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Abstract. During the austral summer field seasons of the 1995-2004
Polar Marine Geological Research Expedition (PMGRE) within the
frame of the Russian Antarctic Expedition (RAE) carried out ground-
based geophysical investigations in the sub-glacial Lake Vostok area
in order to study the ice sheet and bed relief. Geomorphological
analysis of the data allowed better understanding of sub-ice and
sub-water structures. The most striking structure is the Vostok Ba-
sin which subdivides into five main substructures: lake plane, deep-
water hollow, sub-water ridges, internal and external slopes. We
detected six principal morphological substructures outside the
Vostok Basin: lowlands, low hilly planes, high planes, ridged plane,
Komsomolskiye Mountains and middle mountain land. A geomor-
phological chart has been produced.

Introduction

Russian investigations of the Lake Vostok area were started
in 1995 by the Polar Marine Geological Research Expedi-
tion (PMGRE) within the frame of the Russian Antarctic
Expedition (RAE). They were part of the scientific endeav-
our dedicated to the existence of the large subglacial lake
named Vostok (Ridley et al. 1993; Kapitsa et al. 1996) and
devoted to ice sheet and bed relief studies. The Russian
field work (Fig. 3.6-1) included radio echo sounding (RES)
and seismic reflection measurements (Masolov et al. 1999,
2001, 2002; Popov et al. 2001, 2003b, and others).

In 1999, airborne geophysical research (including RES)
was carried out over the Lake Vostok region to determine
the ice thickness, bedrock topography, lake shape, the
amplitude of the bottom reflections and other characteris-
tics (Tabacco et al. 2002). A good coverage of the lake area
by the geophysical data was carried out by Americans dur-
ing the field season of 2000. They collected airborne RES,
magnetometric and gravimetric data on the regular net-
work 7.5x11.25 km? (Studinger et al. 2003; and others).
All the data allowed forming the first insights into the sub-
glacial morphology and tectonics of the area (Masolov et al.
2001; Popov et al. 2002; Studinger et al. 2003).

It is necessary to note that the investigations of the Lake
Vostok area are crucial for a number of Antarctic scien-
tific fields. Analysis of the ice core data from the unique
5G-1 borehole (drilled in 1991-1998 at Vostok Station)
enabled to reconstruct the climate history of our planet
over the past 420 ka (Lipenkov et al. 2000; Petit et al. 1999).

Besides, comparison of the ice core and RES data, tracing
and dating of the radar layers allowed estimation of the
features of the ice sheet formation (Mandrikova et al. in
press; Siegert et al. 1998; Popov 2003). In this respect the
region of Lake Vostok is the most convenient because of
the availability of numerous RES lines. Another principle
problem is the questions of the formation and existence
of the subglacial lakes. Lake Vostok is the biggest and the
best studied one by geophysical, glaciological and biologi-
cal methods. Therefore, understanding of the processes
occurring in the lake and in the ice sheet results in under-
standing the nature of other similar objects (Dowdeswell
et al. 2003; Siegert et al. 2001).

The Lake Vostok area is characterized by a major fault
system which can be extended for a long distance
(Leitchenkov et al. 1998). In this respect, the understand-
ing of the tectonics and geological history of this region
is important for studying the East Antarctic deep struc-
ture. As a first step, the geomorphological analysis could
be used being one of the best ways for bed relief study.
The proposed sketch is one of the first of our attempts of
geomorphologic analysis of the bed relief which is cov-
ered by a thick ice sheet (Popov et al. 2002).

Data and Methods

Russian geophysical investigations were directed to the
bed relief and contouring of Lake Vostok. Mapping of the
lake bottom was accomplished by seismic reflection work,
while RES was applied for mapping of the bedrock to-
pography outside the lake (Masolov et al. 2001, 2002;
Popov et al. 2001, 2003b). Between 1995 and 2004, data
from 196 seismic reflection shots were collected and about
3250 km of the RES profiles were obtained. Position of
the seismic shots and RES routes are shown in Fig. 3.6-1.

To get accurate seismic data it is necessary to measure
the acoustic velocities in ice. Toward this end, during the
austral summer field seasons of 1996-1998 we performed
vertical seismic profiling in the 5G-1 borehole to define
the acoustic velocities. Logging device was kindly pro-
vided by Prof. Heinz Miller (AWT, Bremerhaven). The mea-
surements allowed calculating the acoustic velocity in pure

From: Flitterer DK, Damaske D, Kleinschmidt G, Miller H, Tessensohn F (eds) (2006) Antarctica;
Contributions to global earth sciences. Springer-Verlag, Berlin Heidelberg New York, pp 141-146




142

Sergey V. Popov - Alexander N. Lastochkin - Valeriy N. Masolov - Anatoly M. Poapkov

Fig. 3.6-1.

Location map of Lake Vostok
area. 1: Russian RES routes;

2: sites of Russian reflection
seismic soundings; 3: location
of the cross sections shown in
Fig. 3.6-2; 4: confidential Lake
Vostok grounding line; 5: sup-
posed Lake Vostok grounding
line; 6: surface elevation con-
tours (m)
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ice using the direct wave. The velocity is 3920 m s™\. Aver-
aged velocity from the ice surface to the ice base is
3810 m s . This value is used in all our investigations in
the Lake Vostok area. Ice thickness in the 5G-1 borehole
vicinity, defined using the direct and reflected waves from
the ice base (3750 m), is in good agreement with the RES
data (Popov et al. 2003a). During the field season of 1999/
2000 wide-angle seismic reflection measurements were
performed in the vicinity of Vostok Station to measure
the average velocity of the radio wave propagation in ice,
which is 168.4 £0.5 m ps™' (Popov et al. 2003a).

Our geomorphological chart was based on the stan-
dard procedure for morphological classification. The
boundaries between the regions are the following ele-
ments: Lines of maximal steepness of convex or concave
forms (Lastochkin 1987, 1991; Spiridonov 1975). The space
between the structural elements is genetic homogeneity
for scale mapping. Specific features of the regions depend
on such morphometric characteristics as relative and ab-
solute height, displacement, gradient, shape and geologi-
cal information. The last one is inaccessible because the
bedrock is covered by ice.
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Fig. 3.6-2. 800 -

RES and seismic cross sections. g
The locations of the routes are 5 1
shown in Fig. 3.6-1 z 1 Eh
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It is necessary to note that the geomorphological chart
derived is based on the RES and the seismic cross sec-
tions. Some examples are shown in Fig, 3.6-2. The use of
the real cross sections is more correct than the use of the
contour map since the process of contouring results in
smoothing the data. Some smoothing is acceptable for
producing and describing the geophysical data but inap-
propriate for geomorphological analysis.

T
300

Morphology

The reflection seismic and RES data show a dominating
structure in the region that is the Vostok Basin (Fig. 3.6-3).
Its size is approximately 270 x 80 km. The basin configu-
ration is oval-shaped in $-N direction and complicated
by a number of small-size structures located along the
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western side of the basin. The eastern side of the basin is
mostly rectilinear south of 77°. The basin boundary is
marked by edges of mountain ridges and other enveloped
positive forms of the bed relief. The Vostok Basin is sub-
divided into five main substructures (Fig. 3.6-3): lake
plane (LP), deep-water hollow (LD), sub-water ridges (LR),
internal (BS) and external slopes (LS).

The lake plain is located in the northern part of the
basin. It is possibly represented by sub-horizontal sub-
water surface -940 m deep and approximately 150 km
long. Our seismic data suggest that the depth variability
is about ten meters. This result is based on only four seis-
mic points Fig. 3.6-1, and 3.6-2). It is not enough to fully

Fig. 3.6-3. 102°

describe the mentioned large area. However, the randomly
located measurements showed practically the same bed-
rock height. The deep-water hollow has a pear-shaped
configuration with a depth from about -1 700 to -800 m. Its
relative height is approximately 250 m with a normal slope
of about 3° and the size is about 30 x 55 km (Fig. 3.6-2band
3.6-2¢). The relief of the deep-water hollow is complicated
by sub-water ridges and valleys with N-W and S-E direc-
tions mostly. Their relative heights are from 150 up to
400 m. Sub-water ridges subdivide the southern part of
the lake bottom into the deep-water and the shallow-
water basins (Fig. 3.6-2b). Its absolute height varies from
-780 up to —460 m. The ridge slopes are terraced. The

104°

Geomorphological pattern of
Lake Vostok area. Dashed lines
show sections of Fig. 3.6-2;
LP; lake plane; LD: deep-water
hollow; LR: sub-water ridges;
BS: internal slope; LS: external

slope; LL: lowlands; LH: low hilly w
planes; HP: high planes;

RP: ridged plane, KM: Komso-
molskiye Mountains, ML: middle
mountain land
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terraces are located at the depths of about -1 380, -1 270,
-940, -860, -600, -520, -480 and —-460 m. They are char-
acterized by different sizes from 1 up to 7 km long
(Fig. 3.6-2b and 3.6-2c¢). The internal slope is positioned
north of the deep basin between the deep-water (in the
Vostok Station area) and shallow-water regions. Its depth
varies from about -1 400 to -930 m with an angle app. 0.5°
(Fig. 3.6-2c). The external slope of the Vostok Basin en-
circles all the mentioned substructures forming their ex-
ternal boundary. Its width changes from kilometres to
several tens of kilometres. Elevation of the external slope
varies from -1 300 to about 400 m. The slope angle is ap-
proximately 17-22° (Fig. 3.6-2b and 3.6-2c). Its structure
is complicated by valleys and canyons app. 1.5 km in width
and about 400 m in depth.

Subglacial relief of the area around the Vostok Basin is
very different. We identified four principal morphologic
substructures there (Fig. 3.6-3): lowlands (LL), low hilly
planes (HP), high planes (HP), ridged plane (RP), Kom-
somolskiye Mountains (KM) and middle mountain
land (ML).

The lowlands are located in the north and the south
from the Vostok Basin. They are valleys that represent
the prolongation of the main Vostok Basin. The abso-
lute height of the lowlands is from about -300 up to
sea level in the south and from about -500 m up to
-300 m in the north. Its surface is characterized by the
slope with the angle of approximately 1° to the Vostok
Basin side. The low hilly planes are best expressed in
the northern part of the Vostok Basin. Their absolute
height is approximately from -100 m up to 100 m and
complicated by single hollows and ridges of the W-E
directions in the northwestern part and S-N directions
in the northern part of the area (Fig. 3.6-2a). Its relative
height is about 200 m in general. The ridges width is
about 10 km. The high planes are located in the south
and east of the Vostok Basin. Their absolute height is
about 300 m mainly with several complicated ridges
about 100 m in height. The ridged plane is located to
the west from the Vostok Basin. Its principal feature is
a number of ridges in W-E direction. Having more then
400 m in relative height difference and about 10 km in
width, they are divided by a plane which is about 150 m
in height. It could be spurs of Sovetskiye Mountains,
which are hypothetically located between Lake Vostok
and Sovetskaya Station (PMGRE archives, not published).
Hypothetical Komsomolskiye Mountains are located
between Lake Vostok and Komsomolskaya Station (not
published). Their observed small part is about 800 m in
height. The last region is the middle mountain land lo-
cated east from the Vostok Basin. It is probably a frag-
ment of a high ridge. Observed bedrock height is about
from 400 up to 1100 m.

This is one of the first attempts of a morphological
analysis of the Lake Vostok bedrock. The authors hope to

continue this work using new materials to come from the
neighboring areas, which will result in better understand-
ing the Lake Vostok formation.
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