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The effects of cryochemical processes
in the glaciers and the permafrost
in Spitsbergen

ABSTRACT: This paper presents the results of investigations of the cryochemical
processes in the glacial ice and the long-term permafrost in Spitsbergen, which have
been confirmed by laboratory experiments. These investigations were performed on two
glaciers: the Bertil Glacier, which lies in the central part of West Spitsbergen, and the
Werenskiold Glacier, in the southern part of Spitsbergen. This paper also gives results
for the unglaciated Fugleberget basin on the Hornsund Fiord in South Spitsbergen.
It the autumn, winter and spring seasons distinct effects of cryochemical processes
were found. They could be seen:

1) In the increased mineralization of the water circulating inside the glacier and the
permafrost, which results from the freezing process (autumn and winter), and in the
relatively high ‘mineralization of the water in the early ablation period (spring); 2) in the
precipitation of salts from the freezing water, both at the glacier front (winter naled
ice), in the glacial caves and the unglaciated region. Sulphate salts (mainly gypsum)
are most often precipitated. Carbonates (mainly calcites) were also found to precipitate.
Calcites precipitate on the walls of limestone caves and even in the limestone rubble
on talus cones. The experiments carried out at the Polish Station at Hornsund aimed
at determination of the actual changes in the mineralization of Spitsbergen water caused
by the processes of freezing and thawing.
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1. Introduction

Hydrological and hydrochemical investigations performed on several
Spitsbergen glaciers (the Werenskiold and the Hans in the area of the
Hornsund Fiord and the Bertil Glacier on the Bille Fiord) and in the
unglaciated Fugleberget basin on the northern coast of the Hornsund
Fiord showed a large increase in water mineralization in late autumn and
in winter. Year-long investigations performed on the Werenskiold and
the Bertil Glaciers in 1979-1980 showed that water mineralization increases
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several times from summer to winter. For the Werenskiold Glacier this
increase was from about 60 mg/dm® to more than 370 mg/dm?® in winter
and for the Bertil Glacier, from above 140 mg/dm® to above 220 mg/dm?>.
Detailed hydrochemical investigations showed that the relatively highly minerali-
zed water in late autumn and in winter result from a transformation of summer
ablation and precipitation water. They are, however, not related to the
increased leaching of the basal rocks or morainal debris which occurs
in these seasons. This can be seen in Fig.2 which shows a circular
diagram of the ionic composition of the ablation water (1, 6) compared
with the water circulating inside the Bertil Glacier in autumn and winter
(2-5). In addition a diagram of the ionic composition of the summer
water formed by the dissolution of the carbonate bedrock of the basin is shown
(7,8) for the Fugleberget basin. The ionic composition of this water
is diametrically different from that of the precipitation or ablation water.

Analysis of the process which could cause such a “condensation”
of the ionic composition of the precipitation water in autumn and winter season
has shown that this may be the phenomenon of water freezing, since
in the course of water crystallization foreign ions are expelled from the
crystal lattice of the ice crystals forming. This causes an increase in the
mineralization of the unfrozen solution.

This cryochemical process is well known to occur in highly mineralized
sea water (Savelev 1971).

In order to prove the above hypothesis, a few dozens of experiments
involving measurement and registration of the mineralization of water from
glacial rivers, were carried out. These experiments were made in the hydro-
chemical laboratory of the Polish Polar Station at Hornsund in Spitsbergen
in the course of the expedition of the Institute of Geophysics, Polish
Academy of Sciences in the winter 1979/1980,

2. Cryochemical experiment

An aqueous solution which contains a given amount of salts in ionized
state, increases its mineralization in the course of the freezing process.
The ice crystals forming expel from the crystal lattice foreign ions, which
pass to the unfrozen solution. As the salt concentration increases salts
leave the supersaturated solution. The salt crystallization in the aqueous
solution occurs when the saturation limit is exceeded. The order of crystalli-
zation depends on the value of this limit which is different for particular salt
types. Considering the physicochemical type of Spitsbergen waters used
in the experiment, the following order under which salts leave the
solution can be expected: l—carbonates, whose saturation limit is the
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lowest, i.e. about 0.1 g‘/dm3 CaCOj; 2—sulphates, with a saturation limit
of about 1.8 g/dm® CaSO,; 3—chlorides, with a very high saturation limit
of about 350 g/dm® NaCl and KCl. In the course of the experiments
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Fig. 1 The location of the areas investigated in Spitsbergen 1—Werenskiold Glacier,
2—unglaciated’ Fugleberget basin, 3—Bertil Glacier, 4—Polish Polar Station at Hornsund

the mineralization of the water under study did not exceed 5g/dm’, and
therefore the possible crystallization of carbonates (calcite) and sulphates
(gypsum) must be expected. However, in the water under study the content
of these salts was relatively small. Chloride salts prevailed. These salts
can gather on the crystal walls and can often be crystallization nuclei.

The present paper does not give a description of ice crystallization
and the effects of this process. Information on this subject can found
in cryochemical literature and also in a large number of glaciological papers,
e.g. in the books of P.A. Shumskii (1955) and B. A. Savelev (1971).
The cryochemical processes under natural conditions have mainly been
investigated in sea water.
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An increase in solution mineralization as a results of freezing causes
a lowering of the solidification point of the solution. If the temperature
of the solution stabilizes close to the solidification temperature the freezing
process stops. The lowering of the solidification temperature of each solvent,
thus including water which contains a given amount of the dissolved substance,
only depends on the properties of the solvent and concentration of the
solved substance. It does not, however, depend on the kind of this substance
(Barrow 1978).

The solidification temperature of the solution (T, ) only depends on
the molar concentration (m) of the solved substance, according to the relation

(l) . TKrz = KKrz m

where K, is a cryoscopic constant whose value for water is 1.86.

The maximum concentration of salts registered in the course of the experi-
ments exceeds 5 g/dm>. In view of the fact than in these solutions chloride
and sodium ions, above all NaCl salts"’, dominate the molar concentration
of the solution with such concentration is of the order of 0.1 mole/dm>.
And, therefore, the solidification temperature of the solutions obtained
in the final phase of the experiments is

Ty, = —1.86:0.1~ —0.2°C

The air temperature range over which the experiment was carried out
was from—9.9 to—14.2°C and did not contribute to the stopping of the
freezing process over the registration range.

Figs. 3 and 4 show a theoretical cryochemical curve which illustrates
the relation between the volume of the unfrozen solution (V) and the salt
concentration degree (mineralization X,;), according to the relation

V=1,

under the assumption that the whole solved substance remains in ionized
state. The curve in Figs. 3 and 4 has the character of a bilogarithmic
function and is given by the formula

@ log V = 3.50796—log Z,,
I, =322

This curve was plotted for water from thawed glacial ice whose mineraliz-
ation was 322 mg/dm>® Zy,.

Under the natural conditions the relation V =f(X,) is certainly far
from the theoretical one. Its behaviour can be affected by the ionic
composition of water, initial mineralization, freezing rate atc. One of the aims
of the experiment was to determine the real cryochemical curve for the fresh

' 1 mole NaCl = 58.5 g/dm?
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water of Spitsbergen glaciers, for the water circulating in the permafrost,
the precipitation water, including snow, and the water from thawed
glacial ice. Another purpose of the experiment was to determine the
ionic composition of the above waters in the course of the freezing
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Fig. 2. Changes in the ionic composition and total mineralization of water in the Bertil Glacier,

as a result of cryochemical processes 2-5 (autumn 1979 — winter 1979/1980), and in the

Fugleberget basin, due to dissolution of carbonates 6-8 (spring 1980, summer and autumn
1979). 1—ablation water on the Bertil Glacier

process. In addition a succesful attempt was undertaken to obtain experiment-
ally the water corresponding in its ionic composition and mineralization
to the winter water of the Werenskiold Glacier.

In implementing the final objective the water taken from the Werenskiold
Glacier in summer and autumn was used.

The experiment was carried out under the following procedure. Containers
with freezing water were placed outside the building of the Polish Polar
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Station. They were 1dm® high-pressure polyethylene bottles in which the
sensor of an electrical thermometer and electrodes were put in order
to measure the specific conductivity and pH of the solution. The measurements
were taken with and accuracy of 0.1°C for temperature, 1 uS for specific
conductivity and 0.05 for pH, respectively. These elements were registered
for 1 dm® water by devices manufactured by the Hungarian company Radelkis
set in the hydrochemical laboratory, at room temperature. The volume
of the unfrozen water was determined each time by pouring it from
the container into a callibrated vessel. Beside the container for which
registration was taken, another container was set with an analogous water
sample on which the same measurements were taken, during which the sample
was moved into the laboratory. Additionally, samples for chemical analysis
were taken from the other container. The results obtained for the second
container served to control the registration for the first container and
complemented the result with the ionic composition of the water.

The chemical analysis of the water included the determination of the basic
ions: Ca’*, Mg?*, Na*+K*, HCO3, SO}, CI™. Apart from Na* and K*
which were determined by the ionoselective method with Radelkis poten-
tiometers, the other ions were determined using volumetric methods. More-
over, pH was determined by the potentiometric method (with an accuracy
of 0.05) and by the colorimetric method (with an accuracy of 0.1);
free CO, (with an accuracy of 1mg/dm®) and also the specific resistivity
of the solution Q,g (With an accuracy of 1 per cent) were also determined.
Finally, from the specific resistance, the mineralization of the solution

(ZM), in mg/dm®, was calculated according to the formula
3) A =7

achieving an accuracy of 10 per cent.
The method of the chemical analysis of water and the calculations
are given in the instruction for the Polish field laboratory used in Spitsbergen

(Markowicz, Pulina 1979).

The description of the experiment will neglect the difficulties encountered
in the course of it. They involved both the inconvenience related to
the settlement of ice crystals on the electrodes, the necesity of con-

Fig. 3. Changes in the total mineralization of water as a result of freezing and thawing.

Analysis of water taken from the Werenskiold Glacier (the springs of the Kvisla River,

3 April, 1980). Initial mineralization 294.6 mg/dm> a—theoretical freezing curve, b—experimental

freezing curve, c—experimental thawing curve. Zy—total water mineralization in mg/dm>,
V — unfrozen water volume in per cent
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structing ice-resistant elecrodes and the difficulties with registration of
the final freezing phase?). Therefore, it was necessary to repeat the
experiments many times so as obtain reliable results.

The experiments were carried out in the winter of 1980 at air temperature
from—9.9 to—14.2°C. Over this temperature range above 95 per cent
of the solution volume froze for a dozen to more than twenty hours.

A dozen or so samples taken in the summer and autumn of 1979
and in the winter of 1980 were studied. They were mainly from the water
inside the Werenskiold Glacier (the outflow of the Glacier River, from
below the Angelfjellet and the Kvisla), from glacial ice and snow. These
waters had different mineralization, from 30 mg/dm? in the case of the water
from thawed glacial ice, through 120-150 mg/dm? in the water of the Weren-
skiold Glacier in autumn, to 800-1300 mg/dm® in the same glacial waters
in winter. Several measurement cycles were carried out, including both
the freezing and thawing of water. The thawing process was performed
at room temperature (from 17 to 18°C).

Fig. 3 shows the result of one of the experiments, obtained for a sample
taken on 3 April, 1980 from the outflow of the Kvisla River from
the Werenskiold Glacier. The mineralization of this water was 294.6 mg/dm>.
Fig. 3 shows three curves: the theoretical one (a) and the experimental
curves of freezing (b) and thawing (c). These curves have similar behaviour
according to the biblogarithmic function. However, they do not coincide.
In its initial part, up to about 50 per cent of the frozen water volume,
the freezing curve is close to the theoretical curve, but the remaining part
is much different from it. This seems to indicate that when nearly 50 per
cent of the volume is frozen, causing an approximatedly double increase
in water mineralization, salts leave the solution and settle on the container
walls and ice crystals. Analysis of the thawing curve, which is farthest
from the theoretical one, leads to the following conclusion: the process
of salt solution is slower as the solution thaws than that as the solution
freezes.

Fig. 4 gives the results of the experments involving the freezing of six
samples taken from the water circulating inside the Werenskiold Glacier. Here
are some results from an anlysis of the cryochemical curves obtained:

1. As the water freezes, there occurs an increase in the mineralization
(Zm), which strictly depends on the unfrozen water volume. (V). The process
agrees with the function V = f (Zy) which has biologarithmic (power) character
and takes the form log V =a+b-log Zu.

2. The experimental curves obtained for the freezing process are greatly
different from the theoretical curve. Their inclination is smaller, indicating

2 The author wishes to express his gratitude to the electronic engineer Jan Szymanski
member of the Polish winter expedition to Spitsbergen, for his help in this work
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Fig. 4. Experimental cryochemical curves for the water of the Werenskiold Glacier (1-6)
obtained the hydrochemical laboratory of the Polish Polar Station at Hornsund in Spitsbergen
in the winter of 1980. 7—theoretical curve. Ly—total water mineralization in mg/dm?,

V—unfrozen water volume in per cent

























































