LGM) appears to
be displaced by a strike-slip fault along the middle strand of the NAF system, and the slip rate we
estimated through the integrated analysis of sediment cores and geophysical data suggests that this
fault branch may accommodate a minimum of 5 mm/yr of right lateral motion. This has important
implications both for reconstructing the neotectonic setting of the submerged portion of the NAF
system and to our understanding of fault interactions and seismic hazard in the Marmara region.

We stress the importance of a multidisciplinary approach that involves the fine scale reconstruction of
single fault strand dynamics with the study of regional tectonics, palaecoceanography, stratigraphy and
ultimately basin evolution. This multi-scale, multidisciplinary approach might led to design
monitoring strategies for any given fault strand that ruptured during past large (M > 7) earthquakes
and are possibly places where future ruptures will nucleate. Based on these studies we are planning a
6-month monitoring of seismicity a fluid flow emission in the Marmara Sea over the fault segment that
will possibly rupture during the next earthquake that will affect the Istanbul area.

Key Words: strike-slip fault, piercing points, slip rate, North Anatolian Fault
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Son buzul déneminde (2. Deniz Izotop Dénemi), Marmara Deniz’i kiiresel deniz seviyesi Canakkale
Bogazi esik derinliginin altina diistiigli i¢in aci-su goliine doniigsmiistiir. Diinya okyanus sisteminden
ayrildig1 zaman, nehir girdisi ile Karadeniz’den gelen akis Marmara ‘Goliine’ gelen ana su kaynaklariydi.
Kiiresel okyanusla havzanin yeniden baglantisinin tarihi, bin yillik ¢o6ziiniirlikte paleoklimatik ve
paleosinografik olaylar1 yeniden yapilandirma ve golden denize gegisin yiiksek ¢oOziiniirliikli kayitlari
havzanin sedimentleri igerisinde muhafaza edilmistir. Bu amag icin Imrali, Prenses Adalar1, Cekmece’deki
kuzey, dogu ve giiney selfleri boyunca 10 adet sediment karotu, yiiksek ¢oziiniirliiklii yaritaban profili
(chirp) ve multibeam batimetre verileri kullanilarak Marmara Deniz’inin eski kiy1 ¢izgilerini
haritalanmistir. Detayli sedimantolojik, biyostratigrafik (foraminifer, molusk, diatom), XRF (X-iginlar
flouresan) jeokimyasal tarama, oksijen ve karbon izotop analizlerinin radyokarbon ve kalibre edilmis
kronolojiyle korelasyonu yapilmis ve akustik goriintiilerde yorumlanmastir.

En eski sedimentler ( Giiniimiizden once (G.0.) >15.5 cal ka; G.0O.>13.5 e ka) kurak ve soguk kosullarin
ipuclarint vermektedir. Gol sedimentleri laminalanmis, oksijenli kosullar1 ve sedimantasyon dongiilerini
gostermektedir. Nehirler yakinsal olan karasal sedimentleri ve muhtemel yanginlarla birlikte kurak
kosullarin bol komiiriinii getirmistir. Goliin eski kiy1 ¢izgisi —95 metre ya da daha derindi. Gol suyu ve
sedimentleri ¢ok az aci-su, tatli-su tiirlerinden Theodoxus fluviatilis ve Dreissena sp. ve tatli-su diatomlar
icermekteydi. G.0. 15.5-15.0 cal ka BP (G.O. 13.1-13.0 "C ka) tarihlerinde Marmara Géliine Kara
Deniz’den (bu zamanda goldii) ¢ok miktarda tathi-su geldiginin verileridir. Bu doénemde Dreissena
rostriformis ve T. fluviatilis yogundu ve bu molusklarin 87Sr/%Sr bilesimi Kara Deniz sularmin bilesimine
sahipti. Diinya okyanus sistemininden bagimsiz olan Goliin eski kiy1 ¢izgisi -85 metrede Ege Deniz’ine
akan Canakkale Bogazi seviyesinde yeralmaktaydi.

Bolling-Allerod Marmara Goliine muhtemelen evaporative ve sicak kosullar getirmistir. Bu durum oksijen
izotop kayitlan ile desteklenmektedir. Bu ¢alismada kanitlanan —95 metre taragasi Cekmece havzalan,
Prenses Adalar1 ve Imrali boyunca devam eden erozyonal yiizeyi isaret etmektedir. Bu muhtemelen
Akdeniz sulari Marmara Deniz’ine akmadan once gol seviyesinin diistiigliinii ya da goldeki dalga
hareketinin gol ylizeyinin 10 metre altinda erozyonla —95 m taracasini olusturdugunu gostermektedir.

Bulgular yaklagik 12.000 yil énce (G.O. 10.7 '*C ka) hizli deniz istilasinin oldugunu ve Younger Dryas
soguk interstadial’in 11.5-10.5 cal ka BP (10.5-9.7 '*C ka BP)’da sedimentleri yeniden isledigine isaret
etmektedir. Giiglii tabakalanma ve besleyici (nutrient) girdisinin gelisiminin yaklasik 9200 BP’de (8.6 '*C
ka BP) basladig1 bentik ve planktik foraminifer topluluklan tarafindan belgelenmistir. Bu olaylarin zamani
ve cevresel kosullar daha 6nceki calismalardada tespit edilen, Kara Deniz, Marmara Deniz’i ve Akdeniz’in
yeniden baglantisiyla uyumludur. Marmara Deniz’inde sabit ¢evresel kosullar, deniz seviyesinin giiniimiiz
seviyesine yakinlagmasi ile yaklasik 6.000 yil (G.O. 5.5 '*C ka) olusmus ve havza tabanlari ¢okellerle
dolmustur

Anahtar Sézciikler: Marmara Denizi, paleoosinografi, paleokiyi, geng Dryas, Kara Deniz, seniz izotop
Kat 2
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During the late glacial, marine isotope Stage 2, the Marmara Sea transformed into a brackish lake as global
sea level fell below the sill in the Dardanelles Strait. When isolated from the global ocean, river discharge
and outflow from the Black Sea were the main sources of water to Marmara “lake”. A history of the basin’s
reconnection to the global ocean was preserved in its sediments permitting to develop a high-resolution
record of the lacustrine to marine transition, and to reconstruct paleoceanograhic and paleoclimatic events
at a millennial scale. For this purpose, we mapped the paleoshorelines of Marmara Sea along the northern,
eastern, and southern shelves at Cekmece, Prince Islands and Imrali, using data from multibeam
bathymetry, high-resolution subbottom profiling (chirp) and ten sediment cores. Detailed sedimentologic,
biostratigraphic (foraminifers, mollusk, diatoms), X-ray fluorescence geochemical scanning and oxygen
and carbon stable isotope analyses were correlated to a radiocarbon, and calibrated chronology and
interpreted within the context of the acoustic images.

The oldest sediments recovered (>15.5 cal ka BP; >13.5 '*C ka BP) provided evidence for cold and dry
conditions. The Lake sediments were laminated, indicative of cyclic sedimentation and oxic conditions.
Rivers were proximal bringing terrigenous sediment and abundant charcoal suggestive of dry conditions
with possible fires. The Lake paloshoreline was at —95 m or deeper. Its waters and sediments were nearly
barren of fauna containing few Dreissena sp. and Theodoxus fluviatilis of brackish and freshwater affinity,
and rare brackish and fresh water diatom flora. From 15.5-15.0 cal ka BP (13.1-13.0 '*C ka BP) there is
evidence for an abundant supply of fresh water from the Black Sea (a lake at this time) into Marmara Lake.
Dreissena rostriformis and T. fluviatilis were abundant and the 87Sr/%Sr compositions of these mollusks
have a Black Sea signature. The Lake paleoshorelines lay at the level of its Dardanelles spillway to the
Aegean Sea at -85 m, but isolated from the world’s oceans.

The Bolling-Allerod brought warm and possibly evaporative conditions to Marmara Lake as evidenced by
the oxygen isotope record. The —95 m terrace documented in this study marks an erosional surface that can
be traced nearly continuously along the Imrali, Prince Islands and Cekmece margins. This raises the
possibility that the levels of the lake dropped momentarily before the Mediterranean waters spilled into
Marmara, or that wave action in the lake beveled the lake floor to form a terrace 10 m below the lake
surface.

Evidence points to a rapid marine incursion at 12 cal ka BP (10.7 "*C ka BP) and a still stand and sediment
reworking during the Younger Dryas cold interstadial at 11.5-10.5 cal ka BP (10.5-9.7 '*C ka BP). The
development of a strong stratification and influx of nutrients is documented by the benthic and planktonic
foraminiferal assemblages at 9.2 cal ka BP (8.6 C ka BP). The timing of these events and environmental
conditions are consistent with the reconnection of the Mediterranean, Marmara and Black Seas as
documented by previous studies. Stable environmental conditions developed in Marmara Sea after 6.0 cal
ka BP (5.5 C ka BP) as sea-level reached close to its present shoreline and the basin floors filled with
sediments achieving their present configuration.

Key Words: Marmara Sea, paleoceanography, paleoshoreline, younger dryas, Black Sea, marine isotope
stage 2
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Marmara Denizi kuzey selfinde Ge¢ Buzul-Holosen yash ¢okel istifi detayli sig-sismik ve karot
stratigrafisi analizleri ile tespit edilmistir. Sismik profiler, self boyunca devamli Q1 ila Q3 uyumsuzluk
ylizeyleri ile ayrilan ve litostratigarifk L4-L1 birimlerinin karsili1 olan S4-S1 dort sismik stratigrafik
birimin varligmi ortaya koymaktadir. Marmara Denizi’nin Istanbul Bogazi girisinde yeralan sismik
profillerde yapilan ¢aligmalarda, Holosen yasli Birim-L1 yedi alt stratigrafik birime ayrilabilmistir.
Global deniz seviyesinin ii¢lincii deniz izotopu (MIS-3) basinda Canakkale esik derinligi (—83 m)
altina diigmesiyle Marmara Denizi gdlsel bir ortama donligmiistiir. MIS-3 ve MIS-2’nin biiyiik bir
kisminda Marmara Denizi’nin Akdeniz ile su gegisinin kesilmesi ve devam eden regresyon ilerlemeli
¢Okel geometrisi sunan (Birim S4 and S3) birimlerin self kenarinda kalinlasarak olusumuna yol
acmigtir, Marmara goliiniin en diisiik su seviyesi donemi nehirlerin 105 m su derinligine kadar
kazimasi ile temsil olunur ve bu derinligin tizerindeki selfde devamli aginma yiizeyi olusmustur. Son
Buzul Maksimum doénemindeki (LGM) Akdeniz ile baglanti kesikliginin aksine, Karadeniz’in
seviyesinin Istanbul Bogazi esigi iizerine ¢ikmasi ile Marmara Denizi’nde G.O. 15-13.5 bin yillar1
arasinda Karadeniz’den bir akig meydana gelmistir. Bu akis ile Marmara Denizi’nde baslayan tathi su
transgresyonu su seviyesini —85 m’ye yiikseltmistir.

Marmara Denizi’nin Akdeniz ile G.O. 12 bin yilinda baglantinin saglanmasinin ardindan soguk Geng
Buzul Dénemi (YD) G.O. 11.5 bin yil once Karadeniz’in Marmara akisi ile temsil olunur ve bu
bogazin eski kanali icersinde kanal bank kenari ¢okellerinin olusmasini saglamistir. Geng Buzul
Dénemi (YD) siiresince deniz seviyesi yiikselimi =76 m ve —71 m’lerde olusan duragan su seviyeleri
ile kesiklige ugramstir. Marmara Denizi Istanbul Bogazi girisindeki sismik profilllerde yansima
yiizeyi boyunca algli biyoherm gelisimleri, G.O. 8.8 bin yilinda Marmara Denizi’nde yeniden yiiksek
tuzluluga doniisii isaret etmektedir. Orta Holosen donemi, karadan sediman gelim oraninin ¢ékelme
alanindan daha fazla olmasi sonucunda Kurbagali Dere éniinde G.0O. 6.2 bin yilinda prodelta gelisimi
ile temsil olunmaktadir.

Anahtar Sozciikler: Marmara Denizi, deniz seviyesi, sismik stratigrafi, ge¢c buzul, Holosen

54



, 13—=17 April 2009, MTA—Ankara, Tiirkiye

Late Glacial to Holocene Sealevel changes in the Sea of Marmara:
Evidence from High-resolution Seismic and Core studies

Kiirsad Kadir Eris & M. Namik Cagatay

Istanbul Teknik Universitesi, Maden Fakiiltesi, Jeoloji Miihendisligi Boliimii
(Dogu Akdeniz Osinografi ve Limnoloji Arastirmalart Merkezi), Avcilar,
TR-34469 Istanbul, Tiirkiye (E-mail: keris@itu.edu.tr)

Late Glacial to Holocene sedimentary record of the northern shelf of the Sea of Marmara (SoM) is
documented by detailed stratigraphic analysis of sub-bottom (Chirp) profiles and sediment cores. The
reflection profiles reveal the presence of four seismic stratigraphic units S4-S1 that are equivalent to
lithostratigraphic units L4-L1, separated from each other by shelf-crossing unconformities of Q1 to
Q3. The seismic profiles from the SoM entrance to the Strait of Istanbul (Sol) allow us to divide the
Holocene sediments of Unit S1 into seven sub-units, therefore, we can estimate high-frequency sea-
level fluctuations. The SoM was converted into freshwater lake in the beginning of the marine isotope
stage 3 (MIS-3) due to global sealevel fall below the Dardanelles outlet —83 m). During the MIS-3 and
main part of the MIS-2, disconnection with the Mediterranean Sea and the forced regression in the
SoM gave rise to deposition of progradational units (seismic units S4 and S3) as sediment wedges
thickening towards the shelf edge. The maximum lowstand of the ‘Marmara lake’ is associated with
river incisions below to 105 m water depth, above which a prominent erosional surface formed on the
shelf. In contrast to the LGM disconnection with the Mediterranean Sea, the SoM experienced a
period of Black Sea outflow between 15—13.5 "*C ka BP, when the Black Sea level rised above the sill
depth (=35 m) of the Sol. This gave rise to freshwater transgression in the lake leading to a rise in the
water level at —85 m by 13 ka BP.

Following the reconnection with the Mediterranean Sea at 12 ka BP, the Younger Dryas (YD) cold
period in the SoM was associated by a Black Sea outflow at 11.5 ka BP leading to formation of a levee
within the axis of the palaeco-Bosphorus shelf valley. During the YD, the sealevel increase was
interrupted by still stands at =76 m and —71 m. In the seismic profiles from the SoM entrance to the
Sol, the colonization of algal-serpulid bioherms across the reflector surface signal a return to higher
salinity in the SoM at ~8.8 ka BP. The mid-Holocene time is represented by a formation of a
subaqueous prodelta sourced from the Kurbagalidere River at 6.2 ka BP, when the amount of the
sediment supply was greater than the accommodation space.

Key Words: Sea of Marmara, sea level, seismic stratigraphy, late glacial, Holocene
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Karadeniz Self Kenarinda Depolanmis Buzul ve
Buzularasi Sedimentlerinin Jeokimyasal Ozellikleri
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Bu calismada Sakarya Nehrinin dokiildiigii self kenarindan alinan 27 m uzunluktaki bir sediment
piston karot; MDO04-2761 incelenmistir. Karot boyu sedimentlerin litolojik, jeokimyasal ve
paleontolojik 6zelliklerine gore 6 farkli birim ayirt edilmistir. Bu birimler degisen deniz seviyesi,
iklim ve depolanma kosullarimi yansitmaktadir. Manyetik siiseptibilite, toplam organik karbon, toplam
karbonat, element/Al oranlari, jeokimyasal bir stratigrafi olusturacak sekilde belirgin dagilim
ozellikleri sergilemektedirler. Bu stratigrafiye gore, yukaridan asagiya, Birim 1, 2a, 2b, 2¢ ve 3 Son
Buzul (Valdai) devrinde, Birim 4, 5 ve 6 ise Onceki Buzul arasi (Mikulina—Karangat) devirde
depolanmustirlar. Birim 4 Buzul arasi devrin bitimini, Birim 5 ve 6 soguk dénemleri yansitmaktadir.

Birim 2 ve 3 yiksek terijen-diigsiik karbonat girdisinin hizli sedimantasyon kosullar1 altinda
depolandigimi gostermektedir. Birim 4 ise yiiksek karbonat igerigi ile 1lik bir iklimi ve kimyasal
aginimin artigt kosullar altinda ¢okelmistir. Sismik profillerde goriilen Birim 3 ve 4 arasindaki
erozyonel yiizey alcalan deniz seviyesini gostermekte ve jeokimyasal parametreleri dogrulamaktadir.

Paleontolojik veriler, en belirgin ortam degisiminin Birim 4'iin ¢6keldigi zamanda gergeklestigini ve
Karadeniz'in Hazar Denizi ile baglantili oldugunu, ancak Akdeniz ile baglantinin siipheli oldugunu

gostermektedir.

Anahtar Sézciikler: Karadeniz selfi, jeokimya, buzul, buzularasi, sediment, paleosinografi
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Piston sediment core MD04-2761 with a length of 27 m was collected from the Black Sea shelf off the
Sakarya River. Lithological, geochemical and palaecontological analyses indicated 6 different
sedimentary units, reflecting changing sea-level, climate and depositional conditions. Magnetic
susceptibility, Cor,, total carbonate, element/Al ratios and certain proxy element ratios, displaying
distinct distribution patterns allowed to construct a geochemical stratigraphy. Based on this
stratigraphy, from top to bottom along the core, Unit 1, 2a, 2b, 2¢, and 3 were deposited during the last
glaciations (Wiirm-Valdai), whereas the others reflects the last interglacial period (Mikulina-
Karangat). Unit 4 was deposited towards the termination of last interglacial. Units 5 and 6 were
deposited at the cold periods of the same interglacial. The sedimentary layers of Units 2 and 3 were
characteristics of fast sedimentation and high terrigeneous, low carbonate input, whereas high
carbonate content of Unit 4 reflects warm climate and chemical weathering. Seismic profile indicating
an erosional surface between Units 3 and 4 is in accordance with the lowering of the sea level.

Palaeontological data suggests that the most significant environmental change occurring during the
deposition of Unit 4 and indicates that the Black Sea was connected to Caspian Sea, but not with the

Mediterranean Sea.

Key Words: Black Sea shelf, geochemistry, glacial, interglacial, sediment, palaeoceanography
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Bayrampasa (Lykos) Deresi Havzasi ve Agzindaki Yenikapi (Theodosius)
Limam Kiy1 Alanindaki (Marmara Denizi) Degisim Siirecleri

Levent Erel, Kadir Eris, Sena Ak¢er, Demet Biltekin ve M. Namik Cagatay
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Istanbul Bogaz1 gevresinde bilinen ve uzun siire arastirilan eski yerlesim birimleri batida Yarimburgaz
Magaras! ile Asya boliimiinde Fikirtepe tarih oncesi iskan {initeleridir. Istanbul Arkeoloji Miizeleri
tarafindan Yenikapi’daki ‘Metro kazisi’ alaninda sur ig¢indeki en eski yerlesme olan Neolitik yastaki
magara sigmagi ortaya g¢ikarilmistir. Osmanli Yenikapisi olarak bilinen ayni alanda, yani Bizans
Cagmn’daki Vlanga veya Langa’da, Bizans Cagr’min Istanbul’un Marmara kiyisindaki en biiyiik limani
olan Theodosius limani da yer almaktadir. Bu liman, sur i¢indeki yegane akarsu olan Bayrampasa
(Lykos) Deresi agzinda kurulmustur. Dere sur disinda Maltepe yiiksek alanindaki kii¢lik derelerin, sel
sularinin birlesmesiyle olusur. ‘Sulukule Kapisi’ndan sur igine girer, kiigiik kollar ayrilir. Once
dogu—bat1 yoniinde akar, sonra dirsekle giineye yonelerek Yenikapi’dan Marmara Denizi’ne bosalir.
Derenin ana vadi uzunlugu sadece 3,5 km’dir. Oysa akaglama havzasi sur i¢i yani eski yerlesim
cekirdeginin 1/3°nii kapsar. Vadi, ‘eski’ Istanbul’'un baslica meydanlarinin ve sosyal yapilarinin
yakinindan geger. Vadi dogal olaylarla, insanlarin miidahalesi ile giderek degismis, nihayet 1960’11
yillarda istanbul’da géclerle ortaya ¢ikan yogun kentlesme ile tamamen silinmistir. Vadinin agzindaki
Theodosius liman alan1 Neolitik Cagda bir bataklik ortami iken, deniz seviyesinin yiikelmesi ile
birlikte giinlimiizden 6.000-5000 yil 6nce su altinda kalmig ve arkeolojik bulgulara goére M.S.
300-400 yillarindan itibaren bir liman olarak kullanilmaya baslanmigtir. Liman dere ve deniz
tarafindan getirilen dogal cokeller ve yerlesimin artmasi ile kuzey yerlesim alanindan gelen
antropojenik atiklarla M.S. 1200 yillarinda tiimiiyle dolmustur.

Anahtar Sézciikler: Bayrampasa (Lykos) deresi, Yenikap1 (Theodosius) limani, Marmara Denizi,
Istanbul Marmaray kazis
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Course of Changes in the Drainage Basin of Bayrampasa (Lykos) Stream
and the Yenikapi (Theodosius) Port’s Coastal Area at its Outlet
(Sea of Marmara)
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(Dogu Akdeniz Ogsinografi ve Limnoloji Arastirmalart Merkezi),
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Well-known pre-historical settlements around the Istanbul Strait (Bosphorus) area include the
Yarimburgaz Cave in the west and the Fikirtepe on the Asian side of Istanbul. In the Yenikap1 Metro
excavation area a new Neolithic cave settlement has been recently discovered by the Istanbul
Archeological Museums. In the same excavated area, which is known as the Yenikapi since the
Ottoman period (Vlanga or Langa of the Byzantium period), the largest port of the Byzantium period
‘Theodosius’ is also located. This port is placed at the mouth of the Bayrampasa (Lykos) Stream,
which is the only channel draining the old ‘fortified Istanbul’ (Constantinople) area. The stream
originates in the high Maltepe Hills area, being fed by the waters of small tributaries. It enters into the
“fortified Istanbul’ area through the ‘Sulukule Gate’, flows in an east west direction, and then makes a
sharp turn to the south, emptying into the Sea of Marmara at Yenikapi. The width of the main
Bayrampasa valley is 3.5 km, with its drainage area constituting about 1/3 of the “fortified Istanbul”
area that forms the main old settlement. The Valley passes near the main squares and social structures
of the ‘old’ Istanbul. Its morphology has been continuously changed by natural and antropogenic
developments, being terminally erased from the land surface by 1960s, as result of a rapid increase in
population and urbanization in Istanbul. The Theodosius port area at the mouth of the Bayrampasa
Stream was a coastal marsh during the Neolithic period. It was inundated by sea around 6,000-5,000 a
BP with the increase in the global sea level, and used as a Port starting around 300-400 A.D.,
according to the archeological records. The port was completely filled in by about 1.200 A.D., with
sediments sourced from the Bayrampasa Stream and the sea, as well as with anthropogenic wastes
from the settlement to the north.

Key Words: Bayrampasa (Lykos) stream, Yenikapt (Theodosius) port, Marmara Sea, Istanbul
Marmaray excavation
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Holosen'de Degisken Bir Kiy1 Ortaminin Antik Theodosius
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Istanbul Arkeoloji Miizeleri tarafindan Yenikapi’da yiiriitilen Antik Theodosius Liman kazisinda
ortaya cikan c¢okel istifi yaklasik olarak 8000 yil i¢inde ¢okelmis olup, bu donemde Marmara Denizi
ve Istanbul Metropolii’nde meydana gelmis ortam degisimlerini ve kiiltiirel tarihgenin kayitlarini
icermektedir. Kaz1 alaninda moloz dolgunun altinda sirasiyla akarsu (fliivyal) ve denizel olmak iizere
baslica iki tip ¢okel istifi bulunmaktadir. Moloz dolgu Bizans doneminden kalintilar, Osmanli donemi
bostan topragi ve ¢ok yakin gecmisin kalintilarii igermektedir. Moloz dolgunun altinda yer alan
fliivyal birim yaklagik 1 m kalinlikta olup, 1950’lerin basina kadar bugiinkii Vatan Caddesi boyunca
akan Lycos Deresi’nin (Bayrampaga Deresi) getirdigi malzemelerin ¢okelmesi ile olugsmustur. Fliivyal
birim altindaki agik sar1 homojen kumlar ile baslayan denizel birimin lizerinde hafif agili olarak yer
alir. Denizel birim yaklasik 4.5 m kalinlikta olup, Miyosen yasl birimlerden ve ¢ok yerel muhtemelen
Erken-Holosen yasli bataklik c¢okellerinden olusan taban {iizerine ¢okelmistir. Denizel birimin
tabaninda biiyiik ¢akil ve bloklar iizerine ¢okelmis kavki kiriklari, kaba kum, kiigiik ¢akillar ve yerel
yayillimli kavki banki bulunmaktadir. Istifin &zellikleri bir plaj ile baslayan kiy1 ve si1g bir deniz
ortamini temsil etmektedirler.

Istifin tabaninda yer alan bloklu seviyedeki arkeolojik buluntular G.O. 8000-/6000 yillarinda bdlgede
varlig1 bilinen Neolitik donem Fikirtepe kiiltiiriine aittir. Bu donem yerlesmesinin izlerinin bulundugu
kot, giinlimiizdeki deniz seviyesinden yaklasik 6 m daha diisiiktiir. Kiy1 ve si1g denizel bir fasiyesi
temsil eden birimler bolgenin liman olarak kullanildigt MS 4-7. yiizyillara kadar ¢okelmeye devam
etmistir. Liman 6. yiizyilda ani ve gii¢lii bir kisa siireli olaydan etkilenmis (tsunami veya firtina
dalgas1) ve giderek siglagmistir. 11. ylizyildan sonra ise Lycos Deresi’nin tasidigi aliivyonlar ile
tamamen dolmaya baslamis ve kiy1 ¢izgisi tekrar deniz yoniinde ilerlemistir.

Anahtar Sézciikler: Marmara Denizi, deniz seviyesi, Yenikapi, jeoarkeoloji, kiy1 ¢okelleri
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Evidences of Changing Coastal Environment in Antique Theodosius Harbour
(Yenikapi-Istanbul) During Holocene
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The sedimentary sequence deposited approximately during the last 8000 y BP was discovered in the
Yenikap: excavation studies conducted by the Istanbul Archaeology Museum. It contains the records
of environmental changes occurred in Marmara Sea and Istanbul Metropolis as well as cultural history
of the region. There are mainly two types of sedimentary sequences below the artificial fillings in the
excavation site; fluvial and marine. Artificial fillings include debris from Byzantium period to recent
and also organic soil of Ottoman period. A fluvial sedimentary sequence below the artificial fillings
has a thickness of about 1 m and deposited from the detritus of the Lykos Stream (Bayrampasa
Stream), flowing across the Vatan Street until the early 1950°s. This fluvial sequence inclines to light
colored sands of marine sequence. Marine sequence has a thickness of about 4.5 m, and is underlain
by Miocene aged formations and possibly early Holocene local marsh deposits. At the base of marine
sequence, a shell hash layer with a local shell bank is found above the boulders and cobbles. Marine
sequence represents the characteristics of coastal to shallow water environment.

The cobbles at the base of the sequence include archaeological remnants belonging to Neolithic
Fikirtepe culture that settled in the area at 8000—6000 y BP and are located at 6 m below the present
sea level. The sediments representing shallow water and coastal environments indicate that the area
was used as a harbour A.D. 4 to 7™ century. The harbour might have witnessed to a short but probably
catastrophic event at about 600 A.D. (such as tsunami or storm) and shoaled afterwards. The coast line
progressed to seaward after 11" century, as a consequence of filling the harbour by the sediments
derived from Lykos Stream.

Key Words: Marmara Sea, sea level, Yenikapi, geoarchaeology, coastal sediments
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Akdeniz Sahillerindeki Yalitaslarimin Holosen Deniz Diizeyi
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Tiirkiye’nin Akdeniz kiyisindaki Finike ile Suriye sinir1 arasinda uzanan kiy1 seridi, kum ve ¢akil boyutlu
pekismemis sedimanlarin gelgit arasi bolgede bulunan karbonat ¢imento sayesinde ¢ok hizli bir sekilde
taglagsmasi sonucu olugsan ve kalinligi m’yi, yayilimi ise km’leri bulabilen yalitaslarinin (beachrock)
gozlendigi bir bélgedir. Bu ¢alisma kapsamunda cesitli derinliklerde bulunan yalitaglarindan '“C yas
tayinleri elde edilmis ve gozlenen diger jeomorfik, jeolojik ve arkeolojik veriler araciligi ile Akdeniz
kiyisiin son 5000 senelik deniz seviyesi degisimleri zaman ve mekan boyutunda ortaya konulmustur.

Calisma alan1 ayn1 yas gurubuna ait benzer seviyedeki yalitaslarinin ve dalga asindirma diizliiklerinin
gruplanmasi temeline dayanan ve birbirinden en azindan son birkag¢ bin yildir tektonik olarak farkliliklar
gosteren 5 bolgeye (I-V) ayrilmistir: (I) En batida bulunan Finike Korfezi’ndeki yalitagi seviyesi ile
Andriake ve Batiksehir harabelerinin bulundugu boliim Roma doénemi sonrasi meydana gelen depremler
sonucu bugiin —1.5 m ile —4 m kadar deniz altinda bulunmaktadir. (II) Finike-Antalya-Cimtur arasinda —0.8
m ile —2.2 m deniz altinda bulunan ve 3 ayr1 nesile ait yalitagi seviyelerinden en iistte olan1t M.S. 4-7 yy
arasinda bugiinkii konumuna ulagmistir. (III) Incekum ile Adana’nin giineyindeki Karatag-Osmaniye Fay
Zonu arasinda kalan III. Bolge ise yalitaglarnin genelde bugiinkii deniz seviyesi ve biraz {istiinde
bulundugu bir alan olarak diger bolgelerden ayrilir. Ayrica dalga agindirma diizliiklerinin Incekum’da M.S.
2. yy ile glinlimiizden 1815-1545 yil kadar énce +0.5 m ile +1.2 m arasinda yiikseldikleri bilinmektedir.
(IV) Iskenderun Kérfezi’nin giiney ve kuzeyi ile simirli bu bdlgede iki degisik nesile ait yalitaslar1 (+0.3 m
ile —0.8 m aras1t ve —0.7 m ile —1.7 m arasi) bulunmaktadir. Bunlardan iistte bulunanlar1 M.S. 4-7 yy
arasindaki bir deniz seviyesi sabitlenmesine taniklik etmektedir. (V) Suriye smirina kadar olan sahil
seridinde yalitaglar1 gozlenmemekte ancak 2 ayr1 deniz seviyesine ait dalga oyuklar1 giincel deniz
seviyesinin +2.8 m ve +0.8 m kadar iizerinde bulunmaktadirlar. Bunlardan en iistte olan1 giiniimiizden 2500
+ 100 y1l, daha agagida olan1 ise M.S. 5-6 yy’da bugiinkii konumlarina yiikselmislerdir.Mekansal anlamda
5 Bolge’ye ayrilan ¢aligma alanina zaman boyutunda bakildiginda ise toplam 4 degisik deniz seviyesi
sabitlenmesi goriilmektedir: (1) En eski deniz seviyesi (?Orta Holosen) —3 m’de (£0.5 m) bulunan
yalitaglari ile temsil edilir. (2) M.O. 5-7 yy arasinda olusan yalitaslar1 da bugiin denizin —2 m (£0.5 m)
kadar altinda bulunmaktadirlar. V. Bolge’de +2 m ile +3 m kadar deniz yiizeyinin iistiinde bulunan dalga
oygu izleri de yine bu zaman araligma aittirler. (3) Ugiincii deniz seviyesi sabitlenmesi ve bunun sonucu
olarak bugiin II. Bolge’deki Kemer’de oldugu gibi —0.4 m (£0.5 m) derinlikte bulunan yalitaglarinin
olusumu M.S. 4-6. yy’lar arasinda gerceklesmistir. IV. Bolge’deki Gozciiler’de aymi seviyede bulunan
yalitaglar1 yine ayni zaman aralifinina aittir. Bugilin deniz altinda kalmig kimi Roma donemi sonrasi
yapilan (I. Bolge) ile II. Bolge’de +0.5 ile +1.2 m ve V. Bolge’de +0.8 m deniz {istiinde bulunan dalga
agindirma diizliklerinin de M.S. 4—6 yy’lar arasinda bugiinkii konumlarina geldikleri bilinmektedir. (4)
Gozlemlerimiz Tirkiye’nin Akdeniz kiyilaridaki deniz seviyesinin bugiinkii konumuna en ge¢ Selguklu
(M.S. 12 yy) ve hatta olasilikla Erken Bizans doneminden sonra (M.S. 4-7 yy) ulastigim1 gostermektedir.
Calisma alaninda son 5000 senede deniz seviyesinde meydana gelen degisimlerin nedenleri iklimsel
ve/veya glasyo-Ostatik olmayip olasilikla tektonik kaynaklidir.

Anahtar Sézciikler: yalitasi, 14C yas tayini, deniz seviyesi degisimi, tektonik, Holosen, Akdeniz
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Beachrocks are early carbonate cemented seashore sedimentary bodies that can be up to 1 m thick and
several km long. Because the lithification occurs at the intertidal zone and that their formation requires
vertical stabilization of the shoreline they can be used in Holocene sea level change and neotectonic
studies. Up to 3 different generations of beachrocks at different depths between Finike and Syrian
border are 14C dated and a mid-Holocene to recent sea level change history is tentatively proposed.

According to their positions beachrocks and raised shorelines characterized by surf benches and
notches of similar ages are geographically subdivided into five areas: (I) The westernmost beachrock
in Finike Bay and Roman ruins of Andriake and Batiksehir are found submerged below —1.5 m to —4
m after post-Roman earthquakes. (II) 3 different layers of beachrocks are found between Finike-
Antalya and Cimtur. The uppermost beachrock indicates sea level stabilization at c. AD 400-700. (III)
The third area stretches from Incekum to Karatas-Osmaniye Fault Zone. It is the only area where the
central axes of the reconstructed intertidal zones are emerged. Besides in Incekum surf benches
between +0.5 m and +1.2 m have been already dated as c. AD 200 and 1815 BP — 1545 BP. (IV) The
southern and northern part of Iskenderun Bay limits this area. Two generations of beachrocks,
corresponding to two fossil intertidal zones are distinguished: the first one between +0.3 m and -0.8 m
(c. AD 400-700) and the second one between —0.7 m and —1.7 m. (V) Although no beachrocks are
present along the Levant coast of Turkey down to the Syrian border, two emerged shorelines with
erosional notches are previsouly dated as 2500 + 100 BP (+2.8 m) and ¢. AD 500-600 (+0.8 m). As
many as 4 relative sea level positions are recognized in the study area: (1) The earliest sea level (?mid-
Holocene) is represented by beachrocks at —3 m (£0.5 m). (2) The second stabilization of the sea level
occurred c. AD 500-700 and is represented by beachrocks at —2 m (£0.5 m). The raised shoreline
represented by an erosional notch at +2 m and +3 m near Samandag (Area V) also belongs to this
period. (3) The third stabilization of sea level and the formation of beachrocks at -0.4 m (+0.5 m) as in
Kemer (Area II) dates back to c. AD 400—600. The beachrocks developed at similar elevations in
Gozciiler (Area IV) are also contemporaneous. Several Roman ruins (Area I) and surf benches at +0.5
and +1.2 m (Area II) and at +0.8 m (Area V) are all known to be raised to their actual positions
between c. AD 400-600. (4) The sea level reached its present position latest after Selcukid era (c. AD
1200) and probably after the Early Byzantine period (c. AD 400-700). Since then a significant sea
level change is not observed. Our data indicate that the major causes of sea level changes observed
along the Turkish Mediterranean coast during the last 5000 years can be attributed to local tectonics
rather than to climate and/or glacio-eustacy.

Key Words: beachrock, 14C dating, sea level changes, tectonics, Holocene, Mediterranean
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Bozcaada’da Yeni Bir Pleistosen Bulgusu: Bozcaada Eoliniti

Ahmet Evren Erginal' ve Nafiye Giineg Klyak2

! Canakkale Onsekiz Mart Universitesi, Cografya Boliimii, Terzioglu Kampusii,
17000 Canakkale (E-posta: aerginal@comu.edu.tr)
21§lk Universitesi, Fizik Boliimii, Kumbaba Mevkii, 34980 Sile, Istanbul

Biga Yarimadasi’nin 4 km batisinda yer alan Bozcaada’nin giiney kiyisinda, Zunguma Burnu’nu
olusturan eolinit (taslasmis kumul), Bozcaada jeolojisi ve jeomorfolojisi agisindan yeni bir Pleistosen
bulgusu olarak bu yazida sunulmaktadir. Onceki calismalarda Miosen formasyonlari icinde gdsterilen
eolinit 32120 m? lik alanda yiizeyler ve Miyosen kumtas1 ve kirectaslarmi Srterek denize dogru 220
metrelik bir burun olusturur. ince kesit analizlerine gére kayag litik arenittir ve egemen minerallerini
kuvars, plajioklaz, ortoklaz ve daha az oranlarda mikroklin, epidot, klorit ve lokoksen olusturur.
Kayacin %40°1 mineral kirintilarindan, geri kalan kismi ise sist, gnays ve kiregtasi parcalarindan
olusur ve tiim tane ve kaya¢ kirintilari sparitik kalsit ve meniskiis ¢imento ile birbirine baglanmuistir.
Kuzeydogu ve gilineybatiya egimli iki ¢apraz tabaka serisinden olusan eolinitin yasi 11k uyarimli
luminesan (Optically Stimulated Luminescence-OSL) verilerine gore 24.21+1.53 bin yil ile
16.18+1.70 bin yil arasinda degigsmektedir. Yas verilerine gore iizerinde ¢alisilan eolinit alcak deniz
seviyesi kosullarinda olusan eolinitlere tipik bir 6rnek olusturmaktadir. En gen¢ katmandaki yogun
rizolit kalintilari, kumul kumlarinin ¢imentolanmasi esnasinda bitki koklerinin bosluklarina kurak
kosullar altinda kalsit birikimini isaret etmektedir. Eolinitin birikim ortami ve istif Ozellikleri ile
icerdigi rizolitler Bozcada’nin gec¢ Pleistosen paleoiklim kosullarinin yorumlanmasinda oneme
sahiptir.

Anahtar Sozciikler: eolinit, rizolit, 151k uyarimli [uminesan, Pleistosen, Zunguma burnu, Bozcaada
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A New Finding of Pleistocene in Bozcaada: Bozcaada Eolianite

Ahmet Evren Erginal' & Nafiye Giine¢ Kiyak®

" Canakkale Onsekiz Mart Universitesi, Cografya Béliimii, Terzioglu Kampusii,
TR-17000 Canakkale, Tiirkiye (E-mail: aerginal@comu.edu.tr)
lezk Universitesi, Fizik Boliimii, Kumbaba Mevkii, Sile, TR—34980 Istanbul, T iirkiye

In this study, we present data on the Bozcaada eolianite (cemented coastal dune rock) that constitutes
an important new finding for the Pleistocene geology and geomorphology of the island and that forms
the Cape Zunguma on the south coast of the Bozcaada Island, located 4 km west of the Biga
Peninsula. The eolianite, which was previously included within Miocene formations, crops out in an
area of 32120 m2, protrudes 220 m seaward, and overlies Miocene sandstone and limestone. Thin
section analysis shows that the rock is a lithic arenite in composition with 60% rock fragments and
40% mineral grains, cemented by sparitic and meniscus carbonate cements. The rock fragments
include schist, gneiss and limestone. The mineral grains are composed of a high percentage of quartz,
plagioclase, orthoclase, and a low amount of microcline, epidote, chloride and leucoxene. Optically
Stimulated Luminescence (OSL) dating on the eolianite samples from cross-beds dipping northeast
and southwest yield ages ranging between 24.21+1.53 ka and 16.18+1.70 ka before present. Based on
the obtained data, the studied rock constitutes a typical example to eolianites that formed during low
sea-level periods. The abundant remnants of rhizoliths observed within the youngest eolianite beds
reveal that the precipitation of calcite within the void spaces of roots during the cementation of the
coastal dunes took place under arid conditions. The depositional environment and sequence
characteristics of the eolianite and its abundant content of rhizolith are significant for the interpretation
of late Pleistocene palacoclimatic conditions in the Bozcaada Island.

Key Words: eolianite, rhizolith, optically stimulated luminescence, Pleistocene, cape Zunguma,
Bozcaada island
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Sakarya Deltas1 (GB Karadeniz) Denizel Plajlarin Sedimentolojik
ve Jeokimyasal Ozellikleri

Mustafa Ergin, Zehra Karakas, Koray Sézeri ve AGDEJAM Ogrenci Grubu

Ankara Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii, F Blok,
06100 Tandogan, Ankara (E-posta: ergin@eng.ankara.edu.tr)

Ankara Universitesi, Bilimsel Arastirma Projeleri Birimi (20070745007 HPD nolu proje) ve
TUBITAK tarafindan (108Y333 nolu proje) desteklenen bu ¢alismanin esas amaci, Kefken-Eregli
arasindaki plajli kiyilarda sediment birikim ve taginim siiregleri ile bunlar1 etkileyen faktorleri,
plajlarda olas1 agir mineral plaserleri ve kiyiardi maden-mineral yataklarimi tesbit etmektir. Bu
cercevede 2007 ve 2008 yillarinda Kefken-Akgakoca arasindaki kiy1 plajlarinda ¢ok sayida yiizeysel
sediment drnekleri toplanmis ve jeomorfolojik arazi gozlemleri yapilmistir. Sediment 6rnekleri giincel
kiy1 ¢izgisi-Onplaj ve arka plaj ortamlarini temsil etmektedir. Alinan sediment 6rnekleri iizerinde tane
boyu, agir mineral, multielement ve mineral tayin analizleri yapilmaktadir. Bu ¢aligma sunumunda 23
sediment 6rneklerinin tane boyu ve multielement dagilimlarina ait bazi sonuglar tartisilmaktadir. Tane
boyu analizleri bilinen standart petrografik yontemlere gore yapilmis olup, jeokimyasal analizler XRF
kullanilarak gerceklesmistir.

Orta kum tane boyu sedimentlerde tesbit edilen en baskin malzeme tiiriidiir (% 25-86) ve bunu
takiben kaba kum (cogunlukla % 10-53) gelmektedir. ince kum % 1-24 arasinda bulunurken, ¢ok
ince kum oranlart % 1-15 civarindadir. Cok kaba kum sadece birkag 6rnekte ve % 18-70
oranlarindadir. Tane boyu ylizdelerindeki farkliliklar ¢ogunlukla bolgesel morfolojik ve hidrodinamik
degiskenlere bagli olup, diger faktdrlerin de etkisini gostermektedir. Yerkabugu ortalamasi ile
karsilagtirildiginda, bu ¢aligmaya ait Sakarya plaj sedimentlerinin Si, Co, Sn, Ba ve Hf miktarlar
genelde benzer seviyededir. K (%1,0-1,8), Mg (%0,9-1,7), Fe (%1,6-3,2), Ti (%0,17-0,43), P
(%0,03-0,05), Al (%3,8-5,5), Ni (23—85 ppm), Th (2,9-5,4 ppm), V (34—131 ppm), Zr (87—177 ppm)
ve Mn (443—833 ppm) miktarlari nisbeten az iken, Cr (46—747 ppm), U (6,4—17,9 ppm) ve W (53—-143
ppm) miktarlar1 biraz yiiksektir. Ak¢akoca’ya yakin tek bir 6rnekte, bir¢ok element miktar1 oldukga
yiiksektir. Bazi elementlerin miktarlar1 kiy1 boyunca azalmakta veya artmakta, bazilariin oranlar1 pek
onemli degismemekte ve bazilarinin miktarlar1 ise 6nemli salinimlar gdstermektedir. Sediment tane
boyu, agir mineral ve ¢okluelement analizleri arkaplaj 6rneklerinde de devam etmekte olup, sonuglar
¢ok boyutlu tartigilmaktadir.

Anahtar Sézciikler: GB Karadeniz, Sakarya Deltasi, plaj, sediment, tane boyu, ¢oklu element
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Sedimentological and Geochemical Characteristics of Marine Beaches
from the Sakarya Delta (SW Black Sea)

Mustafa Ergin, Zehra Karakas, Koray Soézeri & AGDEJAM Ogrenci Grubu

Ankara Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii, F Blok,
Tandogan, TR—-06100 Ankara, Tiirkiye (E-mail: ergin@eng.ankara.edu.tr)

The main purpose of this study is to investigate the sediment transportation and erosional processes
along the coastal beaches between Kefken and Eregli and the influencing factors as well as to
determine possible heavy mineral placers and related coastal hinterland mineral-ore deposits. This
study was financially supported by the Scientific Research Projects Foundation of Ankara University
(Project 20070745007 HPD) and by the Turkish Scientific and Technical Research Council-
TUBITAK (Project 108Y333). In this context, in the years 2007 and 2008 large number of surficial
sediment samples were collected on coastal beaches between Ketken and Akcakoca and
geomorphological field observations were carried out. Sediment samples represented modern
shoreline-foreshore and backshore environments. Sediment samples collected were subjected to grain
size, heavy mineral and multielement analysis and mineral determinations. In this presentation, some
results of grain size and multielement distribution obtained from 23 foreshore sediment samples will
be discussed. Grain size analysis were performed by using known petrographic methods and
geochemical analysis were carried out on a XRF equipment.

Medium sand is the dominant grain size determined in sediments (25—-86 %) followed by coarse sand
(mostly between 10-53 %). Fine sand is abundant at 1-24 %, and very fine sand is contained 1-15 %.
Very coarse sand is found only in a few samples ranging from 18 to 70 %. Variations in grain size
percentages can be releted to mostly changing regional conditions in hydrodynamics and morphology
but other factors can also be considered. Compared to average composition of Earth’s rocks, Sakarya
beach sediments of this study contained generally similar amounts of Si, Co, Sn, Ba and Hf.
Concentrations of K (1.0-1.8%), Mg (0.9-1.7%), Fe (1.6-3.2%), Ti (0.17-0.43%), P (0.03-0.05%),
Al (3.8-5.5%), Ni (23-85 ppm), Th (2.9-5.4 ppm), V (34-131 ppm), Zr (87-177 ppm) and Mn
(443-833 ppm) are relatively lower while Cr (46—747 ppm), U (6.4—17.9 ppm) and W (53—143 ppm)
contents were higher than those of the average rocks. Exceptionally, in a sample close to Akcakoca,
concentrations of some elements were relatively higher. Concentrations of some elements either with
increasing or decreasing tendencies along the coast and some others with often fluctuations while
some others remain nearly homogenous. Sediment grain size, heavy mineral and multielemnt analysis
are going on also on backshore samples and results obtained will be discussed by considering all the
parameters.

Key Words: SW Black Sea, Sakarya Delta, beach, sediment, grain size, ¢oklu element
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Dogu Akdeniz’de Sedimentasyon ve Depremler:
Ozellikleri ve Cokelme Siirecleri

Adina Hakimian', Cecilia M.G. McHugh' ve Leonardo Seeber’

"Queens College, City University of New York, 65-30 Kissena Blvd, NY 11367, USA
(E-posta: mrshakimian@yahoo.com)
? Lamont-Doherty Earth Observatory of Columbia University, Seismology Geology and
Tectonophysics, 227 Seismology, 61 Route 9W - PO Box 1000, Palisades,
NY 10964-8000, USA

Devam eden bu calismanin kapsamli amaci herhangi bir ortamda deprem sonucu meydana gelen
sedimantasyon olaylarinin ortak o6zelliklerini belirlemektir. Boylece, Marmara Denizi’nde yapilan
caligmalarla karsilastirmak icin Kalabriya dis yayoni sirttan alinan sedimentleri iizerinde galigmalar
yaptik. Kalabriya sirtt Afrika Avrupa levha sinirinin bir pargasi olan Kalabriya yayi ile iliskili aktif
yigisim prizmasinin dig kismidir. Hernekadar prizmanin altindaki dalma-batma kiriklaryla iligkili
olmasa da Kalabriya ¢ok biiylik ve tahrip edici depremleri yasamistir. Kalabriya sirt1 diiz sirtlarla
ayrilmis, yiizlerce metre derinliginde ve birkac kilometre genisliginde olan gukurluklarla karakterize
edilen engebeli bir topografyaya sahiptir. Calisilan karotlarda 3500 metreden 3660 metreye kadar
degisen derinliklerdeki iki ¢ukurluk ve her iki sirt 6rneklenmistir. Cita v.d. (1996), daha 6nce kalin
homojenit c¢okellerini giiniimiizden 3500 yil once meydana gelen Santorini volkan patlamasiyla
iliskilendirmistir. Kastens (1981) Kalabriyan sirtinin diiz olan sirtlarinda ve gukurluklarin karsisindaki
es zamanli olusan tiirbiditleri tanimlamis ve bunlar1 depremle iligkilendirmistir. Bu g¢aligmada
depremle olusan c¢okelleri ve homojenitin &zelliklerini belirlemek icin yeniden inceledik. Ug adet
piston karotu 1 cm araliklarla 6rnekledik. Kurutulmus oOrneklerde X-issinlari fluoresans ve ince
fraksiyonda (< 63 um) tane boyu analizleri yapildi.

Elde ettigimiz ilk sonuglar, Kalabriya sirtinin sedimantasyonunda Marmara Denizi’nde oldugu gibi
homojenitlerin egemen oldugunu gostermektedir. Kasten ve Cita’nin (1981) homojenit olarak
tanimladig: tiirbiditleri yeniden smiflandirdik ve Cita ve dig.’nin (1996) daha once tanimladigi 10
metre kalinligindaki homojeniti belirledik. Bu ¢keller tabanda keskin dokanak iizerine gelen mm’den
cm’ye kadar degisen kalinliktaki kum ve silt laminasyonlarimi icermektedir. Tiim laminalar normal
derecelenmis ve yukar1 dogru tane boyunda incelme disinda homojen ¢okellerdir. Tane boyu analizleri
hem tiim istifte, hem de her bir lamina iginde, iki diizeyde normal derecelenmeyi gostermektedir.
Element analizleri ve tane boyu 6zellikleri ile belirlenen ¢okel kalinliklar1 20 cm’den 70 cm’ye kadar
degismektedir. Bu ¢alisma hala siirmektedir. Ancak ilk edilen sonuglar Kalabriya sirt1 ile Marmara
Deniz’i arasinda ¢okelme sekilleri konusunda kayda deger benzerlikler oldugunu gostermektedir.
Tektonik konumlarinin birbirinden oldukga farkli olmasina karsin, tetikleyen mekanizmalar ve
¢cokelme siireglerinin baglantili oldugu goéziikmektedir. Homojenitlerin ¢dkelimi konusunda birgok
model diisiiniilmektedir.

Anahtar Sozciikler: denizalti deprem jeolojisi, Dogu Akdeniz, Kalabriya Sirti, homojenitler,
sedimantasyon siirecleri

68



, 13—=17 April 2009, MTA—Ankara, Tiirkiye

Sedimentation and Earthquakes in the Eastern Mediterranean Sea:
Characteristics and Depositional Processes
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? Lamont-Doherty Earth Observatory of Columbia University, Seismology Geology and
Tectonophysics, 227 Seismology, 61 Route 9W - PO Box 1000, Palisades,
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The overarching goal of this ongoing study is to identify common features of earthquake triggered
sedimentation events in any setting. Thus we studied sediments recovered from the Calabrian outer
forearc ridge for comparison with those studied in the continental transform basins along the North
Anatolia Fault in the Marmara Sea. The Calabrian Ridge is the outer portion of the active accretionary
wedge associated with the Calabrian arc, a segment of the African Europe plate boundary. Calabria
has experienced many large and destructive earthquakes, although none have been unequivocally
associated with subduction ruptures below the wedge. The Calabrian Ridge has a rugged ‘cobblestone’
topography characterized by troughs that are one to several kilometers wide and tens to hundred
meters deep and are separated by flat-topped ridges. The studied cores sampled both the ridges and
two troughs at water depths ranging from 3500 m to 3660 m. Cita ef al. (1996), had previously studied
these cores and identified a thick ‘homogenite’ deposit linked to the catastrophic Santorini volcanic
event of 3,500 years BP. Kastens (1984) studied the same cores and identified synchronous turbidites
across the troughs and flat ridges of the Calabrian Ridge and linked them to earthquakes. We re-
examined a subset of the cores from the Calabrian Ridge to identify the characteristics of the
‘homogenite’ and earthquake triggered deposits. Three piston cores were sampled at 1 cm intervals, X-
ray fluorescence analyses were conducted on the dried portion of the sediments, and grain size
analyses of the fine fractions (< 63 um).

Our initial results show that the sedimentation of the Calabria Ridge as in the Marmara Sea is
dominated by ‘homogenites’. We identified the 10-m-thick ‘homogenite’ of Cita et al. (1996) and
have reclassified Kastens and Cita’s (1981) turbidites as ‘homogenites’. These deposits begin with a
sharp basal contact followed by numerous mm- to cm-scale sand and silt laminations. All laminae are
normally graded and are contained within a fining upward and otherwise homogeneous deposit. Grain
size analyses confirm two levels of normal grading, within individual laminae and of the whole
sequence. The thickness of these deposits, determined from the elemental analyses and grain size
characteristics, ranges from 20 to 70 cm. This work is still in progress but the initial results show
remarkable similarities in depositional styles between the Marmara Sea and Calabrian Ridge deposits.
The tectonic settings are quite different but the triggering mechanisms and depositional processes
seem related. Several models are being considered for the deposition of the ‘homogenites’.

Key Words: submarine earthquake geology, Eastern Mediterranean, Calabrian Ridge, homogenites,
sedimentation processes
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Marmara Denizi’nde Ge¢ Kuvaterner Sismik-Tiirbiditlerin Tayini:
Yiiksek Coziiniirlii Karot ve Sismik Calismalarindan Ipuclan
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Marmara Denizi sismik olarak aktif bir havza olup, Kuzey Anadolu Fay sistemindeki K—-G gerilmeye
bagli olarak dogudan batiya dizilmis derin dogrultu atimli havzalardan olusmaktadir. En doguda
yeralan Cinarcik Cukurlugu’'ndan 2001 yilinda Marione Dufresne gemisi ile alman 31 m
uzunlugundaki MDO01-2425 piston karotunda ayrintili sedimentolojik ¢alismalar yapilmistir. Bu
caligmanin amact ¢oklu parametre yontemleri kullanilarak Marmara Denizi’nde ¢okelmis sismik-
tiirbidit seviyelerin varligin1 ortaya koymak ve bunlarin iklimsel tiirbiditler ile farkliliklarini tespit
edebilmektir.

MDO01-2425 karotunda yapilan litostratigrafik ¢alismalar ve tane boyu analizleri sayesinde karot
boyunca kalinliklar1 10-85 cm arasinda degisen bir ¢ok tiirbidit seviyesi tespit edilmistir. Karot
¢oOkellerinde yapilan ayrintili sedimentoljik ¢aligmalarda, sismik-tiirbiditlerin aginmali keskin bir taban
tizerinde kumlu ve siltli iri taneli alt boliim ile baslayip iiste dogru yine keskin bir sinirla ‘homogenite’
olarak adlandirilan homojen kile gectigi gdzlenmistir. Bu homojen kil seviyesi sismik profillerde
seffaf yansima o0zelligi sunarken, havza igerisinde yanal yonde devamliligi kilometrelerce
izlenebilmektedir. Bu ¢alismada hassas sismik ve karot eslesdirilmesi sonucunda Marmara Denizi’nde
cokelen sismik-tiirbidit seviyelerinden bazilarinin lokal sismik hareketlerden ziyade bolgesel Glgekte
depremleri yansittig1 ortaya ¢ikarilmistir. MDO01-2425 karotunda C'* tarihlendirme analizleri ve karot-
sismik eslestirilmesi sayesinde Marmara Deniz’inde bolgesel dlgekte depremler sonucunda ¢okelmis
bes farkli sismik-tiirbidit seviyesi tespit edilmistir. Bunlardan en genci Marmara Denizi’nde Geng
Buzul Dénemi (YD) sonunda (G.O. ~10.5 bin y1l1) ¢okelirken, karotda daha alt seviyelerde yeralan iki
tiirbidit istifi Holosen baslarinda (G.O. ~12 bin yilinda) olusmustur. Holosen 6ncesinde olusmus diger
iki sismik-tiirbidit biriminin yaslar1 ise G.O. 12.8 ve 13.2 bin yillarin1 vermektedir.

Anahtar Sozciikler: Marmara Denizi, Kuvaterner, sismik-tiirbidit, sedimantoloji, sismik stratigrafi
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Characterization Late Quaternary Seismo-Turbidites in the Sea of Marmara;
Evidence from High-resolution Core and Seismic studies

Kiirsad Kadir Eris', Christian Beck” & M. Namik Cagatay'

! [stanbul Teknik Universitesi, Maden Fakiiltesi, Jeoloji Miihendisligi Boliimii
(Dogu Akdeniz Osinografi ve Limnoloji Arastirmalart Merkezi),
Aveilar, TR—-34469 Istanbul, T tirkiye (E-mail: keris@itu.edu.tr)
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The Sea of Marmara is a seismically active basin and has a several strike-slip basins aligned from east
to west that were created by N—S strain of the North Anatolian Fault. Detailed sedimentological study
has been performed on 31-m-long piston core MDO01-2425 recovered during the R/V Marione
Dufresne cruise in 2001 from the Cinarcik Basin. In this study, our aim is to find out the presence of
seismo-turbidites in the Sea of Marmara by multi-proxy and try to differentiate them from the climatic
turbidites.

On the basis of detailed lithostratigraphic study and grain size analysis, several seismic-turbidite layers
have been defined with a changing thickness between 10 and 85 cm. According to detailed
sedimentological study, a seismic-turbidite sequence usually begins with a sandy and silty coarse layer
over a sharp erosional base and it follows by a homogenous clay that has been previously termed as a
‘homogenite’. This homogenous layer is associated with transparent reflection characteristics in the
seismic profiles, which shows a wide lateral extent for several kilometers along the basin. As a result
of precise core- to -seismic correlation in this study, some turbidite layers can be attributed to regional
earthquakes rather than local events in the Sea of Marmara. On the basis of C'* dates from Core
MDO01-2425 together with seismic-to-core correlation, we defined five main seismo-turbidite layers
that deposited by regional seismic events. The youngest one was deposited at the termination of
Younger Dryas (YD), whereas two other turbidite sequences in the lower section were accumulated in
the beginning of the Holocene. The two other seismic-turbidites that deposited prior to Holocene, are
dated at 12.8 and 13.2 ka BP.

Key Words: Sea of Marmara, Quaternary, seismo-turbidite, sedimentology, seismic stratigraphy
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Kumbaba (Sile) Plaji'nda Kiymin Evrimi
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Kumbaba Plaj1, Sile (Istanbul) liman bélgesinin bat1 kisiminda yer almakta ve sehir merkezine yakin
olmas1 sebebiyle kiy1 turizmi agisindan 6nem arz etmektedir. Bu amagla plajin jeolojik evrimi kiy1
miithendisligi prensipleri agisindan incelemistir. Plajin evriminde en biiyiik etken olan dalga etkisi, Sile
Meteoroloji Istasyonu'nda 1986—2006 yillar1 arasinda toplanmis olan riizgar verileri ve NATO Tu-
Waves Projesi kapsaminda Sile bolgesi dalga atlasi kullanilarak riizgar/dalga istatistigi yapilmis ve
dalga ozellikleri belirlenmistir. Bunlara ek olarak, Ingiliz Donanmasi'nin uzun zamanlar boyunca
Karadeniz'de toplamis oldugu deniz meteorolojisi verilerinden elde edilen analizin diger iki
cozlimlemenin degerlendirmesini destekleyerek kiyr boyu kati madde taginimi tespit edilmistir.
Jeolojik ve jeomorfolojik temel iizerine kurulan plaj evrimi, meteorolojik verilerin analizlerinin Kiy1
Miihendisligi igerisindeki akinti-dalga mekanigi ve katt madde tasinimi ile sentezlenmesi ve farkl
zaman dilimleri igerisinde ¢ekilmis uydu goriintiileri ve hava fotograflar1 gibi uzaktan algilama
ogelerinin katkistyla inceleme nihayetine ermistir. Inceleme CERC (SPM) yéntemi ile yapilmustir.
Yapilan net kiyr boyu kati madde miktarlari; dalga atlasma gore dogu—bati yoniinde 14,946.249
m’/y1l, meteorolojik verilerle yapilan feg analizi sonucunda ise bati-dogu yoniinde 1,205.722 m’/yil
olarak belirlenmistir. Bu farkin olugsmasinda kullanilan analiz yontemi, riizgar verilerinin toplandigi
istasyonun ve dalga atlasinin konumu 6nemli etkenlerdir.

Anahtar Sozciikler: Sile, evrim, jeoloji, jeomorfoloji, k1y1, sediment, tasinim
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Coastal Evolution of Kumbaba Beach (Sile, Black Sea)
(Cagdas Coskun

Istanbul Universitesi, Fen Bilimleri Enstitiisii, Vezneciler, TR—34452 Istanbul, T\ lirkiye
(E-mail: cagdasco@gmail.com)

Geological evolution of the coastal beaches in the Kumbaba Beach, located west of Sile (Istanbul)
waterfront, has been reviewed in terms of coastal engineering principles. The biggest factor in the
evolution of the beach is wave effect. Wind/wave statistics were made and wave characteristics
determined by using some wave and wind data to estimate the wave effect. Wind data collected by the
Sile Weather Station and the data in the Wave Atlas of the Sile region acquired by the NATO Tu-
Waves Project were used. An analysis from the long-term Black Sea meteorological data of the British
Navy was used to support the other two solutions to assess the long shore sediment transport.
Geological and geomorphological basis of the beach evolution was concluded using the analysis of
meteorological data for the Coastal Engineering in terms of the stream-wave mechanics and sediment
transport and remote sensing images (satellite images and air photos) for different time periods
Review was done using CERC (SPM) method. According to wave atlas, the amount of long shore
sediment transport is 14,946.24 cubic meters per year in the east to west direction, whereas according
to the wind data the amount from west to east is 1,205.722 cubic meters per year. The main factors
contributing to the difference are use of the different analytical methods and the position of the
meteorological stations used for the collection of wave atlas and the wind data.

Key Words: Sile, evolution, geology, geomorphology, coastal, sediment, transport
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Orgiilii Deltalara Antalya Korfezi Batisindan Giincel Bir Ornek

Korhan Ayrancive Erdal Kosun

Akdeniz Universitesi, Jeoloji Miihendisligi Boliimii, 07058 Antalya
(E-posta: korhanayranci@akdeniz.edu.tr)

Deltalar genellikle baskin tane boyuna gore siniflandirilir. Ince taneli deltalar; akarsu, gel-git ve dalga
baskin olarak siniflandirilirken, kaba taneli deltalar ise yelpaze deltalar1 ve orgiilii deltalar olarak
siiflandirilir. Olusumunu devam ettiren giincel GOyniik deltasi, Antalya Korfezinin bati kismindan
Akdeniz’e giris yapan bir¢ok delta sisteminden bir tanesidir ve orgiilii akarsu sistemlerince baskindir.
Antalya naplari iizerinde gelisen bu deltaik sistem, batidan doguya dogru 6 km uzunlugundadir ve
500-600 m genislik sunar. Bu ¢alismadaki esas amaclardan bir tanesi, bu deltaik sistemin hangi delta
tiiriine dahil oldugunu belirlemektir. Bunu belirlemek i¢in yer radar1 (GPR) calismasi, yerin 60 m
altin1 analiz edilecek sekilde uygulanmigtir. Tabakalarin yer altindaki konumlar1 ve olasi alin seti
taramas1 bu jeofizik uygulamasi sayesinde incelenmistir. Sonug¢ olarak tabakalanmanin, bir yelpaze
deltas1 karakteristigi olan alin setindeki capraz tabakali ilerleyis yerine, tabakalarin orgiilii delta
sistemlerindeki gibi yiizeye paralel veya ¢ok kiiciik bir agiyla ilerledigi gdzlenmistir. Uygulanan
fasiyes analizi sayesinde bolgenin jeolojik evrimi ile zaman-mekan iligkisi de incelenmistir. GOyniik
orgiilii delta sistemi i¢inde on ayri fasiyes tiirli belirlenmistir. 3 metre kalinliga ulasabilen ve Goyniik
deltasinda en baskin bulunan kabaca tabakalanmis tane destekli cakil (F1), F1 fasiyesi ile ardalanma
gosteren 1yi tabakalanmis, acik ¢atitasi cakili (F2), kabaca tabakalanmig,matriks destekli cakil (F3), 1-
3cm gakilciktan olusan diizlemsel tabakali cakil (F4), ince-kaba taneli,¢akil saginimli kum (F5), ince-
orta taneli, laminali kum (F6), orta-kaba taneli, diizlemsel ¢apraz tabakali kum (F7), ince-kaba taneli
ripple markli kum (F8), masif silt-camur (F9), ince laminali silt-camur (F10), Géyniik bolgesinde
belirlenen fasiyeslerdir.

Yelpaze deltalar1 ve orgiilii deltalar birbirlerinden su iistii ¢okelleri ile ayrilirlar. Yelpaze deltalarinda
bir aliiviyal yelpaze bir su kiitlesine ilerlerken, orgiilii deltalarda ise ¢ukur geometri sunan bir drgiilii
nehir sistemi su kiitlesine ilerleme gosterir. Yapilan fasiyes analizinin yorumu sonrasinda bolgeye
aliiviyal yelpaze yerine uzunlamasina bar ¢okellerinin baskin oldugu bir 6rgiilii nehir sisteminin hakim
oldugu goézlenmistir.

Goyniik deltasinda olasi cevherlesmeleri belirlemek amaciyla agir mineral analizi de uygulamistir. Bu
analiz i¢in deltanin belli bolgelerinden toplam 18 ince kum 6rnegi toplanmustir. Agir mineraller,
toplanan bu kum &rneklerinden, Sodyum metatungstat ¢ozeltisi (Yogunluk= 2.89 g/cm®) kullanilarak
ayrilmistir. Opak olmayan mineraller, mikroskop altinda ince kesitlerde kantitatif olarak analiz
edilmistir. Opak mineraller ise parlak kesitleri yapilarak analiz edilmistir. Titanit, epidot, hipersten,
0jit, serpantin grubu mineraller, diyopsit, pijonit, zoisit, biyotit, hornblend, apatit, rutil, turmalin ve az
miktarda da zirkon, Goyniik bolgesinde karsilasilan opak olmayan minerallerdir.

Sedimantolojik ve jeofizik incelemeler sonucu elde edilen veriler, Goyniik deltasmnin bir yelpaze
deltas1 yerine bir orgiilii deltanin bdlgeye hakim oldugunu gostermistir. Yapilan agir mineral analizi
ise bolgenin ofiyolitik kdkenli oldugunu ve 6nemli bir titanyum minerali olan titanitin bolgede baskin

olarak bulundugunu gdstermistir.
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A Modern Example of Braid-Delta from Western Gulf of Antalya
Korhan Ayranci & Erdal Kosun

Akdeniz University, Department of Geological Engineering, TR—07058 Antalya, Tiirkiye
(E-mail: korhanayranci@akdeniz.edu.tr)

Deltas are generally classified according to their grain size. While fine grained deltas are classified as
fluvial, tide and wave dominated, coarse grained deltas are classified as fan delta and braid-delta. The
recent Goyniik delta in the west of Antalya Gulf is one of the deltaic systems prograding into the
Mediterranean Sea in which braided fluvial systems are dominated. This deltaic system that develops
on Antalya Nappes progresses from west to east with a 6 km long and 500-600 m wide channel that
reaches the recent coastline. One of the aims of the study is to determine whether the Goyniik deltaic
system is a braid-delta or a fan delta. To that end a GPR (Ground Penetrating Radar) survey was
conducted up to 60 m depth. The distribution of the stratigraphic layers and a possible presence of
foresets were investigated. The layers were seen to progress either parallel to the surface or with a
small angle as in braid-delta systems; i.e. the foresets showing a cross bedding which is characteristics
of fan deltas were not met. Process oriented facies analysis shows the time and space relationships of
the deltaic system and its geological evolution. Ten facies were defined within Goyniik braid-delta
system. Crudely bedded, normal graded clast-supported gravel facies (F1) up to 3 m thick is dominant
in the overall deltaic system. Beside this, well stratified open framework, clast supported gravel facies
(F2), crudely bedded matrix supported gravel facies (F3), clast-supported gravel facies consisting of 1-
3 c¢m pebbles (F4), fine to coarse grained, pebble scattered sand facies (F5), fine to medium grained,
laminated sand facies (F6), medium to coarse grained, planar-cross bedded sand facies(F7), fine to
coarse grained, ripped sand facies (F8), massive silt-mud facies (F9), fine laminated silt-mud facies
(F10) were recognized.

Fan delta and braid-delta are distinguished from each other with subaerial deposits. While an alluvial
fan system is prograding into a standing body of water in fan deltas, braid river system with concave
geometry is prograding into a standing body of water in braid-delta systems. It was determined from
the interpretation of facies analysis that the facies reflected a fluvial system having longitudinal bars,
rather than an alluvial fan.

Heavy mineral analysis was also carried out in order to predict possible ore formations. Sand samples
were collected from 18 different locations of Goyniik braid-delta for heavy mineral analysis. The
heavy minerals were separated from the samples using Sodium metatungstate solution (density 2.89
gr/cm’). Non-opaque minerals were examined in thin sections and the opaque minerals were examined
in polished sections. Sphene, epidote, hyperstene, augite, serpantine group minerals, diopside,
pigeonite, zoisite, biotite, hornblende, apatite, rutile, tourmaline and zircon (in small amount) are the
non opaque heavy minerals encountered in Goyniik region.

The sedimentological and geophysical data indicate that the depositional system in GOyniik represents
a braid-delta system rather than a fan delta. It was determined from the heavy mineral analysis that the

provenance is of ophiolitic origin.

Key Words: Gulf of Antalya, braid-delta, ground penetrating radar, heavy mineral
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Karadeniz Selfi’nin Istanbul Bogaz1 Cikisinda Sediment
Karotlarindaki Bentik Foraminifer Dagilim

Elmas Kirci-Elmas', Oya Algan' ve Gilles Lericolais®

! [stanbul Universitesi, Deniz Bilimleri ve I;?letmeciligi Enstitiisii,
34470 Vefa, Istanbul (E-posta: kircie@jistanbul.edu.tr)
*IFREMER — Centre de Brest Geosciences Marines, BP 70,
F-29280 Plouzane cedex, France

Karadeniz Selfi’nin Istanbul Bogazi ¢ikisinda alinmis olan bir adet gravite karot ve iki adet Ronanberg
karotun i¢ermis oldugu bentik foraminifer topluluklar1 incelenerek, karotlar boyunca foraminifer tiir ve
bolluk degisimleri belirlenmistir.

Diinyanin en biiylik anoksik havzasi olma 6zelligine sahip olan Karadeniz, Tiirk Bogazlar Sistemi ile
Akdeniz’e bagl yar1 kapali bir havzadir. Yiizey suyunun diisiik tuzluluguna karsmn (%0 18-22),
derinlerde Canakkale Bogazi-Marmara Denizi-Istanbul Bogaz1 iizerinden giren %o 38.5 tuzluluklu
Akdeniz suyu yer alir. Farkli yogunluklu bu iki su kiitlesi ~150 m derinlikte su kolonu
tabakalanmasina neden olur.

Yaklagik 63 m su derinliginden alinmisg olan 2.20 m uzunluktaki gravite karot, son Akdeniz —
Karadeniz baglantisinin kurulmasi ve alana Akdeniz gé¢gmeni faunanin yerlesiminin kanitlarini igerir.
Karotun yer yer ince kum banth gri-yesil camur iceren alt 80 cm’lik kisminda (220-130 cm),
Dreissena ve Akdeniz gd¢meni tiirlerden olusan karma bir mollusk faunasi yer alir. Akdeniz gégmeni
faunanin bollugu yukarilara dogru artar iken Dreissena kavkilart azalir. Bu karma fauna tath sudan
tuzlu suya bir gecis zonunu isaret eder. Bentik foraminifer topluluk nispeten yiiksek tiir ¢esitliligine
karsin diigiik fert sayisina sahiptir ve baslica Ammonia tepida, A. parasovica, Bulimina aculeata,
Lobatula lobatula, Elphidium pauciloculum, Elphidium spp. ve Haynesina anglica tiirlerinden olusur.
Bol kavki ve kavki kirikli gri-yesil ¢amurlarin gozlendigi 130-60 cm’ler arasinda, toplam bentik
foraminifer (TBF) igeriginde belirgin bir artis gdzlenir. Fauna temel olarak Ammonia tiirlerinin % 90’a
ulasan baskinlig1 ile karakterize olur. Diisiik bollukta FElphidium, Quinqueloculina, Haynesina,
Brizalina ve Porosononion tiirleri igerir. Karotun alt seviyelerinde hi¢ gdzlenmeyen ya da nadir sayida
yer alan Ammonia compacta’nin bu seviyede artis1 ve baskin tiir haline gelisi, muhtemelen ortamdaki
nispi bir tuzluluk artigina isaret eder. Keskin bir dokanakla siyahimsi-gri laminali camurlara gegilen
iist 60 cm’lik kisim, en diisitk TBF ve en diisiik tiir ¢esitliligi gosterir. Ammonia parasovica, A. tepida,
A. compacta, Porosononion subgranosum, Eggerella scabra ve Elphidium spp. baslica bolluk gosteren
tiirlerdir. Litolojide keskin degisim ve foraminifer faunasinda keskin azalisin gozlendigi bu sinir,
Karadeniz’de muhtemelen giiniimiiz osinografik kosullarmma benzer sartlarin baslangicini gosterir.
Daha derinden (-85 ve —93 m) alinmis olan kisa (0.9 m) karotlarda gozlenen bentik foraminifer
toplulugu, tiir ¢esitligi ve bolluk agisindan nispi degisimler gostermesine karsin, gravite karotun iist
kesimlerini biitiinleyici 6zelliktedir.
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Benthic Foraminiferal Distribution in Sediment Cores from
the Black Sea Shelf near the Exit of the istanbul Strait
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Benthic foraminiferal assemblages and their downcore distribution were examined in a gravity core
and two Ronanberg cores collected from the Black Sea Shelf near the exit of the Istanbul Strait.

The Black Sea, being the largest anoxic basin of the world, is a semi-enclosed basin connected to the
Mediterranean through the Turkish Strait System. Surface waters of the Black Sea have low salinity
(18-22 %o); whereas Mediterranean waters with 38.5%o salinity inflow through the Canakkale Strait-
Marmara Sea-Istanbul Strait. These two water bodies cause water stratification at a depth of about 150
m.

Gravity core having a length of 2.20 m recovered from the 63 m water depth includes the evidences of
the last connection between the Black and Mediterranean seas and the settlement of the Mediterranean
immigrant fauna. The lowest 80 cm of the core (220—130 cm interval) consists of grey-green mud with
fine-grained sand bands and has a mixed mollusk fauna, including Dreissena and Mediterranean
immigrant fauna. The abundance of Mediterranean immigrant fauna increases upwards with rare
Dreissena shells. The mixed fauna suggests a transition zone from fresh water conditions to saline
conditions. Benthic foraminiferal assemblages have a relatively high diversity consisting of mainly
Ammonia tepida, A. parasovica, Bulimina aculeata, Lobatula lobatula, Elphidium pauciloculum,
Elphidium spp. and Haynesina anglica; but low abundance of specimens. The interval between 130
and 60 cm is represented by grey-green mud, including abundant shell and shell fragment. Total
benthic foraminifera (TBF) displays a considerable increase at this interval. The fauna is predominated
by Ammonia species, reaching to 90% and to a lesser amount of Elphidium, Quinqueloculina,
Haynesina, Brizalina and Porosononion species. Significant increase and dominance of 4. compacta
in this interval, compared to basal section of the core, probably indicates a relative increase in the
salinity of the environment. A sharp lithologic variation is observed at 60 cm from gray-green mud to
laminated blackish-gray muds, corresponding to the lowest TBF and poor diversity. Ammonia
parasovica, A. tepida, A. compacta, Porosononion subgranosum, Eggerella scabra and Elphidium
spp. are observed in this interval. The boundary characterized by sharp variation at lithology and sharp
decrease in foraminiferal fauna denotes the beginning of present-day oceanographical conditions.
Benthic foraminiferal assemblages observed in two short cores with 0.9 m lengths from the deeper
(-85 and -93 m) water depth complements the upper parts of the gravity core, in spite of some
variations in diversity and abundance.

Key Words: benthic foraminifera, Istanbul strait, Black Sea, shelf sediments
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AGDEJAM ile Ankara Universitesi’nde Kiy1 ve Deniz Jeolojisi Arastirmalar

Mustafa Ergin

Ankara Universitesi, Akarsu Gél ve Denizlerde Jeolojik Arastirma ve Uygulama Merkezi
(AGDEJAM), Fen-Miihendislik Fakiilteleri Kampiisii, F' Blok, 06100 Tandogan, Ankara
(E-posta: ergin@eng.ankara.edu.tr)

Kurulusu 23 Agustos 1997 tarihinde Resmi Gazetede yayinlanarak yiiriirliige giren ve Ankara
Universitesi’nde faaliyete gecen Akarsu, Gol ve Denizlerde Jeolojik Arastirma ve Uygulama Merkezi
Tiirkiye’yi ¢evreleyen kiy1 ve denizlerde jeolojik, jeofiziksel ve cevre aragtirmalari yapmakta ve
sonuglarini ulusal ve uluslararasi kurum ve kuruluslarda duyurmakta ve yaymnlamaktadir. Ankara
Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Binasi’nda bulunan Merkez Jeoloji
Miihendisligi Boliimii’niin egitim-6gretim ve arastirma siiregleri iginde yer almakta ve bu boliimiin
akademik ve idari personelinden destek almakta ve dershane ve laboratuvar gibi fiziki alt yapilarim
kullanmaktadir.

Maden Tetkik ve Arama (MTA) Genel Miidiirliigii, Hacettepe Universitesi, Istanbul Universitesi, Orta
Dogu Teknik Universitesi, Istanbul Yildiz Teknik Universitesi, Nigde Universitesi, Eskisehir
Osmangazi Universitesi, Sivas Cumhuriyet Universitesi, Adana Cukurova Universitesi, Istanbul
Teknik Universitesi, Izmir Dokuz Eyliil Universitesi, Dz.K.K. Seyir Hidrografi Osinografi Dairesi gibi
kurum veya kuruluslardan bilimsel ve teknik destek alarak ortaklasa calisgan Merkez, gelecekte daha
fazla kuruluglarla ve hatta uluslararasi projelerde birlikte ¢alismay1 planlamaktadir.

Merkez bugiine kadar agik deniz arastirmalarinda MTA-Sismik 1, ODTU-Bilim, Istanbul Universitesi-
Arar, Dokuz Eyliil Universitesi-Piri Reis Aragtirma Gemileri ile giivertede mevcut karot ve kepgeleri
ve sismik sitemleri kullanmistir. Kiy1 ve kiyiya yakin ¢alismalarinda ise kiralanan yoresel tekne ve
motorlardan faydalanmilmistir. Calismalarda en biiyiikk destek dogrudan TUBITAK ve Ankara
Universitesi Bilimsel Arastirma Projeleri Birimi’nden saglanmis olup, dolayli olarak da DPT ve diger
iiniversite-BAP imkanlarindan da faydalanilmistir. Merkez sinirli da olsa, uluslararasi IGCP 495, 511
ve 521 nolu projelerle de liye arastirict olarak ilgilenmektedir.

Merkez calismalar kiy1 ve agik deniz olmak iizere genelde iki alanda toplanmaktadir. A¢ik deniz
arastirmalar1 Giineybat1 Karadeniz selfinde, Marmara Denizi’nin nerede ise self, yamag¢ ve derin
diizlik gibi tiim bolgelerinde (Canakkale Bogazi dahil), Ege Denizi’nde Canakkale Bogazi-Gokgeada-
Bozcaada arasinda, Biiyliik Menderes Delta ilerisinde, Antalya Korfezi’'nde gerceklestirilmistir. Agik
deniz arastirmalarinin amaci; genelde sediment tiir ve dagilimi ile etkileyen karasal, denizel ve
iklimsel faktorleri tesbit etmek, tektonik veya depremsel siireclere bagli deniz tabanindaki sediment
akmalarini ve tlirbidit olusumlar ile jeoteknik degiskenleri incelemek, son buzul ve buzul arasi deniz
seviyesi degisimlerinin izlerini arastirmak ve inorganik-agir metal deniz kirliligini tesbit etmektir. Kiy1
aragtirmalar1 ise, Tiirkiye kiyilarinin biiyiik bir kisminda gergeklestirilmis olup, halen de devam
etmekte ve gelecekte de hazirliklar yapilmaktadir. Kiy1 ¢alismalarinin konular1 genelde, kiyilarda
sedimenter ilerleme veya gerileme, kiyilarda tektonik algalma veya yiikselme, plajlarda olasi agir
mineral plaser birikimleri ve ekonomik degerlendirmeler ve plajlarin tanitimi ve jeoturizme
kazandirilmasi olarak tanimlanabilir. Plajli kiyilarm tibbi jeolojiye agilimi da merkezin hedefleri
arasindadir.

Merkezin tiim bilimsel faaliyetleri ulusal ve uluslararasi hakemli dergilerde yaymlanmakta, kongre ve
sempozyumlarda sunulmakta ve hazirlanmakta olan web sayfasina da taginmaktadir. Merkez ulusal ve
uluslar aras1 bir kurulus olmay1 arzu etmekte ve bu nedenle de goriis ve tavsiyelere ve ilgi duyan

herkese agik bulunmaktadir.
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Coastal and Marine Geology Research with AGDEJAM of the Ankara University

Mustafa Ergin

Ankara University, Geological Research Center for Fluvial Lacustrine and Marine Environments
(AGDEJAM), Science and Engineering Faculties Campus, F Blok, Tandogan,
TR—06100 Ankara, Turkey (E-mail: ergin@eng.ankara.edu.tr)

Fluvial, Lacustrine and Marine Geology Research Center of the Ankara University has been
established in 1997 to promote geological, geophysical and environmental investigations in coastal
and offshore regions surrounding Turkey. The results are being presented at national and international
meetings and conferences. AGDEJAM is located in the Geological Engineering Building and is
intensly participitated at lecturing and research activities of Department of Geological Engineering.
AGDEJAM also receives administrative and scientific support from this department, including use of
lecture rooms and laboratories.

AGDEJAM Works together with other Institutions such as General Directorate of Mineral Research
and Exploration (MTA), Ankara Hacettepe University, Istanbul University, Middle East Technical
University, Istanbul Yildiz Technical University, Nigde University, Eskisehir Osmangazi University,
Sivas Cumhuriyet University, Adana Cukurova University, Istanbul Technical University, Izmir
Dokuz Eylil University and Istanbul Turkish Navy Dept. Navigation Hydrography and
Oceanography. AGDEJAM intends to keep this scientific and technical cooperation also in future with
more other institutions even with international projects.

For offshore studies, AGDEJAM used Research Vessels ‘MTA-Sismik 1°, ‘ODTU-Bilim’, ‘Istanbul
University-Arar’ and ‘Dokuz Eyliil University-Piri Reis’ together with onboard core and grab
sampling equipments and seismic systems. For shore and nearshore studies, motor boats and small
vessels were rented. Most of the financial support to do coastal and near-coastal studies came from
Turkish Scientific and Technical Research Council of Turkey-TUBITAK and Ankara University
Scientific Research Projects Unit but also supports from Research Foundations of other universities
and Turkish State Planning Office were available. Even at limited numbers and extend, AGDEJAM
also participitated as associate members within international [GCP projects 495, 511 and 521.

AGDEJAM Research activities can be grouped as coastal and offshore studies. Offshore marine
research was conducted on SW Black Sea shelf, on almost entire shelf, slope and deep-basins of the
Marmara Sea (incl. Canakkale Strait-Dardanelles), Canakkale Strait-Gok¢eada Island-Bozcaada Island
triangle at the NE Aegean Sea, off the Biiyiikk Menderes River pro-delta and Antalya Gulf. Main
purpose of the offshore studies is to determine; types and modes of sediment distribution and
influencing marine, terrestrial and climatic factors; geotechnical parameter changes, sediment mass
movements and turbidite formations as related to tectonism and earthquakes, traces of last glacial and
interglacial sealevel changes and to investigate heavy metal marine pollution. Coastal studies are
carried out in many regions and are still going on and will continue in future. Subjects of coastal
studies ranged widely, including sedimentary progradation and retrogradation, tectonic uplift and
sinking, probable heavy mineral placers and their economic potential, geotourism of beaches. Medical
geology of beaches is another subject within the areas of interest of AGDEJAM.

Scientific activities of AGDEJAM are published in national and international journals and presented
during meetings and congresses worldwide and also prepared to bring to the web site of the
AGDEJAM. AGDEJAM would like to be international and wishes to cooperate at both national and

international level and all suggestions and are welcome.

Key Words: Ankara University, research center, coastal and marine geology
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Gemlik Korfezi Yiizey Cokellerinde Petrol Aromatik
Hidrokarbonlarin Dagilimi ve Kaynaklarimin Tanim
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Petrol aromatik hidrokarbon (PAH) bilesikleri baslica dogal yollarla ve organik maddelerin
tamamlanmamig yanmalar1 sonucu olusan antropogenik siirecler ile denizel ortama katilirlar. Fosil
yakitlarin sizintisi, evsel-endiistriyel atiklarin desarji, atmosferik partikiillerin ¢okelmesi, egzoz
gazlarinin yogunlasmasi veya ylizey sular1 akisi gibi yollarla deniz ortamina giren PAH bilesiklerinin
hafif molekiil agirlikli olanlarinin suda emisyon olugturma dzellikleri azdir ve bunlarin agir molekdillii
hidrokarbon bilesiklerine gdre buharlasma yetenekleri daha fazladir, diger anlamda kolaylikla
biyolojik bozunuma ugrarlar. PAH bilesikleri bazen yerinde olusan biyogenik bozusum nedeniyle
diyagenetik yollarla, bazen de petrogenik olarak olusurlar. Biyo-jeokimyasal g¢aligmalarda PAH
bilesiklerinin dagilimi yaninda, olas1 kaynaklarinin arastirilmasi ve bunlarin degisik ortam sartlarindan
nasil etkilendiklerinin belirlenmesi de gerekmektedir.

Marmara Denizinin en kirli alanlarindan biri olan Gemlik Korfezinden toplanan 62 adet yiizey ¢okel
ornegindeki gaz kromatografisi-kiitle spektrometresi ile Olciilen 13 adet PAH bilesiklerinin
konsantrasyon artiglar1 genis bir spektrumda dagilim gostermektedir. Bu bilesiklerinin miktar tayinleri
kirletici kaynak ayrimi i¢in yeterli olmayip, bu amagla ¢esitli oran, indis ve istatistiksel analizler
kullanilir. Bu ¢alismada Gemlik Korfezi giincel ¢okellerinde gozlenen PAH’larim temel kaynaklarini
belirlemek ve dogal kaynaklarin insan kaynakli kaynaklarla olan ayrimini yapabilmek i¢in Varimax
rotasyonu ile ana bilesenler analizi (PCA) uygulanmistir. Aralarinda yiiksek ilgilesim bulunan ¢ok
degiskenli verileri aralarinda ilgilesim olmayan yeni bir koordinat sistemine doniistiiren bu yontem,
kaynak tiirlerini 6nceden bilmeden sadece ¢ok degiskenli giris verilerini kullanarak regresyon analizi
yapabilmektedir. Analiz sonucu elde edilen faktér skoru mutlak degerlerinin, ortalamasi ¢ikarilip
standart sapmasina boliinmiis toplam PAH degerlerine yapilan ¢oklu dogrusal regresyon analizi ile
kirletici ana kaynaklarin yiizde dagilimlar1 belirlenmistir.

Gemlik Korfezinde toplam PAH konsantrasyonlar silt/kil yapisi ve organik karbon igerigi ile dnemli
korelasyonlar gostermez ("= 0.30 ve 0.18). Ozellikle dogu ve giineydeki yakin-kiy1 alanlarinda
yayilim gosteren yiiksek deger dagilimlarinin temel kaynaklari, nehir girdileri, gemicilik ve liman
faaliyetleri, yerel ve endiistriyel fabrika atig1 desarjlari, hizli ekoturizm ve atmosferik girdilerdir.
Korfezin orta ve kuzey kesimlerindeki PAH bilesenlerinin karakteristik dagilimlart daha farkl
bulunmustur. Korfez ortasi kesimlerde fluoranthene ve pyrene baskin iken kuzey sahile yakin
sahalarda perylene, Benzo[ghi]perylene ve indeno[l,2,3-cd]pyrene daha baskindir. Farkli PAH
bilesiklerinin kaynaklarmin neler olabilecegi ve bunlarin birbirleriyle olan iligkisini agiklayabilmek
icin baz1 6zel bilesen oranlar1 degerlendirilmistir. Perylenin penta-aromatik izomerler i¢indeki ytliksek
oranlariin 6zellikle kuzeyde ve korfezin derin kesimlerinde dagilmasi, kirletici kaynagin bu kesimde
kismen diagenetik bir orijine sahip oldugunu gostermektedir. Elde edilen veriler Gemlik Korfezi ve
cevresindeki su havzasinin ¢evre etki degerlendirilmesine katkida bulunmakta, ayrica PAH
bilesiklerinin yar1 kapali denizel ortamlarda nasil davrandigini anlamamiza olanak tanimaktadir.

Anahtar Sozciikler: PAH, Gemlik Korfezi, sediment, istatistiksel analiz, kirlilik, kirletici kaynak
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Polycyclic aromatic hydrocarbons (PAHs) are a family of chemical compounds that are known to
contain harmful substances, some of which may be carcinogenic. PAHs in marine sediments originate
from three main sources. Diagenic and petrogenic PAHs were produced by biogenic precursors and by
diagenic processes at low temperatures over geologic time scales, respectively. Pyrogenic PAHs result
from incomplete combustion of organic substances including fossil fuels and biomass. Volcanic
activity and forest fires, which do not significantly contribute to overall PAH emission, are natural
sources of pyrogenic PAHs, while pyrogenic anthropogenic sources, which are mostly resulted from
combustion of materials for energy supply and waste minimalization, contributes much to overall PAH
emission in the environment. In closed and semi-closed environments, such as the Gulf of Gemlik in
the Sea of Marmara, Turkey, the latest industrial and agricultural developments and rapid urbanization
cause significant increase of PAH concentrations especially in sea bottom sediment. Elementary PAH
inputs may be from stationary sources (e.g., industry, residential heating, power and heat generation)
or from mobile sources (e.g., all kind of gasoline and diesel engines, incineration of municipal and
industrial wastes and agricultural burning). Most of them can be transported over long distances before
they are deposited in sediment.

Quantitative analyses showed that elevated concentrations of sediment PAHs in the Gulf of Gemlik
demonstrate uneven distribution patterns throughout the gulf. But they show weak correlations with
sediment texture and total organic carbon content, implying that there are direct pollution inputs
affecting the sediment quality. In addition, the lighter PAH compounds are less hydrophobic and less
persistent than the heavier ones. Therefore characteristic distribution of PAH species show some
spatial discrepancies throughout the gulf; such that fluoranthene and pyrene are dominant in the
central part while perylene, Benzo[ghi]perylene and indeno[l,2,3-cd]pyrene are dominant along the
northern coastal areas. In order to identify the main sources of the sediment PAHs and to distinguish
natural contamination from those arising from human activities, principal component analysis with
Varimax rotation was employed. It is a useful tool for extracting regularities directly from the input
data without referring to classes known in advance. The input data includes 13 parent PAHs of 62
bottom sediment samples from coastal and central parts of the gulf. Through Kriging analysis
widespread contamination were identified along the eastern and southern shores possibly due to ports
and harbors, fuel storage terminals and anchoring areas. Multiple linear regression analysis of the
absolute factor scores against the standard normalized deviate of the sum of PAHs were used to
quantify such kind of major source contributions. In one of the groups separated from others, total
toxic B[a]P equivalency (TEQ..) values were found elevated which poses considerable hazard to
benthic organisms.

Key Words: PAH, Gulf of Gemlik, sediment, statistical analysis, pollution, pollution source
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Ulkemiz jeotermal kaynaklar agisindan zengin ve buna elverisli jeoloji ortamlarina sahiptir. Bati
Anadolu graben sisteminin bir parcasi olan Izmir ve cevresi tektonik acidan oldukg¢a aktif olup,
jeotermal potansiyeli yiiksek olan bir bolgedir. izmir Kérfezini gevreleyen kara parcasi ve ozellikle
Karaburun Yarimadas: iizerindeki bir¢ok yerde sicak su ¢ikislar1 bulunmaktadir. Izmir Kérfezinin Bati
kesiminde yer alan Giilbahge Korfezi ve ¢evresi de mevcut konumuyla potansiyel bir sicak su kaynak
alanidir.

Bu calisma, Gediz grabeni’ nin bir parcasi olan Giilbah¢e Korfezindeki jeotermal kapasitesinin
varligin1 arastirmaya yonelik olup ayni zamanda da korfez civarinda karada yapilan c¢aligmalarin
devami niteligindedir. Bolgedeki aktif tektonizma ve giincel yapilari arastirma amaciyla yapilan
yiiksek ayrimli 3,5 kHz s1g sismik ve yanal taramali sonar galigmalar ile, konik yayilim gosteren
ylukseklikleri birka¢ metre, boyutlart 1 metre ile 20 metre arasinda degisen ‘Morfolojik Yiikseltiler’
tespit edilmistir. Morfolojik yiikseltilerin saptandigi alanlarda gravite Srnekleyicisi (gravity core)
yardimiyla deniz tabanindan alman numunelerde karakteristik bir mercan tiiriiniin varlig1 tespit
edilmistir. Laboratuarda yapilan gorsel incelemelerde bu mercan tiiriiniin ‘Cladocora caespitosa’
oldugu belirlenmistir. Korfez digindaki diger ornekleme alanlarinda bu mercan tiiriiniin ayni
yogunlukta varligi gézlenmemis olmasindan dolayi, bu tiiriin varligi bolgedeki termal akvitenin bir
gostergesi olarak degerlendirilmistir. Ayrica bu ¢aligmada, sicak su ¢ikislarinin oldugu potansiyel
morfolojik yiikselti alanlarindan derlenen ¢camur 6rnekleri mikrofosil yoniinden ¢aligilmistir. Giilbahge
bolgesine ait fosil toplulugunda, 6zellikle tuzlulugun yiiksek oldugu bolgelerde bolluk ve cesitlilik
gosteren foraminiferal test, silisli alg ve denizel dinoflagellat tiirlerin yiiksek yiizdeli oldugu ve bu
fosillere spor ve polenlerin (6rn. Pinus, Quercus, Castaneae) eslik ettigi gozlenmistir. Caligsmalara
gore, foraminiferal test formunun gesitli ve yiiksek yiizdeli gézlenmesinin, sicak su ¢ikiginin oldugu
alanlarda deniz suyunun mineralce zenginlesmesi sonucu gergeklestigini diisiindiirmektedir.

Calisma alanin kiy1 kesiminde yer alan dogal kaynaklardaki sicaklik degerleri yaklasik olarak 30—
35°C olarak ol¢iilmiistiir. Kara verileri derindeki rezervuar sularinin 100 °C ve iizerinde oldugunu
gostermektedir. Giilbahge Korfezi ve ¢evresinden elde edilen karasal ve denizel veriler, bu bdlgenin
jeotermal agidan aktif oldugunu ve gelecekte potansiyel alternatif enerji iiretim merkezi olabilecegini
gostermektedir.

Anahtar Sozciikler: Izmir korfezi, Giilbahce korfezi, s1g sismik calisma, jeotermal aktivite,
palinoloji, Cladocora caespitosa
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It is known that our country has suitable geological environment for extremely rich geothermal
resources. Izmir and its surroundings are parts of the West Anatolian Graben system that is
tectonically active with very high geothermal potential. There are some hot water venting on the
onshore areas of the Izmir Bay, especially at several locations in the Karaburun Peninsula. Giilbahce
Bay is placed in the western part of the Izmir Bay, where there is a high potential hot water resources.

The main goal of this study is to explore the available geothermal capacity in the onshore and ofshore
of the Giilbahge Bay. ‘Conical Morphologic Elevations’ with a few meters of height and 1 m to 20 m
of dimension were observed on the 3.5 kHz high resolution, shallow seismic and side scan sonar lines
used for the investigation of the active tectonics of the region and current structures. The existence of a
coral species is found out from the sediment samples recovered by gravity corer around the conical
morphologic elevation of the seafloor. This coral species were not observe with the same intensity at
the other sampling areas outside of the Giilbahge Bay. Laboratory visual inspection of corals indicates
that belong to the coral species ‘Cladocora Caespitosa’. It is evaluated that the existence of this
species indicate the thermal activities of the region due to not happen of the observation of this coral
species with the same intenseness at the other sampling areas outside the Giilbahge Bay. Due to
scarcity of this coral species at the other sampling areas outside of the Giilbahge Bay, the existence of
this species is believed to be an indicator of the thermal activities in the region. Additionally,
micropalaeontological analysis was performed on the mud samples from the morphologically elevated
areas having hot water venting. At the micro-fossil community of the Giilbahge Bay, especially, the
areas with high salty values have plenty and various foraminifera tests, silicic alg and marine
dinoflagellates with their spor and pollens (e.g., Pinus, Quercus, Castaneae). According to the
polynonologic studies, the sea water becomes suitable in composition as a result of the hot water
venting causing enrichment in foraminiferal populations.

The waters in the coastal offshore areas have the temperature values changing between 30-35 °C. The
data obtained from the geothermal springs on nearby land areas has deep reservoir temperatures more
than 100 °C. The offshore marine and onshore data which were obtained from Gulbahce Bay and its
surroundings suggest that this region is geothermally active and has the potential to produce energy in
the future.

Key Words: Izmir Bay, Giilbahce bay, shallow seismic study, geothermal activity, palynology,
Cladocora caespitosa
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