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ABSTRACT  
The proglacial landscapes of Antarctica offer critical insights into past and ongoing 
deglaciation processes and the impacts of climate change. This study presents the first 
geomorphological map of the proglacial part of Stansbury Peninsula (Rip Point) and Cariz 
Cabo Cape in the northern part of Nelson Island. We identify and characterise a variety of 
glacial, proglacial, paraglacial, and periglacial landforms using high-resolution drone 
imagery, fieldwork, and geological data. The defined landforms presented reflect a complex 
interplay of erosional and depositional processes shaped by multiple glacial advance-retreat 
cycles since the Last Glacial Maximum, with evidence for significant glacial activity during 
the Holocene. The presence of hyaloclastite and crystalline erratic boulders further 
contributes to the reconstruction of glacial dynamics in the region. Our findings provide a 
crucial dataset and baseline for studies on future Antarctic deglaciation, periglacial 
processes, and the expansion of proglacial landscapes driven by ongoing climate change.
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1. Introduction

Proglacial landscapes comprise just 0.18% of the total 
Antarctic continent (Burton-Johnson et al., 2016), but 
contain distinct landform products of deglaciation and 
therefore important evidence of climate change. 
Deglaciation has been ongoing since the Last Glacial 
Maximum (LGM) with different cyclic episodes across 
western Antarctica (Cofaigh et al., 2014; Heroy & 
Anderson, 2007; Nývlt et al., 2020). This deglaciation, 
combined with rising temperatures (Vaughan et al., 
2003), is producing biological diversity and ecosystem 
development (e.g. Convey, 2010; Roland et al., 2024; 
Stringer et al., 2025). Similarly, geomorphological 
and geological mapping of proglacial landscapes and 
monitoring of their temporal and spatial changes are 
very important for understanding the dynamics of 
the cryosphere and the consequences of global climate 
change (Chandler et al., 2018; Jennings et al., 2021; 
Oliva et al., 2019; Oliva & Ruiz-Fernández, 2017; 
Yıldırım, 2020).

Proglacial regions are critical to advancing our 
understanding of climate-driven landscape changes in 
Antarctica (e.g. Carrivick & Tweed, 2013; Heckmann 
et al., 2016; Kavan et al., 2023; Stringer et al., 2025; Zim-
mer et al., 2022). Because of their highly dynamic 

characteristics shaped by glacial melt, sediment trans-
port and permafrost thaw, they act as key zones of sedi-
ment and solute release (Carrivick & Tweed, 2021; 
Kavan et al., 2017; Stringer et al., 2024), with significant 
implications for terrestrial, fluvial and marine ecosys-
tems (Orwin & Smart, 2004). Producing robust, site- 
specific landform and land cover maps is therefore 
essential for monitoring landscape evolution and antici-
pating ecological shifts under ongoing climate change 
(Carrivick et al., 2018; Corte et al., 2024).

The South Shetland Islands (SSI), located in the 
northwestern part of the Antarctic Peninsula Region 
(APR), encompass several significant proglacial land-
scapes. Most of these landscapes observed along the 
margins of the SSI have developed during the early- 
mid Holocene (9-6 ka; Heredia Barión et al., 2023; 
Oliva et al., 2019, 2023), corresponding to the Holo-
cene Thermal Maximum (Renssen et al., 2012). Recent 
studies on the geomorphological mapping of the lar-
ger areas in the SSI (e.g. Fildes Peninsula, Barton 
Peninsula) have documented extensive periglacial 
landforms, many of which show signs of recent degra-
dation (López-Martínez et al., 2012). However, smaller 
and less-studied proglacial landscapes in the SSI and 
APR, which are key components in understanding 
the impacts of both past and ongoing environmental 
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changes, remain poorly understood, particularly with 
respect to the spatial distribution and characteristics 
of their landforms.

In this study, we present the first detailed geomorpho-
logical map of Stansbury Peninsula (Rip Point), situated 
in the northern part of Nelson Island (northern SSI), a 
region where geological and geomorphological charac-
teristics remain poorly understood (Bastías et al., 2023; 
Gao et al., 2018; Li et al., 1996; Meier et al., 2023; Xiang-
shen & Xiaohan, 1990). Using high-resolution, drone- 
based models and field observations, supported by a 
new virtual tour of the site, we comprehensively map 
both geological and geomorphological features, revealing 
new insights into the effects of deglaciation on landform 
evolution in Stansbury Peninsula. The resulting map and 
related geomorphological descriptions will contribute to 
our understanding of the spatial dynamics of deglacia-
tion processes in the northern SSI and, more impor-
tantly, serve as a foundation for future research in 
Antarctic proglacial regions.

2. Study area

Nelson Island is located at the middle of the SSI, 
northwestern tip of the AP (Figure 1A and B) and is 

separated from King George Island by the narrow 
Fildes Strait (∼500 m wide; Figure 1C). The island, 
with a total area of 165 km2, is predominantly covered 
by the Nelson Ice Dome that occupies approximately 
95% of the island (Jiawen et al., 1995; Xiaodong 
et al., 2004) (Figure 1C). There are three major progla-
cial landscapes along the northern, western, and east-
ern coasts: Rip Point (also known as Stansbury 
Peninsula; ∼3 km2) and Cariz Cabo Cape (0.5 km2), 
Harmony Point (4.5 km2), and Duthoit Point (2.5 
km2), respectively (Figure 1C). Harmony Point is 
classified as an Antarctic Specially Protected Area 
(ASPA 133) and is the most studied region in terms 
of geology and biology (e.g. da Rosa et al., 2022; 
Oosthuizen et al., 2020; Rodrigues et al., 2019).

Nelson Island experiences a polar maritime climate, 
but direct meteorological data were not available until 
2021, when an automated weather station was 
installed close to CZ*ECO-Nelson camp of the 
Czech Republic (Figure 1C). The meteorological data 
collected by the Czech Antarctic Research Programme 
for 2022–2023 (calendar year) (Neznajová, 2024) 
recorded that the daily mean temperatures range 
between – 14°C and +8°C, and the mean annual air 
temperature was – 1.2°C. The minimum and maximum 

Figure 1. Maps depicting (A) the central and northern sectors of the Antarctic Peninsula, western Antarctica; (B) the South Shet-
land Islands; and (C) Nelson Island, highlighting the study area at Stansbury Peninsula along with other proglacial landscapes and 
the surrounding ice dome. Digital elevation models (ETOPO1; Amante & Eakins, 2009), geographic boundaries, proglacial land-
scape and location names are from the Quantarctica database (Matsuoka et al., 2021) and the SCAR Composite Gazetteer of Ant-
arctica (SCAR, 2014), respectively.
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temperatures measured were – 15.3°C and 8.7°C, 
respectively. Typically, daily mean temperatures are 
approximately zero (−2–2°C recorded in 61% of 
days). These data show a low temperature variability 
compared to other parts of Antarctica. Local climate 
is also characterised by high relative humidity, which 
oscillated mostly between 90 and 100%, with the aver-
age of 93.5% and the lowest measured relative humidity 
of 53.5%. A relative humidity of 100% was recorded on 
∼ 65% of days.

The glacial history and geomorphological charac-
teristics of Nelson Island remain poorly documented. 
Available data for the ice dome indicate that it is rela-
tively thin (∼120 m thick in 1989) and is sustained by 
high levels of precipitation driven by mild atmos-
pheric temperatures and the influence of proximal 
marine air masses (Jiawen et al., 1995). The Island 
exhibits glaciological and geomorphological features 
analogous to those observed on the Fildes and Barton 
Peninsulas, in the south of King George Island (Figure 
1B-C). The deglaciation of these areas, where the peri-
glacial landforms are dominant (López-Martínez et al., 
2012), initiated around 9–6 ka (Heredia Barión et al., 
2023; Oliva et al., 2019, 2023).

The main lithology on Stansbury Peninsula (Nel-
son Island) displays similarities with the Fildes 
Peninsula Group (Bastías et al., 2023; Gao et al., 
2018; Li et al., 1996; Xiangshen & Xiaohan, 1990). 
Following the geological map of Li et al. (1996), 
recent studies correspond the outcrops in the region 
to the Fossil Hill (middle Eocene; Mansilla et al., 
2014) and Jasper Hill (early Eocene; Gao et al., 
2018) Formations, consisting of volcanic breccia, 
tuff and volcaniclastic deposits and mafic lavas and 
breccias, respectively (Bastías et al., 2023; Gao et al., 
2018). In addition, sub-volcanic bodies are observed 
in several parts of the region.

3. Materials and methods

The geomorphological map of the study area was 
developed using high-resolution (∼3 cm/px) ortho-
mosaic and Digital Elevation Model (DEM), comple-
mented by a February 2006 Google Earth image and 
fieldwork conducted in February 2023, a period when 
snow and ice coverage are at their annual minimum. 
Airborne surveys were conducted using DJI Mavic 3 
Pro and DJI Phantom 4 Multispectral drones. The 
structure from Motion-Multi View Stereo (SfM- 
MVS; Bemis et al., 2014; Carrivick et al., 2013; Carri-
vick et al., 2016; Smith et al., 2016) techniques were 
employed for processing drone images, resulting in 
high-resolution 3D terrain models. Ground control 
points (GCPs) were established using Real-Time Kin-
ematic (RTK) differential Global Positioning System 
(dGPS) positioning integrated within the drone, sup-
plemented by ground-surveyed georeferenced points 

comprising A0-sized cardboard plates. To extend 
spatial resolution and enhance the 3D analysis, we 
incorporated the 4 m-resolution Reference Elevation 
Model of Antarctica (REMA; Howat et al., 2019). 
Several vector layers from the Quantarctica database 
(Matsuoka et al., 2021) were used as basemap fea-
tures, while geographic names were primarily 
obtained from the SCAR Composite Gazetteer of 
Antarctica (SCAR, 2014).

Our approaches to mapping glacial landforms in 
the study area are outlined in Chandler et al. (2018). 
Coordinates of distinct geomorphological features, 
recorded during fieldwork by handheld GPS devices 
or mobile phone applications, were used to identify 
these features on drone-derived orthomosaics and 
DEMs. Additionally, a georeferenced 360° image data-
set presented as a virtual tour (Supplemental 
Materials) provided further contextual information. 
Terrain analyses were performed using the drone- 
based DEM, generating hillshade, slope and curvature 
maps. These analyses facilitated the identification and 
mapping of geomorphological features, following 
approaches similar to those described in the literature 
(e.g. Ely et al., 2017; Smith et al., 2016; Smith & Clark, 
2005). For instance, slope values > 15° were used as 
preliminary indicators of moraine ridges, while low- 
slope, high-concavity areas suggested the presence of 
braidplains. Mapped features manually digitalised at 
a scale of 1:500–1:1000 using QGIS (Quantum Geo-
graphic Information System) were also compared 
with those mapped in nearby areas (e.g. Dąbski 
et al., 2017; Francelino et al., 2011; López-Martínez 
et al., 2016; Oliva et al., 2019) and across the Antarctic 
Peninsula (Jennings et al., 2021; Yıldırım, 2020) to 
ensure their robustness. Further adjustments were 
made based on visual confirmation in orthomosaics 
and field observation.

Glacial landforms within the study area were 
classified into three main categories: proglacial, para-
glacial and periglacial (Ballantyne, 2002; Slaymaker, 
2009, 2011). Other landforms, affected by structural 
and geological processes, were also identified, many 
of which have been significantly shaped by past gla-
cial activity. The criteria used to distinguish and 
define these landforms are summarised in the Sup-
plementary Table, with further details provided in 
the following sections.

4. Results

Here, we provide the first detailed geomorphological 
map of Stansbury Peninsula and Cariz Cabo Cave, 
including features of various glacial landforms (Main 
Map, Figures 2 and 3). In the following sections, we 
briefly describe each mapped component, including 
structural, glacial, proglacial, paraglacial and perigla-
cial landforms and deposits.
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4.1. Geological features with geomorphological 
expressions

4.1.1. Volcanic landforms and surface processes
Mesa-like platforms are the dominant elevated land-
forms, with the upper platforms (80–135 m) primarily 
occupying the northern, southern, and eastern sectors 
of Stansbury Peninsula, and the lower platforms (40– 
70 m) located in the western sector (Main Map and 
Figures 2 and 4A). Rock cliffs, which are particularly 
eroded, are mainly exposed along the coastal areas 
(Main Map and Figures 2 and 4B). Sill-like intrusions 
are visible in some of the rock cliffs, which are inter-
preted as volcanic plugs (Figure 4B). The extensive 
erosional processes, together with freeze–thaw weath-
ering, especially near the coast of Cariz Cabo Cape 
result in the formation of volcanic stacks (Figure 4C 
and D). In addition, the sub-volcanic dykes and 
columnar jointing lava flows are common especially 
in the lower platform areas (Figure 4E and F).

4.1.2. Lithological and structural characteristics
The dominant volcanic rock landform types on Stans-
bury Peninsula are basaltic and basaltic-andesitic lava 
flows, particularly concentrated in the southern and 

southeastern parts. These lava flows exhibit prominent 
columnar jointing, with columns dipping at 10–15° 
and displaying linear, uniform geometries that differ 
from typical radial formations (Figure 4F). In the cen-
tral-eastern sectors, dark grey to black porphyritic 
lavas containing plagioclase phenocrysts are wide-
spread. These commonly exhibit vesicular and amyg-
daloidal textures and may correlate with the early 
Eocene Jasper Hill Formation (Gao et al., 2018), con-
stituting a significant portion of erosional sedimentary 
surfaces in Stansbury Peninsula.

Volcanic breccias, particularly abundant in the 
northeastern and southeastern parts of the Stansbury 
Peninsula, consist of red-brown, sub-angular to sub- 
rounded basaltic lava fragments and blocks, up to 
1.5 m in size. These breccias often overlie agglomerate 
deposits, including sub-rounded volcanic clasts. Pyro-
clastic and volcaniclastic deposits in the region are 
represented by tuffs and rarely interbedded shales. 
These deposits are mostly exposed in the central and 
northwestern parts of Stansbury Peninsula and poten-
tially correspond to the Fossil Hill Formation (middle 
Eocene; Mansilla et al., 2014).

Intrusive bodies are also common throughout the 
study area and include small stocks, plug-like 

Figure 2. Digital elevation models of Stansbury Peninsula highlight the elevated mesas/platforms in the eastern and southern 
sectors. The locations of field images and orthomosaics displayed in the following figures are shown by different symbols. The 
dashed line represents the boundary between REMA (4 m-resolution; Howat et al., 2019) and drone-based (∼3 cm/px) DEMs. 
See the Main Map for the details of geomorphological features.
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intrusions, and NW-SE trending mafic dykes (Figures 
3 and 4B and E). The plug-like intrusions, found at the 
eastern and western edges of the peninsula, are mafic 
in composition and display porphyritic texture. Some 
of these intrusions appear to have acted as feeder con-
duits, as they show interfingering with overlying lava 
sequences. Two gabbroic stocks observed in the region 
are crosscut by the volcanic breccias, suggesting a 
complex contact relationship.

Linear mafic dykes with a NW-SE strike are par-
ticularly abundant, cutting through all main lithologi-
cal units. Some of the best-preserved dykes, found 
about 500 m south of the CZ*ECO-Nelson (CZE) 
base, exhibit well-developed chilled margins and 
range up to 1 metre in thickness (Figure 4E).

4.2. Geomorphological features

4.2.1. Glacial landforms and deposits
Melt ponds and crevasses are the main features 
observed on the surface of Nelson Ice Dome (Figure 
5A-C). Melt ponds are shallow water bodies from sur-
face melting and ponding in depressions on glaciers, 
while some include dark-coloured sediments inter-
preted as cryoconites (Figure 5B and C). Crevasses 
are deep linear cracks, indicating active ice movement 
and internal stress within the glacier. The terminus 
face is a steep ice cliff, ∼5 m high, and the presence 

of icebergs at calving front indicates that the glacier 
is dynamically active (Figure 5A).

In addition to moraine/till deposits mostly observed 
along the calving front of the Nelson Ice Dome (Figure 
5), steep hillslopes composed of unsorted supraglacial 
debris are also present. These moraines, which are 
accumulations of glacially transported debris, are 
characterised by large blocks embedded within a 
finer-grained matrix (Figure 5D). These blocks are 
mostly volcanic in origin but also include different 
lithologies. Such deposits are best observed in the 
southern part of the Cariz Cabo Cape (Figure 5D).

Erratic blocks of diverse lithologies and sizes are 
scattered throughout the region, particularly along the 
coast and within Stansbury Peninsula. These are gener-
ally large boulders transported by glacial ice and depos-
ited far from their bedrock source, offering further 
insights into former ice flow paths. On the eastern 
coast, granite boulders and volcanic bombs are evident, 
while green-coloured crystalline boulders and glassy 
hyaloclastite boulders dominate the erratics within the 
inner parts of Stansbury Peninsula (Figure 5E and F).

Another common feature in the Stansbury Peninsula 
is polished, jointed, and striated bedrock surfaces, 
shaped by glacial abrasion (Figure 5G and H). These gla-
cially abraded surfaces exhibit linear grooves and polish 
that indicate former ice movement directions. They are 
often associated with intense physical weathering caused 

Figure 3. Geomorphological map of the Cariz Cabo Cape, consisting predominantly of rock cliffs, where penguin colonies exist. 
Hillshade used in the background was derived from the REMA DEM (4 m-resolution; Howat et al., 2019)
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by freeze–thaw processes, leading to the development of 
discontinuous ridgelines (Figure 5I).

4.2.2. Proglacial landforms and deposits
Proglacial landforms and deposits in the study area are 
predominantly outwash plains and braidplains, with 

few kames and kettle ponds (Figure 6). The outwash 
plains are broad, gently sloping surfaces formed by 
meltwater streams that deposited sorted sands and 
gravels beyond the glacier margin. These are commonly 
associated with braidplains, which are the networks of 
intertwining meltwater channels that redistribute 

Figure 4. General view of the geological landforms and deposits. A. View from SSE showing the geomorphological characteristics 
with mesa-like platforms, blockfields, scree slopes, and block avalanches. B. Coastal rock cliff near Fildes Strait with steeply 
exposed lava flows and a sill-like volcanic plug. C-D. Volcanic stacks at Cariz Cabo Cape, interpreted as remnants of volcanic 
rock outcrops. E. Sub-volcanic dyke intrudes into the blocky lava flow. F. Columnar-jointed lava flows in the lower platform, 
with scree accumulation at the base, potentially due to freeze-thaw weathering and gravitational mass wasting.

6 G. USLULAR ET AL.



Figure 5. The common glacial landforms in the study area illustrate various aspects of past and recent glacial dynamics. A. Calving 
front of a glacier, with floating ice chunks visible over the sea, indicating active deglaciation. B. A melting pond observed on the 
glacier surface, including supraglacial debris (or cryoconite). C. Crevasses filled mostly by supraglacial debris. D. Till deposits con-
sist of poorly sorted sediments and erratic blocks with varying origins. E. Blockfield within the Stansbury Peninsula comprises 
hyaloclastite and green-coloured crystalline boulders. F. The close-up view of a hyaloclastite boulder displaying a glassy texture. 
G. Glacial striations on a rock body, evidence of abrasion caused by the glacial retreat. The geological hammer is a scale (40.7 cm). 
H. Close-up view of striations on rocks. I. Eroded moraine ridges observed in NW parts of the Stansbury Peninsula.
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glacial debris across the proglacial zone. Moraines, 
which are ridges of glacial debris deposited at or near 
the glacier margin, are predominantly distributed 
along the proglacial environment of the Nelson Ice 
Dome, particularly along the western and southern 

margins of the Stansbury Peninsula and Cariz Cabo 
Cape, respectively (Main Map, Figures 3 and 6A-C). 
Moraines at steep slopes with lateral ridges (i.e. reces-
sional moraines) on the peninsula tend to be ice- 
cored and likely represent more recent glacial activity 

Figure 6. Key proglacial landforms and deposits in the study area. A. Google Earth view of the northern parts of the Stansbury Penin-
sula, showing eroded rock cliffs, braidplain, and outwash plain, along with till deposits and a lateral moraine. B. The steep-sloped 
supraglacial debris over the glacial terminus. C. Poorly sorted proglacial till deposits from the Cariz Cabo Cape include erratic blocks, 
with beach sediments and talus slopes in the foreground, where an Antarctic fur seal is present. D. Proglacial moraine deposits at the 
base of a rock cliff, with debris flows feeding into the outwash plain, adjacent to the calving front of Nelson Ice Dome. E. North-east-
ward view of the area in A, with Fildes Peninsula and Dart Island in the background. F. North-westward view of Cehuixuezhe Wan 
Cove, displaying proglacial features such as kames and kettle ponds, with rock cliffs and paraglacial landforms in the background.
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(Figure 6B), whereas those at lower slopes with well- 
defined ridgelines (i.e. push moraines), especially pro-
minent at Cariz Cabo Cape, may indicate older glacial 
episodes (Figure 6C). Meltwater and debris derived 
from the glacier and adjacent moraines are transported 
into the outwash plains via braided river systems, 
obviously evident along the coastline and within the 
Cariz Cabo Cape (Figure 6D and E). Near the glacier 
terminus on the peninsula, the presence of kames and 
kettle ponds further reflects a complex post-glacial 

depositional environment (Figure 6F). Kames are 
mounds or hummocks of sand and gravel deposited 
by meltwater, while kettle ponds form when blocks of 
ice become buried by outwash sediment and later melt.

4.2.3. Paraglacial landforms and deposits
The raised beaches, marine terraces, scree/talus slopes, 
drift-mantled slopes, and block avalanches are the 
most common paraglacial landforms and deposits 
(Ballantyne, 2002) observed in the study area (Figure 7). 

Figure 7. Representative paraglacial landforms and deposits in the study area, including coastal, marine, and glaciofluvial fea-
tures. Hillshade maps in the right panel were derived from high-resolution drone-based DSMs (3 cm/px). A. South-eastward 
view of Denglu Wan Cove, displaying vegetated coastal zone with scattered debris blocks, and beach sediments; 
B. Orthomosaic and hillshade map of the same area as in A, highlighting the boundary between vegetated surfaces and 
beach deposits. Dashed lines indicate gradually elevated parts, interpreted as marine terraces. C. North-eastward view of Qixiang-
xuejia Wan Cove displays a well-sorted beach composed of pebbles and cobbles. D. Orthomosaic of the northern tip of Stansbury 
Peninsula, illustrating braided meltwater channels, moss-dominated vegetation, and waterlogged zones. E. North-westward view 
from Stansbury Peninsula, depicting a typical braidplain fed by meltwater into a small proglacial lake, with surrounding debris and 
rocky slopes. F. Orthomosaic of the same area as in D, displaying block avalanches and a drift-mantled slope carrying debris 
through the braidplain.
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Raised beaches, which are former shorelines and now 
elevated above current sea level due to isostatic 
rebound, are widespread along the coast of the Stans-
bury Peninsula. These deposits consist predominantly 
of fine  – to medium-grained sediments, but they are 
partly covered by blockfields, which are angular rock 
fragments resulting from frost weathering, particularly 
in gently sloped coastal areas (Figure 7A-C). At Quix-
iangxuejia Wan Cove, the coastline includes a well- 
developed beach ridge composed of well-sorted pebbles 
and cobbles, shaped by tidal activity and post-glacial 
sea-level changes (Figure 7C; Main Map).

Evidence of marine terraces, which are flat, step- 
like landforms representing former shore platforms, 

is observed at sites such as Denglu Wan Cove, where 
a subtle increase in coastal elevation suggests uplifted 
former shorelines, although terrace stratigraphy is not 
always clearly visible (Figure 7B). Coastal areas gener-
ally show varying degrees of vegetation cover, with 
mosses and wetland vegetation (e.g. Sanionia georgi-
councinata and Warnstorfia spp; Puhovkin et al., 
2023), particularly evident in low-lying, waterlogged 
zones. One such example is the northern tip of Stans-
bury Peninsula, where braided meltwater channels 
flow towards the coast and are bordered by vegetation, 
including various colours of mosses and waterlogged 
areas (Figure 7D). Braidplains, the networks of shal-
low, gravel-bed meltwater channels, are also observed 

Figure 8. Typical periglacial landforms in the study area. A. Blockfield, consisting of angular, frost-shattered rocks, covers a gently 
sloped surface between mesas and raised beaches. B. An isolated frost-shattered rock body embedded within a scree 
slope. C. Patterned grounds observed on a mesa. D. Solifluction lobes on a slope between coast and mesas, with patchy snow 
and moss indicating active freeze-thaw processes. These features are better observed in drone-based orthomosaics (Figure 9).
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within the bedrock valleys through the inner parts of 
Stansbury Peninsula (Figure 7E). Adjacent to these 
valleys, scree/talus slopes, which are the accumu-
lations of angular rock debris, are also common 
(Figure 7E), while drift-mantled slopes, comprising 
glacial debris mixed with finer material, are apparent 
along the transitional margins between scree slopes 
and outwash plains (Figure 7F). In addition, block 
avalanches composed of fragmented rock blocks 
formed by large mass movements are observed in 
some of the scree slopes (Figure 7F).

4.2.4. Periglacial landforms and deposits
The periglacial landforms are widespread in the study 
area and include patterned grounds, solifluction lobes, 
rock stripes, blockfields (felsenmeer), and frost-shat-
tered rock bodies (Figures 8 and 9; Main Map). 
Blockfields composed of angular rock fragments pro-
duced by frost weathering are especially common on 

gently sloped areas between mesas and raised beaches 
(Figure 8A). These coarse, clast-dominated surfaces 
indicate long-term exposure to periglacial conditions 
and minimal sediment transport. The frost-shattered 
rock bodies, which are isolated, fractured outcrops 
often partially embedded within scree deposits, are 
also common (Figure 8B).

Patterned grounds are widespread, especially on the 
elevated mesas (80–120 m) and the low-lying central 
part (Main Map), and are characterised by clustered, 
circular rock patterns ranging in size from ∼1 m2 to 
10 m2, formed through repeated freeze–thaw processes 
(Figure 8C and Figure 9A-C). The solifluction lobes, 
appearing as curved, downslope ridges, are also found 
on gentle slopes (Figure 8D and Figure 9D-E). On stee-
per slopes, the rock stripes are evident, displaying 
sorted linear arrangements of coarse  – and fine-grained 
materials, aligned parallel to the slope due to frost heave 
and gravity-driven processes (Figure 9F).

Figure 9. Orthomosaics and slope maps illustrate key periglacial landforms across the Stansbury Peninsula. A. Patterned ground 
on a gently slope surface, characterised by clustered, polygonal features; B. Patterned grounds interwoven with braidplains, high-
lighting the interaction between fluvial and periglacial processes; C. Patterned ground adjacent to a narrow braidplain channel, 
showing the relatively distinct boundary between sorted periglacial features and active fluvial zones; D. Well-developed solifluc-
tion lobes and a scree slope occupying a north-facing hillslope; E. Broad solifluction lobe complex on a gentle slope, with lobate 
structures extending downslope and clear evidence of vegetation patterning. F. Rock stripes developed along a moderate slope, 
featuring linear alternation of coarse rock fragments and finer-grained material aligned parallel to the slope aspect. The upper 
value in the slope maps attached to each orthomosaic is limited to 20° to better highlight the small-scale periglacial features.
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5. Discussion and conclusions

This study presents the first detailed geomorphologi-
cal maps of the proglacial landscapes in the northern 
part of Nelson Island (northern South Shetland 
Islands), namely Stansbury Peninsula and Cariz 
Cabo Cape (Main Map, Figures 2 and 3). The 
defined landforms reflect a complex interplay of gla-
cial, proglacial, paraglacial, and periglacial processes, 
each leaving distinct imprints on the volcanic terrain. 
Overall, the landscape documents a history of multiple 
glacial advances and retreats during the Holocene, 
which are evident across the South Shetland Islands 
(Heredia Barión et al., 2023; Oliva et al., 2023; Palacios 
et al., 2020) and indeed the wider Antarctic Peninsula 
region (e.g. Carrivick et al., 2012; Guglielmin et al., 
2016; Jennings et al., 2021). Furthermore, those 
changes observed on the South Shetland Islands, and 
documented in its geomorphology are likely to propa-
gate south as temperatures rise (Stringer et al., 2025).

The moraines near current ice margins likely corre-
spond to the most recent retreat phases following the 
Neoglaciation cold periods in the South Shetland 
Islands (∼4.1 and 1 ka; Čejka et al., 2020; Palacios 
et al., 2020), while push moraines at lower slopes 
near outwash plains may also be tentatively correlated 
with these periods. The presence of polished and 
striated boulders on the coast and lower volcanic sur-
faces suggests they were previously subglacial, most 
likely during the Last Glacial Maximum, consistent 
with regional reconstructions indicating rapid retreat 
from a thicker ice sheet configuration (Cofaigh et al., 
2014; Heroy & Anderson, 2007; Kaplan et al., 2020; 
Nývlt et al., 2020; Watcham et al., 2011).

The well-developed braided and outwash plains in the 
study area are similar to those observed on other nearby 
peninsulas, such as Fildes Peninsula, and throughout the 
South Shetland Islands (Heredia Barión et al., 2023; Li 
et al., 1996; Oliva & Ruiz-Fernández, 2017). These fea-
tures indicate meltwater-driven deposition following 
the main phase of deglaciation (∼9–6 ka; Heredia Barión 
et al., 2023; Oliva et al., 2019, 2023). These complex 
hydrological morphologies, shaped by both subglacial 
melt and surface run-off, reflect ongoing sediment 
fluxes modulated by ablation processes and seasonal 
melt pulses (e.g. Kavan et al., 2023).

Periglacial landforms (e.g. patterned ground, solifluc-
tion lobes, and blockfields) are prevalent in the Stansbury 
Peninsula and closely resemble those documented in 
other proglacial landscapes of the South Shetland Islands 
(Hall, 2002; López-Martínez et al., 2012). Patterned 
ground is most commonly found on elevated mesas, as 
in the case of other areas in the South Shetland Islands 
(Dąbski et al., 2017; López-Martínez et al., 2012), 
whereas solifluction lobes are typically located on scree 
slopes adjacent to proglacial environments. These land-
forms warrant further investigation into their dynamics, 

which are closely related to topography, lithology, and 
environmental conditions (López-Martínez et al., 2012; 
Vieira et al., 2010). In addition, the identification of hya-
loclastite and crystalline erratic boulders provides valu-
able evidence for reconstructing the deglacial history of 
the region.

Overall, our geomorphological map provides the 
first comprehensive overview of complex deglaciation 
processes and their imprints on the landforms of the 
Stansbury Peninsula. This map will certainly serve as 
a foundational dataset for future multidisciplinary 
studies in the region. As climate change continues to 
drive glacial retreat, such maps will be more critical 
for monitoring geomorphological changes and under-
standing the pace and effects of expanding proglacial 
landscapes across the Antarctic Peninsula.

Software

Maps were produced using QGIS 3.24.1-Tisler software, 
with further layout modifications via Inkscape 1.3.
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