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CLASTS WITH STOSS-LEE FORM IN LODGEMENT TILLS:
A DISCUSSION
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ApstracT, Clasts modified by glacial erosion are described from lodge-
ment tills in front of the glacier Myrdalsjokull, south Iceland. Many clasts
show modification of their lower surfaces in the same way as their upper
ones. However, the lower surfaces have a smoothed down-glacier face and
a truncated up-glacier face, which is the opposite orientation to that of the
upper surfaces. This so-called double stoss-lee form is interpreted as a
response to basal transport over abrading materials, following deposition of
the clast and succeeded by glacial erosion. It is suggested that clasts with a
double stoss-lee form are a diagnostic criterion for subglacial deposition by
lodgement. Furthermore, the distribution and orientation of clasts with a
stoss-lee form was investigated on a ground-moraine surface, 17.3%; of 2199
clasts with an a-axis diameter > 30 cm had a stoss-lee form. The proportion
of clasts with their smoothed ends facing up-glacier within +22.5° of the
ice-flow direction was 72.79%,. Thus, the preferred stoss-side orientation is
closely related to the ice movement and indicates the direction from which
the ice came. Only 11.79, of boulders with a divergent stoss-side orientation
are located in connection with annual moraines. It is suggested that such
boulders have mainly been re-deposited beneath the ice and not at the ice
front by minor advances of the glacier.

Rissumic,  Des blocs avec des formes de roches moulonnées dans les dépils gla-
ciatres: une discussion. Des blocs fagonnés par érosion glaciaire sont décrits
a partir de dépots sur le front du glacier Myrdalsjokull, Islande du Sud. De
nombreux blocs montrent des modifications de leur base aussi bien que de
leur sommet. Cependant la base présente une face polie vers l'aval du
glacier et une face tronquée vers I'amont, ce qui est le contraire de la surface
superieure. Cette double forme de roche moutonnée est interprétée comme
une réponse au transport a la base sur des matériaux abrasifs, suivant le
dépit de blocs et la reprise par érosion glaciaire. On propose que ces blocs
adouble forme de roches moutonnées constituent un critére pour le diagnos-
tic d’un dépdt sous-glaciaire en place. D'autre part, la répartition et
I'orientation des blocs avec des formes moutonnées ont été recherchées a la

INTRODUCTION

Many clasts embedded in ground moraine in front
of present-day glaciers occur in a characteristic
position with a smoothed, often bullet-nosed, up-
glacier termination and an abruptly truncated down-
glacier termination (Fig., 1), It is suggested that
this stoss-lee form is due to subglacial erosion
after lodgement of the boulder, and the smoothed
stoss-side orientation indicates the direction from
which the ice came (Okko, 1955; Boulton, 1978;
Kriiger, 1979). Recently, Sharp (1982) demonstrated
how size and 1ithology of clasts may influence the
extent to which the above erosional modification
occurs, However, Sharp (1982, p. 478) pointed out
that in his study area (the forefield of the glacier
Skalafellsjokull, south-east Iceland) the lower sur-
faces of boulders had not been smoothed and stream-
lined in the same way as their upper surfaces. Further-
more, he mentioned (p. 480) that clasts with a stoss-
lee form, but with a divergent orientation relative
to the ice-flow direction, had probably been re-
deposited by minor advances of the ice front respons-
ible for constructing small push moraines.

This note directs attention to (1) modification
of the lower surfaces of clasts in the same way as
their upper surfaces, and (2) discusses the orienta-
tion of clasts with a stoss-lee form.

The study site is the ground moraine in front of
the northern margin of the glacier Myrdalsjokull,
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surface d’une moraine. 17,3%, des 2199 blocs d’axe principal d'une long-
ueur >30cm présentent une forme de roche moutonnée. La proportion des
blocs présentant leur face lisse vers 'amont du glacier, a + 22,5° de
I'écoulement de la glace, s'élevait a 72,7%,. Ainsi 'orientation préférentielle
du moutonnage est fortement correlée au mouvement de la glace et indique
d’on vient le glacier. Seulement 11,79, des roches moutonnées s’écartant de
cette orientation sont situés en rapport aux moraines annuelles. On suggére
que de telles roches ont principalement été redéposées sous la glace et non
au front a la suite d’avances secondaires du glacier.

ZUSAMMENFASSUNG. Blockschutt mit Stoss- und Lee-Formen in Grundmordinen-
ablagerungen: eine Diskussion. Aus Grundmoranenablagerungen vor der Front
des Myrdalsjokull in Sudisland wird Blockschutt beschrieben, der durch
glaziale Erosion bearbeitet wurde. Viele Blécke zeigen an ihrer Unter- und
Oberseite gleiche Bearbeitungsspuren. Jedoch besitzen die Unterseiten
gletscherabwarts ein  geglattetes, gletscheraufwirts dagegen ein ver-
stimmeltes Aussehen, wahrend die Oberseiten entgegengesetzt orientiert
sind. Diese sog. doppelte Stoss- und Lee-Form lisst sich als Auswirkung
eines Transports iiber abschlaffendes Material am Untergrund deuten,
welcher der Ablagerung des Blockes mit anschliessender Bearbeitung durch
glaziale Erosion folgte. Blockschutt mit doppelter Stoss- und Lee-Form
sollte als diagnostisches Anzeichen fiir eine subglaziale Ablagerung durch
Anhiufung betrachtet werden, Weiterhin wurde die Verteilung und Orien-
tierung von Blockschutt mit Stoss- und Lee-Form auf der Oberflache einer
Grundmoriine untersucht. 17,3%, wvon 2199 Blocken mit einer a-
Achsenlinge > 30cm hatten eine Stoss- und Lee-Form. Der Anteil von
Blécken mit gegliitteten Enden gletscheraufwirts innerhalb von 422,57 der
Fliessrichtung war 72,7%,. Die bevorzugte Orientierung der Stoss-Seite ist
also eng mit der Eisbewegung verbunden und zeigt die Richting an, aus der
das Eis kam. Nur 11,7%, der Blocke mit einer divergenten Orientierung der
Stoss-Seite liegen im Verbund mit Jahresmorinen. Es wird angenommen,
dass solche Blocke hauptsichlich unter dem Eis und nicht an der Eisfront
durch kleinere Vorstosse des Gletschers abgelagert wurden.

Fig. 1. Claste with a stoss-lee form embedded in grownd
moraine in front of Migrdalsjiokull, Ieeland.
Glacier flow is from left to right. (Photograph 1982.)
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south Iceland (Tat. 63°47'N., long. 18°55'W.),
which has been deglaciated within the last 40 years.

CLASTS WITH A DOUBLE STOSS-LEE FORM

The survey at Myrdalsjokull reveals that many
clasts with a stoss-lee form also show 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 ones;
the Tower 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

Fig. 2. Formation of double stoss-lee forms by sub-
glacial lodgement. Glacier flow is from right to
left. Vi and V, are the velocity of basal ice and
clast in basal transport, respectively.

A. Clast in traction over a bed of already deposit-
ed till. B. Modification of the lower swurfaces by
movement of the clast over the abrading till bed.
C. Progressive lodgement of the clast against de-
formable till, which is ploughed up in front of the
moving clast. D. The elast has become firmly
lodged. E. Modification of the upper swfaces by
erosion by overriding debris-laden ice. F. The

end product: a clast with double stoss-lee form
buried by further lodgement of debris.

basal transport is abraded and streamlined, while
the Tower 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
Todges 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-glacier but in the central part of the map the
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Fig. 3. Geomorphological map of part of the grownd
moraine in front of Mirdalsjokull, Ieeland.
Contowr interval 0.5 m.

1. Fluted moraines; 2. Annwal moraines; 3. Erosion
scarps; 4. Shallow depression with glacio-flwial
and downwash deposits; 5. Clasts (>0.3 m) with a
stoss-lee form. Lee side to the right; 6. Clasts
(>0.3 m) without a stoss-lee form.

Ice flow is from the south-south-west. Correction
for the magnetic variation (229E.).

contours show a smoothed ridge transverse to the ice-
flow direction, This ridge, which has a fluted and
drumlinized surface and a core of dislocated drift,

is interpreted as an overridden ice-marginal moraine
(Kriiger and Humlum, 1981). The ridge is interrupted
where a former melt-water stream flowed through it.
Furthermore, a series of annual moraine ridges, which
trend parallel to the former Tocations of the ice 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 diameter
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 relative to
the ice-flow direction was indicated 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 to the glacier-flow direction.
They probably resulted from subglacial lodgement of
clasts against already lodged clasts (Boulton,
[€1975]; 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 scraping pro-glacial material together at
the glacier margin (Kriiger and Humlum, 1981; paper by
J. Kriiger in preparation).

As much as 17.3% of the mapped boulders had a
stoss-lee form. The proportion of clasts with their
smoothed and streamlined ends facing up-glacier 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-side orientations are located in connection
with annual moraines.

CONCLUSIONS

It is suggested that the presence of clasts with
a double stoss-lee form is a diagnostic criterion for
subglacial deposition by Todgement. Furthermore, it is
concluded that the preferred stoss-side orientation of
clasts with the development of a stoss-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 glacier.

Kriger: Short notes
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