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Abstract. This paper aims to present, for the first time in Romanian geomorphological literature, some aspects of
beach morphology in two polar areas, Axel Heiberg Island (Canada) and Spitsbergen Island (Norway). The sea ice, or
polar pack, plays an important role in the evolution of the coastal zones of the polar area. The paper also deals with the
description of the effects of pack ice in the formation of ice-push ridges, or walls, and of ice in beach mounds. On the
other hand, especially in the case of the Spitsbergen’s beaches, we notice the existence of mounds like pingo forms,
resulting a specific mammilated and kettled topography, which are also described here, and on the rocky shoreline
drift-ice abrasion marks.

Introduction
During field researches in polar areas - in 1990
in Svalbard and in 1996 in the Canadian Arctic
Archipelago - we noticed some geomorphological
aspects particular to beaches, much different
from those familiar to us from previous field
researches, analyzed by means of comparison to
those of the temperate areas. We should
mention the fact that in the Romanian
geomorphologic literature there are very few
researches on the effect of ice on the shore, only
one article having been written on the theme in
the last two decades (Preoteasa et al., 2004).
The features of the coastal areas of the polar
regions reflect the particular characteristics of
the periglacial environment which are highly
connected to the existence of the polar pack and
of the permafrost and ice bodies in the soil,
which have a direct influence over the
development of coastal areas (Washburn, 1979;
French, 1996; Van Vliet-Lanoë, 2005).
It is a known fact that the sea ice, or polar
pack ice, plays an important role in the
evolution of the coastal zone of the polar and
subpolar areas (Hume, Schalk, 1967; Dionne,
1968; Washburn, 1979; Barnes, 1982; Gilbert,
1990; Allard et al., 1998; Ogorodov, 2003). We
must mention that, in geomorphological
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literature, the term glaciel is used for all
processes, sediments, and features related to the
action of drift ice and icebergs in marine,
lacustrine, and fluvial (including littoral and
estuarine) environments (Dionne, 1982).
We must also mention that the influence of
ice over lacustrine morphology has been
noticed since 1822 by Petros; Forchammer in
1847, Hayes in 1868 and Hind in 1877 (quoted
by Dionne, 1969) mentioned several aspects of
the erosive-abrasive action of the littoral ice,
and C.A.White (1869) (quoted by Dionne,
1979) analyzed the boulder ridges generated by
the pressure of the littoral ice over the beaches.
When analyzing the impact of the sea ice on
the coastal zones, the following aspects can be
distinguished: 1. the protective role of fast ice
and drift ice; 2. the role of the sea ice in the
evacuation of the sedimentary material from
shallows; 3. the abrasion of shores and bed by
ice; 4. local erosion of the sea floor due to the
specific ice conditions; 5. the processes of
formation of fast ice and frozen ground in the
near-shore zone (Ogorodov, 2003). On the other
hand, the action of floating ice on shores may
be divided into two categories: 1. processes of
ice push, and 2. processes of lifting and rafting
caused by changing levels, especially related to
tides in the sea (Gilbert, 1990). We must not

6

Petru URDEA

forget that the presence of permafrost and
wetlands along the shore, combined with the
small tidal range, allows for the formation,
sometimes, of abundant icing and frost blisters
which play an important role in shore dynamics
(Allard et al., 1998).
It is important to bear in mind that littoral ice
reduces the erosive action of the waves and the
tide (Sunamura, 1992, Allard et al., 1998), but,
on the other hand, the ice drift generates push
over the shores and, by melting, determines the
formation of specific microforms (Owens,
McCann, 1970). Also, the movement of ice in
contact with the bedrock physically disrupts or
gouges the mixture of bedrock sediments and
bulldozing material. The sea ice is pressed and
rearranged by winds, waves and currents,
forming irregular masses with many downward
protrusions or keels that, in shallow waters, can
interact with the bottom (Barnes, 1997).
For the better understanding the role played
by the marine ice pack in the dynamics and
morphological formation of the coast areas of
the polar regions is important to take into
consideration
the
differentiation,
given
especially by different types of ice, of six
subdivisions (Fig. 1), each with features that
generate
particular
morphology
and
morphodynamics (Ogorodov, 20039).
Thus zone I extends from the edge of the
coastal cliff landward, so that zone II embraces
the coastal cliff – frequently cut in permafrost

affected by thermo erosion - and the top part of
the beach. In this case this is a hea ping area of
ice form ridges of unsorted beach material.
Zone III is situated between the foot of the
coastal cliff and the marine border of the fast
ice base, marked by the ice fracture out at sea.
The most important morphological elements
formed under the ice-push effect appear in this
zone. The seasonally frozen layer of the beach
(the berm) and coastal cliffs play a protective
role against the sea ice. Zone IV is the zone of
the longshore bars and troughs, with a width
depending on the bottom slopes. In subzone c,
in autumn, when fast ice is formed, ridges of
hummocks and grounded hummocks are created
on the submarine bars. The marine part of this
zone (d) includes an area with a relatively even
floor where single ridges and hummocks are
formed. Zone V is the belt of hummocking on
the marine edge of fast ice, where over the
whole winter, strong stresses and deformations
of drift ice occur. Here, hummocks and
grounded hummocks exert the strongest eroding
effect on the floor at the expense of crashed ice.
Zone VI represents either a beyond-fast-ice
polynia (ice clearing) or an area of drift ice.
Discussing the morphological specificity of
the nearshore formation ice complex, we reveal
the existence of icefoots, ice ridges, ice
volcanoes and shore-parallel ice lagoons
(Barnes et al., 1994)

Fig. 1. Subdivision of coastal zone by types of ice formations and their effects on coast and bed
1. Banks of firn, heapings, and ice overthrusts; 2. Fast ice (1- floating, 2- frozen to the bed); 3. Water under fast ice;
4. Tidal crack; 5. Near-coast grounded hummocks and hummocks on submarine bars and shallows; 6. Grounded
hummocks and belt of hummoking in the fast ice near-edge zone; 7. High-salinity water in the longshore troughs;
8. Cryopegs; 9. Forms of ice gouging (after Ogorodov, 2003)
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Location and geographical characteristics of
the studied areas
The researched areas are situated in the Arctic
Basin, above 78° N, in the area of continuous
permafrost, one in the area neighbouring
Europe, in Spitsbergen Island belonging to
Svalbard Archipelago, and the other in the
permafrost area near extremely North America,
i.e. in the Axel Heiberg Island of the NorthCanadian Arctic Archipelago (Fig. 2).
In Spitsbergen Island the areas under
research lay at north-west of Nordenskioldland,
on the shore of Greenland’s Sea, at approx. 500
m N of Båtodden Cape, and on the southern
coast of Isfjorden fjord, in Russekeila and
Solovjetskibutka bays (Fig. 3). The shore line
delimits a low coast plain with a sea terrace
profile, shaped during the last 12300 years
(Svendsen et al., 1989). The area from Axel
Heiberg is situated in the North-Eastern part of
the island, in the northern part of the Schei
Peninsula, at Butter Porridge Cape. Both
researched areas correspond to terraced coast
plains generated by periodic lifts prior to
Pleistocene melting (Bednarski, 1998; England
et al., 2004)
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The Båtodden sector is a linear shore, with a
narrow coast beach made of rocks and sands
(Kystkart ..., 1987), with rare rocks of
crystalline schists belonging to the Hekla Hoek
lithologic complex (micaschists and quartzite)
like at the Cape Båtodden. The sector adjacent
of Isfjord is somewhat different, i.e. the
Russekeila Bay is carved in marine and fluvioglacial Quaternary sediments, and only in its
extreme eastern part (Nimrododden Cape) and
continuing with Solovjetskibutka to Starostin
Cape is made of sedimentary rocks belonging to
the Billenfjorden Group – common are
sandstones, limestones, sand-limestones and
Carbonifer and Permian conglomerates, all
known by the name of Kapp Starostin
Formations - (Orvin, 1969). The geologic
conditions led to the apparition of a somewhat
more pronounced beach (of maximum 30m
width) in the maximum curve area of the
Russkeila Bay, dominated by the forehead of
the first littoral terrace. In the eastern part of
Solovjetskibutka Bay a beach less than 10
meters wide is present, in its other parts a
vertical cliff of 4-6 m high being present. We
should underline the fact that the entire coast
morphology has developed after the retreat of
the Linnée glacier that flowed in Isfjord,
approx. at 11600 B.P. (Mangerud et al., 1987).

B.P.

Fig. 2 The location of the study area on : Spitsbergen Island (Svalbard Archipelago), #k – #ordenskjoldland
coast, S – Solovjetskibutk ande on Axel Heiberg Island (Canadian Arctic Islands), B.P.- Butter Porridge Cape
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The Schei Peninsula, like the rest of the Axel
Heiberg island territory, overlaps Svedrup
Basin, in the researched area emerging the
Triassic deposits of the Blaa Mountains
Formation (dark coloured shale, siltstone,
sandstone and light grey calcareous siltstone)
covered by marine and fluvial-glacial
Quaternary deposits (Tretin, 1991). The
morphology of the north- eastern part of Schei
Peninsula is characterised by the existence of
large, extensively polygonized outwash terraces
built by meltwaters which flow off the upland
and are made of a succession of silt and sand
with dropstones, glacial diamicton, terminate at
156 m a.s.l. (old glacial limit) and low marine
terraces constituted of gravels and sand
(Bednarski, 1998).
From a climatic point of view we deal with a
polar climate, medium temperatures of -19.7˚C
at Eureka (80˚ N, 85˚54’ V ; Ellesmere I.),
characteristic to the temperate continental polar
climate, and of -4.7˚C at Isfjord Radio (78˚04’
N, 13˚37’ E ; Spitsbergen I.), characteristic to a
maritime polar climate, under the influence of
the North Atlantic Stream, a derivation of the
Gulf Stream. The medium temperature values
of the extreme months are -38˚C in February at
Eureka, and -12.5˚C in March at Isfjord Radio,
and in the hottest month temperatures are 5.4˚C
at Eureka and 4.7˚C at Isfjord Radio.
Precipitations, mainly as snow falls, have an
annual average value of only 64 mm al Eureka
and 435 mm at Isfjord Radio.

Geomorphological aspects
Even when we talk about the shore
geomorphology in the polar regions, the issue is
most frequently treated from the perspective of
the importance of ice-foot on coastal
morphology (e.g. Nielsen, 1979; Wisemann et
al., 1981), our attention focusing on just some
aspects of the morphology of polar beaches
generated by the pressure of marine ice on
beaches, the formation of mammilated and

kettled topography, and on abrasion marks
connected with the glaciel phenomena.

Ice-push ridges
Marine ice-pushed mounds and ridges formed
by sea ice are common on the arctic beaches
(Nichols, 1953; Owens, McCann, 1970; Taylor,
1978; Barnes, 1982; Dionne, 1992; French,
1996; Ogorodov, 2003; Van Vliet-Lanoë, 2005).
From morphographical point of view, the
cross-section
of
ice-push
ridges
is
asymmetrical, with a gentle slope to the sea
front. These ridges are made of loose debris of
local origin, a mixture of sand, gravel, cobbles
and pebbles, blocks and boulders, originating,
in the main part, from the low marine terraces
and offshore area. The shape of the ice-push
ridges is similar to bulldozed ridges of sand
and/or gravel, and very frequent have a
imbricated structure, typical for stacking pattern.
Ice-push ridges, or ice-shove ridges
(Washburn, 1979), result from ice pressure
directed on shore, particularly ice ride-up and
pile-up events related to climatic, hydrological,
and glaciological conditions (Dionne, 1992).
With the opportunity of the participation at
the „High Arctic field meeting” (July 7-15,
1996) during some field researches in Axel
Heiberg Island, I was surprised by the aspect of
the coastal area in the western area of Butter
Pooridge Cape. Here, the entire beach area, for
300 m long and 10-25 m wide, was replaced by
a continuous ridge of gravel, rocks and sand, of
4-5 m height. Its superior part had the aspect
asymmetrical coast line, on which numerous
protuberances with mammilated or long aspect
(Fig. 3). These features belong to the
circumstances called in the specialized literature
marine ice-pushed ridges and mounds (Nichols,
1953; Owens, McCann, 1970) ice-pushed
boulder ridges (Barnes, 1982), ice-pushed
ridges (Dionne, 1992) or ice- pushed and icelifted landforms (Gilbert, 1990).
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Fig. 3 Geomorphological sketch of Butter Pooridge Cape:
1. ridges and hummocks; 2. braided streams; 3. lake; 4. marine terraces

In our opinion, considering the morphologic
features of the analyzed landforms and the
environmental characteristics of the area, we
must consider the genesis of these forms as one
extremely complex, in which several
mechanisms were involved. Thus, in some
circumstances, both processes of ice push and
ice lifting/ rafting act in concert (Gilbert, 1990).
Ice lifting occurs during the rise and fall of tides
and sediments is frozen into ice during
formation and later released by melting, in
some cases after movement in ice raft formed
during break-up (Dionne, 1979; Gilbert, 1990)
it is recognized the fact that ice lifting is usually
a phenomena of secondary importance (Gilbert,
1990). It is know that deformation of sea ice is a
nearly continual process in the polar area as
wind and ocean currents force the ice cover to
converge and diverge. The convergent dynamic
event, commonly called ice shoves, capable of
reworking beach material, is, in conformity of
the ,,onshore pile-up’’ model of deformation
responsible for building of ridges of broken
blocks of ice and sediments at the beaches
(Mahoney et al, 2004).
The complex mechanism in which both the
pressing and accumulation phenomena of
sediments by means of shore ice is explained by
Barnes (1982) and illustrated in the figure
bellow (Fig. 4). As it shows, some of the
sediments which form the shore ridges are
brought from the region of the submerse beach
by means of their incorporation in shore ice
when freezing takes place to the bottom, i.e.

through the apparition of the so called anchorice phenomena (Barnes, 1997; Kempema et al.,
2001; Ogorodov, 2003).

Fig. 4. The sequential mechanism of development
of the ice-push ridges (after Barnes, 1982)

Because we definitely question the large
amount of material incorporated in these
pressure ridges, we must underline the fact, as it
is observed on the figure above, a part of the
gravel, rocks and sand is brought from the area
of the submerse beach, through incorporation in
the ice mass. Thus we must take into
consideration the means of incorporation and
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transport of sediments in the different
categories of ice, of the frazil ice and turbid ice
type, with concentrations which can reach even
200g/l (Barnes, 1997; Smedsrud, 1998, 2003)
and even the fact that in the research area a
multi-annual type of ice is formed, which is
richer in sediments (Eiken et al., 1995, 2000).
We take also into consideration the role of the
anchor ice and sediment rafting by anchor ice in
the sediments entrainment and littoral-zone
sediment budget (Sadler, Serson, 1981; Barnes
et al., 1993; Kempema et al., 2001), and also,
the importance of slush ice which may reach
thicknesses of 4 m and may carry up to 1000
m3/km2 of sediments (Reimnitz, Kempema,
1987).
We must not forget the massive supplying
possibilities of the coastal ice with blocks and
sediments from the shore, inclusive by means of
ice-foot (e.g. Dionne, 1993a, 1993b, 1998). In
fact, the existence of massive shore ice piles
and grounded ice ridges up to 30 m high, and
ice push features were observed as much as 185
m inland across the beach (Taylor, 1978), and
also, it is recognized that in the field of beaches
both aspects belonging to marine and land fields
interact (Mahoney et al, 2004). For exemple, in
a lacustrian environments, Lake Michigan, the
sediment loads to the drifting ice suggests that
0.35 to 2.75 t/day could be transported
alongshore (Barnes et al., 1993) and, the total
amount of the sediment trsansported by sea ice
in the Chukchi and Beaufort in 2001-2002 is
estimated at minimum 5-8 x 106 t (≈128 t/km2)
(Eicken et al., 2005).
As Dione remarked in 1979, the major
causes which determine the pressure of the
masses of ice are the thermal expansion of the
ice sheet, wind action upon ice floes or a partial
ice sheet and changes of the water level. It is
known the mechanism of expansion and
contraction of ice associated with marked
temperature fluctuation. The rapid decrease of
the air temperatures determines air contraction
and development of tension cracks. A
subsequent increase of air temperatures includes
a rise of ice temperatures causing the ice sheet
to expand. The sum of all these changes may
produce a significant expansion of the ice
cover, and the situation in which the ice sheet is

in contact with a shelving shore, the expansion
transmits compressive forces to the shore, and,
in consequence, shore and foreshore material is
pushed landward (Dionne, 1979, 1992). In
consequence we must nevertheless take into
consideration the fact that temperature
variations in ice, but also in marine waters – in
a direct correlation with seasonal and
interannual variability of ocean heat flux
estimated at 4-9 W/m2 (Perovich et al., 1997) - ,
generate volume variations with stress induction
upon the ice mass, thus leading to the
movement of the littoral ice. For example,
measurements conducted in Canadian arctic
coast areas showed that at a 1°C temperature
increase the stress inducted upon the ice mass is
of 0.6kPa (Prinsenberg et al., 1997); on the
other hand, the thermally induced stress, caused
by rapid temperature changes, exceeded 350400 kPa, and ridge-building forces are a values
of 100-200 kN/m (Tucker, Perovich, 1992).
By associating the movement of shore ice
with that of the tide, we must consider the fact
that in the researched area tide appears as daily,
semi-daily and mixed, because of the coast
morphology, with amplitudes between 10 cm
and 2 m, with the production of a tide stream
with a speed of 10-15 cm/s (Padman, Erofeeva,
2004; Kowailk et al., 2004).
Because, as we mentioned before, ice
movement is inducted also by wind, we must
bear in mind the fact that in the researched area statistical data for Eureka and Resolute weather
stations – the dominant winds are from the W
and NNW, with average speed between 9.9 and
21.5 km/h, maximum wind speed values
frequently surpassing 100 km/h, and, which is
more important, with a wind frequency of 60-90
days in winter, i.e. exactly the formation period
of the ice pack, (Winds, www). An aspect which
should be taken into consideration is the
compulsory correlation of the polar ice pack
movement with the stream circulation in the
arctic circulation. These, in concordance with
the recent theory of major wind determination –
with the distinction of an anticyclone and a
cyclone regime of wind circulation – of the
permanent stream circulation, inclusive the
water change between the Arctic Ocean ant the
neighboring seas, - the motion connected to

About some geomorphological aspects of the polar beaches

Beaufort Gyre (Barry et al., 1993; Rigor,
Wallace, 2004) - in contrast with the previous
ideas which focused on thermohaline causes
(Proshutinsky, Johnson, 2001). During the
periods with an anticyclone weather circulation
system, the streams originating in from the
arctic basin to the neighboring areas, inclusively
to Nansen strait are visibly stronger,
manifesting a 5-7 years recurring (Proshutinsky,
Johnson, 2001). From this point of view, the
year 1996, the year in which our researches
were conducted, can be included in a period in
which an anti-cyclone system prevailed, i.e.
with a more powerful influence of the ice on the
shore.
The movement of the ice pack, mainly
responsible for pressing the coasts of the polar
areas, is determined by the strong winds
specific to this region, being known the fact
that at a speed of 1m/s the stress inducted in the
ice mass can reach values up to 40kPa
(Prinsenberg et al., 1997). In the places where
ice masses are seasonal, e.g. the St. Lawrence
Estuary region, the forms created through the
pressing of the littoral sediments are shorter,
taking either the form of rock belts or long
mounds of maximum 2 m height (Dionne, 1972,
1997). The fact that Nansen Sound is open to
NW enables the ice pack of the Arctic Ocean to
push the Nansen Sound ice pack towards SE,
towards Schei Peninsula, due to the direction of
the water currents in the Beaufort Cell (Dyke et
al., 1997), with mean drift speeds of 1-3 cm/s
(Barry et al., 1993). This push determines the
pressuring of the coast sediments, especially in
the Cape Butter Porridge area, situated almost
perpendicularly on the movement direction,
thus pressure ridges being generated. We must
also take into consideration the fact that the
upper level of the sea in summer generally
moves from the direction of the Arctic Ocean
towards Baffin Bay through the Canadian
Archipelago straits so that ice masses are also
being influenced by this movement (Melling,
1997; Prinsenberg, 1997). This movement
generates the formation in these straits some
zonal pressure areas with values situated
between 0.78 x 10-3 Pa/m in February and 1.85
x 10-3 Pa/m in August and the variation of the
sea level - or of the ice surface – with 8-20cm
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(Prinsenberg, Bennet, 1987). The dimensions of
the pressure ridges are to some amount
explicable by the fact that the frequency of ice
preservation from one year to another in Nansen
Strait is above 76% - ice melting occurring only
after September 1, and the re-installment of
icing takes place even before October 1 (The
Atlas …) - this determining the increase of the
duration of action exercised by the littoral ice
over beaches. On the other hand the mean ice
thickness in the littoral area of Ellesmere and
Axel Heiberg Islands during winter may reach
5-6 m (Barry et al., 1993).
Mammilated anf kettled (pitted) beaches
It is known the fact that numerous small-scale
beach features result from the action of the
waves combined with frost and thawing
(Washburn, 1979), connected, of course, with
some morphogenetic effects.
Besides the morphologic elements described
above, on the investigated beaches in
Spitsbergen Archipelago I had the opportunity
to encounter other morphologic characteristics,
but, in this case, these were associated with the
ice of the beach deposits. Alike morphologic
situation was described at Hornsund area by
Jahn (1977). A first situation is that encountered
on the beach of the Nordenskioldland area,
north of Båtodden Cape where the high
seashore appeared as a topographic surface
dominated by the hillocks and circular or
elliptical basins, with diameters of 0.7 -15 m,
and amplitudes of 0.3-2 m, somewhat
attenuated in the case of the basins (Fig. 5).
Under an uneven and very heterogeneous cover
of sand, coarse and fine gravel I found masses
of ice, either as a continuous layer, either as
hydrolacolites, to these corresponding the
hillocks. The contact between the this high
beach and the low beach is emphasized by a
0.7-1.2 m high micro-shore cliff, more or less
continuous, according to the presence and width
of the masses of ice and of the frost material.
The detail morphology of the micro- shore cliff
is shows some small stares, abrasion niches and
some cones and slopes of pebble and sand. The
kettle holes represent areas of subsidence
caused by the melting of buried ice.
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Fig. 5 Geomorphological sketch of #ordenskioldkyste, Battoden area (A) and Solovietski Bay (B):
1.sea cliff; 2. wave-cut terrace; 3. marine terraces; 4. rock island and peninsula; 5. offshore beach; 6. backshore
beach; 7 snow heap; 8. hummocks and kettles; 9. ravine; 10. streams; 11. lake; 12. niche in ice.

Mud expulsions take place, appearing the so
called “mud ostiolites” in the areas in which
overmoisturized sands prevail. At the beginning
of the research period, i.e. the 2nd decade of
July, the monticules were the prevailing
morphologic
elements,
constituting
a
mammilated morphologic surface, but at the
end of August, circular or elliptical basins
predominated the detail morphology of these
beaches. The aspect of these beaches highly
resembles to that of kettled sandar or pitted
sandar (Benn, Evans, 1998), this being the
reason for which we suggest the use for these
beaches of the term kettled or pitted beaches.
Like in the case of the pitted sandar, the
patterns of this specific topography are strongly
controlled by patterns of ablation of the
underlying ice, in fact by thermokarstic
processes. Here and there boulder ring
structures are present, consisting of near
circular boulder-rich rims surrounding a central
depression. These circular structures were
generated because in the initial stage, that of
monticules, the coarse elements rolled at their
basis, forming a compact layer of rocks that
would remain in place even after the ice lens
melts.

On the beach of the little bay at the west of
Kapp Mineral I encountered a situation in
which the detail morphology of the beach was
dominated by a somewhat elliptical monticule
of large dimensions (Ø – 10 m, h – 3 m),
accompanied by another of smaller size (Fig. 6).
In this situation, a wave was present at the end
of the beach, towards Kapp Mineral like a
rounded an slightly uneven mound, prolonging
on approx. 20 m and with a maximum height of
1 m. The distinctions between these two
situations are understandable if we consider the
way in which ice is formed on these beaches.

Fig. 6 Elliptical monticuls on the Kapp Mineral beach
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We must mention that the ice masses may
originate in three main ways: 1. freezing of
beach deposits and appearance of ice lenses
and/or layers; 2. bury of beach ice in the swash
zone; 3. bury of ice blocks deposited by storm
waves. In the context of the above mentioned,
the opening of the Nordenskioldland beach
towards the Sea of Greenland with high waves,
ensures complex ways of ice formation
compared to the beach at Kapp Mineral, which
is more secluded towards Isfjord, with low
waves, and thus with less possibilities of ice
formation.
A particular situation was present on the
beach of Solovietski Bay. Here, only one cone
shaped monticule with a 3.5 m diameter and 1m
high was present on the high beach in the near
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proximity of the forehead of the 5 m high
marine abrasion terrace. The ice in the previous
cases was white and had a porous structure, this
proving that it was formed mainly of marine
water, but in this case the ice was much more
transparent and compact, thus suggesting
another origin (Fig. 7). The five forehead of the
terrace being covered in a mass of snow and
springs being present at the base of the forehead
give another possible interpretation for the
monticule and its genesis. I consider that we
deal with an ice blister mound, its genesis being
that accepted in specialized literature (van
Everdingen, 1978), in this care it was formed by
the freezing of the water inserted in the deposits
of the high beach from the springs situated at
the bottom of the abrasion terrace.

Fig. 7 Ice blister mound on the beach of Solovietski Bay

Drift-ice abrasion marks
Even if initially we did not grant any attention
to some surfaces with traces of abrasion from
the Bảtodden, now, after the study of several
articles considering microforms associated with
the notion of glaciels, our opinion differs. In the
southern area of the beach sector characterized
by the presence of ice lenses, several rocks
made of micashists afflorate. These belong to
crystalline basement of the Hekla Hoek
complex, and are rocks that penetrate in the sea
for several tens of meters. Also, in the places in
which appear stones arranged like a pavement,
the pavement boulders are smoothed, a similar
situation being analysed by Jahn (1977) in
Hornsund area. Analyzing these rocks carefully,
both those of the emerging beach area and those

of the submerse beach area, to a depth of 0.5 m,
we were astonished of the existence of some
surfaces with polished aspect, and in various
places, some superficial abrasions, of maximum
2-3 mm depth, orientated in various directions.
Taking into consideration the theories
mentioned in the specialized literature (e.g.
Dionne, 1985), these can be considered to
belong in the ice-drift abrasion marks category,
more exactly, the category of polished surfaces
and of abrasions/ scratches, all associated
genetically to the glaciels phenomena. The
existence of the abrasive microforms must be
associated with the existence of fast ice.
Regardless of the fact that in the shallow waters
near the coast, adherent ice is present,
characteristic of the winter period, with average
temperatures in the November-March period
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situated between -10ºC and -16ºC, or of the
presence of floating ice, the occurrence in the
base part of the ice of rock fragments, generates
the apparition on the mentioned microforms.
It is well known the fact that shore ice is an
important agent of erosion along littoral zones
(Dionne, 1968, 1969), inclusively in the
appearance of shore rock platform (Dionne,
1993). These morphological results must be
correlated by the fact that drift–ice action is
complex and conspicuous, including the
following erosion mechanisms: abrasion,
dislodgement and removing (quarrying),
scraping and leveling, scouring and plucking
(Dionne, 1988a, b). In the discussion of the
erosion connected with glaciele phenomenon
we have in view the following factors: the
section of the shore (lower or upper strand), the
type of shore (rocky or unconsolidated), the
tidal range and the power of waves, and rip and
longshore currents (Dionne, 1968). Also, driftice abrasion marks are common along rocky
shores in cold regions (Dionne, 1985). This
microforms category includes polished surfaces,
scratches, small grooves, and even minor
friction cracks (Laverdière et al., 1981). All

abrasion microforms are produced by ice cover,
ice blocks and slush ice moving forward and
backward under tides, waves and currents
motion. We must take into account the fact that
ice may contain rock fragments, inclusive at the
base, which enhance the effects of abrasion.
Such as mentioned in literature, drift-ice
striations, or glaciel striations, on bedrock are
different give to glacial striations, are usually
very shallow, short and discontinuous, oriented
in various directions, and irregular in shape and
size (Dionne, 1973).
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