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Tiirkiye'nin giincel buzuilan ve Ge¢ Kuvaterner buzullasmasi ile ilgili ¢okellerin bulundugu bélgeler bashica 3

gurup altinda toplanirlar: 1. Toros Daglari, 2. Dogu Karadeniz Daglari, 3, Volkanlar ve Anadolu'nun dier bagimsiz
daglari,

Toros Daglan (Akdeniz kiyist ve Glineydogu Anadolu) Giincel buzullarmn tcte ikisi Giineydogu Anadolu'da
toplanmistir. Bunlardan sadece Cilo Dagi (4168 m) 10'dan fazla buzul barindirir. Yapilan hesaplar glincel daimi kar
siirinin 3400-3600 m, Son Buzul Cagi daimi kar siurmin ise 2800 m civarinda oldugunu gostermektedir. Orta
Toroslar'da, Aladag (3756 m) ve Bolkardag'da (3524 m) c¢ok kiiciik de olsa birka¢c buzul bulunmaktadir, Bati
Toroslar'da ise Son Buzul Cagi daimi kar smirinin 2200 m civarinda oldugu bilinmekle birlikte, bu bolgede giincel
buzul bulunmamaktadir

Dogu Karadeniz Daglari: Bolgenin en yiiksek zirvesi Kackar (3932 m) olup toplam 5 adet buzul bulunmaktadir.
Bunun yam sira Vergenik (3710 m), Bulut (3562 m), Altiparmak (3353 m), Karadag (3331 m) ve Karago! (3107 m)
daglarinda da cesitli buyiikliiklerde buzullar mevcuttur, Bu daglarin giincel daimi kar sinin yiikseklii gliney
yamaglarmda 3550 m civarinda olup, kuzeye bakan yamaglarda nemli hava dolagimindan dolay1 ¢ok daha
asagilardadir (3100-3200 m). Son Buzul Cagi daimi kar sinin ise 2600 m civarinda hesaplanmustir.

Volkanlar ve. Anadolunun diger bagimsiz daglan: Tiirkiye'nin en biiyiik volkani1 olan Agr1 Dag1 (5165 m) iilkenin
yegane buz takkesini (10 km? barindirir. Siiphan (4058 m) ve Erciyes (3917 m) volkanlarinda da kiigiik de olsa
giincel bir buzul mevcuttur. Bu volkanlarin buzullar tarafindan agmdinlmig vadilerinde de Kuvaterner buzullasmasina
ait yapilar ve cokeller bol miktarda gozlenir. Bunun yam sira Uludag (2543 m), Mercan Dag (3368 m) ve Mescid
Dagr (3239 m) gibi iilkenin diger yorelerindeki daglarinda da Kuvaterner buzullasmasina ait izlere rastlamak
mimkiindir. - '

Tiirkiye'nin cesitli daglarinda Kuvaterner buzullasmasmin izleri net bir sekilde gozlenmekle beraber buzul
evrelerinin mutlak yas tayinleri heniiz yapilmamistir. Buna ragmen 20. yy'm basindan beri yapilan gézlemler giincel
buzullarin ¢ekilmekte olduklarini ortaya koymaktadir,

Anahtar S6”¢iikJen Kuvaterner buzullari, kozmojenik yas tayini, moren

Abstract

Preseni day glaciers and Late Quaternary glacier related landforms and deposits in Turkey occur in 3 major
regions: J. The Taurus Mountain Range, 2. The Politic Mountain Range and 3. Volcanoes and independent mountains
scattered in the A natolian plateau.

The Taurus Mountain Range (Mediterranean coast and SE Turkey); Two thirds of the present day glaciers are
concentrated in the SE pan. Among these, Mount Clio (4168 m) alone supports more than ten glaciers. Hem the
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actual snowline changes between 3400-3600 m and the Last Glacial snowline is estimated to have been at around
2800. In the Central part, Aladag (3756m) and Bolkardag (3524 m) constitute two of the most important mountains
where modern glaciers, although very small, are present. Even though there are signs of past glacial activity (Last
Glacial snowline is estimated to be around 2200 m), no glaciers are present in the W Taurus Mountains today.

The Pontic Mountain Range (Eastern Black Sea coast): The highest peak of the Pontic Range is Mount Kockar
(3932 m,) where five glaciers are developed. Several other mountains such as Vercenik (3710 m), Bulut (3562 m),
Altiparmak (3353 m), Karagol (3107 m) and Karadag (3331 m) also support various glaciers. The modern snowline
elevation is much lower on the north facing slopes (3100-3200 m) compared to that of south face (3550 m), because
of the effect of more humid air masses. The Last Glacial snowline elevation was 2600 m on average.

Volcanoes and independent mountains scattered in the Anatolian plateau: In the interior of the country, volcanoes
such as Mount Ararat (Ararat) (5165 m), with an ice cap of 10 km’; Mount Siiphem (4058 m) and Mount Erciyes
(3917 m) show signs of glacial activity and active glaciers. On the other hand, Mount Uludag (2543 m), Mount
Mercan (3368 m) and Mount Mescid (3239 m) in Central A natolia also bear traces of past glacial activity.

Asa whole, very limited data are available on Turkish glaciers, and recent observations indicate a glacier recession
at least since the beginning of the 20" century.

Key words: Quaternary glaciations, moraines, cosmogenic dating

* Bu makale 7 Subat 2002'de aramizdan ayrilan Tiirkiye'nin ilk buzul bilimcisi Prof. Dr. Sirrt Ering¢'in degerli anisina
adanmustir.

GIRIS 1954, 1959, 1978, 2001). Uzaktan algilama
teknolojisinin gelismesine baglh olarak Kurter ve

Bir Akdeniz iilkesi olan Tiirkiye konumu itibari ~ Sungur (1980) ile Kurter (1991) Tirkiye gilincel
ile kuvvetli iklimsel ve topografik farkliliklara  buzullarinin haritalarini yayinlamislardir.
sahiptir. Ozellikle Dogu Karadeniz ve Dogu
Anadolu'da yikseltisi glincel daimi kar sinirinin Giincel buzullasma ile ilgili veriler yeterince
lizerine uzanan bir¢cok dag bulunmaktadir (Kurter — mevcut ise de Pleistosen buzullagmasina ait veriler
ve Sungur, 1980; Kurter, 1991). 19. ylzyilda daha azdir. Bu konuda en Onemli eksiklik
Ains worth (1842) ve Palgrave (1872) gibi Pleistosen buzullasmasmin evrelerinin tesbiti icin
gezginlerin  ilgisini ¢eken Toros ve Kagkar gerekli olan yag tayinine yoOnelik ¢alismalarin
Daglarindaki buzullar, 20. yy'da Maunsell (1901), ulkemizde su ana kadar gerceklestirilememesinden
Bobek (1940), Louis (1938, 1944), Izbirak (1951), kaynaklanmaktadir. Tiirkiye'deki Kuvatemer buzul
Ering (1953), Blumenthal (1954) ve Wright (1961,  ¢Okellerinin kozmojenik yontemler ile yag tayinine
1962) gibi arastirmacilar tarafindan daha detayli ~ ve dolayist ile buzullarin ilerleme ve gerileme
olarak caligtlmugtir. Tiirkiye'de bulunan giincel —donemlerinin  belirlenmesine  ve  paleoiklim
buzullarin alansal olarak %65'ini barindiran Toros ~ yorumlamalarina yonelik ¢alismalar TUBITAK-
Daglari'min yan sira, diger daglardaki buzullar ve© NSF tarafindan desteklenen bir arastirma projesi
bunlarla ilgili yersekilleri ve c¢okeller Messerli  kapsaminda devam etmektedir (Zreda vd., 2001).
(1964, 1967, 1980), Birman (1968), Arkel, (1973) Bu makalenin amaci yazarin arazi gozlemleri ile
ve Horvarth (1975) gibi aragtiricilar tarafindan ~ yayimlanmig  bilimsel ~ caligmalarin  1s18inda
calistlmiglardir (Sekil 1 ve Cizelge 1). Bunlar tlkemizin giincel buzullarinin ve Kuvatemer buzul
arasinda  Ozellikle buzullar konusunda ilk  cOkellerinin bugiin icin bilinen bir derlemesinin
calismalar1 gerceklestiren Tiirk yerbilimcisi Sirm1 yapilmasidir.
Erin¢'in  Kuvatemer iklim degisikliklerini de
irdeleyen arastirmalari ¢cok onemli bir yer kaplar
(Ering, 1944, 1949a, 1951, 1952a, 1952b, 1953,
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GUNCEL BUZULLAR VE BUZUL
COKELLERI

Turkiye'nin glincel buzullar1 ve Kuvaterner
buzullasmas1 ile ilgili ¢okellerin  bulundugu
bolgeler baslica 3 guruba ayrilir (Sekil 1 ve Cizelge
1): Toros Daglarn (Akdeniz kiyis1 ve Gilineydogu
Anadolu), Dogu Karadeniz Daglan ve volkanlar ile
Anadolu'nun diger bagimsiz daglan.

Toros Daglari

Toroslar, Akdeniz'e parallel bir sekilde,
Tirkiye'nin giineybatisindan giineydogusuna kadar
uzanan bir dag silsilesidir. Ozellikle Giineydogu
Toroslar iilkenin giincel buzul kapasitesinin tigte
ikilik kismin1 barindirmast bakimindan onemlidir.
Orta Toroslar'da ise birkac kiiciik buzulun varhg
bilinmektedir. Bat1 Toroslar ise yiiksek daimi kar
smir1 ve bu daimi kar smirinin Ulzerine cikabilen
¢ok az sayidaki zirvenin varlifindan dolay1 giincel
buzul barindirmazlar (Kurter, 1991).

Giineydogu Toroslar

Gilineydogu Toroslar, Tiirkiye'de buzullasmanin
en etkili oldugu bolge olup 20'den fazla irili ufakli
buzulun varligr tesbit edilmistir (Ering, 1952b).
Ozellikle Cilo Dagi'ndaki Resko Tepe (4168 m)
iizerindeki Uludoruk (izbirak) buzulu, 4 km
uzunlugu ve 8 km’iik alami ile Tiirkiye'nin en
bliytik vadi buzuludur (Cizelge 1). Buzulun bilinen
ilk fotografini ¢eken MaunseU (1901) bugiin
gordligumiizden daha kalin ve genis bir buzul dili
ile karakterize edilen ve gliniimiizdeki konumundan
¢ok daha asagi seviyelere inmis bir buzul
goriintiilemistir. Bolgeyi 1937'de ziyaret eden
Bobek (1940) ise buzul dilinin 6n kisminin 2600 m
civarinda oldugunu saptamistir. 1948 yilinda ayni
buzulun 2900 m seviyesine kadar indigi
gozlenmistir (Ering, 1952a). En son olarak Kurter
(1991) uzaktan algilama yontemi ile buzulun 3000
m'ye kadar geriledigini tesbit etmistir. Tim bu
gozlemler buzulun en azindan 20. yy'in basindan
beri eriyerek gerilemeye devam ettiginin bir
kanitidir.

Cilo Dagi'nin diger 6nemli buzullarindan biri de
uzunlugu 3 km'yi gecen Suppa Durek (Ering)
buzulu ile gegmiste tek bir buzul oldugu dustiniilen
ancak bugiin tic koldan olusan Mia Hvara (Avaspi)
buzuludur. Uzunlugu 3 km'yi gecen orta buzul
dilinin 6n kisminin 1937'de 2550 m (Bobek, 1940)

 olmast
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ve 1948'de ise 2800 m seviyesinde Olcililmesi ve
¢ok gen¢ goriinimlii morenlerin varligi (Ering,
1952a) ile tim bu gozlemlerin uydu gortntiileri
tarafindan da dogrulanmasi (Kurter, 1991) buzul
erimesinin  boyutlarin1  gostermesi  bakimindan
ilgingtir. Mia Hvara buzulunun orta kolunun
Pleistosen'de 9 km uzunluga ulastig1 bu buzula ait
rnorenlerden anlasiimaktadir.

Giineydogu Toroslargda daha kiiciik boyutlu
buzullar Sat Dagi (3794 m) vadilerinde gozlenir
(Cizelge 1). Bunlardan. Geverok buzulunun
uzunlugu 1 km'yi bulmaktadir. Bobek (1940) arazi
gozlemlerine dayanarak bu buzulun Pleistosen'de
10 km wuzunlugunda oldugunu oOne siirmektedir.
Van Goli'nlin giineyindeki Hasanbesir Dag1 (3503
m) da 3300 m yikseklikte 300 m uzunlugunda ve
200 m genigliginde olan kiiciik bir buzul
icermektedir (Klaer, 1965; Schweizer, 1972, 1975).

Giineydogu Toroslar'da giincel daimi kar smiri
3400-3600 m arasinda degismektedir. Son Buzul
Cagi'min daimi kar smin ise 2800 m civarinda
hesaplanmustir  (Messerli, 1967). Buna Kkarsin
giincel buzul dillerinin 3000 m smirmin altina
inmig olmalari, arazinin derin vadiler ile yarilmig
(golge etkisi) ve yagislarin genelde ki
aylarinda kar seklinde gerceklesmesine (buzul
erimesi az) baglanmaktadir (Ering, 2001).

Orta Toroslar

Orta Toroslarm birkag yiiksek zirvesi de ufak da
olsa birka¢ buzul barindirmaktadir. Kiinne (1928)
onculigiinde baslayan calismalar sonucu ortaya
¢ikarilan ve Toroslar'in 6nemli iki siradagi olan
Aladag ve Bolkarlar'daki dag buzullarinin
konumlan Cizelge 1'de verilmistir. Aladaglar'm en
yuksek ikinci zirvesi olan Kizilkaya (3725 m)
zirvesi giineyinde uzunlugu 1 km'yi bulan Lolut
buzulu ile daha kiiciik bir buzul yer almaktadir
(Kurter, 1991; Ulker, 1992). Buna Kkarsin
Demirkazik (3756 m) ve Kaldi (3688 m)
zirvelerinin kuzeydogu, dogu ve glineydogusundaki
vadilerde gozlenen cok sayidaki cephe ve yan
morenler buzullarin Pleistosen'de 2100-2200 m
seviyelerine  kadar indiklerini  goOstermektedir
(Blumenthal, 1952; Spreitzer, 1939, 1956, 1957,
1958, 1959, 1960, 1969, 1971a, 1971b; Birman,
1968).
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TURKIYE’NIN GUNCEL BUZULLARI VE GEC KUVATERNER BUZUL COKELLERI

Cizelge 1: Tiirkiye’nin giincel buzullari, buzul tipleri ve buzul ¢okelleri. Giincel ve Son Buzul Cagi’na iliskin daimi kar sinirlari, eldeki bilgiler
1is1ginda Kurter ve Sungur (1980) ile Kurter’in (1991) ¢calismalari esas alinarak yeniden belirlenmistir.

Table 1: Location and types of actual glaciers and glacial deposits in Turkey. A ctual and Last Glacial permanent snowlines are also indicated where
available. Modified from Kurter ve Sungur (1980) and Kurter (1991 ).

Dag veya Zirve Zirve Konum Giincel daimi kar
Daglar ismi yiiksekligi (m) (Enlem ve Boylam) Buzul ismi Buzul tipi Alan (km®) Uzunluk swmirt (m) Yersekilleri
(km) (Wiinn daimi kar
suurtfm))
Uludoruk vadi 8.0 4.0
Cile (Buzuldag) Uludoruk 4168 37°26° - 37°32’ K
(GD Toroslar) (Resko) 43°56" - 44°04° D Mia Hvara vadi 25 3.0 3600 yan ve cephe morenleri
Suppa Durek vadi 3.0 3.0
5 kiigiik buzul vadi ve sirk 0.3-1.0 02-0.5
Sat 37°18 - 37°24° K Geverok vadi 0.8 1.0
(GD Toroslar) Dolampar 3794 44°10’ - 44°20° D 3500 cephe morenleri
isimsiz vadi 0.1 0.4
Kavussahap 38°12’ - 38°16" K .
(GD Toroslar) Hasanbesi 3503 42°48’ - 42°°54’ D kuzeybatt sitk 0.06 0.3 3400 cephe morenleri
Aladag 37°49° -37°53’ K 3450
(Orta Toroslar) Demirkazik 3756 35°06° - 35°11' D Lolut vadi 0.5 1.0 (2200-1900) cephe morenleri
Aladag Namerdigin (Hacer 3407 37°47 -37°49° K Giincel buzul yok 3450 yan, cephe ve tiimseksi morenler
(Orta Toroslar) vadisi} 35°13’ -35°21’ D (2200-1900)
3450-3700
Botkardag Gokboyun 3524 37°26° - 37°33° K Giincel buzul yok (gliney yiizii 2200- yan ve cephe morenleri ve buzul
(Orta Toroslar) (Karagoty 34°36° - 34°50° D 2000, kuzey yiizii golleri
1900-2075)
Botkardag 37°26° - 37°33° K 3450-3700
(Orta Toroslar) Medetsiz 3524 34°36’ - 34°50° D kuzey sirk 0.06 0.3 (giiney yiizii 2200- cephe morenleri
2000, kuzey yiizii
1900-2075)
Geyikdag Geyikdag 36°45” - 36°50° K
(Orta Toroslar) (Namaras vadisi) 2850 32°09° - 32°14° D Giincel buzul yok 3200 yan, cephe ve tiimseksi morenler
(2000)
Dedegaldag Dipoyraz 2997 37°40" - 37°45” K giineyde cok kiigiik sirk. 03 0.2 3300-3500 cephe morenleri
(Orta Toroslar) 31°19° - 31°24° D buzullar (2350-2400)
Isparta Davras ve Barla 37°337 - 37°38" K
(Orta Toroslar) 2700 30°43" -30°48° D Giincel buzul yok (2400) yan ve cephe morenleri
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Cizelge 1 (devam ediyor)

CINER

Beydaglar Beydag 3086 36°33'-36°38' K Giincel buzul yok 3600 cephe morenleri
(Bat1 Toroslar) 30°12'-30°17'D (2400-2600)
Akdag Akdag 3016 36°30' - 36°35' K Giincel buzul yok 3500 cephe morenleri
(Bat1 Toroslar) 29°33'-29°38' D (2200-2400)
Honaz Honaz 2571 37°40' - 37°45' K Gincel buzul yok 3600 cephe morenleri
(Bat1 Toroslar) 29°18' -29°23' D (2600)
Golgelidag Sandiras 2295 37°10' -37°15' K Giincel buzul yok yan ve cephe morenleri
(Bat1 Toroslar) 28°45' - 28°50' D (2050-2000) )
Kackar | vadi 0.8 13 kuzey yiizii 3100-3200 ablasyon, cephe, yan, taban ve
Kagkar 11 vadi 0.5 0.7 (2300-2500), gliney tlimseksi morenler, horgii¢ kayalar ve
Rize 40°50' -41°00' K Kagkar I1TI vadi 0.3 0.5 yiizii 3550 buzul golleri
(Dogu Karadeniz) Kagkar 3932 41°08' -41°20' D Krenek I, 11 sirk 0.3 0.5 (2600-2700)
Diibe sirk 0.01 0.1
Rize Goller 3560 40°40' - 40°55' K Gincel buzul yok (2650) cephe morenleri
(Dogu Karadeniz) (Hunut) 41°03' -4P13'D
Rize Vercenik 3710 40°40' - 40°46' K Sinancor sirk 0.05 0.3 3500 yan, orta ve cephe morenleri, buzul
(Dogu Karadeniz) (Ucdoruk) 40°52' - 41°05'D Dilektepe vadi 0.14 0.7 (2700) golleri
Altiparmak Lazgedigi 3353 40°57' - 41°10' K Kirmizigedik sirk 0.3 0.5 cephe ve taban morenleri
(Dogu Karadeniz) 41°25'-41°32'D (2650)
Bulut Kindevul 3562 40°53'-41°00"' K Avucur sirk 0.015 0.15 yan morenler
(Dogu Karadeniz) 41°15' -41°23' D . (2650)
Soganh At 3395 40°25' - 40°45' K Birkag buzulcuk cephe morenleri
(Dogu Karadeniz) 40°45' - 40°52' D (2650)
Gavur (Dogu Karadeniz) Karadag 3331 40°22' - 40°26' K Avliyana sirk 0.045 0.15 3500 cephe ve tiimseksi morenler
(Aptalmusa) 39°02' - 39°07' D (2600-2850)
Giresun Karagol 3107 40°30" - 40°32' K kuzeybati sirk 0.08 04 2900
(Dogu Karadeniz) 38°08 - 38°13' D Birkag buzulcuk (2600-2700) cephe morenleri
Stratovolkan, Agn 39°41' -39°44" K .
Igdir giineyi 5165 44°15'-44°19'D 11 buzul Takke buzulu 10.0 1.5-3.0 4300 cephe morenleri
(Dogu Anadolu) (3000)
Stratovolkan, 38°53" - 38°55' K gliney ve vadi 3.0 15 3700-4000 cephe morenleri
Van Goli kuzeyi Stiphan 4058 42°47' -42°52' D kuzeyde birkag buzul
(Dogu Anadolu)
kuzey yiizii 3800 cephe, ablasyon ve yan morenler, 6l
Stratovolkan, Erciyes 3916 38°31'-38°34'K kuzeybati vadi 0.11 0.38 (2700) buzul parcalari, sandur
(Kayseri) 35°24'-35°28'D gliney yiizii 3400
(3000)
Bursa Uludag 2543 40°10'-40°15' K Giincel buzul yok cephe morenleri
(KB Anadolu) 29°IT -29°16' D (2200-2330)
Erzincan Mercan 3368 39°25°-39°30' K Giincel buzul yok 3600-3700 cephe ve taban morenleri
(Dogu Anadolu) 39° 15 -39° 100 D (2750)
Erzurum Mescid 3239 40°20' - 40°25' K Giincel buzul yok 3600-3700 buzul gélleri
(Dogu Anadolu) 41°13" -41°18' D (2750)
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Aladaglar'in  Yedigoller canagindan (3100 m
civan) asagi sarkan buzul dilinin sekillendirdigi
vadilerden biri olan Hacer Vadisi'ndeki arazi
gozlemlen 1400 m civarinda bile morenlerin
varligin1 ortaya koymustur (Sekil 2). Yiikseklikleri
200 m, uzunluklart ise 1 km'yi bulan ve 20 m'ye
kadar cap1 olan bloklar iceren bu morenlerin,
Pleistosen’in  cesitli dénemlerine ait oldugu
diisiiniilmektedir. Moren setlerinin  gerisinde
gelismis olan goller ise zamanla sedimanlar ile
dolarak duzliik alanlara dontigmiislerdir. Vadinin
daha asagi kisimlarinda (1100 m) ise glasiyo-
flitvial kokenli malzemelere rastlamak miimkiindiir.

Kurter (1991), Bolkardag'in Medetsiz Zirvesi
(3524 m) yakinlarinda 3350 m'den 3000 m'ye
kadar inen bir cekirdek buzulun (cirque glacier)
varligini uydu gortintiilerinden tesbit etmistir. Buna
karsim bolgeyi 1998 yilinda ziyaret eden Dr.
Catherine Kuzucuoglu (sahsi goriisme), bunun
buzuldan ziyade donmus kar (fim) oldugunu
belirtmistir. Toroslarin diger kesimlerinde oldugu
gibi burada da Pleistosen'de ¢ok etkin bir
buzullagmanin hiikiim stirdiigii, 6zellikle Maden ve
Ganimet Dereleri boyunca, 1750 m civarinda, cok
iyi korunmus bir halde bulunan yan morenlerin
varligindan da anlasilabilmektedir. (Blumenthal,
1956a; Messerli, 1967; Birman, 1968; Klaer, 1969;
Altin, 1998). (Sekil 3).

Orta Toroslar'da, Aladag ve Bolkardaglan
haricinde sadece Dedegoldag (Dipoyraz Zirvesi,
2997 m) kuzeyinde cok kugik birkac buzul
bulunmaktadir (Delannoy ve Mairie, 1983). Bunun
yani sira iyi korunmus ve geng gortinimli birkag

cephe moreni de dagin dogu kesiminde
gozlenmigtir. Orta Toroslar'in  diger daglarinda
giincel buzul bulunmamaktadir. Buna karsin

Isparta'nin Davras ve Barla Daglari'nda, Pleistosen
buzullarina ait kiiciik cephe morenleri mevcuttur
(Atalay, 1987; Monod, 1977; Olivier Monod, sahsi
goriisme).

Antalyanin 100 km kadar kuzeydogusunda,
Geyikdag'sn  Namaras ve Susam vadilerinde
gozlenen ve 30 km’ bir alani kaplayan yan ve
timseksi moren ler (hummocky moraines) ise
Pleistosen  buzullarinin  yayilimini  gostermesi
acisindan ilgingtir (Arpat ve Ozgiil 1972; Ciner vd.,
1999) (Sekil 4 ve 5). Her biri ortalama 10 m
yukseklikte ve 30 m kadar genislikte olan ve
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birbirlerinden birkag on metrelik cukur alanlar ile
ayrilan bu morenler ana buzul kiitlesinden kopmus,
Oli. buzullarin erimesi sonucu olusan birikintiler
olarak yorumlanmuslardir (Ciner vd., 1999) (Sekil
6, 7 ve 8). Bolgede buzullagma ile ilgili bircok
yiuzey sekli ve sedimanter yapt da bol miktarda
mevcuttur (Sekil 9 ve 10).

Orta Toroslar'daki giincel daimi kar sinir1 3200-
3700 m ve Son Buzul Cagi daimi kar sinirt ise 2200
m civarindadir (Messerli, 1967).

Bat1 Toroslar

Bat1 Toroslar'da giincel buzul bulunmamaktadir.
Buna karsin Beydag (3086 m) ve Akdag'in (3016
m) Ozellikle kuzeydoguya bakan vadileri bol
miktarda ve iyi gelismis yan ve cephe morenleri ile
kaplidir (de Planhol, 1953; Onde, 1954; Messerli,
1967; Dogu vd., 1999a, 1999b). Honaz (2571 m)
(Yalginlar, 1954, 1955; Darkot ve Ering, 1954;
Ering, 1955a, 1955b) ve Sandiras Dagi'nin (2295
m) kuzeydogu yamaclarinda da birkac cephe
moreni mevcuttur (de Planhol, 1953; Dogu, 1993).

Bat1 Toroslar'da gilincel daimi kar sinirt 3500 m
civarindadir (Dogu, 1993). Son Buzul Cagi daimi
kar smin ise 2400 m olarak hesaplanmistir.
Sandiras Dagi'nda 2000 m civarinda buzyalagi
oniinde gelismis cephe morenleri ise daimi kar
sinirinin, denize yakinlik ve nemli havanin etkisi

gibi yoresel nedenlerden dolay1 daha distk
seviyelerde gerceklestigini  gostermektedir  (de
Planhol, 1953; Messerli, 1967; Dogu, 1993).

Kuramsal olarak Orta ve Bati Toroslar'in yiiksek
kesimleri Pleistosen'de cok daha kapsamli bir
buzullasmaya maruz kalmis olmalidirlar. Ancak,
Son Buzul Cagi daimi kar sinirinin hesaplanmast
disinda, bugiin itibariyle bu buzullarin boyutlart ve
dinamikleri hakkinda elimizde fazla bir veri
bulunmamaktadir.  Dolayist ile  Sekil 1'de
isaretlenen buzul dagilimi haritast daimi kar siniri,
zirvelerin  yiikseklikleri ve moren depolarinin
dagilimlart gibi kriterler g0z Oniine alinarak
cizilmistir.

Dogu Karadeniz Daglan

Dogu Karadeniz Daglari, Karadeniz'e parallel
olarak batidan doguya gittikce artan ve kimi yerde
3900 m'yi asan yukseklikler ile temsil olunur
(Leutelt, 1935; Lembke, 1939; Stratil-Sauer 1961,
1964, 1965; Gali, 1966; Dogu vd., 1999¢). Giincel
daimi kar sinirinin kuzeye bakan yamaclarda 3100-
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Sekil 2: Hacer Vadisi'nin (Aladaglar*da Yedigoller Canag1 dogusu, Orta Toroslar) kuzey yamacinda
gelismis 200 m yiikseklikte bir yan moren seti (M) ve kurumus moren seti golii (G), Moren seti iizerindeki
blok (B) 20 m capindadir.

Figure 2: Approximately 200 m thick lateral moraine (M) developed on the northern flank of the Hacer
Valley (east of Seven Lakes Plateau in Aladaglar, Central Taurus) and moraine dammed dry lake (G)> The
boulder (B) on the top of the tn.ow.inic ridge is 20 m in diameter.

Sekil 3s Buzul tarafindan tasinmis ve icerdigi ince taneli sedimanlarca cizilmis bir eratik blok. Ana kayanin
kirectasi olmasina ragmen eratik blogun serpantin olmasi bumil tasimasinin tipik kanitlarindandir (Maden
Vadisi, Bolkariar, Orta Toroslar). Olcek drnegin alt orta kismindaki 15 cmlik cividir.

Figure 3: Glacier transported and striated erratic block. The fact that the bedrock is limestone and the
erratic block is serpentinite is typical of glacial transport (Maden Valley, Balkarlar, Central Taurus) > Chisel

(1S cm) for scale.
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Sekil 4s Geyikdag'daki (Orta Toroslar) Namaras Vadisi'nin kuzey yamacinda gelismis bir yan moren. Geri
planda tipik bir tekne buzul vadisi girisi (Susam Vadisi) gortilmektedir.

Figure 4: Lateral moraine developed on the northern flank of the Namaras Valley (Geyikdag, Central
Taurus). Typical U-shaped glacial valley entrance (Susam Valley) on the background. :
Sekil St Geyikdag (Orta Toroslar) yakinindaki Kelce Dagi'nin (2850 m) Kretase yash kirectaslan (K) ile
On taraftaki Kretase yashi ana kaya (a) arasinda gelismis tiimseksi morenler (m) ve dagin kuzey
yamaglarinda gelismis buzyalaklan (s).

Figure 5: Typical hummocky moraines (m) developed between Cretaceous limestones (Kelcedag
Mountains; 2850 m, Central Taurus) (K) and Cretaceous bedrock ridge (a). Note the glacial cirques on the
north-facing slopes (s).

Sekil 6; Orta Toroslar'daki Namaras Vadisi tabaninda (2100 m) gelismis tiimseksi morenler (m) ile yassi
buzul 6ni yelpazesi (f) (yaklagik 500 m uzunlukta). Sol 6n tarafta yaklasik 100 m ytikseklikteki bir yan
moren (y) sirt1 goriilmektedir.

Figure 6: Typical hummocky moraines (m) and flat-lying outwash fan (f) (approximately 500 m long)
developed on the Namaras Valley floor (2100m) (Central Taurus). Note part of a lateral morainic ridge (y)
nearly 100 m high on the lower left comer.
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3200 m, giineye bakan yamaglarda ise 3550 m
olmasi, Karadeniz'den gelen nemli hava kiitleleri
ile iliskilidir (Ering, 1952a). Messerli (1967), Son
Buzul Cagi daimi kar simirinin 2600 m olabilecegi
hesaplanmustir.

Dogu Karadeniz Daglari'nin en yiiksek zirvesi
Kackar Dagr (3932 m) olup yamaclarinda 6 adet
buzul barindirmaktadir (Cizelge 1). Bunlardan en
blyigii 2850 m'ye kadar inmekte olup, Ering
(1949a) tarafindan Kackar 1 buzulu olarak
adlandirilmistir. 1975 yii  Landsat MSS  uydu
goriintiilerinde ise Kackar I buzulu 3650 m
civarinda baglayip 2900 m'ye kadar inen ve toplam
uzunlugu 1500 m olan bir buzul olarak tesbit
edilmistir (Kurter, 1991). Bolgede kapsamli bir
calisma yapan Dogu vd., (1993) buzulun 3600-
3000 m yiiksekliginde 1250-1300 m'lik bir
uzunluga sahip oldugunu belirtmislerdir. Bolgede
bulunan diger buzullardan Kacgkar II buzulu 3000
m'ye ve Kackar III buzulu da 2940 m'ye
ulagsmaktadir (Ering, 1949a). 1975 tarihli Landsat
MSS uydu goriintiilerinde ise 3650 m'den baglayan
iki buzul sirasiyla 2990 m ve 3130 m'ye kadar
inmektedirler (Kurter, 1991). Dogu vd., (1993)
tarafindan yapilan gozlemler ise yine daha yiiksek
buzul dili siirlar1 vermektedir (3080 ve 3100 m).
Yazarlarin haritasindan sirasi ile 700 and 500 m'lik
buzul uzunluklart ol¢tilmistiir. Dolayisi ile her lic
calisma da daha 6nce Giineydogu Toroslar'da, Cilo
Dagi'nda da gozlenen buzullarin erime egilimini
kesin olarak kanitlamaktadir. Kackar Dagi'nda cok
daha kiiclik boyutlu ti¢ adet cekirdek buzul da
(Krenek I, Krenek 11 ve Diibe buzullar)
bulunmaktadir  (Krenek, 1932). Dogu vd.,

(1993)'ye gore Kackar Dagi ve civan igerdigi 4°

adet tekne buzul vadisi, cesitli tipteki morenleri ve
yiizeyleri 750 m”'yi bulan buzul golleri ile tipik bir
buzul morfolojisi sunmaktadirlar.

Bolgenin en yiiksek ikinci zirvesi Vercenik Dagi
(3709 m) olup Ering (1949a) kuzey yamacinda iig¢
adet buzul tesbit etmistir. Buna karsin, 1975'de
¢ekilen Landsat MSS uydu gorintiilerinde yalnizca
iki adet buzulun (Dilektepe (700 m) ve Sinancor
buzullar1 (300 m)) kaldigi goziikmektedir (Kurter,
1991). Bolgede calisan Dogu vd., (1996) ise
haritalarinda bu iki buzula yer vermemisler, buna
karsin moren seti golleri ve cesitli tipte morenlerin
varligindan bahsetmislerdir.

CINER

Doguya dogru, daha alcak olmalarmma karsin
Bulut-Altiparmak Daglan da birka¢ kiiciik buzul
barindirirlar.  Bunlardan en  biiyiigi  olan
Kirmizigedik buzulu 500 m uzunlugunda olup
Lazgedigi zirvesinin (3353 m) dogusundaki bir
buzyalag icine yerlesmistir (Cizelge 1). Bir digeri
de Kindevul zirvesinin (3562 m) dogusundaki bir
buzyalaginda bulunan ve uzunlugu ancak 150 m'yi
bulan Avucur buzuludur (Dogu vd., 1997).

Bolgenin batisindaki Karagol'de (3107 m) de
birkac kiiciik buzul bulunur (de Planhol ve Bilgin,
1964). Yazarlara gore bunlardan sadece kuzey bati
buzulu 2850 m kotuna kadar inerek 400 m
uzunluga erismistir. Daha asagi kesimlerde
gozlenen cok genc gorinimli cephe morenleri de
olasilikla Kiiciik Buzul Cagi'nda (Little Ice Age)
olusmuslardir.

Dogu Karadeniz  Daglari'nin  kuzey ve
kuzeydoguya bakan vadilerinin hemen hemen
tamami  Pleistosen'de  buzullasmaya  maruz
kalmiglardir. Giincel buzullarin bulunmadigi bircok
vadide de buzullagmaya iliskin cesitli izlerin varligi
bu durumu ispatlamaktadir. Bunlara Demirkapi
Dagi'min (3376 m) kuzeyindeki Demirkap: ve
Kiicik Yayla buzul vadileri ornek gosterilebilir
(Doguvd., 1999d).

Volkanlar ve Anadolu'nun Diger Bagimsiz
Daglan

Anadolu'nun o6nemli volkanlarinin tiimiinde
giincel buzullara ve Kuvaterner buzullagmasinin
izlerine rastlamak miimkiindiir. Bunlardan Agri
Dags 5165 m'lik yiiksekligi ile sadece iilkenin en
yuksek zirvesi olmayip ayni zamanda lzerinde 10
km™lik giincel bir buz takkesi (ice cap) bulunduran
tek dagidir (Imhof, 1956; Arkal, 1973) (Sekil 11).
BlumenthaPe (1956b; 1958) gore buz takkesinden
sarkan ve uzunluklar1 1 ile 2.5 km arasinda degisen
toplam 11 adet buzul dili dagin giiney eteklerinde
4200 m'ye, kuzey eteklerinde ise 3900 m'ye kadar

ulagmistir.  Bu dillerden en biiylgi kraterin
kuzeydogusundaki =~ Cehennemdere  Vadisi'nde
bulunur. Egimin c¢ok fazla olmasindan dolay1

zaman zaman kopan buzul parcalart vadinin asagi
kesimlerinde (2370 m civar1) dokiintiiler ile kaph
Oli bir buzulun (rejenere buzul) olusumuna da yol
acmistir (Ering, 2001). Bolgeyi 1963'de ziyaret
eden Birman (1968) ise buzul dillerinin kuzeyde
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Sekil 7: Katmanlanma ve boylanma 0zelligi gdstermeyen ve tipik olarak matriks destekli diamikton (tilT
goriintiisii sunan bir tiimseksi moren sirtinin kesiti. Olgek jeolog cekici (a). (Geyikdag Namaras Vadisi
Orta Toroslar).

Figure 7: Section in a hummocky morainic mound showing a typical matrix-supported, non sorted ana
non stratified diamicton (till) appearance (Namaras Valley near Geyikdag, Central Taurus). Hammer (a,

Jfor scale.
Sekil 8: Tiimseksi morenler icinde rastlanan ve buzul akmasi sirasinda sekillenmis iitl (a, b) ve kursun (c.

d) bicimli buzul cakillar (liti tag1 ve kursun tast).
Figure §: Glacially sculptured flat iron- (a, b) and bullet-shaped {c, d) clasts (iron stone and bullet stone]

found in the hummocky moraines.
Sekil 9: Buzul'un akisi sirasinda sekillenmis horglic kayalar (balina sirtt yapisi). Buzul akig yoni

fotografin sagindan soluna (kisiye) dogrudur.
Figure 9: Bedrock shaped by the glacier (whaleback). Glacierflow direction from right towards left.

Geologist for scale.
Sekil 10: Morenlerin eriyen buzul sularinin 6niinii kapamasi sonucu olusan moren seti golii (Namaras

Vadisi, Orta Toroslar).
Figure 10: A glacial lake formed by the damming of morainic ridges (Namaras Valley, Central Taurus).
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3700 rn'de batida ise 4500 m'de oldugunu
belirtmistir. 1976 tarihli Landsat MSS uydu
goriintisii de buz takkesinin kuzeybati egimli
oldugunu agikca gostermektedir (Kurter ve Sungur,

1980).

Agnn Dagi giincel daimi kar smin 4300 m
civarindadir (Klaer, 1965; Arkel, 1973; Kurter ve
Sungur, 1980). Blumenthal (1958) ise Pleistosen'de
daimi kar smirmin 3000 m'de oldugunu ve buz
takkesinin 100 krrfiik bir alami  kapladigini
hesaplamustir. Agri Dagi eteklerindeki morenler
diger daglara kiyasla ¢ok daha az bir alan
kaplamaktadirlar. Bunun nedeni, Cehennemdere
Vadisi haric¢, gelismis vadilerin bulunmayisi, buzul
ustiiniin ~ ayrismig  malzeme ile  kaplanmasini
saglayacak yiiksek egimli zirvelerin olmayist ve
zaman zaman aktif hale gecen volkandan c¢ikan
malzemelerin daha yashh ~moren depolarmi
kaplamasi olarak aciklanabilir (Blumenthal, 1958;
Karakhanian vd., 2002).

Van Golii'niin kuzey kiyisinda bulunan Siiphan
Dagi'nin (4058 m) kuzey yamacinda da cesitli
boyutta buzullar bulunur (Kurter ve Sungur, 1980).
Bunlardan en biiyligii genisligi 2 km'yi uzunlugu
ise 1.5 km'yi bulan ve kraterin dogusundan 3400
m'ye kadar sarkan buzuldur (Kurter, 1991).

Giincel bir buzulun izlenildigi diger bir volkan
da Kayseri yakinlarindaki Erciyes (3917 m)
Dagi'dir (Sekil 12). Penther (1905) tarafindan 1902
yilinda cekilen ve Tirkiye'nin ilk buzul fotografi
oldugu sanillan fotografta dagm  kuzeybati
yamacindan Aksu Vadisine dogru 3100 m’ye
kadar sarkan ve toplam uzunlugu 700 m olan bir
buzul gorilmektedir (Blumenthal, 1938). Ering
(1952a) ise bu fotografin cekilisinden 50 yil sonra
buzulun 3380 m'ye  ¢ekildigini, toplam
uzunlugunun 550 m oldugunu ve lizerinin molozlar
ile kapli oldugunu bildirmektedir. Bartsch'm
(1935) da gozlemlerine dayanan Ering (1952a), son
22 yida buzulun ortalama 3 m kadar eriyerek
¢ekildigini hesaplamustir. Giiner ve Emre (1983) ise
buzulun 380 m uzunlugunda oldugunu ve buzul
dilinin 3400 m'ye kadar geriledigini
belirtmektedirler. Bolgedeki en son calismayi
gerceklestiren Sarikaya vd., (2002) ise aktif buzul
dilinin 3420 m'ye kadar geriledigini saptamiglardir.
Bu dilden 150 m kadar asagida kalan alanda ise ana
dilden kopmus ve tizeri bloklar ile kaph oli
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buzullarin bulundugunu belirtmislerdir. Tim bu
gozlemler Tiirkiye'nin diger bolgelerinde oldugu
gibi buzullarin hizla eridigini kesin bir sekilde
kanitlamaktadir. Erciyes Dagi'nin diger vadilerinde
de gozlenen cesitli moren depolan ve sandur

dizliikleri gibi buzullasmaya iliskin izler Geg
Kuvaterner'de  bolgenin  ¢ok  kuvvetli  bir
buzullasma evresi gecirdigini  gostermektedir

(Sarikaya vd., 2002). Messerli (1967) Wiirm buzul
devresinde daimi kar smirimin  dagin  gliney
yamacinda 3000 m kuzey yamacinda ise 2700 m'ye
kadar indigini ve wuzunluklan 5 km'yi gecen
buzullarin olustugunu belirtmektedir.

Yukarida bahsedilen siradaglar ve volkanlar
haricinde Anadolu'nun diger bazi yiiksek kesimleri
de bugiin icin buzul barindirmamakla birlikte, Geg
Kuvaterner'de buzullagmasinin etkisinde
kalmisglardir. Bunlardan Bursa'nin giineydogusunda
bulunan Uludag (2543 m), kuzeybati yamacinda
uzunlugu 100 m'yi bulan kiicik bir buzul
icermektedir (Birman, 1968) (Cizelge 1), Bolgede
her ne kadar Kuvaterner buzullarina ait morenler
bulunmakta ise de sonraki calismalarda bu buzulun
varligindan bahsedilmemektedir (Atalay, 1937),
Dogu Anadolu'da, Erzincan yakinlarindaki Munzur
Daglari'nin (3368 m) Mercan Vadisi'nde ve Kesis
Daglari'nda Kuvaterner buzullarin 1650 rn'ye
kadar indigi bilinmektedir (Bilgin, 1972; Atalay,
1987; Turkiinal, 1990; Akkan ve Timcel, 1993).
Erzurum yakinlarindaki Mescid Dag1 (3239 m) da
ayni buzullagmanin etkisi altinda kalmis diger bir
bolgedir (Yalginlar, 1951) (Cizelge 1).

SONUCLAR

Giincel buzullar, tekne vadiler ve moren
depolariin varligi Tirkiye'de Kuvaterner déonemi
buzullagmasina isaret etmektedir. Moren
depolarinin yas tayinlerinin (jeokimyasal, kozmik
yas tayini gibi) bu giine kadar yapilamamisg olmasi
gecmis buzul donemlerinin evreleri hakkindaki
yorumlarin morfostratigrafik yaslandirma ilkelerine
dayandirilmasini zorunlu kilmaktadir. Buna karsin,
Gec Kuvaterner'de arastirmacilar arasinda cesitli
buzul ilerleme ve  gerileme evrelerinin
gerceklestigine dair genel bir goriis de hakimdir

(Louis, 1944; Ering, 1952a; Blumenthal, 1958;
Klaer, 1969, 1977, 1978; Messerli, 1967,
Schweizer, 1975; Atalay, 1987; Kurter, 1991),

Ornegin Schweizer (1975), Hasanbesir Dagi'ndaki



TURKIYE'NIN GUNCEL BUZULLARI VE GEC KUVATERNER BUZUL COKELLERI

Sekil 11: Agrt Dag1 (5165 m) giiney yamacinin goriniimii. Daimi Kkar sinir1 4300 m civari olup buz takkesi

birkac yiiz metre daha yukaridadir.
Figure 11: Southern view of Mount Ararat (5165 m). Permanent snowline is around 4300 m and the ice

cap is some couple hundreds meters higher.
Sekil 12: Erciyes Volkani'nmin (3917 m) kuzeybatisindaki Aksu Vadisi buzulu (B). Buzulun c¢ekilmesi

sirasinda olusan gen¢ erime morenleri (¢) ve ana vadiye ulasan bir yan moren (M) seti ile buzul

akarsuiarindan itibaren gelisen sandur duzliigli (A) gorilmektedir.
Figure 12: Aksu Valley glacier (B) on the northwestern flank of Erciyes Volcano (3917 in). Young
ablation moraines (e) originated from the recent retreat of the glacier and fluvio-glacial outwash plain (A).

A side valley lateral moraine (M) joins the main valley.
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calismasinda asmmmig ve en yash gorinimdeki
morenleri Wurm'den ziyade Riss donemine
atfetmektedir. Yapilan c¢alismalarin hemen hepsi
Son Buzul Maksimumu'nda (Last Glacial
Maximum) daimi kar siirinin bugiine kiyasla 1000
ile 1500 m asagida oldugunu ve buzullarin 2000 m
ve hatta altina indigini belirtmektedir (Kuzucuoglu
ve Roberts, 1998).

Bunun yanmi sira az asinma, toprak oOrtisi
eksikligi., yiiksek egim gibi nedenlerle, nispeten
geng oldugu anlasilan moren depolarinin Son Buzul
Cag1 cokellerini tlizerlemesi ve hatta daha da asagi
kotlara kadar inmesi Erin¢ (1952a) tarafindan iklim
kosullarinin ¢ok daha nemli oldugu "Younger
Dryas" (Geng¢ Drayas) (10-11 bin yil) ve Kiiglik
Buzul Cagi (Little Ice Age) (15-18 ylizyil)
donemlerinde gelismis olan buzullara atfedilmistir.
Dolayis1 ile Guinimiiz buzullasmasi. Pleistosen
buzullagmasinin ~ bir devami  olmayip, iklim
optimumu sirasinda (giiniimiizden 4-5 bin yil 6nce)
eriyen buzullarin yerine gelisen yeni buzullar ile
ilgili olmalidir. Giincel buzullarin bulunmadigi
buzyalaklarinin bazilarinda gozlenen cok genc
goriniimlii morenler de Kiigiik Buzul Cagi'na
atfedilebilinir. Karadeniz'de Karagol (de Planhol
ve Bilgin, 1964), Erciyes Volkani Aksu Vadisi'nde
(Sarikaya vd., 2002) ve Bursa Uludag'da (Ering,
1949b, 1952a; Pfannenstiel, 1956) bulunanlar bu
tip morenlerdendir.

Eldeki veriler, glincel buzullardaki erimenin 20,
yy’da baslayp, 1930'ln yillarda ivme kazandigini
gostermektedir (Ering, 1952a; Erol, 1981; Giliner ve
Emre, 1983; Kurter, 1991; Sarikaya vd., 2002). Bu
gozlemlere ilave olarak tlkemiz Kuvaterner
buzullasmasi c¢alismalarinin 6nciisii Sirr1 Ering'in
caligmalar1 ve 2000 m civan ve lstiinde gozlenen
buzullasma ile ilgili veriler de, ozellikle c¢esitli
evrelere ait morenlerin yas tayinleri ile ilgili cok
daha detayli caligmalarin yapilmasi gerekliligini
ortaya koymaktadir. Bu beklentilerin bir kismina
yanit verecegi umulan bir National Science
Foundation (NSF)-TUBITAK ortak ¢alismasi halen
devam etmektedir (Zreda vd., 2001). Bu proje
kapsaminda  iilkemizin  6nemli  buzullagsma
alanlarindaki morenleri olusturan sedimanlardan
toplanacak olan ve kozmik iginima maruz kalmis

bloklarin  tizerlerinde uygulanmasi distintilen
"kozmojenik *Cl vyiizey yaslandirmasi yontemi
(Cosmogenic *C1 surface exposure dating)"
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sayesinde yiizey sekillerinin yas tayinlerinin
yapilmasi olanakli hale gelecektir. Cesitli tilkelerde
bu yontemin kullanildig1 c¢alismalar sonucu cok
detayli yas tayinleri yapilmig ve buzullasma
kronolojileri ortaya konabilmistir (Zreda ve
Phillips, 1995; Phillips vd., 1996; Shanahan ve
Zreda, 2000). Bunlara ilave olarak
gerceklestirilmesi  planlanan  glasiyo-fliiviyal ve
buzul goli sedimanlarindaki calismalar da
buzullarin zaman ve mekan igerisindeki ilerleme ve
gerilemelerine ve dolayisiyla Thirkiye'nin
Kuvaterner'deki iklim degisikliklerinin boyutunun
ve zamanlamasinin belirlenmesine 1sik tutacaktir.
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EXTENDED SUMMARY

Turkey is situated in the eastern Mediterranean
region and is characterised by strong climatic and
topographic contrasts, As early as in mid-19"
century, the existence of glaciers in the Taurus
Mountains and the Eastern Black Sea Mountains
was noted by Ainsworth (1842) and Palgrave
(1872), Since then, several researchers have made
general observations about the glaciers and glacier-
related landforms in Turkey (Figure 1 and Table 1),
The most important in this respect is the work
carried out by the first Turkish glaciologist, Sirr1
Erin¢. He published several very detailed papers on
glaciers and variations in snowline altitudes (Ering,
1944, 1949a, 1951, 1952a, 1952b, 1953, 1954,
1978).

Whereas the distribution and extent of recent
Turkish glaciers is relatively well known,
information about the Pleistocene glaciations of
Turkey is comparatively poor. This article attempts
to present a review of the present state of research.
Because of the lack of quantitative data on the age
of Quaternary glaciations, this study is mostly
based on the pre-existing literature combined with
an evaluation of unpublished data and personal
observations.

GLACIERS AND GLACIAL LANDFORMS

Present-day  glaciers and  glacier-related
landforms occur in 3 major regions in Turkey
(Figure 1 and Table 1): 1. The Taurus Mountains.
2. The Eastern Black Sea Mountains. 3. Volcanoes
and independent mountain chains scattered
throughout the Anatolian plateau.
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Taurus Mountains

The Taurus Mountains extend from the SW to
‘the SE of Turkey, up to the Iranian border, running
parallel to the Mediterranean coast,

Southeastern Taurus

This is the most important recently glaciated
region in Turkey from which more than 20 glaciers
have been reported (Ering, 1952b). The glaciers are
especially very well developed on Resko Hill (4168
m) on Mount Gilo. Here, the Uludoruk (Izbrrak)
valley glacier, which is almost 4 km long, covers an
area of 8 km’ (Table 1), Maunsell first
photographed this glacier in 1901, This picture,
although not very clear, shows a thicker and
broader glacial tongue, that reached down to lower
levels than today. Bobek, who visited the area in
1937 found the glacier terminus at 2600 m (Bobek,
1940), The same glacier tongue was observed in
1948 to have retreated to the 2900 m level by Ering
(1952a), Finally, the satellite image observations
made by Kurter (1991) indicate that the glacier has
continued to retreat up to an elevation of nearly
3000 m, These observations clearly indicate
thinning and shrinking of the glacier, at least since
the beginning of the 20" century,

Another glacier complex on Mount Cilo, the
Mia Hvara (Avaspi) glacier that comprises three
isolated glaciers in the Mia Hvara Valley, probably
originally formed one single glacier. This glacier
reached at least a length of 9 km during Pleistocene
as marked by prominent end moraines. The Suppa
Durek (Ering) glacier, more than 3 km long is also
an important glacier situated to the west of the Mia
Hvara glacier,

In the southeastern Taurus Mountains, less
important glaciers also exist on Mount Sat (3794
m), The most important, the Geverok glacier has a
length of nearly 1 km. In the Pleistocene, this
glacier probably reached a maximum length of 10
km (Bobek, 1940),

The actual snowline in the SE Taurus Mountains
varies between 3400-3600 m and the Last Glacial
snowline is estimated to be around 2800 m
(Messerli, 1967). Therefore the presence of glaciers
is easily explained by favourable local climatic and
physiographic conditions.
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Central Taurus

Aladag and Bolkardag constitute the two most
important mountains of the Central Taurus where
some small glaciers ©an b§ seen, On Mount Aladag,
the southern flank of Kmlkaya (3725 m) peak
bears a 1 km long glacier (Lolut glacier) (Kurter,
1991; Ulker, 1992), However, glacial landforms at
much lower altitudes suggest that Pleistocene
glaciations were far more extensive, To the S and
SE ofthe Demirkazik (3756 m) and Kaldi (3688 m)
peaks several valleys contain terminal and lateral
moraines reaching down to altitudes of about 2100-
2200 m, For instance, a lateral moraine that
occupies the northern flank of Hacer Valley (2000
m) is several hundred metres high and a few
kilometres long, It is composed of large limestone
blocks (up to 20 m in diameter), now partly
covered by trees (Figure 2). F /io-glacial deposits
to the E of the Hacer Valley are also preserved
down to an altitude of ca, 1100 m,

On the Medetsiz peak (3524 m) of Mount
Bolkardag, Kurter (1991) observed a mountain
glacier of about 300 m long to descend from an
altitude of 3350 down to 3000 m from satellite
images, However, Catherine Kuzucuoglu (personal
communication), who visited the area in 1998,
noticed only permanent snows and few stationary
remains of glaciers in this locality. Several very
distinct moraines are present along the Maden and
Ganimet streams, situated around 1750 m (Figure
3),

Apart from the Bolkardag and Aladag
Mountains, only the northern face of the
Dedegoldag (Dipoyraz peak, 2997 m) bears a few
very small glaciers today, Weil-developed
moraines around 2000 m are also present on the
eastern face of the Dipoyraz peak, All other
mountains in the Central Taurus Range show no
sign of modern glaciers, However, small morainic
ridges on the Davras and Barla Mountains, near
1sparta, are also reported (Monod, 1977).

Another area situated 100 km NE of Antalya
in the Central Taurus Mountains, is characterised
by the presence of a peculiar hummocky
topography that covers an area of approximately 30
km’ in the Namaras and Susam Valleys (2000 m),
near Geyikdag (Figure 4 and 5) (Arpat and Ozgiil,
1972; Ciner et al, 1999). In these valleys, coarse,
loose materials form a chaotic knob and Kkettle



topography with hillocks up to 10m high and 30 m
wide, separated by irregular depressions (Figure 6).
These landforms are interpreted as hummocky
disintegration moraines from former active glaciers
(Ciner et al., 1999). Several glaciers related
landforms, such as Kkettle holes, whalebacks and
lakes formed by lateral moraines are also very
commonly observed in the area (Figure 7, 8, 9 and
10). '

Western Taurus

The mountains of the Western Taurus do not
support recent glaciers. However, Beydag (3086 m)
and Akdag (3016 m) show several cirques and
well-developed morainic landforms, especially on
their NE facing slopes. A few moraines also occur
on the NE flanks of Honaz (2571 m) and Sandiras
Mountains (2295 m). The modern snowline is
estimated to be around 3500 m. On the other hand,
the Last Glacial snowline elevation was
approximately 2400 m in the Western Taurus
Mountains, except for on Mount Sandiras where a
snowline at 2000 m elevation was determined. This
lower snowline reflects probably its vicinity to the
sea and favourable humid climatic conditions (de
Planhol, 1953; Messerli, 1967; Dogu, 1993).

Eastern Black Sea Mountains

The Eastern Black Sea Mountains trend W-E
along the Black Sea coast of Turkey. The actual
snowline elevation is much lower on the north
facing slopes (3100-3200 m) as compared to the
south facing ones (3550 m) because of the effect of
humid air masses (Ering, 1952a). The Last Glacial
snowline elevation is estimated at 2600 m on
average (Messerli, 1967).

The highest peak of the Politic Range is Mount
Kackar (3932 m). Five glaciers are developed on its
northern flank (Table 1). Erin¢g (1949a), who first
described the largest and named it Kackar I glacier,
indicates that the glacier tongue descends down to
2850 m. On Landsat MSS images taken in 1975,
the same glacier is seen to originate from 3650 m
and terminate at an elevation of 2900 m with a total
length of 1500 m (Kurter, 1991). Dogu et al.
(1993), who carried out a detailed field survey in
the area, give the length as 1250-1300 m (between
3600-3000 m altitude). Other glaciers present in the
region are the Kackar Il and III glaciers. Ering
(1949a) indicates that the tongues of these two
glaciers descended down to 3000 and 2940 m
respectively. According to Kurter (1991), Landsat

76

CINER

MSS satellite images (taken in 1975) show two
glaciers originating from 3650 m that extend down
to 2990 (1 km long) and 3130 m respectively. The
lower limits given by Dogu et al. (1993) are again
somewhat higher, being 3080 and 3100 m
respectively. From their map, glacier lengths of 700
and 500 m can be calculated. These three studies
confirm the general tendency of glacial retreat in
Turkey that has already been observed in the SE
Taurus (Cilo) Mountains. According to Dogu et al.
(1993), this most mountainous part of the Pontic
Range contains four large U-shaped valleys where
different glacier-related landforms such as ablation,
terminal, lateral and ground moraines, roches
moutonnees and glacial lakes (up to 750 m’) are
observed.

The second highest peak in the Pontic Range is
Mount Vercenik (3709 m). According to Ering's
(1949a) map three glaciers are present on its
northern slope. However on the Landsat MSS
images taken in 1975 only two glaciers, the
Dilektepe (700 m) and Sinancor glaciers (300 m)
remain (Kurter, 1991). Dogu et al. (1996) who
carried out a field survey of the valleys near Mount
Vercenik do not show those two glaciers on their
map. They indicate, however, the presence of
several cirque and moraine-dammed lakes and
medial, terminal and lateral moraines.

Although less high, the Bulut-Altiparmak
Mountains bear some recent glaciers. The largest,
the Kirmizigedik glacier (500 m), occupies a cirque
to the east of Lazgedigi peak (3353 m) (Table 1).
To the west, Mount Karagol (3107 m) bears several
small glaciers. According to these authors, only
one, the NW glacier (400 m long) descended down
to 2850 m and deposited a set of terminal moraines
probably during the Little Ice Age.

Volcanoes and Independent Mountains on
the Anatolian Plateau

The volcanoes in the interior of the country
show signs of glacial activity and active glaciers.
Among them, Mount Ararat (5165 m), near the
Iranian border, is not only the highest mountain in
Turkey, but is also the only mountain on which a
recent ice cap is developed (Imhof, 1956) (Figure
11). According to Blumenthal (1956b; 1958),
eleven glaciers emerged from the summit,
descending down to 3900 m on the north-facing
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slope and 4200 m on the south-facing slope, and
covering an area of approximately 10 km’. On
Mount Ararat, the actual snowline elevation is
estimated as 4300 m and Blumenthal (1958)
calculated a Pleistocene snowline elevation of 3000
m for an ice cap of presumably 100 km’. He
explains the absence of moraines by the lack of
confining ridges to control valley glaciers, by
insufficient debris load in the ice to form moraines
and by volcanic eruptions that later covered the
pre-existing moraines.

Another volcano, Mount Siiphan (4058 m) is
situated to the north of Lake Van in SE Turkey.
Several small glaciers are developed on the
northern slope of the crater (Kurter and Sungur,
1980). The largest is 2 km wide and 1.5 km long
and descends down to 3400 m (Kurter, 1991).

The last volcano is Mount Erciyes (3917 m),
where a glacier exists on its northwestern slope,
located near Kayseri (Figure 12). It was first visited
by Penther (1905) who observed that the glacier
descended to the 3100 m level, with a total length
of 700 m (Blumenthal, 1938). Later, Erin¢ (1952a)
described the glacier as having a length of 550 m
reaching down only to 3380 m. He also noticed that
the glacier was strongly covered by debris,
interpreted as ablation moraine. Together with the
observations of Bartsch (1935), Ering (1952a)
roughly calculated that the glacier had been
shrinking at an average rate of 3 m per year over a
period of 22 years. Giiner and Emre (1983) indicate
a glacier length of only 380 m. The most recent
survey carried out on Mount Erciyes, by Sar1 kay a
et al. (2002) confirm the overall tendency of glacier
retreat already observed in other Turkish glaciers.
Five large and several smaller cirques indicate
much stronger glaciations during the Quaternary,
The largest Wurmian glacier had a length of c. 5
km. Messerli (1967) estimates that the snowline
occurred at 2700 m on the northern and 3000 m on
the southern side. Erratic blocks have been
interpreted as traces of older, more extensive
glaciations. They have been found about 2 km
beyond the maximum limits of the Wurmian
glaciers, suggesting a snowline some 200 m lower
than in the Wurmian.

Apart from the volcanoes, few mountain chains
and massifs in Central Anatolia bear signs of past
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glacial activity. Among them Mount Uludag (2543
m) near Bursa, Munzur Mountains (3368 m) near
Erzincan and Mount Mescid (3239 m), to the north
of Erzurum experienced glacial activity during the
Pleistocene.

CONCLUSION

The presence of U-shaped valleys and morainic
deposits and recent glaciers in the Turkish
Mountains indicate the existence of past and
present glacial activity. Unfortunately, the absence
of dating of the morainic landforms makes it
difficult to assign a precise age to the past glacial
periods. However a general consensus seems to
exist between scientists, that there must have been
several ice advances and retreat phases. Most of the
works carried out also concluded that, at the time of
the maximum extension of glaciers during the Last
Glacial, the snowline was 1000 to 1500 m lower
than present (Kuzucuoglu and Roberts, 1998), and
numerous cirques and small valley glaciers
developed down to an elevation of 2000 m. They
all disappeared during the Last Glaciation.

The fact that moraines deposited during the
postglacial readvance phases overlie a major part of
the Pleistocene glacial deposits was interpreted by
Ering (1952a) as evidence for a more recent humid
stage (Younger Dry as; Little Ice Age?) during
which the valley glaciers descended lower than
during the Last Glacial. Therefore, according to this
author, the present-day glaciation cannot be
considered as a continuation of that during the
Pleistocene. Some very fresh morainic landforms
are also observed in cirques that are not occupied
by recent glaciers. In the Karagol (de Planhol and
Bilgin, 1964) and in the Mount Uludag (Ering,
1949b, 1952a, 1957; Pfannenstiel, 1956) these
moraines have been attributed to the Little Ice Age.

The Pleistocene glaciations were ignored for a
long time in Turkey. The pioneering works of Sirri
Erinc together with the indisputable presence of
morainic deposits and glacier-related landforms
observed on the mountain ranges over 2000 m
indicate the need for a detailed study which will
take into account the altitudes and orientations of
those deposits and their relative chronologies.



The data available on Turkish glaciers indicate
that the most recent glacier retreat probably started
at the beginning of the 20™ century, becoming
faster since the 1930's, This general shrinkage trend
h yet to be quantified by additional field

bservations in order to understand the glacier
evolution of Turkey, For this purpose a National
Science Foundation (NSF)-TUBtTAK joint project
has been organised by Marek Zreda (University of
Arizona) and by Attila Ciner (University of
Hacettepe) (Zreda et al, 2001), During this project
cosmogenic ‘C\ method based on inssitu
accumulation of *C1 in boulders exposed to cosmic
radiation will be carried in order to determine the
age of the landforms, It is hoped that this study will
help to better understand the magnitude and timing
of Quaternary glaciations in Turkey,
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