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ABSTRACT: On the basis of observations and topographic surveys carried out mainly
in the northern part of Linnédalen on Spitsbergen, geological structure of the valley was
described and determination of the forms of relief by the means of lithology was de-
monstrated. The relief of the valley was characterized with particular regard to periglacial
processes. A geomorphological map of the northern part of Linnédalen was made and
a part of a cataloque of polygonal and structural soils was prepared.
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The aim of this study is a preliminary presentation of the course and
intensity of periglacial and glacial processes at Linnédalen with the purpose
in view to make in the future a complex physiographic characteristic of the
valley. Observations of geological structure and relief were performed from
17 July to 10 September 1978.

The area of the studies was Linnédalen lying in the north-western part
of Nordenskiéldland, at about 78 N lat., and 14 E long. (Fig. 1).

It is a valley of a tectonic character, filled in the head part with
a small glacier — Linnébreen, at present moulded by periglacial processes.
The valley’s lenght is about 15km and its width varies from about 1.5 to
2km. It is blocked in the west by the massif of Mount Griegfjellet (778 m,
as.l), in the south by Linnébreen, in the east by massifs: Vardeborg
(588 m a.s.l.), Sokolovtoppen (544 m a.s.l.), Voringen (675 m a.s.l.) and Kal-
kegga.

) This study was carried out during the Students’ Expedition, Faculty of Geography
and Regional Studies. Warsaw University. to Spitsbergen (Linnédalen-Nordenskidldland-West
Spitsbergen) in the summer season of 1978.
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Fig. 1. Situation of Linnédalen (Spitsbergen). Scale 1:100,000
1 — Ridges and summits (tops), 2 — Rock-faces (cliffs), 3 — Glaciers and snowfields, 4 — Lakes
and rivers, 5 — Estimated extent of glaciers, 6 — Base of the Expedition.

The inclination of the slopes of the massifs surrounding the valley ranges
from 25° to 45°. In the north the valley is connected with a terraced plain
of marine accumulation lying on the Isfjord — Vardeborsletta. In the central
part of the valley lies second largest lake of Spitsbergen — Linnépatnet

(about 4.65 km?2).



Fig. 2. Outcrops of Carboniferous conglomerates (foreground) at Solovjetskibukta
and rock-face of Vardeborga (background) revealing Carboniferous and Permian
rocks

Photo H. Proészynska
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67 measurements of the depth were carried out in four profiles localized
in the northern part of the lake. The maximum measured depth was 26.7 m.
The depth of the lake increases towards its western shores. The water level
of the Linnépatnet Lake is 8 m a.s.l., thus the lake bottom is a crypto-‘
depression.

The Linnéelva river flows out of the lake emptying into Isfjord (appro-
ximate rate of the river flow is 5.304 m3.s—! — the measurements were made
on 6 August 1978). The Linnéelva river drains nearly 90 per cent of the
total area of the valley.

Geological structure of Linnédalen is characterized by age sequence of
rocks and their meridional distribution, from the oldest in the west to the
youngest in the east. In the west wing of the valley two massifs: Griegfjellet
and Linnéfjella arise, formed by old metamorphosed Proterozoic rocks and
Pre-Cambrian formations (Hoecla Hoek)!).

The geological age sequence is particularly easy observed along the shores
of Isfjord, which form a series of peninsulas and semicircular coves near
Linnédalen. Each peninsula is built of different kind of rock. Moving east-
wards of Kapp Linné younger and younger formations are observed. On the
Hoecla Hoek rock formations carbon occurs animously (R6zycki 1936) the
.outcrop of which in the form of pale grey quazitic schist with pit coal
interbeddings is found at Levinodden. More resistant schists form abrasive
spurs separated by niches in the places of the occurrance of coal inter-
beddings. At the next cape — Nimrododden a fragment of Carboniferous
conglomerates outcrops is observed. These are culm rocks similar to above —
described schist.

At Solovjetskibukta (Fig. 2) the Middle and Upper Carboniferous and
partly Permian rock series occur represented by the Kapp Starostin formations
consisting of slates and marine shales, mudstones, carbonaceous rocks and
locally sandstones!). In the eastern part of the valley calcareous rock series
occur with numerous fauna organisms, Brachiopods of genus Productus,
sponges, corals and Bryozoa. .

Rocks of Hoecla Hoek formation were strongly cracked by numerous
small faults. The Carboniferous and Permian formations fall down mono-
clinally at an angle of 10—25" mainly eastwards.

The greatest part of the valley is modeled by periglacial and fluvial
processes, also by aeolian ones and in some fragments of the surface by
glacial,- glaciofluvial and nival processes. The distribution of all these forma-
tions and processes is ilustrated in a geomorphologic map of the northern
part of Linnédalen (Fig. 3).

In the valley, macroforms with well discernible geological structure pre-
dominate, partly concealed by vast alluvial cones and scree slopes. The more
steep slopes are cut through by numerous gullies often filled up with snow-
fields and small glaciers.

Terraced forms lying at the foot of Vardeborga are very interesting with
tops levelled at the heigh of 90—100 m a.s.l. (Fig. 4). They are formed by
sharp-edged rubble and large boulders (up to 2—3 m diameter) of native

1) Geological map of Svalbard, 1971.



10

W. Gogotek and W. Lewandowski

Fig. 3. Verte next page

22316
E=ia
[t2)1s
DE
[62D)20
(D]
[«)22
[© 923
Foes
[V V)25
[44a]26
[aaa]27
[ 28




Geomorphological characteristic... 11

origin. Their tops are in general levelled with small depressions on the
surface, some of them are filled with water. These depressions separate two
ranges of low banks of rubble lying on the flattened surfaces. Slopes are
steep, slinghtly protuberant, inclined at an angle of about 35—40 . They
make up a series of continiuous forms lying at the same level. These forms
were observed also in other parts of Spitsbergen. Their genesis is discussed.
Czeppe (1966) considers then as névé moraines formed at a time of an
intensified ‘breaking off of the fragments of rocks sliding down over large
fields of névé. Jahn (1959) considers them as glacial moraines associated
with the Holocene maximum glaciation. Birkenmajer (after Czeppe 1966)
suggests that these are the remnants of the Late Wirm moraines. Szup-
ryczynski (1963) assumes that they are partially typical head and lateral
moraines of larger glaciers and partially moraines deposited by slope glaciers.
Our observations confirm the debris character of these forms. On the slopes
of Vardeborga remnants of the patches of preserved snow still remain in
the deeper guilles (Fig. 4). However, it is difficult to exclude thoroughly
glacial origin of these forms, but is also possible they originated under the
effect of tectonic and marine agency.

According to Rozycki (1936) in the regions of Isfjord and Gronfjord
the marine terraces are found at the height of 300 m a.s.l. Jahn (1959)
estimated the post-glacial elevation of the Spitsbergen coastline as rising to the
height of 300 m a.s.l. and Szupryczynski— as 350 m a.s.l. in the region
of Hornsund. Feyling-Hansen (after Marcinkiewicz 1961) did not observe
in Isfjord higher terraces than 96 m a.s.l., which is consistent with our
observations in Linnédalen.

At present the coasts of Spitsbergen are stabilized (Feyling-Hansen, after
Szupryczynski 1968). This is confirmed in a way by the position. of the
relicts of the cabin of Ivan Starostin. They are situated close to the edge
of an older than the present one terrace a score of meters from the

Fig. 3. Geomorphological sketch of the northern part of Linnédalen. Scale 1:26,000
I. Formations originating from endogenous agencies — denudation processes. 1 — Ridges,
2 — Mountain passes, -3 — Monoclinal structural ledges, 4 — Rock ribs, 5-— Gullies, 6 —
Small denuded monadknocks, 7 — Taluses of scree (alluvial cones), 8 — Taluses and waste
heaps of scree (25—30 ).
II. Formations of fluvial origin. 9 — Permanent river-beds cut in alluviup, 10 — Permanent
river-beds cut in rock, 11 — Gravel-sand alluvial cones.
III. Criogenic forms. 12 — Tundra polygons (large, disintegrating ice-polygons), 13 — Other
types of structural soils (smaller and less distinct forms), 14 — Stone circles, 15— Stone net
on wet ground (flooded), 16 — Rubble cover, 17 — Slopes modeled chiefly by solifluxion,
18 — Solifluxional accumulations, 19 — Névé banks of scree.
IV. Thermokarstic formations. 20 — Igneous bowls and troughs filled with water, 21 — Igneous
dry bowls and troughs, 22 — Thermo-Karstic craters, 23 — Thermo-Karstic valleys, 24 —
Thermo-Karstic denudation slopes, 25 — Areas of Thermo-Karstic subsidence of sediments.
V. Thalassic formations. 26 — Ledges of elder marine terraces and “dead” cliff, 27 — Active
cliff, 28 — Abrasive spurs, 29 — Small abrasive monadknocks, 30 — Storm banks, 31 — Lakes,
32 — Rivers, 33 — Permanent ice-fields, 34 — Permanent snow-fields, 35 — Summits, 36 —
Base.
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coastline over Russekeila at the mounth of the Linnéelva river2). Distinct
traces of the regressive agency of the sea are visible only north of the
shores of the Linnépatnet Lake in the form of a series of ledges of marine
terraces, tiers of gravel-pebble, sand-gravel and sandy deposits cut across by
the Linnéelva river. The Linnéelva cuts its way through the sediments to
about 30 m. The river banks disclose numerous outcrops with fragments of
mollusc shells and remains of whale bones. Also glaciotectonic disturbances
are distinctly visible, which may evidence the extent of the glacier in the valley.

The twofold layers of these sediments are very characteristic and well
visible at the outlet of a small side-valley on the right side bank of the river,
in the vicinity of the Stations of the Expedition. The upper layer 15m
thick consists of yellow, brown and rust coloured sand and gravel, horizontally
stratifield, with numerous shels of molluscs. The lower layer consists of
displaced glaciotectonic sands and dark grey silts likewise with a great
number of molluscs. Such a sequence of sediments suggests the presence
of the sea in that place twice. Both floods occurred in the Pleistocene
and were separated by the transgression of glaciers. Other traces of glacier
agency at the outlet of the valley are visible in the small area of the un-
covered ice pavement close to the mounth of the Linnéelva river. Correlating
the height of this ice pavement position with the double-layer of the sediments
in the Linnéelva valley it may be assumed that it is connected with glacier
transgression separating two periods of the presence of the sea in Linnédale.

Another evidence of a wider than present range of the glacier expansion
in Linnédalen is the presence of erratic blocks in the central part of the
valley at the southern shore of the Linnépatnet Lake. These are old, meta-
morphized rocks of Hoecla Hoek formation. They are found on the top
of a washed-out morainic hummocks.

The most imposing form in Linnédalen is the kneding through of the
Linnépatnet. Presumably, its genesis is very complex.

Numerous stream and river-beds are cut out in the form-of gullies and
canyons (in Linnédalen about 10 m deep) through the not much resistant
Carboniferous system of rocks. Such an intensive erosion is caused by the
postglacial decline of the erosive base due to acclivous isostatic movements.
Large alluvial cones are deposited (Fig. 3). In Linnédalen two generations
of alluvial cones can be differentiated. The elder one, higher, cut through
by a stream flowing downwards from a mountain pass between Vardeborg
and Sokolvtoppen and the younger one, lower, not less extensive, deposited
by the same stream in present times.

Periglacial and glacial forms are very characteristic for Spitsbergen. Peri-
glacial forms in the valley are extremely well-shaped. The permafrost reach
in the Swalbard Archipelago the depth of 150—200 m below the ground and
it is at the surface strongly transformed by cryogenic processes. It has been
found that in July 1978 the active zone at the level of the second, elder
marine terrace in Russekeila extended tothe depth of 1.20 m down the
ground.

2) This Cabin was built at the end of I8th century by Starostin, who lived there
for 39 years. He died there in 1826 and was buried close by.












































