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abstraCt: This paper is an inventory of cold-climate landforms present in the andesitic Jersak Hills on King George 
Island in maritime Antarctica. These landforms developed under distinctive rock control imposed by columnar joint-
ing in andesite. Multiple distinct types of slopes – ranging from low-angle rock surfaces to steep cliffs – have formed 
according to the spacing and inclination of joints. Numerous joints in the rock mass facilitate efficient mechanical 
weathering, which has produced in situ regolith on summits, sorted scree slopes and less regular talus slopes. Debris 
is then transported downslope by solifluction, which acts concurrently with frost sorting, responsible for the origin of 
patterned ground, particularly stone stripes. Slope-channel coupling, however, is limited. The diversity of periglacial 
landforms associated with frost-induced degradation of bedrock outcrops has developed in a relatively short time 
interval following deglaciation approximately 7,000 years, as suggested by dating from localities nearby.
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Introduction

Cold and wet environments of maritime 
Antarctica are characterized by a great diversi-
ty of periglacial processes and landforms, which 
are especially apparent on slopes and higher ele-
vations rising several hundreds of metres above 
sea level (Lopez Martinez et al. 2012, Dąbski et al. 
2017). In the relatively small areas of land freed 
from under the ice – often called ice-free oases – 
one can find diverse periglacial features, includ-
ing patterned grounds such as stripes and sorted 
circles, solifluction landforms (solifluction lobes, 

tongues and sheets), talus slopes including pro-
talus ramparts, rock glaciers, bedrock scars, and 
blockfields.

The ice-free oasis around the “Arctowski” 
Polish Antarctic Station belongs to the larg-
est non-glaciated areas on King George Island, 
which is one among many islands forming the 
South Shetlands archipelago. Most of this cur-
rently ice-free area is distinguished by bed-
rock-controlled periglacial features that have 
formed since it was deglaciated. The efficacy of 
periglacial morphogenetic systems appears re-
lief-dependent, reflecting significant altitude and 
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steepness variability within the oasis. Thus, steep 
slopes are shaped by rockfalls and, where scree 
exists, by mass movements such as debris flows. 
In contrast, in more inland, lower-relief settings 
geomorphic systems apparently operate at slow-
er rates and show a rich inventory of landforms 
resulting from mechanical weathering and gravi-
ty-driven downslope movement of debris, mainly 
by solifluction. Periglacial landforms in the oasis 
were previously studied by Dutkiewicz (1982), as 
well as addressed in a comprehensive geomor-
phological assessment of the area by Kostrzewski 
et al. (2002). They were also considered in an at-
tempt to look at the contemporary geomorphic 
system of the area from the perspective of a par-
aglacial sediment cascade (zwoliński 2007, 2016). 
Nevertheless, the understanding of cold-climate 
morphogenetic systems of the oasis, especially of 
controls exerted by bedrock lithology and struc-
ture, is still incomplete. Little is known about the 
regional distribution and thermal properties of 
permafrost in this region, restricting our ability 
to assess the relative importance of various geo-
morphic factors in shaping ice-free terrain.

Among the secondary relief features within 
the plateau part of the study area is a small, but 
distinctive group of bedrock elevations, known 
as the Jersak Hills, underlain by columnar an-
desite. Field reconnaissance revealed consider-
able geomorphic diversity within this group, 
hypothesized to reflect structural complexity of 
andesitic lava flows. Consequently, the main aim 
of this research note is to document the geomor-
phic system of the Jersak Hills, emphasizing its 
relation to underlying geological structure and 
rock properties; hence, examining cold-climate 
landforms from a rock-control perspective. This 
approach appears effectively novel, despite nu-
merous recent studies presenting periglacial 
morphogenesis in the unglaciated parts of the 
South Shetlands (Dutkiewicz 1982, Kostrzewski 
et al. 2002, López-Martínez et al. 2012, Dąbski et 
al. 2017, oliva and Ruiz-Fernández 2017). The 
Jersak Hills are particularly suited to this kind of 
research, showing well-developed thermal joint-
ing due to cooling of andesitic lava on one hand 
(Birkenmajer 1980, 1997b, Smellie et al. 2021), 
and – being a local elevation surrounded by flat-
floored valleys – representing a complete weath-
ering-hillslope geomorphic system on the other 
one. Thus, the study site may serve as a useful 

reference area for studies undertaken elsewhere, 
where bedrock properties are important controls 
of periglacial morphogenesis.

Geomorphic and geological setting

The wider study area (Fig. 1) encompasses 
c. 5 km2. except flat nearshore depositional ar-
eas in the east, occupied by marshes with relict 
beach ridges (Kostrzewski et al. 2002), the relief 
is hilly to mountainous, and predominantly den-
udational. even though the maximum altitude is 
modest (320 m a.s.l.), relief along the coast in the 
northwestern part of the study area, overlooking 
the ezcurra Inlet, is sufficient to have produced 
precipitous rock slopes and cliffs more than 100 
m high, rock glaciers, and debris-mantled slopes 
as steep as 45°. Above these steep slopes the ter-
rain is generally sloping gently in the opposite 
direction, to the southeast. Within this upland 
terrain local flats occur at various altitudes, up to 
220 m a.s.l., which contain scattered low bedrock 
outcrops, separated by long low-angle slopes. 
Birkenmajer (1980) interpreted these flats as 
raised shore platforms with relict stacks and sker-
ries. Nevertheless, unequivocal ancient beach de-
posits cannot be identified on these flats. To be 
sure, the flats have rounded clasts atop them, but 
these could have been produced by weathering 
alone or inherited from the pyroclastic deposits 
exposed in the study area. Valleys within the up-
land are generally wide and flat-floored, and they 
contain braided channels fed by melting snow 
patches. Only locally bedrock steps occur. The 
upland area was under ice until approximately 
7000 years ago, as suggested by dates obtained in 
the adjacent Fildes Peninsula (Oliva et al. 2023), 
and subsequent deglaciation exposed bedrock 
surfaces (Birkenmajer 1997a). However, evidence 
for significant glacial imprint is rather scarce, 
whether erosional or depositional. In particular, 
evident roches moutonnées are absent within the 
upland surfaces. Instead, periglacial features are 
widespread and include patterned ground, sort-
ed stripes, talus derived from frost shattering of 
bedrock, and ubiquitous gelifluction landforms 
(Dutkiewicz 1982).

Local bedrock is mainly volcanic and volcan-
iclastic rocks of basaltic and andesitic composi-
tion (Birkenmajer 1980, Smellie et al. 2021). The 
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outcrops of volcanic rocks analyzed in this paper 
are part of the Hennequin Formation, which con-
sists of massive andesite lava flows alternating 
with breccia and tuff layers in the lower part, 
and lahar agglomerates with thin lava flows in 
the upper part. The formation is dated for the 
Eocene (Smellie et al. 2021) and is cross-cut by 
younger shallow intrusions which are either 
plugs, sills or dykes. Jardine Peak (280 m) dom-
inating over the study area is a large plug mod-
elled into a steep-sided cone, whereas the Jersak 
Hills – the subject of this study – were interpret-
ed by Birkenmajer (1980) as a group of plugs and 
dykes. According to a more recent interpretation 
by Smellie et al. (2021), however, the outcrops ex-
pose lavas, with distinctive entablature jointing, 
although the thickness and geometric arrange-
ment of columns are variable.

Methods

This study is primarily based on field map-
ping of periglacial landforms and evaluation of 
the factors that controlled their development. 

Although an ortophoto map at the scale 1:10,000 is 
available for the entire deglaciated oasis (Pudełko 
2007), the resolution of the image proved insuf-
ficient to map specific landforms and field work 
became essential. Particular attention was paid 
to characteristic cold-climate landforms such as 
rock cliffs, scree slopes, solifluction lobes, snow-
patch hollows, protalus ramparts, stone stripes, 
sorting features, and similar features character-
istic of cold climates. The small size of the study 
area (less than 1 km2) and easy access permitted 
ground checking of all critical locations. Heights 
of outcrops and horizontal distances were meas-
ured using TruPulse 3 laser rangefinder.

Schmidt hammer tests were performed at nine 
localities to determine intact strength of exposed 
andesite (Fig. 1). This was done in order to as-
sess whether andesite may be differentiated into 
varieties of different strength, which might cor-
relate with observed morphological differences 
(e.g., with slope steepness or outcrop height). 
An N-type Schmidt hammer was used and read-
ings were collected perpendicularly to the rock 
face. Following the recommendations of Selby 
(1980) and Niedzielski et al. (2009), 25 readings 

Fig. 1. Geomorphological sketch of the Jersak Hills and the position of study area in King George Island (map 
courtesy of Kacper Jancewicz). Letter codes A to F indicate distinctive parts of the study area and are referred 

to in text. Yellow circles and numbers 1 to 9 indicate localities where rock strength tests using Schmidt hammer 
were performed



8 PIoTR MIGoń, MATeUSz C. STRzeLeCKI

were taken at each site, with the results subject 
to standard statistical evaluation (the highest and 
the lowest values were discarded) and present-
ed as box-plots. In addition, they were subject 
to testing for statistically significant differences 
between the sites using the Kruskal-Wallis test. 
To identify pairs of sites that differ significantly 
Dunn’s multiple comparisons test was performed 
with the Benjamini-Yekuteili correction.

Field observations

Major landforms

The Jersak Hills comprise a roughly rec-
tangular bedrock elevation, approximately 
600 m × 450 m in plan, with the highest spot peak-
ing at 212 m a.s.l. (Pudełko 2002). Relative relief in 
respect to the surrounding plateau is up to 60 m 

Fig. 2. Panoramic views of the Jersak Hills. A – from north-west, with the Admiralty Bay in the background; B – 
from north-east, with the valley of ornithologists Creek in the foreground. Letters A to D1 indicate different 

parts of the study area, labelled on Fig. 1.
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(Figs 1, 2). The shallow valley of ornithologists 
Creek bounds the study area to the north and west, 
whereas the southern slopes terminate against the 
flat-floored valley of Vanishing Creek. The Jersak 
Hills consist of a few separate parts (Figs 1, 2). The 
largest bedrock outcrop is located in the west (A – 
see Fig. 1), rising steeply above the headwaters 
of ornithologists Creek. A shallow N–S-trending 
trough separates this outcrop from two parallel 
lines of outcrops that trend W–E. Outcrops B1 
(Fig. 1) are located at higher elevation and show 
morphological asymmetry. They consist of rock 
platforms grading into debris-covered surfaces in 
the south, but on the northern side they terminate 
as low rock cliffs. The B2 line includes platforms, 
but hardly any cliffs. An asymmetric arcuate 
ridge, with a precipitous slope facing south and 
east, and moderately sloping rock platforms atop, 
dominates the eastern part of the group (C – see 
Fig. 1), whereas two minor bedrock outliers occur 
in the north-east and extreme east (D1, D2 – see 
Fig. 1), the former with distinctive cliffs almost all 
around the perimeter. The surfaces between bed-
rock outcrops are regolith-covered, whereas elon-
gated topographic lows sloping to the north act 
as transport corridors for rock debris produced 
by weathering. The southern part of the Jersak 
Hills is made of a wide regolith-mantled bench, 
locally waterlogged (e – see Fig. 1), which termi-
nates against a low rocky scarp trending roughly 
WSW–ENE (F – see Fig. 1).

Jointing patterns, rock strength, and their 
impact on slope morphology

Each large bedrock outcrop mapped (Fig. 1) 
has its own specific shape and characteristic ar-
rangement of columnar jointing. Two outcrops, 
the low ridge grading into a scarp in the south 
and labelled as F (Fig. 1), and the ridge C, are of 
considerable lateral extension and limited width, 
400 m/15 m and 250 m/50 m, respectively. other 
bedrock elevations are roughly equant and have 
vertical or steeply dipping columns, forming 
well-developed palisades, whereas some out-
crops have columns arranged from horizontal to 
moderately dipping, up to 40° (Figs 1, 3). These 
structural differences control surface morpholo-
gy of the outcrops.

Vertical columns are evident within the larg-
est elevation A. Thin columns, approximately 10 

cm wide on average, support rock cliffs which 
are up to 12 m high on the western side (Fig. 3A). 
In addition to regularly spaced thermal joint-
ing, more prominent vertical fractures exist. 
Weathering has proceeded preferentially along 
these vertical fractures, thereby forming recess-
es in the rock face (Fig. 3A, E). The appearance 
of the upper surfaces of outcrops depends on the 
presence or absence of horizontal discontinu-
ities. outcrops D1 and D2 (Fig. 1) provide two 
contrasting examples of upper-surface morphol-
ogy. The D2 outcrop is a low crag, 2 m in height. 
Densely spaced columns, only 5 to 10 cm apart, 
stand perfectly upright, accounting for the ver-
tical sides of the outcrop and its jagged outline 
atop. However, despite similar vertical arrange-
ment of columns within the D1 outcrop, the up-
per surface is nearly planar, probably following 
one of the sub-horizontal discontinuities. The 
spacing of vertical jointing is effectively uniform 
across most of the Jersak Hills, 10 cm on aver-
age. Larger spacing, 15–20 cm, is associated with 
higher cliffs, up to 14 m. In other places columns 
dip steeply, either into the slope (Fig. 3B) or the 
dip is approximately concordant with the slope. 
In the latter case, disintegration and separation 
of individual columns or their fragments is fol-
lowed by downslope sliding (Fig. 3C). In some 
places, vertical and inclined columns grade into 
each other (Fig. 3D).

By contrast, entablature jointing exposed in 
the face of the outcrop C (Fig. 1) has an inverted 
fan-shape arrangement, lying flat in the central 
part (Fig. 3e) and rising towards both ends, to 
the inclination of 50 to 60°. The central part coin-
cides with the highest rock cliff, 26 m in height. 
The flat-lying and dipping joints are crossed by 
vertical discontinuities that exhibit possible hy-
drothermal alteration in the form of clay infill-
ings, exploited by weathering and debris remov-
al to form rock wall recesses and steeply sloping 
ravines (Fig. 3F). In the eastern part of the out-
crop these ravines cross-cut the dipping thermal 
joints, influencing the pattern of rock breakdown 
in the following way. The toppling of columns is 
associated within the slopes on the southern side, 
discordant to the dip, whereas sliding typifies 
dip-concordant slopes of the northern side. Both 
breakdown patterns may involve singular col-
umns or thicker packets of several columns not 
separated from one another (Fig. 3D, lower right).
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The outcrop F (Fig. 1) in the southern part of 
the area is incompletely exposed, as scattered, 
low bedrock knobs only 1–3 m high. Columnar 
jointing is absent and bedrock outcrops are of 
two kinds. Dense, roughly orthogonal pattern of 
joints supports low bedrock steps up to 2 m in 
height, whereas irregular joint patterns are asso-
ciated with rounded shapes of outcrops, distinc-
tively different from angular cliffs (Fig. 4A). The 
rock preferentially breaks down into subrounded 

clasts up to 20 cm in length (Fig. 4B). These char-
acteristics and their contrasts to other parts of the 
Jersak Hills suggest that the outcrop F is not part 
of the andesite body, but more likely a separate 
basaltic lava unit.

In Schmidt hammer tests (Figs 1, 5), the mean 
intact strength of andesite varied from 50.48 to 
39.78 and did not differ considerably between al-
most all of the test sites. The single exception to 
this uniformity is site 6 at the B1 outcrop which 

Fig. 3. Different arrangements of columnar jointing in andesites of the Jersak Hills. A – narrowly-spaced 
vertical joints, with additional master joints spaced 1–3 m apart (cliffs are 12 m high); B – inclined columns 

dipping into the slope; C – inclined columns concordant with the slope (Schmidt hammer for scale); D – 
transition from vertical (right) to inclined columns (left); e – flat-lying columns exposed in a high cliff; F – 

vertical zones of hydrothermal alteration (marked by arrows).
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yielded the highest average and median values 
and was shown to be statistically different from 
most of the other sites. This site also exhibits the 
largest spacing of joints (15–20 cm) and here the 
results of individual impacts were most con-
sistent and yielded the lowest standard devia-
tion. Although the cliff at this site is fairly high 
(14 m), it is surpassed by the more than 20 m high 
cliffs at site 2, which yielded a modest mean val-
ue of 45.3. The lowest mean value, in turn, was 
obtained at site 9, on a low cliff (approximate-
ly 3 m) that lacks clear columnar jointing, even 
though a similar test site next it (no. 8) yielded 
the third highest mean value of 45.96. Therefore, 
we hypothesize that intact rock strength plays 
subordinate role in determining morphological 
differences between the andesitic outcrops of the 
Jersak Hills. Rather, it appears that the geomet-
rical arrangement of joints plays the major role.

Periglacial landforms, structures and cover 
deposits

The most prominent periglacial landforms in 
the study area area are screes and talus slopes, so-
lifluction sheets, and stone stripes (Fig. 1). Scree 
slopes invariably exist along rock cliffs, testifying 
to efficient mechanical breakdown of andesite, 
facilitated by the dense spacing of primary joints. 
The most impressive are scree slopes below the 
highest cliffs, present on the south-eastern side of 
outcrop C and in the northwestern corner of ele-
vation A (Fig. 1). The former reach 28 m in height 
from the cliff base to the toe and are divided into 
a steeper upper segment (35°) and less steep low-
er segment (25°) (Fig. 6A). Within the latter, a 
similar scree slope segmentation is present, with 
the upper cone inclined by 30° and the lower seg-
ment by 15–17° (Fig. 6B). In both cases the lower 

Fig. 4. Unlike andesites, typified by distinct columnar jointing, basalts are subject to spheroidal weathering and 
rounded boulders are produced. A – rounded low bedrock outcrop; B – abundant rounded boulders around an 

outcrop.

Fig. 5. Intact strength of andesites of the Jersak Hills measured by Schmidt hammer. Statistics of readings at 
each site on the left, results of statistically significant differences between the sites using Kruskal-Wallis test on 

the right.
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segments terminate with distinct convex toes, 
1 to 1.5 m high, slightly arcuate in plan view. 
Moreover, while the upper segments are built al-
most exclusively of angular debris, typically up 
to 10 cm in length, the lower segments are un-
derlain by angular rock fragments mixed with 
finer, sandy-silty material. These lithological and 
morphological characteristics of the debris man-
tle are consistent with the gradual replacement 
of pure fall and slide from the rock cliffs by slow 
downslope movement of solifluction type. This 
slow movement is in turn retarded at the nearly 
flat footslope due to insufficient slope gradient 
so that the convex toes can form. Debris sup-
ply to the scree and talus slopes occurs mainly 
through the separation of segments of individual 
columns, but there is also evidence of occasion-
al rock-slope collapses (falls or slides) involving 
larger volumes of material, including thick bun-
dles of andesitic columns (Fig. 6C). Lower and 
inclined bedrock outcrops disintegrate mainly 

in situ and become partly buried under angular 
rock debris (Fig. 6D), which is difficult to erode 
away under such low-gradient conditions.

Solifluction mantles are widespread on slopes 
from as steep as approximately 25° to nearly pla-
nar footslope surfaces (Fig. 7A). The thickness of 
this mantle is unknown but the height of the con-
vex toes suggests that it is at least 1 m. Locally, 
thickness may reach 3 m, on the basis of the 
heights of terminal scarps along Ornithologists 
Creek. Superimposed solifluction sheets and 
lobes are widespread, especially on the western 
side of rock outcrop A and the south-eastern side 
of rock outcrop C (Fig. 1). The near-surface parts 
of the solifluction mantle have been re-mod-
elled by frost sorting, niveo-aeolian processes, 
and localized surface and shallow-subsurface 
wash, which all contribute to the emergence of 
downslope-elongated stone stripes. Runoff is re-
sponsible for the local erosion of fine material, 
resulting in open, grain-supported fabric of the 

Fig. 6. Scree and talus slopes in the Jersak Hills. A – high scree slopes under rock cliffs more than 20 m high, 
with fall as the dominant supply. Lobate toes of solifluction lobes are highlighted by the upper limit of a snow 
patch; B – less inclined scree supplied mainly by sliding debris from inclined outcrops; C – debris pile from a 

rock-slope collapse (outlined by dashed yellow line); D – debris mantle derived from in situ rock disintegration 
(Schmidt hammer for scale).
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debris mantle, which then consists only of larger 
clasts, 10 to 20 cm long (Fig. 7B). These stripes are 
0.5 to 1 m in width, whereas the spacing between 
individual stripes is several metres. The irregu-
lar spatial pattern of bedrock highs and troughs 
sets the stage for different pathways of sediment 
transport. Thus, both convergent and divergent 
stone stripes have formed, depending on local 
slope configuration and slope angle (Fig. 7C,D). 
Thus, convergence occurs within the debris-filled 
troughs between outcrops A and B1. By contrast, 
diverging stone stripes have formed in the saddle 
between the outcrops B1, C and D2 (Fig. 1), being 
directed towards two topographic lows around 
the D1 crag (Fig. 1, 7D).

A distinctive landform exists at the foot of 
outcrop B1 (Fig. 1). It consists of an arcuate head 
scarp, a shallow hollow occupied by a snow 
patch, a moderately inclined (23°) debris slope, 
below the angle of repose, and an arcuate distal 
part terminated by a distinct toe 2 m high. The 
entire assemblage resembles a protalus rampart 

(see Shakesby 1997), although it is not backed 
by a high rock slope, but a low (10 m high), bed-
rock-controlled step. Nevertheless, the dense 
jointing of andesite exposed in the rock step facil-
itates efficient mechanical weathering, supplying 
rock debris to the slope below.

Slope-channel connectivity

Hillslopes in the study area are closely cou-
pled to the local fluvial system, ornithologists 
Creek (Figs 1, 2). Solifluction sheets and stone 
stripes are widespread along the northern slopes 
of the Jersak Hills, evincing movement of weath-
ering-derived debris from the rock cliffs to the 
valley floor. However, the low gradient and low 
discharge of the creek reduce the possibility of 
effective further transport, although the distinct 
topographic step above the channel (Fig. 7B) 
suggests episodic undercutting of the toe of that 
slope and at least selective entrainment of slope 
debris by the stream. On the southern side, the 

Fig. 7. Solifluction mantles and effects of combined frost sorting, surface and subsurface wash. A – general 
view of the hillslope sediment transfer system, from bedrock outcrops to the valley floor; B – open-work 

texture of a stone stripe (in the middle of the photograph); C – convergence of stripes (highlighted by arrows) 
in a topographic low; D – deflection of stripes to the right, around a bedrock outcrop located in the lower slope.
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outcrop F (Fig. 1) provides a physical barrier be-
tween the upper and the lower slopes, so that 
gradual filling of the intermediate space (flat e, 
Fig. 1) may be inferred and no connection exists 
between the elevation of the Jersak Hills and the 
floor of the Vanishing Creek valley.

Hillslope periglacial system – a discussion

Despite its small size and relatively uniform 
geology (andesite and subordinate basalts), the 
periglacial geomorphic system of the Jersak 
Hills is diverse and includes various bedrock – 
landform – process connections. Even though 
the slopes are short, only attaining a maximum 
length of 250 m, typically less, their hillslope den-
udational systems integrate all essential elements. 
They include bedrock outcrops along local drain-
age divides, upper depositional slopes dominat-
ed by products of rock falls and topples, middle 
and lower depositional slopes shaped mainly by 
solifluction, footslopes receiving all debris from 
above, and valley/basin floors. Locally bedrock 
outcrops occur in the lower slopes too, compli-
cating the system and influencing the pattern of 
debris movement.

Bedrock outcrops play a key role in the sys-
tem, supplying debris and controlling system dy-
namics through their impacts on weathering and 
debris delivery. However, although the Jersak 
Hills are lithologically almost uniform, outcrops 
differ in terms of size, height, and morphology, 

especially columnar jointing. These differenc-
es impact the patterns and pathways of sedi-
ment transfer. Thus, the following settings may 
be distinguished: (1) high and typically vertical 
bedrock cliffs (>10 m), (2) low and more gen-
tly sloping bedrock cliffs (<10 m), and (3) rock 
platforms with occasional bedrock knobs. These 
three types of landforms are directly associated 
with debris-covered surfaces of different incli-
nation. Consequently, the efficacy to transport 
weathering-derived material further away var-
ies. High cliffs give way downslope to scree 
aprons (20–35°), whereas low cliffs coexist with 
less inclined depositional surfaces (10–20°). Rock 
platforms are even less inclined. The variety of 
bedrock outcrops in the study area seems to pri-
marily reflect differences in structure, and the ge-
ometry of columnar jointing in particular, rather 
than variations in rock strength. This hypothesis 
could be tested by examining other ice-free are-
as on similar volcanic rocks. Generally, there is 
a close relationship between the orientation of 
rock columns and slope morphology, with ver-
tical cliffs associated with either upright position 
of columnar jointing or their flat-lying geometry, 
whereas inclined columns produce sloping cliffs. 
However, they may also not give rise to cliffs at 
all, underlying moderately steep slopes covered 
by in situ debris instead.

Figure 8 illustrates the diversity of hillslope 
process-response systems in the study area. High 
cliffs are the most dynamic elements, subject to 

Fig. 8. Hillslope sediment transfer system of the Jersak Hills
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rockfall and forward toppling that may involve 
individual columns or thick bundles of columns; 
in contrast, rock slides occur if columns are slight-
ly inclined accordantly with the slope. These 
processes in combination produce scree resting 
at the angle of repose and, in some places, with 
superimposed larger rock fragments from more 
voluminous slope failures. Low and sloping cliffs 
are also subject to efficient mechanical disintegra-
tion, but the evacuation of debris is retarded due 
to comparatively low slope angle. Consequently, 
outcrops on these slopes tend to become buried 
in their own talus rather than are surrounded by 
scree. outcrop F is a good example of a different 
style of degradation, caused by the massiveness 
of the rock and the absence of columnar joint-
ing. Further weathering of angular debris with-
in scree and talus supplies the finer sediment 
(sand, silt), required for solifluction to occur. 
Thus, scree slopes give way to high-angle (up to 
25°) solifluction aprons, whereas talus landforms 
grade into low-angle aprons, with more evident 
lobate patterns than in their high-angle counter-
parts. These low-angle aprons may be also sup-
plied by high-angle aprons directly underneath 
the high cliffs. Further downslope lobes become 
less distinct and the solifluction surfaces are of 
little relief. However, effects of frost sorting are 
evident locally and the study area presents strik-
ing examples of stone stripes, which are elongat-
ed parallel to the slope gradient. Bedrock control 
is evident here too, as topographic lows between 
bedrock outcrops channelize solifluction trans-
port and the best developed stone stripes exist in 
these lows. Their open work structure suggests 
that, apart from solifluction, runoff from thawing 
snow patches is an important process (cf. Mitchell 
et al. 2023) and that deflation of fine material may 
occasionally take place under strong winds. Local 
flat-floored basins around the hills are long-term 
sediment traps for this fine sediment transported 
downslope. If there is a direct connection with 
the stream channel, the timeframe for storage 
at the slope to valley floor boundary may be of 
shorter duration and hillslopes effectively supply 
sediment directly to the fluvial system. However, 
this scenario only applies to the northern part of 
the study area (Fig. 1). elsewhere, the hillslope 
system is not coupled with the fluvial one due 
to either too low gradient or the presence of bed-
rock barriers.

The extent to which glacial erosion processes 
may have preconditioned this periglacial system 
is unknown. No typical landforms of glacial ero-
sion, such as polished surfaces and asymmetric 
roches moutonnées occur within the Jersak Hills. 
Moreover, rock cliffs face various directions and 
there is no preferential streamlining of bedrock 
outcrops. Nevertheless, the flattish summits 
of the contemporary bedrock outcrops, even 
though covered by angular products of andesite 
disintegration, may have roots in previous bed-
rock truncation by passing ice.

To be sure, some typical periglacial bedrock 
landforms are absent in the study area. No ev-
idence of slope elements fitting the characteris-
tics of cryoplanation terraces has been found and 
stepped slope profiles, with slope-perpendic-
ular benches separated by risers, are absent (cf. 
Demek 1969, Thorn 2004). one explanation for 
the absence of these features is that terraces re-
quire protracted timescales to develop, perhaps 
tens to hundreds of thousands of years (Reger, 
Péwé 1976, Nyland, Nelson 2020, Mitchell et al. 
2023), whereas the Jersak Hills were exposed only 
during the Holocene (Birkenmajer 1997b), and 
the present geomorphic system has not yet been 
in operation for sufficiently long. Nevertheless, 
geological structure may be a dominant control, 
such that the spatial patterns of resistant lava 
outcrops precludes the development of rock-cut 
landforms discordant to structure.

Conclusions

The study of periglacial landforms in the 
Jersak Hills documents the diversity of processes 
typical for wet and cold environments of mari-
time Antarctica and expands upon similar stud-
ies carried out in the vicinity (Dutkiewicz 1982, 
Kostrzewski et al. 2002, López-Martínez et al. 
2012, zwoliński 2016, Dąbski et al. 2017, oliva 
and Ruiz-Fernández 2017), by including an as-
sessment of bedrock properties. Freezing and 
thawing cycles affecting bedrock outcrops and 
regolith undoubtedly control the geomorphic 
system, in terms of both the origin of specific 
landforms and structures, as well as the effica-
cy of sediment transfer. However, the diversity 
and distribution pattern of landforms suggest 
that even under climatic conditions favouring 
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mechanical weathering the rock properties de-
termine periglacial morphology. The study area 
has probably not been exposed long enough to 
permit the development of a bedrock-independ-
ent periglacial geomorphic system, with cryopla-
nation terraces as characteristic elements. Our 
study underscores the need for further research 
on the weathering efficiency in deglaciated ice-
free areas of Antarctica, particularly considering 
the likelihood of rapid warming that may disturb 
the efficacy of typical cold-climate processes in 
bedrock-dominated terrains.
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