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Abstract: The study of the relationship between geomorphology and sedimentation processes is important as it clarifies
information about relict landscapes. These processes are understood based on glacial landforms and the characteristics of their
sediments. The objective of this article is to investigate glacial geomorphology and associate it with the attributes of glaciogenic
sediments in the proglacial areas of the Baranowski, Windy, and Dobrowolski glaciers in Admiralty Bay, King George Island,
and to infer changes in these glacial environments. Sediment samples were collected from depositional features during
fieldworks (2019 and 2023), which underwent granulometric and morphoscopic analyses. The visual identification of glacial
landforms followed criteria of morphology, morphometric characteristics, depositional environment, sedimentology and
genesis. The sediments were interpreted as glaciogenic and related to moraine deposits. The geomorphological mapping
identified glacial landforms that provide information on aspects such as the direction of glacial flow, area, and thermo-basal
regime. The subaerial environment was observed to be related to the submarine environment through glaciers, mass
movements and the sediment supply via meltwater. Thus, there is continuity in the processes related to the glacier: the closer
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to it, the more dynamic the environment, while as the distance increases, the terrain tends to present reworked or smoothed
landforms.

Keywords: Glacial landforms; Glacial retreat; King George Islands; Moraine ridge; Sediment-form association.

Resumo: O estudo da relagao entre a Geomorfologia e processos de sedimentagdo sdo importantes, pois, esclarecem
informagdes sobre paisagens relictuais. Esses processos sdo compreendidos com base nas formas de relevo glaciais e nas
caracteristicas dos seus sedimentos. O objetivo da pesquisa é interpretar as formas de relevo deposicionais glaciais em areas
proglaciais da Baia do Almirantado através de mapeamento geomorfoldgico elaborado a partir de 9 amostras
sedimentologicas e de interpretagdo de imagens orbitais. Foram coletadas amostras sedimentares de fei¢des deposicionais em
trabalho de campo realizado em 2019, que passaram por andlises granulométricas e morfoscopicas. A identificagao visual das
formas de relevo glaciais seguiu critérios como que envolvem a morfologia, a morfometrica, o ambiente deposicional,
a sedimentologia e a génese. Os sedimentos foram interpretados como glacigénicos, relacionados a depdsitos morainicos.
O mapeamento geomorfolégico identificou as formas de relevo glaciais que permitiram compreender sobre os aspectos de
direcdo do fluxo glacial, area da geleira e regime termo-basal. Observou-se que o ambiente subaéreo apresenta relagao com o
ambiente submarino através de movimentos de massa e do aporte sedimentar a partir da agua de degelo. Dessa forma, ha
continuidade nos processos relacionados a geleira: quanto mais préximo a ela, mais dindmico o ambiente, enquanto ao se
distanciar o terreno tende a apresentar formas de relevo retrabalhadas ou suavizadas.

Palavras-chave: Formas glaciais, Cristas morainicas; Retragao glacial; Associagao forma-sedimento; ilha Rei George.

1. Introduction

The cryosphere is a crucial component of the global climate system (DING et al., 2021). Glacial ice —including
ice sheets and ice caps—covers approximately 10% of the Earth's surface and stores 69% of the planet’s freshwater
(SHAHGEDANOVA, 2021). However, due to atmospheric warming, glaciers in various regions of the world have
shown a negative mass balance, leading to a reduction in global ice volume (HOCK and HUSS, 2021).

In the southern polar region, the Antarctic Peninsula (AP) has shown consistent records of rising atmospheric
temperatures since the mid-20th century (TURNER et al., 2016; SIEGERT et al., 2019). In early February 2020, the
AP and its surrounding islands experienced one of the most intense heatwaves ever recorded since the onset of
reliable observations (BARRIOPEDRO et al., 2022). As a result of this atmospheric warming, multiple studies have
reported the continuous retreat of glaciers on King George Island (KGI) since the second half of the 20th century
(KEJNA, ARAZNY, SOBOTA, 2013; PERONDI, ROSA, VIEIRA, 2019; ROSA et al., 2020), where the study area of
this research is located.

Glacier retreat exposes ice-free areas that are susceptible to rapid change due to the presence of meltwater and
sediments (BALLANTYNE, 2002), as well as the exposure of subglacial terrain (DIOLAIUTL; SMIRAGLIA, 2010;
SIEGERT et al., 2010). In this context, terrestrial glacial geomorphological records provide valuable information on
glacier extent, thickness, timing of glaciation and deglaciation (SUGDEN et al., 2006), as well as on flow direction,
flow patterns, and thermal regimes (BENNET; GLASSER, 1996, NAPIERALSKI et al., 2007).

Subglacial erosion processes are complex, influenced by bedrock characteristics, glacial dynamics, friction,
and lubrication at the ice-rock interface (DREWRY, 1986). These processes —erosion, deposition, transport types,
and thermal basal regimes—are interpreted through landforms and the sediments that compose them. In the case
of sediments, characteristics such as grain texture and morphology are especially informative (BENNET;
GLASSER, 1996). Thus, the sedimentological properties of landforms in glacial environments offer insights into
their origin and evolution (KNIGHT et al., 2000).

Regarding the study area, several investigations have focused on sedimentary analysis of geomorphological
features in the ice-free zones of Admiralty Bay, KGI. Rosa et al. (2011) mapped depositional and erosional
landforms in the ice-free area of Wanda Glacier through field surveys, sedimentological analyses, and satellite
image interpretation, identifying glacier retreat based on the location of moraine ridges. In Martel Inlet, the ice-
free areas near Dobrowolski Glacier were studied by Perondi et al. (2023) using bathymetric data and satellite
imagery. This research identified smaller, more recent moraine banks dated from the mid-20th century to recent
decades, as well as a prominent, older moraine bank associated with the Little Ice Age (approximately 1550 to
1800).
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The modern depositional environments of the Ecology, Baranowski, and Windy Glaciers, located on the
western coast of Admiralty Bay, were studied by Perondi et al. (2019), who carried out a geomorphological
mapping of mesoscale depositional features. The authors identified the retreat of the glaciers based on the presence
of lateral moraines, recessional frontal moraines, latero-frontal moraines, eskers, and water bodies such as lakes,
lagoons, and drainage channels. The Windy Glacier was studied by Kreczmer et al. (2021), who reported the
presence of features such as flutings, drumlins, and other depositional landforms in the ice-free area.

To understand the evolution of the subaerial landscape, as well as to contextualize the dynamics of glacial
advance and retreat, it is important to spatially delineate the main subglacial and ice-margin geomorphological
features. Thus, the objective of this research is to interpret glacial depositional landforms in the proglacial areas of
Admiralty Bay through geomorphological mapping based on sedimentological analyses and the interpretation of
orbital images and digital elevation models.

2. Study area

The IRG (Figure 1B) is the largest island in the South Shetland archipelago. It has an area of 1250 km?, with a
distance of 80 km along its central axis in the southwest-northeast direction and is approximately 15 km wide. The
IRG has 70 drainage basins (BREMER, 1998), and its ice cap has a maximum altitude of approximately 720 m
(RUCKAMP et al.,, 2011). To the north, the IRG reaches the Drake Passage, and, to the south, it is separated from
the PA by the Bransfield Strait (BIRKENMAJER, 1980) (Figure 1A).
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Figure 1. Location map of the study area. CG: Ice field, EG: Ecology Glacier, BG: Baranowski Glacier, WG: Windy
Glacier. Source: Quantarctica (MATSUOKA et al., 2018).

The IRG is covered by an ice cap divided into domes connected by drainage basins that flow towards the
glaciomarine environment (BREMER; ARIGONY-NETO; SIMOES, 2004). The BA fjord, located on the southern
coast of the IRG (Figure 1B), is elongated, approximately 16 km long and 6 km wide at its narrowest point. It has
steep walls and a U-shaped valley and can reach depths of up to 510 m (MAGRANI, 2014).

The IRG is located in the centre of the magmatic arc of the South Shetland Islands (KRAUS; POBLETE;
ARRIAGADA, 2010), and was subject to Cenozoic structural deformation, linked to tectonic movements of the
plate along the margin of the Pacific Ocean, which resulted in the formation of faults in different directions
(TOKARSK], 1987). Two significant faults are recorded, with an ENE-WSW orientation: the Ezcurra Fault (EF) and
the Collins Fault (TOKARSKI, 1987). These faults influence the shape of the islands and are reflected in the location
and orientation of bays and inlets (KRAUS; POBLETE; ARRIAGADA, 2010). Because it is primarily covered by ice,
the IRG reduces the action of geological processes on the surface. It restricts them mainly to the coastal area, on the
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margins of glaciers and nunataks. Due to the isostatic elevation due to deglaciation in the last 10 thousand years,
recent rocky beaches and coasts with sediments vary between sand and gravel (BIRKENMA]JER, 1980).

The average annual temperature for the IRG is -2.8°C, for the winter months (June, July and August), with a
minimum temperature of -15.5°C and a maximum of -1.0°C. In the summer (December, January and February) the
temperature varies between -1.3°C (minimum) and 2.7°C (maximum) (FERRON et al., 2004). Cyclones influence
the area's climate with an east-west orientation around the Antarctic continent, which provides conditions for rain,
drizzle and snow in the summer months. However, cyclones in the Weddell Sea region bring cold air, snow and
low temperatures to the IRG (SETZER et al., 2004).

Adjacent to the fjord, tidewater glaciers and glaciers end on land. Tidewater glaciers present iceberg calving
or growlers (SILVA; ARIGONY-NETO; BICCA, 2019). Approximately 10% of the total surface area of the IRG is
ice-free (138 km2) (DABSKI et al., 2020). As a response of glaciers to climate variations, there are ice-free areas with
exposed relief features, such as moraine ridges, flutings, eskers, meltwater channels and lakes (PERONDI; ROSA;
VIEIRA, 2019). The IRG has 144 lakes, distributed in the island's southern, eastern, southwestern, southeastern,
and western portions (OLIVEIRA, 2020).

3. Materials and methods

3.1. Sedimentary samples

Nine sediment samples were collected during OPERANTAR (Antarctic Operation) XXXVIII 2019/2020 in
proglacial areas of the Windy and Baranowski glaciers (Table 1). Sediments were collected at a depth of 3 cm. The
material collected with a shovel was packed in plastic bags. At each collection point, geographic coordinates were
recorded using a GNSS (Global Navigation Satellite System).

In the glacier-free area of the Windy Glacier, two samples are located 1 m from the glacier ice margin, while
the other samples are 290 m and 380 m away. Regarding the ice-free area of the Baranowski glacier, two samples
are in contact with the glacier front; two samples are about 1 m from the glacier front; and one sample is located
40 m away from the glacier front (Figure 2).

Table 1. Location and characterization of samples. The sediment samples collected in the proglacial area of the
Baranowski Glacier are 1, 6, 7, 8, and 9, and those from Windy Glacier are 2, 3, 4, and 5.

Sample Geographical Coordinates Altitude WGS84 (m) Ice margin distance (m)
8 62°11'55.9” S, 58°26'56.7” W 1 1
9 62°11'57.2” S, 58°26'54.4” W 1 1
7 62°11'58.7” S, 58°26'53.7” W 1 In contact with the glacier
6 62°11'58.7” S, 58°26'53.7” W 1 In contact with the glacier
1 62°11'53.5” S, 58°26'56.7 W 22 40
2 62°13'44.5”S, 58°28749.0"W 15 1
3 62°13'43.8”S, 58°28’02.0"W 8 290
4 62°13'41.0”S, 58°28'21.3"W 16 1
5 62°13'49.5”S, 58°28'04.6"W 47 380

Source: Perondi et al. (2025).
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Figure 2. Sample locations. Figure A — Baranowski Glacier; Figure B — Windy Glacier.
3.2 Laboratory Analyses

Sediment analyses were carried out at the Physical Geography Laboratory of the Department of Geography
and at the Coastal and Oceanic Geology Study Center (CECO) of UFRGS. The following analyses were performed:
(i) grain size analysis; and (ii) morphoscopic analysis.

3.2.1 Grain Size Analysis

In the laboratory, the collected material was passed through a 0.064 mm mesh sieve to distinguish sediment
grain sizes as "coarse" and "fine" (WENTWORTH, 1922). Sediments larger than 0.064 mm were further separated
using a series of sieves with decreasing mesh sizes (16 mm to 0.064 mm), followed by weighing according to
textural classes (sand, granule, pebble, and cobble). The silt and clay fractions were separated using the pipette
method, based on Stokes' Law.

Grain sorting was assessed according to Folk and Ward's (1957) method, which provides statistical parameters
such as mean, skewness, and kurtosis. Ternary diagrams were created to represent each sample's grain size
distribution, indicating whether the distribution is unimodal, bimodal, or multimodal.

3.2.2 Morphoscopical Analysis

Morphoscopical analysis was conducted on sediment grains larger than 1 mm, with 50 grains analyzed from
each class. The axes of the grains were measured using a calliper and a trinocular microscope. One of the indices
used was the Cu, representing the number of sediment grains in a sample with a c/a axis ratio (Figure 3) less than
or equal to 0.4 (HANACEK et al., 2013).

This index differentiates subglacially transported sediments (low Cu values) from supraglacially transported
ones (high Cw values) within the glacier (BENNET et al., 1997). The results were plotted using the Tri-Plot software.
Clast shape was defined based on the relationship between the three orthogonal axes: a (longest), b (intermediate),
and c (shortest) (HUBBARD; GLASSER, 2005). Histogram charts were created in Excel for each sample to analyze
grain roundness and quantify the occurrence of striations.

The RA index was also calculated to indicate the percentage of grain roundness, categorized as: VA — very
angular; A — angular; SR — sub-rounded; R — rounded; and WR - well-rounded. Roundness analysis followed
Krumbein’'s method (1941), applying his classification chart (ROSA, 2008).
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Figure 3. The a axis is the longest axis of a particle, the b axis is the intermediate axis, and the c axis is the shortest
axis. Source: Hubbard; Glasser (2005).

3.3 Geomorphological Mapping

The geomorphological mapping of the subaerial sector was carried out through the interpretation of the
following co-registered geospatial data: Tandem-X Digital Elevation Model (TanDEM-X, 2025), Antarctic Reference
Elevation Model (REMA) (HOWAT et al., 2022), Sentinel-2 (2018 and 2020), WorldView-2 (2014), and PlanetScope
(2019); in addition to the results obtained from the granulometric and morphoscopic analyses detailed in the
previous section. Furthermore, the glacial landform mappings by Perondi, Rosa, and Vieira (2019) for the western
margin of Admiralty Bay were reviewed. The identification of glacial relief features was conducted manually using
ArcGIS. The methodology was based on identification criteria proposed by Bennet and Glasser (1996), Ottesen and
Dowdeswell (2006), Benn and Evans (2010), Streuff et al. (2015), and Wolfl et al. (2016).

The interpretation methodology involved aspects such as morphology, morphometric characteristics,
depositional environment, sedimentology, genesis, and context about the glacier, either parallel or perpendicular
to the ice flow (Table 2). The satellite image identified each relief feature based on a visual identification criterion.
The results were compared with those from the sedimentary analyses. Moraines were compared within each
depositional environment according to the degree of spacing between the ridges. Linear features were interpreted
and classified according to the presence or absence of stoss-and-lee blocks in the WorldView-2 image (2014)
visualization. The landform received classification in the attribute table of the shapefile in ArcGIS according to
Table 2.

4. Results

4.1. Sedimentary interpretation

Samples 1, 6, 7, 8, and 9 were collected in the glacier-free area of the Baranowski Glacier. Sample 1 (Figure 4A)
was collected on an elongated relief feature located near and with a configuration parallel to the Baranowski
Glacier margin (approximately 22 m away). It is predominantly composed of gravel and very coarse sand (Table
3), poorly sorted, with a polymodal distribution and low Ca index (10%) (Figure 8).

Sample 6 is classified as very fine-gravelly sand and very poorly sorted. It is composed of 28% gravel, 54%
sand, 6% silt, and 12% clay (Table 3). It has a low Ca index (16%) and a polymodal granulometric distribution
(Figure 6). Sample 7 contains fine sandy gravel (Table 3) and is poorly sorted. It is composed of sand and gravel. It
has a low Cu index (12%) (Figure 8) and a polymodal granulometric distribution (Figure 6). This sedimentary
sample was collected at the ice-bedrock interface at the current front of the Baranowski Glacier. Sample 8, collected
laterally to the Baranowski Glacier (Figures 2 and 5B), is classified as fine sandy gravel and poorly sorted, with a
polymodal distribution characteristic of subglacial transport. Its C0 index (18%) is low. It is composed of 54%
gravel and 46% sand (Table 3).

Sample 9 (Figure 2) is classified as very fine sandy gravel and poorly sorted. Its granulometric distribution is
polymodal. It has a low Cus index (18%) (Figures 8 and 9). It is composed of 67% sand and 33% gravel (Table 3).
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This sample was collected at the front of the Baranowski Glacier, perpendicular to the glacial flow and near a

meltwater channel.

Table 2. Criteria for identifying depositional and erosive landforms in subaerial glacial environments.

Landform Depositi ~ Genetic Sediment/Form Field or Satellite Image Relevance!
onal Process Association Identification Criteria
Environ es!
ment
Advance Maximu Formed by Coarse-grained Rough texture; composed Records
frontal m glacier sediment sediments with rounded,  of arcuate ridges; may be stationary glacial
moraine advance deposition faceted, striated clasts poorly preserved; reflect stages
limit through mass deposited directly by the former glacier margin;
movement and glacial action located near and transverse
glaciotectonic to the current glacier front
activity
Recessi Glacier Formed during  Till of coarse and poorly =~ Rough texture; transverse Records
onal front stabilization of sorted grains; to ice flow; may appear as  temporary glacier
frontal margin  the glacier front characteristics vary low ridges, linear belts, or stability during
moraine during retreat; depending on active or discontinuous mounds advance or retreat
pushed or passive transport
deposited by
minor
readvances
Push Parallel Sediments are Can be composed of Rough texture; irregular Indicates annual
moraine to glacier  pushed during subglacial deposits laid and sinuous in shape; glacial advance
margins winter down in summer and rarely more than 1 m high; during winter
readvances and pushed in winter elevated ridges transverse
glacial to the glacier front
stabilizations
Esker In contact Formed by Mixed grain sizes, Rough texture; typically Indicates
subglacial generally coarse; gravel isolated; individual subglacial channel
with meltwater and glaciofluvial sand sinuous ridges with gentle flow, wet-based
glacier streams filling  with rounded grains due slopes in longitudinal thermal regime,
ice-bed channels to meltwater transport profile; aligned with and direction of
with sediments former subglacial drainage ice flow
Meltwater ~ With or Formed by Coarser sediments; Finer texture; darker tones  Indicates glacier
channel without fluvial detritus reflects transport in false-color composites advance and
direct meltwater by meltwater using near-infrared; retreat dynamics
glacier discharge typically appear as braided
contact channels

IInformations according to Sugden; John (1984), Hambrey (1994), Bennet; Glasser (1996), Brennand (2004), Assine; Vesely

(2008), Benn; Evans (2010), Dabski (2020).
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Figure 4. Representation of sampling sites and landforms in the study area. (A) Location of Sample 4; (B) sample at
the front of Windy Glacier; (C) indicates the sampling location of Sample 1; (D) lateral scarp of Professor Glacier with
a view toward Dobrowolski Glacier; (E) shows the recessional moraine of Baranowski Glacier; (F) displays the latero-
frontal moraine damming the lagoon in front of Baranowski Glacier; (G) shows the lateral moraine of Baranowski
Glacier; and (H) presents an esker adjacent to Baranowski Glacier. Source: Photographs by Cleiva Perondi (2019) and
Rosemary Vieira (2019).
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Table 3. Characteristics of the sediment samples analyzed. Samples 2, 3, 4, and 5 are from Windy Glacier, and
samples 1, 6, 7, 8, and 9 are from Baranowski Glacier.

Silt and
Sample Grell:;eil(f:)n (1:/1? to Sand (%) clay (%) Textural class (Folk; Ward, 1957)
1 60 40 0 Very coarse sand
2 28 71 1 Very coarse sand
3 22 76 2 Very coarse sand with fine gravel
4 38 59 3 Coarse sandy gravel
5 68 32 0 Very fine sandy gravel
6 28 54 18 Very fine sandy gravel with silt
7 48 52 0 Fine sandy gravel
8 54 46 0 Fine sandy gravel
9 33 67 0 Very fine sandy gravel

Samples 2, 3, 4, and 5 were collected at the front of Windy Glacier. Sample 2 (Figure 2) is classified as very
coarse, poorly sorted sand. It shows a low Cu index (32%) and a polymodal grain size distribution. The sample is
composed of sand and gravel —71% and 28%, respectively —with smaller amounts of silt and clay (Table 3). It was
collected adjacent to the Windy Glacier front, in a deposit spatially arranged perpendicular to the glacier margin.

Sample 3 (Figures 2 and 4B) consists of very coarse, fine gravelly sand and poorly sorted. Its grain size
distribution is polymodal, and it has a low Ca index (24%) (Figure 9). It comprises 76% sand and 22% gravel, with
minor proportions of silt and clay (Table 3). The location where Sample 3 was collected represents a deposit with
a spatial arrangement parallel and lateral to Windy Glacier (Figure 5B).

Sample 4 (Figures 2 and 4A) is classified as coarse sandy gravel and is very poorly sorted, with a low Ca index
(20%). It was collected at the frontal zone of the Windy Glacier, in a spatial arrangement parallel to the glacier
margin. Its composition is mainly sand (59%), with smaller amounts of gravel, silt, and clay (Table 3). Sample 5
(Figures 2 and 4B) is characterized as very fine sandy gravel, poorly sorted, and with a polymodal grain size
distribution (Figure 6).

Figure 5. A — Sampling site of Sample 8; B — Sample 3 in the proglacial environment. The red dotted lines indicate

the landforms where the sediment samples were collected. Photographs by Rosemary Vieira (2019).
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Figure 6. Grain size distribution graph for each collected sediment sample. The simple absolute frequency is in
percentual values.

The sample 5 is predominantly composed of gravel (68%) and has a low Cx index (22) (Figure 8 and 9). This
sample was collected approximately 380 meters from the current glacier front. The sedimentary characteristics of
these samples (4 and 5) indicate direct glacial influence and reflect dynamic depositional processes in the proglacial
environment of the Windy Glacier. The sediment samples from the ice-free area of the Windy Glacier are
predominantly composed of very coarse sand in two cases and coarse sandy gravel in the other two.

All samples, except for sample 8, contain striated grains, with sample 6 showing the highest proportion of
striations (18%) (Figure 7). The ternary diagrams (Figure 9) reveal a high proportion of grains with a c:a ratio below
0.4 across all samples. These diagrams place the samples in the upper region of the ternary plot, indicating spherical
grain shapes.

The covariance diagrams between the RA and Cus indices (following Benn and Ballantyne, 1994; Figure 8)
show that sample 7 exhibits an intermediate percentage of angular grains and elongated or flattened clasts
(intermediate RA values and high Cuw), distinguishing it from the other samples (1-6, 8-9), which have a lower
percentage of angular grains and elongated or flattened clasts (low to medium RA and low Cu values) (Figure 8).
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Figura 8. Co-variance diagram (RA/ Cuw). The graph shows that the samples are grouped into two types: red, indicating a
predominance of low values, and blue, indicating a predominance of higher values of the Cuo).
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Figure 9. Ternary plots. The straight line indicates the 0.4 threshold for c:a and b:a ratios. Black grains above this line
are positioned in the upper part of the diagram, indicating greater form (blocky or cubic shapes); blue grains toward
the lower left corner are flattened (disk-shaped); and red grains toward the lower right corner are elongated (major

axis > intermediate axis). Intermediate grains are shown in green.
4.2 Geomorphological Mapping of Glacial Landforms

The geomorphological mapping made it possible to identify and spatialize depositional and erosional
landforms, contributing to the understanding of proximal and distal processes along the current glacial margin. In
the proglacial areas of the Baranowski and Windy glaciers (Figures 10A and 10B), depositional landforms were
identified that reveal past glacial characteristics, such as former glacier margin positions, paleo-ice flow directions,
and basal thermal regimes, among others. The geomorphological mapping revealed various landforms, including
moraines (lateral, frontal, and latero-frontal), some of which extend into the sea, as well as lakes, lagoons, and
meltwater channels. Eskers were also identified, along with erosional features such as nunataks and volcanic

morphostructures.
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Figure 10. Geomorphological map of glacial landforms in the proglacial area. A.Baranowski Glacier. Satellite image
used for this map: Sentinel-2, 2018. B. Windy Glacier. Satellite image used for this map: WorldView-2, March 2014.

5. Discussoes

5.1 Associagdo entre processos e geoformas dos ambientes deposicionais proglaciais

Landforms transverse to the ice flow and prominent in the proglacial sector were interpreted as moraines.
Moraines are formed by the direct deposition of glacial material at the frontal margin and record the former
positions of glacial fronts (BENNET; GLASSER, 1996). The largest moraine ridges indicate periods of prolonged
glacial stabilization and reduced flow velocity (OTTESEN; DOWDESWELL, 2009; BRINKERHOFF et al., 2017).
Samples 8 and 9, due to their field-observed location (in contact with the ice) and their slightly arched shape
perpendicular to the glacial flow, were interpreted as a recessional frontal moraine (Figures 4B and 4E).

Latero-frontal moraines were also identified in the study area. This depositional feature forms both laterally
and frontally along the glacier margin (Figures 4B and 4F). These external moraine ridges represent the glacier’s
maximum advance during a cooling event that occurred in the early 2000s, as recorded by Turner et al. (2016).
Thus, they mark a phase of glacial front stabilization followed by subsequent retreat.

A depositional feature with a distinct spatial configuration was identified, as it is positioned laterally to the
Baranowski (Figure 4G) and Windy Glaciers. This landform records the lateral extent of the glacier and its former
thickness (BENNET; GLASSER, 1996). Samples were collected from the lateral moraines of Windy (sample 8) and
Dobrowolski Glaciers.

An esker was identified on the lateral margin of the Baranowski Glacier, in contact with the ice (sample 1 and
Figure 4H). Similar landforms were also observed in contact with and in proximity to the front of the Windy Glacier
(Figure 10B). In the study area, eskers were recognized by their sinuous shape; some are well-preserved and
measure up to 97 m in length (sample 1). Most of the eskers identified have been situated on ice-free ground for a
longer time (ROSA et al. 2011; DABSKI et al., 2020). At the Ecology Glacier, Rosa et al. (2013) identified an esker
proximal to the glacial front, in contact with the Ecology Lagoon. This feature indicates a wet basal thermal regime
and reveals the direction of the glacial flow (BENN; EVANS, 2010).

Additionally, elongated and linear forms smaller than the eskers identified in these same glaciers were
observed. In the study area, there are flutings ranging from only a few meters in length —having been reworked
and therefore losing their continuity —to flutings reaching up to 33 m, all of which are detached from the glacier.
These represent subglacial deformation occurring within cavities that develop downstream of elongated, polished,
and asymmetric blocks (stoss and lee), as described by Rosa et al. (2011). The flutings, located downstream of stoss-
lee blocks, exhibit asymmetry and indicate glaciers with high velocities and relatively thin ice (GLASSER;
BENNET, 2004). These flutings are elongated depositional landforms, parallel to the glacial flow, found
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subglacially, and signal that the glacier has a wet basal thermal regime, reduced thickness, and a well-defined flow
direction (GLASSER; BENNET, 2004).

Lodgement and subglacial till deposits consist of poorly sorted sediments, which may be stratified or massive.
Interpreting the associations of these facies is essential for distinguishing the processes and environments —or the
sequence of events (retreat, increased melting, advance) (GLASSER; BENNET, 2004). Basal till is characterized as
multimodal (HOEY, 2004), and studies show that it commonly contains polished and striated grains, along with
low RA and Cu indices (BENN, 2004). Annual changes or events can be indicated either by an erosive contact in
the boundary layer of stratified sediments or by a transition from a laminated depositional environment (marginal
to the ice with seasonal variations, subglacial flow, or meltwater action) to a massive deposit (lodgement till or
subglacial deformation). An advance of the glacial margin over a succession of proglacial fans or deltas causes
subglacial deformation of the sediments (BENN; EVANS, 2004).

5.2 Indicativos do tipo de transporte sedimentar (ativo ou passivo)

The sediments in the moraines are marked by poorly sorted granulometry and a bimodal/multimodal
distribution. Most samples associated with these landforms exhibit high RA values and low Cu values, with grains
that are angular to very angular. Sample 8, collected from a recessional moraine (Figure 5A) in contact with the
Baranowski Glacier, comprises 54% gravel and 46% sand, with the fine sediments likely transported by water
(Table 3). The sedimentary morphology of different depositional environments varies according to their erosion,
transport, and deposition histories (BENN, 2004). Their multimodal distribution is typical of active transport
(BENN; EVANS, 2010). A low Cw index suggests active subglacial transport with grains that have been significantly
modified during transit, adopting a more spherical shape.

Sample 9 was collected near a drainage channel adjacent to the current front of the Baranowski Glacier; its
sediments are influenced by tidal oscillations, which contribute to their reworking and remobilization. The
marginal zones of the glaciers tend to contain coarse sediments, as they are proximal to the source areas (TRUSEL
etal., 2010). Samples 6 and 7 share similar characteristics, with the RA/ Cs« covariance indicating a mix of transport
modes and possibly a mixture of lithologies.

Regarding the sedimentary characteristics of samples associated with subglacial forms, there is generally
greater grain sorting than in other samples. Samples 1 and 5 share similarities by having low Cw values and a
significant proportion of angular to subrounded grains, indicative of active subglacial transport (abrasion,
fragmentation, and polishing) under conditions of high transport energy and the presence of subglacial meltwater.

Sample 1, collected in the proglacial area of the Windy Glacier on a high, distal plain perpendicular to the
glacier front, exhibits the granulometric distribution typical of subglacially transported sediments. These
sediments undergo processes such as abrasion and fragmentation, which generate numerous fine particles and
cause grain quarrying (BENN; EVANS, 2010). The active subglacial transport is confirmed by the low Cw index
and the presence of grains that have been notably modified during transport, ranging from subrounded to angular.
In the study area, flutings are recognized by having better-sorted sediments than those found in the moraines,
displaying low Cu values, rounded grains, and striations. This deposit may be reworked, with its fine sediment
fraction being transported to areas distal to the current glacier front.

Sample 5 has a low Cw index (22%), evidencing subglacial transport and grains that have been significantly
modified during active transport, adopting a more spherical shape. The low or absent presence of fine-grained
deposits suggests that these have likely been transported by meltwater to other locations, leaving predominantly
larger grains.

The analysis of morphoscopic and granulometric characteristics allowed us to infer the genesis (subglacial,
englacial, and supraglacial) of the glaciogenic sediments. The sedimentary characteristics of flutings, eskers, and
moraine deposits have been described for other proglacial environments on the same island and form the basis for
interpreting these landforms and validating the generated mappings. According to Kreczmer et al. (2021), Perondi,
Rosa and Vieira (2019) and Perondi et al. (2023), these landforms have not been recorded in sedimentary studies
yet. Studying the relationship between local geomorphology and sedimentation processes was important because
it provided insights into relict processes.
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6. Final considerations

Baranowski Glaciers reveal a diversity of depositional and erosional processes associated with glacial
dynamics. Depositional features such as moraines, eskers, and flutings were identified, and most samples exhibit
striated grains, suggesting that they are glaciogenic deposits. The differences in granulometric and morphoscopic
characteristics among the samples demonstrate a direct relationship between the processes of transport, deposition,
and erosion, as well as the influence of the glaciers” wet basal thermal regime.

Active subglacial transport with high transport energy and the presence of subglacial meltwater was
identified based on the sedimentary characteristics of samples from the proglacial areas of the Windy and
Baranowski Glaciers. However, in general, the samples collected near the Baranowski Glacier show a higher degree
of grain reworking during glacial transport. Regarding the sampling in the proglacial area of the Windy Glacier, it
is recommended to increase the sample size in areas that became ice-free prior to the 1970s, and also to sample the
lateral moraine, in order to compare processes and sedimentary characteristics that might indicate changes in
glacial processes and the presence of sediments unmodified by weathering.

Precipitation and atmospheric temperature are fundamental elements that condition the behavior of glaciers
over time, influencing their advance, retreat, and the duration of their stability. Prolonged periods of frontal
stabilization can be better understood through future studies on the chronology of deposits, such as the more
extensive and prominent lateral moraines in the study area. It is important to expand the dating of sedimentary
records in Admiralty Bay in order to more precisely characterize fluctuations of glacial fronts prior to the 1950s.

Recessional frontal moraines provide evidence of periods of glacial front stabilization followed by retreat,
revealing how glaciers respond to variations in atmospheric temperature. Both glaciers analyzed exhibit a
proglacial environment with various glacial depositional features, in addition to having undergone significant
retreat over recent decades. The recent reduction in glacier thickness is evidenced by the presence of smaller, or
even absent, moraine banks in the marginal ice environment, especially in the case of the Windy Glacier.

Furthermore, as glaciers terminating in a terrestrial marginal environment lose area, new ice-free areas are
forming, accompanied by the emergence of distinct environmental dynamics and configurations in a sector highly
susceptible to paraglacial activity. Thus, monitoring the transformations in these landforms and adjacent sectors is
essential for understanding the ongoing geomorphological and hydrological processes.

Future work could focus on spatially delineating mesoscale depositional landforms using data from other
studies and high-spatial-resolution images, with the aim of deepening our understanding of the processes
operating in the proximal and distal portions of the current glacial margin.
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