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Acting of shallow tundra lakes
on thickness of active layer
in Oscar II Land, Spitsbergen

ABSTRACT: During summer seasons of 1982 and 1985 the authors collected observations
on rate of soil thawing under and around shallow tundra lakes. Two lakes were studied: A on
the terrace 10 m a.s.l. in northern Kaffiéyra whereas B at about 40 m a.sl. in southern margin of
Sarsdyra. The lakes indicated considerable variation of water lavels (10—20 m) caused by
limited water bodies (to 40—80%) at the end of the observation period. Soil thawing was
studied in sections across lake basins and to 20 m around them. A thawing rate was found
greater under the lakes than in their surroundings and it was noted to be in the same time the
quicker the larger was the lake. Studies of the lake B proved also that increase in the reservoir
depth made a greater rate and depth of summer thawing. This process varied also considerably
in time. At the beginning of a polar summer the dry soil of elevated tundra thaws sooner while
permafrost under water reservoirs gets conserved. Later on (in August) a quick aggradation of
active layer in noted under the lake. A heat accumulated in water bodies prolongs the soil
thawing as well.
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Introduction

During two successive Torun polar expeditions to Oscar II Land (north-
western Spitsbergen) in 1982 and 1985, the authors collected observations of
depths and rates of soil thawing under and around tundra lakes located at
different altitudes (Fig. 1). The lake A (1700 m?) is located in northern
Kaffigyra at 10.2 m as.l. whereas the lake B (6700 m?) — in southern Sarsdyra
on a high terrace at about 40 m a.sl. Both lake basins form small depressions
amidst ancient storm ridges, permanently filled with meltwaters and permafrost
waters. Considerable variations of water levels (10—20 cm and occasionally
more) were noted in these lakes. At the end of summer seasons they resulted
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Fig. 1. Location of observation sites: 1 — end moraines, 2 — mountains, 3 — tundra, 4 — cliffs,
5 — sudied lakes, 6 — base of the Torun polar expeditions

from considerably (40—80%) smaller water bodies. Different altitudes of these
lakes are due to varying uplifting of western Spitsbergen (Klimaszewski 1960).
Investigations, some results of which are presented below, have been carried
through to find probable depenecies between rate and depth of soil thawing,
and degre of water content in sediments expressed in exterme cases by
occurence of surface waters.

The phenomenon od influence of soil water content on a thawing rate is not
a new problem in literature. There is a well-know opinion that an increased
water content in soil results in their higher thermic conductivity and therefore,
in quicker thawing (Kossowski and Sikora 1978, Monteith 1977). Numerous
information on depth of soil thawing and connections of this process with
lithology, vegetation and thickness of snow cover are enclosed in papers of
Stablein (1970), McRoberts (1975), Washburn (1979), Jahn and Walker (1933).
No detailed data are available however on soil thawing under water reservoirs.

Polish investigations of soil thawing were mainly carried through in the
Hornsund region of Spitsbergen (Czeppe 1960, 1961, 1966; Baranowski 1968;
Jahn 1961, 1982; Grze$ and Babinski 1979). Since 1977 members of the Torun
polar expeditions have studied thawing of permafrost in Kaffioyra and
Sarsdyra (Oscar II Land). Such investigations dealt with varying depth of
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thawing as well as rate of aggradation of active layer and its spatial
changeability due to lithology and thermics (Marciniak et al. 1981), Marciniak
and Szczepanik 1983. Grze$ (1985) presented a spatial variation of active layer
thickness along the western seashore of Spitsbergen, thogether with a scheme of
thawing and analysis of aggradation rate of the active layer, dependent on type
of substrate (,,environment”). He accepted the beginning of June for the starting
point of this process.

Observations during field works by the Torun polar expeditions proved
that active layer thickness reached its maximum at the end of August: 101.2 cm
in a land covered by tundra, about 116 cm in vegetation-barren outwash and
very wet areas (Marciniak and Szczepanik 1983). A particular attentation was
paid to influence of climate, lithology composition, structure of soils and
vegetation. Water content and occurence of surface water reservoirs have not
been however taken into account.

The authors investigated this problem in areas with varying water contents:
under and around water reservoirs (Pietrucien and Skowron 1987).

Analysis of results

Investigations were carried through in Kaffidyra and Sars6yra during two
summer seasons (1982 and 1985) in the same measuring sections. Observations
were done at very two weeks with application of the hammer method, using
a steel rod and with the accuracy of 1 cm. Thickness of the active layer was
measured three times and a mean was calculated. Working times of the
expeditions (usually July and August) limited the observation period. The
thawing starts already in June but on different days (Troitsky et al. 1975). Last
measuments were done at the turn of August and September. Received results
suggest that in time a thawing stopped and even a renewed aggradation of
permafrost occured. Therefore, the greatest thickness of active layer seems to
have been measured for every season. It creates also the basins for evaluation
of varying rate of soil thawing, dependent on water content, lithology and
vegetation.

The lake A is a typical, shallow and small tundra reservoir (Table 1). The
lake B is considerably larger and deeper (Fig. 2).

Table 1
Main morphographic parameters of studied lakes
Depth i
Lake Area in m? | Volume in m? - P m m
‘ maximum | mean
A 1737.5 2393 0.26 0.14
B 6766.5 2816.0 092 042
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Fig. 2. Bathymetric plans of studied lakes with measurement sections: A — lake in Kaffiyra,
B — lake in SarsOyra; lake depth in m

First observations of soil thawing under water reservoirs were done in 1982.
They were carried through in and around lake A (Figs. 3 and 4). Although the
data consider the end of the observation period, an influence of lake body on
depth of thawing can be easily noted. On August 21, 1982, the active layer
under the lake was distinctly thinner than in the nearest surroundings.
A completely different situation occurred on September 6, 1982. Under the lake
a further and distinct progress of thawing was noted, accompanied by
aggradation of permafrost in the adjacent area. It is worth mentioning here
that first snowfalls and air temperature drop below 0°C occurred already in the
last decade of August 1982. Heat in lake water therefore considerably prolongs
a thawing of permafrost. A spatial variation of active layer thickness around
the studied lake looks quite interesting (Fig. 4) against the above remarks. On
August 21, 1982, a thickness of active layer increased with a larger distance
from the lake, reaching over 100 cm in a dry mossy tundra to the east (Fig. 4A).
Largest thawing depths occurred in the central part of the lake (below 70 cm).

Measurements on September 6, 1982, proved quite a different situation (Fig.
4B). The active layer reached over 110 cm under the lake while decreased
around it to 70—80 cm.

Results of 1982 encouraged the authors to undertake similar investigations
in 1985 when they studied also another reservoir, the lake B, located on
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Fig. 3. Sections of soil thawing depths under and around the lake A in 1982 (¢f. Fig. 2):
1 — thickness of active layer on presented days, 2 — depth of lake water

a raised marine beach in southern Sarséyra. The water body of this lake is
almost 12 times larger than the one of the lake A. This lake was chosen due to
a possible comparison of water body action on depth and rate of soil thawing if
referred to a size of the reservoir.

This idea supported a presentation of two sections running across the lakes
A and B (Fig. 5). They indicate a soil thawing at the beginning of observations
and at a maximum thickness of the active layer, There are similar relations in
every case but of varying intensity of soil thawing was greater around than
under the lakes on June 3, 1985. A spatial image of this phenomenon is
presented (Fig. 6). The difference in soil thawing was equal to 32 cm only
around and under the lake A but over 70 cm if the lake B is considered.

After a lapse of time when the lake water got warmer, a quick aggradation
of the active layer occurred under the lakes. At the end of summer a total
thickness of the active layer as well as differences of first and last measurement
values were the largest. This problem is connected with varying rates of
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Fig. 4. Spatial variation of active layer under and around the lake A in 1982 on: a — August 21,
b — September 6; 1 — shoreline, 2 — thickness of active layer in cm, 3 — measurement sections

(¢ Fig 2)
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Fig. 5. Depth of soil thawing under and around the lakes A and B on presented days (¢f. Fig. 2)

thawing of permafrost (Table 2). The aggradation of the active layer is varied in
time and in space. It was the largest in July, particularly during its first half,
and considerably smaller in August when the process gradually ceased.
A spatial variation is best presented by mean values for the whole research
period. It should be underlined that the largest rates occurred at a lake
shoreline. Still a larger variation of soil thawing was noted around the lake B.

Table 2
Mean rate of soil thawing (in cm a day) under and around tundra lake A4 in Kafliéyra
in summer 1985 along the section west-east (¢f. Fig 2)

w Distance from E
Period shore in m

+20( +5 |1 00 [ -5]—-10] —5| 00 | +5 | +20
07.03—07.16 24 1 25 124 | 27| 29 | 33 133 |27 ] 25
07.16—07.29 22 | 26 | 27 | 26 | 27 | 31 | 30| 28 | 25

07.30—08.34 07 |08 |09 (08| 08|09 (0807 ]| 06
07.03—08.24 15117 18116 ]| 16|20 (19| 17 ] 16
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Fig. 6. Spatial variation of active layer thickness under and around the lakes A and B:
1 — shoreline, 2 — thickness of active layer in cm, 3 — measurement sections

A size of the reservoir is reflected either in development rate or in thickness of
the active layer (Fig. 5). Differences in depths of soil thawing between July
4 and August 17, 1985, under this lake are particularly large and in extreme
cases exceed three times the aggradation of the active layer in the surraoun-
dings. Absolute values of the thawing depth are also very large, many a time
over 150 cm. Such values were not noted for a substrate of the lake A.
A volume of the water body on thawing is illustrated by comparing the
thawing rates of permafrost for both described lakes (Table 3). They are
considerably larger for the lake B and also their distribution is more veried.
The highest values were noted under this lake, to 3.6 cm a day, and only
slightly over 1 cm a day in the surroundings. The rate of soil thawing near the
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Table 3
Mean rate of soil thawing (in cm a day) under and around tundra lakes A and B in summer 1985
along the section W—E (¢f. Fig. 2)

Lake w Distance from shore in m E
(period) +20|+5| 00 [-5| —10] —-15] —15] —10| =5 | 00 |+5| +20
A (07.03—0824) | 1.6 {17 | 17 |1.8]19 [ — | — {20 |19 |19 |18 |16
B (07.04—08.17) | 1.27 {1.25| 2.0 [2.09] 2.64 | 3.59 | 3.11 [ 2.77 | 2.43 | 1.54 [1.95| 1.16

lake A is distincly smaller, with mean values to 2 cm a day, and is also less
varied, from 1.6 to 2.0 cm a day.

All these observations oncouraged to compare the rate of agradation of the
active layer thickness under water reservoirs and in the adjacent tundra with
mean air temperatures in the meantime of succesive measurements. Such
comparison was possible for the lake A (Table 4). The rate of soil thawing
correlates there (if the initial phase of thawing is excluded) with varying mean
air temperatures noted between the measurements.

Table 4
Mean rate of aggradation of active layer for various types of substrate
near the lake A in summer 1985

Mean air

Observation temperature | Dry mossy Lake

period during the tundra substrate

period

07.03—07.16 54°C 24 cm 33 cm
07.16—07.29 82°C 21 cm 28 cm
07.29—08.10 5.6°C 12 cm 11 cm
08.10—08.24 44°C 04 cm 0.7 cm
07.03—08.24 59°C 16 cm 1.8 cm

Conclusions

Observations and results made the authors draw the following conclusions:

— studies of 1982 and 1985 of marine terraces of Kaffidyra and Sarséyra
confirmed influence of soil water content on depth and rate of thawing what is
especially distinct around tundra lakes,

— influence of surface water on thawing of permafrost depends on size of
reservoirs and heat accumulated in a water body,

— at initial thawing (June, first days of July) cool surface water conserve
permafrost and slow down its thawing,
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— the greatest thawing ocours in July when water and air temperatures
reach their maxima,

— mean aggradation of active layer corresponds with mean air tem-
peratures,

— mean thawing of permafrost under water reservoir and in wetter areas is
quicker than in adjacent areas,

— the active layer is also the thickness under water reservoirs.

References

Baranowski S. 1968. Thermic conditions of the periglacial tundra in SW Spitsbergen. — Acta Univ.
Wratisl,, 68: 1—76.

Czeppe Z. 1960. Thermic differentiation of the active layer and its influence upon the frost heave in
periglacial region (Spitsbergen). — Bull. Acad. Polon. Sci., Ser. Sci géol. et géogr., 8:

Czeppe Z. 1961. Annual course of frost ground movements at Hornsund (Spitsbergen), 1957—1958.
— Zesz. Nauk. UJ, 3: 1—-75.

Czeppe Z. 1966. The course of the main morphogenetic processes in South-West Spitsbergen. —
Zesz. Nauk. UJ, 13: 1—129.

Grze$§ M. and Babinski Z. 1979. Z badan nad letnim odmarzaniem gruntu na Spitsbergenie
i w Mongolii. — 6 Symp. Polarne, Mat., Lodz—Burzenin: 45—47.

Grze§ M. 1985. Characteristic of permafrost active layer on the western coast of Spitsbergen.
— Przegl. Geogr., 57: 671—691.

Jahn A. 1961. Quantitative analysis of some periglacial processes in Spitsbergen. — Zesz. Nauk.
Uniw. Wrocl, 5: 1—34.

Jahn A. 1982. Soil thawing and active layer of permafrost in Spitsbergen. — In: Results of
investigations of the Pol. Sci. Spitsbergen Expeds., Acta Univ. Wratisl,, 4: 57—76.

Jahn A. and Walker H.J. 1983. The active layer and climate. — Z. Geomorph. N. F., 47: 97—108.

Klimaszewski M. 1960. Geomorphological studies of the western part of Spitsbergen between
Kongsfjorden and Eidembukta. — Zesz. Nauk. UJ.,, 32: 91—179.

Kossowski J. and Sikora E. 1978. Cieplne wiasciwosci gleb i metody ich wyznaczania. — Probl.
Agrofiz, 27: 49—55.

Marciniak K., Szczepanik W. and Przybylak R. 1981. Letnie odmarzanie gruntu na Kaffidyrze
(NW Spitsbergen). — 8 Symp. Polarne, Mat., Sosnowiec, 1: 163—168.

Marciniak K. and Szczepanik W. 1983. Results of investigations over the summer ground thawing
in the Kaffiyra (NW Spitsbergen). — Acta Univ. N. Copernici, 18: 69—97.

McRoberts E. 1975. Field observations of thawing in soil. — Canad. Geotechn. J.,, 12: 126—130.

Monteith J. 1977. Fizyka §rodowiska biologicznego. — Bibl. Probleméw, PWN, Warszawa, 232

pp-

Pietruciefi C. and Skowron R. 1987. Water phenomena influence on the thickness on the Oscar II
Land (NW Spitsbergen). — 14 Symp. Polarne, Mat., Lublin, 119—127.

Stiblein G. 1970. Untersuchung der Auftauschicht Uber Dauerforst in Spitsbergen. — Eiszeit.
u Gegenwart., 21: 47—57.

Troitsky L.S., Singer EM., Koryakin V.S, Markin V.A. and Mikhalov V1. 1975. Oledenenye
Spitsbergena (Svalbarda). — Nauka, Moskwa, 276 pp.

Washburn A.L. 1979. Geocryology; a survey of periglacial and environments. — E. Arnold,
London, 406 pp.

Received May, 1988
Revised and accepted June 8, 1989



Acting of shallow tundra lakes 213

Streszczenie

W okresie 2 sezonéw (lipiec—sierpiefl) badawczych w latach 1982 i 1985, autorzy przep-
rowadzili obserwacje tempa rozmarzania gruntu pod i w otoczeniu plytkich jezior tundrowych.
Badaniami objgto 2 jeziora (fig. 1), z ktérych jedno (A) polozone jest na 10 m trasie morskiej
w potocnej czeSci Kaflidyry, natomiast drugie (B) ok. 40 m np.m. na poludniowym skraju
SarsGyry (tab. 1). W jeziorach obserwowano znaczne zmiany poziomu wody (10—20 cm), ktore
powodowaly pod koniec okresu badan zmniejszenie ich pojemnosci o 40—80%. Obserwacje
glebokosci rozmarzania gruntu prowadzono w profilach przebiegajacych przez niecki jeziorne
i obejmujacych teren przylegly do 20 m od linii brzegowej (fig. 2 i 6).

W trakcie badan stwierdzono m.in., Ze tempo rozmarzania gruntu pod zbiornikami wodnymi
jest wigksze niz w ich otoczeniu (fig. 3, tab. 2) a szybkos§¢é rozmarzania jest tym wigksza im wigkszy
jest zbiornik wodny (tab. 3). Z obserwacji jeziorka B mozna sadzié, ze wzrost glgbokosci zbiornika
zwieksza tempo i glebokosé letniego rozmarzania (fig. 5). Proces ten wykazuje jednak wyraing
zmienno$¢ czasowa. Na poczatku lata polarnego rozmarza predzej suchy grunt wyniesionych
fragmentéw tundry, konserwuje” si¢ za$§ zmarzlina pod zbiornikami wodnymi (tab. 4). W drugiej
czgsci sezonu (sierpiefi) nastepuje szybki przyrost warstwy czynnej (odmarznigtej) pod jeziorkami
(fig. 3 i 4). Zgromadzone w nich cieplo przedluza takze proces rozmarzania gruntu.

.



