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abstract

The aim of this study is to investigate the geomorphological struc-
ture and genesis of the submarine relief under the influence of
morphogenetic factors within the sub-Antarctic shelf area near
the Argentine Islands, where the ‘Akademik Vernadskyi’ Ukrai-
nian Antarctic Station is located. The research is based on the
construction and analysis of a digital seafloor model using GIS
tools. The primary data for constructing the digital terrain model
(DTM) of the studied water area were bathymetric maps from
the British Admiralty (Admiralty Surveys of the UK), along with
maps constructed based on echo-sounding (boat-based) depth
surveys. The database covers an area of 5.6 km” and includes 760
data points. The 3D model was created using ArcGIS software and
Surfer 10. The model provides a clear illustration of the surface
relief formed under the influence of endogenous and exogenous
geological processes. The Argentine Islands are considered a horst,
bounded by a fault. The model reveals the fault-scarp nature of
the main fault that separates the Argentine Islands horst from
the Penola Strait, as well as horizontal ledges of large blocks and
second-order step-faulted blocks that complicate the displace-
ment surface, small transverse depressions with suspension flow
deposition cones. In the underwater relief, the straits between the
islands appear as shallow, linear depressions oriented parallel and
perpendicular to the marginal fault. Their formation resulted from
the combined influence of primary tectonic factors and secondary
glacial erosion processes. It is likely that these depressions were
initially formed under terrestrial conditions due to glacial erosion
by descending glaciers moving toward the deep strait during the
Quaternary glaciation, when sea levels were significantly lower.
The applied method of three-dimensional modelling has proven
to be an effective tool for visualising the features of the submarine
relief. The generated digital terrain models clearly reveal fine-scale
elements of the seafloor morphology that are not readily discer-
nible from conventional bathymetric maps.
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HocnigkenHs i Bisyanizanisa nigBogHoro penbedy ApreH-
TUHCBKNX OCTPoBiB (3aximHa Anrapkruka) I'IC meTomamn

Mapuna Kpouak, Banentun Iono6opopbko, €Esren Bopomaii

Pestome. MeToto po60TH € OCTiIKEHH: reoMOpooriyHoi 6yI0BY MiTBOTHOTO penbedy Ta IIOro reHesu-
Cy Iifj BIUIMBOM penbedOoyTBOPIOI0OYMX PaKkTOpiB, B Mexax IIpraHTapKTUYHOrO IIe/bdy B paitoHi ApreH-
TUHCBKUX OCTPOBiB, Jle PO3TalllOBaHa YKpaiHCbKa aHTApKTMYHA CTaHIiA «AKafieMik Beprazgcpknit». [lo-
CTimKeHHs 6asyerbest Ha mobyoBi Ta aHanisi sacob6amu I'IC nudposoi Mozeni MOpCchKOro fHa. BuxigHu-
mu gaHuMu nooyposu IIMP akBaropii € 6aTumerpudni kaptu bpuraucskoro agmipanreiictsa (Admiralty
Surveys of the UK), a Takox kapTu, 1o6ygoBaHi Ha OCHOBI ex0/lOTHMX (KaTepHUX) mpoMipis rnbuH. basa
[IAHUX OXOIUTIOE TUIOITY 5,6 KM i MicTuTh 760 ToUOK. {7151 cTBOpeHHs 3D Mofieni 3acTOCOBaHO IPOTpaMHe
3abesnedenHs ArcGIS ta Surfer. ApreHTHHCBKI OCTPOBYM PO3ITIAAIOTHCS SIK TOPCT, 0OMEXEHMIT pO3IoMa-
Mmu. Ha Mogerni nposBIA€TbCA CKUIOBUIL XapaKTep FOIOBHOIO PO3PUBY, 1[0 BiJOKpeM/II0€ APreHTUHChKI
oCTpoBU Bifi TpoTokyu IleHoNa, TOPM3OHTA/IbHI IIOAAKY KPYIHMX OJIOKIB Ta GJIOKM APYIrOro HMOPSAKY
CTYIIHYaCTOro CKMAY, 10 YCKIaJHIOITh IIOBEPXHIO 3MilllyBaya, piOHi IoIepeyHi yJIOrOBMHYU 3 KOHYCaMM
BMHOCY CYCNeH3iiiHIX MOTOKiB. ¥ mifBosiHOMY penbedi IPOTOKM MK OCTPOBaMM TIPOABIAIOTHCA AK He-
r1nbOKi IpsIMOJIIHINHI fenpecii, OpieHTOBaHI IMapaseNbHO i MePHEHANKYIIPHO KPAloBOMY CKMAY. IxHe
¢dopMyBaHHsA Bigby1OCs Mmifi BIVIMBOM IEPBMHHOTO TEKTOHIYHOro (hakTopa Ta BTOPUHHOI eK3apaliiiHoi
IisSIBHOCTI JIbOJOBMKIB. MOXKHA IMPUITYCTUTH, Lii ferpecii copmyBanucs e B HA3eMHUX YMOBAaxX y pe-
3y/IbTaTi ex3apallil CIIOB3aI0YNMX JIbOJJOBYKIB ¥ HAIIPSAMKY ITIMOOKOI IIPOTOKM TIifl YaC MAaKCUMATbHOTO eT-
BEPTMHHOTO 3aJIefieHiHH:A, KO piBeHb MOpsA 6yB 3HAYHO HIDKYMM. 3aCTOCOBAHUIT METOJ, TPUBUMIPHOTO
MOJIeIIOBaHHSA 3apeKOMEH/IyBaB cebe sAK eeKTHMBHMIT 3aci6 Bisyasisawuii ocobmmBocTell MiIBOTHOIO pe-
nbedy. CrBopeHi nudpoBi Mofeni penbedy 4iTKO BUABIAIOTH ApiOHOMAcIITabHI eneMeHTH MOP(OOrii
MOPCBKOTO JIHa, AKi HeJIeTKO IOMITUTY Ha 3BMYAIHIX 0aTUMeTPUYHUX KapTax.

KniogoBi cmoBa: ApreHTUHCBKI OCTpOBY, [IpranTapkTuaHuMi ebd, MaTeMaTNIHa MOJEIb, MMiBOLHIMIT
penbed, 6I0KOBO-PO3TIOMHA TEKTOHIKA, eK3apaliiiiHa Jis/TbHICTb TbORY.

Appeca nna 38’a3Kky: Mapuna Kpouak; InctutyT reonoriunux nayk HAH Vkpainy; Byn. O. [onyapa, 55b,
Kuis, 10054 Ykpaina; Email: mkrochak1960@gmail.com, orcid: 0000-0003-4144-7098.

Introduction

On 3 November 2010, the Cabinet of Ministers of Ukraine adopted Resolution No. 1002 ‘On Ap-
proval of the State Target Scientific and Technical Programme of Research in the Antarctic for 2011-
2020 The purpose of the programme is to conduct fundamental and applied scientific research in the
Antarctic, to ensure effective functioning of the ‘Akademik Vernadsky’ Antarctic station. Geological
and geophysical studies of the Antarctic shelf are included in the programme of scientific activities
in the Antarctic carried out by the National Antarctic Research Centre of the Ministry of Education
and Science of Ukraine. Scientific institutions of the National Academy of Sciences of Ukraine are
involved in the work.

The novelty of the study is the use of a digital elevation model to clarify the features of the sea-
bed geomorphology formed by certain geological processes, such as ice erosion and suspended sedi-
ment flows. The study area, i.e. the area of the Argentine Islands, is located near the west coast of
the Antarctic Peninsula as part of the Wilhelm Archipelago (Fig. 1). It is located 9 km south-west of
Petermann Island and 7 km north-west of Cape Tuxen on the Kyiv Peninsula and is separated from
the peninsula by the Penola Strait. The area is represented by a group of islands separated by shallow
straits, one of which hosts the Ukrainian Antarctic station ‘Akademik Vernadsky’ (Cape Marina of
Galindez Island). The Argentine Islands are considered as a horst, complicated by a stepwise discharge
of the eastern wing and a simple single-block discharge of the western wing. The horst is bounded by
a discontinuity, the strike of which coincides with the direction of the fairway part of the Penola Strait
[Kylchitskiy et al. 2010]. The relief of the islands is hilly, with insignificant dissection. The highest
points do not exceed 50 metres. The shores are rocky, except for those covered by glaciers. The rocks
exposed on the islands are mainly of volcanogenic and metamorphic origin.
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Puc. 1. JlocmimpxyBaHa pindHKa
ApreHTMHCHKUX OCTPOBIB Ha (I10-
Ka3aHa YepBOHMM KBaJpaToOM) Ha
Marli AHTapKTMYHOTO MiBOCTPOBa
[Krzewicka et al. 2024].

Fig. 2. Source cartographic material and DEM: (a) a fragment of the British Admiralty chart of the Argentine
Islands area; (b) visualisation of the sequential stages of mathematical model creation.

Puc. 2. Buxigunit kaprorpadiuumit matepian ta IMP: (a) pparment kaptu bputancbkoro Anmipanteiicta
aKBaTopil AIIAHKM APreHTMHCHKUX OCTPOBIB; (b) Bisyaisaliis moc/mifOBHUX CTaziil TOOYAOBY MaTeMaTUYHOL
MOJIEJTi.

The relief-forming role of geological processes of the western shelf of the Argentine Peninsula has
been investigated by foreign and Ukrainian scientists [Gozhik et al. 2002; Greku 2006; Dowdeswell et
al. 2008; Kylchitskiy et al. 2010; Gales et al. 2013]. The methodology used to analyse the mathematical
model of the underwater relief of the Argentine Islands block allowed us to confirm the previously
formulated conclusions about the joint action of tectonics and glacial exaration in the formation of
the bottom geomorphology in this area. Our studies reveal new details of the underwater relief and
add information about the presence of canyon-like transverse depressions on the eastern slope of the
horst, probably caused by the erosive action of suspension flows.
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The purpose of this work is to study the underwater relief in the area of the Antarctic Islands where
the ‘Akademik Vernadsky’ station is located and to identify the natural factors that led to its forma-
tion. Using numerical data from bathymetric maps, we sequentially conducted stages of mathemati-
cal modelling to construct three-dimensional digital elevation models (DEM) between the islands
Skua, Galindez, Winter, Corner, Grotto, and the Forge Islands (Fig. 2). Such visualisation allows us to
comprehensively study the topography of the site, describe it in detail, and trace the effect of natural
geological factors that influenced their formation.

Materials and Methods

The territory of the Argentine Islands (geographic coordinates 65°13'45"-65°16'00" S, 64°18'00"-
64°12'00" W) and an area of 5.6 km? was selected for building 3D models. This area represents a group
of islands separated by narrow straits formed as a result of the rise in the level of the world ocean
after the melting of the ice cover of the Quaternary glaciation. The basis for mathematical modelling
of the relief were bathymetric charts of the British Admiralty Surveys of the UK (Admiralty Surveys
of the UK) at a scale of 1 : 60 000 (1996) tablet No. 4655. The cartographic data were supplemented
with echosounder (boat) measurement data 2002 visualised on the bathymetric map of the Argentine
Islands archipelago [Gozhik et al. 2002].

The depth database included an array of XYZ coordinates of 730 measurement points and digitised
bathymetric map marks. Statistical and cartographic analyses of bathymetric data were performed us-
ing Surfer package functions. Kriging interpolation type was used to predict values at points with no
measurements based on data from surrounding points. Further construction and processing of the
obtained model with visualisation of relief features of the study area was performed using ArcMap
software modules.

Results and Discussion

The basic DEM of the seabed and islands based on depths taken from existing maps was initially
created using the Surfer package functions (Fig. 3a). The resolution and quality of this DEM depends
on both the input data and the chosen interpolation method. The modelling resulted in a surface that
is generalised, smoothed, and does not show small elements of the underwater relief.

Further processing of the DEM, aimed at reproducing the relief details, was performed in the
ArcGIS software and its modules. The ArcMap module was used to georeference the paper map and
create a vector input model (Fig. 3b). A simple but robust method of manual data entry at sector junc-
tions was used to combine the individual sectors into a single model. The data were converted to a
TIN model (Fig. 4a). The next step was to build a raster digital model consisting of cells, each of which
has its own height value (in our case, a colour shade corresponding to depth).

For better visual perception of the relief features of the research object, a suitable vertical scale was
chosen. The standard colour scheme was changed: brown-blue shades were used for visual perception
of the mathematical model reflecting the seabed with islands (Fig. 4b). Based on this model, the final
three-dimensional volumetric surface model was created.

The number of classes (height intervals) was increased to improve detail and smoothness of colour
rendering. Level flat areas around the islands and between the islands of Winter, Skua, and Galindez
probably correspond to areas of ice cover. Therefore, the model surface at -5...0 metres was high-
lighted in white, giving it a greater resemblance to the natural environment of the circumpolar basin
(Fig. 4c).

The final model (Fig. 4¢) is as close as possible to the natural object and clearly reflects small details
of the underwater relief that were not visible on the original maps and images. It allows the relief of
the seabed surface formed under the influence of endogenous and exogenous geological processes to
be studied, and to clarify the preliminary results of research and reveal the features of the geomorpho-
logic structure of the seabed of the investigated water area.
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Fig. 3. Digital relief model of the section of the Argentine Islands: (a) the initial 3D base model (Surfer); (b) the
initial vector model (ArcMap).

Puc. 3. Lludposi Mopeni penbedy BiMAHKM APreHTMHCBKMX OCTPOBIB: (a) mepira 6asosa 3D mopens (Surfer);
(b) BuxinHa BeKTOpHA MOZENb, (ArcMap).

®

Fig. 4. Digital relief model of the section of the
Argentine Islands: (a) TIN (Triangulated Irregular
Network) mathematical 3D model; (b)) DEM (Digi-
tal Elevation Model); (¢) the final 3D model. Models
were created using ArcMap software modules.

Puc. 4. LHludposi mopeni penvedy minsgukm ApreH-
TUHCBKYX ocTpOBiB: (a) TIN (Triangulated Irregular
Network) matematuuna 3D mopens; (b) DEM (Di-
gital Elevation Model) undposa mozens penpedy;
(¢) xinnesa 3D mopens. Moperni mo6ynoBaHi MORy-
JISIMY TIPOTPAaMHOTO 3abe3medeHHs ArcMap.

The horst nature of the studied area is clearly illustrated by the constructed model, as detailed by
Kylchitskiy et al. [2010]. It reproduces well the normal fault character of the main north-east trending
fault separating the Argentine Islands from the Antarctic Peninsula. Additionally, clear horizontal
terraces of large blocks and secondary step fault blocks are discernible, complicating the fault plane.
The 360° rotation of the model (Fig. 5) allows us to better examine small geomorphological elements
on the eastern wing of the structure. These are shallow transverse hollows that cut through the east-
ern steep slope of the horst. Some of these resemble canyons typical of the continental slope of the
Antarctic mainland margin, studied by researchers on the western slope of the Antarctic Peninsula
[Dowdeswel et al. 2004; Greku 2006; Dowdeswell et al. 2008; Gales et al. 2013; Campo et al. 2017].
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Fig. 5. Raster model built using ArcGIS methods from two spatially different orientations: (a) from north to
south, (b) from northwest to southeast.

Puc. 5. PactpoBa Mogensb, mobynosana Merofamu ArcGIS 3 BOX IIPOCTOPOBO OPi€HTOBAHUX IIO3MULIIL: () 3
MiBHOYI Ha MiBJeHb, (b) 3 miBHiYHOTO 3aXOJly Ha MiBJEHHMII CXifl.

As indicated in these studies, canyon formation is linked to the erosive action of submarine turbid-
ity currents containing sedimentary material released from beneath ice sheets. Currents move from
the edge of the shelf down the continental slope and unload debris material at the base of the slope,
forming sediment cones. In the DEM, these transverse troughs can be interpreted as shallow gullies
resembling canyons, serving as prominent drainage channels for debris material from the uplifted
Argentine Islands block towards the Penola Strait.

In our digital elevation model, the straits between the islands appear in the underwater topogra-
phy as shallow (within the first few tens of metres), straight depressions oriented both parallel and
perpendicular to the marginal fault. Researchers primarily associate this regular orientation of geo-
morphological features with tectonic factors—specifically, the formation of longitudinal and trans-
verse structures along second- and third-order faults [Greku 2006; Kylchitskiy et al. 2010]. In addition
to tectonics, the formation of these trough-like valleys was significantly influenced by the erosional
activity of flowing glaciers and meltwater streams originating from the ice sheet. According to re-
searchers [Heroy & Anderson 2005; Greku 2006], during the maximum Quaternary glaciation, when
sea levels were lower, this part of the shelf was exposed as land and covered by ice sheets. As the gla-
ciers moved down the slope following the general
relief gradient, they scoured the subglacial bed-
rock, carving out U-shaped valleys with flat bot-
toms and steep sides. The underwater topography
of depressions between islands of our DEM closely
resembles glacial trough valleys found on land.
Also, this is clearly illustrated by digital elevation
models of the seafloor in the Skua Creek Bay area
(based on echo sounding data) created by Sinna et
al. [2015] (Fig. 6).

Fig. 6. Seafloor section of Skua Creek Bay based on echo
sounding survey data [Sinna et al. 2015].

Puc. 6. [Tinsuka qua satoku Skua Creek 3a maHuMu exo-
noTHOI 3itoMKu [Sinna et al. 2015].
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Conclusions

The applied method of three-dimensional modeling has proven to be an effective tool for visualis-
ing the features of the submarine relief. The generated digital terrain models clearly reveal fine-scale
elements of the seafloor morphology that are not readily discernible from conventional bathymetric
maps. These detailed data on the underwater topography of the Argentine Islands sector serve as
valuable supplementary information for reconstructing the geological processes that have shaped the
present-day morphology of the region.

The relief of the Argentine Islands has developed as a result of the combined influence of endog-
enous and exogenous factors. Tectonic activity has determined the geological framework of this horst
zone, whereas surface processes—such as meltwater erosion and glacial scouring—have contributed
substantially to the formation of secondary landform features. Glacial exaration played a crucial role
in the development of trough-shaped depressions between the islands. These features most likely
formed during the peak of the Quaternary glaciation, when glacial trough valleys developed under
terrestrial conditions.

Moreover, the morphology of the steep horst slopes has been further modified by both erosional
and depositional processes associated with turbidity flows. Suspension currents transport terrigenous
particles, and their combined erosive action—stemming from the movement of water and entrained
solid material —induces linear incision into the rocks of steep slopes. This process results in the for-
mation of canyon-like depressions that serve as primary pathways for the downslope transport of
clastic material from the uplifted block of the Argentine Islands towards the Penola Strait. The trans-
ported debris is subsequently deposited on the horizontal benches of the stepped fault structure,
forming small alluvial fans.
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