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SUMMARY 

The aim of the presented work is creating a 3D image of the seafloor of the northwest coast of the 
Antarctic Peninsula in the area of Argentine Islands at the location of the Ukrainian Antarctic station 
"Academician Vernadsky". The bathymetric maps of the seafloor of this water area became the actual 
material. Depths of 730 points in the area of 5,6 km 2 were taken to create the database. ArcGIS methods 
of spatial analysis were used to create the 3D model: Arc Map 10.1.4, Arc Scene 10.1.4, and Surfer 10. 
The simulation results are compared by different methods. It was concluded that there is an undeniable 
advantage of the model built by Arc GIS methods, which give an idea of the smallest elements of 
underwater terrain. The main geological processes that have formed the modern morphology of the 
seafloor are the tectonics of fault character and the exogenous erosion glacial plowing processes, 
processes of the suspension flows that created the submarine valleys between the islands and canyons 
on the continental slope. 
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Introduction 
 
Geological and geophysical exploration of the Antarctic shelf is part of the state targeted scientific 
and technical program of scientific activities in Antarctica, conducted by the National Antarctic 
Science Center of the Ministry of Education and Science of Ukraine. The main research area is the 
area of the Argentine Islands, separated from the peninsula by the deep Penola Strait. The distance to 
the mainland is about 7 km (Cape Tuxen on the Kiev peninsula). Relief of the islands is hilly, with a 
slight dismemberment. The highest points do not exceed 50 meters. The shores are rocky, except for 
the shores covered with glaciers. The islands are composed mainly of volcanic and metamorphic 
rocks. In the framework of the research work "Bottom sediments of the offshore shelf near the 
"Academic Vernadsky Station": lithology, mineralogy, organic residues, the impact of natural and 
man-made factors on the environment" performed by the staff of the Institute of Geological Sciences 
of the NAS of Ukraine, we constructed mathematical 3D models of the underwater relief between 
Skua, Galindez, Winter, Corner, Grotto and Forg islands (Figure 1). Such visualization makes 
possible to thoroughly explore the object of observation and to give its full description. Such data 
provide important information for paleogeographic reconstructions and geological processes that have 
shaped modern seafloor morphology. 
 

 
Figure 1 A fragment of the British Admiralty Surveys’s map (on the right) of water area and 
Argentinean islands is taken for modeling. 
 
Methods 
 
An area of 5.6 km2 was selected to construct 3D models of the studied area. The factual material were 
bathymetric maps of the British Admiralty Surveys scale 1: 60 000 (1996), tablet № 4655 and the 
bathymetric map of Greku T.R. (Gozhyk et al., 2002) of Argentine Islands archipelago, which was 
made using the information of the echo-sounder survey of the Ukrainian Antarctic Expeditions in 
1998 and 2002. To create the database were captured depth values and coordinates of 730 points. 
Methods of mathematical modulation of Surfer and ArcGIS software were used. 
 
Results of investigations  
 
The first basic 3D model of the surface with three parameters was built in the Surfer software (Figure 
2). The model is generalized, the elements of the underwater terrain are smoothed and do not give a 
complete picture of its features. 
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Figure 2 3D model built with the help of Surfer software. 
 
ArcGIS software and its modules were used to detail the model. ArcMap module was used to create a 
vector input model. The area was initially divided into sectors using tools. Next, digitization was 
performed and a vector general model was created. To solve the particular difficulties of combining 
individual sectors into a single model, we used a simple but reliable method of manually entering data 
at the junction of sectors. Shapefiles were used to combine the data into one project. For a successful 
transition from a vector model to the 3D model we used the TIN model, which is flexible enough to 
visualize smooth changes in terrain. The next step was to convert the model from TIN to a bitmap, 
composed of cells, each of which has its value (a color tint in our case) that matches the depth. The 
latter was the starting point for the creation of a volumetric 3D model of the surface. The Altitude 
Base feature helped to choose the vertical scale that is optimal for the natural object. When creating 
the final model, the standard color scheme was changed. For visual perception of the mathematical 
model, as the seabed with islands, brown-blue shades were chosen. Also, the pixels of the image have 
been increased to smooth color transition and to rise clarity. The flat areas around the islands and 
between the islands of Winter, Scua and Galindez most likely correspond to the ice sheet. Therefore, 
the surface of the model at a height of -5-0 meters was highlighted in white. These colors added the 
similarity of the model with the environment of the polar basin. The final model is shown in Figure 3.  

 
Figure 3 A bitmap model built by ArcGIS methods. 
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In our opinion, this model is as close as possible to the natural object, it clearly shows small details of 
the underwater terrain, which were not shown on the source maps and images. The model is an 
illustration of the surface relief formed as a result of endogenous and exogenous geological processes. 
It allows us to confirm previous researches and note new nuances in bottom geomorphology. 
Their relief-forming role was explored by Ukrainian scientists (Gozhyk et al., 2002, Greku T.R. , 
2005, Greku T.R. , 2006, Kylchitskiy A.J. et al.2010). The Argentine Islands are seen as a horst, 
complicated by the stepped structure of the east wing and simple single-blocked west wing. Horst is 
limited by a rupture faults the extension of which coincides with the direction of the fairway of the 
Penola Strait (Kylchitskiy A.J. et al.2010). The features of this tectonic structure are clearly illustrated 
by our model. It is possible to see the discharge character of the main rupture fault of the north-east 
extension, the site of large blocks of stepped discharge. Also are noticeable the second-order blocks 
that complicate the surface. The ability to rotate the model 360ᵒ allows to see depressions between 
islands that have a regular orientation - parallel and perpendicular to the main fault (Figure 4). 

 
Figure 4 Bitmap model is in a different spatial orientation. 
 
Researchers interpret these depressions as geomorphologic forms which are made as a result of the 
joint action of the primary tectonic factor (transverse second-order fractures of the shelf) and the 
secondary exorcising effect of gliding glaciers (Greku T.R., 2006). On the model it is quite clear to 
see hollows that cut a steep slope. Suspension streams moving in the direction of the deep Penola 
Strait create those hollows. In the lower part of some hollows, typical carry cones are observed. The 
erosion and accumulation of the suspension flows complicates the slope relief. 
 
Conclusions 
 
The use of geoinformation technologies to visualize the features of underwater terrain provides 
important information for the reconstruction of the geological processes that have shaped the modern 
seafloor morphology. The undeniable advantage of the model built by ArcGIS methods is that it 
shows the smallest elements of underwater terrain. The bitmap 3D model of the area of the Antarctic 
Basin and the Argentine Islands vividly illustrates the features of the relief and the course of the 
processes that contributed to its formation. The studied area was formed under the influence of both 
tectonic factors that determined the geological structure of the Argentine Islands horst zone, as well as 
the internal factors of glacial erosion. Exarcation caused the formation of troughs between islands. 
The formation of the slope of steep slopes was also affected by erosion and accumulation processes 
caused by muddy streams. 
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