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ABSTRACT. Passglac ia ren is a sm a ll cirq ue glacier in th e K ebneka ise mass if, 
northern Sweden. It is fi"oze n to its bed O\'e r mo re th a n 700/0 or its a rea, a nd und er 
present clima ti c conditi ons has littl e effec t o n cirqu e fo rm a ti on . i\l o re fa\'o urab le 
conditions for cirque g lacier erosion during the H olocene a re of short dura ti on. 
Ass uming imil a r conditio ns during previous interg lac ia ls, it is sugges ted th a t fo rms 
such as the Passglacia ren cirqu e cb'e1 oped ma inl y during th e initi a l ph ases of glac ia ls 
wh en th ey were pa rt of networks of la rge va ll ey glaciers or of a sma ll wa rm-based 
mountain-centred ice shee t. Passglacia ren has been exa mined in ord er to e\'a lu a te its 
eros ive capacity a nd its assoc ia ti on with th e subg lacia l cirq ue mo rp hology. Th e 
meth ods used a re rada r surveys a nd direc t ice-tempera ture meas ure ments. Erosion is 
restri cted to a sma ll sec ti on of the glacier bed , a t present resulting in o nl y pa ni al 
deepening of th e cirque a nd erosion of th e bac kwa ll . In cold , a rid regions " 'ith 
ex tensive perm a fi"os t, sm a ll cirq ue glaciers are la rge ly frozen to th e bed , a nd therefore 
canno t contribute sig nifi cantly to cirgue forma ti o n. In such reg ions glacia l erosion by 
la rge r tempera te glaciers is mo re likely to be th e maj or ca use of cirque excava ti on. 

INTRODUCTION 

Th e a im of this stud y IS to in ves tiga te th e ge nes is of a 
cirque in north ern Sweden occ upi ed by th e g lac ier 
Passg lacia ren. Interpreta ti on or la ndfo rms ca n be used 
to reconstruct form er cl ima tes . In th ese a ppli ca ti o ns, it is 

"ery importa nt to understa nd the elim a ti c conditions 

produ cing specifi c la nd forms. Accordin g to th e commo n 
opinion, cirqu e fo rms d e\'e loped success ive ly during th e 
Qua tern a ry (Enquist, 19 16; Eva ns. 1977; Vilborg. 1977; 
Rudberg, 1994) . Condi tions for erosion by cirq ue g lac iers 
a re genera ll y beli e\'ed to ha \'e been mos t fa \'oura ble 
during th e initi a l stages of g lac ia ti ons wh en clrqu e 

glaciers we re formed in th e mounta ins. Glacia l cirqu es 
a re commo n in the Sca ndin a \'i a n mounta in ra nge, 
espec ia ll y in the No rwegia n coas ta l zo ne. Th e number 
of cirques gradu ally d ecreases towards th e eas tern pa rt of 
th e mounta in ra nge, a nd here th e genes is of cirq ues is 

complica ted (cr. H o lmlund , 199 1; Rudberg, 1992 ). In 
this rela tively con tinen ta l pa rt of th e mounta in ra nge, th e 
clima to logica l se ttings contradi c t th e id ea th a t cirqu e 
glaciers a re the m ajor age n ts for cirque forma ti on. Th e 
centra l-eas tern pa n of the mo ul1lain ra nge is cha rac
teri sed by a rela ti ve ly dry clim a te a nd ex tensive perma
fros t (King, 1984). In general, cirqu e g laciers in this 

regio n a re ra ther sm a ll a nd have low mass lurnover, 
res ulting in low erosion po tenti a l (And rews, 19 72 ) . 
Perm a fi"os t may ex tend down to the base o\"C r la rge 
pa rts o f thin glac iers . In these zones where th e ice is froze n 
to th e bed , th e effec t of glacia l erosion is neg ligi ble. 

The presen t eros i,'e capacity of Passglac ia ren has been 

evalu a ted by surveys of ice thi ckn ess, verti ca l tempera ture 
profil es a nd the a mount of cold- based /wa rm-based ice. 
Addi tional inform at ion was suppli ed by studi es of glacia l 
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mo rph ology a nd by a radioca rbon-d a ted sampl e (i"o m lhe 

proglac ia l a rea . 

GEOGRAPHICAL SETTINGS 

Passg lac ia ren is a cirqu e g lac ier loca ted in th e K ebneka ise 

massif in th e no rtheas tern pa rt o f th e Scandi na \'ia n 
mo unta in ra nge . K ebn ekaise is a hig h-a ltitud e a rea o f 
a lpine cha rac ter " 'ith summit heig hts of 1600 2 100 111 
a .s.1. (Fig . I ). The region is cha rac teri sed by predom
ina ntl y wes terl y \\'inds (Enquist, 19 16), a nd , acco rdin g to 
the acc umula ti on pa ttern on Passg lac iare n, wind-drifted 

snow is a majo r source of acc umul a ti on (Fig . 2) . The 
ci rq ue g lac ier has a n a rea of 0.5 km2 a nd a su rf~lce 
inclin a ti o n of a bo Llt 16°. Th e ge nera l ice fl ow is directed 
towards th e no rth . N ea r th e centre of the g lac ier, th e 
surface ice \'eloc it y has been measured a t a bo u t 2 m a I . 

At present , Passglacia ren fill s its cirqu e a lmos t entirely, 

sugges ting future expansion \\'ould sta rt to infill the 
dow nstream tro ugh \'a ll ey, Kuopen ·agge. 

METHODS 

Th e ice depth a nd th e thi ckn ess of the co ld perm a fros t 
laye r we re ma pped using a g round-based high-reso luli on 
rad a r. Th e radio-echo sound er is based o n a Hewlell a nd 
Pac ka rd Ne twork Analyse r (8753 B) (H a mra n a nd oth ers, 
1995 ). In this stud y, two kinds of a n te nn ae we re used , 

All gon 7125. 04.05 .00 a nd Allgo n 7 104.0 1.05 .00, \,'ith 

frequ ency ra nges of 780- 930 a nd 315- 375 MH z, respec
ti \"C ly. Th e sta n a nd end points of th e rad a r pro fil es \l'e re 
surveyed with a theodo lite \\' ild T 2 a nd a Geod imetc r 
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Fig. I. LocaLion map wilh a conLour inLerval oj 100 m. T he 10ca.liolZ oj Passglacidrfll is indica led by all arrow. 

Fig. 2. PllOtograph of Passg/acidren takm from the east . 
T he cirque glacier is localed Oil Ihe easlem side oj a 
mOllnlain ridge, wlzich callses a lee-side ~flecl jor Ihe 
IJredominall lSV westerl)l winds . PassglaciCiren is low led 
ullsLream oj a V -shaped vaLley called Kuopervagge, seen aL 
the right oj Lhe phoLograph. 

AGA 12A . I n th e rad a r registra ti ons, th e tra nsition from 
cold to temperate ice is ma rked by a distinc t increase in 

the occurrence a nd intensit y of sca tte red ec hoes with in 
th e ice (H olm lund a nd Eriksson , 1989; H a mra n a nd 
A a rh o lt , 1993 ) . G eo m et ri c co rrec t io ns we re m a d e 
ma nua lly to o bta in ve rti cal d epth va lu es ri'om measure
ments perform ed in th e direc ti on norm a l to a sloping ice 
surface . 

\ 'e rti cal ice-tempera ture pro fi les we re measured by 
th crm isLO rs insta ll ed in two boreho les a long th e ccntrc 
lin e of th e g lac icr (F ig. 3) . Th e bo reho les did not reach 
the g lac ie r bed . A t th e upper site (A) th ermistors \I'ere 

insta ll ed eve ry 10 m down to a d epth of 43 .5 111 , a nd a t the 

lower site (B) eve ry 5 111 down to 18 .5 m. T o esta bl ish th e 
seasona l tempera tu re \'a ri a ti o ns, meas u rem en ts we re 
ca rried out in the period from spring (Apri l) to a utumn 
(Septem ber) . 

RESULTS 

The a \'C rage ice d cpth of th c g lac ier is 25 m , a nd th e 
m ax imum record cd ice d epth exceed s 80 m. Th e 
max imum a rea o\,e r which th e g lac ie r may be wa rm 

based , a nd thus erosi\'e, is shown on th e ice d epth ma p in 

F ig ure 4. Th e bound a ry for the wa rm-based pa rts of the 
g lacie r is prim a ri ly dete rmined fro m rad a r surveys. I n th e 
upper pa rt of th c acc umu la tion a rea, where ra d a r pro files 
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Fig . 3. Lowliolls 0/ boreholes alld radar jnqfiles. 
ACI'ordillg 10 Ihe radar Sltn'P')!S, Illf warlll -based ire is 
jiald!),. A alld lJ lIIark l/ie jJosilioll.\ oI boreholej Ior 
measuremelll.I' o/ l'erlical lemjJemlllre jHoJiles. The dashed 
lille ( a'- a" ) shows Ihe fmilion o.J Ihe longillldilla/ /Jro/ile 

seen ill Flj;ure 5. 

a rc spa rse , th e boundary is de lin ea ted by the berg
sc h rund. At least 70 % o f the areal extent of Passg lacia ren 

is fro zen to th e bed . R adar sun'eys indica te that the 

wa rm-based ice is pa tchy (Fig . 3 ) . A lo ng itudin a l pro fi le 
or Passglaciiiren and the thickness or the co ld perma(I'os t 
la ye r <He show n in Figu re 5. The cirqu e fo rm has an 
O\'erd eepening \\'ith a he ig ht diITerellce up to the rock 

threshold of 10- 30 m. Th e permafrost is deepest a t th e 

g lac ier fron t, reaching abo ut 50 m clown in th e ice. The 

perm afros t d epth decreases to \\'a rd s the acc umula tio n 
area , \\'hi ch basica ll,' consists 0 [' tem pera te ice . Th e 
tempera ture profiles (Fig. 6) sho\\' th a t at 15 18 m d epth 
there is a tempera ture difference of approximately 0 .5' C 

bet \\'een loca ti ons A a nd B. 
Bedroc k is exposed a t the \\'este rn pa rt of the cirqu e 

thres hold , while the easte rn proglacial area is cm-e red by 
ti ll. Glacial st riae ill (I'ont o f the g lac ier indica te former 
ice-Oo\\' dircctions o r 340- 350 . Orga ni c matcrial \\'as 

Fig . .f. Ice dejJlh maj) /01' Passg/aciiirell wilh a cOlllollr 
illterval q/ /0111. Tlte dashed area slw1.f.'s Ihe I'slil11aled 
IIWlimll1l1 ellflll oI warlll-based ice. The a/TolL' ill l/ie 
celllreil j){nl q/ Ih e glacier indicales lite gmeral ice-flolt· 
direclioll. 
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Fig. 5. LOlIgillldinal jJrojlle ~f Pe/S.\glaciiirfll ji olll S0 1l11t 10 
north ( a'- a" ill Figure 3) . The dashed lille indicales lite 
Ihickness (If Ihe cold j)ennaj'rosl Ir!)'er . A alld B lIlark Ih e 
borehol e lJOS il iOlls. 

found benea th till 60 m in front of the g lac ie r terminus. I t 

was presel'l 'ed in a sma ll cavity in th e stoss side of a la rge 

Oa t- topped bou lder (2- 3 m\ Th e bould e r lI'as immedi
ate l\' o\'e rl a in by 0.1111 of st ra tifi ed sec\ il11cnts or silty-to
saneh- rrac ti ons, in turn cO\'C recl b,' 0.+ m 0[' ti ll . Th e 
si ig h tl y inc l i ned sed imen t la reI's liTre cu t n IT a t the boulder 

s LII' f~lce . A radioca rbon el a ting o r th e o rga ni c ma teri a l 

yielded a n un ca li brated age o r 3260 ± 80yea rsB P (lab. 
no. Ua-3795 ) . Three m eltll'a ter streams drain Pass
g l aci~i ren. On ly the lI'estCrJlmost stream conta ins sed i
ment , while the o th e r tll'O car ry clear lI·a ter. 

DISCUSSION 

Eros ion potential of PassglacHiren through tiD1.e 

The gen era l tempera ture distribution \\'ith in the g lac ier is 

uncomplica ted. P assglac ia ren is pa rt ly warm-based and 

partly cold-based , and ca n thus be class ifi eel as a subpolar 
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Fig. 6. r"erlical lemjJeralllre jJrqfiles , lIleasllred ill Augusl 
/993. Seasonallel7ljJeralure varialiolls l('ere obsen'ed dowlI 
10 15 m. The lellljJeralllre dijJerellce belwcfII .,1 and B al 
equal deplhs illdialles a horizonlal lemjJeralure gradiflll 
bell('em Ih l' a(ClllIllllalioll area (llId Ih e ablalioll area. This 
gradielll is also rejlecled b), the Ihickll ess oI Ih e cold 
jJ l'rl7laj'rosl I(~)'er wllirh decreases lowards Ihe aCCllllllllalioll 
area. 
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glacier , Temperate ice is res tri c led to th e d eepes t pa rt 0 [' 

th e g lacie r \\ 'ith a di splacement towards the accumu lation 

area , The displacement is also renec ted in a horizo ntal 
lemperature g radi en t betwee n the acc umul a tion a rea a nd 
th e Cl bl a ti on area (Fi g , 6 ) , This lem pera ture d iSlri bu ti o n 
is pro ba bl y due to the ro rm a ti on of temperate ice in th e 

acc umulatio n a rea, During summ er, surface melt\\'a ler 

pene tra tes th e firn a nd subsequent ly rcfreezes, This 

releases latent heat \I'hi ch ra ises th e lempera ture of lh e 
firn a nd ice , In th e a bl at io n zo ne, thi s process ca n occ ur 
onl y in early summer whell th e ice is cOI'e red b>' SIl O\l', 
sin ce so li d ice is imperm ea ble to mell\l'a ter. \\,i th a 

tcmpera ture di stribution similar to th e present, Pass

g lac ia ren has little impact on th e cirque morphology , Thc 
eros ion mal' onlv res ult in part ia l d ee penin g or th e cirqu c, 

Assuming a consla nt precip itation, changes in areal 
eX lent o r ice thi c kn ess or a g lacier han' critical 
conseq uences for its erosil'e ca pac i l I', As mellli oned , a 

redu clion in surface a rea of a g lac ier res ults in sm a ll e r 

mass l u rn o \'e r and d ecreased e rosil 'e ca paci l ~I , Fu rthe r
more , \I'hen a sub-pol a r g lac ier becomes thinn er. lh e 
a mou nl o f' warm-based ice decreases and, el'entua ll y, th e 
g lacier ma y becom e compl e tel\' fi 'ozen lO th e bed , The 
radioca rbon d a te impli es th a l prior to 3260 ± 80 IIC 

years BP. Passg l ac i ~i ren was sm a ll er lhan. or possibl~ ' 

simi lar to. ils present size, This age is in lin e \I,ith th e 
le rmination or th e H olocene hyps ithcrm a l, a climat ic 
optimum initi ated aro und 8500 BP ( ~ esj e a nd K l"<l mme. 
199 1), Sed im ent studi es o r proglac ia l lakes sugges t lhat 
one o f th e m ore pron o unc ed g lac ie r aeh 'a nces in 

Sca ndin a \' ia occurred about 3200-2800 BP (Karl c n , 

1988 ), Acco rdin g to th e same stud y, some Scandimtl'ian 

g lac ie rs di sa ppeared during a warm period in th e ea rl y 
H o locene a nd did no t re-fo rm until a bo ul 2000 BP, Th e 
inre rred redu ced size or Passg lacia re n durin g lh e 
H o locene clim a ti c o ptimum imp li es a d ec reased cros il'C 
capacity ol th e g lacier during some peri od prior to 

3260 ± 80 yea rs BP, 

R ec urrent co ld peri od s, I\'ith g lac iers substa nti a l'" 
large r th an a t present , hal'C prel'a il ed for more lh a n 90% 
o f th e tim e durin g th e pasl 2 '\1 a (PoneI', 1989 ) , 
Passg l ac i ~i re n ca nn ol g ro \\' much larger than al presc nt 

until it sta n s to infill th e d ownstrea m I'a ll ey , Thus, it ma y 

ha\'e bee n sma ll enough to be class ifi ed as a cirqu e g lacier 

lor less th a n 10% of th e past 2 !.I a, i, e, 200000 yea rs, I t is 
poss ibl e th a l th e cirqu e g lac ie r comple tel y di sa ppea red a t 
some stage of th e H o locene, as \\'ell as during pan s of' 
prn'io us interg lacia ls, Its pe riod o r existence may thus 
ha l'e been signifi cantl y shorter th a n 200000 wa rs, 

Cryogenic d enudati on processes, \\'hi ch may ac t on 

ice-free surlaces, pro ba b ly innuence th e rate ol head\\'a ll 
re trea l. H o\\'el 'e r , these processes a re mos t proba bl y no t 
capa ble o f enhan cing th e bedrock d ep ression during 
peri ods wh en th e P assglac ia ren c irquc is free fi'om ice, 

PassglacHiren's contribution to the cirque 
excavation 

Cirqu e formation time ca n be es timated based o n e rosion 
rate a nd a reco nslructed preglac ia l topography (L a rsen 
a nd ~ I angerud, 198 1), For th e P assglac ia ren c irqu e, t\\-O 

reconstructions or preglac ia l to pograph y ha w bee n 
performed, The maximum reco nstructi o n ass um es a 

R ic/wrrhol/ alld H o/m/III/d,' G /acial (irqllf jimllalioll 

smoo th ed co ntinu a ti o n or adjacen l slopes , and lh e 

mlt1lmum recons tru c ti on assumes a minor conc,1I' it\' a t 

th e I'alle\, sid c, The present cirq ue lorm co rresponds to a 
maximum bedroc k d eepenin g 0 1' 2 10 m a nd a minilllum of' 
120 Ill, 

:\eith er the presenl nor past erosio n ra les lor Pass

g lacia ren a re kn O\Ul, Ncverthe less, lh c ran ge o r poss ible 

\'a lues ca n be nalTo\\'cd by lookin g a l e ros ion ratcs of 

o th er Scandinal'ia n g lac iers , Th e suspended sediment 
transport rrom Slorg l ae i ~i r e n , a I'a ll ey g lac ier near 
Passglac ia ren Fi g, I , co rrespo nds to an eros io n ra te or 
0 ,6 111 m a I (Sc hneider and Bronge, in press ), I n a slue'" ol 

se\'era l proglac ia l melt\\'aler strea ms in \! o r\\-ay, th e 

sedim ent transport equ a lled eros ion ra les or O,2- 0,6 mm 
a I (O strem and o th ers, 1970 ), The ('t'osion rale of' a 
Yo un ge r On'as ci rq ue g lac ie r loca ted on the :\o r\\'Cgia n 
coas t has been calculal ed as 0 ,.5 0,6 mm a I (La rscn a nd 

1\ I a nge rud, 198 1), C si ng the tl\'O reco nstructed preglacial 

su rfaces for the Passglaciaren cirqu e. and a cons ta nt 

eros ion ra te o f' O,6 mm a I, a ma inl y \\'arm -based cirqu e 
g lac ie r \\'ould require 200000- 350000 years lO d el'C lop 
th e present cirCJu c form , The typ ical eros io n ra te ol'e r 
tim e has probab l!' been signifi ca nt'" lo\\'e r. Furthermore. 
it is like '" th a l th ere hal'e been periods \I,hen lit e c irqu e 

g lac ie r was compl e te ly lroze n to the bed , Us ing an crosion 

ra le of' 0 ,3 mm a I, a time period as long as +00000-
700000 yea rs is required, Cons id e rin g the length of'time 
during the Qu a terna ry tlt a l th e cirqu c g lac ier ma>' hal 'e 
ex isted , these ca lcul ated c irque formation limes slro ng'" 
sugges t lh a t th e cirqu e g lac ier has nOl been th e princ ipa l 
agenl excG\,-at ing til e cirque, 

Cirque forInation under alternative glacial 
conditions 

A glac ier \I'itlt th e ca pac it y to eXCL] I'<1 le a c irque form 
must be \\'arm -based a ll ol'('r th e cirqu e, Situations \I,hen 

thi s conditi on might be fulfill ed in th e stud y a rea a rc ( I ) 

when the climate is of a pronounced maritime ll 'pe 
producin g a hi g h'" d>'na mi c cirqu e g lac ier , o r (2 ) II'hen 
lh e ice co, 'e rin g th e c irqu e co nstitutes part or th e 
acc umul atio n a rea of' a la rge r g la cie r. Al present. th e 

po lar fronl yie ld s hi gh cyclonic ac ti vit y a t th e la titudes o l 

no rth ern Scandinal'ia, \I,ilh frequent 10 \1' press ures 

coming fi'om th e \\,est. D esp il e thi s, th e eastern pa n o r 
lh e m o untain ra nge has a rcla li, -e ly dn' co ntin cnta l 
cli mate, There arc no indi ca tions 0 1' a pronounced 
maritim e climale in th e stud y area during th e H o lo
('e ne, 1 n th e case \\'here the ci rq ue consti tu les pan of the 

acc umul a ti o n a rea of a la rge r g lac ie r, this situat ion must 

ha l'e occ urred se\'e ra l tim es , \" hen the d O\l'nstrea m I'a ll ey 
KuopeJ'\'agge (Figs I and 2 ) \\'as excal'ated, th e Pass
g lac ia ren c irqu e musl hm'e bee n part oi' th e acc umulati on 
a rea of' lh is la rge g lac ier , Th e mo rph o logica l simil a rili es 

bet\\'een g lac ia l cirques a ncl ol'e rcl ee penings a re rema rk 

a bl e , H oo ke ( 1991 ) d esc ribes a poss ible co mm o n 

mecha nism ror th e d el'C lopment o r the l\l'O rcatures, 
Acco rdin g lO Po rte r (1989 ), th e <ll'erage Fennoscan

dian Plei slocTne g lac ier ex te nsio n cor respo nd s to a 
mountain-centred ice shee l o r ice field . rather than a 

la rge, mo re eas terl y-ccntred ice shee t cOl'e rin g th e \\'ho le 

o f Scandina\'ia, R ecenl numeri ca l-model experim ent s of 
th e lasl g laciation sugges t th a l during th e first lhird or th e 
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\Veichse li an the mo unta in areas were covered by a sma ll 
ice shee t (H o lmlund a nd Fas took, 1995) . Th e ice-flow 
pat tern of such a n ice shee t or ice fi e ld is con troll ed by bed 
topography. The ice surface o f a mounta in -centred ice 

shee t is probably at a lower a ltitud e than that of an ice 

shee t close to a maximum exte nt , g ivin g wa rm er 
conditions a t the ice surface . Also, a smal l ice shee t wi ll 
be mo re influ enced by th e cycloni c acti\"ity of the 
\\·es tcrli es, favouring surface meltin g in th e summer a nd 
th e form a tion of temperate ice. During the initi a tion of 

th e last a nd earli er g lacial s, small tempera te, or basicall y 

warm-based , erosi' ·e ice shee ts probably cove red the 
Scandinavian mountain range. Large ice sh eets reach 
high enoug h a ltitud es fo r po la r ice to form , which 
e,·entu a ll y may d ec rease th e erosion ra tes a t th e bed. In 
case of erosion by a large ice shee t, cirqu e form s wou ld 

probably be demoli shed because th e ice-flow pattern is 

controlled by the geometry of the ice bod y ra th er than by 
bed topogra ph y. 

If wc accep t the concept o f a m ean Pl eistocene ice
shee t ex tent simila r to th e one sugges ted by Porter ( 1989), 

we m av a lso accep t long periods o f glacia l eros ion by 

networks of large valley glaciers, ice fi elds or sm a ll 
mountain-centred ice shee ts. It is therefore p lausib le th a t 
these la rger glacier types have been the major eroding 
age nts for the g lac ia l ci rq ue fo rm a ti o n on the eastern side 
of th e Scandinavia n mountain range . 

CONCLUSIONS 

Under clim a ti c conditions such as the present, glaciers 
like Passglac ia ren , which is la rge ly frozen to the bed , have 

a limited erosive capacity and a res tri c ted effec t on cirque 

morpho logy. If th e cirque g lac iers a re warm-based to 
som e extent , th ey ma y ha,·e some impact on the 
development of overdeepenings. Th e large-sca le form of 
th e il1\"Cs ti gated cirque probably deve loped prima ril y 
when th e cirque constituted pa rt of a n acc umul a tion a rea 

of a la rge r g lacier. During the Quaterna ry there have 
been periods more favo urable for glacial erosion in thi s 
a rea than the present. Such peri ods occ urred during 
initi a tions of glacia ls, at times when the stud y area was 
cove red by networks of la rge vall ey g laciers or by a sma ll 
mountain-centred ice sheet. Due to the low a ltitud e· of 

these g lac ier types, compared to a la rge ice sheet, these 

glac iers a re influ enced by th e cyclonic act i,·ity of the 
westerlies, fa,·our ing form a tion of temperate ice . The 
,·alley g laciers a nd sma ll mountain -ce ntred ice shee ts may 
thus have been tem pera te or a t leas t basica ll y warm
based. 

Concern ing glacia l cirques on th e eastern sid e of the 

Scandina,·ian mounta in ra nge, we agree with the , ·iew 
that cirque forms were mainl y form ed in assoc iat ion with 
g lacia ti ons. However, \\·e be l ie\"e th a t they were not 
primar il y form ed by sm a ll cirqu e g lac iers, but ra th er by 
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large erosive glacier co mplexes o r small ice sheets . Cirque 
form s are thus not good proxy data for climatic recon
stru ctions. 
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