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LINTRODUCTION
In the Maditarranaan reglon, glackers ded throughaut the high dunng tha P Epoch (Hughas ard Woodward, 2008). Many researchers s sav-

eral areas will evidence of Pleislocens glacisl acdivily in upland Heltas (Mislards, 1952; Messarli 1987, Palmsemola e al., 1900, Nemec and Posima, 1983; Sman el al, 1897,
Wioodward e4 al, 2004, Hughes el al., 2008). In Greece, Wicdle 1o Late Pleistocene moundain glaciabans. appear (o have been guile exiensive, aking fle mountsn rnge of
Fandus, an k1, Chmplsandnnn of P atal, 314y, This siudy focuses on the Middie o Late Pleisiocane glaciations based on the axami-
nation of cirgue formalions and ther elevadion changes due fo verical beclonism, in cerain paris of Greeos, namely, ML Olympus, Peloponnesis and Creda.

2. STUDY AREA

Greece is charactarced by moungain chaing, most of them trending frem MR 8o SSE, and many summils
hava altiisdes higher tham 2000 m (Fig 1), Most of them ere located along the Pindus range. tha solated
Mound Olympus, and a Sew peaks in Peloponnesus and Crele. The sludy covess e adminiztraiive urits of
Greece which ars Macedania, Epirus, Theasaly, Sierea Hellas, Pelopannesus sad Ciele (Fig. 1),

Grasca has a chamclenstic Madieranaan cimate with refativaly cold and wel winters and hot and dry sum-
mera. The annusl precplation of meuantaingus Greeca ranpes from 1000 mm ta 2000 mm while the average
temparature ranges fram 106C ko 150G (Prouisos ef al, 2010). Climatic conditiars during (ke LGM were -80C
caolder than presant {Bush and Phiandar, 19649} and mean annual precipitation was . Z30H200mm = the
high mountains of Pindus {Hughes et al, 2008),

FIGLRE 1: Mapwith alevalion classas and important mountains of Greecs.
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3. DATA _AND METHODS
The dala collecled for Ihés siudy inckite 36 1ooographic maps (scak 1:50,000) published by the Hellenic Amy
Geagraphical Service (HAG 5., sfong with 37 paciogical maps of Gresce o scales 1:500,000 and 150,000
pubtlished by the Instiute of Geology and Minerad Exploraton (IGME), They wene used 1o identiy e location
of crgues and thair gealogic compasition.
A initial spatial database of these giacial forms was credbed including their location and mean elevalicn.
Some of the glacaled siles have been taken from previcus IRerature and cehers weee reconded from topag-
maps, s pholos and field work, AncG15 10 soffwars was used 1o process the placiated stes. Amands-
picting 1he glacated areas of Greek regions was compiled wilh over 230 cirues. A cigue's lop. ip and mas-
gins af each lcalion were mapped, 5o alSudes of apex and fip ard mean alifude of each cirque
ilapaxeipli2), were calculsted (Fig. 2j.
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. | sus and Crete, the number of crgues decressas (Ta
In the gacrease af e mumber of crques rem nodh W soulh (Fig. 4) we can maintain thal Skhough Mean cirgue elevations sty aboul the same (1850-2200
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5. DISCUSSION
Tirquas occhr at altiludes varying fram 2770t 1650;;1..-.5.!\ In genedal, &5 ona movas fo the south, in tha case of Pindus ranga and (s axtansion in the Paloponna-
1.

m.a.5 0} the areal extent of glaciations in the six regions varies from narh 1o south, Tha Iattuding! decrease of the croues is also afiecked by temparature NG Eses
and pi reducsion. The orgue area dwarsiication obsanad i the noh {Fig. 5) |5 owed 1o tha mone sevane cimatic condiions prasent during the gia-
cial periods.

|| In Greece, there are no straightforsard studies refsted to the e of uplift and evalution of cimues in various glecial perads. Uplift has no doubt faken place, it it is

nod easy 0 be sure about precisa values and i Is spatially vary varable across Gresce. Cancaming the distribution of the maan elevations of cirques In the &lx re-
@lons (Fig. 8), ona shaidd 1aka imo conskeration the tectonse acivity of asch study snea. Espacially in the areas of Mount Olvmpis. Palopannesus and Grata this
piruemss is in ihe Barm of UpER. For sxampbe, the uplif of Wourt Oiympus was calcilabed 16 e 1.3 murvy in ihe (a2 250,000 y (Smith el al, 1697), sa e respactive
maan elgvatans of cinques 3 that tima (MIS ) showd have bean about 3246 m Iowes than those maasured in the field today.

Additionsily, 8 mean uplift rate of about 1.5 mmy over ha lagt 350,000 ¥ was estimaled for the cantral pert of nerthem Peloponmesus (Armije & =1, 1096). S0, he
relavant mesn elevations of the crgues in fhis area (MIS 10) should have besn around 525 m lowes than measured today. Since the mean elevation of Sess
ciques (n=10) & 1840 m jeday and 390,000 y ago was around 1418 m, a significart number of them ware most probably formed dunng e last glacial pericd
ALGM). In the casa of ML Ta . the maan updft raba wes calculated al 0.55 mmiy during the Micdle Plesiocens (Manalakos et al., 1954} Thus, The mean edeva-
mnlmectqm!ammam (MIS"J] should have been andund 180R |wes Ihan 1oday. Therefore, the evolulion of Be ciigues of neihem e hose of sauhem

i) 15 clearty iffarand in tima,

In ceral and western Crate the mean il e was 1-1.2 mmfy during the lasl 1Ma (Robests et al | 2043). So. in the last 250,000 y the mean elevabiars of cirques
at that time: (MIS 8) should have bean atiout 300m lowar than those today, Ahough thase Soues am almast the same of ML Olympus, ane should not forged Shat
the mean elevatons of the cigues of e lattar are abaut 230m higher than thase of Creta. Mara impartantly. the geographic Incatien of Mt Clymipus |5 much farthar

© |4 the parth ihan Crele so ihe preservation of maunlsin glaciers s much harder in the sculh,

toman

1 Morphomeine paramaters (maxemun, mirsmum and mean value) of cirques)
tarmad on lmestones: anea (in Km'), aiitutes of apex and Lip, mean afliude in meters.
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|| [FIGLIRE 3: Spatal metnbution of crgues m the sor study reglons of Greece. |
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vast majorily of crque areas are pocupied by Mmestones (B7% of the ictal area), further statistical analysis was

shurdy,

cirqua in companson with its amea n each
araas incregse significantly along the same Y (lalibuda) maters, infha norih

the rapid Quatemary upiift of narthem Peloponnesus (Amijo e al, 1996) as compared fa the soulhern past.

A total pumbar of 227 Inaclive cingues was recardad (Fig. 3) wilh limeslone a2 the dominand Hbolegy. The sres of Ishological Tomations which participate in he strustuee of drguee was calculsed a3 foBows:
2.6 km2 of the lofad ama (84 8 km3) is campased of imesiones, 66 km by fysch, 4.7 km2 by ophickies and rarely yoicano-zadimentary farmaticns, 09 km32 by marbies, phylites, and schisls. Since the
nmed only on them. Table 1 summarioes the mean values
maximum figuras of all the momphomelric paremeles of crgues Tomed on limestones. This means that e oiher libalogies do not significanily afMect he mean walues of the warous. paramesars used in this

with minimum and

Figure d depicts iha number of cirgues on limeatones in ihe six regions of Greeca. Tha numbser of cirques decreases, as one moues from noih 1o soulh. Figure 5 represents. the gacgraphica poeiion of each
region. There is a parabaolic refation between the twvo parameters where: the small cirque areas am disirbuted everywhers fom south ta noeth, while the lwge

Tha ralatian batwesn mean elewations and mumber of cimues & shown in Figure & interestngly, tha st regions are separated in two groups namely. Macedania. and Crefe are at higher moan elevations,
while Epinus, Sterea Hellas, Thassaly and Felapannesus are at lower elewvations. However, in Felapormesus a much sleapar incrassa in mean elevations & obaened The higher figures may be the resull of |

. CONCLUSIONS
«in Greece, & total pumber of 227 inaclive crgues was reconded covering an anea of B4.5 km”with
limssicine a= ihe dominant underdying lithology
« A5 one moves to the south. the number of crgues decreases. Cirgues coour @ afitudes varying|
from 2770 to 4600 m.asl Thus fevorable conditions for glacier lematian are mare [ikely at alli-|

luies higher than 1600 m.

= Thar uplft of Maunt Olympis, Palcpennesis and Crate has incmeased the mean slevatian of thi
cirquas in evary fallowing ice age. Se, Inolder limes many crgues wera a faw hundred meters Iower|
than I mare recent glacial penod. In nartham Pelapannesus for examle, mountsn peaks wiih 8
mean upif rate of 1.6 mmly, were atioul 500 m icwer than present during MIS10.
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each limestana cirque related 1o ks ares in| |ihe mean skevation of limestone droues
each study region. All values. are fil in an| |n the s study regions of Greece,
estimated loganthmee made|.
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