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Flu led lIloraine sll1faces 

In two rece nt i ssue~ of the J OllT1lal VII. L. R a itt a nd K aare Str0 m have both described a pa tterned 
moraine fea ture in front of Omnsbreen in south N o rway. The description g iven by Raitt as well as his 
sketch sugges t tha t there is a wel l-d eveloped , but rather sma ll , " Auted morain e surface" in front o f 
the glacier. T h is phenomenon is quite common- simila r, 0 1' a t leas t appa rently simila r, features have 
been reported fi'om Alaska , M onta na, Patagon ia , I ce la nd. Greenla nd , Sp itsbergen, Sweden, Norway 
a nd Switze rl 2.nd . e .g . seC' references in Hoppe and Sehytt ( 1953). They have occasiona lly been explained 
as erosiona l feature~. occasiona ll y as depos itiona l, a nd though bo th typ es may occur, the presen t writer is 
inclined to beli eve tha t they are a ll deposition a l features- a t leas t as fa r as the ridges are concerned , 
which have a mOl'e or less constan t he igh t over a consider2. bl e dista nce of tens or even hundreds of 
metre~ . 

At Isfa llsg laciaren in the K ebne kajse massif in northcrn Swedish Lap land a series of pa ra llel longi
tudina l ridges (Figs . I and 2) was stud ied in som e deta il in 1949 a nd 1952, and a n expl a na tion was 
sugges ted by Hoppc and Sch ytt ( 1953, p . 1 14- 15) ; this is a lso to be founcl in the paper by Schytt (1959, 
p . 223- 24). from which the following is a quota tion: 

"All obsc rva tions indicate th a t Auted moraine is a n aCCl/11Iulation phenomenon but n ot rela ted to 

Fig. I. Fluted moraine sUI/ace inJrant oJ IsJallsglaciiiren, Kebnekajse . Swedish I.ap/and 
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running water. The r idges are more probably caused by a continuom supply of more or less fluid 
ground moraine which is pressed up in cavities formed behind (on leeward sid e of) boulders fixed 
solidly in t he substratum. It has been observed that the ridges keep an astonish ing ly constant heigh t 
even far out from the front (i. e. as soon as a ll the ice has thawed out), and this indicates tha t the cavity 
filling can hardly stay in fluid sta te after it h as been pressed up. If it did , the ice pressure would soon 
lower the roof over the ridge, and we would get a mora in e-tail behind the boulder- not a severa l 
hundred m etres long ridge, which can even go up-hill. It is thus believed that the fluid moraine, which 

Fig. 2. Several ridges can be traced over a distance oJ about 300 111. Some reach. ujJ 10 the crest qf Ihe J 5 m. high end moraine: 
some can be seen to continue 2 0 -30111 . 011 Ihe dis tal side oJ the cresl. T his end moraine was /Jart(v overridden by Ihe glacier in 
19 10 

is orig inally at pressure m elting poin t, is frozen to the basal ice because of the re lease of pressure w hen 
it is pressed up in the cavity. I t is then carried along with the ice, a nd fresh d ebris, from the sides a nd 
coming down with the movin g ice, is continuousl y pressed up in the lee of the boulder and add ed to the 
previously frozen cavity fi lling. In this way the ridge, being built up from behind, is carried forwa rd 
as a p a rt of the moving g lac ier until it reaches the zone whe re the low w in ter temperatures extend 
through th e ice into the ground moraine . There, the ridge freezes to the wbstratum a nd can no longer 
move with the ice, which from now on must slide over the ridge. Since there is now a solidl y frozen 
moraine r idge between the initiating bould e r' and the outer 's tranded ' end , no more cavity can form 
b ehind the boulder, and the formation of the ridge has com e to an end." 

" Such a n explanation accounts for the paralle lism to th e direct ion of movem ent as well as for the 
consta n t height and considera ble leng th of individua l ridges." 

It can be added that several ridges sta rt from boulders, wh.ich are then solidly fixed ill the substratum . 
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A preferred pe bble orienta tion para llel to th e ice movem ent has been observed in four ridges studied 
o u tside Isfa llsglaciii ren. 

On the leeward sid e of certain bou lde rs one can a Im see the "crag-a nd -ta il " phenomenon me ntion ed 
by K aa re Stmm. T he tai l is then shorter ; it is h ighes t at the bou lder and tape rs out graduall y. 

In the winter and th e spring of 1962 a 60 m . long tunnel was dug a long the bottom ofTsfallsglac iiire n. 
The parallel ridges continued throughout the whole length of the tunnel. 

During the fi eld work no observat ions were made which contrad icted the explanation g iven above
severa l observations, however, seemed to ~upport it (F ig. 3) . About 1,500 kg . of ice and t ill samples 
were brought back to Stockholm and are now being studied in a cold laboratory. 

Geogrcifiska lnstitutionen , 
D mttlZinggatan I 20, 

Stockholm VA , S weden 
23 lvfarch I963 

V A LTER S CHYTT 

F ig . 3. Several fluled moraine ridges were observed in Ihe whole lenglh oj the tunnel. T wo of Ihem terminated, or rallter slarled. 
in the tUllnel and in both cases th~v slarled on the leeward side of a well-/lolished boulder. Their cross-sections conformed 10 
I hose Cif I he boulders 
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