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Water in the Hornsund glaciers
in the light of isotopic
investigations

Abstract: The differentiation of the isotopic composition of glacial water in some
Hornsund glaciers was found to depend on its position with respect to the firn line,
situation in the circulation system and on seasonal variations of air temperature.
Intensive ice thawing in the ablation zone is marked by decreased values of the tritium
content in the discharge of the glacier, whereas water from thawing snow nad firn
increases these values. The isotopic differentiation which occures in waters in the main
flow systems indicates the magnitude of the shares of water from thawed ice firn and
snow in the total drainage of the glacier.
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1. Introduction

The determination of the water regime of the Hornsund glaciers is an
important part of the investigation of their dynamics. This problem has
been studied by scientific expeditions of the Polish Academy of Sciences,
Wroctaw University and Silesian University. One of the present authors,
who took part in the expedition of the Polish Academy of Sciences in the
summer season of 1979, had the opportunity to carry out hydrological
research over the area of several Hornsund glaciers (A. Rozkowski, 1980).
The investigations covered the Hans, Werenskiold, Arie, Gds and Nordfall
Glaciers (Fig. 1). Their aim was to observe the water regime of the
glaciers.

The hydrological investigations also included the sampling of water,
snow, firn and ice for the purpose of isotopic measurements. In the course
of the sampling particular attention was paid to the drainage systems
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of glacial water. The glaciers were sampled in July and August 1979.
Some control sampling measurements were also carried out in September
of that year. In all, 59 samples were taken for the determination of the
tritium content and 63 for the investigation of the stable isotope, composition
mainly of oxygen. The isotopic measurements were taken at the laboratory
of the Institute of Physics and Nuclear Techniques at the Academy of
Mining and Metallurgy in Cracow.
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Fig. 1. Glaciers in southwest Spitsbergen
1 — morraines, 2 — areas uncovered by ice, 3 — glaciers studied.

This paper reports on an analysis of the results of pilot determination
of this isotopic composition of water, snow, firn and ice in terms of the
genesis of glacial water and its circulation ways. An explanation of the
stratification of the isotopic composition of ice in the profile of a crevasse
in the Hans Glacier is also proposed. Since a relation was found to exist
between the differentiation of the isotopic composition of glacial water
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and both its position in the circulation system and seasonal temperature
variations, it was necessary to give in the first part of the paper a general
hydrological characterization of the glaciers and to present the climate
conditions of Hornsund. For the sake of Polish readers, a very general
characteristic of the isotope method was also included.

The authors wish to express. their gratitude to Prof. Dr. hab. M. Pulina,
the head of the polar expedition of the Polish Academy of Sciences
in 1979/1980, for his assistance in the organisation of field research and
valuable discussions. They are also grateful to Dr. A. Kaminski and
Dr. J. Pereyma for their kind remarks and to J. Karkoszka, M.Sc. and
J. Waga, M.Sc. for their help in field research. Separate acknowledgement
is also due to the members of the Zaglegbie Speleological Expedition to
Spitsbergen in 1979 for their sampling of the crevasse in the Hans Glacier.

2. The glaciers and climate of Hornsund

The region where the glaciological investigations were carried out in the area
of Fiord Hornsund lies between 76°23° and 77°09° North and between
15°10" and 16°7" East (Fig. 1).

The glaciers in this area cover both culminations and depressions
of the rock base; they fill, however, mainly the valley among mountains
and plateau. The accumulation regions of the glaciers lie low, on the
ordinates 350-600 m. Large variations can be seen in the relief of their
surface, which is related to the great differentiation of their base.

Large glaciers, from dozen-odd to several score km?, usually have
common firn fields on the plateau, while small mountain glaciers have firn
fields close to the mountain crests. Large glaciers often flow to the fiord,
concluding with an ice wall undercut deeply by the sea. Most of small
glaciers flow onto flat sea terraces, marking their fronts with moraine
banks, or feed large glaciers.

~ S. Baranowski (1977) assings Hornsund glaciers to the subpolar marine
type. Such glaciers have a complicated thermal regime. According to his
observations, these glaciers are characterized by “warm” accumulation zones
and “cold” ablation zones, apart from the summer surface layer. They are
wet throughout their mass or part of it in the accumulation zone and
over the surface of the ablation zone in summer. In summer, over its whole
surface, snow and ice thaw, mainly as a result of high values of the radiation
balance and turbulent exchange. In the accumulation zone, because of the
thawing and large porosity of firn, ablation water infiltrate into the glacier.
Ice thaws in a particulary intensive way in the ablation zone. The water
flow from the glacier has a superficial, inglacial and subglacial character.
The magnitude of the water flow varies between the ranges of particular
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glaciers, depending on the season and, in the ablation period, even on the time
of day.

The complex thermal regime of subpolar glaciers affects significantly the
formation of the circulation ways of glacial water, particulary the character
of its flow and drainage. In the ablation period three basic systems of glacial
water circulation occur: 1) superficial, 2) marginal, 3) subterranean (A. Roz-
kowski, 1980). It is mainly through in—and subglacial channels that water
reaches the forefield of the glacier.

The water of the surface circulation system is represented by the water
of glacial streams (Fig. 2), dammed lakes (Fig. 3) and glacial rivers (Fig. 4).
The streams flow in meandering channels. The inclination of the glacier
surface defines the direction of the flow and the hydraulic drops of the
streams. The surface circulation system is fed during the ablation period.
At the beginning of this period, vertical permeation and retention of thaw
and rain water can be observed in the profile of snow and firn. The saturation
of the snow and firn zone is followed by a horizontal flow of water
in the streams to the morphological depressions in the glacier surface,
where, when glacial wells uncover, an intensive drainage of retained water
occurs. During intensive thawing in the accumulation zone there is further
thawing of snow and firn, whereas ice thaws in the ablation zone. When
the ablation process is over, the surface streams freeze and fill with snow.
The feeding area of the streams consists of morphological basins formed
on the glacier surface. The surface circulation system is drained through
glacial wells and, in the border parts of the glacier, through marginal
streams, dammed lakes and rivers.

The glacial wells (Fig. 5), visible in the ablation zone, take the surface
water into glacier. The dammed lakes, which are contained by moraine
and ice banks, collect water both from the surface and subterranean circulation
systems. The glacial rivers take water from the surface and subterranean
circulation systems to the fiord.

The marginal circulation system (Fig. 6) is related to the marginal
streams which run along lateral moraines, usually in dead ice. In the forms
of ice karst water flows mainly in—and subglacially. This circulation system
is fed along its ways, by surface ice streams and mountain streams from
tali, and locally, on a point basis by glacial wells. The drainage of this
system is based on dammed lakes and surface currents flowing out of moraine
and ice banks. In mountain glaciers the marginal and surface circulation
system form the basic way of glacial water drainage. The marginal system
of water circulation freezes because of its shallow position.

The subterranean circulation system is both in—and subglacial. In the
ablation period it is fed by the drainage of the surface basins of the glacier
and marginal streams through glacial wells by which water cascades to the main
channels of the subterranean drainage. The drainage of the subterranean



Fig. 2. Hans Glacier — ice steam.



Fig. 3. Gas Glacier — ice-dammed lake at the glacier front.
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Fig. 4. Situation plan of Gas Glacier
1 — glacier streams and rivers, 2-ice streams studied, 3 — ice-dammed lake, 4 — ice walls
studied, 5— sampling points and their numbers acc. to Table 4.

circulation system is based on dammed lakes and glacial rivers which flow
from ice and moraine banks. In the case of glaciers which end in the sea,
water discharges at the glacier front through channels and glacial gates.

The development and existence of glaciars, and also their water regime,
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strictly depend on the climate. The climate of Spitsbergen is characterized
by a transitory form between a marine and a continental climate (L. S. Troitskij
et al. 1975). This shows in the low mean air temperatures and moderate
precipitation. There are data as to the climate variations in Spitsbergen
in the recent millenium (S. Baranowski, 1977, L. S. Troitskij et al. 1975).
In the period from the Ist to the 13th century, warmer weather caused
the glaciers to retreat. The climate was then milder than now. A cooler
climate, called the Little Ice Age, occurred from the 14th to the decline
of the 19th century. This period involved a transgression of the glaciers.
The lowest temperatures were noted in the 18th and 19th centuries. In this
century, the climate in Spitsbergen has been stable (J. Pereyma, 1981).
This region has a specific microclimate, with characteristic relatively low
winter and high summer temperatures, and also long positive-temperature
periods. Positive mean monthly temperature occur from June to September,
permitting the ablation processes; negative ones in the remaining months
favour the accumulation of now. The maximum intensity of the ablation
process occurs from June through August. The mean temperatures of the
periods of accumulation and ablation vary respectively between — 10° and —
11°C and between +3° and +5°C. .

The 24-hour climate behaviour in the summer of 1979, depending on
the conditions of atmospheric circulation, varied between 1.5 and 6.2°C.
The hypsometry-dependent temperature gradient was 0.52°C/100 m.

Measurements performed at the Station of the Polish Academy of Sciences
at Hornsund in the period 1979/1980 showed that the total amount
of precipitation in the accumulation and ablation periods was 310 mm.
The sum-total of precipitation in the firn zone of the glaciers was twice
as high as the one noted at the Station of the Polish Academy of Sciences
near the coast of the fiord. Table 1 shows, according to the results of
measurements carried out by K. Lubomirski and S. Swerpel, the monthly
sum-totals of precipitation at Hornsund in the period in question.

3. The characteristics of the glaciers
invastigated and the sampling taken

Snow, firn and ice were sampled for the purpose of investigations
of the tritium content and the stable isotope composition in the Hans,
Werenskiold, Arie and Gas Glaciers (Fig. 1). The collective rainfall sample
of the tritium content and the stable isotope composition in the Hans,
Academy of Sciences.

The Hans Glacier (Fig. 7), with an area of about 45 km? and a 500 m
difference in height between the accumulation zone and the glacier front,

















































































