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ABSTRACT: This paper contains thsults of hydrological and hydrochemical
investigations carried out in the basin of Werenskiold Glacier against the background
of determining climate elements. It also gives chosen elements of the water balance
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year 1979-1980.

Key words: Arctic, Spitsbergen, hydrology, water balance, chemical denudation

1. Introduction

In the southwestern part of the Wedel-Jarlsberg Land in West Spitsbergen
there is the small Werenskiold Glacier, which has been the object of detailed
investigations of Polish polar expeditions, beginning with the III International
Geophysical Year, i.e. since 1957. These investigations were continued every
year until 1961 and resumed after a 9-year break in 1970-1975 and sub-
sequently from 1978 to 1982. '

Based from the glaciological station') built by Wroctaw University,
an ambitious reaearch programme was begun. Investigations were performed
only in the summer season, except for the years 1957/1958 and 1979/1980.
The results of the recent year-long research cycle are the subject of the present

paper.

') This station was named after Stanistaw Baranowski, an outstanding polar researcher,
the head of expeditions of Wroctaw University, who died in 1978 in an accident on King
George.
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2. A geomorphological draft characterization and remarks
on the geological structure of the basin
of the Werenskiold Glacier

The Werenskiold Glacier lies in deep valley which cuts across the coastal
mountain range northeast of the outlet of the Hornsund Fiord. The topo-
graphxcal basin of this glacier, enclosed by the bank of terminal moraines,
covers 44 km?. According to the state of 1979/1980, the Werenskiold
Glacier covers 64 per cent of the basin area (28 km?). The remaining
part consists of the unglaciated forefield of the glacier (6 km?) and unglaciated
mountain slopes and ridges (10 km?). In 1979 the front of the Werenskiold
Glacier was withdrawn by 1.5 to 2.5km with respect to its maximum
range of 1936 and the length of the glacier decreased from 8.5 to 7 km.
Similarly, the thickness of the ice decreased by a dozen-odd per cent.
At present the mean thickness of the glacier is about 100 m. The maximum
thickness of the glacier occurs in the central cirques. It is 250 m (Mocheret,
Zhuravlov 1980; Czajkowski 1981). The altitude of the rock bottom
of the valley is 30-70m a.s.l. in the lower part, about 100m a.s.l.
in the central part and 150-250 m above sea level in the upper part,
whereas the bottom of the central glacial cirque is at 100 m over the sea
level. The morphology of the bottom of the valley indicates the presence
of three glaciers, each related to its own glacial cirque. The northern glacier,
called the Kvisla Glacier, is fed by the Skilryggbreen. The central glacier
has the greatest glacial cirque, at the outlet of the Slyngfjellbreen. The
smallest, southern glacier is fed by the Angellissen and possibly by the
southern cirque of the firn field. These glaciers are separated from one
another by median moraines, the most distinct of which is the one
between the Kvisla and the central glaciers.

Each of the glaciers is drained by its own stream flowing from partly
open glacial channtls at the front of the glacier. Within the internal
outwash these streams join into the Glacial River of the Werenskiold
Glacier, which cuts across the terminal moraine and flows into the Not-
tingham Bay. Water from the basin of the Werenskiold basin began
to be drained by one river only in 1969/1970. Previously the Kvisla Glacier,
and also possibly in part the central glacier, had been drained by the Kvisla
River which cut across the belt of terminal moraines under the slope
of the Jens Erikfjellet (part of the water flowed out through channels
in the dead ice) and ﬂowed into the Nottingham Bay.

The -surface of the Werenskiold Glacier and the distribution of cracks
are to a large degree affected by the morphology of the rock bottom
of the valley. Therefore, on the surface of the glacier there are ample
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troughs over rock depressions. In the ablation zone these troughs form closed
oval basins drained by a system of underground channels. The greates
of such basins was located in the central part of the glacier (the outlet
of the Skilrygg Glacier); it is drained by several wells which it was possible
to explore down to a depth of bellow 40 m?). One of them led to a large
cave which was a part of a horizontal system of galleries situated at a depth
of below 50 m beneath the surface of the glacier. This system collected
water from wells in the vicinity and may have been fed by the stream
fromp-the Slyngfjell Glacier. The other synclines, with smaller size, are situate
at the outlet of the Angell Glacier and in the central part »f the tongue
of the Werenskiold Glacier. One of them takes water 1w 2 well which
connects to a horizontal cave reaching as deep as 39 m. This cave is located
at a point deep cracks caused by the passage of the glacier over rock
module occur. Some smaller hollows are drained superficially in the direction
of the glacier front (e.g. Zimna Woda) or to margiral streams. These
basins on the surface of the Werenskiold Glacier function iur a short
time which is determined by the zone of snow and ice thawing moving up
the glacier. The largest basin begins to function at the end of the hydrological
year. Wells freeze in middle autumn, while water gathering on the surface
forms naled ice cover.

In the coastal zone of the Werenskiold Glacier there has developed
a typical drainage system which takes water from the unglaciated slopes
of the valley and the surface of the glacier. At places where the lateral
glacier has prevented surface or subsurface outflow at a small depth,
a marginal hollow, resembling a carst swallow hole, has arisen. The classical
from of this type occurs underneath the Eimfjellet.

The Werenskiold Glacier, like the other glaciers in Spitsbergen, formed
during the most recent short glacial epoch, following the climate optimum
at the time of the Viking expansion. Over this optimum period, from 750
to 2000 (3500) years back (Baranowski 1977), the valley of the Werenskiold
Glacier was free from ice and formed by fluvial processes and by litoral
processes at its outlet. This is indicated by the remaining fossil tundra
found in the front of the thawing glacier (Baranowski 1977) and also
on the walls of the glacial cirque (Pgkala 1980). It is difficult to determine
now whether in the most recent - glacial substage the maximum range
of the Werenskiold Glacier coincided with the terminal moraine or reached
beyond. Baranowski (private communication) belived that the Werenskiold
Glacier went beyond the terminal moraine. It seems very probable that
the terminal moraine of the Werenskiold Glacier does not mark the
stopping period of this glacier but, rather, results from a change in the

%) These wells were explored by speleologists from the Dabrowa Basin Tatra Speleologist -
Club in 1979 and 1981. In August 1979 electric thermometers were set in the wall
of the 39m well.
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regime of the glacier at a time when it “came upon land”, as J. Jania
suggests (1982). At present the Werenskiold Glacier undergoes intensive
recession. Since 1958 the front of the glacier has retreated at an average
annual rate of 20 m.

The geological structure of the basin of the Werenskiold Glacier is not
fully known, in view of its being lergely covered by the glacial and slope
sediments. According to K. Birkenmajer (1968) this area is built of proterozoic
metamorphic rocks of the Hecla Hoek succession. These rocks belong to
the Eimfjellet formation.

In the western part of the basin detailed investigations were performed
by W. Smulikowski, which resulted in a 1:25000 geological map. This
basin was also mapped by K. Birkenmajer®), and his unpublished map
makes it possible to complement the knowledge of the geological structure
in the eastern part of the basin. In the southern part of the basin
quartizites, muscovite schists, gneisses and amphibolites dominate. The southern
slopes of the valley of the Werenskiold Glacier are built of these rocks.
The base of the glacier and the mountain ridges surrounding from east
the valley of the Werenskiold are built alternately of crystalline schists
mainly micaceous, quarzite schists with marble inserts and quartz-and -marble
conglomerates. There are also numerous greenstone schists. The eastern part
of the basin is built of the same rocks as those in the northern part,
in which there is a good deal of marbles and quartizite and calcit schists.

3. Climate conditions

The climate conditions of the area of the Werenskiold Glacier were
determined by the glaciological teams from Wroctaw University who worked
“in Spitsbergen in 1957-60, 1970-75, and 1978-80. The basic meteorological
elements were essentionally measured and registered in summer seasons,
where the only yearly information dates from the period 1979/1980.

On the basis of the results of comparative analyses of meteorological
data from the Polish Polar Station at Hornsund (Tables I and III) with
information from the forefield of the Werenskiold Glacier, the magnitude
and variation of the basic meteorogical elements can be taken as similar
for both stations (Baranowski, Gtlowicki 1975; Pereyma, Piasecki 1982;
Pereyma 1982).

The large area of the basin of the Werenskiold Glacier shows topo-
climatological variations conditioned by orography, hypsometry and different
bedrock.

*) This is a 1:25000 map now being prepared for publication.
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The radiation balance in the tundra zone of the Hornsund shore is positive
in summer, i.e. about 20 kJ/cm? month in July and August. In the other
seasons of the year it varies greatly, depending mostly on the presence
of snow cover. In the glaciers of the region, among other things, as a result
of their large albedo, the radiation balance decreases significantly in summer
and takes a negative yearly value. For the forefield zone of the glaciers
and tundra the annual total of the radiation balance is positive but close
to zero.

A different system was found in the spatial distribution of the increase
in the total radiation in the Hornsund area. The upper firn zones receive
a slightly larger amount of this radiation, in summer months 3-5 kJ/cm?
month on average, than the tundra seashore and the region of the ice
forefield. This adventage in radiation access is caused by the significantly

Table L.

The mean decade and monthly temperatures (t, °C) and relative humidities (U, %) of air
in the basin of the Werenskiold Glacier and at Hornsund in August 1979.

w Wa WE Ws Wu Wc H
t U t U t U t U t U t Uu t U
1—10 44 8 23 94 38 80 3.1 88 1.3 95 -0.1 9 32 86
11—20 79 81 6.1 91 59 8 47 9 35 100 44 93 5.1 88
2131 33 75 09 89 25 78 15 8 —-05 8 —06 93 29 76
1--31 52 79 3.0 91 40 81 3.0 88 1.4 99 12 94 37 83

W. W A WC — meteorogical stations in the basin of the Werenskiold Glacier, located as in Fig. 1.

decreasing thickness of low clouds up the glaciers. These relations have
been found in spite of the more stable position of cloud layers over the firn
field of the Werenskiold Glacier with respect to its forefield or to Hornsund.

The mean air temperature in the forefield of the Werenskiold Glacier
are slightly higher (1 to 2°C) than those at Hornsund, in view of the greater
effect of the processes of air foehnization in this region. In - individual
cases these differences can be considerable and reach about 10°C.

In different zones of the basin of the Werenskiold Glacier it is possible
to find the distinct dependence of the thermal relationships in the atmosphere
on the effect of the surface of the glacier, which is greater than hypsometry
may indicate. The variation in the spatial distribution of air temperature
in the area of the glacier is largest in summer because of the lack
of snow in part of the basin. This is illustrated by Table I which contams
the mean values for August 1979.

A regular air temperature drop of 0.52°/100 m (August 1979) can
be observed along the longitudinal profile of the glacier (Wg— W).
In the upper part of the glacier it is possible to observe a gradual increase
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in the frequency of thermal investigations with large thickness. This is indicated
by a gradient of 0.01°C/100 m obtained for August 1979. The effect of this
is the mean temperature similar for the firn field (W) and the nunatak
(W) 300 m higher up.

In the light of the data obtained it is possible to evaluate the degree
of the coaling effect of the glacier on the atmosphere in its vicinity.
Under the conditions of summer in Spitsbergen it is 2.2°C on average
in the front zone and 1.6°C in the middle zone.

The relative air humidity observed in the forefield of the Werenskiold
Glacier (U, Table I) is on average lower than at Hornsund, which results
from the greater dynamism of foehnization processes mentioned above.
Higher relative humidities can be observed at stations being under the effect
of the glacier, particularly in the firn field (Wy) which results from the damp
air masses which stabilize there.

lirespective of the differences in the average relationships between tempe-
rature and humidity found in the region, it should be noted that topoclimato-
logical contrast increase in a circulation period which favours foehn processes,
particularly in its initial phase, and in a period when cold masses of arctic
air arrive. In the course of advection of warmer and damper masses
of polar and sea air these contrasts decrease. According to the mean data
obtained for Spitsbergen summer, the weather periods which favour the
contrasts slightly exceed 50 per cent.

The precipitation noted in summer in the forefield of the Werenskiold
Glacier is slightly smaller than at Hornsund, while its amount increases greatly
on the surface of the glacier, reaching in the firn field a value twice
as large as that of the total at Hornsund (Kosiba 1960, Baranowski 1968),
and, in turn, the thickness of the winter snow cover is about there times
as large. At the end of the winter seasons 1979/1980 the water equivalents
of snow cover were, respectively, 1194 mm for the ﬁ;n field, 700 mm for
the middle part of glacier, 560 mm for the glacier "front, 500 mm for
the forefield and 317mm for the plain part of the Fugleberget basin
(Hornsund). On the glacier the length of the presence of the annual snow
cover is longer from 1 to 3 months, depending on the altitude zone
-and partly on the orography, then that in the forefield and the tundra zone
at Hornsund. Thus, the drainage of water from the basin of the glacier
depends to a large extent on the progress in the disappearing of the snow
cover in its area. According to the investigations in the summer of 1980
(Szczepankiewicz-Szmyrka 1981), the loss in the water balance caused
by evaporation over the whole summer season in the area of the forefield
of the Werenskiold Glacier can be evaluated as about 50-60 mm. For
the zone of the tongue of the glacier the sum total of the loss caused
by evaporation in the Spitsbergen summer can be about 20-30 mm. Taking
into account the results of year-long measurements, it is possible to estimate
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the annual loss caused by evaporation as about 140 mm on average for
the middle and lower parts of the basin of the Werenskiold Glacier.

4. A hydrological characterization

The basin of the Werenskiold Glacier is closed by a hydrometric profile
set on the Glacier River at through break the terminal ir:iwaine. The river
bed cuts here across a rock ledge, facilitating thus the sc'ection ¢f an ap-
propriate place at which to set a limnigraph, water-level staffs and a profile
for control discharge measurements. The first hydrometric profile with a limni-
graph was installed in the summer of 1970 (Baranowski, Gtewicki 1975). It was
located in the upper part of the break, just below the point where the Glacial
River joins the Angell River where it was used in the summer seasons of
1970-1974. In 1978 it was moved to the lower part of the breakthrough.
In this position it was used in the summer seasons of 1978-1981 and
throughout the hydrological year 1979/1980. With these profiles the whole
drainage from the basin was controlled, since the Glacial River of the Werens-
kiold Glacier now is the only river which drains this area. In addition
to the constant registration of water levels in the Glacial River, periodic
flow measurements were taken in the most important undercurrents flowing
from the glacier and a extensive programme of hydrological and hydrochemical
investigations implemented. These investigations complemented the climato-
logical programme (with 6 meteorological stations working in the basin)
and the glaciological one (dynamism of ice movement, the magnitude of the
surface ablation of the glacier, thermalkarst processes etc.). These investigations
gave fullest data in 1972, 1973, 1979 and 1980.

Year-long investigations were carried out in the hydrological year 1979/1980,
when water discharge was found also in the winter season. This water
froze in the forefield of the glacier and measurements of the increment rate
for this ice made it possible to determine the volume of this water Table II).
The ice thawed in spring and became part of the spring outflow of the
Glacial River.

The registration of water levels in the Glacial River was begun on 13 July,
1979 and ended on 13 November, 1979, a dozen or so days before
the drainage from the basin stopped (25 November, 1979). In the spring
of 1980 hydrological measurements were commenced when the drainage from
the basin started, i.e. on 21 May, 1980. It was possible to begin registration
of water levels as late as 14 July, 1980 and to carry it out until
5 September, 1980.

The results obtained in 1979/1980 permitted the distinguishing of hydro-
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