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Abstract: The Goesvatnet is a lake whose water is dammed by the Gas Glacier.
It undergoes periodic subglacial and inglacial drainage, usually in winter. When fully
filled it is about 60 m deep and has the surface of about 1km?. An attempt was made
to explain the mechanism of the drainage of the lake. Changes in the situation and range
of the lake over the period of 81 years were investigated. The magnitude and character
of the deglaciation of the front part of the Gis Glacier were determined. A strict relationship
was found between the drainage of the lake and the presence of naled ice in the
extramarginal outwash (Gashamnoyra).
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1. Introduction

The Goes Lake lies in the southern part of Spitsbergen, in the area
of the Gés Glacier (Fig. 1) which dams it. The investigation of the evolution
of this lake was permitted by the cartographic research performed here.
The first materials date from 1899-1900 when a Russian-Swedish expedition
wintered in the Gis Bay (Gashamna) (Vassilev 1925). A 1:50000 map made
by this expedition (de Geer 1923) also includes the Goes Lake. It was
verificad photogrammetrically by a German expedition in 1938 (Pillewizer
1939). This expedition carried out extensive geodetic maesurements, particularly
of the Géas Glacier and its forefield. The 1:100000 Norwegian map
published in 1948 (Topografisk kart... 1948) was based on measurements
in 1936. The aerial photographs taken by the Norwegian Polar Institute
on 15 August, 1980 (Aerial photo... 1960) were also analyzed. The geodetic
research carried out in 1978 and 1980 under the programme of the expeditions
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of the Polish Academy of Sciences to Spitsbergen permitted the investigation
of the changes which have taken place in the area of the Goes Lake
over the recent 81 years.

2. The origin of the lake

The large changes in the range of the glaciers in the area of the Goes
Lake discerned in the cartographic material substantiate the thesis that
it is difficult to assign this lake definitely to one of the types distinguished
by Maag (1969). It follows from de Geer’s map of 1899 (Pillewizer 1939)
that the Goes lake was formed by the damming of a lateral valley
by the Goes and Port Glaciers (Fig. 1). They concluded with a Ccliff
in the lake with a maximum measured depth of 59 m. The northern

Hornsund | % = EE: B3 M =35

GASHAMNA 21\ E=de BT E e B9 [Hn

iy it gb DOy [oleEEn[=]u[_ s
2 H = 2 3km

Fig. 1. Environment of Lake Goes. Exstand of Goesvatnet in: — 1899, 2—1936, 3—1960,

41980, 5—morraine ridges and medial moraines, 6—Sandour of Gas Glacier, 7—passive

ice, 8—active ice, 9—contact zone, 10—directions of the main currents of Gés Glacier,

11—break in the morraine ridges of Gas Glacier, 12——glacier gap, 13—mountain ranges,
14—streams, 15—glaciers
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and northeastern part of the shoreline (cliff) describes a distinct bay
into the glaciers. This would indicate that the process of the enlarging
of the lake is well advanced. In its evolution it has not yet reached
the Midifjellet. It should be supposed that the development of the lake
originated in a little unglaciated valley in the southern part of the lake.
In Pillewizer’s map of 1938 the lake cut its large bay into the Goes
Glacier, with a cliff shore 1450 m long. It had reached the Midifjellet,
i.e. more exactly the point where the lateral moraines of the Gis and Goes
Glaciers join. The area formed as a result of the retreat of the Port
and Goes Glaciers has to date been periodically filled by the lake. At
present it is dammed only by the Gas Glacier and therefore it would
be justifield to call it the “Géas Lake”. The same ice dammed lake can
therefore be assigned to different types, depending on the stage of its
development.

3. The evolution of the lake

The changes in the range and depth of the lake are closely related
to the deglaciation process in this area. There is a feedback type interaction
between the water and the glacial environment. The regime of the lake
is strictly connected to the regime of the Gas Glacier which prevents
the free drainage of its water.

3.1. Changes in the range of the Gas Glacier

Fig. 2 shows the changes which have taken place over 81 years in
the part of the Gas Glacier near the lake. From 1899 to 1938 (39 years)
the surface of the glacier in the area of the lake dam decreased by 33 m,
i.e. at an average rate of 0.84 m/year; and by another 64 m, i.e. about
1.5 m/year since 1938 (42 years). Similar time intervals for which the surface
ablation (expressed in ice thickness) make these two values comparable.
If, however, the Gas Glacier advanced rapidly between 1899 and 1939,
as Baranowski believes (1977a), these values will not be comparable.
The relatively small lowering of the glacier surface in the initial period
may, on the hand, have been the result of its elevation caused by the
“surging” effect, but, on the other hand, by the fact that it occurred
over the altitude range 200-150 m over the sea level where ablation is
distinctly weaker (Baranowski 1977a). A gradual decrease in the absolute height
causes an acceleration of the phenomenon. The calculation results given
above can involve error caused by the different course of the profile
lines.

Over 81 years (1899-1980) the ice cliff of the northern shore of the lake
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moved 1200 m towards the marginal zone. The glacier reatreats much more
rapidly in the cliff zone than at the front. It is most intensive when
the lake bed is filled. The ice from the front of the glacier as a result
of “calving” is carried away by the lake water (Fig. 4).

Over this period the retreat the glacier at its front in the marginal
zone was 500-600 m ; 425-500 m according to Jania et al. (1981). This small
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Fig. 3. Lake Goes in 1979-1980
l—maximum lake range (28.08.79) with the water level, 2—stages of lake fill-up, 3—ice cliff,
4—probed lake depths at maximum atate, S—cracks in the ice, 6—subglacial tunnel 7—inglacial
tunnel, 8—strems, 9—-alluvial fans, 10—mountain slopes, 11—glacial sediments, 12——medial
moraine. The outline of the lake in 1979 was recorded by W. Mizerski

rate of retreat is the result of the considerable cover of the ice by moraine
material. The part of the front zone of the Gas Glacier from the slopes
of the Wurmbrandegga to the median moraine branching off from the
Midifjellet is probably passive. This is indicated by the system of the median
moraines and by the relation of the main glacial stream to this part of the
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glacier. The median moraine originated at the slopes of the Midifjellet,
until the glacier underwent “surging” (Fig. 4. and 5). In the passive
part there are no cracks, crevices, or outcrops of flow lines to suggest motion.
Ablation and precipitation water is drained mainly over the surface of the
glacier.

3.2. Changes in the Goes Lake (Goesvatnet)

The lake moves following the downgrade of the slope, most rapidly
in the northern direction, i.e. towards the damming passive ice. The north-
eastern shore of the lake does not show such large changes because of
the steady ice supply—there is a branch of the main glacial stream here
(Fig. 1). This is indicated distinctly by the system of cracks and surface
moraines visible in Pillewizer’s map (1939), aerial photographs (Aerial photo....
1960) and the photography shown here (Fig. 4).
~ When the lake is full the water infiltrates into the active part of the glacier,
decreasing its friction against the base and simultaneously the thermal regime
in some area. Another force, called the “floation mechanism” by Thorarinsson
(1939), acts here. Therefore the retreat of the cliff shore of the lake
in the northeast is slower because of the steady ice supply.

The investigations performed in 1978 and 1980, when the lake was drained,
and in 1979 and 1980, when it was full, permit its more specific characterization.
The bed of the Goesvatnet has two distinct basins: the northern 50-60 m
deep, with a layer of silt sediments, and the southern 15-17m deep,
with delta type gravel and sand (Fig. 3).

In 1979 the lake began to fill on 1520 June and on 28 August
it was close to its maximum state in this ablation season. The water
level established on the ordinate 87 m over the sea level. The area of the
was 98.2 ha length 2 km and width 0.5 km, thus close to its size in 1938,
i.e. 95 ha with the ordinate of the water level at 105 m over the sea level
(Pillewizer 1939). The degree of the bed fill achieved by the lake in 1979-1980
was one of the highest; the ice cliff was fully submerged (Fig. 3). '

As the lake moved following the inclination of the base, the ordinate
of the water level lowered. Over 81 years it lowered by 63 m; from 150 m
over the sea level in 1899 to 117m in 1936, from 105m in 1938
to 87m in 1979 an 1980, with maximum depths of the same order.
It is difficult to evaluate exactly to what extent the ordinates of the water
level of 1899, 1936 or 1938 are close to the maximum states in the given
ablation seasons.

Some information about the Goes Lake was provided by Szupryczynski
(1963). He stated that “...the Goesvatnet is a dammed lake between the cliff
of the Gas Glacier and mountain slopes of the Wurmbrandegga... In the water
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