Journal of Glaeiology, Vol. 30, No. 104, 1984,

MORPHOLOGY, STRATIGRAPHY, AND GENESIS OF SMALL DRUMLINS IN
FRONT OF THE GLACIER MYRDALSJOKULL, SOUTH ICELAND

By Touan~es Kriiger and HENRIK Hojmark THOMSEN*
.,

(Department of Geamorphology, Geographical Institute, University of Copenhagen,
Haraldsgade 68, DK-2100 Copenhagen @, Denmark)

AsstracT. Investigations have been made of the geomorphology. inter-
nal structure, and till fabric of small drumlins in a drumlin field exposed in
front of the retreating northern part of Myrdalsjokull, Iceland. The drum-
lins either comprise irregular drumlin complexes or they show clearly the
shape of typical drumlins with their highest points at the up-glacier ends of
streamlined hills.

The core of each drumlin consists either of undisturbed glacio-fluvial
deposits or glacio-dynamically deformed drift. The distribution of the first
type often has a characteristic en échelon arrangement, similar to the inter-
stream areas in the upper reaches of outwash fans. The second type forms
a pattern with a predominant trend conforming to the glacier margin; this
type is superimposed on overridden ice-margin push-moraine ridges. Itis
shown that the material in the drumlin cores is only slightly eroded by the
glacier that formed the drumlins. The core is mantled by subglacial lodge-
ment till about 0.1-1.5 m in thickness.

Seventeen fabric analyses of 25 clasts each were performed on marerial
from within the till mantle. These analyses show a preferred long-axis
orientation but indicate a considerable between-site variability ranging up
to 45° even between samples taken a few metres apart. The preferred clast
orientation for samples taken along the drumlin crests only deviates ( 10°
from the regional ice-How direction indicated by fluted moraines, whereas
the deviation for samples from the flanks and the stoss-sides is up to 35
However, the fabrics show a characteristic pattern relative to the shape of
the drumlin; on their tops, the clast fabric parallels the ice-Mlow direction,
whereas it tends to follow the contour direction on the flanks and stoss-sides.

It is concluded that the cores of the drumlins consist of pre-existing
deposits, whereas the mantles are composed of subglacial till. Regarding the
processes involved, the material contained in the core is mainly eroded by
pro-glacial melt-water streams and not by ice. During the subsequent flow
of ice across the area, the most prominent terrain elements have acted as
subglacial obstacles, leading to localized il deposition and drumlin for-
mation. Thus, the drumlins were formed mainly by subglacial deposition of
till but the obstacles acted as an essential factor favouring their initiation.

Risumic, Morphologie, stratigraphie et origine de petits drumlins devant le front du
glaciaire Myrdalsjikull, Islande du Sud. On a poursuivi des recherches sur la
géomorphologie, la structure interne et 'origine des dépots de petits drum-
lins dans une zone faisant face a la partie nord, en recul, du Myrdalsjokull,
Islande. Les drumlins ou bien constituent des complexes irréguliers de
drumlins, ou bien montrent clairement la forme de drumlins typiques,
collines allongées dans le sens de 'écoulement avee des points hauts du coté
regardant amont du glacier.

Le coeur de chaque driimlin consiste soit en des dépots glaciofluviaux soit
en amoncellements déformés par la dynamique glaciaire, La distribution du
premier type a souvent un caractére “‘en échelon’ semblable aux interfluves
dans les zones supéricures d’éventails de drainage hydrologique. Le second
type est distribué avec une tendance prédominante a se conformer au tracé
du front glaciaire; ce type est surimposé aux rides de moraines de poussée
qui surmontent le front glaciaire. On montre que le matériel trouvé dans le
coeur des drumlins est seulement faiblement érodé par le glacier qui a
constitué les drumlins. Le coeur est enveloppé dans moraine de cavités
sous-glaciaires sur environ 0,1 & 1.5 m en épaisseur,

17 analyses cristallographiques de 25 échantillons chacunes ont é1é con-
duites sur du matériel provenant du manteau morainique. Ces analyses
montrent une orientation préféerentielle des grands-axes mais indiquée une
variabilité considérable entre les sites allant jusqu'a 45° méme entre des
échantillons prélevés a quelques métres les uns des autres. Les orientations
préférentielles dans les échantillons prélevés le long de la eréte des drumlins

INTRODUCTION

During the past three decades there have been im-
portant advances in the study of drumlin formation in
areas of Pleistocene glaciation in North America and
Europe. A variety of streamlined features of different
size, elongation, and internal structure are covered

*Present address: Geological Survey of Greenland, Qster Voldgade 10, DK-1350
Copenhagen K, Denmark.
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different seulement de 0% & 10° de la direction locale de I'écoulement
glaciaire indiquée par les moraines flutées. alors que les déviations notées
pour les exemplaires issus des flancs et de la base va jusqu'a 357, Cependent
la eristallographie montre un comportement particulier selon la forme du
drumlin; sur leur sommet les orientations sont paralléles a la direction de
’écoulement de la glace, tandis qu'elles tendent a suivre les lignes de niveau
sur les flancs et la base.

On conclul que le coeur des drumlins est formé de dépots préexistants
tandis que leur manteau est composé de dépots sous-glaciaires. A I'égard du
processus invoqué le matériel contenu dans le coeur est érodé surtout par
les eaux de fonte proglaciaire mais non par la glace. Durant les écoulements
ultérieurs de glace dans la zone des drumlins les principaux éléments du
relief de terrain ont agi comme des obstacles sous-glaciaires, conduisant a
localiser le dépdt de matériel morainique et la formation de drumlin. Donc
les drumlins se sont formés surtout par dépot sous-glaciaires de matériel
morainique mais les obstacles jouent un role essentiel pour favoriser leur
geneése,

ZusammENFAsSUNG. Morphologie, Stratigraphie und Genese kleiner Drumling
vor dem Gletscher  Myirdalsjokull, Sid-Island. Tn einem Drumlinfeld vor
dem zuriickgehenden Nordteil des Myrdalsjokull aul Island wurden
Untersuchungen der Geomorphologie, der inneren Suuktur und des
Geschichegefiiges  kleiner Drumlins angestellt. Die Drumlins  bilden
entweder unregelmissige Drumlinverbiinde ader sie zeigen klar die Form
typischer Drumlins mit dem hochsten Punkt auf den gletscherzugewandten
Enden von stromlinienformigen Hiigeln.

Der Kern jedes Drumling besteht  entweder aus ungestorten
fluvioglazialen Ablagerungen oder aus gletscherdynamisch verformtem
Geschiche. Die Verteilung des ersten Typs hat oft die charakieristische
Staffel-Anordnung, dhnlich den Zwischenstromgebieten in den oberen Ber-
eichen der Sanderflichen. Der zweite Typ formt sich zu Mustern mit einer
vorherrschenden Richtung in Ubereinstimmung mit dem Gletscherrand;
dieser Typ ist auf iberfahrene Stauchmorinen am Gletscherrand auf-
gesetzt, Es wird gezeigt, dass das Material in den Drumlinkernen nur leicht
von dem Gletscher, der die Drumlins geformt hat, erodiert ist. Der Kern ist
von subglazialen Geschiebes mit 0,1-1,5 m Dicke unmantelt.

17 Gefiigeanalysen von jeweils 25 Proben wurden am Material aus dem
Geschiebemantel durchgefiihrt; sie zeigen eine bevorzugte Orientierung der
langen Achsen, weisen jedoch eine betrichtliche Variationsbreite zwischen
den verschiedenen Probestellen auf, die bis zu 45° zwischen Proben, die in
wenigen Metern Entfernung voneinander entnommen wurden, reicht. Die
bevorzugte Richtung fiir Proben aus den Scheiteln der Drumlins weicht um
0-10° von der regionalen Richtung des Eisflusses, zu erkennen aus gericlten
Morinen, ab, wihrend die Abweichung fiir Proben aus den Flanken und
den Stossfronten bis zu 35° betrigt. Doch zeigt das Geflige ein char-
akteristisches Muster in Bezug zur Drumlinform. Auf den Scheiteln liuft
das Gefiige parallel zur Fliessrichtung des Eises, wihrend es an den Flanken
und Stossfronten der Richtung der Konturlinien zu folgen sucht.

Es wird geschlossen, dass dic Kerne der Drumlins aus vorgefundenen
Ablagerungen bestehen, walirend die Miintel aus Grundmoréne gebildet
sind. Was die beteiligten Prozesse betrifft, so wurde das Kernmaterial vor
allem durch Schmelzwasserstrome im Gletschervorfeld und nicht durch das
Eis crodiert. Wiihrend der anschliessenen Uberstromung des Gebietes
durch das Eis wirkten die am meisten hervortretenden Gelindeelemente
als subglaziale Hindernisse, die zur lokalen Ablagerung von Geschiebe und
zur Drumlinbildung fihrten. So entstanden die Drumlins vor allem
durch subglaziale Geschicheablagerung, doch spielten die Hindernisse eine
wesentliche Rolle zur Auslosung des Bildungsprozesses.

by the term “drumlin" (Flint, [©1971]; Hill, 1971;
Gliickert, 1973; Gravenor, 1974; Rose and Letzer, 1977;
Menzies, 1979[b]; Whittecar and Mickelson, 1979;

De Jong and others, 1982); but also reports on the
spatial distribution of drumlins differ (Reed and
others, 1962; Heidenreich, 1964; Vernon, 1966;

Smalley and Unwin, 1968; Trenhaile, 1971; Hill,

1973; Rose and Letzer, 1977; Menzies, 1979[b]). Their
great variety points to variations in the theory of
drumlin formation and numerous conflicting hypotheses
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Fig. 1. Map showing the Myrdalsjokull ice eap and the
Location of the study area in front of the novtherly
extension of the ice eap known as Slettjokull. In the
study area the magnetic variation was measured as
22°F in 1879. In the following, the directional in-
dications have been corrected for the magnetic vari-
ation.

have been put forward. In the literature, three main
theories have been suggested for drumlin formation:

by glacial erosion of pre-existing deposits or knobs

of bedrock, by basal deposition of drift from flowing
ice, or by a combination of erosional and deposition-
al processes (Kupsch, 1955; Jewtuchowicz, 1956;
Charlesworth, 1957; Smalley and Unwin, 1968;
Baranowski, 1969; Hi1l, 1971; Shaw and Freschauf, 1973;
Aari?, 1977; Menzies, 1979[b]; De Jong and others,
1982).

There have been few attempts to apply the many
theories of drumlin formation in Pleistocene areas
to comparative investigations of form - process re-
lationships in areas of recent glaciation (e.g.
Boulton, 1979). However, Menzies (1979[b]) suggested
that, if the drumlins left by the Pleistocene ice
sheets were to have their mode of formation under-
stood, the most likely source of new information would
be that obtained by interpreting present-day sub-
glacial conditions.

In the following, the distribution, morphology,
and stratigraphy of small drumlins from the north-
eastern forefield of Myrdalsjokull, south Iceland,
are described and their genesis discussed (Fig. 1).

Kruger & Thomsen: Small drumlins in south Iceland

LOCATION OF STUDY AREA

Myrdalsjokull is a small, temperate ice cap
situated about 150 km east-south-east of Reykjavik.
The ice cap, which covers the volcanic Katla massif,
has a surface area of 596 km?2 (Bjdrnsson, [1980]).

The northern part of Myrdalsjokull, known as
Sléttjokull (Rist, 1967), has a continuous glacier
terminus almost 21 km in length. The pro-glacial area
has a gentle relief about 600 m a.s.1. and consists

of unlithified sediments of mainly glacial and glacio-
fluvial origin.

GEOMORPHOLOGY AND STRATIGRAPHY OF THE GLACIER FORE-
FIELD

The large-scale geomorphology of the glacier fore-
field is given in Figure 2, The forefield is bounded
by an ice-marginal push moraine which extends 1200-
1500 m beyond the present-day glacier front, separa-
ting extensive areas of fluted or slightly drumlinized
ground moraine from the outwash plain, known as
Maelifell sandur. The marginal moraine was probably
formed during a glacier advance at the end of the
nineteenth century when many of the Icelandic glaciers
were of greater extent. In 1906 the north-eastern mar-
gin of Sléttjokull was situated only 50-140 m behind
the most outlying ridges of the marginal moraine
(Sapper, 1909). Since that time the glacier has
apparently retreated continuously and with a sharp
boundary between the flowing ice and the ice-free
glacier forefield (Kriiger and Humlum, 1981). The re-
sult of the frontal glacier retreat is the exposure
of ground moraine which is much diversified by basins
of lacustrine sediments, melt-water channels, and
outwash fans.

The ground moraine is either gently undulating or
almost flat with a relief rarely exceeding 3-4 m. It
is associated with flutes, small drumlins, and annual
moraine ridges formed by small-scale glacier advances
during the winter (paper by J. Kriiger in preparation).
Furthermore, there are large-scale transverse fea-
tures which are gently arcuate and conform with the
marginal moraine system and the present glacier

Fig. 2. Geomorphological outline map of the Slettjokull
forefield, 1. Ice; 2. Marginal moraine ridges;
3. Medial moraine; 4. Fluted ground moraine; 5. Ovep-
ridden push-moraine ridge; 6. Small melt-water chan-
nel in ground moraine; 7. Large melt-water channel ;
&. Erosion scarp; 9. Outwash plain with braided
river channels; 10. Basalt topography. Mapped on the
basis of field observations and air photographs taken
in 1979. The locations of the four selected drumlins
(A4 B, ¢, and D) and the drumlin fields (Fig, 4a
and b) are showm.
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front. They appear as very smoothed ridges, 2-4 m
high and 50-100 m wide, often with a fluted or drum-
linized surface and a core of dislocated drift. These
ridges are interpreted as overridden ice-marginal
moraines. They were formed by an earlier ice advance
and have survived the later ice movement across the
area (Kriiger and Humlum, 1981).

South of Maelifell, a complex system of outwash
fans has formed by migrating braided streams con-
currently with the glacier retreat. Close to the melt-
water exit points, the sandur surface demonstrates
coarse, gravel-dominated facies, representing proxi-
mal outwash sedimentation. Because of the disintegra-
tion of the original outwash fans by erosion of melt
water, a branching network of channels and interven-
ing bars, sharp-cut plateaux and terraces of varying
age characterizes the morphology of the proximal out-
wash sediments. Furthermore, melting of buried ice
has developed a distinct kettle topography on the sur-
faces of some of the plateaux.

A generalized picture of the stratigraphy of the
glacier forefield south-west of Maelifell, showing the
major lithostratigraphic divisions and the locations
of structural deformation, is given in Figure 3.

The lowest division is mainly a cross-bedded and
parallel-bedded medium- to coarse-grained sand facies,
indicating a palaeocurrent direction towards the
north. The thickness of this undisturbed division ex-
ceeds 2-3 m.

At site a, close to the present glacier front,
the sand facies is overlain by lower till which has a
yellow-grey colour. Sorted sediments embedded in the
till consist of sub-horizontal lenses and schlieren
of sand and gravel deposits. The observed maximum
thickness of this till bed is 1 m. On the basis of
its sedimentological and structural components, the
lower ti11 is interpreted as lodgement till. During
the stage of deposition, the ice flow was directed to-
wards the north. The Tower till passes laterally into
a zone of structural deformation, indicating an ice
push from the south (site b situated on the overridden
marginal moraine ridge). Immediately in front of this
zone there is a wedge of coarse gravel facies repre-
senting proximal outwash sedimentation (site c). The
lateral contact of these deposits emphasizes that the
ice-thrust ridge marks a former ice-marginal inter-
face between contemporaneous, pro-glacial sedimenta-

F3+ 32 93 (X34 [0s Ede —7 =8 »9
Fig. 3. Selected glacio-stratigraphic columms represen-
ting a simplified section through the glacier fore-

field south-west of Maelifell. The lithological

units are not draum to seale. 1. Upper till; 2. Lower
till; 3. Clast pavement or layer of sand; 4. Glacio-
dynamic deformation; 5. Coarse gravel facies;

6. Coarse-grained sand facies; 7. Ice-flow direction
indicated by till fabric; 8. Ice-flow direction in-
dieated by clast striae; 8. Direction of glacial
push. Location of the columns: a. In the drumlinized
ground moraine between the overridden marginal mor-
aine ridge and the glacier front; b. On the over-
ridden moraine ridge; e. On the till plain about

900 m behind the furthermost push moraine but im-
mediately in front of the overridden marginal moraine
ridge; d. On the furthermost push-moraine ridge;

e. On the outwash fan about 20 m in front of the
furthermost moraine ridge.
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tion to the north of it and subglacial sedimentation
of the lower till to the south of it.

At sites a, b, and c, the succession is capped
by an upper till which is dark grey and compact. The
thickness of this bed is 0.1-1.5 m. Geomorphological
and sedimentological components indicate an ice move-
ment towards the north-north-east during deposition
of the upper till. At site d, the upper till passes
laterally into a zone of glacio-dynamic deformation,
indicating an ice push from the south-south-west.
This zone coincides with the outermost marginal
moraine ridge, representing the maximum forward posi-
tion of the re-advancing ice cap.

The surface of the upper till (sites a, b, and c),
and occasionally the interface between the lower and
upper tills (site a), is characterized by a coarse
layer of clasts 1-15 cm in size. This layer is inter-
preted as a residual which has escaped subglacial
frictional deposition (Humlum, 1981). At present this
surface layer is being deposited subaerially from the
glacier sole concurrently with retreat of the glacier
front.

Fig. 4. Geomorphology of the drwnlin field in two sel-
ected areas in the forefield of Slettjokull; for
locations see Figure 2. 1. Glacier margin with supra-
glacial melt-water streams; 2. Ground moraine with
basing of glacio-fluvial and lacustrine sediments;
3. Small melt-water channel in ground moraine;

4. Drumlin; 5. Outwash plain with braided river
channels; 6. Large melt-water channel; 7. Erosion
scarp and kettles; §. Overridden marginal moraine
ridge; 9. Lake. The locations of the selected drum-
lins (A, B, and C) are also shown. Mapped on the
basis of field observations and air photographs
taken in 1979.
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Taken together, the lithostratigraphic divisions
of the glacier forefield are interpreted as a response
to a limited glacier advance, a following retreat, and
a more extensive re-advance succeeded by the present
retreat of Sléttjokull.

GEOMORPHOLOGY OF THE DRUMLIN FIELD

The detailed geomorphology of drumlin fields in
two selected areas (see Fig. 2), representing differ-
ent distributions of drumlins, is given in Figure 4.
In both areas, moraine ridges in the shape of small
low-relief drumlins are widely distributed in the
glacier forefield and are furthermore currently emer-
ging from beneath the retreating ice front. The drum-
Tins are 20-80 m Tong, 1-3 m high, and their breadth
averages between 15 m and 40 m. Generally, they show
a strong long-axis orientation in the regional jce-
movement direction and each has its summit in the
proximal part of the hill. Thus, the shape of the
hills with respect to the ice-flow direction fits
well with the description of drumlins in the litera-
ture, but the present drumlins are extremely small.

The westernmost of the selected areas (Fig. 4a)
demonstrates a characteristic en zehelon arrange-
ment of many of the drumlins. Close to the glacier
margin, however, melt water from numerous supraglacial
streams is currently eroding small channels into the
pro-glacial area in a direction predominantly normal
to the ice front (Fig. 5). This process has affected

Fig. 5. View towards the east showing the drumlinized
ground moraine between drumlin ¢ and the ice margin.
The terrain is strongly dissected by numerous melt-
water channels. (Photograph taken im 1979.)

many moraine ridges assumed to be drumlins to such an
extent that it has been impossible to recognize their
ground plan. Therefore, the map given in Figure 4a
only shows the best-preserved drumlins.

In the easternmost of the selected areas (Fig.
4b), many of the present drumlins are arranged side
by side with a predominant trend conforming with the
glacier margin. Apparently, they are superimposed on
the overridden marginal push moraines. Compared with
the western of the selected areas, the easternmost
is characterized by a low drumlin density, and the
inter-drumlin areas are almost flat and much diversi-
fied by small lakes and basins of lacustrine sedi-
ments. Supraglacial melt-water streams are almost
absent and therefore only a few melt-water channels
are found in the ground moraine close to the glacier
margin.

The presence of drumlins developed in two differ-
ent situations makes the S1éttjokull forefield a
particularly interesting one for an investigation of
the processes of drumlin formation.

In the following, four selected drumlins (A, B,
C, and D) are described. Their locations are shown
in Figures 2 and 4.

DESCRIPTION OF LOCALITIES

Drumlin 4: a till-mantled drumlin containing an un-
disturbed core of lower till and sorted drift

This drumlin is located 100-140 m in front of
the present ice margin. It was exposed in the early
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1970's as interpreted from air photographs and field
observations. The drumlin is elongated in a south-

south-west to north-north-east direction and approxi-
mates a half pear in shape with the crest line close-
ly paralleling the ice-flow direction, and the trans-
verse axis is situated up-stream from the midpoint of
the long axis (Fig. 6). The stoss end is steep and

Fig. 6. The morphology of drumlin A elearly shows the
shape of a typtieal drumlin, indicating that its
highest point is situated at the up-glacier end of
the small elongated hill. Glaeier flow 18 from
right to left. Note the large number of eclasts
scattered on the ground moraine. View towards the
east-south-east. (Photograph taken in 1982.)

blunt, while the lee end is more pointed and gentler
in slope. Measured on the geomorphological field map,
the drumlin is 38 m long, 22 m wide, and 1.5-2 m

high (Fig. 7a).

The character of the drumlin surface corresponds
to that of the gently undulating ground-moraine ter-
rain between the drumlins. The surface is fluted and
there are a great number of clasts (=10 cm long axis)
with a smoothed, often bullet-nosed, up-glacier ter-
mination and an abruptly truncated down-glacier ter-
mination. Taken collectively, they suggest subglacial
deposition by lodgement and indicate the last ice-
flow direction across the hill (Boulton, 1978;
Kriiger, 1979; Sharp, 1982).

The internal composition of drumlin A is shown in
Figures 8 and 9. The faces being worked into a bank,
which is located at the stoss end of the drumlin, are
approximately at right-angles and tend to be trans-
verse (sections X=1Y and Z — V) or parallel (section
Y—12) to the drumlin long axis. Furthermore, holes
were dug along the centre line of the drumlin. Exam-
ination in this manner enabled the authors to dis-
tinguish between two till beds resting on three
different facies of glacio-fluvial deposits.

In the lower zone of section Z—V, the right-hand
part consists of ripple-laminated fine sand showing
stoss-side preservation. This facies indicates that
the suspended load contributed significantly to
sedimentation. Apparently, the sedimentation was con-
nected with pro-glacial ponding of melt water in what
was formerly a subglacial depression. The palaeo-
current directions are towards the east and north-
east. The left-hand part consists of a channel filled
with essentially massive medium- to coarse-grained
sand. The channel axis has a north-north-west trend.
Close to the right-hand bank, a wedge-shaped struc-
ture of sediment-flow deposits cuts the fine sand
facies. This structure is interpreted as a collapse
feature related to the channel formation.

The two sand facies pass upwards with an abrupt
facies change into a coarse-gravel facies consisting
of well-rounded to sub-angular clasts up to 30 cm in
size. This facies can be traced laterally along the
whole exposure and also occurs at the bottom of the
three excavations (Fig. 9). The thickness of the
boulder gravel varies from 20 to 30 cm. The gravel
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Fig. 7. a. Geomorphological map of drumlin A. Contours are at 0.25 m intervals. 1. Fluted moraines;
2. Annual moraine; 3. Clast with stoss-and-lee form. Lee side to the right; 4. Clast fabric in the
upper till; 5. Cutting with scree; 6. Basin of glaciofluvial or lacustrine deposits; 7. Melt-water
stream. The locations of the sections X —Y —Z —V (Fig. 8) and Ly — Ly (Fig. 9) are shoun.
Glacier flow is from the south-south-west. Mapped in the field in 1882.
b. Projections (on the lower hemisphere of a Wulff net) of the three-dimensional orientation of clast
a-axes for the upper till in drumlin A. The contouring procedure follows the method suggested by Kamb
(1959). However, the area of the counter is modified in accordance with the gradual modification of the
scale from the centre to the peviphery of the Wulff net. The contour interval is three times the standard
deviation from a random distribution. The dotted area visualizes the statistical significance of the
apparent orientation peak which is shown by the black arrows. The dot - dash line indicates the sloping
terrain surface. Nos 1-7 correspond to the sample sites showm in Fig. 7a.

surface rises 50-70 cm above the base of the drumlin
and slopes gently northward. This facies is inter-
preted as a bar deposit situated on the upper reach
of a pre-existing outwash fan.

The above change of facies represents deposition
under increasing flow strength, which is commonly
associated with glacier advance. However, evidence
of weathering and soil development on the bar de-
posits makes it reasonable to conclude that the bar
had been exposed for a long time. It appears, then,
that the increased flow velocity was connected with
glacier retreat. It is suggested that the gravel
facies migrated laterally concurrently with the ex-
tension of an outwash fan. The fan was formed in
front of the glacier margin which retreated across a
horizontal or low-angle normal slope. In this way,
pro-glacial lake sediments and channel deposits were
buried by coarse-grained bar deposits. This conclus-
ion is supported east of drumlin A (see Fig. 2),
where present-day development of fan-shaped wedges
of glacio-fluvial sediments is taking place.

The top half of the section (Fig. 8) consists of
two tills: the lower till, which has a yellow-grey
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colour, and the upper till, which is dark grey and
compact.

The lower till is 40-50 cm thick in the centre of
the hill but it lenses out rapidly in transverse di-
rections. Sorted sediments included within the till
consist partly of sub-horizontal lenses of sand and
gravel, and partly of smudges of soil remnants. It
seems reasonable that the lenses and smudges were
detached from the substratum by dragging (cf. Kriiger,
1979). The bar surface underlying the lower till is
striated in an approximately south to north direction.
The smoothed and striated up-glacier termination of a
clast (16 cm Tong) embedded in the lower till suggest-
ed an ice-flow direction towards the north-north-east.
The lower till is therefore thought to have been de-
posited by a north-moving glacier. The lithostrati-
graphic columns shown in Figure 9 reveal that the
lower till is not related to the drumlin surface.

There is evidence to indicate the nature of the
interval between deposition of the lower and upper
tills. A thin layer of sand or clasts has been found
between the two tills in the three excavations (Fig.
9). It is suggested that the coarse layer of clasts
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Fig. 8. Exposure in the stoss end of drumlin 4 (see Fig. 7a).
of clasts; 2. Lower till with schlieren and lenses of

or smudges of soil remmants; 4. Glacio-fluvial boulder gravel; 5. Massive medium- to coarse-grained
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Fig. 8. Lithostratigraphie colums representing a
longitudinal section through drumlin A (see Fig. 7a).
1. Initial stoss-side surface; 2. Present surface of
seree; 3. Clast pavement; 4. Upper till; 5. Layer of
sand; 6. Lower till; 7. Coarse gravel facies.

indicates an ice-free period between the two glacial
phases. Furthermore, in section Z—V (Fig. 8) a
pocket-like structure (1 m wide and 0.8 m deep) cuts
the lower till, the boulder-gravel facies, as well as
the underlying sand facies. It is filled with sedi-
ment-flow deposits and the upper till. The Tong axis
of this structure strikes south-south-east to north-
north-west, diverging approximately 40° from the
drumlin trend. It is interpreted as a melt-water
channel formed in exposed ground moraine during a
frontal deglaciation of the area (cf. Kriiger and
Humlum, 1980). During the following ice advance across
the area, the channel was filled with subglacial sedi-
ments. Similar channels have been studied in statu
nascendi along the present-day ice margin (see Figs

4a and 5). It is therefore concluded that the area

was deglaciated by frontal retreat after deposition

of the lower till.

The succession is capped by the upper till, form-
ing a 40-80 cm thick surface layer on the top and on
the stoss side of the drumlin, and thinning slightly
to 10-20 cm on the flanks and on the lee side. It is
seen that the characteristic shape of the drumlin is
exclusively related to the upper till (Fig. 9).

In section X —Y (Fig. 8), two streamlined clasts,
21 cm and 34 cm long, were found in a characteristic
position with a stoss-and-lee form relative to the
ice-movement direction. Striae on the smoothed up-
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1. Upper till mantled by a coarse layer
sand or gravel; 3. Layer with soil development

Sediment-flow deposits.

glacier termination of the boulders show a strong
south-south-west to north-north-east orientation which
coincides approximately with the long-axis orientation
of the drumlin and the bullet-nosed clasts deeply em-
bedded in the drumlin surface. The upper till is
therefore interpreted as being a lodgement till de-
posited by a north-north-east-moving glacier.

Clast orientations have been determined at seven
sites, all within the upper till range. The arrange-
ment of the sampling sites is shown in Figure 7a.
Samples of 25 clasts (blades and rods) were taken
10-15 c¢cm below the terrain surface. Pebbles less than
0.6 e¢m long, or with a length : width ratio of less
than 3 : 2, were excluded. Mean orientations were de-
termined using the symmetry axis of the dotted areas
in the diagrams (Fig. 7b). _

The fabric diagrams indicate a distinct long-axis
orientation. The mean orientations deviate 0-33° from
the ice-flow direction. Between-site variability is
considerable, ranging up to 45° even between samples
a few metres apart. The mean orientation for samples
taken along the crest of the drumlin deviates only by
0-2° (sites 1 and 2) from the regional ice-flow direc-
tion, whereas the deviation for samples located at the
flanks is up to 21° (sites 4-7). At site 3, situated
on the stoss side, most clasts are in a diagonal
position relative to the ice-movement direction.
Apart from sites 6 and 7, the fabrics show a charact-
eristic pattern relative to the shape of the drumlin;
on the stoss side and eastern flank the preferred
clast orientation tends to follow the contour direc-
tion, and on the crest the fabric strongly parallels
the ice-flow direction. The fabrics show no pre-
ferred a-axis dip down-slope or any other evidence
of disturbance by solifluction. The close relation-
ship between fabrics and drumlin shape suggests that
drumlin A is mainly depositional in origin.

It seems justified to conclude that the strati-
graphy and sedimentology of drumlin A implies that an
interstream area of bar deposits covered by the lower
till has acted as a subglacial obstacle leading to
localized Todgement-till deposition and drumlin form-
ation with the morphological axis parallel to the
regional ice-flow direction.
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Fig. 10. a. Geomorphological map of drumlin B.

form. Lee side to the right; 2. Clast fabric in the upper till; 3. Exposure;

Contours are at 0.25 m intervals. 1. Clast with stoss-and-lee

4. Melt-water channel;

5. Terrace of glacio-fluvial deposits; 6. Erosion scarp. The arrow indicates the location of the sec-
tion showm in Figure 10b. Glacier flow is from the south-south-west. Mapped in the field in 1982.
b. Collapse structure developed in glacio-fluvial deposits in the proximal end of drumlin B. 7. Upper

till; 8. Medium- to coarse-grained melt-water sand;

9. Glacio-fluvial gravel; 10. Collapsed melt-water

deposits and sediment-flow deposits; 11. Glaciodynamically disturbed drift.
e. Fabrie diagrams showing clast a-axis orientation in the upper till. For an explanation of the data
presentation and contouring method, see the caption to Figure 7.

prumlin B: a till-mantled drumlin consisting predom-
inantly of undisturbed sorted drift

Drumlin B, which is located 170-200 m in front of
the glacier, became exposed about 1970 (Fig. 4a).

It is 30 m long and with its long axis mainly south-
south-west to north-north-east (Fig. 10a). This direc-
tion accords with the regional ice flow. The drumlin
is 1-1.5 m high with its highest point located in the
up-glacier part. The surface is characterized by a
network of small channels, obviously formed by melt-
water erosion during the last glacier retreat across
the hill.

The western flank of the drumlin is in the pro-
cess of destruction by a violent melt-water stream,
and a section, 35 m long, located close to the centre
of the hill exposes the internal composition and
structure in the long-axis direction of the drumlin.

The main part of the exposure is of the drumlin
core and consists of undisturbed sorted layers of
medium- to coarse-grained sand, occasionally with
layers of gravel and stones. Bedding planes are nor-
mally straight and parallel to sub-parallel. Special
attention was focussed on a collapse structure,

1.5 m wide and 1 m deep, exposed in the proximal

part of the section during the 1982 survey (Fig. 10b).
It could easily be seen that no lateral compaction

was involved; the underlying sand strata were un-
affected by the deformation, while the surface of the
glacio-fluvial deposits showed a depression, about

0.5 m deep. It was bounded by small-scale displace-
ments and slump phenomena were developed in the
glacio-fluvial deposits apparently under the influence
of gravity. The conclusion can only be that a block
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of ice, 0.5 m thick and 0.5 m wide (measured in the
face of the section), became buried by glacio-fluvial
sediments. When it melted, a kettle was formed.

Being confined to the up-glacier part of the
kettle, glacio-dynamic drag structures make the kettle
interesting for an understanding of the process of
drumlin formation. Apparently, the kettle acted as a
subglacial depression when the glacier sole passed
over the glacio-fluvial formation. South of this de-
pression the internal frictional resistance to move-
ment in the glacio-fluvial deposits was overcome by
the shear force generated by movement of the glacier.
Consequently, the top layers were pushed or sliced off
and squeezed into the depression, accompanied by form-
ation of thrust planes and drag folds. Measurements
showed fold axes trending 113-293° and indicating
north-north-east-moving ice. In contrast to this, the
down-glacier edge of the kettle did not show any in-
fluence by moving ice. Here, the top layer of the
glacio-fluvial formation could be traced from the
bottom of the kettle to its down-glacier edge, where
a degree of dip approaching the initial sedimentary
slope was quickly attained. Thus, the presence of the
kettle structure makes it possible to conclude that
subglacial erosion of the sand facies was confined to
the stoss end of the drumlin core.

The glacio-fluvial formation is overlain by the
upper till. The contact is sharp and a transitional
zone of re-worked sand is present only in the most
proximal part of the drumlin. The till forms a thin
surface layer 20-50 cm thick on the stoss side, and
thinning to 5-15 cm at the top and on the lee side.

Clast orientation has been determined for two
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Fig. 11. a. Geomorpholegical map of drumlin C. Contours are at .25 m intervals. 1. Fluted moraine.

2. Clast with stoss-and-lee form. Lee side to the right; 3. Clast fabric in the

upper till; 4. Expos-

ure; 5. Melt-water channel; 6. Gully. Glacier flow is from the south-south-west. Mapped in the field

in 1979.

b. Fabric diagrams showing clast long-axig orientation in the upper till. For an explanation of the
data presentation and contouring method, see the caption to Figure 7.

sites situated at the top and on the southern flank
(Fig. 10a). The mean orientation for the sample taken
from the top deviates only 6° from the regional ice-
flow direction, whereas for the fabric at the flank
the deviation is 28° (Fig. 10c). Furthermore, it is
seen that the two fabrics accord with the pattern
found in drumlin A.

It is concluded that the streamlined shape of
drumlin B is predominantly related to a pre-existing
form, which has only been slightly modified by sub-
glacial till sedimentation.

Drumlin C: a till-mantled drumlin complex containing
an undisturbed core of sorted drift

This drumlin is located 75-125 m in front of the
present ice margin (Fig. 4a). It was exposed in the
early 1970's. The drumlin is 50 m long, 35 m wide,
and 1.5-2.5 m high (Fig. 1la). It is not a typical
drumlin but rather a drumlin complex such as des-
cribed by Rose and Letzer (1977). The long axis of
the ground plan trends north-north-west to south-
south-east, diverging 35° from the regional ice-
movement direction.

The drumlin surface conforms to that of the sur-
rounding ground moraine but, in places, melt water
from the retreating ice margin has cut small channels,
only 10-20 c¢m deep, into the drumlin surface. Along
the stoss side and eastern flank, where the terrain
slope is relatively steep, the surface is dissected
by small gullies apparently formed by rain water.

The internal composition of drumlin C was stud-
ied in a section located at the distal end of the
drumlin and in a number of excavations. The drumlin
consists of a core of undisturbed glacio-fluvial de-
posits (medium- to coarse-grained sand), overlain
by the upper till. The till forms a surface layer
about 60-100 cm thick on the top, stoss side and
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flanks of the drumlin, thinning to 10-20 cm on the
lee side.

Clast orientations have been determined at seven
sites (Fig. 1la). The preferred orientation for
samples taken along the crest of the drumlin deviates
only 1-9° (sites 1-3) from the regional ice-flow di-
rection (Fig. 11b), whereas the deviation for samp-
les from the flanks is up to 19° (sites 4-7). It is
significant that the fabric variation along the flanks
shows a systematic pattern related to the shape of the
hill and much similar to that of drumlin A.

It is suggested that the atypical ground plan of
drumlin C both in shape and orientation depends upon
the shape of the glacio-fluvial interstream body
forming the core of the drumlin. The final shape of
the drumlin, however, was formed by the gradual accumu-
lation of subglacial till as shown by the systematic
variation demonstrated in till thickness and fabric.

Drumlin D: a till-mantled drumiin eontaining a core
of dislocated drift

Drumlin D is located approximately 400 m in front
of the present ice margin (Fig. 2). It was exposed in
the early 1960's. Since that time, the drumlin has
been considerably affected by northward-flowing melt-
water streams. Not only the eastern flank and distal
end but also the central part of the hill are cut by
abandoned melt-water channels, while the western
flank is in the process of destruction. This made it
impossible to trace the ground plan of the small hill,
However, an exposure 50 m long and 4 m high with its
face more or less parallel to the regional ice-flow
direction shows the surface profile of a typical drum-
lin. The northern part of this exposure shows three
divisions (Fig. 12a).

The Towest division is exposed irregularly at the
base of the section. It is a medium- to coarse-grained
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Fig. 12. a. Exposure in the northern (distal) end of drumlin D. The right- and left-hand parts of the

gection are cut by abandoned melt-water channels. 1.

Seree; 2. Medium- to caarse-gz-atned melt-water

sand; 3. Dislocated melt-water deposits; 4. Thrust planes in till; 5. Tension cracks. 6. Upper till.

Glacier flow is from right to left.

b. Trend of thrust planes (solid lines) and tension cracks (dashed lines), as well as measured (open
eircles) and constructed (solid circles) fold axes (on the lower hemisphere of a Wulff net).

¢. Point and contour diagram showing the long-axis orientation of 25 blades and rods from the upper
till. For an explanation of the data presentation and contouring method, see the caption to Figure 7.

sand facies, indicating a palaeocurrent direction to-
wards the north. The absence of large-scale deform-
ation structures suggests an undisturbed position for
these sediments.

The main part of the exposure shows strongly de-
formed till and sorted drift. The structures range
from simple thrusts to complicated overfolds. The
maximum thickness of this division is 1.3 m. The dis-
located inclusions and schlieren of sorted drift con-
sist of sand which corresponds to the mechanical
composition of the subjacent bed of glacio-fluvial
deposits. The inclusions are interpreted as fragments
of the underlying formation.

Thrust planes and fold axes display a consistent
directional pattern. Measurements show fold axes
trending approximately east-west and thrust planes
dipping towards the south (Fig. 12b). Structural de-
formation of the drumlin's internal material, probab-
ly indicative of the effects of overriding ice, have
been demonstrated by Minell (1973). However, the zone
of tectonic-Tike structures seen in the section under
discussion coincides with the form of the overridden
marginal moraine ridge that trends towards the east-
north-east (see Fig. 2). Therefore, it may be con-
cluded that in the present case the dislocated part
has resulted from marginal deformation and by ice
coming from the south.

The dislocated part is discordantly overlain by
the upper till (0.5-1 m thick) which forms the outer
mantle of the hill, except where the till cover has
been removed by glacio-fluvial erosion (see the
right- and left-hand parts of the section shown in
Figure 12a). The maximum thickness of the till occurs
in the proximal part of the hill.

Clast orientations have been determined for the
lee side of the drumlin and about 20 cm below the
terrain surface within the upper till. The fabric
diagram indicates a distinct south-south-west to
north-north-east long-axis orientation (Fig. 1l2c).
This fabric accords with the regional ice-flow direc-
tion.

In the central part of the section, one set of
closely spaced cracks cuts the glacio-dynamic struc-
tures and the underlying sand facies (Fig. 12a). The
cracks dip at 30-60° towards the north-north-east
and are slightly concave upwards in the section. They
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show a consistent structural trend of approximately
east-south-east to west-north-west (Fig. 12b). These
cracks are interpreted as tension features formed by
ice moving towards the north-north-east across the
marginal moraine ridge.

The exposure suggests two phases in the formation
of drumlin D: first, the formation of the marginal
push-moraine ridge and, subsequently, drumlinization
of the most prominent parts of the moraine ridge by
the gradual accumulation of till from the base of an
overriding glacier.

DISCUSSION

Investigations of small drumlins in front of the
northern margin of Myrdalsjokull have revealed stream-
lined hills of both pre-existing and newly deposited
sediments. Two main types of composition are present.
First, drumlins which contain an undisturbed, or
slightly disturbed, core of pro-glacial melt-water
deposits covered by a layer of upper till about
0.1-1 m in thickness (drumlins A, B, and C); occas-
ionally, a Tower till is found in the upper part of
the core (drumlin A). Secondly, drumlins which have
cores of strongly deformed and sorted drift covered
by an upper till about 0.5-1 m in thickness (drumlin

A relationship between the composition and spat-
jal arrangement of the drumlins has been demonstrated.
The first type often shows a characteristic en echelon
arrangement 1ike elongated interstream areas in the
present glacier forefield. The second type mainly
forms individual drumlins arranged side by side with
a predominant trend conforming to the glacier margin.
This type is superimposed on overridden ice-marginal
push-moraine ridges. In both cases, studies of the
cores show that the orientations of directional para-
meters cannot be related to the last ice that flowed
across the area.

It is seen that the present drumlins cannot be
regarded as a set of points across a flat landscape
but some account needs to be taken of the pre-exist-
ing topography.

The above drumlin characteristics suggest that
prior to drumlin formation the two main types of core
were morphological elements located in a glacier fore-
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field. They were marginal push-moraine hills or inter-
stream areas of melt-water deposits between incised,
erosional melt-water channels in the upper reaches of
outwash fans, or they were fragments of ground mor-
aine of lower till which had been considerably affect-
ed by pro-glacial melt-water erosion. Areas of the
present glacier forefield demonstrate similar scenery
under development.

None of the drumlins investigated supports the
hypothesis that drumlins are formed mainly by sub-
glacial erosion. Instead, both the surface elements
and the concentric arrangement of the upper till over
the cores suggest that the drumlins were formed mainly
by deposition of the upper till. It should also be
noted that the streamlined drumlin surface, as seen
in drumlin A, is moulded in upper till and not in the
core which retains an irregular surface.

Banding and partings similar to those described
by Hi11 (1971) have not been observed within the upper
till. The till within the drumlins appears to be very
similar to that in the inter-drumlin areas. Therefore,
as a formative factor, texture may have little or no
significance.

The analyses of till fabric from the four selec-
ted drumlins indicate that the upper till fabrics
have preferred orientations within + 35° of the ice-
flow direction. This fabric variability differs sig-
nificantly from that in the ground moraine between the
drumlins where the fabrics have preferred orientations
within + 12° of the regional ice-flow direction
(Kriiger and Thomsen, 1981), However, these fabrics
show a characteristic pattern relative to the shape
of the drumlin: on the top, the fabric parallels the
ice-flow direction, whereas it tends to follow the
contour direction on the flanks. No evidence of
modification by solifluction subsequent to drumlin
formation has been found in the fabric characteristics
nor in the field. A similar relationship between
fabric and drumlin shape has been presented by De
Jong and others (1982) from Pleistocene areas.

There seem to be different processes by which
fabrics might be related to drumlin shape: (1) by the
influence of the drumlin relief on the local flow
pattern of the basal ice; (2) by differential move-
ment of the till beneath the glacier (Boulton, 1979);
(3) by ice flow with a helicoidal motion (Shaw and
Freschauf, 1973; Aario, 1977).

In the first case, the ice flow is increasingly
deflected around the obstruction. In the proximal
part of the drumlin the flow pattern may produce pre-
ferred clast orientations, which are directed slight-
ly outwards, and in the distal part slightly inwards
with respect to the drumlin axis. This implies that
the till was deposited on a bulging glacier bed with
considerable variability in dip and slope direction.
Small drumlins emerging from beneath the retreating
ice front demonstrate such an intimate adjustment of
the debris-band foliation in basal ice to the drumlin
shape.

In the second case, Boulton (1979) has demonstra-
ted that beneath a moving glacier irregularities at
the ice - till interface may produce a lateral com-
ponent of flow in already deposited till. Thus,
differential movement of the till will occur along
smooth flow lines mainly following the shape of the
glacier bed. If this process is widespread, it seems
likely that the fabrics describe mean directions of
movement of the till mass rather than basal ice-flow
directions. This explanation seems to be supported by
the fact that fabrics may diverge from the orienta-
tion of fluted moraines and bullet-nosed clasts (see
Figs 7a and 1la).

In the third case, Shaw and Freschauf (1973) have
suggested that ice may flow with a helicoidal motion
as it passes over the irregular bed, the resultant
direction of flow being parallel to the direction of
the main ice movement. This complex motion will re-
sult in erosion of the subglacial material where the
ice flow is vertically directed downwards and depo-
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sition of material where ice flow is upwards (the
glacial kinematic fluting theory). This model predicts
a "herring-bone" till-fabric pattern. However, the
helicoidal ice motion will result in redistribution

of debris in the basal ice. Debris-charged ice will
move towards separation points and clean ice will re-
place debris-charged ice in areas around points of
attachment. There is no evidence of the redistribu-
tion of debris resulting from a helicoidal flow
pattern within the active ice mass of S1éttjokull.

The close relationship between fabric and drumlin
shape favours the hypothesis that the drumlins con-
sidered here are mainly depositional in origin. If
they were formed by erosion of the upper till, the
fabric characteristics within the drumlins would be
similar to those in the ground-moraine areas between
the drumlins. Consequently, subglacial till deposi-
tion on an irregular glacier bed may produce sig-
nificant fabric variability in contrast to a smoother
glacier bed, which may lead to fabrics strongly
parallel to the ice-flow direction. It should be
noted that this relationship may result in misinter-
pretation of fabric analyses performed on Pleistocene
till beds, because the palaeogeomorphology of over-
ridden til1 beds is still generally unknown.

Thus, investigations of these small drumlins
suggest that pre-existing terrain elements have acted
as obstacles leading to localized till deposition
and the formation of drumlins with their morphological
axes parallel to the regional ice-flow direction.
According to Boulton ([“1974]), pressure differen-
tials are produced across obstacles in the path of
the moving ice mass. Therefore, the location of the
maximum till thickness in the proximal parts of the
drumlins may be explained by the increased accumula-
tion of till at the glacier base, in a zone of
nigher pressure in the proximal parts of obstacles
(Boulton, [€1974], 1979).

It is a pre-condition of the present theory that
an already existing core exists to allow accretion to
proceed. For those drumlins that have no apparent core,
other mechanisms to allow drumlin initiation have been
proposed in the literature, such as the dilatancy theory
(Smalley and Unwin, 1968; Trenhaile, 1975) and the
frost-heave theory (Baranowski, 1969). Menzies
(1979[a]) discussed the mechanics of drumlin formation
with particular reference to the change in pore-water
content of the till. He postulated that, if till is
flowing beneath an ice mass, small local areas of low
pressure could act at locations where the till could
develop into a proto-drumlin, acting as an obstruc-
tion around which more till would accrete. In front
of S18ttjokull, the pre-existing topography, the
internal composition of the drumlins, and the nature
of the sub-drumlin materials all indicate the valid-
ity of the mechanisms of pore-water and water-film
removal. However, in the present case an already ex-
isting body of drift is a pre-requisite to drumlin
initiation.

There is some evidence to indicate the subglacial
pressure conditions which have led to drumlin forma-
tion. During glaciation of the drumlin field, the
glacier bed became irregular as a result of pro-
glacial melt-water erosion, and it consisted of appar-
ently deformable porous sand and gravel. In such
cases, subglacial water rapidly drains into cavities
or may be discharged into permeable beds. The dissi-
pation of pore water will increase the shear strength
of sands and gravels at the interface thus allowing
it to withstand higher imposed basal ice stresses. It
is possible that this factor may explain the absence
of large-scale deformation structures within the drum-
lin cores. Furthermore, a relatively high effective
normal pressure is produced through the rapid loss of
water from the glacio-fluvial deposits, and the
effective normal pressure will then be equal to the
pressure of the overlying ice (Boulton, [€1974]).

During the maximum extension of Sléttjokull in
historical times (about 1900), the thickness of ice
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covering the present drumlin field was 100-150 m, as
interpreted from air photographs and field observa-
tions (Kriiger and Humlum, 1981). It should be noted
that drumlins are absent from the terminal 500 m of
the glacier forefield where the maximum thickness of
ice was less than 100 m. It is therefore reasonable
to conclude that, under the above conditions, drumlins
may be formed beneath ice thicknesses greater than
100 m, corresponding to a subglacial pressure ex-
ceeding 8 bars. This view is supported by the fact
that drumlins are not moulded in the lower till, the
extent of which seems to be confined to the area be-
hind the overridden marginal push moraines which are
located 500-700 m in front of the present ice margin
(see Fig. 2).

In comparison with the descriptions of drumlins
in the literature, the present drumlins are extremely
small. This can be explained as having resulted from
variation in different glacier factors such as con-
tent of debris in basal ice and duration of glacia-
tion of the drumlin field. It seems that both the
content of materials and the space of time available
for drumlin formation have been extremely restricted
(Humlum, 1981; Kriiger and Humlum, 1981).

The above-mentioned glacier factors have also
affected the drumlin shapes, which range from stream-
lined hills to more irregular drumlin complexes. It
is believed that pre-existing sediment bodies, elong-
ated in the ice-flow direction, mainly led to perfect
drumlin forms. In contrast to this, minimal till de-
position prevented oblique bodies from being com-
pletely masked by the till mantle and moulded in the
ice-movement direction. By this means, the last type
of sediment body gave rise to the more irregular
drumlins.

During the present-day retreat of the glacier,
the extensive ground moraine and the numerous ex-
posed drumlins are in the process of destruction by
melt-water erosion. Furthermore, a branching network
of channels, sharp-cut plateaux, and terraces charact-
erizes the morphology of the proximal parts of out-
wash fans formed concurrently with glacier retreat.

Given the present glacier forefield, it is pos-
sible to predict from the above model for drumlin
formation how drumlins might evolve under a future
advance of Slettjokull across the forefield; prom-
inent interstream areas in the upper reaches of the
outwash fans and remnants of ground moraine between
incised melt-water channels will lead to the forma-
tion of new drumlins, while pre-existing drumlins
will be enlarged. In such cases, it is meaningless
to relate morphometric analysis statements of ran-
domness or non-randomness of drumlin distribution
to the characteristics of moving ice as has been
frequently proposed in the literature (Reed and
others, 1962; Trenhaile, 1971).

CONCLUSIONS

The internal composition and till fabrics of
small drumlins in front of the northern margin of
Myrdalsjokull, Iceland, suggest that the cores of the
drumlins consist of pre-existing deposits, while the
mantle is composed of subglacial till. As regards the
processes involved, the material contained in the
cores is mainly eroded not by ice but by pro-glacial
melt-water streams. During the subsequent flow of
ice across the area, the most prominent terrain ele-
ments have acted as subglacial obstacles, leading to
localized till deposition and drumlin formation.
Thus, it is concluded that the drumlins were formed
mainly by the subglacial deposition of till but ob-
stacles acted as essential factors favouring the
initiation of drumlins. Although this mode of forma-
tion, beginning with a core, may be one initiating
mechanism for drumlin development, it by no means
accounts for drumlins without such cores, and there-
fore explains only a part of the overall problem con-
cerning the origin of drumlins.
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