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Review of Present and Quaternary periglacial
processes and landforms of the maritime and
sub-Antarctic region
Kevin Hall

Present and past periglacial processes and landforms of the
southern hemisphere are being reviewed as part of a new initiative
by the International Permafrost Association. In this paper, details
are provided regarding available information pertaining to both the
maritime and sub-Antarctic region. All the islands within this broad
zone have experienced glaciation during the Quaternary and many
still support ice caps, of varying dimensions, today. These islands
currently experience strong westerly winds and high precipitation.
Temperatures are less severe than on the continent, with lower
values to the south of the Antarctic Convergence and higher to the
north. All locations, however, experience conditions conducive to
active periglacial processes and landforms; some of the more
southerly sites exhibit discontinuous permafrost. Three reviews1–3
have provided a broad outline of information on landforms in the
Antarctic region today. The aim here is to give a more up-to-date
account, and to review the information regarding relict features that
indicate past, more severe, conditions. Although studies in the
Antarctic are, in general, less sophisticated than their Arctic or
alpine counterparts, there is nevertheless an extensive body of
information that is not well known by many northern hemisphere
workers. A wide range of landforms are currently active, including
sorted patterned ground, protalus ramparts, blockstreams and
stone-banked lobes, and those subject to solifluction, cryogenic
weathering, and nivation. The strong winds found throughout this
region impact significantly upon landform development, particularly the orientation of some features, to a far greater degree than is
recorded for the northern hemisphere. Animals also exert a
significant influence within the periglacial regime.

however, and so it is appropriate to update the information and
to place it in the context of recent theory and possible future
climatic change.
Climatically, all of the islands, away from close proximity to the
continent, are affected by a continuous stream of eastwardmoving cyclonic depressions. These bring humid air masses;
more temperate, humid air from the north, or colder, drier air
from Antarctica can also periodically affect the islands.4 Climate
is severely influenced by the location of any individual island
with respect to adjacent land or sea masses as well as its position
relative to the Antarctic Convergence. Land masses can produce
a rain shadow effect, as in the case of South America with respect
to the Falkland Islands. Islands to the north of the Antarctic Convergence (for instance the Falklands, Marion and Prince Edward
Islands, and the Crozet Islands) experience milder temperatures
and less snowfall than those to the south (for example
Bouvetøya or South Georgia). The islands become colder with
increase in latitude.4 Thus, position has a very strong influence
on the past and present extent of glaciation as well as the degree
of cryogenic activity. It is also significant that not all the islands
appear to have been affected by the Little Ice Age but all that
were affected now experience marked glacier retreat.6 Details

Introduction
The many isolated islands of the sub- and maritime Antarctic
(Fig. 1) experienced varying degrees of glaciation during the last
glacial.4,5 Some, such as Macquarie Island, due to its northerly
position and low elevations, sustained only a few, very small
glaciers. Others, such as Marion Island, had extensive but not a
complete ice cover, whilst those closer to Antarctica (such as
Bovetøya or Heard Island) were totally ice covered (see refs 4
and 5 for details). Today, ice is still extensive on the islands closest
to the Antarctic but those further away support only limited ice
caps or no ice cover at all. Thus, these islands represent a range of
locations that have experienced, or are experiencing, a cryogenic
environment of varying severity for varying periods of time. As a
result, the islands abound in periglacial landforms, both active
and inactive, associated with both permafrost and seasonal
freezing. Brief details regarding the periglacial environment of
the sub-Antarctic and Antarctic islands have been given in
Walton1 and Hall.2 More extensive details are now available,
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Fig. 1. Map of the Antarctic region showing the location of the islands discussed in
the text.
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regarding past and present ice cover for the Antarctic islands can
be found in refs 4, 6–8. More detailed information and an historical bibliography regarding climatic conditions for this area can
be found in refs 9–16.
Against this background of past and present ice cover, I will
discuss each island or island group individually. One significant
limitation of this review, particularly in the light of the title, is
that regarding process(es). Unfortunately, there has been very
little in the way of true process studies; processes are usually
inferred in most reports. This reflects, in part, logistical and
instrumentation problems that are only recently being overcome, coupled with the relatively low importance of periglacial
studies in most national programmes in recent years. That said,
some detailed, instrumented studies have begun (see the recent
work of Boelhouwers et al.17) in an attempt to investigate
processes over long periods at some locations, but these are few
and far between.
The Falkland Islands
The Falkland Islands (51–52°30’S, 60–61°30’W) comprise two
main islands, East (c. 5000 km2) and West (c. 3500 km2) Falkland,
and a further 250 smaller islands. The islands are to the north of
the Antarctic Convergence and c. 500 km east of the Atlantic
coast of southern Patagonia (Fig. 1). They are surrounded by a
temperate sea (mean winter temperature at sea level is 2°C), and
receive little precipitation (c. 600 mm yr–1).4 The islands experience overcast conditions, with the percentage of available
sunshine received being only 20% to 37% of that possible, strong
westerly winds, the available precipitation fairly equally distributed throughout the year9 and only a small seasonal temperature range. As a consequence of these conditions, the climate
does not encourage cryogenic activity except on the highest
summits,4 although Wilson and Clark19 have found sorting
taking place at 35 m a.s.l. (see below). However, only a small
decrease in temperature would be required to initiate a
periglacial regime.18
Clark18 provides a synthesis of information available in 1972.
Features such as blockfields, altiplanation surfaces, tors, block
terraces, stone runs, solifluction, thermokarst and scree slopes
are all listed and discussed within their climatic context. One of
the most significant works to come from the Falklands is that
of Andersson,20 in which the concept of solifluction is first
discussed. Andersson20,21 used the concept to help explain the
extensive stone runs that occur amongst the Falkland hills
(Fig. 2), features that Darwin22 first commented on and were later

Fig. 2. Views of the stone runs that occur amongst the Falkland hills.
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discussed by Davison. 23 All discussions regarding stone
runs20,21,24–27 identify them as of a periglacial origin. Important in
this context is that during the Quaternary the Falklands were
glaciated18,28–30 but limited to cirque glaciers. Clapperton4 identifies only 20 cirques and these are confined to the three highest
massifs, and the largest glaciers were only of the order of 3 km in
length. Thus, during the Quaternary at a time when the climate
was clearly cooler than at present it nevertheless lacked the precipitation for the development of a substantial ice cover as, for instance, formed in Patagonia. This does indicate, however, that
the greater part of the Falkland Islands was exposed to a more severe cryogenic environment during the Quaternary and that
‘...almost the whole archipelago is covered by sediment developed by periglacial mass wasting....’ (ref. 4, p. 232).
Solifluction deposits up to 3 m thick are exposed at some
coastal sites (for example, Bull Valley), where as many as six
phases of solifluction have been identified.30 Available radiocarbon dates30 suggest that the last interval of solifluction coincided
with the Last Glacial Maximum (LGM). However, more recent
14
C dates31 suggest that climatic amelioration occurred significantly earlier than was previously thought and so ended this
period of solifluction activity. The solifluction deposits are now
suggested31 to be the correlative facies of periglacial weathering
and transport developed in lithologies other than those in which
the stone runs are found (e.g. the quartzites and sandstones).
Clark et al.32 dated Late Pleistocene organic-rich deposits,
enclosed by products of periglacial mass wasting, between 36
and 28 kyr BP. They found a marked similarity between Late
Pleistocene interstadial, Holocene and present-day pollen
assemblages and suggest that this reflects the lack of sensitivity
of the vegetation to climatic change and/or the lack of climatic
variation during this period. Thick accumulations of aeolian and
alluvial sands are considered to be derived33 from weathering of
the local bedrock under periglacial conditions during the Late
Pleistocene. In addition to extensive ‘head’ deposits, Clark18 also
argues for the former existence of permafrost as evidenced (in
the form of lakes) by fossil, degraded pingos and ice-wedge
pseudomorphs.
The stone runs comprise ‘...extensive quartzite blockfields
marked by valley axis boulder spreads, almost completely
devoid of vegetation, that are attributed to solifluction in a
periglacial climate’ (ref. 31, p. 36). Andersson20,21 suggested that
these features resulted from flow-creep of frost-riven quartzite
blocks, the quartzose sandstones producing the principal hill
features. The hillside debris cover transforms into stone runs at

Periglacial Research

South African Journal of Science 98, January/February 2002

a

b

c

d

73

Fig. 3. Details of the stone runs: (a) shows the angularity and size of the blocks; (b) the blocks being encroached upon by vegetation at the margins; (c) a large area of
blocks now covered with vegetation; (d) a cross section through part of a run, showing finer material beneath the surface blocks.

the lower margins (Fig. 3) where the boulders are several metres
in length (and match, in size, the joint-determined blocks of the
outcrops); the stone run surface is very irregular and perched
boulders are found.18 An important factor, noted by Joyce,26 is
that some runs appear to pass completely over rounded hills but
that this may reflect the juxtaposition of a stone run with an
autochthonous blockfield. Strange34 declares that there is a
contrast between the stone runs and the blockfields proper. The
runs may have axial gradients as low as 1° with lateral gradients
of 6° to 8°. The runs are more extensive than they appear as they
both extend below sea level and are often covered by heathland
vegetation (Fig. 3); the longest exposed run is approximately
5 km; details of this, the Andersson stone run, can be found in
ref. 27. Bellosi and Jalfini27 found that there was a progressive
decrease of block diameter and flatness downstream, whereas
sphericity and roundness increased but there was only a weak
trend in block orientation parallel to the overall flow direction.
Although not suggesting a rock glacier origin, these authors
indicate similarities with rock glacier attributes. Bellosi and
Jalfini27 suggest that some of the block characteristics were developed after the creation of the stone run as a result of climatic
changes at the end of the last glacial. Such ideas are in accord
with the recording, by Clark,35 of deep chemical weathering
which has had an effect on recent landscape development.
These stone runs remain a controversial feature. Joyce26 found
it difficult to accept solifluction in their formation, except in a
minor role. He cites the absence of stone runs on the south slope

of Wickham Heights, where quartzites reach their highest point
and where solifluction should operate, as a key factor.34 Joyce
was also concerned about the ability of solifluction actually to
transport such large material and its ability to do so without
jamming the blocks. Joyce rather suggested that the location of
the runs was purely a function of geological structure at the
sites; whilst this can explain the hillside and near-summit
occurrences, it does not account for valley accumulations.34
Strange34 also refers to work by Maling, Dodds and other workers, who each had different explanations. Dodds (cited in ref. 34)
found that on summits the loose blocks were still in juxtaposition
to each other and showed no sign of movement. Elsewhere,
however, some form of transport has certainly taken place as
quartzite blocks now cross lithological junctions or rest on other
lithologies. Clapperton,36 based on morphological and internal
characteristics, plus their spatial relationship to glacial features,
concludes that they are an extreme form of sorted stripes.
Sorted patterned ground is not only described for the Falkland
Islands but is also considered to be actively forming at this time.19
At a height of only 35 m a.s.l., Wilson and Clark19 found that sorting, in the form of miniature nets and stripes, took place in an
area of recent soil erosion. This they attribute to the cool but relatively wet oceanic climate that can facilitate small-scale sorting.
Clark18 notes frost sorting of the blockfield on Mt Usborne as well
as in the debris mantle and stone runs at various locations in the
Falklands. He also observes sorting of stony ramparts (protalus
ramparts?) enclosing cirque lakes, as well as sorted stripes down
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to an altitude of 400 m a.s.l. developed in the coarse debris of
hillsides. Clapperton,36 in a discussion of the stone runs,
concludes that they were formed by processes similar to those
that generate sorted stripes; the stone runs being but an exceptional form at an extreme scale. Clark18 also argues for the former
existence of non-sorted patterned ground associated with
ice-wedges and uses these as an argument for the previous
existence of permafrost in the Falklands. Should this have been
the case, it would mean a 12–15°C drop in mean annual temperature from the present.
Marion and Prince Edward Islands
Marion and Prince Edward Islands (46°48’–46°59’S, 37°35’–
37°55’E) are the small (290 km2 and 40 km2, respectively) peaks of
a submerged volcano (Fig. 1). Located to the north of the Antarctic Convergence, the islands experience a cool, isothermal climate with extensive, year-round precipitation and continuous
westerly winds. Although extensively glaciated during the
Quaternary,5,37,38 there is presently only a very small (<3 km2),
rapidly receding ice cover at the very top (>1000 m a.s.l.) of the
island (J. Boelhouwers, pers. comm.). Based on the reconstruction of glacial maximum equilibrium line altitudes, known lapse
rates and from palynological data,37,39 a mean annual decrease
in temperature of between 3° and 6°C is estimated for the last
glacial. Such a decrease would give Last Glacial Maximum
summer mean maxima and minima of 7.5–4.5°C and 2° to –1°C,
and winter means of 3–0°C and –2° to –5°C, respectively. Today,
frost action at sea level is limited to diurnal frost cycles,
frequently associated with needle-ice growth,40 whilst at the
highest altitudes there is seasonal freezing and possibly permafrost.41
Early studies39,40,42 identified sorted stripes, stone-banked lobes,
miniature sorted circles and vegetation-banked steps (Fig. 4).
The stone-banked lobes were considered fossil, mainly due to
their large size and apparent inactivity. The sorted stripes were
unusual insofar as they were preferentially aligned parallel to
the dominant westerly winds and, in the most exposed locations, were even found on horizontal surfaces. It was thought40
that their origin was related to sorting associated with diurnal
freezing, the strong westerly winds and the formation, during
calm clear nights, of needle ice. Recently, more detailed studies
have been undertaken41 that have discerned an altitudinal distribution of features and identified a number of new forms. Several
blockfields have been identified at higher altitudes and further
data regarding the large stone-banked lobes have shown that
they may have fronts up to 5 m high, and can be up to 20 m in
length and several metres wide. Holness and Boelhouwers41
suggest that these forms are indeed relict and that they are
similar to those described by Benedict43 from the Colorado Front
Range. Two types of these large lobes are identified, one that
develops directly from the weathering of bedrock outcrops (the
largest form) and one that arises from platy, clast-rich till. Whilst
these larger forms are inactive at the present time, there are also
smaller stone-banked lobes that are currently active.38,41,42 It has
been shown (ref. 41, Fig. 8) that there is an increase in lobe size
with altitude, with riser heights in the order of 0.1–0.15 cm at
200 m a.s.l., rising to c. 0.9 m at a height of 500 m a.s.l. At some
westerly orientated sites, miniature sorted stripes can be found
on the almost horizontal tread of these features.
Sorted stripes are considered to be active on Marion and Prince
Edward Islands (Fig. 4). They occur on a wide range of slopes,
from 0° to 20°and generally have the coarse stripe wider than the
fine: 140 mm relative to 84 mm is a typical example. Although
Washburn44 argued that coarse stripes tend to be narrower than
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Fig. 4. Examples of periglacial features on Marion Island: (a) large, stone-banked
lobes; (b) sorted stripes; and (c) sorted stripes developed in scoria on an almost
horizontal surface.

the fine, Hall40 found that the coarse were the widest in seven of
twelve areas of study on Marion Island. Holness and
Boelhouwers41 found that the maximum depth of sorting was
between 10 and 15 cm. A full explanation for the association of
the stripes with the westerly winds, particularly their development on horizontal surfaces (Fig. 4), or even across slopes (that is,
parallel to the contours) as was found on Kerguelen,45 is still
needed. Holness and Boelhouwers41 also identified Azorella
terraces (see Fig. 6) as presently active features, whilst solifluction terraces are seen as inactive. These two forms are also
quite different; the Azorella terraces (Azorella selago is a cushion
plant prevalent in this region) are not always orientated directly
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across the slope and, although they show some sorting on the
tread, the larger blocks on the surface of some forms appears to
be no longer mobile. These forms are probably the product of a
variety of downslope movement processes and are seen as presently active by the lack of vegetation on the treads and the movement of clasts on to, or even through, the Azorella of the riser.
Conversely, the solifluction terraces show vegetation on the riser
and the tread, and there is extensive lichen cover on the riser
clasts. The similarity of both forms and the likelihood of the
solifluction process having played some role in both features
suggests that a more rigorous argument is still needed to account
for these forms. Long-term movement and other studies are
taking place and it is hoped that this explanation will soon be
forthcoming.
A recent finding is that of fossil, large-scale sorted nets at an
elevation of 350 m a.s.l. on a south-facing slope of 24–28°.41 The
coarse mesh of these features has a cross-slope dimension of
3–3.5 m and a downslope dimension of 1.5–2 m. The fine centres
are covered with a mixture of grasses and Azorella and thus are
considered inactive. This combination of larger, but relict,
features coupled with smaller, but presently active, forms led
Holness and Boelhouwers (ref. 41, Table 1) to present a vertical
distribution of landforms for both the past and the present, with
a more active environment, as was also suggested by Hall,38
during the early Holocene. Small debris flows, associated with
frost-heaved gravel surfaces and the low permeability resulting
from frozen ground, have recently been found on one of the
volcanic scoria cones.17 These features are short-lived because it
was observed that they were obliterated by subsequent frost
heave activity. These observations regarding small debris flows
are the first for this region and indicate the potential for significant numbers of such forms in this part of the Antarctic.
Kerguelen Archipelago
This is an extensive archipelago of 300 islands (48°27’–49°58’S,
68°25’–70°35’E) located just to the north of the Antarctic Convergence (Fig. 1). The main island, Grand Terre, has an area of
c. 5799 km2 and is about 10 per cent ice covered.46 The entire
archipelago is about 6 200 km2 in area.5 Of volcanic origin, Grand
Terre experienced substantial volcanic activity during the early
Quaternary and still has active fumaroles. The main island experiences low temperatures (mean = 4.6°C), extensive cloud cover,
frequent frosts and strong westerly winds.47 The bulk of the
present-day glacier cover (c. 750 km2) comprises the Cook ice cap
and its 40 outlet glaciers (c. 500 km2) around which peaks rise to
1960 m a.s.l. It is likely that during the last glacial the ice did not
fully cover the island48 but it must have extended beyond the
present coastline. Warming began around 12 kyr BP and culminated in major glacier retreat around 10 kyr BP.49 Available information (see ref. 5, p. 223) indicates that glaciers are receding, the
snowline is rising and that temperatures are increasing on
Grand Terre such that more ground is being made available to
cryogenic activity at the higher elevations whilst, closer to sea
level, seasonal and diurnal frost effects are decreasing. Recent
information on climate change on Kerguelen can be found in
refs 15 and 51.
Small-scale sorted patterned ground is common on Grand
Terre52–57 and includes polygons, nets and stripes; at higher
elevations some large-scale sorted patterns are found (Fig. 5).35,45
The strong stripe orientation parallel to the westerly winds
observed on Marion Island (see above) is not so prevalent here as
the terrain is far more rugged and dissected, thereby limiting
exposure to the westerlies. However, the effects of katabatic
winds were seen where sorted stripes were found parallel to
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Fig. 5. Examples of sorted patterned ground on Kerguelen: (a) sorted circles on a
syentite outcrop; (b) large, sorted stripes seen from the air.

the contours along the side of Alouette Valley in western
Kerguelen.45 These stripes cut across a 5° slope orientated to 201°
such that the stripe axis was 60–240°, roughly parallel to the
valley.45 Elsewhere there was found to be an increase in stripe
width and in the fine stripe width such that at the lower elevations the coarser stripe was wider but above c. 200 m a.s.l. the fine
became wider (Fig. 5).45. At an elevation of 613 m on Mt Paris
‘stripes-within-stripes’ were found (ref. 45, Fig. 2), where
small-scale stripes were found developing within the fine stripe
of a set of large-scale stripes. The larger stripes had a fine width
of c. 1.17 m and a coarse width of c. 0.42 m, whereas the
small-scale stripes were 0.17 m and 0.11 m, respectively. It is
suggested45 that these two sets of stripes result from the combination of large annual freeze cycles to form the large stripes,
whilst diurnal cycles produce secondary sorting within the
larger fine stripe. Small-scale sorting also accounted for the polygons and nets found at a number of locations (ref. 38, Fig. 2). Fine
centres varied between 0.64 and 0.21 m (mean = 0.35 m) in maximum dimension, whilst the coarse borders varied between 0.09
and 0.67 m (mean = 0.27 m) at their widest. It was noticeable that
forms developed in a trachyte that weathered to platy fragments
showed clasts with their a/b planes vertical at the borders but
horizontal at the centres (ref. 38, Fig. 3). Interestingly, forms
resulting from solifluction, although not absent,58 are not
common, nor are such as the stone-banked lobes found on
Marion Island. This may reflect a lack of study but may also be
due to the longer duration ice cover and the significant regrowth
of ice during the Little Ice Age57 that may have removed some
features. Frenot et al.59 discuss the impact of freeze–thaw cycles
on particle movement and translocation within the context of
initial soil development.
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Crozet Islands (Îles Crozet)
The Crozet Islands (46°–46°30’S, 50°30’–52°30’E) are five islands
situated roughly half way between Marion Island and Grand
Terre (Kerguelen) and to the north of the Antarctic Convergence
(Fig. 1). Like Marion and Prince Edward Islands, the Crozets are
all of volcanic origin and experience a similar climate and so it is
not unreasonable to expect landforms and processes to be similar to those found on Marion. The islands are only 233 km2 in area
with a highest elevation of 934 m and presently have no permanent snow or ice cover.60
There is little information regarding the nature of Quaternary
glaciations on these islands but they may have experienced ice at
some time.5 Bougere (ref. 61, Fig. 15) observed moraines, drumlins, cirques, glacial valleys and roches moutonnées. Chevallier62
and Giret63 suggest that there was a large ice cap on Île de la
Possession about 400 kyr BP, with ice cover likely also on other
islands in the group, and that it was this ice that formed the large
valleys. Evidence regarding cryogenic activity is also sparse,
although Frenot64 provides information on the effects of
freeze–thaw cycles on the fellfield above 150 m a.s.l. Small-scale
sorted stripes and polygons have been recorded64,65 as well as
solifluction.53 The most detailed information available is that of
Bougere,61 who studied Quaternary history, soil formation and
periglacial activity on Île de la Possession. Extensive information
regarding solifluction, sorted stripes, sorted nets, frost weathering and even cryoplanation (ref. 61, Figs 47–49) is given.
Evidence regarding the action of both pipkrake and segregation
ice is presented, both of which are considered important in
present-day landscape activity. The role of these in the formation of miniature patterned ground is presented, including a
detailed assessment of patterns, their size and granulometry for
34 sites (ref. 61, Table 13). Freeze–thaw weathering is suggested,
largely on the basis of laboratory experimentation, to be operative and details of the granulometry of the weathered basalt
is given (ref. 61, Fig. 37). Wind is considered a major factor in
fashioning the landscape, causing abrasion of rock outcrops
(ref. 61, Fig. 40) as well as deflation hollows (Fig. 39). Bougere
identified a number of slopes that he interprets as of a
cryoplanation origin, with frost action weathering the riser and
gelifluction moving material downslope on the tread. A typical
example is cited for Plateau Jeannel, where the form is at an
altitude of 550 m a.s.l. orientated towards 175°. The occurrence of
an extensive lichen cover on the rock debris of the terrace
suggests it is now a fossil form. The extensive data regarding the
landforms and processes given by Bougere61 are only available in
his thesis and so are not readily accessible. Frenot64 notes that
chemical weathering of the basalt is very active, likely a result of
the wet climate coupled with temperatures close to, or above,
0°C.
Macquarie Island
Macquarie Island (54°37’S, 158°54’E) is a small, ice-free island
situated to the north of the Antarctic Convergence and exposed
to the full force of the dominant westerly winds (Fig. 1). There
has been some controversy regarding the nature and degree of
glaciation (see ref. 5 for details) but present thoughts suggest that
the low altitude of the island could sustain only a few very small
glaciers during the Quaternary. The identified cryogenic landforms are similar to those of Marion Island and the Crozets,
namely small-scale sorted polygons, nets and stripes, solifluction features and Azorella terraces.66–71 Bunt67 suggested that
the sorted stripes were the result of an interaction between
needle ice and water action, with the water removing fines from
the coarse stripes, and that the wind may well influence the

Periglacial Research

Fig. 6. Azorella-banked steps.

freezing pattern of the ice needles. Selkirk71 refers to the occurrence of sorted stone polygons up to 100 mm in diameter.
Taylor68 observed that there were differences in solifluction
terraces between the windward and leeward slopes. Azorella
selago inhibited the movement of both when it was able to establish itself (Fig. 6). The leeward terraces were considered to be
more stable once established and able to grow laterally to sizes
larger than those on the windward side. Although formed in a
similar manner, the windward terraces were slow moving (as
opposed to the stabilized leeward ones) and were not able to join
up laterally and produce terraces as large as those on the
leeward slopes. Löffler et al.70 suggested that the size of these
terraces was related to solifluction under a former, colder climate
but that there was also a strong relationship between vegetation,
wind exposure and slope processes. Colhoun and Peterson72
argue that during the last glacial the freeze–thaw events on
Macquarie Island were more intense, even though they may
have increased in number only slightly. It is because of the more
intense nature of the freeze events that the larger turf-banked
solifluction terraces are thought to have developed. More
recently, Selkirk71 has provided detailed measurements of vegetation-banked terrace movement on Macquarie Island. It is
argued (ref. 71, p. 483) that the terraces are not relict, as
suggested by Löffler et al.,70 but rather active with surface gravel
movement in the order of 38–138 mm yr–1. Selkirk71 observes that
the presence of water, frequently from groundwater seepage, is
important in determining particle movement rates.
Heard Island
Heard Island (53°06’S, 73°31’E) is a volcanic cone that is 81%
covered by permanent snow and ice,60 situated to the south of
the Antarctic Convergence (Fig. 1). Summers are short122 and air
temperature fluctuations are limited, with the mean annual
temperature (0.5°C) close to zero.73 The snowline is situated at
300 m a.s.l., whilst the highest point rises to 2745 m. With precipitation on 280–300 days per year, the island has little exposed
ground. Only at the lowest elevations is there any vegetation or
cryogenic activity, and both are found mainly on a series of Pleistocene moraines.5 The island has been ice covered for some
considerable time and thus there has been little opportunity for
the development or survival of periglacial landforms. All
periglacial forms found on Heard Island are the product of
activity after ice retreat.72
Bouvetøya
Bouvetøya is another volcanic island (54°25’S, 3°21’E), very
similar in character and history to that of Heard Island (Fig. 1).

Periglacial Research

South African Journal of Science 98, January/February 2002

Only 50 km2 in size, it is about 500 km south of the Antarctic
Convergence and is some 93% ice covered.5 Like Heard, any
periglacial forms found on the island are thought to be largely
the product of processes since glacial retreat. However, above
the north coast there is a blockfield74 that may or may not be the
result of preservation from an earlier period. Surface weathering
is also notable in some areas, especially as nightly frosts are
considered frequent.74 No other features have been described
although there is evidence, in the form of extensive lichen cover,
that areas have been ice free for some time and that some of the
rock is particularly prone to freeze–thaw weathering.75
South Georgia
South Georgia (54°20’S, 36°40’W) is a long, narrow island
(160 km long, 5–36 km wide) with an axial ridge of mountains,
situated just to the south of the Antarctic Convergence (Fig. 1),
that experiences a dynamic cryogenic environment in the
ice-free areas. At sea level the mean annual temperature is 2°C,
with a summer mean of 4.5°C and a winter mean of –1.2°C.4
Approximately 58% of the island is presently ice covered and
most of the ice-free ground is along a coastal fringe below
70–110 m a.s.l.4 where, according to Thom,76 the ground freezes
to a depth of 0.5 m for up to 26 weeks a year and permafrost may
be present at the higher elevations During the Quaternary the
island was completely ice covered except for a few nunataks.77
Annenkov Island, close to South Georgia, also experienced
extensive ice cover and periods of periglacial activity that correlates with that experienced by South Georgia.78 Walton1 and
Headland79 provide bibliographies listing the glacial and
periglacial literature on South Georgia.
A primarily descriptive catalogue of the various types of
patterned ground on South Georgia was made by Thom.76
Stone80 refers to the formation of sorted stripes on a number of
moraines and screes in northeast South Georgia. Stripes were
measured at 5–10 cm in width and in some cases were now overgrown, indicating that they were no longer active. Sorted
patterned ground was also identified in the form of nets, approximately 1.5 m mesh diameter, as well as large (c. 1 m wide),
non-sorted stripes on some of the gentler slopes. Some terracing
was observed within the areas of sorting. Stone80 also refers to an
‘unusual’ form of patterned ground found at Cooper Bay on
South Georgia, where lines of the tussock grass Poa flabellata
forms large-scale, non-sorted stripes. On some ridges Poa
flabellata occurs in lines approximately 25 cm high and 40–50 cm
wide, whilst the furrows between are covered with mosses, the
whole producing stripes that are about 1 m apart. Aerial photographs of these stripes (ref. 80, Fig. 1) show that they are obvious
features on 25–30° southwest-facing slopes. Stone suggests that
although there is no sign of present-day movement, the features
probably began along slurries of fine material that moved over
active screes (somewhat similar to the small debris flows of
Boelhouwers et al.17).
Heilbronn and Walton 81 provide more detail regarding
small-scale sorted stripes and larger non-sorted stripes, large
non-sorted circles and two types of solifluction lobes (one type
with a bare terrace and one which is completely vegetated).
Heilbronn and Walton measured the small stripes as having an
amplitude of 10–20 cm and a depth of sorting of only 6–7 cm.
Spectral analysis of point quadrat data showed that the stripes
had three principal wavelengths at 120, 55 and 21 cm. The 21-cm
stripes were found from near sea level to an altitude of >250 m
and generally on slopes of 6–18° with a northerly aspect. They
measured an increase in the percentage of material >2 mm in
both the coarse and fine stripes with an increase with altitude,
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which they attributed to greater downwash or deflation of the
fine material from the exposed higher elevations. Large
unsorted stripes occurred on a range of slopes up to 30° but
mainly on northerly or northeasterly aspects. Crest-to-crest
wavelength was measured at 90–120 cm with trough depth
between 15 and 30 cm. All the stripes were completely vegetated
with the grass Festuca contracta dominating on the drier crests,
whilst mosses and liverworts were found in the wetter troughs.
Large non-sorted circles (diameter = 1–2 m) were found on an
outwash plain (Hestesletten), some of which were completely
vegetated and others still had bare centres that exhibit small,
sorted nets; needle-ice activity was found to be common in the
bare centres. Solifluction lobes and benches are described as
common on South Georgia. They vary in size and include both
turf-banked and stone-banked forms. Heilbronn and Walton81
note that all the periglacial forms are developed in till and that
the general small scale of the forms agrees well with the absence
of permafrost but requires an annual, deep freezing event.
Regarding the formation of the large, non-sorted stripes, those
observed by Heilbronn and Walton81 differ from those of Stone;82
Thom76 could find no convincing explanation for their formation
and neither could Heilbronn and Walton. Smith83 and Walton
and Heilbronn123 monitored rates of downslope movement on a
variety of slopes. Walton and Heilbronn found that gelifluction
took place to a depth of 12 cm at very active sites but to only 8 cm
at most other sites. Most of sorting was found to take place in
autumn, as was also observed by Smith.83 As in many cases, the
observations here regarding mass movement and patterned
ground indicate the need for longer-term, more detailed monitoring.
Cryogenic weathering has been well considered for South
Georgia. Stone80 suggested that the fissile bedrock was particularly prone to frost shattering and that this was the cause of the
abundant screes and the formation of felsenmeer (blockfields) at
higher elevations (Fig. 7). Gordon (ref. 84, p. 45) suggested that
weathering has been particularly effective on South Georgia for
the past 10 000 years and that the effects of this are most noticeable on the snow- and ice-free mountains below c. 700 m.
Gordon cites an example, at an altitude of 300 m, where breakdown is proceeding along bedding planes and producing blocks
c. 0.5 m thick whilst, for the same lithology, the foliation is further
breaking the rock down into platy fragments a few millimetres
to a few centimetres thick. The propensity for frost weathering,
given adequate water, is probably high as, in the year 1975,
Thom76 measured 214 freeze–thaw cycles in the air at sea level.
Even with many of these not being of adequate amplitude or duration or being effective on the rock, the potential for some cycles

Fig. 7. Extensive screes resulting from weathering on South Georgia.
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affecting the rock remains. With this assumption, Gordon84 postulates a series of weathering zones that vary altitudinally, spatially and seasonally. The winter maintains continuous freezing
conditions in bedrock except at the coast where some cycling still
occurs. In summer, frequent freeze–thaw cycles are believed to
prevail at intermediate altitudes. At high elevations local combinations of insolation, aspect, cloudiness, snow cover and time of
day will determine the nature and extent of freeze–thaw cycles.
This assessment of the weathering regime of South Georgia by
Gordon84 was extended to incorporate weathering with mass
movement as an explanation for the landforms on the island.85
Gordon and Birnie (ref. 85, Fig. 12) integrated debris production with the mechanisms of debris transfer and the resulting
landforms and deposits for South Georgia using a simple model.
As they state (p. 42), they do not ‘...seek to view individual landforms as unique or special features in mountain geomorphology...’ but rather aim to focus ‘...on the integration of glacier, rock
glacier, talus and weathering subsystems.’ In this regard they
show that debris supply and character are determined by the
local lithology coupled with available processes and that where
lithologies resistant to weathering are present, so too are resultant landforms and sediments. This may seem obvious but they
actually consider landform distribution within this context.
Further, they make detailed observations regarding the rock
characteristics and the nature and degree of weathering, including the observation that, despite the cold, chemical weathering
does occur. Within the periglacial assemblage of landforms, they
identify sorted patterned ground, gelifluction lobes, and rock
glaciers that appear to have a glacier ice core. The value of this
study is in the identified relationships between bedrock, weathering, transport processes and resultant landform(s). Birnie and
Thom86 identify two rock glaciers on South Georgia that are
thought to occur largely as a result of debris supply rather than
zonal climate. This point is reiterated by Humlum87 in that these
South Georgia rock glaciers plot outside of the –2°C lower limit
of permafrost but may have originated under cooler-than-present conditions and have been maintained by the high debris
supply that prevented melt of the ice core. Thus, the relationship
of debris supply to landform assemblage is important in this
region.
South Orkney Islands
The South Orkneys comprise two large islands, Coronation
and Laurie, plus two smaller ones, Powell and Signy (60°30’S,
44°25’–46°10’W). With the exception of Signy Island, the islands
are extensively ice covered; permafrost occurs in the ice-free
areas. All the islands experience a typical cold, oceanic climate
with some rain possible in January and February but with snow,
which predominates, for the rest of the year; mean annual
precipitation is only in the order of 400 mm yr–1. The mean
monthly temperature is c. –4°C and radiation inputs are low due
to the extensive cloud cover, and wind speeds average 26 km h–1.
Information is available on cryogenic weathering, sorted and
unsorted patterned ground, solifluction and stone streams. The
most detailed study on patterned ground in the South Orkneys
is that of Chambers.88–91 He studied sorted polygons, circles and
stripes, together with solifluction, in substantial detail and
considered temperature regimes, mechanical analyses of the
sediments, and frost heave measurements. Both short-term90
and long-term91 experiments on the patterned ground were
undertaken. Miniature sorted patterns were found to reform
within three years; the mechanism of formation was quite different from that of the large sorted types, contraction cracks being
the main factor in determining the origin and location of the
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miniature forms. The active layer was found to be about 1.2 m
deep but the top 40–60 cm of this was the main zone within
which sorting, ice segregation and solifluction occurred.90 Below
this depth, no activity was monitored and, in some instances, a
distinct line could be seen dividing these two zones of the active
layer. Chambers90 also found that at depths below 10 cm the
annual freeze cycle effected movement of stones towards the
ground surface and that it is the mass of the coarse borders that
helps displace wet, fine sediment plugs up into the fine centres
— a principal factor in the development of the larger sorted
forms. Chambers also notes that it is not a convective movement
that is involved in moving material to the surface but rather the
upwelling of fines in plugs — an issue dealt with more recently
by Washburn.92
On slopes both creep and solifluction occur and, in the case of
miniature sorted forms, creep was considered more significant
in moving stones downslope.90 In the large sorted forms, particularly the large sorted stripes, solifluction plays a major role.
Indeed, Chambers suggests that, with respect to large sorted
stripes, ‘The dominant process in bringing about the patterning
appears to be streamlining of solifluction in areas unobstructed
by large boulders’. Large solifluction lobes are also found on
Signy Island88 and on Coronation Island (pers. obs.). Where the
solifluction lobe becomes ‘...so extended ... it takes the shape of a
stone stream, winding down the hillside...’ (ref. 88, p. 32). The
stone streams have the form of a wide band of coarse stones bordering a small central band of fines, but these features are unlike
the large sorted stripes insofar as they do not occur in a series
across a broad slope. In the stripes, flow was greatest at the
surface and in the centre of the fines. These features were
considered to be related to solifluction of old till deposits.88
Weathering of bedrock on these islands was first cited by
Grange (in ref. 93) and a detailed study of weathering processes
was undertaken in the 1980s.94–102 Detailed information on rock
properties, rock temperature, rock moisture content, rock moisture chemistry and the rate of weathering were obtained for
quartz micaschist, one of the common lithologies on Signy
Island. In a five-year study, weathering rates were found to be
very slow, with something in the order of 2% mass loss per 100
years. 100 Whether the rock was a loose block, subject to
omnidirectional freezing, or in situ bedrock, subject to unidirectional freezing, was found to be significant, with the latter experiencing a rate of breakdown 50 times slower than the loose
blocks. Thus, cliffs were considered to be weathering at a very
slow rate. In this regard, the effects of weathering in cold regions
may not, everywhere, be as great as is frequently assumed or
portrayed in many texts.
South Shetland Islands
A wide range of periglacial landforms and processes have been
identified in the South Shetland Islands. These are a mountainous and extensively glaciated group of islands that include King
George Island, Livingston Island, Deception Island, Elephant
Island and Clarence Island as well as numerous islets
(61°–63°30’S, 53°30’–62°45’W).46 The climate of these islands has a
strong maritime influence, with a mean annual temperature
between –1°C and –5°C, with a large annual range, frequent
precipitation, some in the form of rain, extensive glacier cover
and areas of permafrost.103–105 The observed temperature range
coupled with substantial precipitation has led many authors to
suggest freeze–thaw weathering to be a major factor in landscape development (e.g. refs 106–113) and freezing and thawing
of the soil to have a major impact on patterned ground forms
(e.g. refs 103, 108, 114–118). The cool temperatures together with
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the substantial snowfall has also led Simonov,104 Stäblein111 and
Vtyurin and Moskalevskiy112 to suggest that nivation is active on
these islands, and for Zamoruev109 and Dutkiewicz110 to identify
active solifluction. Zhu et al.116 also recorded many talus forms including a rock glacier. The combination of cold temperatures, the
presence of permafrost and the availability of water has also created argillaceous mounds with a pure, crystalline ice core.103
These palsa-like mounds have a height of 2 to 3 m and a diameter
of c. 6 m.
Zhu et al.116 state that both the rock glacier and sorted stripes are
active during the summer period on the Fildes Peninsula. Sorted
polygons comprise penta- and hexagonal polygons 0.5 to 1.5 m
in diameter with coarse borders of stones 10 to 20 cm in size.110
Some of these forms are interpreted (ref. 110, p.15) as inactive as
they are lichen covered. Xiong and Cui117 studied the mechanisms associated with sorted circles on King George Island and
found that circles developed well when border material was
smaller than 15 cm. Araya and Hervé103 observed sorted circles
with a centre of fine-grained mud surrounded by a circular ring
of angular clasts. The circles were up to 2.0 m in diameter, but
there was secondary sorting with small (1.5–5 cm) clasts filling
polygonal cells within the muddy centre (much as was described
for the South Orkney islands by Chambers90). These circles were
developed above permafrost measured at 0.05 to 0.25 m below
the mud core and 0.1 to 0.15 m below the coarse borders. Some
growth of mosses and lichens was observed within the centres,
with the vegetation encroaching via the stones within the
secondary polygons. This is suggested103 to indicate that the interior polygons are less active than the unvegetated borders.
Araya and Hervé103 found that as slopes approached 3° so polygons started to become elliptical and changed in to sorted
stripes. Stripe widths are cited as being 5 to 10 cm. Hall118
observed that on Livingston Island, despite the presence of
permafrost that suggests sorted stripes would be large, the
majority of sorted stripes were miniature forms with stripes
widths very similar to those described by Araya and Hervé.103 A
preferred stripe orientation associated with the presence of
snowbanks was found: sorting occurred on windward slopes
where snow accumulation was least (snow insulates the ground
from freeze–thaw cycles on the leeward slopes). Solifluction was
found to be common (e.g. ref. 104) and on some slopes there
were seen to be sudden slides of mud and boulders due to an
excess of water in the ground.103,104 Hall saw slides of muds and
boulders, associated with escape of water, that was due to
permafrost thaw. Such permafrost thaw slumps may have been
the cause of the features observed by both Araya and Hervé, and
Simonov.
The water in the ground was frequently associated with melting of snowbanks that are said109,112 to play a major role in relief
formation. In some instances114 the water from snowbanks is
sufficient to cause erosion. On Livingston Island, I observed
extensive sediment accumulations along major outwash
channels from snowbanks, in some instances the sediments
were up to 1.4 m thick. Further, this water availability, coupled
with the generally low temperatures, underpins the arguments
in favour of freeze–thaw weathering. However, Hall38,45 showed
that rock moisture data indicated that weathering by wetting
and drying as well as chemical weathering processes are
extremely active. These data showed that the southern, lee side
of obstacles have high moisture levels during snowmelt and that
chemical weathering was enhanced there (as also suggested by
Blümel113) but that the northern aspects experienced more wetting and drying cycles and so underwent enhanced mechanical
weathering. Rock temperature data from the summer showed
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that, despite the high rock moisture levels, freeze–thaw weathering was not active.119,120 It is suggested119 that weathering due to
wetting and drying may be prevalent on northern aspects and
that chemical weathering is active on southern aspects. The high
moisture contents of the rock indicate that under freezing conditions extensive damage could occur as a result of freeze–thaw
weathering. Blümel113 refers to weathering due to thermal
stresses induced in the rock as a result of radiative heating.
Simonov104 identifies ‘biogenous’ weathering as also active.
Conclusions
The above synopsis of the work undertaken throughout this
area gives some idea of the extent and depth of the material
available and of the investigations conducted during the past
century. The diversity of climate in the cold but very wet
sub-Antarctic region, through to the colder and somewhat drier
southern maritime Antarctic locations, coupled with the degree
and timing of glacial retreat, produces a wide range of periglacial
landforms. The extent of Antarctic cryogenic processes and
landforms is all the greater when the variations of the continental climate (see ref. 121 in this issue) are also considered. Nevertheless, the extent, nature and depth of cryogenic information
varies greatly between islands and, in some cases, even within
an island itself (for example, for the east compared with the west
of Kerguelen), such that meaningful comparisons, or prediction
of future behaviour, remain impossible. Simply put, we have
primarily field observations and inference (and even this varies
greatly in quality) rather than hard data as the basis of any form
of synthesis.
The northward shift of the Antarctic Convergence, and the
associated more severe climate, during the last glacial has left its
legacy in the form of fossil landforms, some associated with
permafrost, in the more northerly sub-Antarctic islands. Thus,
many of these Antarctic sites may provide an analogue for northern hemisphere locations during the Quaternary and, as such,
are able to offer insights into landform development that are not
readily available in the north. One such example might be that of
active ‘cryoplanation’ in Antarctica, which may offer insights
into this little-quantified landform of the north. There are
detailed studies (such as those of Chambers on sorted patterned
ground) that are comparable with northern studies but which
are little known by many northern hemisphere workers. However, there is still a great need for more long-term studies and
better evaluation of processes within the Antarctic periglacial
field.
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