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Oz
Geyikdag (Orta Toroslar) etrafindaki tekne vadiler 2000 m civarinda olup yiikseklikleri 2850 m’yi bulan daglar ile
¢evrelenmislerdir. Giintimiiz daimi kar smirmin 3500 m civarinda oldugu hesaplanan bolgede aktif bir buzul
bulunmamakla birlikte Ge¢ Kuvaterner buzullasmasina ait gesitli izlere rastlanmistir. Namaras ve Susam Vadileri’nde
duzensiz bir dagilm gosteren gesitli biiyiikliikteki tepecik ve ¢ukur alanlarin olusturdugu bir topografya
gozlenmektedir. Yiikseklikleri 1-10 m, genislikleri ise 10-30 m arasinda olabilen bu tepecikler genellikle eni 5-30
m’yi bulan ve belirgin bir sekle sahip olmayan gukur alanlar ile birbirlerinden ayrilirlar. Tepeciklerin iistleri kdseli-
yart kdseli kiregtasi ¢akillari ve bloklar ile kapli olup i¢ kisimlari katmanlanma ve boylanma géstermeyen matriks
destekli bir diamikton (til) goriiniimiine sahiptir. 30 km?>’den fazla bir alan kaplayan bu yapilar 6lii buzullardan
¢okelen tiimseksi morenler olarak tanimlanmiglardir. Tiimseksi morenleri sinirlayan, yiikseklikleri 200 m. uzunluklari
ise 500 m’den fazla olabilen sirtlar da yan ve cephe morenleri olarak yorumlanmislardir. Susam Vadisi'nde dalgalar
halinde yayilan bir dil seklinde gozlenen ve periglasiyal bir kaya buzulunu andiran yersekli ise bolgedeki en senc

buzul aktivitesinin iiriinii olan cephe morenlerine atfedilmistir.

Ulkemiz Kuvaterner vadi buzullarmin dagilimi ve bunlarin olusturdugu morenlerin sedimanter 6zellikleri cok az
bilinmektedir. Geyikdag civarindaki vadilerde g6zlenen morenlerin gesitlerinin ve bunlarin ¢6kel ortamlarinin bu
calisma ile belirlenmis olmasi, genel anlamda Tiirkiye’deki Kuvaterner buzullagmasinin dinamigi, kapsami ve
zamanlamasinin anlasilabilmesine de 6nemli katkilar saglayacaktir.

Anahtar Sozciikler: Buzullasma, Geg Kuvaterner, Geyikdag, yan ve cephe morenleri, til, tiimseksi morenler

Abstract

Glacial and periglacial features of Late Quaternary age are observed near Geyikdag (Central Taurus Mountains) in
U-shaped valleys located at an altitude of more than 2000 m and surrounded by mountain ranges reaching 2850 m.
The Namaras Valley and its tributary Susam Valley are characterized by coarse loose material forming chaotic knob-
and-kettle topography covering more than 30 km®. Mounds, 1-10 m high and 10-30 m wide, are separated by 5-30 m
wide, few meters deep, irregular depressions. The upper suifaces of the mounds are covered by angular to subangular
limestone pebbles and blocks and internal sediments show a typical diamicton appearance with pebbles suspended in
a muddy to sandy matrix. These chaotic structures are interpreted as hummocky disintegration moraines from former
glaciers. Several morainic ridges, up to 200 m high and more than 500 m long that limit the hummocky moraines are
interpreted as ice-marginal lateral and terminal moraines. In the tributary Susam Valley, part of the coarse loose
material forms a tongue-shaped structure with successive arcuate ridges and furrows at its down valley reach. This
structure, which is connected upward to a talus slope and perched cirque, ressembles the mormphology of a periglacial
rock glacier but is interpreted as the disintegration moraine controlled by small periodic retreat and readvance of the
last active ice-front in this region.
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The distribution of valley glaciers and sedimentological aspects of the related moraines are poorly known in
Turkey. The identification: of different types of moraines and their deposition®! conditions in Geyikdag provide
hnportctnt information in the understanding of dynamics, magnitude and timing of Late Quaternary glaciations in

Turkey.

Keywords,; Geyikdag, hunimocky moraines, Late Quaternary, lateral and terminal moraines, till, valley glaciation

GIRIS

Toros Daglan, Akdeniz'e parallel bir sekilde,
Tirkiye'ni» glineybatisindan giineydogusuna kadar
uzanirlar  (Sekil 1). Giineydogu  Teraslar
Tirkiye'nin, glincel buzul kapasitesinin tcte ikilik
kismini barindirdigi gibi Kuvaterner
buzullagsmasinin, izlerinin de en yaygin sekilde
gozlendigi bolgesidir 6zellikle Cilo Dagi1 (4135 m)
uzerindeki Resko buzulu ve Sat Dagi (3794 m)
uzerindeki  Geverok buzulu 1ile  bunlarin
Kuvaterner'in cesitli donemlerinde olusturduklari
morenler cok genis alanlar kaplarlar (Bobek, 1940;
Ering, 1952; Messerli, 1967). Bati Toroslar ise
yiksek daimi kar sinin ve bu daimi kar sinirinin
uzerine cikabilen cok az sayidaki zirvenin,
varligindan dolay1r giincel buzul barindirmazlar
(Kurter ve Sungur 1980; Kurter, 1991),. Buna
karsin bu bolgede de Kuvaterner buzullasmasinin
izlerini Beydag (3086 m), Akdag (3016 m), Honaz
Dag (2571 m) ve Sandiras Daglari'min (2295 m)
ozellikle kuzey ve kuzeydoguya bakan vadileri
boyunca bulmak muimkiindir (de Planhol, 1953;
Onde, 1954; Darkot ve Ering, 1954; Ering,,, 1955a,,
1955b; Yalcinlar, 1954, 1955; Messerl'i, 1967;
Dogu, 1993; Kuzucuoglu ve Roberts, 1998; Dogu
vd., 1999a, 1999b).

Orta Toros Daglan ise ufak da olsa birkag buzul
barindirirlar,, Bunun yani sira 6zellikle Aladaglar'in
Yedigoller canagi (3100 m civar1) ve doguya bakan
vadileri ile Bolkar Daglarinin (Medetsiz Zirvesi,
3524 m) kuzey ve hatta giineye bakan vadilerinde
bile Kuvaterner'de cok. etkin bir buzullasmanin
hiikiim stirdiigiinti gosteren cok iyi korunmus cesitli
tipte morenler mevcuttur (Blumenthal, 1956;
Spreitzer, 195., 1969,, 1971; Messerli, 1:967;
Birman, 1968; Klaer, 1969; Arpat ve Ozgiil, 1972;
Erol, 1981; Altin, 1998; Ciner, 2002).. Orta
Toroslar'daki giincel daimi kar sinin 3200-3700 m
ve Son Buzul Cagi daimi kar siirt ise 2200 m
civarindadir (Messerli, 1967).
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By calismada, Antalyamin 100 km kadar
kuzeydogusundaki Geyikdag (Orta Toroslar Alanya
028 al ve a2 paftalan.) etrafindaki vadilerde
gozlenen Kuvaterner buzullasmasina ait cesitli
tipteki morenler ile bunlar1 olusturan buzul
cokellerinin (til) sedimantolojik 6zellikleri ve ¢okel
ortamlar irdelenmistir (Sekil 1). Calisma alaninda,
kuzeybati-glineydogu istikametinde uzanan ve
yiikseklikleri 2500" ile 2850 m arasinda degisen,
genelde kirectaslanndan olusmus daglar ile bunlara
parallel ve/veya dikey olarak konumlanmig tekne
buzul vadileri (2000-2150 m) bulunmaktadir (Sekil
2)., 1/35 000 olcekli hava fotograflart ve Landsat
uydu. gorlntileri, basta Namaras Vadisi olmak
uzere Geyikdag civarindaki vadilerin bir¢cogunda
kuiciik, tepecik ve cukurlarin bulundugu izlenimini
veren yersekillerinin varligina isaret, etmektedirler
(Arpa/ ve Ogzgiil, 1972; Ciner vd., 1999).
Gergeklestirilen arazi calismalart sonucunda bu
tepeciklerin buylik cogunlugunun, her biri ortalama
10 m yiikseklikte ve 30 m fedar genislikte olan ve
birbirlerinden birkag on metrelik ¢ukur alanlar ile
ayrilan, tlimseksi morenler (hummocky moraines)
olduklar tespit edilmistir.

BUZUL COKELLERt

Namaras Vadisi

Namaras Vadisi. Tekelidag-Akdag 1ile Karadag
arasinda kalan tekne sekilli tipik bir buzul vadisidir
(Sekil 1 ve 2), Vadi genel olarak kiiciik tepecik ve
cukur alanlar ile kapli olup, tepecikleri olusturan
kirectast blok ve cakillar1 asinimim ¢ok daha yogun
oldugu kuzeye bakan yamaclardan gelmiglerdir..
Nitekim, kuzeye bakan yamaclarda buzyalaklar
(cirques) ve sivri zirvelerin (aretes) bol miktarda
bulunmalarina karsin, glineye bakan yamaclarda
buzul asindirmasina dair izler hemen hemen yok
gibidir (Sekil 3).,

Tlmseksi Morenler
Namaras Vadisi'nde  gozlenen  tlimseksi.
yersekilleri vadinin giiney kesiminde daha da
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Sekil 1: Calisma alaninin yer bulduru haritas: ve morenlerin dagilimi

Figure 1: Location and moraines distribution map of the s
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yogun bir sekilde bulunurlar (Sekii 3). Bunlar
genellikle duizensiz bir dagilim gosteren, cesitli
buytikliikteki tepecik ve cukur alanlardan ("knob-
and-kettle topography", Gravenor ve Kupsch,
1959) olusmuslardir.  Yikseklikleri  1-10 m,
geniglikleri ise 10-30 m arasinda olabilen bu
tepecikler 5-10°lik bir yilizey egimine sahiptirler.
Tepecikler genisligi genelde 5-30 m'yi bulabilen ve
belirgin bir sekle sahip olmayan cukur alanlar ile
birbirlerinden ayrilirlar. Bazen daha da yaygmn
olabilen bu c¢ukur alanlar cogu yerde mevsimsel
goller ile dolmuslardir (Sekil 4).

Tepeciklerin Ttstleri koseli-yar1 koseli kiregtast
cakillart (5-20 cm) ile 12 m boyundaki bloklar ile
kaplanmistir (Sekil 5). Cakillarin arasinda kimi
yerde silt-kum boyutlu sedimanlar bulunurken,
kimi yerde ise toprak olusumu baslamis
durumdadir. Toprak Ortiisiiniin  yaygin olarak
gelistigi yerlerde ise cesitli bodur bitkilerden olusan
bir ortii bulunabilir. Ender olarak rastlanilan yol
yarmalarindaki gozlemlerden ise tepeciklerin ic
kisimlarin1 olusturan buzul cokellerinin nispeten
daha ince boyuttaki malzemelerden olustugu
goriilmektedir. Ust kistmlarin aksine i¢ kesimlerde
blok boyutundaki sedimanlar daha az miktarda olup
cakillar silt-kum boyutlu bir matriksin icinde yiizer
durumdadirlar  (Sekil 6). Katmanlanma ve
boylanma oOzelligi gostermeyen ve tipik olarak
matriks destekli diamikton (til) goriintiisii sunan bu
sedimanlarin  i¢inde, buzul akmast sirasinda
asindirilma nedeni ile sekillenmig titli tagi (flat iron;
Von Engeln, 1930) ve kursun tasi (bullet; Boulton,
1978)  olarak  bilinen buzul cakillann da
gozlenmektedir (Sekil 7). Bunun yanm sira, vadi
kenarlarinda ve ana kayanin aciga ciktigi yerlerde
buzulun gecisi sirasinda sekillenen horgiic kayalar
(whalebacks, roches moutonees) ile az da olsa
buzulun icindeki ince taneli sedimanlarin ana
kayayr asindirmasi sonucu olusan ve derinlikleri 1
cm'yi uzunluklari ise 1 m'yi gegmeyen buzul
ciziklerine (striations, grooves) de rastlanimistir
(Sekil 8).

Tumseksi morenleri birbirlerinden ayiran ¢ukur
alanlar kiigiik boyutlu (1-10 cm) cakillar ve/veya
ince bir siltli camur Ortlist ile kapli durumdadirlar.
Kimi yerlerde bu cukurluklart gecici olarak
dolduran sularin yarattigi gollerin ¢ogunun yaz
sonuna dogru tamamen kuruduklart gozlenmistir

38

CINER

(Sekil 4). Ozellikle kiy1 gizgisi boyunca gelismis ve
genellikle otlardan olusan bitki Ortiisii de timseksi
morenler ile gecici gollerin sinirlarini belirlerler.

Yan ve Cephe Morenleri

Namaras Vadisi'nin giliney kesiminde, 6zellikle
Akdag ve Tekelidag'in kuzeye bakan
yamaglarindaki buzyalaklarindan ve kiiciik yan
vadilerden kaynaklanan buzullarin olusturdugu
cesitli boyutlardaki yan ve cephe morenleri ne de
rastlanir (Sekil 1 ve 9). Yol kesitlerinden anlasildigi
uzere bu morenleri olusturan buzul c¢okellerinin
doku ve icerikleri tiimseksi morenleri olusturanlar
ile oOrtiismektedir. Anilabilecek yegane farklilik
blok boyutundaki sedimanlarin yan ve cephe
morenlerinde daha yogun bir sekilde ve 3 m'yi
gecebilen ebatlarda bulunabilmeleridir.
Yiikseklikleri 200 m'yi ve uzunluklar1 da genelde
500-600 m'yi asabilen bu morenler, tiimseksi
morenlere gore ¢ok acik bir sekilde arazide
kendilerini belli etmektedirler (Sekil 9). Yan ve
cephe morenlerinin tist kesimleri asinmadan dolay1
biraz diizelmis olmakla birlikte yamac egimleri 30-
40° civarinda olabilir. Bu yanal yiizeylerin ic
kesimlerinin kimi yerlerde tlimseksi morenler
tarafindan kismen iizerlenmis olmalart yan ve
cephe morenlerinin stratigraflk olarak daha yash
olduklarinin da bir kanitidir.

Sandur Duzligi

Namaras Vadisi'nin kuzeybatisinda bulunan
kiicik bir alandaki tiimseksi morenlerin ve ¢ukur
alanlarin tizerleri kimi yerde kalinhigr 10 m'yi
bulabilen bir sediman ortiisii ile kapli durumdadir.
Giincel bir derenin asindirdii kesitten goruldigu
kadar ile bu sediman ortiisi kabaca tabakalanmisg
cakil ve kaba kum boyutundaki sedimanlardan
olusmaktadir (Sekil 10). Stratigraflk kesitte alttan
uste dogru gidildikce tane boyunun kiicildigu
cevrimler, biniklenmis (imbrication) Kkirectasi
cakillart, akinti ripillart ve en st kesimde ince bir
toprak oOrtiisi de gozlenmektedir.

Susam Vadisi

Namaras Vadisi'ne dik olarak konumlanmis ¢cok
daha kiiciik bir buzul vadisi olan Susam Vadisi
icerdigi tiimseksi morenlerin yani sira  diger
alanlarda gozlenmeyen bir yersekline de sahip
olmast acisindan ilgingtir (Sekil 1). Vadinin en
giineyindeki kugiik bir buzyalagindan asagi dogru
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Sekil 2:Namaras Vadisi ve tiimseksi morenlerin doguya dogru genel goriinimii. Sekil 1'de fotograflarin
cekildigi yonler isaretlenmistir.

Figure 2: Eastward view of the Namaras Valley and hummocky moraines. The direction of the pictures are
marked in Figure L

Sekil 3: Tekelidag (solda) ve Akdag1 (sagda)olusturan kirectaslarinin yamaglarinda gelismis sivri tepeler
(a), buzyalaklan (b) ve 6lii buzullarin tiriinii tiimseksi morenler (t).

Figure 3; Photomosaic of arefes (a), glacial cirques (b) and hummocky moraines (t) developed on the
slopes and in front of Tekelidag (to the left) andAkdag (to the right) Mountains.

Sekil 4: TLimseksi morenler arasinda bulunan yari kuru haldeki gol (180 m genislik). Fotograf temmuz
ayinda c¢ekilmis olup yaz sonunda goliin tamami1 kurumaktadir.

Figure 4: Semi-dry lake (180 m in diameter) developed between the hummocky moraines. The picture is
taken in July and whole lake dries out by the end of summer.
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sarkan bir dil bicimde gozlenen 200-250 m
uzunlugunda ve 90-120 m genisligindeki yersekli,
timseksi morenler gibi dagmik bir yayr hm
gostermeyip, daha diizenli bir goriiniime sahiptir
(Sekil 11). Bu yersekli, GB-KD uzanimli ve
birbirlerine paralel yay bi¢imli (igblikey) sirtlar ile
hendeklerin olusturdugu dalgali bir yapiya sahiptir
(Sekil 12). Sirtlarin vadi tabanindan yiikseklikleri
20 m kadar olup, aralarindaki mesafe 20-30 m'dir.
Cukurda kalan alanlar da sirtlarin 5-8 m kadar
altinda yer alirlar. Sirtlarin tipki akinti ripillart gibi
asimetrik bir kesiti olup GB'ya bakan yamaclari
daha az egimlidir (20-25°).

Sirtlar genelde 5-30 cm c¢apinda, koseli-yan
koseli kirectast cakillarindan ve ender de olsa
caplar1 2 m'yi bulabilen bloklardan olugmaktadir.
Cukur alanlarda kalan cakillar ise ¢ok daha kiiglik
capli (1-10 cm) olup blok icermezler. Bu cukur
bolgelerde kirmizi-kahverengi bir toprak oOrtiisii de
yer yer gelisebilir (Sekil 12). 2-3 m eninde ve 0.5-1
m derinliginde huni seklinde birkag ¢okiintii alani
yine bu cukur alanlarda goézlenmisken, bir sirtin en
st kisimlarinda ¢ap1 20 m ve derinligi 10 m kadar
olan huni sekilli daha biiyiik bir ¢okiintli alanina da
rastlanilmistir (Sekil 13 ve 14). Bu biiyiik ¢okiintii
alaninin egimi 40° kadar olup 13 m boyutlu
bloklar dairenin etrafinda yer alirlar. Bunun yani
sira, hendeklerin belirli bolgelerinde cap1 0.5 m'yi
bulabilen bir kirmizi toprak oOrtiisiiniin etrafinda
halka veya poligon seklinde diizenli olarak
yayllmis  kirectast  cakillari  (1-10 cm) da
gozlenmistir (Sekil 15).

MORENLERLERIN OLUSUM MEKANIZ-
MALARI VE TARTISMA

Geyikdag civarinda gozlenen vadilerin enine
profillerinin  tekne sekilli olmalari, daglarin
Ozellikle kuzeye bakan yamaglarinda iyi gelismis
buzyalaklannin ve sivri zirvelerin bulunusu, horgiic
kayalarin varhigr ve cesitli tipteki morenler ile
bunlart olusturan buzul cokellerinin igerdikleri
cakillarin sekilleri, bolgenin gecmis donemlerde
vadi buzullagsmasinin etkisinde kaldigin1 acikga
gostermektedir.  Giiniimiizde tiimseksi moren
kavrami erimekte ve dagilmakta olan bir buzulun
icerdigi sedimanlarin zaman iginde cokelmesi ile
meydana gelen, kiiciik tepecik ve cukur alanlardan
olusan topografyanin tanimlanmasinda
kullanilmaktadir (Hoppe, 1952; Gravenor, 1955;
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Gravenor ve Kupsch, 1959; Clayton ve Moran,
1974. Johnson vd., 1995). Bu topografya buzulun
dinamigi, buzulun icinde, tstiinde veya altinda
tasidigt sedimanlarin miktar1 ve boyutu, eriyen
sularin miktar1 ile bunlara bagh olarak gerceklesen
erozyon ve sedimantasyon ile dogrudan ilintilidir.

Vadi buzullant tarafindan olusturulan moren
tepeciklerinin ve cukur alanlarin meydana getirdigi
bu tiir yerseki Ileri bircok ¢alismaya konu olmustur.
Bunlardan Sissons (1967, .97), Iskogya'daki
timseksi morenlerde yaptigt calisma esnasinda
diizensiz bir dagilim gosteren bu tepeciklerin
buzulun uzunca bir siire duragan hale gelmesi
sonucu olustuklart kanisina varmistir.  Yazar,
bolgenin  iklim kosullarinda meydana gelen
iyilesmenin buzulun duragan hale gelmesi ile
hemen hemen eszamanli oldugunu belirtmektedir
(Sissons, 1979). Buna karsin Clapperton ve Sugden
(1977) ise Iskog tiimseksi morenlerinin herhangi bir
buzul evresini belirtmesinden ziyade, bolgedeki
buz ortiistiniin (ice sheet) dagilmasi sonucu olusan
kiigiik boyutlu ve ana buzuldan kopmus bulunan
oOlii buzul (dead-ice) pargalarinin triinii olduklarini
disiinmektedirler. Arastirmacilarin diger bir kismu
ise tlimseksi morenlerin olusum mekanizmalarini
buzulun 6n kismindaki dengesiz erime nedeni ile
buzulun iizerindeki malzemelerin (supraglacial
debris) tekrardan islenmesine baglamaktadirlar
(Eyles, 1983; Bennett, 1990; Bennett ve Boulton,
1993).

Giincel buzullar tizerinde Alaska'da calismalar
yapan Hoppe (1952) ise tiimseksi morenlerin
olusum mekanizmalarint olii buzulun erimesi
(ablation) sonucu iistiindeki sedimanlarin Obekler
halinde birikmesinden ziyade, buzulun alt
kissmlarinda su ile doygun halde bulunan
sedimanlarin  sikisarak  (squeezing) buzul alti
bosluklarda c¢okelmesine baglamaktadir. Baska
aragtirmacilar  ise  buzulun altinda bulunan
sedimanlarin yariklar (crevasse) araciligl ile yukari
dogru tasinabileceklerini ve erimekte olan Ol
buzulun da zamanla bu sedimanlan cokelterek

timseksi moren 1 eri olusturabildiklerini ©ne
sirmislerdir (Gevenor ve Kupsch, 1959; Benn,
1991, 1992).

Tilimseksi. morenlerin 61U buzul altindaki kaba
taneli veya ince taneli sedimanlarin basing¢ altinda
deformasyonu sonucu olustuklarini 6ne stirenler de



GEYIKDAG'DA (ORTA TOROSLAR) GEC KUVATERNER BUZULLASMASI

Sekil 5: Tiumseksi morenleri olusturan koseli-yan koseli kirectasi cakillart ve bloklar. Cukur alanlar (a) ise
daha kiiciik boyutlu cakillar ile kapli olup bunlar kimi yerlerde tas halkalar halinde birikmiglerdir.

Figure 5: Angular to subangular limestone pebbles and blocks making up the hummocky moraines.
Depressions are filled with finer grained pebbles (a) that often show stone ring developments.

Seki! 6: Katmanlanma ve boylanma 6zelligi gostermeyen ve tipik olarak matriks destekli diamikton (til)
gbriiniimii olan bir tiimseksi moren sirtinin kesiti. Olgek fotografin ortasindaki cekigtir.

Figure 6: Section in a hummocky morainic mound showing a typical matrix-supported, non-sorted and
non-stratified diamicton (till) appearance. Hammer at the center for scale.

Sekil 7: Timseksi morenler i¢inde bulunan ve buzul akmasi sirasinda sekillenmis Gtli (f) ve kursun (b)
bicimli buzul ¢akillart (litli tas1 ve kursun tast).

Figure 7: Glacially sculptured flat iron (f) and bullet-shaped (b) clasts (iron stone and bullet stone)
encountered in the hummocky moraines.

Sekil 8: Kirectagindan olusan ana kayalarin buzul sekillendirmesi ile meydana getirdigi horgiic kayalar.
Buzulun hareket yonti fotografin sagindan soluna dogrudur.

Figure 8: W' hal e back forms in limestone bedrock. Inferred ice movement is from the right towards the left
of the picture.
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vardir (Stalker, 1960; Hodgson, 1982; Boulton,
1996; Benn ve Evans, 1998; Hindmarsh, 1998;
Eyles vd., 1998, 2000; Klassen ve Hughes 2000;
Boone ve Eyles, 2001). Buzulun altinda eriyen
sularinin tasmast sonucu (subglacial melt-water
floods) biriken sedimanlarin tiimseksi morenleri
olusturdugunu  diisiinenler de bulunmaktadir
(Munro ve Shaw, 1997; Munro-Stasiuk ve Sjogren,
2000; Evans ve Twigg, 2002).

Mekanizmasi ne olursa olsun arastirmacilarin
tamami tiimseksi morenlerin olii buzullarin erimesi
sonucu  olustuklart  konusunda  hemfikirdirler.
Calisilan alanda da kuzey ve kuzeydoguya bakan
yamaciann vadi tabani ile birlestikleri kesimlerde
timseklerin daha yogun bir sekilde gozlenmeleri bu
morenlerin vadi yamaclarindan erimekte olan oOlil
buzullarin lizerine disen kayac pargalarinin
zamanla cokelmesi ile meydana geldikleri tezini
desteklemektedir. Olii buzullarin  iizerlerindeki
sedimanlarin degisik yogunlukta dagilmig olmalari
nedeni ile nispeten ince bir sediman Ortiisi ile kapl
olan alan daha hizhh bir sekilde erimekte, eriyen
alanlarin yarattigi cukurluklar ise zamanla buzulun
uzerindeki  sedimanlar ile  doldurulmaktadir.
Sedimanlarin bu c¢ukurluklari doldurmasi sonucu
acgikta kalan buzulun ylizeyi daha hizli erimekte ve
bu sekilde topografyada bir terslenme olusarak
tiimseksi morenler meydana gelmektedir. (Gevenor
veKupsch, 1959; Ario, 1977).

Calisilan alandaki tiimseksi morenleri olusturan
buzul c¢okellerinin icerdigi ¢akillarin  %80'inin
koseli-yar1 koseli olmast bunlarin  yamacglardan
disen kayac parcalarindan tiiremis olduklari tezini
destekler niteliktedir. Ender de olsa rastlanilan ftiti
ve kursun sekilli buzul cakillart bu kisim
sedimanin da buzulun alt ve i¢ kesimlerinde (melt
out till; Boulton ve Deynoux, IVS') tasmarak
sekillendiklerini ve kimi yerlerde dip morenleri
(ground moraines) olusturduklarin1 gostermektedir.
Buzul cizikleri, horgiic kayalar ve buzullarca
sekillenmis cakillarin ¢ok az bulunmasi, ana buzul
kiitlesinin fazla hareket etmedigini ve ayrisan Oli
buzul parcaciklarinin da hemen yakindaki yiiksek
daglarin yamaclarindan diigen kayac parcalart ile
beslendiklerini gostermektedir. Bunun yam sira
bolgedeki kayac 1 arin tamaminin kirectast olmasi da
aktif bir karst gelisimine neden olmus ve bdylece
buzullarin ana kayalar tuizerinden gecerken yarattigi
cilalt ytizeyler ve cizikler de yok olmus olabilirler.
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Namaras ve Susam  Vadileri'nin  cesitli
kesimlerinde gozlenen vyiiksek ve uzunlamasina
sirtlar aktif buzullar tarafindan olusturulmus yan ve
cephe morenleri olarak yorumlanmiglard'r. Cephe
morenlerinin yiikseklikleri ve buzyalaklanna olan
uzakliklar1 ~ bunlarin  goreceli  yaslarim1  da
vermektedir. Vadilerin daha alcak kisimlarina
kadar inebilmis buzullarin olusturdugu yan ve
cephe morenleri Kuvaterner buzullasmasinin
onemli evrelerinden birini temsil etmektedirler.
Calisma alanmin  disinda  kalmasina ragmen
bolgenin en biiyiik golii  olan Egrigol de,
buzullardan eriyen sularin bu tip bir cephe moreni
tarafindan engellenmesi sonucu olugmus bir buzul
seti goludir.

Daha az yiikseklige sahip bazi yan ve cephe
morenleri ise timseksi morenleri c¢evreler bir
konumda gozlenmektedirler (Sekil  3).  Olii
buzullarin irinii olan tiimseksi morenlerin canli
buzullarin triinii olan yan ve cephe morenlerinin
yan yamagclarini tlizerlemeleri tiimseksi morenlerin
daha sonra olustuklarinin kanitidir. Buzyalaklarinin
hemen on kisimlarinda taze ylizeyleri ile ¢ok yeni
olugmus izlenimi veren kiigiik cephe morenleri ise
Kiigiik Buzul Cagi'na (Little Ice Age) ait
olabilirler.

Namaras Vadisi'nin kuzeybatisindaki kiigiik
bir duzlik alan1 kaplayan sedimanlarin kesitinde
gozlenen fliiviyal cevrimler, cakil biniklenmeleri ve
akinti ripillart  orgulii 1rmak ¢okellerinde ¢ok
tipiktir. Buzullarin erimesi sirasinda gelisen Orgulil
irmaklarin c¢okelttigi bu tiir sedimanlara ve bunlarin
olusturdugu sandur diizluklerine (outwash plain)
calisilan  bolgede sadece kisith  bir alanda
rastlanimistir.  Buzullarin  boyutlar1  ile dogru
orantili olarak gelismesi beklenen bu tir Orgiili
irmaklarin - cokelttigi sedimanlar vadilerin asagi
kesimlerinde genellikle biiyiik alanlar1 kaplamalari
ile bilinirler (Sugden ve John, 1977). Calisilan
alanda bu tiir sandur duzliiklerinin ¢ok az olmasi
buzul erimesinin daha ziyade buharlagsma ile
gerceklestiginin bir gostergesi olabilir (Johnston ve
Wickenden, 1931). Daha yiiksek bir olasilik ise
Namaras Vadisi buzullarinin erimesi sirasinda
derin bir mrmak yataginin olusarak sedimanlarin
hizli ve yogun bir bicimde cok daha asagi kotlara

kadar tasinmigs olmalaridir. Bunun yam sira
bolgenin tamamen kiregtast egemen litolojisinin
yarattigi  karstlasma nedeni ile eriyen sularin

yizeyden ziyade yeraltindan tasinmig olma olasiligi
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Sekil 9: Tekelidag onilinde gelismis bir cephe moreni (c) ve tlimseksi morenler (t).
Figure 9: Terminal moraine (e) and hummocky moraines(t) developed in front of the Tekelidag.

Sekil 10: Buzul akarsu g¢okellerinin olusturdugu sandur diizliiglinlin kesiti. Fotografta yukari dogru tane
boyunun kiiciildiigii ¢cevrimler (oklar), cevrimleri sinirlayan ince camur oOrtiisii (¢), ve ince toprak
ortiisii (t) goriilebilir. Olcek objektif kapagidir (5 cm).

Figure 10: Cross section of the glacio-fluvial outwash plain. Note the crude fining upward trends (arrows),
mud drape (¢), and thin soil cover (t). Lens cap (5 cm) for scale.

Sekil 11: Susam Vadisfnde yay bicimli sirtlar ile hendek rin dil seklinde olusturdugu gen¢ cephe
morenleri. Arka planda Susam Golii (200 m c¢apinda) ve vadi girisini kapatan daha yash cephe
moreni (c) ile On tarafta biiytik boyutlu eriyen buz ¢ukuru (k) goriilmektedir.

Figure 11: Transverse arcuate ridges and furrows created by young terminal moraines at the southern end
of the Susam Valley. Susam Lake (about 200 m in diameter) and an older morainic ridge (c) closing
partly the valley at the background. Large kettle hole at the foreground (k).
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da sandur dizliigli olusumunu engelleyen bir etmen
olarak gortilebilir.

Namaras  Vadisinde  gozlenen  diizensiz
dagiimli tiimseksi morenlerin tersine, Susam
Vadisi'nde bulunan bir buzyalagindan asagi dogru
dil gibi sarkan ve birbirlerine paralel yay bicimli
sirtlar ve cukur alanlardan olusan yersekli ilk
bakista bir kaya buzulu (rock glacier) olarak
yorumlanabilir. Nitekim Arpat ve Ozgiil (1972) de
Geyikdag'da ozellikle hava fotograflarim
kullanarak yaptiklart caligmalarinda
gozlemledikleri ytlizey sekillerinin hemen hemen
tamamini (bu c¢aligmada anilan tiimseksi morenler
de dahi! omak tlzere) kaya buzulu olarak
yorumlamislardir.

Capps (1910)'in kaya buzulu terimini ilk defa
olarak tanimlanmasindan sonra benzer yersekilleri
daglarin yiiksek kesimlerinde cesitli arastirmacilar
tarafindan detayli olarak c¢alisilmigtir. Alaska'da
200'den fazla kaya buzulunu inceleyen Wahrhaftig
ve Cox (1959) kaya buzullarini "vadi yamagclarinin
eteklerinde veya kiigiik buzullarin oniinde gelismis,
dil veya yayvan sekilli, koseli ve kotli boylanmig

malzemeden olusan kiitleler” olarak
tanimlamislardir.

Giliniimiizde kaya buzullarinin  kokeni ve
dinamigine iligkin iki teori bulunmaktadir.

Bunlardan birincisi kaya buzullarinin periglasiyal
kokene sahip olduklarini 6ne siirmektedir. Buna
gore deforme olmus yamag dokiintiilerini olusturan
malzemeler arasindaki bosluklari dolduran suyun
donmasi ve c¢Oziilmesi esnasinda gelisen kuvvetler
sonucu kaya buzullar1 da yavasca asagiya dogru
hareket etmektedirler (Wahrhaftig ve Cox, 1959;
Blagbrough ve Farkas, 1968; Haeberli, 1985;
Barsch, 1992, 1996; Ering 2001a, s.297), Dolayisi
ile bunlar "gercek veya birincil kaya buzullan"
olarak anilmaktadirlar (Corte, 1976). ikinci teori ise
kaya buzullarinin olusumunu kiigiik buzullarin
yluzeyine yamacglardan dokillen  malzemenin
buzulun erimesi sonucu birikmesine baglamaktadir
(Richmond, 1952; Lliboutry, 1986; Humlum,
1988). Bu sekildeki dokiintii kapli buzullari da
Corte (1976) 'ikincil kaya buzullar1" olarak
tantmlanmigtir Bu kavram kargasasina bir son
vermek ve kaya buzullarinin gercek buzullar ile
olan farkliligim1 6ne cikarmak maksadi ile Barsch

44

CINER

(1988) birincil kaya buzullarinin tek kelime halinde
"kayabuzulu (rockglacier)" olarak yazilmasini
onermektedir.

Daha once de Dbelirtildigi tizere. Susam
Vadisi'nde gozlenen yay bicimli sirt ve hendeklerin
olusturdugu dalgali yersekilleri ilk bakista
periglasiyal bir ortamda gelismis kayabuzullarini
andirmaktadir. Ancak yapilan gozlemler bu tir bir
yorumu desteklememektedir. Sirtlarin kesitlerinde
ve lst ylizeylerinde yapilan incelemeler bunlarin
tiimseksi morenlerden herhangi bir farkliliginin
olmadigin1  gostermektedir. Diger bir deyisle,
morenleri  olusturan  tillerin  sedimantolojik
ozellikleri bu sirtlan olusturan malzemeler ile
aynidirlar. Dolayist ile kayabuzullarmma gorinim
olarak benzese de bu sirtlarin daha ziyade kiiciik bir
buzulun ilerleme ve gerileme evreleri sirasinda
zaman iginde biraktigi cephe morenleri olduklar
sonucuna varilmistir. Bu gorlsi  destekleyen
kanitlardan bir digeri de cesitli ebatlarda gozlenmis
olan huni sekilli ¢okiintiiler olup bunlar eriyen buz
cukuru (kettle) olarak isimlendirilirler (Sekil 13 ve
14). Bunlar buzul kokenli sedimanlarin iginde
kalmig ve genellikle kiiciik boyutlu olii buzul
parcaciklarinin zaman icinde erimesi ve ustteki
sedimanlarin bu bosluga gogmesi sonucu olusan
huni sekilli cokiintiilerdir (Flint, 197.1, s.212).
Calisilan alanda bulunan kiigiik boyutlu olanlari
buzul sedimanlarn icine gémiuli kalmig ¢ok ufak
buzlarin erimesi ile meydana gelirken, daha biiyiik
boyutlu olan1 ise olasilikla bir kismi buzul
sedimanlarinin disinda kalmig (aysberg gibi) daha
biiyiik bir buz Kkiitlesinin erimesi ile meydana
gelmistir.

Hendeklerin belirli bolgelerinde gozlenen halka
(veya poligon) seklinde birikmis kirectasi cakillart
ise tas halkalar ve tag poligonlart (stone rings and
polygones) olarak yorumlanmiglardir (Sekil 15).
Periglasiyal toprak sekillerinden dokumali veya
bilinyeli topraklar (patterned ground) olarak anilan
gruba giren tag halkalarina Ozellikle gece-glinduiz
1s1 farkinin ¢ok yiiksek oldugu daglik bolgelerde
rastlanir (Ering, 2001b, s.298). Suyun donmasi ile
olusan buz basincinin etkisi ile merkezden cevreye
dogru yayilan kil-cakil arasi boyuttaki
sedimanlardan ince taneli olanlarinin buzun erimesi
ile tekrar merkeze dogru birikmesi sonucu
olustuklar tahmin edilmekle birlikte kokeni ile
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Sekil 12: Susam Vadisi'ndeki sirt ile hendeklerin detay goriiniimii. Sirtlar lizerinde daha biiyiik taneli
sedimanlar bulunurken, cukur alanlarda yer yer kirmizi-kahverengi toprak gelisimi de gozlenir (t).
Arka planda vadi girisindeki cephe moreni sirt1 (c) ve Susam Goélii goriilmektedir. Olgek kisidir.

Figure 12: Detail of the arcuate ridges and furrow s in Susam Valley, Larger sediments are observed on the
ridges compared to the furrow s where a red-brown soil can also develop (t). Morainic ridge (c) and
Susam Lake at the background. Person for scale,

Sekil 13: Alttaki kiigiik buz pargasinin erimesi sonucu olusan huni sekilli kii¢iik eriyen buz ¢ukuru.
Figure 13: Small kettle hole formed by the ablation of ice that was wholly burned in the till.

Sekil 14: Alttaki veya bir kismu disar1 c¢ikmig bir buz parcasinin erimesi sonucu olugmug daha biiytlik

boyutlu eriyen buz gukuru. Olgek Kisidir.
Figure 14: Large kettle hole formed by the ablation of burried or projecting ice mass. Person for scale.

Sekil 15:. Kirectast ¢akillarinin (1-10 cm) kirmizi toprak etrafinda toplanmasi sonucu olusan "tas halkasi”.
Olgek objektif kapagidir (5 cm).
Figure 15: Stone rings. Limestone pebbles (1-10 cm) are scattered around a red soil. Lens cap (5 cm) for

scale.
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ilgili ¢esitli tartigmalar da mevcuttur (Van Vilet-
Lanoe 1991; Hallet ve Waddington, 1992; Werner
ve Hallet, 1993; Ballantyne, 1996; Matsuoka vd.,
2002). Bu mekanizmanin stirekli bir sekilde
tekrarlanmasi sonucu kaba taneli ¢akillar ince taneli
kil-kum boyutlu sedimanlar etrafinda ¢ok belirgin
bir halka veya poligon seklini alirlar.

SONUCLAR

Caligilan alanda gozlenen cesitli tip ve boyuttaki
morenler bolgenin Kuvaterner sirasinda onemli
buzullasma evrelerinden gectigini gostermektedir.
Ozellikle Namaras Vadisi'nin U sekilli morfolojisi
(tekne vadi) ve yiiksekligi 200 m'yi bulan yan ve
cephe morenleri bolgedeki en yash (Wirm?)
buzullagmanin kanitlaridirlar. Namaras Vadisi'ne
dik olarak baglanan diger kiiciik vadilerin
girislerini kapatan yan ve cephe morenleri ise gerek
konumlar1 gerekse daha alcak ve kisa oluslar
nedeniyle ana vadi buzullagmasindan sonraki bir
buzul donemine ait olmalidirlar. Timseksi
morenler ise buzullarin aktif halden olii hale
gectikleri daha da sonraki bir evrede olusmuslardir.
Susam Vadi'sinde gozlenen dil sekilli ve dalgali
yapidaki morenler ise olasilikla Holosen'de kisa bir
sire ile de olsa gelisen daha gen¢ bir buzul
evresinin urinidiirler. Taze ylzeyleri ile kendini
belli eden en genc buzul c¢okelleri ise
buzyalaklannin hemen Oniinde olusan kiiclik cephe
morenleri olup bunlarin bir kismi Kiigiik Buzul
Cagr’na ait olabilirler.

Sadece Geyikdag'da degil iilkemizin tamaminda
su an i¢cin Kuvaterner buzullasmasia ait kesin yas
verisi bulunmamakta, dolayisi ile buzul evrelerinin
gelisimleri yukarida yapilmaya calisildigi gibi,
stratigrafik olarak yorumlanabilmektedir.
Kuvaterner buzullasma evrelerinin aletsel verilere
dayandirilmas:t  ve sayisal veri lretilebilmesi
maksadi He TUBITAK-NSF tarafindan desteklenen
bir arastirma projesi gelistirilmis olup calismalar
devam etmektedir (Zreda vd., 2003). Bu proje
kapsaminda morenlerin st kesimlerinde aciga
¢itkmis ve kozmik 1sitntma maruz kalmig bloklar
iizerlerinde "kozmojenik *Cl1 yiizey yaslandirmasi
yontemi (Cosmogenic *C1 surface exposure
dating)" ile ylizey sekillerinin yas tayinleri
yapilacaktir. Bu sayede sadece Geyikdag'in degil,
tlkemizin onemli buzullagma alanlarinin
Kuvaterner paleocografyast ve paleoiklimi daha
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saghikli  verilere dayandirilarak  yorumlanmig

olacaktir.
DEGINILEN KAYNAKLAR
Aario, R. 1977. Classification and terminology of

morainic landforms in Finland. Boreas, 6,
87-100.

Altin, B. N. 1998, Aladaglar ve Bolkar daglan

lizerinde  karstlasma  ve  glasio-karstik
sekiller.  Firat  Universitesinde  Jeoloji
Miihendisligi Egitiminin 20. yil

sempozyumu bildirileri, 531-550.

Arpat, E, ve Ozgiil, N. 1972. Orta Toroslar,
Geyikdag'da kaya buzullari. MTA Dergisi,
80, 30-35.

Ballantyne, C. K. 1996. Formation of miniature
sorted patterns by shallow ground freezing: a
field experiment. Permafrost and Periglacial
Processes, 7, 409-424.

Barsch, D. 1988. Rockglaciers. In: Advances in
Periglacial Geomorphology. M. G. Clark
(ed.). Chichester, Wiley. 69-90.

Permafrost creep and
and Periglacial

Barsch, D. 1992
rockglaciers. Permafrost
Processes, 3, 175-163.

Barsch, D. 1996.
Springer Verlag.

Rockglaciers. Heidelberg:

Benn, D. 1. 1991. Glacial landforms and sediments
on Skye. In: The Quaternary of the Isle of
Skye. C. K. Ballantyne, D. I. Benn, J. J.
Lowe ve M. J. C. Walker (Eds.). Field
Guide. Cambridge, Quaternary Research
Association. 35-67.

Benn, D. 1. 1992. The genesis and significance of
hummocky moraines: evidence from the Isle
of Skye, Scotland. Quaternary Science
Reviews, 11,781-799.

Benn, D. I. ve Evans, D. J. A. 1998. Glaciers and
Glaciation. Arnold, London, UK, 734p.



GEYIKDAG'DA (ORTA TOROSLAR) GEC KUVATERNER BUZULLASMASI

Bennett, M. R. 1990. The deglaciation of Glen
Croulin, Knoydart Scottish Journal of
Geology, 26,41-46,

Bennett, M. R. ve Boulton, G. S. 1993. A

reinterpretation of Scottish hummocky

moraines and its significance for the
deglaciation of the Scottish Highlands during
the Younger Dryas or Loch Lomond Stadial.

Geological Magazine, 130, 301-318.

~J, H. 1968, Glacial reconnaissance in
Turkey. Geological Society of America
Bulletin, 79, 10094026.

Blagbrough, J. W. ve Parkas, S. E. 1968. Rock
glaciers in the San Mateo mountains, south-
central New Mexico. American Journal of
Science, 266, 812-823.

Blumenthal, M. M. 1956, Yiiksek Bolkardagin
kuzey kenar bolgelerinin ve bati uzantilarinin
jeolojisi, MTA Dergisi, Seri D, 7, 153.

Bobek, H. 1940. Die gegenwartige und eiszeitliche
Vergletscherung im Zeutralkurdischen
Hochgebirge, Zeitschrift flir Gletscherkunde,
27(1-2), 50-87.

Boone, S. J. ve Eyles, N. 2001. Geotechnical model
for great plains hummocky moraine formed
by till deformation below stagnant ice.
Geomorphology, 38, 109-124.

Boulton, G* S, 1978. Boulder shapes and grain-size
distributions of debris as indicators of
transport paths through a glacier and till
genesis. Sedimentology, 25, 773-799.

Boulton, G. S. 1996. Theory of glacial erosion and
deposition as a consequence of subglacial
sediment deformation. Journal of Glaciology,
42, 43-62.

Boulton, G< S. wve Deynoux, M. 1981.
Sedimentation in glacial environments and
the identification of tills and tillites in
ancient sedimentary sequences. Precambrian
Research, 15,397-422.

47

Capps, S. R. 1910. Rock glaciers in Alaska. Journal
of Geology, 18,359-375.

Ciner, A. 2002. Tirkiye'nin giincel buzullar1 ve
Gec Kuvaterner buzul cokelleri. Tirkiye
Jeoloji Biilteni. Baskida.

Ciner, A., Deynoux, M. ve COrekcioglu, E. 1999.
Hummocky moraines in the Namaras and
Susam valleys, Central Taurids, SW Turkey.
Quaternary Science Reviews, 18, 659-669.

Clapperton, C. M. ve Sugden, D. E. 1977. The late
Devensian glaciation of North East Scotland.
In: Studies in the Scottish Late Glacial
environment. J. M. Gray ve J. J. Lowe
(Eds,). Oxford: Pergamon, 14.

Clayton, L. ve Moran, S. R., 1974. A glacial
process-form model. In: Glacial
Geomorphology. D.R. Coates (ed.). State
University of New York, Binghampton, 89-
120.

A. 1976. Rock Glaciers.
Peryglacjalny, 26, 175-197.

Corte, Biuletyn

Darkot, B. ve Erinc, S. 1954. Observations
geographiques dans le sud-ouest de
I'Anatolie. Review of the Geographical
Institute of the University of Istanbul, 1, 149-
167.

Dogu, A. F. 1993. Sandiras dagindaki buzul
sekilleri.  Ankara  Universitesi,  Tiirkiye
Cografyas1 Arastirma ve Uygulama Merkezi
Dergisi, 263-274.

Dogu, A. F., Cigek, I., Gurgen, G. ve Tungel, H.
1999a. Akdag'in jeomorfolojisi ve bunun
beseri faaliyetler tizerindeki etkisi (Fethiye -
Mugla). Ankara Universitesi, Tiirkiye
Cografyas1 Arastirma ve Uygulama Merkezi
Dergisi, 7, 95-120.

Dogu, A. F., Cicek, I., Gilirgen, G. ve Tuncel, H.
1999b. Akdag (Fethiye-Mugld)'mn glasyal
ve Kkarst jeomorfolojisi. Cumhuriyetin 75.
yildoniimii  yerbilimleri ve  madencilik
kongresi bildiri 6zleri kitabi, MTA, 63-64.



Engeln, O. D. von 1930. Type form of faceted and
striated glacial pebbles. American Journal of
Science, 19, 9-16.

Erinc, S. 1952. Glacial evidences of the climatic
variations in Turkey. Geografiska Annaler,
34(1-2), 89-98.

Ering, S. 1955a. Honaz Daginda periglasyal sekiller
(Giineybat1 Toroslar). Istanbul Universitesi
Cografya Enstitlisi Dergisi, 2, 185-187.

Ering, S. 1955b. A propos de la note de t. Yalginlar
intitulee "Sur la presence de formes
glaciaires quaternaires au Honaz-Dag et au
Boz-Dag (Ouest de la Turquie)". Compte
Rendu Sommaire de ia Societe Geologique
de France, 13-14,259-261.

S. 1978. Changes in the physical
environment in Turkey since the end of the
Last Glacial. In: The Environmental History
of the Near and Middle East since the Last
Ice Age. W. C. Brice (ed.). Academic Press,
London, 87-110.

Ering,

Ering, S. 2001a. Jeomorfoloji I. Giincellestirenler:
Ertek, A. ve Giineysu, C, Der Yaymlar, 5.
Basim, 614s.

Ering, S. 2001b. Jeomorfoloji II. Glincellestirenler:
Ertek, A. ve Giineysu, C, Der Yaymlari, 3.
Basim, 483s.

Erol, O. 1981. Quaternary pluvial and interpluvial
conditions in Anatolia and environmental
changes especially in south-central Anatolia
since the last glaciation. In: Beitraege zur
Umweltgeschichte des vorderen Orients
(Contributions to the environmental history
of Southwest Asia). W. Frey ve H. P.
Uerpmann (Eds.). Beihefte zum Tuebinger
Atlas des Vorderen Orients. Reihe A,
Naturwissenschaften, 8, 101-109.

Evans, D. J. A. ve Twigg, D. R. 2002. The active
glacial landsystem: a model based on
Breioamerkurjokull and Fjallsjokull, Iceland.
Quaternary Science Reviews, basimda.

48

CINER

Eyles, N. 1983. Modern Icelandic glaciers as
depositional models for hummocky moraines
in the Scottish Highlands. In: Tills and
related deposits. E. B. Evenson, C.
Schliichter ve J. Rabassa (Eds.). Rotterdam:
Balkema, 47-60.

Eyles, N., Boyce, J. 1. ve Barendregt, R. W. 1998.
Hummocky moraine: sedimentary record of
stagnant Laurentide ice lobes resting on soft
beds. Sedimentary Geology, 123, 163-174.

Eyles, N., Boyce, J. 1. ve Barendregt, R. W. 2000.
Hummocky moraine: sedimentary record of
stagnant Laurentide ice lobes resting on soft
beds. Reply to comments. Sedimentary
Geology, 129, 169-172.

Flint, R. F. 1971. Glacial and Quaternary Geology.
John Wiley & Sons, 882p.

Gravenor, C. P. 1955. The origin and significance
of prairie mounds. American Journal of
Science, 253,475-481.

Gravenor, C. P. ve Kupsch, W. O. 1959. Ice-
disintegration features in Western Canada.
Journal of Geology, 67, 48-64.

Haeberli, W. 1985. Creep of mountain permafrost:
Internal structure and fow of Alpine rock
glaciers. Mitt. Versuchsanst. Wasserbau
Hydrol. Glaziol., ETH Zurich 77, 142.

Hallet, B. ve Waddington, E. D. 1992. Buoyancy
forces induced by freeze-thaw in the active
layer: implications for diaprism and soil
circulation. In: Periglacial Geomorphology.
J. C. Dixon ve A. D. Abrahams, (Eds.).
Wiley, Chichester, 251-279.

Hindmarsh, R. 1998. Deforming beds: viscous and
plastic scales of deformation. Quaternary
Science Reviews, 16, 1039-1056.

Hodgson, D. M. 1982. Hummocky and futed

moraines in part of NW Scotland.
Unpublished PhD. Thesis, University of
Edinburgh.



GEYIKDAG'DA (ORTA TOROSLAR) GEC KUVATERNER BUZULLASMASI

Hoppe, G. 1952. Hummocky moraine regions with
special reference to the interior of Norbotten.
Geografisca Annaler, 34, 1-26.

Humlum, O. 1988. Natural grains on rock glaciers
as an indication of a solid ice core. Geogr.
Tidsskr, 88, 78-82.

Johnson, D., Mickelson, D. M., Clayton, L. ve
Attig, J. W. 1995. Composition and genesis
of glacial hummocks, western Wisconsin,
US. Boreas, 24, 97-116.

Johnston, W. A. ve Wickenden, R. T. D. 1931.
Moraines and glacial lakes in southern
Saskatchewan and southern Alberta, Canada.
Royal Society of Canada Transactions, 25,
29-44.

Klaer, W. 1969. Glacialmorphologische Probleme
in den Hochgebirgen  Vorderasiens.
Erdkunde, 23(3), 192-200.

Klassen, R. W. ve Hughes, D. 2000. Diamict till in
Sub-glacial channels, Poplar River strip
mine, Southern Saskatchewan, Quaternary
International, 68-71, 111-115.

Kurter, A. 1991. Glaciers of Middle East and
Africa-Glaciers of Turkey. In: Satellite
Image Atlas of the World, R. S. Williams ve
J. G. Ferrigno (Eds.). USGS Professional
Paper, 1386-G-I, 1-30.

Kurter, A. ve Sungur, K. 1980. Present glaciation
in Turkey. In: World Glacier Inventory.
Proceedings of the workshop at Riederalp,
Switzerland, 17-22  September  1978.
International Association of Hydrological
Sciences, 126, 155-160.

Kuzucuoglu, C. ve Roberts, N. 1998. Evolution de
I'environnement en Anatolie de 20000-6000
BP. Paleorient, 23(2), 7-24.

Lliboutry, L. 1986. Discharge of debris by glacier
Hatunraju, Cordillera  Blanca, Peru.
Glaciology, 32, 133.

Matsuoka, N., Abe, M. ve I, M. 2002.
Differential frost heave and sorted patterned

49

ground: field measurements and a laboratory
experiment. Geomorphology, 1262, 1-13.

Messerli, B, 1967. Die eiszeitliche und die
gegenwartige Vergletscherung in
Mittlemeerraum. Geographica Helvetica, 22,

105-228.

Munro, M. ve Shaw, J. 1997. Erosional origin of
hummocky terrain in south-central Alberta,
Canada. Geology, 25, 1027-1030.

Munro-Stasiuk, M. ve Sjogren, K. 2000. Comment
on Hummocky moraine: sedimentary record
of stagnant Laurentide ice sheet lobes resting
on soft beds. Sedimentary Geology, 129,
168-169.

Onde, H. 1954. Formes glaciaires dans le Massif
Lycien de I'Akdag (Turquie du Sud-Ouest).
Congres Geologique International, XV, 327-
335.

Planhol, X. de 1953. Les formes glaciaires du
Sandiras Dag et la limite des neiges
eternelles quaternaires dans le SO de
I'Anatolie. Compte Rendu Sommaire de la
Societe Geologique de France, 263-265.

Richmond, G. M. 1952. Comparison of rock
glaciers and block streams in the La Sal
Mountains, Utah. Geological Society
America Bulletin. 63, 1292-1293.

Sissons, J. B. 1967. The evolution of Scotland's
Scenery. Oliver and Boyd, Edinburgh.

Sissons, J. B. 1979. The Loch Lomond Stadial in
the  Cairngorm  Mountains. Scottish
Geographical Magazine, 95, 66-82.

Spreitzer, H. 1956. Untersuchungen im Kilikischen
Ala Dag im Taurus. Mitteilungen der
Osterreichischen Geographischen
Gesellschaft, 98(1), 57-64.

Spreitzer, H. 1969. Die eiszeitliche und
gegenwaertige Vergletscherung des
kikilschen Ala Dag im Taurus (Pleistocene
geology and glaciation of Ala Dag, Taurus



Mountains, Turkey). Actas-Congreso
Internacional del INQUA, 5(1), 339-347.

Spreitzer, H, 1971. Die eiszeitliche Depression der
glazialen und periglazialen Region und die
Pedimentbildung im Zentralen Taurus (bes.
i m Kilikischen Ala Dag) (The ice-age
depression of the glacial and periglacial
region, and pedimentation in the central
Taurus Mountains, Cilician Ala Dag). In:
Etudes sur le Quaternaire dans le Monde,
VoL 1. Bulletin de I'Information, Association
Francaise pour I'Etude du Quaternaire, 4,
105-111.

Sugden, D. E. ve John, B. S. 1977. Glaciers and
Landscape. Edward Arnold, London.

Stalker, A.M., 1960, Ice-pressed drift forms and
associated deposits. Geological Survey
Canada Bulletin, 57.

Van Vilet-Lanoe, B. 1991. Differential frost heave,
load casting and convection: converging
mechanisms; a discussion of the origin of
cryoturbations. Permafrost and Periglacial
Processes, 2, 123-139.

Wahrhaftig, C. ve Cox, A. 1959. Rock glaciers in
the, Alaska Range. Geological Society of
America Bulletin, 70, 383-436.

1993. Numerical
stone stripes.

Werner, B. T. ve Hallet, B.
simulation of self-organized
Nature, 361, 142-145.

Yalcinlar, 1. 1954. Sur la presence de formes
glaciaires quaternaires an Honaz Dag et au
Boz Dag (Quest de la Turqtiie). Compte
Rendu Sommaire de la Societe Geologique
de France, 13,296-298.

Yalc¢inlar, L 1955. Etudes morphologiques sur la
glaciation du Honaz-Dag et de la chaine de
Boz-Dag (Turquie occidental). Review of
the Geographical Institute of the University
ofistanbul, 2, 45-55.

2reda, M., Ciner, A. ve Bayan, S. 2003. Magnitude
of Quaternary glaciers and glaciations from

low to high latitudes: global or local

50

CIMER

dominant controlling factors? TUBITAK-
NSF (American National Science
Foundation) ortak projesi.

KATKI BELIRTME

Arazi caligmalari c¢esitli agsamalarinda bana eglik
eden Dr. Max Deynoux (CNRS, Strasbourg-
Fransa), Dr. Erdal Kosun (Akdeniz Universitesi) ve
Erdem Corekcioglu'na (MTA) tesekkiir ederim. Bu
makalede Dr. David Evans (University of Glascow,
Ingiltere), Dr. Brigitte Kaiser ve Dr. Catherine
Kuzucuoglu'nun (CNRS, Meudoui-Fransa) sozli
goruglerinden de yararlanilmistir.  Makalenin
hakemligini yapan Prof. Dr. Oguz Erol ile Mustafa
Karabiyikoglu'na (MTA, Ankara) ve harita
¢iziminde yardimci olan Dr. Onur Koése (Yiziincu
Yil Universitesi) ile Aras. Goér. M. Akif
Sankaya’ya (Hacettepe Universitesi) da
tesekkiirlerimi sunarim. Arazi calismalarina maddi
destek Ankara Fransiz Biuytkel¢giligi ve MTA
tarafindan saglanmistir.

EXTENDED SUMMARY

The Taurus Mountain Range extends from the
southwest of Turkey to ihe east running parallel to
the Mediterranean coast (Figure 1). Although two
third of the active glaciers and glacier related
landforms are found in the eastern Taurus, very few
active glacier exists westwards, probably because
of the increased elevation of the snowline, high
degree of erosional dissection, and small number of-
peaks that are above the snowline (Ering, 1952,
1978; Kurter and Sungur, 1980; Kurter, 1991;
Ciner, 2002). In the Central Taurus, especially
Yedigoller Plateau (ca. 3100 m) in Mount Aladag
and its east facing valleys together with Mount
Bolkardag north facing valleys contain extensive
traces of Quaternary glaciation (Blumenthal, 1956;
Spreitzer, 1956, 1969, 1971; Messerli, 1967,
Birman, 1968; Klaer, 1969; Erol, 1981; Altin,
1998). The actual snowline elevation in Central
Taurus is estimated to be around 3200-3700 m and
the Last Glacial Maximum snowline elevation is
calculated as 2200 m (Messerli, 1967).

In this study, glacial deposits encountered
around Mount Geyikdag (100 km NE of Antalya in
Central Taurus) is described (Figure 1), Fieldwork,
coupled with the study of aerial photographs at
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scales of 1/35 000 and Landsat images, indicate the
presence of a hummocky topography (Arpat and
Ozgiil, 1972; Ciner et al, 1999). In the study area,
the Taurus Mountains are made up of NW-SE
trending ranges with crests 2500 to 2850 m in
altitude, separated by Alpine glacial valleys (2000-
2150 m) occupied mostly by hummocky moraines
and to a lesser extent by morainic ridges (Figure 2).

GLACIALDEPOSITS

Namaras Valley

Namaras Valley is a U shaped glacial valley
situated between Tekelidag-Akdag and Karadag
Mountains. The north-facing slopes, contrary to the
south-facing ones, seem to have contributed
significant limestone debris to the valleys. Glacial
cirques and aretes are only developed on the north
and eastern faces of the mountains (Figure 3).

Hummocky Moraines

The hummocky moraines are preferentially
located on the southern side of the Namaras Valley.
They are made-up of randomly oriented chaotic
mounds and  depressions  ("knob-and-kettle
topography" of Gravenor and Kupsch, 1959). 1-10
m high and 10-30 m wide mounds, with 5-10°
upper surface slopes, are separated by 5-30 m wide
and a few meters deep irregular depressions. In few
localities, wider depressions forming lakes, mostly
ephemeral are also present (Figure 4),

Angular to subangular limestone pebbles (5-20
cm) and blocks (1-2 m) of different origins cover
the upper surfaces of these mounds (Figure 5). In
the interior of the mounds, a much finer material is
observed. Here, contrary to the upper layers, fewer
pebbles and blocks seem to float in a muddy and
sandy matrix showing a typical diamicton
appearance (Figure 6). Within these non-stratified
and non-sorted sediments, few clasts show
characteristic flat-iron (Von Engeln, 1930) and
bullet (Boulton, 1978) shapes (Figure 7). On the
valley sides, and in places where the limestone
bedrock is exposed, whaleback forms and few
striations, generally less than 1 cm deep and several
cm long, can be observed (Figure 8).

The depressions observed between the
hummocky mounds are filled with smaller pebbles
and/or a thin film of silty mud. The water, which
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might be present in some of the depressions, mostly
dries up in mid-summer. As these fine grained
sediments accumulated within and around these
depressions, herbaceous plants and grasses have
come to grow, On the surface of the mounds, fewer
herbaceous plants are seen to have taken root
between the pebbles and blocks.

Lateral and Terminal Moraines

Cross-valley elongated ridge-like hills were
observed, mostly perpendicular and connected to
the north facing flanks of the mountains (Figure 1
and 9). They are composed of angular debris
similar to those on the hummocky moraines but
they might contain some larger blocks (up to 3 m).
They are easily recognized in the field owing to
their height (up to 200 m for the largest one),
length (500-600 m) and steep side slopes (up to 30-
40°) (Figure 9). They are slightly curved, and limit
down-valley the hummocky terrain extension
whose mounds are superimposed on the internal
side of the ridges.

Sandur Plain

To the NW of the Namaras Valley, a flat lying
fluvial terrace (up to 10 m thick), onlaps the
surrounding hummocky moraines. Sections cut by
small modern streams, reveal a crude horizontal
stratification made up of an alternation of pebbles
and coarse sand in an overall fining upward trend,
Imbricated limestone pebbles, current ripples,
caliche layers and a thin soil cover are visible
(Figure 10).

Susam Valley

In the southern end of the Susam Tributary
Valley, coarse loose material, very similar to the
hummocky moraines which cover the rest of the
valley floor, forms a SW-NE trending, 200-250 m
long and 90-120 m wide, tongue-shaped
accumulation (Figure 1). In the down-valley part,
these coarse loose materials, contrary to the
completely disorganized hummocky moraines
observed in the Namaras Valley, form organized
arcuate transverse ridges and furrows (Figure 11).
The relative surface relief varies between 5 and 8§ m
and transverse ridges are 20 to 30 m apart from
each other. The ridges show an asymmetrical
transverse profile with the gentle slopes facing to



the southwest, while the down-valley side is steeper
and reaches 20-25°.

The upper surfaces of the ridges are formed by
subangular to angular limestone pebbles, 5 to 30
cm in size and by occasional large blocks up to 2
m. The depressions are blanketed by smaller
subangular to angular limestone pebbles (1-10 cm)
and by a red-brown soil in places (Figure 12). A
large conical pit, 20 m in diameter and 10 m deep is
observed on one of the ridges (Figure 13). Much
smaller conical pits, 2 to 3 m in diameter, and 0.5-1
m in depth are also visible in the depressions
(Figure 14). Limestone pebbles (1-10 cm) with a
red soil at the center altogether forming circles up
to 1 m in diameter are also observed on the
depressions (Figure 15).

ORIGIN OF THE MORAINES AND
DISCUSSION

The cirques and sharp aretes on the mountain
faces, the U-shaped transverse sections of the
valleys and the presence of diamictons (including
glacial-shaped clasts) forming elongated ridges and
hummocky terrains attest to the past existence of
valley glaciers. The purely descriptive term
"hummocky moraine" is generally accepted to
designate knob-and-kettle topographies similar to
the hummocky terrains described above and which
are related to ice-disintegration processes of a
wasting glacier (Hoppe, 1952; Gravenor, 1955;
Gravenor and Kupsch, 1959; Clayton and Moran,
1974. Johnson et ah, 1995). Ice-disintegration may
create a variety of landforms, depending upon the
dynamics of the glacier, the amount and position of
debris on, in, or under the ice, the amount of melt
water, and the resultant erosion and deposition.

Hummocky terrains associated with valley
glaciers have long been described in many papers.
For instance Sissons (1967, p. 97), in his study of
hummocky moraines of Scotland, regarded the "sea
of chaotic mounds lacking any systematic
arrangement” as the evidence of widespread in situ

glacier stagnation. He suggested that glacier
stagnation was more or less synchronous in
Scotland in response to marked climatic

ameliorations (Sissons, 1979). Clapperton and
Sugden (1977) argued that Scottish hummocky
moraines are not diagnostic of any particular phase
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of deglaciation, but simply show the distribution of
locally isolated patches of a waning ice sheet. They
were also regarded as the result of reworking of
supraglacial debris during uneven ice ablation in
front of active glaciers (Eyles, 1983; Bennett, 1990;
Bennett and Boulton, 1993). On the other hand,
according Hoppe (1952) the dead-ice features can
form through squeezing of debris, which was
soaked with water and therefore in a plastic state,
into basal cavities such as crevasses and irregular
cavities caused by meltwater. Grevenor and
Kupsch (1959) in their study of ice-disintegration
features in Western Canada concluded that both
ablation and squeezing processes might have been
operating to various degrees during the formation
of hummocky moraines. Till might be squeezed up
to the surface through the crevasses and later let
down to the ground by ablation. Benn (1991;
1992), in his study of hummocky moraines in Isle
of Skye in Scotland, also considered the possibility
that ice-stagnation, recessional, and subglacial
hypotheses may be equally valid in certain areas.

While Hodgson (1982) claimed that hummocky
moraines were formed due to subglacial
deformation of coarse debris, several others think
that they can be also formed by subglacial
deformation of fine-grained sediments (Stalker,
1960; Boulton, 1996; Benn and Evans, 1998;
Hindmarsh, 1998; Eyles et ai, 1998, 2000; Klassen
and Hughes 2000; Boone and Eyles, 2001). Some
other researchers also indicated subglacial melt-
water flooding as a mechanism for their formation
(Munro and Shaw, 1997; Munro-Stasiuk and
Sjogren, 2000; Evans and Twigg, 2002).

Whatever the cause is, all studies suggest that
hummocky moraines represent the last phase of
glacial deposition of a waning glacier. In the study
area, apart from the transverse ridges and furrows,
which form a tongue-shaped accumulation in the
southern part of the Susam Valley, the hummocky
moraines do not show any specific organization.
Mounds and depressions are more or less equally
distributed; in areas limited by more elevated
morainic ridges and preferentially located along the
N-NE facing flank of the, valley. This suggests
simple in situ deposition from stagnant glacier ice
(hummocky disintegration moraine of Gravenor
and Kupsch, 1959, Aario, 1977). In such an
ablation model, debris is heterogeneously
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distributed on the glacier surface. Because of the
insulation effect on the debris, those areas where
debris is thinnest melt down more rapidly, and as a
result pits form. As the ablation continue, debris
move off the high areas filling the pits and
crevasses by washing and mass wasting, and
melting is enhanced on the high areas. Continued
down wasting lead to an inversion of topography
(Gravenor, 1955).

Most of clasts encountered in the hummocky
moraines have angular to subangular shapes
suggesting that most of the material was introduced
onto the glacier surface from the flanking
mountains. However, the occurrence of some
flatiron and bullet shaped pebbles in diamictons
suggests a partial subglacial origin, perhaps in the
form of flow till or melt out till (Boulton and
Deynoux, 1981). The near absence of striations
might be explained by the scarcity of the observed
glacially shaped clasts, by the proximal origin of
the debris, and by the karstification process, which
appears to have been active in the limestone
bedrock.

The ridgelike hills observed in the study areas
are interpreted as ice-marginal moraines deposited
by active glaciers. This interpretation is based on
their morphology, their cross-valley or cross-cirque
position and the fact that they limit the extension
and exceed the hummocky moraines in elevation.
The superposition of the hummocky moraines
(dead-ice features) on the edges of the morainic
ridges (live-ice features) is a good indication of the
origin of the successive events. A chronology of
the formation of the different morainic ridges,
which have been observed in the study area, can be
established. In this chronology, size and altitude
evolve inversely. The largest and oldest ridges run
across the main Namaras Valley. To the southeast
of the Namaras Valley the Egrigol Lake seems to
have been formed by such lateral moraines, which
blocked the path of a small river. Medium-sized
ridges bound hummocky morainic fields near the
north-facing valley flanks or cross the tributary
valleys. Small-size and most elevated ridges border
the perched cirques. These different positions
reflect the successive phases of the glacial retreat.

Glaciofluvial processes that are very potent in
the destruction of moraines or in the burial of
features beneath aggrading outwash material as the
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glaciers melt (Sugden and John, 1977) are poorly
represented in the study area. A possible
explanation of this phenomenon is the wastage of
the ice by evaporation (Johnston and Wickenden,
1931). A better explanation could be the high
altitude and perched position of the Namaras and
Susam Valleys, which implies rapid drainage of
melt water along narrow and torrential streams.
Such a rapid drainage of glacial melt waters would
have also been enhanced by karstic effect in the
limestone substrate.

In contrast to the complex hummocky moraines
observed in the Namaras Valley, the tongue-shaped
coarse loose material of the Susam Valley shows a
pronounced organization of successive arcuate
ridges and furrows. At first glance, the term rock
glacier could be applied for such an organization
and global morphology following Arpat and Ozgiil
(1972), in their study of glacial landforms around
the Geyikdag Region. Their study, which includes
the Namaras and Susam Valleys, misinterpreted all
the hummocky moraines described in this paper as
"rock glaciers” (their Figure 2).

Since the first usage of the term "rock glacier”
by Capps (1910), several of them have been
recognized in  high mountainous regions.
Wahrhaftig and Cox (1959), in their classic study
of 200 rock glaciers in the Alaska Range, defined
rock glaciers as "tongue-shaped or lobate masses of
poorly sorted angular debris lying at the base of
cliffs or extending down valley from the lower end
of small glaciers”. Two theories for the origin and
dynamics of the rock glaciers exist. The first theory
states that rock glaciers are periglacial features
made up of deformed talus cones and debris
tongues that move by the flow of interstitial ice
(Wahrhaftig and Cox, 1959; Blagbrough and
Farkas, 1968; Haeberli, 1985; Barsch, 1992, 1996).
These correspond to "real or primary rock glaciers”
for Corte (1976). The second one considers rock
glaciers as the residual superglacial load of small
glaciers (Richmond, 1952; Lliboutry, 1986;
Humlum, 1988). These debris covered glaciers are
called "secondary rock glaciers" by Corte (1976).
The surface debris is dropped onto the glacier by
frost wedging from cliffs. The ridges and furrows
are explained by the residual movement of the
glacier and reflect the configuration and structure
of the cored glacier ice. Barsch (1988) proposed to
write the term rockglacier in one word for the "real



or primary rockglaciers”" to emphasize its difference
from "true" glaciers ("secondary rock glaciers"),
and to put an end to the confusion encountered in
the literature.

As stated earlier, the tongue-shaped talus slope
and organized nature of the transverse ridges and
furrows observed in the south end of Susam Valley
resembles the morphology of a periglacial
rockglacier. However, several arguments are
against such an interpretation. There are no
differences in till composition when compared to
the above-described unorganised hummocky
moraines. Therefore, it can easily be considered as
an ice-marginal moraine related to the previous
existence of an ice tongue that originated in the
large cirque visible wup talus-slope on the
northeastern facing upper flank of the Akdag
Mountain. Accordingly, the organized ridges and
furrows probably represent the disintegration
moraine controlled by small periodic retreat and
readvance of the front of the glacier tongue. The
large conical pit observed on the longitudinal ridge
and the smaller pits in the furrows also attest the
presence of buried ice. They are interpreted as
kettle holes.

The circles and polygons made up of limestone
pebbles are very typical in periglacial environments
and are known as sorted patterned ground (stone
circles and polygons). Several mechanisms have
been suggested for their formation (Van Vilet-
Lanoe 1991; Matsuoka et al., 2002). Among them,
soil circulation resulting from variability in water
and/or soil density (Hallet and Waddington, 1992)
and differential frost heave due to variability in
grain size (Werner and Hallet, 1993; Ballantyne,
1996) are the most widely accepted ones.

CONCLUSIONS

Arpat and Ozgil (1972) interpreted the
moraines described in this paper as rockglaciers
stating, "the moraines which were probably formed
by valley glaciers were mostly destroyed"”.
Contrary to this interpretation, our study clearly
indicates that the Namaras and Susam Valleys
comprise marginal morainic ridges and hummocky
disintegration moraines attesting the past existence
and progressive wasting of active valley glaciers.
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The glacial retreat of the former glaciers can be
traced according to the respective positions of the
morainic ridges and associated disintegration
moraines. The U-shaped morphology of the valleys
suggests that they were occupied by large glaciers,
and the larger-scale morainic ridges which cross
the Namaras Valley may represent readvance
phases during their overall progressive retreat.
Smaller morainic ridges and hummocky moraines
along the north-facing flanks of the valley,
correspond to the last glacial stage in the valley,
while glaciers still existed in the tributary valleys as
suggested by the morainic ridge which partly
closed the Susam Valley. The tongue shaped
morainic structure with transverse ridges and
furrows encountered in the southern end of the
Susam Valley represents the last valley glacier
manifestation. This last Holocene glacial activity is
also indicated by the freshness of the perched
cirques and aretes that occur at altitudes of 2600 m.
Some of these cirques are still bounded by relic
morainic ridges (LIA?).

The timing and distribution of valley glaciers
and related moraines are poorly known in Turkey.
In order to produce quantitative data, cosmogenic
*C! dating of selected moraines will be carried out,
For that end a TUBITAK-NSF joint project has
been organised by Marek Zreda (University of
Arizona) and by Attila Ciner (University of
Hacettepe) (Zreda et al., 2003). It is hoped that this
study will help to better understand the magnitude
and timing of Quaternary glaciations in Turkey.
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