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The origin and evolution
of the Goes Lake
in Sorkapp Land, Spitsbergen
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 1 km 2 . 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 G&s 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 G&s 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 Gas 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 Gas 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 cliff
in the lake with a maximum measured depth of 59 m. The northern

Fig. 1. Environment of Lake Goes. Exstand of Goesvatnet in: — 1899, 2—1936, 3—1960,
4—1980, 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 Gas 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 Gas 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 G i s Glacier and therefore it would
be justifield to call it the "Gas 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 G&s 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 0.84m/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 G i s 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

Fig. 3. Lake Goes in 1979-1980
1—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, 5—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
Midifjel let 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 northeastern 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 5 0 - 6 0 m
deep, with a layer of silt sediments, and the southern 15-17 m deep,
with delta type gravel and sand (Fig. 3).
In 1979 the lake began to fill on 15-20 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 117 m in 1936, from 105 m in 1938
to 87 m 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 Szupryczyński
(1963). He stated that "...the Goesvatnet is a dammed lake between the cliff
of the G&s Glacier and mountain slopes of the Wurmbrandegga... In the water
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at the foot of the cliff of the glacier there were large ice blocks and
the surface of the lake was covered by the ice floes" (p. 53). Another
piece of information provided by this author, who was told it by S. Siedlecki in private communication, is also interesting: "... In 1956 in the place
of the lake there was a holly filled with moraine mud with dead ice
blocks sunk in it. (p. 53). This is the first information about the occurrence
of the empty lake bed. Pillewizer (1939) had previously written about
a drainage of the lake and its effects but did not mention such a fact.

4. The drainage mechanism of the lake
The periodic filling and the partial or total drainage of icedammed
lakes is a complex phenomenon. Chronological information about the presence of drainage of the lake is given below. Most of the data apply
to summer months (July-August).
Date

Presence or
absence of water
in the lake

1899
1936
1938
1956

full
full
full
empty

1959
1960
1970
1975
1977
1978
April 1979
July 1979
July 1980
August 1980
July 1981
August 1982

full
empty
full
full
full
empty
empty
full
full
empty
empty
full

Ordinate of the
water level m
over the sea level
150
117
105
-

-

87
87
-

Source

de Geer 1923
Topografisk karte 1948
Pillewizer 1939
Siedlecki, see Szupryczyński 1963
Szupryczyński 1963
Aerial photo... 1960
Birkenmajer 1975
Grześ, Banach
Grześ, Banach
Grześ, Banach
Grześ, Banach
Grześ, Banach
Grześ, Banach
Grześ, Banach
Grześ, Banach
Jania-private
communication

The above data show a distinct variation in time of the phenomenon
of the filling and emptying of the lake bed. It is, however, impossible
to determine exactly when, at what maximum water level or depth, or
alternatively at what ordinate of the water level the lake begins to drain
and how long this lasts.
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There have a number of attempts to explain the drainage mechanism
of the ice-dammed lakes. On the basis of the literature, Post and Mayo
(1971) give seven hypothese. The complete and rapid drainage of the Goes
Lake when it becomes full supports the theory of Thorarinsson (1939).
As a result of hydrostatic lift the ice dam goes up and the water drains
subglacially and inglacially. The dam is lifted when the depth of the lake
is about nine tenths of the height of the ice dam. The maximum depth
of the lake found before its drainage in the summer of 1979 and 1980
was close to the height of the ice cliff. N o outflow of the lake water
was found in the forefield of the passive part of the glacier, which dammed
the lake, which is the shortest wam to the marginal zone. The tunnels
and gates of water drainage were found at its interface with the active
ice, i.e. along the line of the median moraine from the Midifjellet.
The water is drained through the interface zone between the active and
passive parts of the glacier. In August 1978 two tunnels, subglacial, were
found in the eastern part of the ice cliff, a few metres over the lake
bottom (Fig. 3). Both tunnels are in the contact zone. There are no tunnels,
however, in the cliff of the passive ice. In addition, the main current
draining the basin of the Goes Lake flowed into the subglacial tunnel.
Most authors who investigate the problem of the periodic drainage
of ice-dammed lakes agree that the gradual elevation of the increasingly
wide zone of the ice dam as a result of hydrostatic lift starts subglacial
drainage of the lakes through the previously active channels (e.g. Liestol
1955, Marcus 1960, Aitkenhead 1960, Gilbert 1971).
The water meeting the first initial outflow starts the drainage mechanism
of the lake. The inglacial or subglacial channels are rapidly enlarged by the
thawing of the walls. The channels continne to enlarge until the whole
lake is drained (Liest0l 1955, Mathews 1973).
The Goes Lake has for some years drained in the very same way.
This indicated by the same ice gates through which the lake water flows
(Fig. 1). It can therefore be supposed that, in addition to the hydrostatic
lift affecting the part of the ice dam afloat in the lake, the contact
zone between the active and the passive ice is particularly suitable for
the way of the periodic drainage of the lake. The enlargement of the
inglacial tunnels leads to considerable changes in the conditions of the water
drainage (Stenborg 1969, Golubev 1976). The greatest changes in the drainage
system occur inside the glacier. Walley (1971) believes that the glacier
itself causes with its own drainage system the outflow of the lake.
The Goes Lake usually drains in winter or early spring. On 19 July
1978 the empty lake bed was covered with patches of the ice cover ice floe
of the lake prior to the drainage. The subglacial drainage was under way
till the end of the ablation season. It took 14-15 months for the drainage
through the ice dam to be closed. The lake bed began to fill on 15-20 June,
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1979 and continued till the end of July 1980. Thus the lake lived for
about 13-14 months.
It seems to be guite regular for the Goes Lake that it does not fill
in the summer following the winter drainage. This is indicated not only
by the data given in the table above, but also by the lack of the annual
presence of naled ice in the forefield of the lake.
Each ice-dammed lake has its own drainage system which depends
on the changes within the glacier and the lake itself. The starting of the
drainage is related to the maximum filling of the lake. The more exact
cognition of the whole process of the drainage of the Goes Lake requires
further investigations.

5. Remarks on the naled ice in the forefield of the Gas Glacier
The first information about the presence of naled ice in the forefield
of the G&s Glacier was given by Baranowski (1977a, 1977b). He stated
(1977a) that "...Characteristically, almost every year naled type ice occurs
in the forefield of the Gasbreen, which can indicate the presence of a warm
thermal regime in the base of the glacier" (p...). The naled ice does not
occur in the forefield of the Gas Glacier every year. If the naled ice
in the shore and extramarginal zones were the result of the presence
of the warm thermal regime in the base of the glacier, they should
occur each year. In the winters 1978/1979 and 1980-1981 the authors
observed the formation of naled ice in the forefield of the Werenskiold
Glacier, in its size close to the G i s Glacier. It covered at most 10 per cent
of the internal area of the marginal zone. The question therefore arises
as to how it is possible for naled ice to emerge in the area of several
hundred hectares in the forefield of the G i s Glacier in the course of one
season. According to Baranowski (1977b), at the begining of the summer of
1970 the naled ice at Gishamnoyra covered 2.5 km 2 , i.e. 54 per cent
of its area.
When the Goes Lake drained in the late winter or early spring of 1978,
in August one could see in the extramarginal outwash a large fan-shaped
naled field, strongly degreded by atmospheric factors and flowing water.
The lake began to refill in the summer of 1979 and thus in the winter
1978-1979 the bed of the Goes Lake was empty. N o naled ice was found
in the forefield of the glacier. Because of the fact that the lake did not
drain in the winter 1979/1980 and then not until July 1980, naled ice was
not there, either.
The present authors belive that the facts presented above provide sufficient
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evidence that the winter-spring drainage of the Goes Lake cause naled
ice to form in the forefield of the Gas Glacier (Gashamnoyra).
When the drainage mechanism of the lake is started, the lake water
flowing through the glacier gate permeates the snow cover and fills the area
of the internal marginal zone. The main break through the ice and moraine
bank is blocked in winter by packed, blown snow, which in the first
stage is a sufficient dam for the water flow from the glacier. The drainage
from the glacier basin througt the breaks in ice and moraine banks was
repeatedly found to be dammed, on many glacier (e.g. the Werenskiold
or the Nann). When the snow dam is broken through, the water flows
out to the snow-covered extramarginal outwash. In the first stage it spreads
in a fan—shaped manner. In the second, in turn, beds are cut under
temperature and abrasion in the permeated snow cover. Relatively soon
the river beds covered by a layer of snow down to 3-3,5 m are restored,
since these zones are most vulnerable to subsurface erosion. As the water
flows farther from the break in the ice and moraine banks, the inclination
and depth of the beds decrease. The water mass concentrated in the beds
spreads again over the plain. Its flow to the sea is stopped by the storm
bank with a superstructure of ice rubble formed in the course of autumn
storms up to more than 1 m and 5-10 m wide. The whole is frozen
and constitutes a hermatic barrier for the water. The hollow in front
of this bank fills with inflowing water until it flow over the top. The back
flow of the basin thus being formed per meates the increasingly wide part
of the snow-covered outwash. The whole phenomenon occurs at negative
air temperature. The water—per meated snow cover rapidly frezes. The
water—filled hollows freeze to the bottom. This can be accompanied by
the formation of the socalled ice burges. This process should explain
the fact that in summer the naled ice is thickest in the coastal zone
of the outwash. When the lake is drained the beds cut are quickly
covered with snow, as a result of precipitation and primarily because of
its redeposition. When the drainage of the lake is accompanied by a snow
storm, the damp surfaces trap then the redeposited snow causing an increase
in the rate and the ultimate thickness of naled ice.
It sems necessary to point out the fact that the water-permeated and
frozen snow is in its properties close to ice (0.75-0.85 g/cm 3 ) it therefore
thaws much more slowly than the parts not covered by the winter—spring
outflow and remains till late summer.
As the water flows farther from the breakthrough its energy decreases
and the mineral material it carries accumulates. The amount of deposited
sediments is not in direct proportion to the size of the flood, since
erosin occurs in the frozen base. Despite this a number of ephemeral
forms arise which resemble in their shape ozes and kems; naled patches
are also preserved.
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In view of the problems discussed above, one should also consider the
forms outside of the moraine ridges in the area of the breakthrough.
Their origin has been investigated by a number of scholars (Szupryczyński
1963, Wiśniewski and Karczewski 1976, Cegła and Kozarski 1977). The
present authors think that their form should be related to the catastrophic
of the lake when the glacier was in the line of the moraine ridges.

6. Summary
It is characteristic of the Goes Lake that for 81 years its area and
depth conditions, despite a change in location, have barely changed.
The sub and inglacial drainage of the lake occurs in the contact zone
between the active and the passive part of the ice dam, both through the
previously functioning and the newly formed channels. After a period
of 6-7 months from the time when the lake bed is fully fielled, the lake
begins to drain. The water has flowed out through the same places for
a number of years. When the lake is drained its bed usually stays empty
till the next summer season, which is caused by the fact the sublacial-inglacial
drainage system continues to function. The lowering of the part of the ice
dam floating in the lake does not occur until the winter season which
precedes the filling of of the lake bed.
It should be stressed that all ice-dammed lakes have their own
individual drainage system, even if they belong to the same type. The drainage
system changes as the lake evolves; this evolution being strictly conditioned
by changes the glacier.
Naled ice, with size exceeding the typical Spitsbergen dimensions, has
repeatedly (but not annually) been found in the extramarginal outwash
(Gashamn0yra). It is not the effect of the freezing of the water flowing
out of the glacier with a warm regime in the base. The naled ice of this
type is a local phenomenon which occurs in a small part of the internal
zone. The naled ice in the extramarginal outwash results from the winter
drainage of the lake. Therefore it is observed in Gashamnoyra each year.
The phenomenon occurs catastrophically and briefly (5-10 days). This naled
ice is brought about by the permeation of layered water, as a result of the
blowing of the snow cover with negative temperature. This gives layered
ice 0.75-0.85 g/cm 3 thick which the authors have observed. It has repeatedly
been observed that it disintegrates into single, vertical crystals up to some
score cm long.
In viev of the above fact, does the naled ice belong in the definition
of this kind of ice? It seems that the criteria for the emergence of naled
ice not exact, since they should account for the mechanism of its formation
and not only its structure.
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7. Резюме
Гесватнет, это подпорное озеро, волы которою заграждает ледник Гас. Оно периодически подвержено субгляциальному-ингляциалъному дренажу, обычно зимой. При
максимальном заполнении глубина озера достшает 60 м, а поверхность 1кв. км.
Проведена попытка объяснить механизм дренажа озера. Автор проследил изменения
уровня и распространения озера в течение 81 года. Определены размеры и тип
дегляциации краевой зоны ледника Гас. Установлена тесная связь между дренажем
озера и наличием наледей на экстрамаргинальном зандре (Гасгамнойра).

8. Streszczenie
Goesvatnet jest jeziorem zaporowym, wody którego są piętrzone przez lodowiec Gas.
Ulega ono periodycznym subglacjalnym spłynięciom; zwykle w okresie zimy. Przy maksymalnym
wypełnieniu osiąga ono głębokość rzędu 60 m i powierzchnię około 1 km 2 . Przeprowadzono
próbę wyjaśnienia mechanizmu drenażu jeziora. Prześledzono zmiany położenia i zasięgu
jeziora na przestrzeni 81 lat. Określono wielkość i charakter deglacjacji czołowej partii lodowca
Gas. Stwierdzono ścisły związek pomiędzy spłynięciami jeziora a obecnością nalodzi na sandrze
ekstremalnym (Gashamnoyra).
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