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SHORT NOTES

MILNE GLACIER, NORTHERN ELLESMERE ISLAND, N.W.T., CANADA:
A SURGING GLACIER?

By MARrTIN O. JEFFRIES

(Department of Geography, University of Calgary, Calgary, Alberta T2N 1N4, Canada)

AsstracT. During the period 1966 to 1983 Milne Glacier advanced
4.25 km at a mean annual rate of 250ma ", Since surges commonly occur
over a two or three year period the maximum rate of advance could have
been greater than 2kma™ ', The glacier terminus has a number of features
indicative of past surge behaviour. Of these, at least three looped moraines
suggest surges of the main valley glacier and tributary glaciers, As Milne
Glacier is a cold glacier, surges may possibly be thermally regulated. Accu-
mulation rates on the ice caps of northern Ellesmere Island are low hence
a critical condition in the “reservoir area™ will be only slowly attained. As
a consequence the periodicity of surges in Milne Glacier and other High
Arctic glaciers is expected to be high.

REsuME. Le glacier Milne, ile d’Ellesmere nord. N.W.'T., Canada: un glacier a
surge? De 1966 4 1983, le glacier Milne a avancé de 4,25km, a la vitesse
moyenne annuelle de 250 ma ™. Du fait que les surges habituellement se
produisent en 2 ou 3 ans, la vitesse maximale d’avancée peut avoir éé
supérieure a4 2kma”'. Le front du glacier présente plusicurs carac-
téristiques révélatrices d’un comportement de surge dans le passé. Entre
autres, au moins trois moraines sinueuses suggerent des surges du glacier de
vallée principal et des affluents. Comme le glacier Milne est un glacier froid,
les surges peuvent étre régulées thermiquement. Les taux d’accumulation

INTRODUCTION

Milne Fiord on the north coast of Ellesmere Is-
land contains the 300 km® Milne Ice Shelf. At the
head of the fiord (lat. 82°31'N., long. 80°40'W.),
contiguous with the ice shelf, lies Milne Glacier
(Figs 1 and 2) which drains from a large inland ice
cap. The glacier is 4 to 5 km wide, about 55 km long
and flows from an elevation of 1000 m to sea-level
in a valley fringed with mountains and nunataks.
These characteristics are similar to those of Otto
Glacier, 150 km to the south-west. Otto Glacier
surged 5 to 6 km between 1950 and 1964, and was noted
to be one of a number of possible surging glaciers
in the region (Hattersley-Smith, 1964, 1969). Ob-
servations made in spring 1983 indicate that Milne
Glacier has advanced rapidly during the past 15-25
years. Evidence of surge behavior is presented in
this paper.

MILNE ICE SHELF AND MILNE GLACIER, 1959 TO 1983

A Canadian National Topographic Survey map
(340E & 340H) of Milne Ice Shelf and Milne Glacier
(Fig. 1) was produced with the aid of air photo-
graphs taken in July 1959 (Fig. 2). At that time the
glacier front adjoined the ice shelf although ice
wasting and disintegration had created two areas of
lake ice along the east and west shores (Fig. 1).
The lower 13 km of Milne Glacier consists of three
ice streams., The east tongue is composed of ice from
the main valley glacier plus that of a tributary
glacier which flows into the north side of the val-
ley 19 km from the ice front. Ice issuing from
Glacier 5 creates a west tongue. A number of features
on the surface of Milne Glacier are suggestive of
past surge behavior: 1) contorted moraines, 2) mor-
aine-covered stagnant ice at the terminus, and 3)
irregular surface drainage, especially on the east

sur les calottes de glace de la partie nord de I'ile d’Ellesmere sont faibles, de
ce fait la condition critique dans la *zone réservoir” sera atteinte seulement
lentement. En conséquence la périodicité des surges sur le glacier Milne et
sur d’autres glaciers du haut Arctique est supposée grande.

ZUSAMMENFASSUNG. Milne Glacier im Nordern von Ellesmere Island, N.W.T.,
Kanada: ein ausbrechender Gleischer? Im Zeitraum von 1966 bis 1983 stiess der
Milne Glacier um 4,25 km, im Jahresmittel also um 250 m vor. Da Aus-
briiche sich gewd6hnlich iiber eine Periode von 2 bis 3 Jahren erstrecken,
konnte die maximale Vorstossrate grosser als 2km pro Jahr gewesen sein.
Das Gletscherende zeigt eine Reihe von Erscheinungen, die auf ein Aus-
bruchsverhalten in der Vergangenheit schliessen lassen. Unter diesen deu-
ten zumindest drei  geschwungene Morinen auf  Ausbriiche des
Hauptgletschers im Tal und seiner Seitengletscher. Da der Milne Glacier
ein kalter Gletscher ist, konnten seine Ausbriiche méglicherweise thermisch
gesteuert sein. Die Akkumulationsraten auf den Eiskappen des nordlichen
Ellesmere Island sind niedrig, weshalb ein knitischer Zustand im Nihrgebiet
nur langsam erreicht werden durfte. Als Folge muss eine lange Periodizitat
fur die Ausbruche des Milne Glacier und anderer Gletscher in der Hohen
Arktis erwartet werden.

tongue. Ice thickness measurements were undertaken by
radio echo-sounding in April 1966 (Hattersley-Smith
and others, 1969). At the glacier front a sharp trans-
ition in thickness from 60 m to 130 m was inter-
preted as a surface step between the two ice tongues.
From there to the grounding Tine, about 8.5 km up-
glacier, the ice thickness was between 120 m and

130 m, Thereafter the ice thickened to about 800 m

at 55 km.

During a flight along Milne Fiord in late April
1983 a conspicuous pressure ridge was observed across
the south end of the ice shelf. The pressure ridge,
and by implication the glacier front, was a consider-
able distance beyond the 1959 glacier front suggest-
ing Milne Glacier had recently advanced. Ground ob-
servations of the inner unit of Milne Ice Shelf and
Milne Glacier were made in May 1983. The advance of
the glacier had fractured and buckled the relatively
thin shelf ice (< 20 m, personal communication from
B, Prager), and it was not possible to approach the
pressure ridge, Similar ridges up to 5 m high ex-
isted along the west shore. Beyond the shoreline
pressure ridges there were numerous large, conical
mounds of moraine upon the glacier.

DISCUSSION

During the 24 year period 1959 to 1983 Milne
Glacier advanced an estimated 4.25 km; a mean annual
rate of advance of 177 m a~!. Since Hattersley-Smith
and others (1969) reported no signs of recent glacier
activity it is assumed that the glacier surged during
the 17 year period 1966 to 1983; a mean annual rate
of 250 m a~1. Such velocities are quite remarkable
for 2 High Arctic glacier, If, as Meier and Post
(1969) suggest, the active surge phase lasts two to
three years, Milne Glacier perhaps advanced at a mean

rate of > 2 km a~! over an unidentified two-year period.

The moraines on the surface of Milne Glacier (Fig.

251

https://doi.org/10.3189/50022143000006043 Published online by Cambridge University Press


https://doi.org/10.3189/S0022143000006043

Journal of Glaeiology

Milne
lce Shelf

Ice Shelf
Deformation

AAnA] Glacier lce
% Lake Ice

——=|ce Streams

| Milne Fiord ® e e Pressure Ridges

2 Ward Hunt
lce Shelf

v Stratified Water

3 Otto Glacier

0 km 10

Fig. 1. Milne Glacier and Milne Ice Shelf, 1959 and 1983. The glacier advance has
halved the area of the inner wnit of Milwne Ice Shelf. The area immediately in
front on the glacier had a very rough irregular swface in 1983 whilst the remainder
of the inmer wnit was essentially flat. Stratified water (fresh water overlying
sea-water) in the small inlet, indicates that much of the Milne Glacier tongue is
fleating upon sea-water.

2) do not appear as smooth lines more or less parallel
to the valley walls (Paterson, 1981, p. 282). Although
these moraines are not as looped and folded as those
of Tikke and Susitna Glaciers (Meier and Post, 1969)
they are certainly deformed. The deformation must be
due to the flow of ice from Glacier 5 (Figs 1 and 2)
forming loops when the main valley glacier is quies-
cent. When the latter surges the loop is carried
forward some distance. A new loop forms after the
surge., Robin and Barnes (1969) proposed that the
surge of one glacier stream can trigger a tributary
glacier surge due to a type of stress instability. It
is suggested that a surge of the main valley glacier
induces surges of Glacier 5., It is noted that the
moraines have been forced over to the east side of the
fiord by the Glacier 5 ice stream. Furthermore, as the
Glacier 5 ice has come up against Milne Ice Shelf it
has been deflected across the east ice tongue so that
the moraines have been rotated through 90°, The deflec-
tion of the west tongue across the front of the east
tongue would explain the surface step mentioned pre-
viously. There are at least three moraine loops at
the glacier front. This has also been noted as diag-
nostic of surging glaciers (Meier and Post, 1969).

A little to the east of Glacier 5 is a very angular
moraine loop (Fig. 2) indicating a possible surge of
another tributary glacier.

It has already been noted that the moraines are
underlain by stagnant ice. At the time of the surge
the ice was probably heavily crevassed and broken but
since then it has become smooth and subdued as a re-
sult of heavy ablation. Ward Hunt Ice Shelf (Fig. 1),
80 km north-north-east of Milne Fiord, has undergone
a long period of net ablation since at least 1906

Fig. 2. 1959 air-photomosaic of Milne Glacier and the
inner wnit of Milne Ice Shelf. Note the corrujated
swface topography of the inner ice shelf wnit.
Unlike the outer ice shelf there is no preferred

orientation to this wndulating swface. The mature
development of a "rolling" topography has probably
been inhibited by periodic swges of Milne Glacier.
The west glacier tongue has an wdulating swface
of parallel ridges and troughs similar to other

ice shelves whilst the east tongue has an irregular
surface drainage pattern.
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(Hattersley-Smith and Serson, 1970) thus it is likely
that Milne Ice Shelf and Milne Glacier have also. The
smooth appearance of the surface of Milne Glacier in
1983 suggests that the surge occurred some years pre-
viously; in the late 1960s or early 1970s.

Koerner (1979) has shown the coast of northern
Ellesmere Island to have higher accumulation rates
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than the higher inland ice caps. However, although

the ice shelves and near-coast glaciers have rela-
tively high accumulation rates there is a net loss of
ice each year. Conversely, the lower accumulation in-
land is preserved as firn or superimposed ice. Though
the accumulation rates are low there will be a grad-
ual increase of ice volume in the "reservoir area"

of a surging glacier. Although the formation of super-
imposed ice with consequent release of heat will af-
fect the ice temperature distribution to some extent,
it is believed that Milne Glacier, 1ike Otto Glacier,
is a cold glacier. At an elevation of 1040 m on

Gilman Glacier (180 km south-east of Milne Glacier)
the 10 m ice temperature was -18.5°C. (Hattersley-
Smith, 1960). Thermocouples installed in bore holes

on Ward Hunt Ice Shelf in 1982 and 1983 revealed 10 m
ice temperatures of -15°C. Surging in cold glaciers
has been explained by creep instability warming the
basal ice to the melting point allowing the glacier

to slide (Robin, 1955). For a glacier to have a cold
surface and near-temperate bed, the ice thickness,

ice temperature, and geothermal flux must be for-
tuitously related (Clarke, 1976). Such a situation
would explain the thermal regulation of Milne Glacier
surges, It is further believed that the glacier has a
long surge-cycle period; as accumulation rates are Tow
it will take some considerable time to attain a criti-
cal condition in the "reservoir area".
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