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Evolution of marginal zones 
during continued glacial retreat 

in northwestern Wedel Jarlsberg Land, Spitsbergen 

A B S T R A C T : C o m p l e x analysis o f g e o m o r p h o l o g i c a l glacial p rocesses in forefields of retreat
ing glaciers in the southern Bel l sund region was under taken . Field s tudies and archival 
car tographic materials indicate con t inued glacial retreat, at least s ince the turn of the 19th and 
20th centur ies . Its average present rate of about 20 m/y is ra ther high and no mora ine r idges 
are formed, except for the fluted mora ines . Foref ie lds of la rge glaciers are charac ter ized by 
typical relief and sed iments of frontal deglacia t ion only. Intensi ty and ex ten t of glacia l forefield 
remodel l ing depends mainly on activity ablat ion waters . At present glaciof luvial eros ion 
p redomina tes . 
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Introduction 

Geological and geomorphological studies in forefields of several glaciers in 
the Bellsund region were carried out in 1986-1994. Collected material al lowed 
for an analysis of contemporary processes, responsible for relief development in 
glacial marginal zones. Seasonal character of studies made estimation of annual 
changes of glaciers dynamics difficult and presentation of glacier mass balance 
impossible. Field studies of glacial marginal zones in the southern Bellsund have 
been carried out several t imes. The geological expedit ion headed by Różycki 
(1959) and the expedition of the Silesian University (Wach 1981) collected some 
observations in this region. Single data, particularly on the surging phenomena, 
were carried out by the Norwegian glaciologists (Hagen 1988a, Hagen and 
Liest0l 1990, Hagen, Lefauconnier and Liest0l 1991). Intensification of studies 
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took place after 1986, owing to a geological mapping by the Norwegians (Dall-
mann et al. 1990) and the Geographical Expedit ions organized by the Maria 
Cur ie-Sktodowska University of Lublin (Poland). 

During the latter, a preliminary study was done in forefields of glaciers close 
to the station at Calypsobyen (Pekala 1987), with special attention to marginal 
zones of Renard, Scott and Blomli Glaciers (Szczęsny et al. 1989). Examinat ion 
focused on ground moraines, often the fluted ones (Merta 1988b, 1989) and on 
sandurs (Łanczont 1988a, 1988b, Warowna 1994). Glacier retreat was roughly 
evaluated (Reder 1991, 1993). Studies of the Quaternary stratigraphy were of 
special importance (Pękala and Repelewska-Pękalowa 1990). Recognit ion and 
dating of organic sediments and archaeological finds al lowed a prel iminary 
palaeogeographical reconstruction of glacier forefields (Dzierżek, Ni tychoruk 
and Rzętkowska 1989, 1990, Jasiński 1994). 

Aim, range and methods 

The studies focused on marginal zones of four large and few small glaciers 
in the southern Bellsund region (Fig. 1). Main aim was to evaluate deglaciat ion 
and its rate on the basis of field materials, TL datings and archaeological finds. 
Results were compared with other regions of Spitsbergen. 

Geomorphological mapping with use of topographic maps in various scales 
was the main field method. In case of forefields of Renard, Scott and Blomli 
glaciers, a photogeological map was prepared in scale of 1 : 10,000, with a use 
of air photos of 1960 (Szczęsny et al. 1989). In other areas, a topographic 
Norwegian map in scale of 1 : 100,000 and enlarged to 1 : 50,000 was used. 
Additional information was obtained from analysis of the Norwegian air photos 
of 1960 and 1990, rendered accessible by the Norwegian Polar Institute in Oslo. 

Glaciation of Spitsbergen and its morphological effects 

During the Middle Vistulian, an ice sheet of the Barents Sea occupied the 
Barents Sea basin and the surrounding islands, one of which was Spitsbergen. 
M a x i m u m extent of the ice sheet occurred at 4 6 - 4 2 ka B P (Baranowski 1977, 
Mangerud et al. 1992). The western coast of Spitsbergen was then a boundary 
zone of a large glaciated area. Glacial cover of this part of archipelago consisted 
of outlet glaciers, whereas thick ice filled up valleys and fiords. M a x i m u m 
isostatic loading of the western coast, the ampli tude of 7 5 - 8 0 m, should be also 
associated with this period (Landvik, Mangerud and Salvigsen 1987). The Ba
rents Sea shelf ice sheet glacier decayed completely at about 16 -20 ka BP 
(Baranowski 1977, Boulton 1979). Since that t ime, an independent t race ice bowl 
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(Nordaustlandet) as well as system of outlet and valley glaciers connected 
through the alimentary area, have been formed. The following climatic warming 
before the Holocene, caused gradual decrease of glacier range and thickness. At 
11-12 ka BP, the glaciation in Bellsund occupied the whole Van Mijen Fiord up 
to the island Aksel0ya as well as the Van Keulen Fiord, including the Recherche 
Fiord (Mangerud et al. 1987, 1992). Quick retreat of glaciers and complete 
melting of ice in the Van Mijen Fiord took place at the begining of the Holocene , 
between 11.2 and 9.6 ka B P (Mangerud et al. 1987, 1992). The same process in 
the Van Keulen Fiord and the Recherche Fiord took place probably at the same 
time. Isostatic loading of the coast, compared with the contemporary state, was 
equal to 5 0 - 5 5 m (Landvik, Mangerud and Salvigsen 1987, Salvigsen, Elgersma 
and Landvik 1991). Quick retreat of glaciers caused intensive land uplift — 
marine terraces at 25 m a.s.l. are dated at 9 ka BP (Salvigsen 1976, Salvigsen, 
Elgersma and Landvik 1991). Most glaciers became isolated due to increased 
ablation and decreased ice thickness. The most important change was reflected 
by change of a thermal regime of glaciers from cold to polythermal ones . During 
such change, some glaciers underwent sudden surge-type advances indicating 
that increased ice-covered areas have not resulted directly from climatic oscil
lations. There is no evidence for such glacier advances in the southern part of 
Bellsund but there is some for the Is Fiord region. 

The Holocene climatic opt imum with high temperature , humidity and pre
cipitation has not resulted in significant fluctuations of the glacier extent — 
increased ablation was compensated by intensified precipitation and accumula
tion. These forms were created at large snow accumulation on slopes in a wetter 
climate than the present one. Baranowski (1977) found the Holocene opt imum 
to be a main period of rock glacier formation. During colder but still wet cl imate 
just after the climatic optimum, glaciers in Spitsbergen advanced at 3 .5-2 ka B P 
(Baranowski 1977). This advance resulted in development of large ice-cored 
moraines which constitute at present a predominant element in forefields of most 
glaciers that terminate on land. 

Vast glaciological and geomorphological literature reports a glacier retreat 
from 2000 to 750 years B P (Baranowski 1977,Boul ton 1979, Mil ler et al. 1989), 
due to which glaciation of Spitsbergen was minimal and extent of most glaciers 
was much smaller than at present. Next cooling from 750 to 100 years ago, 
known as the Little Ice Age in all glaciated areas due to global change of cl imate, 
caused another — the last advance of glaciers in Spitsbergen. Advancing glaciers 
formed intramorainal systems of ice-cored moraines. 

Datings of organic sediments and driftwood from the raised marine terraces 
as well as numerous geomorphological observations indicate that the coast of 
Spitsbergen raised slowly during the Younger and the Middle Holocene . The rate 
of land uplift during the last thousand of years is assumed at 0 .2-0 .3 m/100 years 
(Baranowski 1977, Salvigsen, Elgersma and Landvik 1991). 
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Glacier retreat in Spitsbergen has been recorded since the first geodetic 
measurements on Svalbard and probably started during the Little Ice Age . Many 
researchers took interest in changeabili ty of Spitsbergen glacier extents which 
resulted in many general and detailed papers (Ahlmann 1953, Koryakin 1967a, 
b, Jania 1986, 1987, 1988 and others). First comparison of changing extents of 
some glaciers were done by the Norwegians from the Norwegian Polar Research 
Institute in the fifties (Ahlmann 1953). A large number of glaciers was compared 
by Koryakin (1967a, b), based on his own investigations in 1965-1966 , the 
Russian (1900-1901) and the Norwegian (1939) archival cartographic materials; 
he analysed also extents and thickness of 165 Spitsbergen glaciers. The results 
proved a significant retreat of most glaciers (96), though they did not allow for 
explicit conclusions as 34 glaciers advanced and 33 stagnated. This research 
proved changes in retreat rate and in most cases a drop of withdrawal rate in 
1936-1966 , if compared with 1912-1936. Small glaciers of up to 2 k m 2 in area, 
underwent the largest reduction. According to Koryakin, wi thdrawal of glaciers 
in the Van Keulen Fiord region (just in the whole central part of the western 
coast) in 1936-1958 was much smaller than farther to the north. Retreat of 
glaciers in Hornsund was much more distinct in the same t ime. Greater changes 
in glacier extents (generally retreat but also some advances) were observed at 
the eastern than at the western coast (slow retreat, few advances) . In most cases, 
these were the surge-like advances. 

Surging phenomena in Spitsbergen are known from over 80 glaciers (Liest0l 
1993). Many more glaciers are known to have surged in the past. The greatest 
surge was observed on the Brasvell Glacier (a part of the Nordaust landet ice 
cap) in 1936-1938 when the glacier front advanced by 20 km. The Negri Glacier, 
inside the Stor Fiord in eastern Spitsbergen, surged 12 km with a velocity of 35 
m a day in 1935-1936 (Liest0l 1969). In Bellsund, the surge was recorded at the 
glaciers: Recherche, Scott, Sieger, Martha, Martin, Bakanin, Hyll ing, Skut, 
Luncke , Are, Charpentier, Penck, Fridtjov, Finsterwalder and Hess (Liest0l 
1993). The active surge phase for the Spitsbergen glaciers has usually lasted a 
few years (3-10) but there are some cases of over 10 years advances , equal to 
85 m a year — the glaciers Hyllinge and Kjelstromdalen (Dowdeswel l , Hamil ton 
and Hagen 1991). 

It is very difficult to determine the glacier mass balance which is a resultant 
of accumulation and ablation during a hydrological year. Accumulat ion and 
ablation changes in successive years: winters have different snowfalls and the 
average temperature of ablation periods is inconstant. The glacier balance 
changes from year to year (Hagen 1988b, Hagen and Liest0l 1990, Hagen, 
Lefauconnier and Liest0l 1991, Lefauconnier and Hagen 1990, Jania 1994). 
Studies of glacier mass balance started in Spitsbergen in the fifties. A negative 
balance dominated during the last forty years (Fig. 2) . Such studies were carried 
out in the Bellsund region at the Finsterwalder Glacier in 1950-1969 only 
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(Hagen and Liest0l 1990). A positive mass balance of this glacier occurred in 
1952/54 and 1956/58 only. The Soviet studies carried out for 5 glaciers (Is Fiord 
region as well as northern and eastern coast of Spitsbergen) in 1966-1984 
indicated absolute predominance of the negative net balance. The positive values 
were obtained for the hydrological year 1981/82 only (Hagen and Liest0l 1990). 

So far, a complex model of relations between climatic condit ions, mass 
balance and changes in glacier geometry have not been worked out. It is mostly 
due to delay of glacier response to changing condit ions, accumulat ion and 
thermal regime of individual glaciers, fitting a longitudinal profile every t ime. 
Changing extents of glaciers can be good indices of cl imate and mass balance 
for the very long intervals only. 

Contemporary morphodynamic processes in subpolar forefields of glaciers 
in western Spitsbergen are very complicated. They are to be subdivided into two 
groups: the ones, connected with direct ice movement and the others, resulting 
from deposition or erosion by glacial waters. Another problem is the overlapping 
of glacial and glaciofluvial forms, the earlier elements which are not a direct 
effect of glacier activity in the environment but are explicitly connected with a 
glaciation. Glacioisostatic movements and eustatic changes of a sea level formed 
raised marine terraces. However, coasts were not raised uniformly and altitude 
of terraces does not determine their age. 

Glacier marginal zones 

Antoniabreen 

The Antonia Glacier (Figs 1, 3) is a large outlet glacier. It jo ins the Amundsen 
Plateau in the upper part. Many a t ime it has been described in literature and 
vastly mapped, examined by Różycki in 1959 and by Wach in 1977 (Wach 1981) 
what enables a comparat ive analysis at present. 

The Antonia Glacier has been actively retreating, at least since the beginning 
of this century. The earliest data about the glacier front come from the Norwe
gian maps and refer to the period 1918-1920 (Różycki 1959). Compar ison of 
these materials with maps based on air photos of 1939 indicates significant 
topographic changes. The glacier front retreated afterwards by about 150 m i.e. 
9.3 m a year. Measurements on the Antonia Glacier by A. Marc inkiewicz in 1958 
indicated a retreat of 150-180 m if compared with 1936 i.e. on the average 8.1 
m a year (Wach 1981). According to the measurements by Wach, the glacier 
retreat was equal to about 270 m in 1958-1977 i.e. its average rate increased to 
13.5 m a year. The present glacier front moved more to the south as compared 
to the measurements by Wach. The glacier retreat in 1977-1992 could be esti-
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Fig. 1. Loca t ion of the s tudied area and recent changes of g lac ier front extent . 
1 — present glaciers ; glacier snouts in: 2 — 1936, and 3 — 1960; 4 — ice-cored mora ine s , 

5 — main moun ta in r idges . 

mated at 2 0 0 - 2 5 0 m and therefore, its rate increased to 15-19 m a year. These 
data indicate a growing retreat rate of the glacier. 

At present, the Antonia Glacier is 7.5 km long, its average width is 2 km but 
the front of regular shape is 1.5 km wide. The glacier front proves a mixed 
deglaciation type. In the western part it is flat, without distinct separation from 
a marginal zone with a predominant areal deglaciation. In the east, the front 
becomes steeper and assumes a form of a convex bowl which is distinctly 
separated from the forefield with predominant frontal deglaciat ion. Glacier sur
face is covered by large patches of surface and ablation moraines close to the 
front. Inglacial and subglacial outflow is active but surface outflow is of se
condary importance. Inglacial rivers carry away much mineral material , de
posited just after leaving the glacier in its close forefield where some small inner 
sandurs are formed. They are long, narrow taluses at outlets of inglacial tunnels . 
Melt ing of ice occurs commonly at proximal parts of the taluses. 

Ancient subglacial drainage disclosed in the forefield of the Antonia Glacier 
creates joints and particularly N-type channels in bedrock (Nye 1973, Jania 
1993). Course of main channels depends on tectonics: their direction agree with 
cracks, dislocations and tectonic loosening predominant in this region. The 
subglacial drainage has a distributive-braided character with numerous em
branchments , probably due to overcharging of s treams. The channels are slightly 
winding, being cut into the bed to 1.5-4 m. Few flatnesses — remains of former 
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Fig. 2. Mass ba lance of several glaciers in 1 9 6 6 - 1 9 8 8 (after Hagen and Lies t0 l 1990). 

subglacial stream bottoms, distributed in an irregular way at different altitudes 
occur at steep channel sides. Channel bottoms are uneven with numerous evor-
sion cavings and edge undercuts . Contemporary relief of the forefield presents 
a drainage system, covered by glaciofluvial material similar in petrography and 
grain size to the material of sandurs and moraines. It has been probably deposited 
later when the area was a glaciofluvial depositional zone. 

In the intramorainal zone there are patches of ground moraine , large areas 
covered with icings throughout a summer as well as concentrated non-braided 
stream beds. Ice-cored hillocks are the most common landforms. They are of 
different size, from little features to the ones 20 m long and 5 - 6 m high. Most 
of them have longitudinal esker-like shapes. 

The most distinct forms in a marginal zone are frontal ice-cored moraines 
(PI. 1). They are located at 51 m a.s.l., being 32 m high at the side of the 
outer-morainal sandur. Analysis of maps indicates that the present ice-cored 
moraines were formed in 1920-1936. The frontal moraine at the geological map 
of Różycki (1959) is composed of small hills (without ice-core), 2 m high. They 
adjoin the main moraine rigdes. This frontal moraine does not semicircle closely 
a front of the Antonia Glacier. Glacial rivers use 4 ravines to flow out into the 
outer-morainal sandur. At distal part of the frontal moraine there are three sandur 
levels, cut into the raised marine terraces (PI. 1). The oldest sandur is found at 
the southern side and is the highest. Close to the active glacial gate, the height 
difference in relation to the present sandur is equal to 3 - 4 m. The surface of 
active extramarginal sandur is at its lowest level similar to the two neighbouring 
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Fig. 3 . Marg ina l z o n e of the An ton ia Glacier . 
1 — slopes and ma in moun ta in r idges , 2 — talus cone , 3 — glacier , 4 — y o u n g e s t sandur , 5 — 
y o u n g e r sandur, 6 — older sandur , 7 — ground mora ine , 8 — abla t ion till, 9 — frontal and lateral 

mora ines , 10 — eskers , 11 — present beach , 12 — mar ine ter races . 

ones. There are two relic hills of the older level, indicating intensive erosion 
there. On the opposite side, a dead sandur plain is built of thick stony material . 
The beds in its upper part occur to a depth of several cent imetres . Some of them 
run water occasionally only. This sandur was active when the glacier reached 
the frontal moraine, then it was abandoned as shown by lack of fine sediments 
from the phase of flow decay (Warowna 1994). The border part of the sandur 
along the estuary to Malbukta has a 4 m wide storm ridge, which checks outflow 
and formation of small lagoons in front of it. 
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Recherchebreen 

The Recherche Glacier (Fig. 4) is the largest in the Bellsund region and 
constitutes a southern termination of the Recherche Fiord. It is about 15 km long 
and 3 .5-4 km wide. Its upper part attains 4 5 0 - 5 0 0 m a.s.l. and jo ins the firn field 
of the Torell Glacier. The glacial front is flat what is typical for retreating 
glaciers. The Recherche Glacier presents a mixed deglaciation type. In the 
central part of the glacier, there is a several metre ice-cliff (PI. 2) where ablation 
by calving is predominant . A frontal deglaciation prevails in the east and an areal 
one in the west. During the last several dozen of years, a glacier front underwent 
numerous fluctuations. In 1936, the glacier occupied an area of about 3 k m 2 

larger if compared to the present state, the glacier front moved northwards by 
about 550 m in the west and almost 1000 m in the east. Air photos of 1960 
present quite another situation, with a more extensive glacier front. The Recher
che Glacier experienced significant advance, caused by changing thermal regime 
between 1936 and 1960. 

The first surge of the Recherche Glacier is dated at 1838 (Liest0l 1969). The 
next glacier surge took place between 1936 and 1948 (Koryakin 1985) or in 1945 
(Liest0l 1993). Very little traces remained after this advance. The material was 
deposited at bottom of Fagerbukta. Constant and relatively quick retreat of the 
Recherche Glacier front has been observed since 1960. During the last thirty 
years over 3.5 k m 2 of the forefield was disclosed and the glacier front moved 
southwards by about 1300 m. The average rate of retreat was equal to 43 m/y 
in that t ime. Such high average retreat rate (1960-1990) was not confirmed by 
the observations carried out at the turn of the eighties and nineties. Very quick 
changes of the glacier front took place probably just after surging. 

In the area of glacial wasting, there are the surfaces which have been mostly 
shaped by action of ablation waters (PI. 2). Glacial meltwaters get out mainly 
from inglacial tunnels (PI. 3). The largest outflow occurs at contact of the glacier 
and lateral moraines. In glacier forefield, the streams are braiding, spilling 
sandur fans on a ground moraine. During intensive ablation, mel twater cut a 
sandur surface with numerous beds. 

In the west, a gentle slope of the front made favourable condit ions for sandur 
development not only in the forefield, but also partly on a snout surface. This 
material forms a mantle that locally reduces ablation and most sandur sediments 
are deposited on dead ice. The waters outflowing from glacial gates at contact 
with lateral moraines, assume a direction parallel to the front. At the same time 
they remove glaciofluvial material, reaching soon a dead ice below. This ice 
undergoes very quick ablation and created depressions are a few metres deep. 
At the same t ime, inselbergs of dead ice covered with sediments of the former 
sandur level, remain between the river beds. The material slips down into the 
depressions, where deformation of layers and complete isolation of ice-cores 
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Fig. 4. Margina l zone of the R e c h e r c h e Glacier . 
1 — s lopes and main mounta in r idge , 2 — glac iers , 3 — younges t sandur, 4 — y o u n g e r sandur, 
5 — o lder sandur, 6 — lateral mora ine s , 7 — abla t ion till, 8 — push mora ine , 9 — eskers , 10 — 

k a m e terraces , 11 — present beach , 12 — mar ine ter races . 

take place, resulting in their conservat ion and slower ablation. Recurrent pro
cesses formed a system of kame hills with an ice-core inside (PI. 2) and ablation 
water outflowing from a glacier front. Their location is unstable: they can 
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translocate during each highwater period. Their beds are covered with chipping 
material of varying thickness, including also a fine-grained one. At present, the 
glacial river flows almost parallel and not far from a glacier front, entering a 
bay at the ice cliff. 

A vast abandoned sandur is generally a single level. Only at contact with 
lateral moraine, remains of an older level are observed. The level is dual (Wa
rowna 1994). The upper part which is 1.4 m high, forms a ledge close to the 
moraine. The lower one rises 0.5 m above the youngest sandur, occupies a larger 
area and has a triangle-like shape. A system of 1.2 m high and 12 m wide coastal 
ridges occurs at distal side of the sandur fan in a coastal zone. 

An active fan-wise sandur which enters the bay, consti tutes an eastern part 
of the forefield. Relics (PI. 2) of loam and sand from the bay are found in its 
area due to a quick glacier advance. Intensive ablation and erosion caused almost 
complete destruction of the former morainal zone. 

Renardbreen 

The central part of the northwestern Wedel Jarlsberg Land is occupied by the 
vast Renard Glacier (Fig. 5). It is fed from a few firn fields at 4 5 0 - 5 0 0 m a.s.l. 
The glacier is 8 km long and 3.5 km wide but slightly more at the front. The 
latter occurs at several metres a.s.l. whereas its central part reaches a sea level 
at Josephbukta. The front is flat-bulging and only over the bay waters , there is 
a several metre high ice cliff. Recently, the glacier retreated intensively (Reder 
1991) and typical frontal deglaciation occurs. It ocuppies a larger area in 1936 
as far as the ice-cored moraine ridges. Josephbukta was a small bay surrounded 
by ice cliffs in the south, west and north. In 1936-1960 , owing to glacier calving, 
the bay extended mainly to the west and north. Then, the glacier retreat was 
relatively small, estimated from about 2 5 0 - 3 0 0 m in the south to about 5 0 0 - 6 0 0 
m in the central part of the tongue. In a northern part of the glacier, the adjoining 
ice-cored moraines without a contact with the bay, remained stabile. Different 
situation was observed in 1960-1994, when the bay expanded slowly and the 
ice cliff retreated only about 100-150 m to the west. However , significant 
increase in glacier retreat took place in a previously stable part of the glacier. 
During the last thirty years, the retreat of the glacier front was equal to 1 2 0 0 -
1500 m i.e. 4 0 - 5 0 m a year. Observations during the last few years proved that 
the contemporary values were smaller, about 20 m a year. 

The Renard Glacier is drained by supraglacial and inglacial s t reams. Inglacial 
tunnels provide abundant meltwaters , particularly in southern and central parts 
of the glacier. At present, several tens of small and large supraglacial meander ing 
gullies and large water discharge occur at the glacier surface. These waters are 
responsible for development of depressions in the glacier front area, charac
teristic relief of ground moraine in the forefield and also on the ice tongue 
surface (Merta 1989). Ridges of a fluted moraine constitute a cast of a glacier 
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Fig. 5. Margina l zone ot' the Rena rd Glacier . 
1 — moun ta in s lopes , 2 — glacier , 3 — younges t sandur, 4 — y o u n g e r sandur , 5 — o lder sandur , 
6 — frontal and lateral mora ines , 7 — ice-cored mora ine , 8 — fluted m o r a i n e , 9 — abla t ion till, 

10 — eskers , 11 — k a m e terrace , 12 — present beach , 13 — mar ine ter races , 14 — lakes . 

front surface relief and their orientation determines direction of glacier withdra
wal. The grooves behind large stones were considered for the effect of ablation 
gully development (Merta 1989). 
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Supraglacial drainage is responsible for large geomorphological changes at 
the glacier edge and its direct forefield. In the extraglacial area, rivers of this 
system join into an enormous marginal river. It remodels intensively the glacier 
forefield, manifested by complete supression of slot relief of fluted moraine and 
dissecting the sandur into single, isolated patches. The glacier forefield loses its 
smooth character and becomes a badland, with a very thick system of old beds 
as well as thermokarst depressions and crevasses. 

In the intramarginal zone, intensive glaciofluvial deposit ion occurs. There are 
at least three sandur levels, kame terrace and eskers (Pękala 1987, Łanczont 
1988a,b, Szczęsny et al. 1989). High level of sandur sediments creates terrace-
type forms, adjoining the proximal sides of ice-cored moraines or deposited in 
depressions of a fluted moraine. Slope of glacier forefield towards the contem
porary front (from the northwest to the southeast) resulted during glacier retreat 
in development of the lower and lower levels of intramarginal sandur. 

Several 10 m high roches moutonnees composed of tillite bedrock occur 
between a sandur and a glacier snout. Proximal slopes of the roches moutonnees 
are gentle. They are covered with fluted moraine (Merta 1989). Distal slopes are 
steep and usually without sedimentary material. 

A terminal moraine, passing into lateral moraines , is a predominant relief 
element of the Renard Glacier forefield (PI. 3). At present this zone is not a 
continuous one, it breaks off at the contact with a fiord. Abrasive processes 
destructed a central part of the frontal moraine and cut a cliff in it. Duality of 
forms is distinct in the frontal moraine zone (Szczęsny et al. 1989, Dzierżek, 
Nitychoruk and Rzętkowska 1990). An outer ridge consists of mixed marine 
sediments and two layers of till. The older till was dated at 13.2+2 ka but the 
younger glacial sediments — at 8.6±1.3 ka (Pękala and Repelewska-Pękalowa 
1990). Mixing and accumulating of marine and glacial sediments was caused by 
a quick glacier advance. Inner ice-cored moraines were formed during the Little 
Ice Age. Sharp, pyramidal hillocks and numerous thermokarst fissures and de
pressions (often filled with water) indicate a relic ice inside. Deformed organic 
sediments are found in sediments of ancient and ice-cored moraines . Their upper 
part was dated by 1 4 C method at 660±80 and the lower part at 1130+80 years 
(Dzierżek, Nitychoruk and Rzętkowska 1989, 1990). These organic sediments 
are concentrated within a cultural layer of the archaeological stand. The collected 
artifacts are referred to the West European whalers and Norwegian hunters , 
probably from the turn of the 16th and 17th centuries to the fifties of the 18th 
century (Jasiński 1994). 

Dating and field observations enabled partial reconstruction of landscape 
development in the glacier forefield. The outer moraines were formed during the 
glacier advance of the Early Holocene. The glacier is covered by a younger 
moraine material due to a long ablation. Another glacier advance took place 
during the Little Ice Age and resulted in formation of inner ice-cored moraines . 
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Dating of translocated artifacts determines precisely the glacier m a x i m u m ad
vance to the second half of the 18th and first years of 19th century. In that t ime, 
a glacial drainage system consisted of two gates cut in a frontal mora ine (Reder 
1993). In the first stage of glacier retreat, intensive glaciofluvial deposit ion 
occurred and a kame terrace was formed at contact of ice and mora ine (Szczęsny 
et al. 1989). It is composed of sands, with inserts of gravel and flow till. 
Checking of outflow in the northwest direction formed a marginal river, parallel 
to a glacier front and flowing towards Josephbukta. The waters cut a deep valley 
in the moraine; its dry bed is covered at present with sand-and-gravel sediments . 
Further retreat caused development of a fluted moraine , sandur sediments and 
fissures, in which eskers were formed (PI. 4) . The older sandur series is covered 
by a ground moraine, several dozen centimetre thick (Merta 1989). There are 
eskers on a distal side of the roche moutonnee — on surface of the sandur series. 
They were formed during glacier retreat in middle of the 20th century. Their 
course resembles glacier crevasses and direction of ground mora ine grooves in 
the forefield. 

A southern part of the frontal moraine , relics of which are preserved only, 
has longitudinal bulges and depressions ("microflexures") which are parallel to 
one another. Frontal moraines of surging glaciers have similar morphologica l 
features. During the active surge, compression resulted in development of frontal 
moraine flexures (Jania 1993). As the older part of the Renard Glacier frontal 
moraine displays some features of the accumulated moraine , it can be regarded 
as effect of a former glacial surge. 

Scottbreen 

The Scott Glacier (Fig. 6) is only 3.5 km long. It is to 1.8 km wide but to 0.9 
km at the front. It has two firn fields at 4 0 0 - 4 5 0 m a.s.l. The Scott Glacier has 
a detailed photogrammetr ic map (Merta, Ozimkowski and Osuch 1990), done 
during the 2nd Spitsbergen Expedit ion organized by M. Cur ie -Sklodowska 
University in 1987. This examination of the actual glacier front enabled a 
comparison with a photogeological map of the same area, prepared with use of 
the Norwegian air photos of 1960. During the past 27 years, the Scott Glacier 
underwent significant changes . The glacier front receded by 530 m i.e. 20 m 
every year and this trend is still observed. The glacier front dropped at about 75 
m i.e. 2.7 m/y on the average. The glacier is an example of a typical frontal 
decay. 

According to Liest0l, the Scott Glacier surged at about 1880 (Liest0l 1993). 
It did not overpass however the max imum extent line of the Middle Holocene , 
indicated by a frontal moraine series. Recent glacial sediments cover the ancient 
moraine. 

A typical sandur does not occur in the intramorainal zone. It is rather a zone 
of cut and washed ground moraine , with pouring small taluses. Inner part of the 
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Fig. 6. Marginal zone of the Scott Glacier . 
1 — slopes and main mounta in ridges, 2 — talus cone , 3 — glacier , 4 — y o u n g e s t sandur , 5 — 
younge r sandur , 6 — frontal and lateral mora ine , 7 — fluted m o r a i n e , 8 — abla t ion till, 9 — k a m e 

terraces, 10 — rock glac iers , 11 — mar ine ter races , 12 — lake. 

frontal moraine passes gradually and gently into a ground moraine with the 
evident flow towards the only active snout. Small hills of a glacier retreat phase 
are the only outstanding element of the relief. The intramarginal zone has a 
depression character, a southeastern part of the area is lower and mostly flooded 
with water. A northeastern part is located a few metres higher somewhere from 
the moraine snout. This zone is formed by a ground moraine, in some places a 
fluted one, cut with a few 2 - 4 m deep active beds. Kettles in mora ine surface 
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are filled with meltwater. A thin layer of silts is deposi ted there. Remain ing 
fragments of a moraine do not show any sign of washing away. Close to the 
narrow snout in a frontal moraine there are flood waters, in which deposit ion of 
fine-grained material occurs (Merta 1988a). Main outflow of subglacial water is 
observed in the south. A kame terrace occurs between the glacier and a lateral 
moraine. 

There is only a supraglacial drainage from the Scott Glacier. The only ingla
cial tunnel, in the northeastern border area of the glacier tongue, forms a mar
ginal river that actively creates a contemporary sandur. At present supraglacial 
gullies do not occur. The water flows down the inclined surface of the glacier 
tongue. The surface moraine which thaws out during the ablation season, is 
washed by these waters immediately. A coarse material (stones) is distr ibuted 
disorderly on ice surface whereas fine material is carried towards the glacier 
lower parts or central depression of the forefield. 

All these glaciers have thick icings in their forefields. The Recherche and 
Scott Glaciers occasionally surged (Liest0l 1969, 1993), this phenomenon has 
been probably also present for the Renard Glacier. So far, surges have not been 
noted for the cold glaciers. These are typical subpolar glaciers or, according to 
Jania (1993) — the polythermal ones. Another evidence is an extensive system 
of former subglacial drainage of well preserved Nye ' s channels in the forefield 
of the Antonia Glacier. 

Large icings in glacier forefields indicate that they are formed by winter-ac
tive streams. The icings are 1.5-2 m thick at the beginning of a summer. 
Proglacial rivers on their surfaces cause melting of meander beds and deposit a 
poorly sorted material. Vast icings make usually a forefield transformation im
possible. They check development of marginal sandur and less or more influence 
a proglacial outflow. 

Blomlibreen 

The Blomli Glacier is located to the west of the Scott Glacier and jo ins its 
firn field. It occupies the upper part of the Blomli Valley, its firn field occurs of 
3 5 0 - 4 0 0 m a.s.l. and the residual, steep tongue moves down to 2 0 0 - 2 2 0 m a.s.l. 
A snout is mantled with a thick layer of rocky material from neighbour ing 
mountain slopes and ablation till, which passes into a basal till in the forefield. 
The glacier marginal zone is small. It is enclosed by a steep roche moutonnee 
with an oblique course along the valley. A frontal moraine is extremely large if 
compared to the glacier itself. During the Holocene advances, the glacier has 
never overcrossed a rocky threshold. The ablation is insignificant and a retreat 
rate cannot be estimated by field observations during the last few years . Analysis 
of air photos has not given desirable effects either and indicates s low transfor
mation of the tongue into a rock glacier. A frontal moraine is composed of 
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ice-cored ridges. At present, there are no glacier outflows. The entire movement 
of ablation waters takes place in thermokarst canals inside the moraine material . 
Thus, the forefield area is non-typically shaped. The intramarginal zone is 
formed of narrow depressions between a steep snout and roche moutonnee , 
mantled with a till. Neither icings nor inner sandurs were observed here. Studies 
of Merta (1989) proved that the ground moraine was a fluted one. The material 
is regularly distributed, with longitudinal strips on the glacier surface what 
therefore confirms a supraglacial origin of the fluted moraine (Merta 1988b). 

Tj0rndalsbreen 

The Tj0rndals Glacier is similar to the Blomli Glacier and adjoins it in the 
west. However it is smaller, fills up only the upper part of the valley and is 
pushed westwards by a roche moutonnee. The residual tongue is closely mantled 
with thaw and slope material. Narrow ridges of median moraines are also dis
closed. A lateral moraine is located at eastern side of the glacier. Lack of frontal 
moraine indicates poor dynamics during the Holocene. A huge rocky threshold 
in the central part of the valley axis is covered with a till. The latter does not 
create distinct ridges that would manifest extent and phases of glacier retreat. A 
rock valley bottom below the roche moutonnee barrier is deprived of glacial 
sediments. They were washed away by meltwater rivers and streams. Only in 
the bottom depression as well as permanent and temporary lakes, the sandur 
sediments could be preserved (Szczęsny 1987). 

Ringarbreane 

The Ringar Glaciers (Fig. 7) fill up potholes in the upper part of the Dyrstad 
Valley. The glacier is composed at present of four separate fragments in four 
mountain pot-holes above 250 m a.s.l. Lower parts of residual glacial tongues 
descend about 5 0 - 6 0 m. Firn fields occur at a structural flatness at 450 m a.s.l. 
The contemporary glacier keeps actively retreating. The frontal zone of glaciers 
is flat and covered with ablation moraine. A ground moraine with numerous 
tongues fed by supraglacial waters occurs between fronts and ice-moraine ridges 
in a glacial forefield. Frontal moraine zone is composed of three rows of ice-
cored moraines. In some places, they are overlapping and passing into a lateral 
moraine in the east. Ice-cored moraines are composed of coarse, block material 
of an extreme diameter of 1-2 m. Ice-cored moraines are not cut by rivers. 
However, in some places, they are drained with water. Thus, intensive melting 
of relic ice takes place there. 

Glacial sediments — till, rocky blocks and stones with glacial striae are found 
in the whole Dyrstad Valley. They are of different age and stratigraphic location 
(Reder 1990). Patches of the Pleistocene till occur at two levels and are noted 
in the erosive cuts of the marine terraces 80 and 65 m. The older till level on a 
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rocky bed of the terrace 80 m was TL-dated at 155+23 ka BP, the younger from 
the terrace 65 m was TL-dated at 59+9 ka B P (Reder 1990). The Dyrstad Valley 
is the only place in the southern Bel lsund where the Pleis tocene tills were 
recognized in a forefield of a small retreating glacier. They correspond in age to 
the glacial advances during the Riss and the Middle Wurm. The Late Pleis tocene 
marine sands and gravels, deposi ted in the fiord bay which was then the lower 
part of the Dyrstad Valley, are found up to 60 m a.s.l. at present. This value 
probably reflects the Pleistocene isostatic uplift of the area. 

The Holocene glacial morphogenesis was confined to the upper part of the 
Dyrstad Valley. During the Middle Holocene, the glacier advance formed a frontal 
moraine on outcrops of the roches moutonnees. This moraine was partly destroyed 
and covered with younger ice-cored moraine sediments from the Little Ice Age. 

The Ringar Glacier was fed from four firn fields during the Pleis tocene. It 
transformed the Dyrstad Valley into an incomplete glacially eroded valley and 
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deposited tills (only partially conserved) on its bot tom during the retreat. Dur ing 
the Holocene, advances of this glacier built a frontal mora ine along the line of 
the roches moutonnees . It was separated after the Little Ice Age. At present , there 
are four independent glaciers with residual tongues in the upper part of the 
Dyrstad Valley. 

The Blomli , Tj0rndals and Ringar Glaciers are located entirely in the upper, 
cool hypsometric level. They were subjected to intensive ablation and quick 
retreat, the evidence of which are huge canyons , cut into the raised marine 
terraces. They are 12-15 m deep and not very active, compared with amount of 
thaw waters. They were formed during quick retreat, intense ablation and large 
flows during the Early Holocene. Longitudinal profiles of the rivers flowing 
along the canyons, adapted themselves to the current erosion base. 

Rock glaciers 

In the southern Bellsund Region the rock glaciers are quite common (Dzie
rżek and Nitychoruk 1987). They occur mainly at non-glaciated bot toms, at 
present postglacial cirques as well as at the ridge feet, particularly in the western, 
wet part of southern Bellsund. Cirque rock glaciers are developed in the Bohlin-
ryggen and Wijkanderberget. Single forms are also found in the upper parts of 
the Tj0rn and the Dyrstad valleys. Their characteristic feature is a location on 
the westerly-exposed slopes only. Rock glaciers close to the slope are the r idges, 
50 m high and outer slope inclination of 35^ -0 ° . They are the largest in the 
Wijkanderberget, Klokkefjellet as well as in the Dunder Valley. Their activity 
and dynamics in Bellsund is minimal and most forms became stabilized. It is 
difficult to establish their stratigraphy and chronological position. Only the rock 
glaciers at foot of the Wijkanderberget, the western part of this mora ine passing 
into a lateral moraine, destroyed and partially covered sediments at foot of the 
slope. The frontal moraine of the Scott Glacier was formed during the Middle 
Holocene advance and then, an additional part was created during the Little Ice 
Age. The rock glacier r idge under the slope was formed earlier. The sediments 
of this ridge were TL-dated at 7±1 ka B P (Dzierżek and Ni tychoruk 1990). 
Morphology and dating indicate glacier formation at the turn of the Boreal and 
the Atlantic periods. 

A similar date was obtained from a rock glacier situated in the ice cirque of 
the Tj0rn Valley. It is TL-dated at 8+1 ka B P (Dzierżek and Ni tychoruk 1990). 
Cirque rock glaciers formed jus t after a fast retreat of glaciers in Bellsund at 
9 - 1 0 ka BP. Rapid climatic warming and high humidity caused transformation 
of small cirque glaciers into rock glaciers as intensive periglacial processes at 
upper parts of slopes produced much waste which, cover ing the ice, controlled 
the ablation. Glaciers in large cirques and with large masses , carried away the 
waste and formed small lateral moraines (Ringarbreen IV). 
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Discussion and results 

The paper presents a complex analysis of geomorphological glacial processes 
in forefields of glaciers in southern Bellsund during the Holocene. 

Field investigations and analysis of ancient maps and of air photos indicate 
retrteat of glaciers at least since the turn of the 19th and 20th centuries. A retreat 
rate was varied, the greatest during the last 30 years. At present, the average rate 
of glacier retreat is about 20 m a year. Large glaciers, snouts of which are situated 
at a sea level or at small alti tudes, undergo the most intensive retreat. The 
glaciers at higher altitudes with their snouts at 2 0 0 - 2 5 0 m a.s.l. undergo the 
smallest changes. Their ablation is small. No distinct changes in geometry of 
glacier front are observed. They are transformed into cirque glaciers, and resid
ual tongues became rock glaciers. Marginal zones of large glaciers are charac
terized by a typical zone character of relief and sediments which are common 
for a frontal deglaciation (Szupryczyński 1963, Pękala 1987, Reder 1993). Fron
tal retreat in this area is predominant . Only the Recherche Glacier is charac
terized by mixed (areal and frontal) deglaciation. 

Quick deglaciation of Bellsund took place at the turn of the Pleistocene and the 
Holocene as well as during the Early Holocene between 11 and 9 ka B P (Mangerud 
et al. 1987, 1992, Mangerud and Svendsen 1990). Then, fiords and lower parts of 
small valleys getting directly into the ocean, became ice-free what was accompa
nied by isostatic uplift of the coast with amplitude from over 60 m in the ocean 
coast region to 30 m inside the fiord. Then the glacier retreat was intensive but it 
might have had a smaller range than at present. Subslope rock glaciers formed in 
the open forefields and at raised marine terraces. Large delivery of waste from 
degraded slopes and high humidity caused transformation of the then smallest 
cirque glaciers into cirque rock ones which have remained almost unchanged. 

Climatic changes during the Holocene resulted in common glacial advance 
at 3 .5 -2 ka B P (Baranowski 1977, Andrzejewski and Stankowski 1985, Andrze
jewski and Błaszkiewicz 1991), creating large frontal mora ine r idges. Trans
gressing glacier tongues destroyed rock glaciers on their way and covered the 
occupied area with a moraine material. Another common advance of glaciers of 
the same range took place during the Little Ice Age . It caused deve lopment of 
ice-cored moraines and complete remodell ing of former marginal zones , indi
cated in translocation and deformation of the sediments from the warm "Viking 
period". The maximum advance took place in the 18th and 19th centuries. 

Another warming up of the cl imate at the end of the 19th and in the 20th 
centuries caused change of the glacier thermal regime. Due to that, various 
surges of the Recherche Glacier (twice), the Scott Glacier and probably of the 
Renard Glacier took place. Modern glaciers adjusted their longitudinal profiles 
and thermal structure to the changed climatic condit ions. Large glaciers at low 
altitudes and great dynamics of movement and ablation are polythermal . They 
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are characterized by active subglacial and inglacial flows as well as icings in the 
forefields. Small high-altitude cirque glaciers can be cold glaciers, as indicated 
by min imum dynamics and lack of subglacial water. 

At present, glacier forefields are formed at rapid frontal retreat when moraine 
ridges are not formed but only the till surfaces, often of a fluted type. They are 
well preserved on elevations (raised bedrock outcrops) only but in the depression 
they are quickly washed and cut by meltwaters. Two or three sandur levels in 
forefields were explained as the effect of isostatic uplift of a coastal zone; it does 
not seem however true if taking into account the large differences in altitudes of 
the sandur levels (even 2 - 3 m). Anyway such high values of isostatic uplift might 
not have taken place during the last retreat. It may result from quick melting of 
glaciers and a sandur level, abandoned by ablation waters. Altitude of in— and 
subglacial tunnel outlets changed, therefore also of proximal slopes of sandur fans. 

Intensity and extent of glacier forefield remodell ing depends on amount of 
meltwater outflows. Small , highly located glaciers are a source of poor melt-
waters which flow away in covers or in thermokarst crevasses. Sandur fans are 
not formed there, forefield transformation is insignificant and changes of relief 
include slow degradation of ice-cored moraines, resulting in frequent changes 
of their morphology and appearance of cracks and ephemeral thermokarst lakes. 

Intensive melting of large glaciers provides enormous amounts of meltwaters. 
Their forefields are shaped by marginal rivers, icings and morainal lakes of 
changing configurations. At present, predominat ion of glaciofluvial erosion is 
observed. Abandoned beds of marginal rivers at the fluted moraine and sandur 
fans prevail. Accumulat ion forms are observed rather on flattened glacier snouts 
or in dead ice. Intensive erosion by meltwaters destructed even young sandurs 
and ground moraines. Remaining fragments are usually intensively washed and 
enriched in coarse material. 
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Streszczenie 

W opracowan iu podjęto p róbę k o m p l e k s o w e j anal izy geomor fo log i cznych p r o c e s ó w glacja l -
nych zachodzących na p rzedpolach l o d o w c ó w po łudn iowe j części Be l l sundu w ho locen ie . Wynik i 
badań t e r enowych oraz anal iza a rch iwa lnych mate r i a łów kar tograf icznych i zdjęć lo tn iczych w s k a 
zują na ak tywną recesję l o d o w c ó w przynajmniej od p rze łomu X I X i X X wieku (fig. 1, 2) . T e m p o 
recesji jes t zmienne , na jwiększe nas i lenie z jawiska obserwuje się w ciągu os ta tn ich 3 0 lat. O b e c n i e 
ś rednie t e m p o recesji l o d o w c ó w wynos i oko ło 20 m/rok. Najsilniejszej recesji ulegają d u ż e l odow
ce p ó ł p o k r y w o w e i dol inne , k tórych czoła po łożone są na p o z i o m i e morza a lbo ty lko n ieco 
p o w y ż e j . Najmniejszą zmienność wykazują l o d o w c e w całości p o ł o ż o n e w w y ż s z y m pię t rze hi -
p s o m e t r y c z n y m , z czołami na wysokośc i 2 0 0 - 2 5 0 m n.p.m. (fig. 7) . Ablac ja tych l o d o w c ó w jes t 
mała , n ie obse rwuje się wyraźnych zmian w geometr i i czół l o d o w y c h . Z a u w a ż a się t endenc ję do 
przeksz ta łcania ich w l o d o w c e c y r k o w e , a szczą tkowe j ęzo ry przeobrażają się w l o d o w c e k a m i e 
niste. 

Strefy marg ina lne dużych l o d o w c ó w charakteryzują się typową s t refowością form rzeźby i 
o sadów, występującą p o w s z e c h n i e przed lodowcami o f ronta lnym typie deglacjacj i (fig. 3 , 5, 6). 
Reces ja frontalna w tym rejonie jes t dominującą. J edyn ie lodowiec R e c h e r c h e cha rak te ryzu je się 
deglacjacją arealną, a j e g o p rzedpo le jes t uksz t a ł t owane n i e typowo , p o n i e w a ż d o t y c h c z a s j ę z o r 
tego l o d o w c a schodzi ł bezpoś redn io do morza (fig. 4) . 

O b e c n i e l odowce d o p a s o w a ł y j u ż swe profile pod łużne i t e rmikę do z m i e n i o n y c h w a r u n k ó w 
k l ima tycznych — n isko po łożone duże lodowce , o znaczne j d y n a m i c e ruchu i ablacji są l o d o w c a m i 
po l i t e rma lnymi , z ak tywnymi p rzep ływami subglac ja lnymi i inglac ja lnymi o raz lodami typu nale-
dzi funkcjonującymi na p rzedpolach . Małe , w y s o k o po łożone l o d o w c e k a r o w e mogą być p r z y m a r z -
nię tymi do podłoża lodowcami z imnymi . Wskazu je na to min ima lna d y n a m i k a ruchu i t rudny do 
s twie rdzen ia o d p ł y w subglacjalny. 

P rzedpola l o d o w c ó w są ksz ta ł towane obecn ie w warunkach d o s y ć szybkie j recesji f ronta lnej , 
w w y n i k u czego nie tworzą się wały moren recesy jnych , a j e d y n i e pow ie r zchn i e m o r e n y dennej 
częs to wyksz ta łcone j w formie moreny ż łobkowej (pl. 4 ) . M o r e n y te zachowują się d o b r z e j e d y n i e 
na p o z y t y w n y c h e lementach rzeźby (wynies ionych w y c h o d n i a c h skał pod łoża ) , w obn iżen i ach są 
s zybko p r z e m y w a n e i rozc inane przez wody ablacyjne. 

In t ensywność i s topień p r z e m o d e l o w a n i a przedpol i l o d o w c ó w zależy od ilości odp ływa jących 
wód ab lacy jnych . M a ł e , w y s o k o po łożone lodowce są ź ród łem niewielkie j ilości w ó d r o z t o p o w y c h , 
które odpływają w pokrywach , ewen tua ln i e w szcze l inach t e r m o k r a s o w y c h . N ie tworzą się tu stożki 
s a n d r o w e , s topień przeobrażenia przedpola jes t niewielki a zmiany rzeźby ograniczają się do 
powolne j degradacj i wa łów l o d o w o - m o r e n o w y c h , c z e g o efektem są częs te z m i a n y ich morfo logi i , 
po jawian ie się spękań i e femerycznych jez iorek t e rmokra sowych . 

A k t y w n i e topiące się d u ż e l o d o w c e dostarczają o g r o m n y c h ilości wód ab lacy jnych . Ich przed
pola są ksz ta ł towane przez rzeki marg ina lne , pok rywy naledzi i zbiorniki z a s t o i s k o w e o zmienne j 
konfiguracji (pl. 1-3). Genera ln ie obse rwuje się obecn ie dominac ję p r o c e s ó w erozji f luwioglac ja l -
nej. Dominu jącym e l emen tem rzeźby przedpol i są po rzucone kory ta rzek marg ina lnych , rozc ina
jących pok rywy moreny fluted i s tożków sandrowych . F o r m y a k u m u l a c y j n e obse rwu je się w s p ó ł 
cześnie raczej na powie rzchn iach wypłaszcza jących się j ę z o r ó w l o d o w c o w y c h bądź na m a r t w y m 
lodzie p rzedpo la (pl. 3) . I n t ensywna erozja wód ablacyjnych p r ow adz i obecn i e do n i szczen ia nawet 
s t o s u n k o w o młodych p o k r y w sand rowych i o s a d ó w moreny denne j . Z a c h o w a n e f ragmenty są 
zazwycza j s i lnie p rzemyte i w z b o g a c o n e w mater ia ł grubszej frakcji. 

Pracę w y k o n a n o w ramach projektu b a d a w c z e g o nr 6 0711 91 0 1 , f i nansowanego przez Komi te t 
Badań N a u k o w y c h w latach 1 9 9 1 - 1 9 9 4 . 
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1. Mora ina l zone of the Anton ia Glac ie r in 1992. 
2. Ex t ramora ina l sandur in forefield of the Anton ia Glac ie r in 1992. 
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1. S a n d u r wi th insc lbergs of a push mora ine of the R e c h e r c h e Glac ie r in 1992. 
2. K a m e - t y p e hills at snout of the R e c h e r c h e Glac ie r in 1992. 
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1. R e c h e r c h e Glacier : inglacial channel and lateral r iver in 1992. 
2. Mora ina l zone of the R e n a r d Glac ier in 1990. 
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1. Eskers in front ol the Renard Glacici in 1990. 
2. F luted mora ine in front of the Rena rd Glac ie r in 1988. 


