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ICE RECESSION IN DRONNING LOUISE LAND,
NORTH-EAST GREENLAND*

By P. J. WYLLIE
(Department of Geology, University of St. Andrews)

AnsTRACT. The existence of high rock thresholds beneath the glaciers of Dronning Louise Land is established
and examples are described. It is concluded that decrease in the height of the Greenland Ice Cap and the consequent
emergence of the rock thresholds is the dominant factor in the final stages of recession of the glaciers of Dronning
Louise Land. It is tentatively suggested that this process has more than local significance, and may be an important
factor in the recent recession of the glaciers in other parts of east Greenland.

ZUSAMMENFASSUNG: Die Existenz von hohen Felsschwellen unter den Gletschern von Dronning Louise Land
wurde nachgewiesen und Beispiele beschrieben. Es wurde der Schluss gezogen, dass die Erniedrigung der Héhe
des grénlindischen Eisschildes und die daraus folgende Steigung der Felsschwellen unter den Gletscherenden der
bestimmende Faktor in den letzten Riickzugsstadien der Gletscher von Dronning Louise Land ist. Versuchsweise
wird erldutert, dass dieser Vorgang mehr als nur lokale Bedeutung hat. Er ist wohl auch ein wichtiger Faktor bei
dem rezenten Riickgang der Gletscher in anderen Teilen von Ostgrionland.

INTRODUCTION

The Main Base of the British North Greenland Expedition was established in Dronning
Louise Land, a mountainous region within the margin of the ice cap in north-east Greenland
(Fig. 1, p. 705). The land mass, separated from the coastal mountains by two great outlet glaciers,
Storstrommen and Bistrup Bre, increases in height from north-east to the south-west where the
mountains reach altitudes of almost 2700 m. above sea level. There are no higher mountains in
west and north Greenland, and only two mountain ranges in east Greenland have peaks rising to
greater heights. Thus some of the highest mountains in the whole of Greenland are to be found in
Dronning Louise Land.

All the major glaciers of Dronning Louise Land were traversed during the geological survey,
and at the same time numerous glaciological observations were recorded. Only one aspect of these
observations is considered in this paper, which attempts to show that the outlet glaciers of the ice
cap must pass over high rock thresholds in order to escape through the mountains and that,
because the emerging thresholds separate the glaciers from their ice cap source as the ice cap
decreases in height, a process of starvation has played a dominant role in the final stages of recession
of the glaciers.

RECEss1ON AND THE CONTRIBUTING FacTors

Throughout Dronning Louise Land it is clear that the ice was formerly of much greater extent.
Erratics may be found on most of the upland surfaces, showing that at one time the ice covered
almost the whole of the region. Many glaciated valleys dissect the upland erosion surfaces, and
ridges of moraine are plentiful in localities favorable to their preservation. Some of these valleys
are occupied by large lakes, dammed at one or both ends by ice (Fig. 1). Corrie glaciers, even in
the higher areas, are often reduced to small lobes of ice occupying large excavations, and many
corries are now empty. The floor of the corrie in Fig. 2 (p. 709) is about 1600 m. above sea level,
and the mountains above it reach altitudes of 2300 m. The corrie glaciers which remain are
diminishing in size. Examination of nunataks within and near Dronning Louise Land show that
many of them result from significant thinning of the ice cap, the rock floor of which is now being
exposed. Many of these nunataks are lower than the surrounding ice and are bordered on their
up-stream side by a horseshoe moraine which stands perched on the ice sloping down to the
nunatak. Such nunataks are common around the northern margin of Dronning Louise Land, and
their presence suggests that bedrock is nowhere very deep beneath the surface of the ice cap in
this area. The fact that Ymer Nunatak, to the north of the main land mass, is almost completely
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covered by a layer of till is evidence that the ice cap here was once at least 450 m. thicker than it is
to-day.

There is ample evidence of ice recession in Dronning Louise Land and we may now consider
factors which have contributed to the recession. It is well established that the glaciers of the
northern hemisphere are receding, and this is attributed to an amelioration of climate. The state
of the corrie glaciers of Dronning Louise Land could be the result of increase in mean annual
temperature, of decrease in the amount of local precipitation, or of a combination of both these
factors. The thinning of the ice cap may be due to the general increase in temperature in the
northern hemisphere, or it may be due to a decrease in the amount of precipitation over the ice
cap further west. Detailed studies of the regime of the ice cap and of the outflow glaciers are re-
quired before the relative importance of these factors may be assessed. Since the larger glaciers
flow eastwards through Dronning Louise Land from the ice cap, relations between the ice cap and
these glaciers are clearly important. As Flint! points out ““The altitudes of the rock thresholds if
any, . . . are unknown. If these thresholds are relatively high, and if the ice over them is therefore
relatively thin, a slight decrease in nourishment farther west might thin the ice over the thresholds
enough to cause a disproportionately great shrinkage of the outlet tongues to the east.” It is a
principal purpose of this paper to establish how the decrease in height of the ice cap, at least along
its margins, has played an important part in the recession of some of the glaciers of Dronning
Louise Land. ;

High rock thresholds do exist in the west of Dronning Louise Land. Examples can now be
described, and their effect on the recession of the glaciers discussed.

TuE EFFecT OF Rock THRESHOLDS

A mountain range is present in the west, increasing in height from north to south and cul-
minating in the region of alpine peaks which rise to almost 27700 m. above sea level. The contours
on the map (Fig. 1) show the nature of the barrier presented to the ice by this mountain range;
along a front of over 150 km. it is breached by only three major glaciers, Admiralty Gletscher,
Borgjokel and Budolfi Isstrem. The wide Suzanne Braz sweeps eastwards around the north of
Dronning Louise Land, and the line of ice hills and steep ice slopes which extends to the north
from the north-west corner of the land indicates that this glacier passes over a prominent threshold
in the west. South of the alpine area, the mountain range continues as a line of nunataks and steep
ice slopes (indicating buried peaks) which divides the ice cap proper from a lower expanse of ice
within the limits of Dronning Louise Land. Two glaciers flow from this area, Ebbe Gletscher and
A. B. Drachmann Gletscher, but neither of them extends westwards through the mountain range.
Thus there is an almost continuous mountain barrier extending from north to south along the
western margin of Dronning Louise Land; 20 to 30 km. to the west of Dronning Louise Land there
is, in addition, a line of nunataks representing the peaks of a buried mountain range which must
reduce the quantity of ice reaching the mountains of Dronning Louise Land. The presence of this
buried mountain range has been confirmed by the geophysical results of the British North Green-
land Expedition.

The large outflow glaciers of west Greenland, such as Umiamako Isbrz, Rink Isbrz and
Jakobshavn Isbrz extend far into the ice cap as high discharge ice streams occupying deep sub-
glacial trenches2. The three glaciers which breach the western mountain barrier of Dronning
Louise Land show no signs of similar sub-glacial trenches extending into the ice cap. The large
glaciers passing between the high cliffs are soon lost among the low ridges, hills and valleys which
form the surface of the ice cap close to Dronning Louise Land, which fact strongly suggests that
even the major glaciers pass over relatively high thresholds before flowing through Dronning
Louise Land.

The presence of high rock thresholds must constantly restrict the quantity of ice flowing east-
wards from the ice cap, but their effect will only become marked when the thickness of the ice
flowing over the thresholds is reduced to the same order as that of the glaciers east of the moun-
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tains. Any further decrease in height of the ice cap, and therefore of the thickness of ice flowing
over the thresholds, must then be reflected in a relatively more rapid recession of the glaciers.

All stages of this process may be observed in different parts of Dronning Louise Land. Most
of the smaller glaciers in the west clearly originated as ice streams spilling from the ice cap through
mountain passes. Fig. 3 (p. 709) shows examples of small overflow glaciers of this type which flow
directly from the ice cap. In many places, they now lie at higher levels than the ice cap, and as they
are then only supplied by local precipitation, which is insufficient to maintain them under present
conditions, they are receding. South of the alpine peaks, there are several U-shaped valleys, high
in the mountains, showing the positions of glacially deepened passes which are now ice-free.

A more striking example is offered by Eigil Se. The surface of the lake lies in a deep trench at
650 m. above sea level, where the upland surface is about 1500 m. high, and it extends westwards
for 20 km. almost to the foot of Revaltoppe, a mountain range which rises to an altitude of 2 500 m.
above sea level. This deep valley was carved by a large glacier and fed by tributary glaciers from
the north and south as well as from the west. No glaciers reach the valley to-day; the source of
supply of ice has been cut off by the high mountains around the valley as the ice cap decreased in
height.

An intermediate stage in the process of recession, resulting from starvation, is well illustrated
by the Pony Gletscher. Between the Revaltoppe and the area of alpine peaks, the ice cap extends
eastwards at a high altitude, about 1850 m. above sea level, and from this tongue of ice the Pony
Gletscher flows into Vedel Se, a lake which is dammed at its east end by the Ejnar Gletscher.
Entry to the glacier from the west is down a series of steep ice slopes which give way quite sharply
to a normal glacier tongue. The snout of the glacier passes into the lake by way of a steep, smoothly
convex slope. There are no signs of calving from the snout, and when the glacier was visited in
April 1954 there were no pressure ridges formed in the lake ice next to the snout, showing that
there had been no movement of the glacier during the preceding winter. In contrast, winter move-
ment of the Ejnar Gletscher at the other end of the lake had produced such a confusion of pressure
ridges in the lake ice that it was difficult to find a route through them. The steep slopes at the head
of the Pony Gletscher suggest the presence of a glacially modified corrie beneath the ice. The
sides, head wall and floor of the corrie, merging into the tongue of the glacier, are clearly reflected
in the surface contours of the ice cap in this area. The probable history of the glacier is readily
deduced. With the onset of glacierization a corrie, which was the source of an eastward flowing
glacier, formed in the high mountains. The ice cap was subsequently formed and it expanded and
grew by processes which need not concern us here. When the ice cap became high enough, it
flowed across the divide south of Revaltoppe and augmented the supply of ice to the relatively
small corrie glacier, widening and deepening its valley. The glacier was then fed directly by the
ice cap, and formed a tributary of the large Budolfi Isstrom. Decrease in the level of the ice cap
has virtually cut off the supply of ice from the west, and the glacier is now a stagnant remnant
occupying a valley which is too large for it. Lateral moraines lying high on the sides of the lake are
evidence of a much greater glacier which once flowed through this valley.

The shrinkage of this glacier, the disappearance of the glacier which formerly flowed through
the valley containing Eigil Se and the disappearance of the glaciers which once flowed through the
glaciated passes high in the mountains are due primarily to thinning of the ice over the high
thresholds of the mountain barrier in the west. I venture to forecast that if there should be a further
slight decrease in the height of the ice cap, there would ensue a relatively rapid shrinkage and dis-
appearance of all the glaciers, leaving Dronning Louise Land as a deeply dissected, ice-free
mountain upland.

ConNcLusioN

The evidence outlined above is sufficient to show that the recession of the glaciers of Dronning
Louise Land is controlled, in the final stages, by the thinning of the ice cap and the consequent
emergence of rock thresholds.
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The margin of the ice cap in east Greenland is not well known, but from the photographs
appearing in recent publications of Meddelelser om Grenland? it would appear that many of the
glaciers of east Greenland have high rock thresholds at the ice cap margin. If this proves to be the
case, the starvation of these glaciers by a process of being cut off from their ice cap source may be a
much more important factor in their recent recession than has been previously recognized. The
geophysical work of the British North Greenland Expedition has confirmed the presence of
mountain ranges beneath the ice cap, parallel to the western mountain range of Dronning Louise
Land, and as our knowledge of the sub-glacial topography of the ice cap increases, we will be better
able to understand the nature of the escape routes of the ice as it makes its way eastwards and
through the coastal mountains.

The writer is indebted to Dr. H. I. Drever for much constructive criticism during the prepara-
tion of this paper.

MS. received 14 October 1955
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ACTIVITY OF THE COLEMAN GLACIER, MT. BAKER,
WASHINGTON, U.S.A., 1949-19535

By KermiT B. BENGTSON
(Department of Chemistry and Chemical Engineering, University of Washington, Seattle)

AssTRACT. The Coleman Glacier on Mt, Baker in the State of Washington began to advance about 1949 after a
long period of rapid retreat. Since that year the terminus has advanced continuously a total of about 300 m. and
considerable thickening of the entire glacier has occurred. The continued advance of the Coleman Glacier and
other evidence are interpreted as manifestations of a trend during the last decade towards a slightly cooler and
moist climate in the north-west of the United States,

ZUSAMMENFASSUNG. Der Coleman Glacier auf Mt. Baker im Staate Washington begann um 1949 herum nach
einer langen Periode rapiden Riickgangs vorzuriicken. Seit 1949 ist die Spitze ununterbrochen bis auf ungefihr
300 m. vorgeriickt, und der ganze Gletscher ist betriichtlich dicker geworden. Das anhaltende Vorriicken des
Coleman Glacier und weitere Tatsachen werden als Manifestation dafiir ausgelegt, dass sich im letzten Jahrzehnt
im Nordwesten der Vereinigten Staaten ein etwas kiihleres und feuchtes Klima entwickelt hat.

I. ENVIRONMENT

The Cascade Mountains of north-western Washington State, U.S.A,, comprise a range the
principal axis of which runs roughly north and south with summit elevations for the most part
between 2000 and 2800 m. Severe glacial erosion during former periods of intensive glaciation is
partially responsible for the extremely rugged terrain which prevails throughout the range.
Rising above the range at various points are volcanoes which have maintained their activity into
comparatively recent times. Mt. Baker is such a volcano which to-day rises to an elevation of
3270 m., dominating the Northern Cascade Range. .

During the winter months the area receives much precipitation from cyclonic storms moving
in from the Pacific Ocean. It also receives some precipitation from the same source during the
summer, although most such storms pass well to the northward during the summer months.
The area is far enough north that nearly all of the winter precipitation comes in the solid form
at elevations above 1000 m. Ample snowfall and cool summers permit existence of small glaciers

https://doi.org/10.3189/50022143000024928 Published online by Cambridge University Press


https://doi.org/10.3189/S0022143000024928

Fig. 2. A corrie on the north wall of the upper Budolfi Glacier (Isstrom)

Fig. 3. Small glaciers spilling from the ice cap through mountain passes on the north side of the
Budalfi Glacier (Isstrom)
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