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CLASTS WITH STOSS-LEE FORM IN LODGEMENT TILLS: 
A DISCUSSION 
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ABSTR ACT. ClaSlS modifi ed by glacial erosion a rc d escribed rrom lodge
ment tills in front of the glacier M yrd alsjokull , south Icel and . Many clas ts 
show modifica tion of their lower surfaces in the sa me way as their upper 
ones. Ho wever, the lower surfaces have a smoothed do wn-glacier face and 
a trun ca ted up-glacier face, whi ch is the opposite orientation to that of the 
upper surfaces. This so-called d ouble sLOss-Iee form is interpre ted as a 
response to basal transport over a brading ma teri als, fo llowing deposition of 
the clast a nd succeeded by glacia l erosion. It is sugges ted tha t clasts with a 
double stoss-Iee rorm are a di agnostic criterion for subglacial deposition by 
lodgement. FUrlhermore, the distribution and orienta tion of clasts with a 
stoss-Iee form was investiga ted on a ground-mora ine surface . 17.3 % of2199 
clas ts with a n a-axis dia meter > 30 cm had a stoss-Iee form . The proportion 
of clasts with their smoo th ed ends facing up-glacier within ± 22.5° of the 
ice-flow direction was 72.7 % . Thus, the preferred stoss-side orientation is 
closely related to the ice mo vement and indica tes the direc tion from which 
the ice came. Only 11 .7% of boulders with a divergent stoss-side orienta tion 
are located in connection with annual moraines. It is sugges ted that such 
bould ers have mainly been re-deposited beneath the ice a nd not at the ice 
rront by minor adva nces of the gl acier. 

R ESUME. Des blocs avee des formes d, roches mOlllonnees dans les depots gla
ciaireJ: UTl e discussion. Des blocs fas;onnes par ('erosio n g lacia ire sont decrits 
i pa rtir d e depots sur le front du glacier Myrdalsjokull , Isla nde du Sud. De 
nombreux blocs montrent des modifica tions de leur base aussi bien que de 
Jeur sommel. Cepend anl Ja base prcsente lllle fa ce polie vers I'aval du 
glacier e t une face tronqu ee ve rs l'amon1, ce qui eS1le cont raire de la surface 
supe ri eure . Cette double form e de roche moutonnee es t interpretee comme 
une rcpo nse au transport it la base sur des ma teriaux abrasifs, suivant le 
depot d e blocs et la reprise pa r I'erosion glaciaire. On propose que ces blocs 
it do uble fo rme de roches mo ut onnces constituent un crit ere pour le diagnos
tic d 'un depot sous-glacia ire en place. O'autre pan , la repartition et 
I'orienta tion des blocs avec des formes moutonnccs an t Cte recherchees it la 

I NTRODUCTI ON 

Ma ny clasts embedded i n ground mora ine in f ront 
of present -day gl ac i ers occu r in a character i stic 
position with a smoothed , often bullet-nosed , up 
glacier te rmination and an abrupt l y truncated down
glacier termination (Fig . 1) . It is suggested that 
this stoss - l ee form is due to subglacial erosion 
after lodgement of t he boulder, and the smoothed 
stoss - side orientation ind i cates the direction from 
wh i ch the i ce came (Okko , 1955; Boulton , 1978; 
Kruge r , 1979). Recently , Sharp (1982) demonstrated 
how size and lithology of cla sts may inf l uence the 
extent to which the above erosional mod i fication 
occurs. However , Sha r p (1982, p. 478 ) pointed out 
that in hi s study area (the fo ref i eld of the gl acier 
Ska l afe l l sjokull, sout h- east Ice l and) the l ower su r
faces of boulders had not been smoot hed and stream
lined i n the same way as t hei r upper su rfaces . Further
more , he ment i oned (p . 480) that cl asts wi th a stoss 
l ee form, but with a divergent or i entation relat i ve 
to the ice- flow direction , had probably been re
depos i ted by minor adva nces of the i ce f ront respons 
i bl e for constructing sma l l pus h moraines . 

Th i s note directs attention to (1) modification 
of the lower surfaces of clasts in t he same way as 
thei r upper surfaces , and (2) di scusses the or i enta
tion of clasts wit h a stoss- lee form . 

The study site is the ground moraine in front of 
t he no r t hern margi n of the gl acier My rda l sjokull , 

surrace d 'une mo ra ine. 17,3% des 2 199 blocs d 'axe principa l d ' une long
ueur > 30 cm presentcnt une fo rme de roche mo utonnee. La pro po rtion des 
blocs presenta nt leur face lisse vers I' amont du glacier, it ± 22,5° de 
I'ecoulement de la g lace, s'Clevait it 72,70/0' Ainsi I'orientation preferentielle 
du moutonnage est fo rtement correlee a u mo uvement de la glace e t indique 
d'ou vient le g lacie r. Seulement Il , 70/0 des roches moutonnees s'ecartant de 
cette orientatio n sont situes en rapport a ux mo rai nes annuelles. On suggere 
que de telles roc hes a nt principalement e te redeposees sous la glace et non 
au front it la suite d 'ava nces secondaircs du glacier. 

Z USAMMENFA SSUNG. Blockschutt mit Stoss- und Lee-Formen in Grundmoriinen
ablagerungen : eine Diskussion. Aus Grundmoriinena blagerungen vor der Front 
des Myrdalsjokull in Sudisland wird Blockschull beschrieben, der durch 
glaziale Erosion bearbeitet wurde. Viele Blocke zeigen an ihrer Unter- und 
Oberseite gleiche Bearbeitungsspuren . J edoch besitzen die U nterseiten 
gletscherabwii rts ein geglalletes, gletsch era ufwarts dagegen ein ver
stummeltes Aussehen, wahrend die Oberseiten entgegengesetzt o rienliert 
sind . Diese sog. d oppeh e SLOSS- und Lee-Form lasst sich als Auswirkung 
eines Transports uber abschlaffendes M a teria l am Untergrund d euten, 
weleher der Ablage rung des Blockes mil ansch liessender Bearbeilung durch 
glaziale Erosion folg te. Blockschull mil d oppelter Stoss- und Lee-Form 
sollte als diagnos tisches Anzeichen fur eine subglaz iale Ablagerung durch 
Anhaufung betrac htet werden. Weiterhin wurde die Verteilung und Orien
ti erung van Blockschull mit SLOSS- und Lee-Form aufder Oberfl iic he einer 
Grundmorane untersuchl. 17,3% von 2199 Blocken mit einer a
AchsenHinge > 30 cm hallen eine Stoss- und Lee-Form. Der Anteil von 
Blockcn mit gegliilleten Enden gletscheraufwiirts innerhalb van ± 22,5° der 
Fliessrichtung wa r 72 ,7% . Die bevorzugte Orientierung der Stoss-Seite ist 
also eng mit der Eisbewegung verbunden und zeigt die Richting an , aus der 
d as Eis kam. Nur 11 ,7% der Blocke mit einer divergenten Orientierung der 
Stoss-Seit e liege n im Verbund mit J ahresmoriinen. Es wird a ngenommen, 
d ass solehe Blocke ha uptsachlich unter d em Eis und nicht a n d er Eisfronl 
durch klcinere Yorstosse des Gletschers a bgelagert wurden. 

Fig . 1. CLasts with a stoss- Lee form embedded in gr ound 
moraine i n [ r ont of MyrdaLsjok uH , IceLand . 
GLacier [Low i s from Lef t to r i ght . (Photogr aPh 1982 . ) 
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south Iceland (lat. 63°47'N., long. 18°55'W .), [[] 
which has been deglaciated within the last 40 years . 

CLASTS WITH A DOUBLE STO SS-LEE FORM 

The survey at Myrdal sjokull reveals that many 
clasts with a stoss-lee form also s how a significant 
modification of their lower surfaces (henceforth 
termed a "double stoss-lee form"). It should be noted 
that the orientation of the stoss-lee form on the 
lower surfaces is opposite to that of the upper one s ; 
the lower surfaces have a smoothed down-glacier face 
and a truncated up-glacier face. 

A generalized picture of the formation of the 
double stoss-lee form is suggested in Figure 2. The 
lower down-glacier face of a clast which moves over 
abrading, already deposited till materials during 

Fi g . 2. Format ion of doubLe stoss - Lee forms by sub
gLaciaL Lodgement . CLaci er fLo w is from r ight to 
Left . V i and V p are the verocity of basaL ice and 
cLast in basaL transport , r espectiveLy . 
A. CLast in traction over a bed of aLready deposit 
ed tiLL B. Mod i j'ication oj' the Lower s urj'aces by 
movement oj' the cLast over the abrading tiLL bed . 
C. Progr es sive Lodgement oj' the cLast against de 
j'ormabLe tiU , which is pLoughed up in j'r ont oj' the 
moving cLas t . D. The cLas t has become j'irmLy 
Lodged . E. Modij'i cation oj' the upper s urj'aces by 
er osion by overriding debr is- Laden ice . F. The 
end ppoduct : a ctast with doubLe stoss- Lee j'orm 
b uried by j' urther Lodgement oj' debris . 

basal transport is abraded and streamlined, while 
the lower up-glacier face is unaffected by erosion 
or is shaped by fracture. After deposition of the 
clast by ploughing into the till bed, but before the 
clast becomes buried by lodgement of debris, the 
abrading debris-laden glacier sole passes over its 
upper surface. By this means the upper up- glacier 
face is smoothed and streamlined, while the upper 
down-glacier face becomes truncated. Thus, the double 
stoss-lee form is interpreted as a response to basal 
transport over abrading materials, following deposi
tion of the clast and succeeded by modification by 
glacial erosion. 

It is suggested that the double stoss -lee form is 
a diagnostic criterion for subglacial transport at 
the ice-bed interface and deposition by lodgement, 
whether it forms part of a current process of till 
accumulation, or whether a re-glaciation moves sur
face boulders over the underlying sediments and then 
lodges them. 

ORIENTATION OF CLASTS WITH A STOSS -LEE FORM 

The spatial arrangement of clasts with a stoss
lee form was investigated within the area of ground 
moraine shown in Figure 3. It is located 400-700 m in 
front of the present ice margin and air photographs 
indicate that this area was deglaciated within the 
period 1945-60. Generally, the ground moraine slopes 
down-gl aci er but in the central pa rt of the map the 

242 

bd 
2 

4 

D 
5 

D 
6 

Om 

SOm 

;-...,. .. 

mm 

Fig. 3 . Geomor p'lOLogicaL map oj' [Xlrt oj' the ground 
moraine in f"r ont oj' Myr daLsjokuU , IceLand . 
Contour intervaL 0. 5 m. 
1. Ft uted moraines ; 2 . Ann uaL moraines ; 3 . Erosion 
scarps ; 4 . ShaLLow depression with gLaciO,- j'luviaL 
and downwash deposits ; 5 . CLasts (>0 . 3 m) with a 
stoss- Lee j'orm. Lee side to the right ; 6 . CLasts 
(>0 . 3 m) without a stoss - Lee j'orm . 
Ice f"Low is from the so uth - south-west . Cor rection 
j'or the magnetic var iat i on (22°E . ) . 

contours show a smoothed ri dge transverse to the ice
flow direction. This ridge, whi ch has a fluted and 
drumlinized surface and a core of dislocated drift, 
is interpreted as an ove rridden ice-marginal moraine 
(Kriiger and Humlum, 1981). The ridge is interrupted 
where a former melt-water stream flowed throu gh it. 
Furthermore, a se ries of annual moraine ridges, which 
trend parallel t o the former locations of the i ce mar
gin, indicate that the ground moraine was exposed by 
frontal retreat of the glacier . The many flutes occur
ring within the selected area are evidence of an ice
flow direction approximately south-south-west to 
north-north-east. 

Embedded boulders larger than 0. 3 m in dia meter 
were selected and mapped . The presence or absence of 
a stoss-lee form was recorded for each clast and, if 
it had a stoss-lee form, its orientation relativ e to 
the ice-flow direction was indi cated on the map . In 
this manner a total of 2199 boulders was mapped. 

The spatial distribution of boulders as shown in 
Figure 3 demonstrates that they occur sparsely on the 
ground-moraine surface . In several instances, lines 
of boulders frequently composed of two to four bould
ers trend parallel t o the glacier-flow direction . 
They probably re sulted from subglacial lodgement of 
cla sts against already lodged clasts (Boulton, 
[q975]; Kriiger, 1979) . It can be seen that boulders 
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are not concentrated particularly along the annual 
moraines. A possible explanation is that these small 
ridges have been formed by glacier-induced folding of 
subglacially deposited till along the glacier front 
and not by scrapi ng pro-glacial material together at 
the glacier margin (KrLiger and Humlum, 1981; paper by 
J. KrLiger in preparation) . 

As much as 17.3% of the mapped boulders had a 
stoss-lee form. The proportion of clasts with their 
smoothed and streaml ined ends facing up-glac i er within 
±22.5 ° of the ice-flow direction is 72 . 7%, showing 
that they can be used as indicators of ice-flow direc
tion. Only 1.9% had their stoss-sides facing down
glacier . The stoss-side orientations of 94 of the 370 
stoss-lee-shaped boulders were highly variable and 
diverged from the ice-flow direction . However, the 
idea that such boulders had been re-deposited by minor 
advances of the ice front responsible for construct 
ing small push moraines does not find support in the 
present study; only 11.7% of the boulders with diverg
ent stoss-s i de orientations are located in connection 
with annual moraines . 

CONCLUSION S 

It is suggested that the presence of clasts with 
a double stoss-lee form is a diagnostic criterion for 
subglacial deposition by lodgement . Furthermore, it is 
concluded that the preferred stoss-side orientation of 
clasts with the development of a stos s-lee form on 
their upper surfaces indicates the direction from 
which the ice came. Stoss-lee-shaped clasts with a 
highly variable and divergent orientation relative to 
the ice-flow direction have mainly been re-deposited 
beneath the ice and not at the ice front by minor 
advances of the glac i er . 

Kr iiger: Short notes 
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