Chronology of the Quaternary glaciations of the Southern Black Sea coast and paleoclimatic
interpretations
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Today's elimate on the southern Black Sea coast is dominated by the Black Sea itself and the North
Anatolian mountain chain. This huge inland water mass is the main moisture source and the
mountain chain is the main

orographic barrier; their interaction results in a humid climate. The increase in altitude of the
mountain chain from west to east causes a pronounced precipitation maximum in the latter. This is
evidenced by the mean annual precipitation of around 900 mm in the istanbul area, rising to 2200
mm in Rize. The opposite is valid for mean summer and winter temperatures that decrease to the
east. Just as the North Anatolian mountain chain forms an orographic barrier; it also acts as a
weather divide to the interior of the Anatolian Peninsula. A dramatic drop in mean annual
precipitation occurs from Rize (2200 mm) 130 km inland, to Erzurum (400 mm).

The geological record of paleoglaciers of the southern Black Sea coast (Mt. Uludag in the western
sector and Kackar Mountains in the eastern) merits special attention in the quantification of
Quaternary paleoclimate change in area of the Black Sea and its surroundings. The reconstruction
of ice volume fluctuations of Continental ice sheets and mountain glaciers is one of the key tools
used in this quantification. Surface exposure dating is a method used to place glacier fluctuations
and moraine sequences into a chronological frame. The aim of this study is to construct the glacial
chronology of the southern Black Sea coast by exposure dating. With this aim, 68 samples were
collected from erratic boulders, glacially abraded and glacially unaffected bedrock surfaces. '“Be
exposure ages indicate that the Last Glacial Maximum (LGM) advance of paleoglaciers occurred
before around 21 ka. This advance continued until around 20 ka, after which paleoglaciers receded.
Subsequent to this retreat, paleoglaciers in the Kackar Mountains most probably separated into
smaller glaciers that were restricted to the tributary valleys. A Lateglacial (most probably Younger
Dryas) advance took place around 11 to 10 ka and produced terminal moraines in the Kagkar
Mountains. Whereas distinct phases of Lateglacial advances are exposure dated to no later than
around 16 ka, around 13 ka, and around 11 ka in the Mt. Uludag, Little Ice Age (LIA) moraines
appear to be absent in ali sites. Several snow-avalanche ridges were distinguished in the Kagkar
Mountains. 'Be exposure ages from five granitic boulders vary ranging from around 7 to 2 Ka.
These ages show that these events occurred during the Holocene and are therefore not linked to
glacier fluctuations.

The timing of events in the mountains of the southern Black Sea coast is in concert with the global
paleoclimate signal. The LGM advance of paleoglaciers appears to correlate well with other
exposure age data sets from Anatolia (Aladag Mountains, Dedegdl Mountains, Mount Sandiras &
Mount Erciyes) and seems to be synchronous with the last maximum glaciation occurred in the
European Alps, Central Apennines (Italy) and the Greek Mountains during the global LGM (2142
ka) within Marine Isotope Stage-2 (MIS-2). Lateglacial warming that is evidenced by: (1) the
deposition of reddish-brown clay layers in the northwestern Black Sea; (2) a rapid vegetation
response in Anatolia and the Eastern Mediterranean Region; (3) the deposition of ice-rafted debris
layers in the North Atlantic during HI; and (4) the retreat of LGM paleoglaciers. On the southern
Black Sea coast, terrestrial geological records with regard to the Younger Dryas and the LIA cooling
stili remain to be studied in detail. Huge and active rock glaciers in the cirque areas may be related
to the LIA cooling; absolute dates, however, are stili absent. Dry and cold climatic conditions
during the LIA could explain the absence of glacier advance, as the conditions were not conducive
for the build-up of ice. This idea is also supported by the freezing events in the Bosporus during the



last 2 ka. Keywords: Quaternary paleoglaciations, surface exposure dating, paleoclimate, Black
Sea

Giiney Karadeniz sahillerinde Kuvaterner buzullasmalarinin kronolojisi ve paleoiklimsel
degerlendirmeleri

Karadeniz'in giliney sahilinin giincel iklimi Karadeniz ve Kuzey Anadolu siradaglari tarafindan
belirlenmektedir. Ana nem kaynagi olarak Karadeniz sularimin ve orografik engel olarak da
siradaglarin etkilesimleri sonucunda bolgenin iklimi iliman ve yagishdir. Batidan doguya dogru
siradaglarin artan yiikseklikleri orografik etkiyi artirarak, dogu Karadeniz bolgesinde belirgin bir
yagls maksimumuna neden olur. Bu nedenle istanbul'da yillik toplam yagis miktar1 900 mm
civarinda iken bu miktar Rize'de 2200 mm Tere ulasir. Bu etkinin tam tersi batidan doguya dogru
azalan ortalama yaz ve kis mevsim sicakliklar i¢in gecerlidir. Kuzey Anadolu daglari, orografik
engel etkisinin yani sira Rize'den Erzurum'a (ortalama yillik toplam yagis 400 mm) dogru yaklasik
130 km'lik mesafede toplam yagis miktarinda dramatik bir diisiise ve dolayisiyla da I¢ Anadolu'da
belirgin bir "Yagis Ayrim Kusagi"na neden olmaktadir.

Karadeniz'in giiney sahilindeki (Bati kisminda Uludag ve Dogu kisminda Kagkar Daglari)
paleobuzul kayitlar1 Karadeniz havzasi Kuvaterner paleoiklim degisikliklerinin nicellestirilmesinde
0zel 6nem arz etmektedir. Kuvaterner paleoiklim degisikliginin belirlenmesinde kullanilan temel
yontemlerden biri de kita inlandsislerin ve vadi buzullarinin hacim degisimlerinin
rekonstriiksiyonudur. Buzul hacim degisimlerinin ve moren istiflerinin yaslandirilmasinda
kullanilan metot Kozmojenik yas tayinidir. Uludag ve Kackar daglarinda bulunan paleobuzullara ait
jeolojik kayitlarin '’Be radyoizotopunu kullanarak kozmojenik yas tayinlerinin yapilmast sonucunda
Tirkiye'deki buzul kronolojisinin olusturulmasi amaciyla, eratik granit bloklardan, buzul tarafindan
torpililenmis ve buzullagmadan etkilenmemis ana kaya yiizeylerinden 68 adet 6rnek alinmistir. Elde
edilen '"Be kozmojenik yaslarina gore,

paleobuzullarm ilerlemesi 21 bin yil'dan 6nce gerceklesmis, Son Buzul Maksimumu'ndaki (SBM)
ilerleme ise yaklasik 20 bin yil civarina kadar devam etmistir. ilerleme evresini takiben (20 bin
yildan sonra) paleobuzuUarda bir gerileme evresi yasanmustir. Ozellikle Kackar daglarinda soz
konusu paleobuzullarm asili vadilerle sinirli kii¢iik buzullara ayrildiklar1 6ngoriilmektedir. Kagkar
daglarinda buzul sonras1 doneme ait (biiylik olasilikla Geng Dryas), yaklasik 11-10 bin y1l olarak
yaslandirilmis cephe morenlerini olusturan bir buzul ilerlemesi daha belirlenmistir. Uludag'da ise
yaklasik 16, 13 ve 11 bin y1l 6nce buzul sonras1 doneme ait 3 adet belirgin ilerleme tespit edilmistir.
Calisma alanlarinda, Kiiciik Buzul Cagma (KBC) ait herhangi bir buzul ilerlemesinin belirtilerine
ise rastlanmamistir. Bu caligma sirasinda, Kagkar daglarinda birgok ¢1g sirti saptanmis ve bu
sirtlarda bulunan 5 adet granit blogu 6rneklenmistir. C1g sirtlarindan elde ettigimiz '’Be kozmojenik
yaslar1 hepsi birbirinden farkli olup yaslar 7-2 bin yil arasinda degigsmekte oldugundan, elde
ettigimiz sonuglar, ¢1g sirtlarnin olusumunun Erken Holosen'de basladigini, dolayisiyla buzul
aktivitesi ile alakalarinin olmadigin1 gostermektedirler.

Giiney Karadeniz'de paleobuzul aktivitesinin zamanlamas: kiiresel paleoiklim verileriyle uyunludur.
Uludag ve Kagkar daglarindaki paleobuzullarm SBM'deki ilerlemesi Anadolu'daki diger daglardan
elde edilen kozmojenik izotop yaslar1 (Aladaglar, Dedegol Daglari, Sandiras ve Erciyes daglar) ile
eszamanl ve Italyan (Orta Apeninler), Yunanistan ve Alp daglarmdaki 2. Denizel Izotop Basamagi
dahilinde kiiresel SBM (21 +2 bin yil) siiresince gergeklesen buzul ilerlemeleri ile de
bagdagmaktadir. Bu ilerleme, Pleniglasyal - Ge¢ Buzul doneminde Anadolu Platosunun iclerinde
agac tiirlerinin yoklugu ve Aksehir, Burdur, Beysehir, Konya, Tuz ve Van gibi kapali havza
gdllerinin yiiksek seviyeleri ile de uyumludur ve bu durum, iklimin giinlimiizden daha soguk, yagis
ve buharlasma oranlarmin ise daha diisiik oldugunu ortaya koymaktadir. Anadolu ve Dogu
Akdeniz'deki bitkilerin ani yayilimina, kapali havza gollerinde ani seviye diisiislerine veya bu
gollerin tamamen kurumalarina, kuzeybati Karadeniz havzasinda kirmizi killer tabakalarmm
¢cokelmesine ve Heinrich-1 doneminde Kuzey Atlantik'deki IRD (Ice-Rafted Debris) tabakalarinin
cokelmesine neden olan Ge¢ Buzul Donemindeki 1sinma Tirkiye'de SBM paleobuzullarinin ani
erimeleri ile kaydedilmistir. Tiirkiye'de Gen¢ Dryas ve KB(C sogumalarina ait karasal jeolojik
kayitlarinin hala arastirilmasi ve detayli calisilmasi gerekmektedir. Ozellikle Kagkar daglarmdaki



sirklerde belirlenen biiyiik ve aktif kaya buzullar1t KBC sogumasi ile ilgili olabilir, ancak bu konuda
salt yaslar henliz mevcut degildir. Buna ragmen, KBC siiresince etkin olan soguk ve kuru iklim
kosullarinin buzul olusumu i¢in uygun olmamast KBC'ye ait herhangi bir buzul ilerlemesinin
belirtilerine rastlanmamasini agiklayabilir ve Istanbul Bogazmda son 2 bin yil'da yasanan donma
olaylar1 da bu dislinceyi desteklemektedir. Anahtar Kelimeler: Kuvaterner paelobuzullasmasi,
kozmojenik yas tayini, paleoiklim, Karadeniz



