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Abstract—The morphostructural characteristics of the main taxa of southern Indian Ocean, such as the Del
Cano-Crozet, Conrad, and Kerguelen plateaus, are given based on structural-tectonic analysis. A depth map
of the acoustic basement of the eastern part of the Afro-Antarctic megadepression is first built using the dig-
itized NGDS database on the thickness of the sedimentary cover of the Indian Ocean, which is available on
the Internet. A critical analysis of deep seismic sounding (DSS) data on the Kerguelen plateu hs been per-
formed. A geochemical analysis of more than 100 samples of basalts, acidic rocks, and rocks of sedimentary
origin, collected on the islands of the Kerguelen archipelago and raised by dredging and deep-sea drilling
from the Kerguelen and Conrad plateaus, is carried out. The study has shown that the plateaus resemble the
Madagascar Ridge in terms of morphostructure and a number of other features. It is concluded that these
flat-topped horst massifs were the part of the “structural bridge” that connected Madagascar and the eastern
part of mainland Antarctica no later than the Paleogene. A proposed alternative version of the geological inter-
pretation of the deep seismic data states that the plateau has a relatively homogeneous structure along the strike,
including a thick (at least 15-km) layer of continental crust. An analysis of the depth map of the acoustic base-
ment made it possible to identify the depocenters of the relatively isolated Enderby, Shackleton and Labuan
basins framing the Kerguelen Plateau on the southern side. The paragenetic connections of the Kerguelen
Plateau with the basins indicate that the isolation of the Kerguelen Plateau from East Antarctica and the for-
mation of the modern structure of the region began in the Late Cretaceous and ended with the last phase of
tectonic activation in the Late Miocene—Pliocene. The results of geochemical analysis show that the geo-
chemical and petrological anomalies of the plateau and islands are associated with the crust, and not with the
mantle contamination, as well as with the continental nature of the Kerguelen Plateau.

Keywords: aseismic ridge, oceanic plateau, depression depocenter, differentiated tectonic movements, dome-
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INTRODUCTION

According to plate tectonics, large geodynamic and
tectonomagmatic events such as the breakup of East
Gondwana and the Greater India northward flight
took place in the southern Indian Ocean (Johnson
et al., 1976). This so-called flight was associated with
high spreading rate, the estimated value of which
reached more than 20 cm/year (Moeremans and
Singh, 2014). After that, the structural map of mid-
oceanic ridges had changed and high spreading rates
gave way to ultraslow growth of the ridges (Cande and

Mutter, 1982). A large igneous province (LIP) was
formed. The breakup of this formation into two parts,
the West Australian Ridge and the Kerguelen Plateau,
which took place in the Eocene (Mutter and Cande,
1983), initiated a 1200-km drift of the Kerguelen Pla-
teau from the spreading axis to the southwestern flank
of the middle Australian-Antarctic Ridge, the area
where India was once located. Three hot spots, Ker-
guelen, Marion, and Crozet, and three ridges geneti-
cally related to them, the East Indian Ridge, the 85° E
Ridge, and the Chagos-Lakkadiv Ridge, had arisen in
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the southern sector (Curray and Moor, 1974). The
study of these issues in terms of plate tectonics is of
great interest, and it is quite obvious that it should be
continued.

Goals and objectives. This paper is focused on the
morphostructural, geological, geophysical, and geo-
chemical features of the Kerguelen Plateau and on
identifying its paragenetic relations with adjacent
structures without regard to the essentials of plate tec-
tonics. To address these issues, we constructed a map
of the acoustic basement, taking into account the
NGDS digital data on the thickness of the sedimen-
tary cover in the Indian Ocean. The results made it
possible to establish the structural features of the
acoustic basement hidden by the sedimentary cover
and, for the first time, reveal the depocenters of rela-
tively isolated basins adjacent to the plateau. In addi-
tion, the geochemical analysis of more than 100 sam-
ples of basalt and sedimentary rocks recovered from
deep-sea drilling, as well as samples of acidic rocks
collected during the MD 48 and MD 109 cruises of the
R/V Marion Dufresne, was carried out. Particular
attention was paid to the study of available materials
from the Internet and published sources. The results of
a generalization of the obtained and compiled data
made it possible to establish the peculiarities of the
geological structure of the Kerguelen Plateau and
identify the main features of the Mesozoic-Cenozoic
stage of the region evolution.

State of exploration of the Kerguelen Plateau. The
morphostructure of the Kerguelen Plateau is well-
studied. It is uniformly covered by a network of seis-
mic profiles, made by continuous seismic profiling
and common midpoint methods; detailed maps of
the magnetic and gravity fields have been compiled.
Deep seismic soundings were carried out in the
northern, central, and southern parts of the plateau,
as well as on Elan Bank and in the adjacent Enderby
Basin (Recg and Charvis, 1986; Recg et al, 1990;
Operto and Charvis 1995, 1996; Koénnecke et al.,
1997; Charvis and Operto, 1999).

Twenty deep-water wells have been drilled on the
Kerguelen Plateau and in the adjacent areas. Six wells,
736—738 and 744—746, were drilled in 1987—1988
during the 119th cruise of the R/V Joides Resolution
(wells 739—743 are located in Prydz Bay); in 1988, five
wells, 747—751, were drilled during the 120th ODP
cruise. Six wells, 1135—1140, were drilled during the
183rd IODP cruise in 1998—1999; wells 1165—1167
were drilled in 2000 during the 188th IODP cruise to
the Commonwealth Sea and Prydz Bay. Geochemical
analysis of the basalts of the Kerguelen Plateau, recov-
ered by drilling, showed that they are contaminated
with the material of the continental crust. However,
these results have not been unambiguously assessed,
since they could be interpreted either in favor of the
continental nature of the basement or the oceanic
nature of the plateau, with the mantle source heavily

IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS

1323

contaminated with continental matter. The represen-
tative collection of rocks samples of both basic and
acidic composition was collected by dredging from
bedrock outcrops and by sampling on the islands;
however, an examination of these sample does not give
a definitive answer to the question of the nature of the
Kerguelen Plateau.

Some Critical Remarks on Plate Tectonic Modeling
of the Southern Indian Ocean in Respect
to the Nature of the Kerguelen Plateau

The nature of the Kerguelen Plateau has been the
subject of a long discussion which is still not fully
resolved. In 1960—1970, most distinguished research-
ers preferred the continental nature of the plateau
(Wilson, 1963; Dietz, 1966; Heezen and Tharp, 1966;
Francis and Raitt, 1967; Laughton et al., 1970; Dietz
and Holden, 1971; Schlich and Patriat, 1971; Schlich
et al., 1971; Pushcharovsky and Bezrukov, 1973;
Hedge et al., 1973; Upton, 1983; Udintsev, 1989; etc.).
In support of their arguments, the authors of these
works gave the following arguments: (1) the discovery
of granite pluton with an area of 350 km? on Kerguelen
Island (Nougier and Lameyre, 1972); (2) the presence
of granite and metamorphic rocks inherent in the con-
tinental crust in the basement of the plateau (Ramsay
et al., 1986); and (3) a crust thickness 25 km, which is
anomalously high for oceanic plateaus, corresponding
more to a crust of the subcontinental type. It was
assumed that there is a structural connection between
the Kerguelen Plateau and the Gaussberg Volcano, so-
called Kerguelen—Gaussberg Riicken (Vanney, John-
son, 1982), and that together they form a Kerguelen—
Gaussberg Ridge, a continental fragment remained
after the collapse of Gondwana (Watkins et al., 1974;
Schlich, 1983; etc.).

As the popularity of the theory of plate tectonics
increased, the question of the nature of the Kerguelen
Plateau became more acute. The problem was there
was no place for such a large fragment of the continen-
tal crust like the Kerguelen-Gaussberg Ridge in the
new reconstruction of Gondwana. In order to solve
the problem of this “extra puzzle piece,” supporters of
plate tectonics attributed Kerguelen to the oceanic
plateau, endowing it with a complex history of geody-
namic development. The story of Elan Bank is a
prime example in this regard. When deep-sea drilling
provided irrefutable evidence of its continental
nature, it was declared a microcontinent, a fragment
of the Indian subcontinent that broke away during
the spreading axis jump (Wallace et al., 2002) and
joined the Kerguelen Plateau as a result of horizontal
drift. In the Eocene, the Kerguelen, together with the
Elan Bank, broke away from the West Australian
Ridge and, having overcome a distance of 1200 km as
a result of spreading, moved to the southwestern
flank of the Australian-Antarctic Ridge (Kent et al.,
2002; Borissova et al., 2003; Gibbons et al., 2013;
Vol. 57
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Fig. 1. Models of plate tectonic reconstructions of the eastern part of Gondwana: (a) after (Smith and Hallem, 1970), (b) after
(Veevers et al., 1975), (c) after (Markl, 1974), (d) after (Falvey, 1972), (e) after (Crawford, 1969; Sastri et al., 1981; Mohanty,
2012), and (f) after (Ridd, 1971).

etc.). As follows from the above, the Elan bank is a matic conglomerate consisting of two or three conti-
“foreign body” in relation to the Kerguelen Plateau. nental blocks (terranes), a fragment of a magmatic
As for the plateau as a whole, from the point of view province, and a hot spot (Borissova et al., 2003;
of plate tectonics, it appears to be a structural—mag- Leichenkov et al., 2018; etc.).
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Although the problem with the oceanic origin of
Kerguelen thus appears to be solved, the question of
the initial position of the Indian subcontinent in terms
of plate tectonic modeling remained open. In other
words, an algorithm that would determine the place of
this puzzle piece in the general scheme of the Gond-
wana continents has not yet been created (see Fig. 1 for
some models of plate tectonic reconstructions).

Currently, the most popular are two models that
differ in the position of the Indian subcontinent. One,
based on the reconstruction of Ahmand, was devel-
oped in the works (Crawford, 1969; Sastri et al., 1981;
Mohanty 2012; etc.) (see Fig. 1e). In this model, not
only the outlines of the coastlines of East India and
Northwestern Australia, but also the morphostructure
of the continental margins itself are in good agree-
ment. Thus, the eastern continental slope of India,
which, according to many prominent researchers, is
the steepest in the world (Udintsev, 1972), can corre-
spond as a mirror image to the large-amplitude scarp
of the Wallaby-Perth lineament, which extends along
the northwestern coast Australia (see Fig. 1¢). In addi-
tion, there is a good structural alignment between the
Mahanadi Graben (India) and the Fitzroy Graben
(Australia) (see Fig. 1e). This reconstruction is also
confirmed by the results of a comparative analysis of
the geology of India and Australia obtained by
Mohanty (2012). His studies of the Neoproterozoic
supercontinent Rodinia showed that the Dharwar
Craton in South India and the Yilgarn Craton in
Western Australia were closely located in the Paleop-
roterozoic and experienced a number of common
geological events in the course of their evolution.
Thus, the Satpura Mountains in India experienced
three episodes of orogeny (2100—1900, 2185, and
1650 Ma BP) with the development and closure of
basins. The Capricorn Orogen in Western Australia
also experienced three episodes of orogeny (2100—
1950, 2180, and 1650 Ma BP), which were also asso-
ciated with the development and closure of the
basins. This similarity suggests common evolution of
the cratons of India and Western Australia in the
Paleoproterozoic (Mohanty, 2012).

Another model was created based on the recon-
struction by Smith and Hallem (1970) and supple-
mented by Falvey (1972) (see Figs. 1a, 1d). The latter
included the Tibet Plateau to the India Subcontinent
and thus successfully filled the empty space between
India and Australia. Later, the concept of Greater
India became widely used in plate tectonic recon-
struction (Johnson et al., 1976; Gibbons et al., 2013;
etc.). This model provides a good agreement of the
outlines of the East India and East Antarctica coast-
lines along the 1.0-km depth line. It is confirmed by
good alignment of the Mahanadi (India) and Lambert
(East Antarctica) grabens (see Fig. 1d) on the map, as
well as by the similarity of metamorphic rocks of the
Archean granulite facies, which are involved both in
the East Ghat Belt of India and East Antarctica
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(Fedorov et al., 1982). This reconstruction maintains
a good alignment of the coastlines, but does not take
into account the structural features of the eastern con-
tinental margin of India, which has a characteristic
Barisal basement ledge, jutting into the Bay of Bengal.
In addition, the southern tip of the Indian subconti-
nent continues structurally towards the Central Basin
in the form of a Comorin Ridge, the southern part of
which, like the Barisal uplift, is overlain by a thick sed-
imentary cover of the Bengal alluvial fan (Illarionov
et al., 2016). These structural features exclude the pos-
sibility of convergence of continents to the distance
that was specified in the modeling, which, of course,
should be taken into account when creating new
reconstructions.

Structure of the Southern Indian Ocean
and Morphostructural Features of its Main Taxa

The southern sector of the Indian Ocean resembles
a triangle formed by the converging branches of the
Indian Mid-Oceanic Rifting System. Its northwestern
side is the West Indian Ridge (WIR). The northeastern
side is formed by two segments of the mid-ocean
ridge: the Central Indian Ridge and the Australian-
Antarctic Rise, connected via the Saint-Paul—
Amsterdam horst massif. The base of the triangle on
the southern side is the continental margin of the
ancient East Antarctica Platform, along which the
African-Antarctic megadepression extends from west
to east, with the western part extending beyond the
southern sector. Its maximum depth in the study area
(5.6 km) is located northeast of the Gunnerus Ridge.
The eastern closure of this depression is formed by the
Enderby Basin, with depths not exceeding 4.6 km; its
formation is associated with the separate depocenter.
The apex of the triangle falls into the Crozet Basin,
which encompasses a closed 5.0-km isobath, the max-
imum depth being 5.8 km (Figs. 2, 3a).

Unlike the basins located on opposite sides of the
triangle of the southern Indian Ocean, the main posi-
tive structures are grouped in its central part. These
include the Del Cano-Crozet Plateau, the Conrad
Plateau, and the Kerguelen Plateau (see Figs. 2, 3a).

The Del Cano-Crozet Plateau. is a large block
structure with rectilinear eastern and southern slopes,
which form a rectangular ledge, clearly expressed in
the relief by the contours of the 3.0-, 3.5-, and 4.0-km
isobaths. Structurally, the ledge faces the northern tip
of the Kerguelen Plateau. The northwestern side of the
plateau borders with the riftogenic West Indian Ridge
for over 1000 km (see Fig. 3). One characteristic fea-
ture of WIR is numerous submeridional faults break-
ing it into relatively narrow blocks.

Elevated blocks of the central part of the WIR were
surveyed using a manned underwater vehicle (Ivanov
and Vakaryuk, 1991; Lomakin and Ivanov, 2012). It
was found that they have a tectonic structure. Relict
Vol. 57
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Fig. 2. Bathymetric map of the southern Indian Ocean. Lambert projection numbers in circles: (1) Madagascar Island, (2) Mad-
agascar Ridge, (3) Mozambique Plateau, (4) Del Cano-Crozet Plateau, (5) Konrad plateau, (6) Gunnerus Ridge, (7) Saint-
Paul-Amsterdam Plateau, (8) East Indian Ridge, (9) West Australian Ridge, (10) Diamantina Trench, (11) Prydz Bay,
(12) Andrew Bane Fault, (13) Southwest Indian Ridge, (14) Valdivia Plain, (15) Enderby Basin, (16) Labuan Basin, and
(17) Shackleton Basin. (a—c) Domed structures composed of granite-gneiss rocks: (a) Batavia dome, (b) Gulden Draak dome,
and (c) Udintsev dome. Asterisk indicates Gaussberg volcano.

Fig. 3. (a) Bathymetric map of the study area (Lambert projection); (b, d) bathymetric and (c, e, f) seismoacoustic sections.
(a) (1) Obi Bank, (2) Lena Bank, (3) Marion Dufresne horst block, (4) volcanic islands ((4a) Marion and (4b) Prince Edward),
(5) drifts, (6) Kerguelen Fault, (7) Williams Ridge, (8) Umitaka-Maru Ridge, (9) Skif Bank, (10) Elan Bank, (11) Banzare Bank,
(12) the volcanic Possession Island, (13) Discovery Fault, and (14) Andrew Bane Fault. (Pr 6) Profile of the DSS AWI-20070200,
(Pr 7) profile of the DSS AWI-20070100, and (4.0) depth marks, km. (b) Submeridional bathymetric profile (Profile 1 in Fig. 3a)
characterizing the structure of the southern sector of the Indian Ocean. The numbers on the profile indicate (1) Gunnerus Ridge,
(2) the eastern part of the African-Antarctic megadepression, (3) Conrad Plateau, (4) sublatitudinal passage, (5) Del Cano-
Crozet Plateau, and (6) Crozet Basin. (c) Fragment of a seismoacoustic section along the RC 0802 profile (R/V Robert Conrad,
1964) (Profile 2 in Fig. 3a). The numbers on the profile indicate (1) Valdivia Plain, (2) Elan Bank, (3) Kerguelen Plateau,
(4) Williams Ridge, and (5) margin of the Australian-Antarctic Rise. (d) Bathymetric profile crossing the “structural wall”
between Kerguelen and the Antarctic continent (Profile 3 in Fig. 3a). (e) Fragment of seismoacoustic profile RC 1705 (R/V Rob-
ert Conrad, 1974) characterizing the structure of the Discovery Fault (Profile 4 in Fig. 3a). (f) Fragment of seismoacoustic profile
RC 1705 characterizing the structure of the passage between the Crozet Plateau and the Kerguelen Plateau (Profile 5 in Fig. 3a).
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abrasion, erosion, and karst forms have been identi-
fied on the slopes of the blocks. One peak with a min-
imum elevation of 150 m has a multilevel system of ter-
races. The lower terrace, located at a depth of 1000 m,
indicates the elevation of this peak above sea level
during the subaerial stage of WIR evolution.

The most extended faults of the riftogenic system
penetrate deeply into the Del Cano-Crozet Plateau,
which indicates their superimposed nature. The large
Prince Edward Fault frames the plateau from the
southwestern side (see Fig. 3a). An analysis of the
morphological structure of the area using a bathymet-
ric map (see Fig. 3a) and the seismoacoustic section
crossing the Discovery Fault (see Fig. 3e) indicates
that the fault is formed by parallel ridges of deep pro-
trusions, or a chain of volcanic edifices, separated by a
deep V-shaped trench. The fault separates the Mada-

IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS

gascar Ridge from the Del Cano-Crozet Plateau. As
can be seen from Fig. 3e, the layers of the sedimentary
cover and the acoustic basement in the part of the pla-
teau adjacent to the fault are homogeneous along the
strike and are disturbed by a system of small faults. The
faults are complicated by postsedimentary folding,
caused by intrusion of small dikes into sedimentary
layers. Morphologically, the plateau is divided into
two parts, the Del Cano Plateau and the Crozet Pla-
teau, both their summits being delimited by a 2.0-km
isobath. The conditional morphological boundary
between them is an erosion trench with a relative depth
of 500—900 m. On both sides of the trench there are
the summits of deep-water canyons, developed on the
southern and eastern slopes of the plateau.

There is an archipelago in the eastern part of the
Crozet Plateau that includes six volcanic islands and
Vol. 57
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several smaller rocks. The largest Possession Island
rises to 1050 m above sea level. In the western part of
the Del Cano Plateau, there are two small volcanic
islands, Prince Edward and an active volcano (Mar-
ion), the last eruption of which was observed in 2004.
The latter is located 20 km southwest of the first. Their
heights are 670 and 1230 m above sea level and their
areas are 45 and 290 km?, respectively (see Fig. 3a).

The Del Cano-Crozet Plateau is separated from
the northern end of the Kerguelen Plateau by a subme-
ridional passage, which on the sublatitudinal profile
looks like an extended saddle with depth of 4.5—4.7 km.
The profile shows that the formation of this trough is
associated with the subsidence of the edge blocks of
both plateaus (see Fig. 3f). The morphological feature
of the passage is fluvial-accumulative ridges (drifts)
oriented north-northeast. They are formed by sedi-
ments brought by the northern branch of the bottom
Antarctic circumpolar current, which goes past Ker-
guelen Island from the north (Roguet et al., 2009).
The largest drifts of Crozet and Ob’ extend for 200—
250 km (Udintsev, 1989) (see Fig. 3a).

Conrad Plateau. is characterized by a number of
common morphostructural features, with the Del
Cano-Crozet Plateau located to the north and sepa-
rated from the Conrad Plateau by a sublatitudinal pas-
sage with depths of 4.5—4.8 km. The plateau has iso-
metric shape and angular outlines and is framed by
isobaths of 3.0, 3.5, and 4.0 km. Its structure also con-
tains sedimentary layers homogencous along the
strike, composed of consolidated ancient sedimentary
rocks. The plateau has an erosion—denudation surface
and is practically devoid of young sediments.

One characteristic feature of the Conrad Plateau
are two large flat-topped horst outliers carrying Ob’
(depth 230 m) and Lena (depth 251 m) seamounts. A
separate large horst block, Marion Dufresne, 400 X
180 km in size and with the flat top, is located to the east
of the plateau at a depth of less than 1 km (see Fig. 3a).
A geochemical analysis of the samples of ultra-alka-
line lavas that raised from the surface of the Ob’ and
Lena seamounts (Borisova et al., 1996) showed that
these lavas were formed by melting of the ancient sub-
continental mantle underlying the Conrad Plateau.
Apart from basalt samples, rocks of the continental
type were collected from the surface of these moun-
tains (Ishchenko and Katsuk, 1992). In addition, the
Japanese R/V Hakuho Maru recently raised more than
60 kg of metamorphic and granite rocks from the sur-
face of the Ob’, Lena, and adjacent smaller seamounts.

Gravimetric studies were carried out on the Ob’,
Lena, and Marion Dufresne horst blocks during voy-
ages of R/V Marion Dufresne MD-5 (1975) and MD-11
(1976). 2D modeling of gravimetric data (free-air
anomaly) along the profiles intersecting these struc-
tures showed crust thickening up to 35 km with back-
ground values within 10—15 km, the estimated average
crust density being 3 g/cm? (Goslin, 1979). If the den-
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sity was 2.8—2.9 g/cm?, as is usually assumed for the
crystalline crust, then the thickness of the Earth’s
crust of the Konrad Plateau would certainly exceed the
values that were obtained.

Both the Del Cano-Crozet and Conrad plateaus
are examples of so-called aseismic ridges and are char-
acterized by the absence of linear magnetic anomalies
characteristic of riftogenic mid-ocean ridges. Consid-
ering this circumstance, Le Pichon called Crozet Pla-
teau a dead ridge, thus emphasizing its sharp contrast
in relation to the riftogenic West Indian Ridge
(Le Pichon, 1968). It is also believed to be a continen-
tal formation by origin (Laughton et al., 1970). The
common genesis of both plateaus is also evidenced by
the features of the structural-tectonic map of the
southern sector of the Indian Ocean. Thus, as can be
seen from the submeridional profile crossing this
region (see Fig. 3b), the Del Cano-Crozet and Con-
rad plateaus, as well as smaller blocks, are located on a
vast four-way dip uplift of the basement relative to the
basins with depths of more than 5.5 km, which, despite
the bottom surface leveling by the sedimentary cover,
is clearly expressed in the relief. The basement ledge
forms a structural barrier that prevents sediments from
moving away from the Antarctic continent, as a result
of which the thickness of the sedimentary cover in the
pericontinental Antarctic Trough is 4—5 km, whereas
its thickness in the Crozet Basin is estimated at several
hundred meters. In terms of morphological features,
structural features of the sedimentary cover, and crust
thickness, both plateaus resemble the flat-topped
Madagascar Ridge (plateau), which is a structural
continuation of Madagascar Island. The ridge has a
minimum depth of 20 m observed in the area of Wal-
ters Shoal (see Fig. 2).

Taking into account all of the above, we can con-
clude that both plateaus and the Madagascar Ridge are
fragments of a relict platform structure with a pre-
served crust of continental type, which was dissected
by a riftogenic ridge. The continental crust was signifi-
cantly reworked by destructive tectonomagmatic pro-
cesses in the rifting zone and adjacent areas.

Kerguelen Plateau. One characteristic morpholog-
ical feature of this plateau is the three volcanic islands
crowning it (Fig. 4) and an archipelago numbering
about 400 small islands and rocks (Watkins et al.,
1974; Recg and Charvis, 1986). Kerguelen Island and
Archipelago are located in the northern part of the
plateau, while Heard and McDonald Islands are
450 km southeast of it. Kerguelen, the largest island,
was discovered in 1772 by French navigator Yves-
Joseph de Kerguelen, after whom the island and pla-
teau were named.

The Kerguelen Plateau is the largest structure of
the bottom of the Indian Ocean, comparable in size to
Madagascar Island. Published estimates of the plateau
length vary from 2000 to 2500 km. In fact, the distance
between its northwestern tip at a depth of 4.0 km and
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Fig. 4. Volcanoes of the Kerguelen Plateau. (a) Kerguelen volcano (the picture was taken from a NASA satellite) and (b) Heard

volcano (picture taken from the ISS).

the southeastern tip at a depth of 3.5 is 2300 km,
which, with acceptable accuracy, corresponds to the
length of the plateau in the north-northwest direction.
The average width of the Kerguelen Plateau is 400—
500 km; in the southern part it increases to 700 km.

If we consider the Kerguelen Plateau and the
Gaussberg volcano components of the Kerguelen-
Gaussberg Ridge (Watkins et al., 1974, etc.), then the
length of this structure increases by 250 km. The
Gaussberg volcano (66°48’ S, 84°11” E; altitude 370 m)
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is located in the Davis Sea coastal sector on Kaiser
Wilhelm II Land (see Fig. 2).

The Kerguelen Plateau has two large ledges, the
Skiff Bank (also called the Leclaire Ridge), with a
minimum depth of 130 m, and the Elan Bank, located
at a depth of 910 m. Accumulative plain Valdivia, with
depths of 4.5—4.6 km, lies between them. The seismo-
acoustic section (Fig. 3c) shows that the plain lies on
the lowered western wing of the Kerguelen Plateau,
the subsidence of which is compensated by sedimenta-
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tion. A partially buried large horst outlier Mount
Kohler with a minimum elevation of 2100 m rises in
the central part of the plain. The northwestern part of
the Valdivia Plain is crossed by the Kerguelen Fault,
expressed in relief in the form of two parallel stretching
trenches separated by a horst ledge of the basement. It
is notable that there are no cover sediments in the
trenches, which suggests that they are young superim-
posed tectonic structures (see Fig. 3a).

Ramsay et al. (1986) identified the northern and
southern morphological provinces, as well as the Wil-
liams Ridge, partially isolated from the plateau by the
Labuan Basin within the Kerguelen Plateau. Some
researchers additionally identify the central part of the
plateau and the Elan Bank as separate provinces (see,
e.g., Borissova et al., 2003). However, given the ero-
sion—accumulative processes widely developed on the
Elan Bank, it should be considered an integral part of
the genetically homogeneous leveled surface, which is
the main morphological feature of the Kerguelen Pla-
teau.

The northern and southern parts of the plateau are
separated by the Fawn Trough with a depth of 2.8 km
(Roquet et al., 2009). Judging by the abrasive shearing
of the sedimentary cover layers exposed on its sides,
this is the bed of the relict channel, which is divided
into two deep canyons in the western part of the pla-
teau that pass by the Elan Bank from the northern and
southern sides (see Figs. 3a, 8).

The northern part of the plateau with the Kerguelen,
Heard, and McDonald islands lies within the depth
range of 1.0—1.2 km. It is characterized by a leveled top
surface, formed by abrasion—accumulative processes.
Detailed bathymetric studies carried out by Australian
researchers revealed a number of banks in addition to
the Skiff and Elan banks south of Kerguelen Island, i.e.,
Pike, Discovery, Vicinity, Coral, Aurora, and Shell
(Beaman et al., 2011; Duncan et al., 2016).

The southern part of the plateau, which, in contrast
to the northern one, has a more contrasting relief, is
located mainly within the depth range of 1.5—2.5 km;
the minimum depth, confined to the Banzare Bank, is
165 m below sea level. A number of characteristic horst
structures stand out here, which, in addition to the
aforementioned Banzare Bank, include Bank Corinth,
the Umitaka-Maru Ridge, and others. The denuded
surfaces of these formations, which had been forming
under aerial conditions for a long time (tens of mil-
lions of years), acquired a characteristic domelike
shape. Dredging on the Banzare Bank showed that it is
composed of highly altered weathered basalts, gran-
ites, and metamorphic rocks (Ramsay et al., 1986).
Another feature of the southern part of the plateau is
the Raggatt sedimentary basin, located east of the
Banzare Bank. The thickness of the sedimentary layer
in the basin reaches 4 km (Ramsay et al., 1986).

Between the southern tip of the Kerguelen Plateau
and the Antarctic Princess Elizabeth Coast, there is a
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saddlelike structure of the bottom relief with the width
of 170 km along the 3 km isobath and a leveled bottom
at a depth of 3.6 km, which structurally separates the
sedimentary basins of the two largest depressions, the
Australian-Antarctic and the African-Antarctic. Ini-
tially, this area was called the Challenger Passage “to
denote a narrower and shallower part of the rampart
connecting these two structural protrusions” (Van-
ney, Johnson, 1982) (see Fig. 3d). At present, the
area between the Kerguelen Plateau and East Antarc-
tica is called either the Princess Elizabeth Trough
(Wallace et al., 2002; Borissova et al., 2003; Davis
et al., 2018; etc.) or the Princess Elizabeth Basin
(Leichenkov et al., 2015).

The question of whether or not there is a structural
connection between the plateau and the mainland is of
fundamental importance. Recognizing the existence
of such a connection means that the Kerguelen Pla-
teau should be considered a large structural inlier, like
the Antarctic Peninsula, located in the western part of
Antarctica, which would require a radical revision of
the existing plate tectonic constructions.

The main morphostructural feature of the Ker-
guelen Plateau is distinctive tectonic elements typical
of horst structures. The location of banks at different
depths indicates active tectonic movements of differ-
ent intensity having taken place on the plateau, which
led to the formation of horst and graben structures.
The flexure, developed on the southwestern slope, was
formed as a result of extensive areal subsidence of the
western periphery of the plateau. The opposite, north-
eastern slope, including the William’s Ridge, which
Houtz called the “structural ledge” (Houtz et al.,
1977), is dominated by large-amplitude fault ledges,
with displacement of all layers of the sedimentary
cover and basement. Such tectonic “slices” should be
considered structural signs of the latest phase of tec-
tonic activation, manifested in the late Miocene-
Pleistocene, which ultimately formed the modern
appearance of the plateau.

Kerguelen archipelago. Volcanic Kerguelen
Island, which rises up to 1850 m above sea level, is
formed by the overlap of four main shield volcanoes,
overlain by two large, younger alkaline stratovolca-
noes 6 Ma old, overlain by a layer of pyroclastic rocks
of 2 to 0.5 Ma in age (Nouger, 1969; Dosso et al.,
1979). The volcanoes are complicated by parasitic
cinder cones fed along cracks branching from the
main vent, basanite and trachyte domes, phonolite
plugs, and rhyolite flows.

The question of the nature of the archipelago was
raised at the beginning of the 20th century and was
formulated as follows: whether the islands, including
Heard Island, are volcanoes that developed on an
ancient continental basement or if they formed on an
oceanic plateau as a result of the outpouring of Ceno-
zoic basaltic lavas. This question arose when the out-
crops of weathered mica diorite and ancient dolomites
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were discovered on Kerguelen Island (Filippi 1908)
and granites and gneisses were found on Heard Island
(Pronin, 1977).

One of the main geological features of Kerguelen
Island is a granite—syenite pluton located on the Ral-
lier du Baty Peninsula in the southwestern part of Ker-
guelen Island (Nougier and Lameyre, 1972). In addi-
tion to the main pluton, 15 more plutonic complexes
have been described on the archipelago (Giret, 1990).
The problem of their origin is reduced to solving the
question of whether the plutons are the result of differ-
entiation of the oceanic type of crust or they if reflect
the presence of a sialic basement.

From the standpoint of plate tectonics, the Ker-
guelen volcano is a so-called hot spot that appeared in
the Early Cretaceous (115—135 Ma BP) and has
retained magmatic activity until the present. It is
believed that the products of magmatism of this hot
spot created the Kerguelen Plateau, the West Austra-
lian Ridge, and the East Indian Ridge (Frey et al.,
2000). However, as has been shown by a comprehen-
sive analysis of geological, geochemical, and geophys-
ical data, the West Australian and East Indian ridges
were laid on the continental crust. Their features indi-
cate a long and complex tectonic evolution which can-
not be explained solely by the activity of the hot spot
(Illarionov et al., 2019, 2020).

A similar situation with the “hot spot—tracer
ridge—transform faults” succession was considered
for the northeastern part of the Indian Ocean, where
volcanic edifices are widespread and there is a dense
network of parallel sublatitudinal faults. These faults
are formed by a system of narrow troughs associated
with the dikes of intrusive bodies (diapirs), which
break through the basement and sedimentary cover.
Tectonically, the faults form a superimposed struc-
ture corresponding to the latest stage of tectonic acti-
vation, and by their nature they are not transform
faults (Illarionov and Boyko, 2018). The study of the
volcanic islands showed that their ages are from 47 to
136 Ma; they are scattered rather chaotically and not
associated with the East Indian Ridge or submeridi-
onal faults by age trends. The age of volcanoes
depends to a large extent on their location. Thus, the
youngest volcanoes were found on the Cocos Islands
and the oldest were found in the Argo Basin. Most of
the flat-topped mountains (guyots) were islands. At
present, these islands are submerged to 1.2—3.0 km
below sea level, which indicates the amplitude of ver-
tical movements in the region. Geochemical analysis
has shown that recycled continental crust is involved
in the structure of volcanoes (Hoernle et al., 2011).
Thus, the study of volcanoes in the northeastern sec-
tor of the Indian Ocean did not confirm the hot
spot—tracer ridge—transform faults plate tectonic
model.
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Critical Review of Deep Seismic Sounding Data.
Analysis and Geological Interpretation of the Results

A study of the Earth’s crust by deep seismic sound-
ing (DSS) on the Kerguelen Plateau was carried out in
the following areas: in the northern part of the plateau,
directly on the Kerguelen archipelago; in the central
part of the plateau, between the archipelago and the
Heard and McDonald islands; in the southern part of
the plateau, in the area of the Raggatt sedimentary
basin; on the bank Elan; and in the Enderby Basin and
Prydz Bay (East Antarctica) (Fig. 5).

Structure of the Earth’s crust in the northern part of
the plateau in the area of the Kerguelen Arcipelago. (see
Fig. 5, test site I) DSS studies in this area were carried
out by French researchers in 1987 (Recq et al., 1990).
Seismic stations were placed along two orthogonal
intersecting profiles; they recorded signals from land
and sea explosions. The velocity section was inter-
preted as a crust section of the oceanic type. The upper
layer, 8—10 km thick, with an average seismic velocity
of 5.5 km/s (which was believed to be the second oce-
anic layer) and the lower (third oceanic layer), with a
thickness of 4—10 km and an average velocity of
6.6 km/s, were distinguished. At the base of the section,
a transitional layer of increased velocity (7.2—7.4 km/s)
with a thickness of 2 km was detected. The next bound-
ary below, with an underlying velocity of 7.8 km/s, was
interpreted as the top of the low-velocity mantle. The
Moho discontinuity was determined on a sub-latitudi-
nal profile that crossed the southern edge of the island,
while no refractive seismic waves from the Moho dis-
continuity were recorded on a profile passing through
the entire island submeridionally. It can be assumed,
therefore, that the Earth’s crust under the island is
much thicker than 22 km. This crust thickness was
determined on the southern tip of the island.

From the materials presented in the article (Recq
et al., 1990), it can be seen that two orthogonal veloc-
ity sections are not the same at the points of profile
intersections; that is, the sections along the intersec-
tion line have different velocity characteristics in the
same place, depending on the direction of study. Con-
sidering that the Earth’s crust in the northern part of
the plateau has a complex three-dimensional struc-
ture, in order to get the most reliable idea of its struc-
ture and the nature of its constituent layers, one
should carry out a three-dimensional modeling of the
gravitational field based on the seismic deep sections.

When interpreting the high-speed section, it should
be born in mind that xenoliths of basic granulites were
discovered on the Jeanne d’Arc Peninsula in the
southeastern part of the Kerguelen Island (Gregoire
et al., 1994). Granulites were found only in continen-
tal regions where the crust is thick enough to withstand
the high temperatures and pressures required for the
crystallization of granulite facies minerals. It should
also be added that the presence of continental crust in
the northern part of the Kerguelen Plateau is also indi-
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Fig. 5. Map of the acoustic basement in the study area (Lambert projection). Numbers in circles: (1) Labuan Basin, (2) Shack-
leton Basin, (3) Enderby Basin, (4) Valdivia Plain, (5) Conrad Basin, (6) Crozet Basin, (7) Gunnerus Basin, and (8) Bruce Pla-
teau. (Pr 1—Pr 6) Profiles: (Pr 1) RAE 52-2, (Pr 2) RAE 52-06, (Pr 3) RAE 52-09, (Pr 4) RAE 39-10, (Pr 5) RAE 48-08, and
(Pr 6) GA 228-10 (sections along the profiles are shown in Fig. 6). (7.0) Isoline depth, km. Roman numerals are DSS test sites:
(I) in the area of Kerguelen archipelago, (II) in the central part of the plateau, (I1I) in the southern part of the plateau, (IV) on

Elan bank, and (V) in the Enderby basin.

cated by the fact that granites and syenites were
dredged from the southern slope of the Skiff Bank
during cruise MD109-Kerimis in 1998 (dredge 1,
50°21” S; 63°48" E). However, since these are “very
unusual rocks for the oceanic environment,” they were
interpreted as ice-rafted material (Weis and Frey, 2002).

Taking into account the above facts, another inter-
pretation of the geophysical data can be proposed. A
seismic velocity increase from 4.6 to 6.6 km/s is
observed in the 20—22 km thick section. This pattern,
firstly, is due to the natural increase in the velocity and
rock density with depth. Secondly, such a section is a
distinctive of the crust of continental type, the upper
part of which corresponds to the granite—gneiss layer,
while the lower layer (with increased velocities of 6.8—
7.2 km/s) corresponds to the granulite—basite layer
(Pavlenkova, 2002). The layer of increased velocities at
the base of the crust is characteristic of relict continen-
tal uplifts in the ocean (Frolova, 2001). It was estab-
lished on the Agulians Plateau and the Seychelles,
formed by the continental crust (Udintsev, 1987).
Thus, the section under consideration indicates rather
a subcontinental type of the Earth’s crust in the north-
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ern part of the Kerguelen Plateau, which is possibly
thicker, since there is no confidence in the reliability
of the reflections from the Moho discontinuity

Deep seismic surveys in the central part of the Ker-
guelen Plateau. (see Fig. 5, test site II) Research
between Kerguelen archipelago and Heard Island was
carried out along two orthogonally intersecting pro-
files. An array of five bottom seismic stations with an
interval of 20 km was used (Charvis and Operto, 1999).
The experiment schedule included also work along the
profile in the Enderby Basin in order to reveal differ-
ences in the structure of the Earth’s crust under these
heterogeneous structures. The sections at the test site
turned out to be quite substantiated, since the seismic
section was close to one-dimensional, which made it
possible to regard the structure of the Earth’s crust as
a layered, horizontally homogeneous structure and
apply the Fuchs—Muller reflectivity method for one-
dimensional media to calculate synthetic seismograms
(Fuchs and Muller, 1971). The simulation results were
in a good agreement with the dynamic picture of the
wave field.
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Crust thickness in the survey area was assessed as
25 km and “normal” velocity at the Moho discontinu-
ity was 8 km/s. Three velocity layers were distin-
guished in the structure of the crystalline crust with a
total thickness of 19—21 km. The upper 1.2—2.3 km
thick sedimentary layer is characterized by a velocity
range from 3.8 to 4.9 km/s. The thickness of the mid-
dle layer is 2.3—3.3 km, and the range of velocities is
from 4.7 to 6.7 km/s. The lower layer with a thickness
of about 17 km is characterized by velocity of 6.6 km/s.
At the base of the crust, there is a high-velocity layer
(6.8—7.4 km/s), which, as noted above, is a character-
istic of continental uplifts in the ocean. In our opin-
ion, which is shared by many other researchers study-
ing the structure of the ocean floor, this section indi-
cates a subcontinental type of the Earth’s crust in the
central part of the Kerguelen Plateau (Borissova et al.,
2003; etc.).

Seismic exploration of the southern part of the Ker-
guelen Plateau. (see Fig. 5, test site I1I) In this region,
bottom seismographs were also placed along two
intersecting profiles with five stations at each with an
interval of 25 km (Operto and Charvis, 1995). The
results revealed well-grounded sections close to the
one-dimensional environment model. The crust
thickness and depth of the Moho discontinuity (24—
26 km) were very close to the values obtained on the
Kerguelen Island and on the test site located to the
north. However, this section is distinguished by a
higher mantle velocity, 8.6 km/s. The mantle waves
were traced up to a distance of 140 km and the value of
its velocity is beyond doubt.

Two layers were distinguished in the structure of
the crystalline crust. The upper layer is approximately
5.0 km in thickness with velocities ranging from 3.8 to
6.5 km/s, while the lower one is ~11-km-thick with
velocities of 6.6—6.9 km/s. In the lower part of the sec-
tion at the Moho discontinuity, there was a relatively
low-velocity layer, defined as a transitional zone of
“reflectivity,” with a thickness of 4—6 km and veloci-
ties of 6.7—6.9 km/s. The presence of this layer sug-
gested that the southern part of the plateau is com-
posed of thinned continental crust (Frey et al., 2000).
The authors of the paper (Operto and Charvis, 1995)
believed that the structure of the southern part of the
plateau has common features with the section of the
Rockall Bank in the Northwest Atlantic, where,
according to their opinion, stretched (or, in our opin-
ion, thinned, as a result of processing of its lower layers)
continental crust is overlain by a thick basalt stratum.

Seismic surveys at Elan Bank. (see Fig. 5, test site ['V)
The sub-latitudinal profile on the bank consisted of
five bottom seismic receivers every 20 km. The crust
thickness on the bank is at least 15 km (Kdénnecke
et al., 1997). The upper 2—3 km thick layer of igneous
rocks has velocities from 4.4 to 5.9 km/s. It is inter-
preted as a lava flow originating from the Kerguelen
hotspot, 500 km away from the bank (Borissova et al.,
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2003). A 14-km-thick layer of continental crust lying
at the bottom has typical velocities of 6.0—6.6 km/s.

The array spans do not allow reliable refractions at
the Moho discontinuity to be obtained; therefore, the
hypothetical mantle velocity of 8.6 km/s seems very
questionable. The seismic records of bottom sensors 1
and 5, located at the ends of the profile, show signs of
a layer of reduced velocity in the lower crust. Taking
into account this layer, the section resembles those
obtained on the southern flank of the Kerguelen Pla-
teau and in the Princess Elizabeth Trough. To obtain
more precise results, the DSS section must be pro-
cessed together with the CMP data obtained in the
same area.

Before deep-sea drilling was carried out on the
bank, it was believed that it was composed of oceanic
crust. However, the results of drilling well ODP-1137
has provided undeniable geological evidence for the
presence of a continental crust in its structure. Taking
into account these geological data, the seismic section
received an appropriate interpretation.

DSS Survey in the Enderby Basin. (see Fig. 5, test
site V) According to the results, the sediment thickness
in the section varies from 30 to 300 m. The authors of
(Charvis and Operto, 1999) explain the insignificant
thickness of this layer, which lies on the Cretaceous
oceanic crust, by erosion by strong currents from the
Kerguelen Plateau. The velocity in layer 2 varies from
4.4 to 5.1 km/s in the upper part to 6.3 to 6.5 km/s in
the lower part. In the upper part of layer 3, the velocity
varies from 6.7 to 6.87 km/s at depths between 6.0 and
9.3 km and reaches values of 7.24—7.32 km/s at the
base of the layer. The Moho discontinuity plunges
towards the plateau from 15 to 18 km and is associated
with thickening of the magmatic crust from 10 to
15.2 km. Velocity at the Moho discontinuity is
8.1 km/s. Charvis and Operto (1999) believe that the
large (10—13 km) thickness of the sediments with a
velocity of 7.4 km/s is characteristic of the oceanic
crust near the hot spot. In fact, it can be seen on the
maps (see Figs. 3, 5) that the profile is located on the
part of the Elan Bank basement submerged towards
the Enderby Basin, and its structure is in good agree-
ment with the section of this bank. At the same time,
there is a regularity in the decrease in the thickness of
the layers and the rise of the Moho discontinuity from
18 km under the Elan Bank to 15 km on the northeast-
ern slope of the Enderby Basin. Therefore, the crust of
the Enderby Basin, at least in the area of the profile, as
well as the crust of the Elan Bank, is continental, but
somewhat thinner than the latter.

Seismic Surveys in the Princess Elizabeth Trough
and the Enderby Basin. (see Fig. 3, Pr 6, 7) Two seismic
profiles, RAE52-11 along the meridian 73° E and
RAE-4808 along the meridian 84° E, were acquired in
the area of the Princess Elizabeth Trough during Rus-
sian Arctic expeditions (RAE) (in Fig. 5, the profiles
are designated as Pr 1 and Pr 5, respectively). Within
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the framework of the joint Russian—German project
of the International Polar Year in 2007—2008 in the
same region, two sections were acquired by the DSS
method with bottom stations of the Alfred Wegener
Institute (AVI) of the Helmholtz Center for Polar and
Marine Research, Germany. The AWI-20070200 and
AWI-20070100 profiles were combined with the RAE-
4808 and RAES2-11 profiles, respectively (Gohl et al.,
2007; Leichenkov et al., 2015). Thus, we we obtained
excellent experimental results characterizing the struc-
ture of two different morphostructures, the Enderby
Basin and the saddle structure connecting the Ker-
guelen Plateau and Antarctica.

However, judging by the published works, inter-
preting the section through the saddle (or the Princess
Elizabeth Trough, as indicated in the article) was
ambiguous. In the works (Gohl et al., 2007; Leichen-
kov et al., 2010), a layer of reduced velocity was iden-
tified in the lower crust of the section, while a later
publication (Leichenkov et al., 2015) presented a
velocity model without such layer. This model was
obtained using a ray path calculation of wave fields in
the geometrical optics approximation of one bottom
station without any binding theoretical times to the
data or data-based hodographs. Unfortunately, the
velocity data processing did not comply with the exist-
ing standards presented, e.g., in the publications of
French colleagues. The main topic of a later publica-
tion (Leichenkov et al., 2019) was again the velocity
section through the saddle obtained in 2007. However,
instead of providing a valid model of the deep seismic
section, the authors of the article combined the upper
part of the section constructed from the CMP data
and the lower part of the section, built earlier accord-
ing to the data of the abovementioned DSS experi-
ment, and used it for density modeling of the gravity
anomaly. Based on these calculations, the authors
reconstructed the history of the thermal evolution of
the Princess Elizabeth Trough. However, without a
reliable velocity section that would give the initial
baseline parameters (the section was never obtained),
these gravimetric and thermometric calculations seem
unconvincing.

The combined profile of the CMP reflection
method (RAES2-11) and DSS (AWI-20070100) in the
Enderby Basin (in Fig. 5 designated as Pr 1) was con-
tinued by the work performed by the Polar Marine
Geological Research Expedition (PMGRE) in a
southern direction further turning to the south-south-
east towards the Prydz Bay (see Fig. 1), where in 1981
the seismic DSS—CMP profile was passed across the
strike of the bay (Masolov et al., 1981). This profile
was surveyed using the CMP reflection method and
the point placement of sensors to determine the veloc-
ity characteristics of the section. Thus, a seismic sur-
vey was carried out along the regional profile that
extends from the southern part of the Kerguelen Pla-
teau to the eastern edge of Antarctica, crossing the
mouth of the Prydz Bay.
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Density modeling was carried out along the profile
PMGRE 5206 (Leichenkov et al., 2015) with a length
of about 800 km. The upper part of the profile clearly
shows the structure of the sedimentary cover in the
Lambert Rift, refining the results of the work in 1981.
However, the depth of the Moho discontinuity shifted
downward by 4 km, from 20 to 24 km, in comparison
with the data of the DSS in 1981, which is unaccept-
able. Seismic data are more reliable in determining
depth of the Moho discontinuity, and it is always pos-
sible to find a density model that satisfies both seismic
and gravity data while maintaining the discontinuity
position obtained from the seismic data. However,
even in a later publication on the interpretation of the
1981 data, the authors left the depth of the Moho dis-
continuity at the same depth (Kanao et al., 2014).
Otherwise, they would have to revise the processing
and interpretation of DSS seismic data. This property
is satisfied by the density model of the Lambert Rift
(though more coarse and without details of the struc-
ture of the upper part of the section), obtained back in
1983 (Kadmina et al., 1983). This model has a pretty
obvious explanation. With an even Bouguer anomaly
over the rift, the position of the Moho discontinuity
(20 km) compensates for the lens of low-density
(2.4 g/cm?) rocks in the rift.

One important conclusion could be inferred from a
brief analytical review of seismic materials and their
geological interpretation. Seismic sections obtained
along the strike of the Kerguelen Plateau are charac-
terized by relative homogeneity and simplicity of
structure, which indicates a weak horizontal heteroge-
neity of the plateau crust. Such a crust section indi-
cates the genetic uniformity of the plateau structure,
rather than a heterogeneous mosaic-block structure.
The presence of a thick (at least 15-km) layer of the
continental crust certainly indicates the continental
nature of the Kerguelen Plateau.

Geochemical Analysis

The geochemical analysis of the basalts uncovered
by drilling on the Kerguelen Plateau has shown that
they are contaminated with the material of the conti-
nental crust. However, as was mentioned already,
these results have not received an unambiguous assess-
ment; they can be interpreted both in favor of the con-
tinental nature of the basement and the oceanic nature
of the plateau, with the mantle source heavily contam-
inated with continental material.

One important petrogenetic issue in relation to the
magmatism of the Kerguelen Plateau is the relative con-
tribution of the continental crust to plume magmatism
(Weisetal., 1986; Dosso et al., 1988; Davies et al., 1989;
Schlich and Wise, 1989; Salters et al., 1992; Storey
et al., 1992; Mahoney et al., 1995; Frey et al., 2000,
2002; Borisova et al., 2002, 2014, 2017; Weis and Frey,
2002; Bénard et al., 2010). The database, expanded due
to new results, contains more than 100 geological sam-
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ples of basalt and sedimentary rocks. In addition, we
studied samples of silicic rocks collected during the
voyages of R/V Marion Dufresne (MD 48 and MD 109).

Well ODP-747, drilled in the central part of the
plateau, and wells 749 and 750 in the southern part,
exposed effusive rocks composed of moderately fresh
to highly altered tholeiitic basalts and andesite—
basalts. Lavas from wells 749 and 750 are moderately
enriched in light rare-earth elements (REE)
((La/Sm), = 1.0—1.3 and 0.8—1.2) and (La/Nb), =
(0.9—1.3 and 0.9—1.1, respectively) and resemble
basalts of the Southeast Indian Ridge (Dosso et al.,
1988). Unlike basalts from well 738 ODP, located in
the southernmost part of the Kerguelen Plateau
(Mahoney et al., 1995), basalts from wells 749 and 750
have no obvious geochemical signs of continental
crust contamination. Basalts from well 747 are the
most enriched in light REE (La/Sm), = 1.8-2.5
among basement tholeiites and are depleted in Nb and
Ta with (La/Ta), and (La/Nb), up to 2. They have
moderate (Th/Ta), = 0.8—1.5, and variable Th deple-
tion is expressed in high (La/Th), = 1.2—1.9. In this
respect, they differ from the basalts from well 738 and
samples dredged during cruise MD 48. We assume
that the basalts from wells 738 and 747 were heavily
contaminated with various components of the conti-
nental crust.

The basalts from wells 738, 747, 749, 750, and
MD 48 have different Sr and Nd isotopic composi-
tions ranging from basalts of the Indian Ocean (bore-
hole 749) to the assumed composition of the Ker-
guelen plume (Weis and Frey, 2002), as well as to values
which clearly reflect continental crust contamination
(wells 738 and 747). Nonradiogenic Nd and a wide
range of Pb isotopic composition, Nb—Ta depletion
and variable Th content in the basalts from wells 747,
738, and MD 48 suggest the participation of continen-
tal crust with a Sm/Nd ratio that is low-integrated over
time, relative depletions of Nb and Ta, and variable
U/Pb and Th/U ratios. It is noteworthy that the
tholeiites of wells 747, 738, and MD 48 contaminated
by continental crust are located in different parts of the
Kerguelen Plateau.

A wide range of silica-rich metamorphic and igne-
ous rocks have been recovered from many locations in
the northern (MD 109, dredge 1), central (MD 48,
dredges 1, 7, and 8), and southern (MD 48, dredges 3
and 6) parts of the plateau. They had previously been
interpreted as detrital material brought by ice rafting
(Davies et al., 1989). The results of the ODP-183
cruise, however, when siliceous lavas, garnet—biotite
gneiss, and granite were found in the cores of the wells
(Frey et al., 2000), have shown that this interpretation
should be revised. These data confirmed the participa-
tion of continental crust in the formation of the Ker-
guelen Plateau (Frey et al., 2002). Geochemical con-
tamination with continental material has been proven
for all studied igneous rocks of the southern and central
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parts of the Kerguelen Plateau except for the basalts of
the northern zone, which mostly bear signs of oceanic
magmatism. The structure of the southern part of the
Kerguelen Plateau, as well as the Elan Bank, contains a
continental crust (Bénard et al., 2010).

Borisova et al. (2002, 2014, 2017) carried out a
detailed study of samples of the most primitive basaltic
lava ever found on the islands and the Kerguelen Pla-
teau, which erupted 21—19 Ma ago: picrite basalts
(MD109-D6-87), collected during a cruise of
R/V Marion Dufresne on the seamount between the
Kerguelen archipelago and Heard Island. This study
shows significant heterogeneity of the initial melts
(MgO =7-10 wt %) crystallized at early stages at high
pressure (200—300 MPa) and relative homogeneity of
those crystallized at a later stage at lower pressure
(100 MPa). These data are interpreted in terms of mix-
ing of the plume and assimilated melts in the magma
chamber before being transported to the surface.
Magma Chamber Simulator (MCS) thermodynamic
modeling was used to interpret the data. These results
underscore the importance of the influence that the
assimilation of the gabbroid crust can have on the geo-
chemistry of mantle olivine-porphyry magmas. The
possibility of crust assimilation and the resulting
change in the composition of primitive plume basaltic
magmas suggests that the isotopic and chemical equi-
librium between the basalts of oceanic islands and
associated sources in the deep plume mantle is the
exception rather than the rule. That is, the isotopic
anomalies of the Kerguelen Plateau are apparently
associated with the crust, and not with the mantle
contamination of basaltic melts.

A recent study of syenite rocks of the intrusive
complex on the Ralier du Bati peninsula of the Ker-
guelen Island (SRBIC) indicates that this laccolith
was formed between 11.6 and 7.9 Ma ago due to suc-
cessive intrusions of magmatic melts with an average
velocity from 0.8 to 1.4 x 10~* km3/year. These results
reveal the complete similarity between SRBIC, the only
recorded case of acidic laccolith in an oceanic intraplate
setting, and many continental plutons located in differ-
ent geodynamic settings. Thus, SRBIC has the charac-
teristics of a continental plutonic complex located in
the oceanic zone (Ponthus et al., 2020). The proposed
ideas about how plutonic processes worked on the
Kerguelen Plateau are important in the context of the
general interpretation of alkaline magmatism, espe-
cially in light of the comparison of the thickened oce-
anic Kerguelen lithosphere and the thinned continen-
tal lithosphere made by Grégoire et al. (1998), based
on the examination of the main granulite xenoliths of
the islands of the Kerguelen archipelago. The results
indicate that the geochemical and petrological anom-
alies of the plateau and islands are associated with the
crust, and not with the mantle contamination of
basaltic melts, as well as with the continental nature of
the Kerguelen Plateau.
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Geological Structure and Tectonics
of the Kerguelen Plateau and Adjacent Areas

On magmatism on the Kerguelen Plateau. The
issues discussed in the previous sections call for clari-
fying the role of magmatism in the geological evolu-
tion of the Kerguelen Plateau. According to the most
common point of view, the plateau was formed as a
result of the activity of the Kerguelen hotspot; in this
case, basalts should be considered the main building
material, which is not only the foundation of the pla-
teau, but also the entire vast igneous province, includ-
ing the tracer ridges. The results of a geological inter-
pretation of DSS data and chemical analysis of basalts,
however, show the presence of a thick layer of conti-
nental crust, no less than 15 km, homogeneous along
the strike in the section of the Kerguelen Plateau. It is
quite obvious, therefore, that the igneous complex
formed by basalts is the upper structural level overlap-
ping the Archean basement of a large fragment of the
Gondwana continent.

As can be concluded from an analysis of seismic
sections and geological sections exposed by deep-sea
drilling, the mobile liquid magmas of the basic com-
position penetrated along faults into the enclosing
rock in the form of sills and dikes and periodically
repeated outpourings of lavas onto the day surface eas-
ily spread over it, covering significant areas. The rocks
exposed on the day surface were subjected to physical
weathering, with the formation of a weathering crust
of the so-called boies, which, after some time, were
covered by the newly erupted material. Such magmatic
processes on the plateau are not an exceptional phe-
nomenon but, on the contrary, confirm the existence
of the so-called basalt “flood,” which covered signifi-
cant areas of the Indian Ocean from the end of the
Early Cretaceous to the end of the Late Cretaceous.

The least altered tholeiitic basalts on the Ker-
guelen Plateau were uncovered by wells ODP-749
and ODP-750 (southern part of the plateau). Their
ages, determined by the “°Ar/*Ar method, are 109 and
118 Ma, respectively. A decrease in the age of basalts is
traced from south to north. Thus, in well ODP-1136
(southern part of the plateau), the age of the exposed
basalts is 105 Ma, the age in well 1137 (Elan Bank) is
74 Ma, basalts in well 1138 (central part) are 94-Ma-
old; and, in well 1140 (northern part), they are 35-Ma-
old (Coffin, 2000). Magmatism lasted from 38 to 1 Ma
in different places of Kerguelen Island (Udintsev,
1987). However, the revealed chronological trend of
volcanic activity can be accepted with a certain degree
of convention, given that the lower lava flows are older
than the upper ones. The lowest (dated) lava flow in
well 1138 was 22nd from the top, in well 1137 it was
10th, and in well 1140 it was only 6th. The most
ancient age of the basalts, the other hand, was deter-
mined in well 1136, where only three lava flows were
opened. Consequently, basalt dating provides infor-
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mation on a specific phase of basalt eruption in the
area of a particular deep-water well.

Structure of East Antarctica continental margin and
the adjacent eastern part of the African-Antarctic
megadepression. The morphostructural analysis of this
region was carried out taking into account the map of
the depths of the acoustic basement, where the struc-
tural features of the basement of the African-Antarctic
megadepression, overlapped by a sedimentary cover,
were first shown (see Fig. 5). Several depocenters
(Gunnerus, Conrad, and Enderby basins, where the
acoustic basement is lowered to depths of 7.5, 7.0, and
7.5 km, respectively) were distinguished within the
megadepression. Basement depth within the Valdivia
Plain does not exceed 5.5 km. The depth of the acous-
tic foundation in the Crozet Basin was not calculated.

The above basins are separated by relatively raised
blocks of the basement, structural bridges, which are a
direct continuation of the basement of the continental
margin of Antarctica. The map clearly shows that such
bridges can be traced from Enderby Land in two direc-
tions. The first, northwestern, flanks the Conrad
Basin from the south, and the second extends north-
ward, providing a structural link to the Elan Bank and
separating the Conrad and Enderby Basins. The struc-
tural bridge between the Kerguelen Plateau and East
Antarctica serves as a barrier separating the sedimen-
tary basins of the African-Antarctic and Australian-
Antarctic megadepressions. Thus, the basins of Gun-
nerus, Konrad, Enderby and the basement protru-
sions between them form a mosaic-block tectonic map
of the transition zone, which was laid on the continen-
tal crust and experienced a subsidence to present
depths in the course of evolution.

The structural geometry of the transition zone,
taking into account the characteristic features of the
passive continental margin of East Antarctica, such as
the absence of listric faults (which are markers of crust
extension), traces of volcanic activity, and complete
aseismicity, does not correspond to the concept of its
riftogenic origin. In this regard, it can be noted that
the identification of the “pan-Antarctic rift” by Houtz
(1978), which he believed to be the cause of the initial
split of Antarctica and the Indian subcontinent, is not
supported by factual material.

Enderby sedimentary basin structure. The structure
and evolution of this basin can be inferred from the
core of wells ODP-738, ODP-744, ODP-749, and
I0ODP-1137, as well as from CMP sections and DSS
data (see Figs. 3a, 5, 6—8). The Enderby Basin is an
enclosed depression, the subsidence of which was
compensated by the accumulation of 4—5 km thick
sedimentary strata. The seismic CMP sections (see
Fig. 6) show that the northern side of the basin was
laid on the Kerguelen Plateau basement, which gently
slopes towards the depocenter. Judging by the section
of borehole no. 749 (see Fig. 7) and dredging carried
out on the Banzare Bank (Ramsay et al., 1986), the
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71°00' E; (a) 71°28' E;
66°06' S 61°23'S

Enderby Basin

73°00" E; (b) 68°00" E;
66°30" S 62°40' S

76°00" E; (c) 78°07" E;
65°08' S 61°40" S
Kerguelen

Fig. 6. CMP sections characterizing the structure of the Enderby Basin and the saddle between Kerguelen and Antarctica.
(a) Section along the RAE 52-11 profile (aligned with the AWI20070100 profile), (b) section along the RAE 52-06 profile,
(c) section along the RAE 52-09 profile, (d) section along the RAE 39-10 profile, (e) section along the RAE 48-08 profile
(aligned with the AWI20070200 profile), and (f) section along the GA 228-10 profile. Note the overlap of the sedimentary strata
on the subsided part of the basement of the Kerguelen Plateau.
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Western slope of the Banzare Bank
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Fig. 7. Fragment of the CMP profile characterizing the structure of the western slope of the Banzare Bank in the area of well
ODP-749. The arrows show the onlap of the in-phase axes, which indicates the initial phase of the basement subsidence in the

Eocene.

basement corresponding to the Early Cretaceous lev-
eling surface is composed of highly altered basalts,
granites, and metamorphic rocks. The Early Eocene
sedimentary strata overlapping the southwestern slope
of the Banzare Bank (see Fig. 7) marks the beginning
of basement subsidence and the formation of a basin.
The formation was pulselike and, judging by the differ-
ent thickness of the sedimentary cover, characterized
by different rates of subsidence.

The subsidence of the Elan Bank to a depth of
about 1 km is associated with the development of the
Enderby Basin. An analysis of the section of well
I0ODP-1137, drilled on the bank, indicates that, after
the outflow of basalts and a long stage of development
in the subaerial setting in the Late Cretaceous and
Paleocene, the sedimentation regime in the Late
Eocene changed to a relatively deep-water one, as is
indicated by the deposition of a sequence of pelagic
sediments of the Late Eocene—Pleistocene.

The DSS section of the basin (Charvis and Operto,
1999) passes through the southwestern slope of the
Elan Bank, as is shown by the depth map of the acous-
tic basement (see Fig. 5). The subsidence of the conti-
nental crust and its thinning from 14 to 10 km towards
the basin were established from the structure of the
section, which indicates that the basin formation was
occurring on the continental crust. However, the lack
of direct DSS observations in the deep part of the basin
leaves the question of the structure of the crust in the
area of the depocenter open.

Part of the southwestern slope of the Kerguelen
Plateau, which extends north of the Elan Bank, is
characterized by a predominantly gentle slope. The
section (see Fig. 3c) shows that the surface of the slope
plunges towards the Valdivia plain. A similar pattern is
observed in the area of the northern end of the plateau,
where the spur of the Skiff Bank also plunges towards
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the submeridional passage and is unconformably
overlapped by a thin layer of sediments (see Fig. 3f).
The maximum subsidence of the basement of the
Valdivia Plain does not exceed 5.5 km, which indicates
its structural relationship with the extensive arch uplift
of the basement, where the Del Cano-Crozet and
Conrad plateaus and smaller horst outliers are located.
This area is characterized by tectonic fragmentation, a
high amplitude of vertical dissection, and the manifes-
tation of active volcanism (see Fig. 5).

Raggatt sedimentary basin. is the most studied basin
in the region (see Fig. 8). Its structure provides infor-
mation on the Late Cretaceous—Cenozoic stage of
evolution of the northeastern part of the Kerguelen
Plateau. An analysis of time sections made it possible
to identify four regional seismostratigraphic com-
plexes (SC) within the Raggatt sedimentary basin
(RSB). The boundaries of the complexes are confined
to the surfaces of unconformities, formed due to either
interruptions in sedimentation or changes in the sedi-
mentation regime.

The structure of the lower complex (4SC) is char-
acterized by extended intense wave patterns. The con-
vergence of the reflecting boundaries and a decrease in
the thickness of the complex are observed on the sides
of the basin, which indicates the syn-depositional
nature of sedimentation. The maximum thickness of
this complex has not been established, since the seis-
mic records of the lower part of the section are compli-
cated by multiple reflections; it can be assumed, how-
ever, that the thickness in the depocenter reaches 1.0 s
(of double time).

The unconformity surfaces serve as boundaries for
the overlying third complex (3SC). The lower bound-
ary is defined by the termination of the base-discor-
dance wave pattern. The upper boundary coincides
with the erosional truncation, which is especially dis-
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Fig. 8. (a) Bathymetric map of the central part of the Kerguelen Plateau; (b, c) seismoacoustic sections characterizing the struc-
ture of the Raggatt Basin obtained by R/V Rig Seismic along profile 24 (b) and along profile 27 (c). (b, ¢) (1) Silty deposits; (2) silts
and chalk with silicon interlayers; (3) fluvial and littoral deposits; (4) weathered, highly altered basalts; (5) lagoon deposits;
(6) shallow sandy deposits; (7) effusive rocks, lava breccia with interlayers of shallow-water limestones; (&) crystalline basement,
composed of rocks of basic and acidic composition; (9) dikes, intrusives; and (/0) erosional unconformity surface, boundary of
the Maastrichtian-Danish break.
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tinct in the western part of the section. The lateral
thickness of the third complex varies from an average
0.6 to 1.3 s. Its internal structure is characterized by a
disordered chaotic seismic record; areas with more or
less ordered and extended reflective boundaries are
only recorded in the lower part of the complex. These
boundaries are confined to the lowered parts of the
bottom of the third complex and form a separate sub-
complex. Apparently, this subcomplex is composed
of redeposited products of erosion of the lower
(fourth) SC. Its formation at the boundary of the
Early and Late Cretaceous indicates the beginning of
tectonic restructuring of the basin and a change in
the sedimentation regime. The upper part of the 3SC
complex is probably composed of terrigenous rocks
accumulated under conditions of compensated sub-
sidence.

The second SC is quite clearly distinguished by its
dynamic expressiveness throughout the entire seismic
section. It is characterized by low-frequency parallel-
layered extended boundaries. The thickness of this
complex is constant along the strike and is approxi-
mately 0.3—0.4 s. The lower boundary of 2SC coin-
cides with the regional unconformity traced within the
entire basin.

Upper SC (1SC) has a distinctive dynamic expres-
siveness in seismic recording. It is characterized by
high-frequency parallel extended reflections typical of
silty deposits. The lower boundary of the complex is
established by base discordance (overlapping), which
can be traced on profile 24 (Pr 24 in Fig. 8a). The same
profile shows that the complex has the shape of a lens
(see Fig. 7). In section 27 (Pr 27), the lower boundary
is established by continuous tracing from the uncon-
formity, thus, being a hidden unconformity surface
between two subhorizontal layers practically undis-
turbed by tectonic events. It is much easier to trace
this boundary at the contact of two seismic com-
plexes with different dynamic expressiveness. The
relatively concordant occurrence of the upper two
complexes apparently indicates the absence of fun-
damental differences in the manifestation of tectonic
processes during their formation, and a change in the
nature of the seismic record in this case indicates dif-
ferent degrees of lithification rather than a difference
in petrological composition.

The conclusions inferred from the seismostrati-
graphic analysis of the Raggatt Basin are generally
consistent with the drilling and dredging data, which
make it possible to clarify the lithological-facies com-
position of the sedimentary cover and establish the age
of the deposits, as well as determine the petrographic
composition of the rocks of the acoustic basement.
Dredging at the Banzare Bank raised granites, meta-
morphic rocks, and highly weathered basalts, which
indicates the crystalline composition of the acoustic
basement (Ramsay et al., 1986). The other three com-
plexes were penetrated by drilling wells ODP-748 and
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ODP-750. The first well drilled to a depth of 950 m and
reached the rocks of the lower 3SC subcomplex.
Another well penetrated 700 m of sediments in the east-
ern part of the basin and passed through the entire 3SC.
The lower subcomplex, 3SC, is represented by loose
and highly weathered basalts, as well as products of
their weathering. The age of these deposits has not
been determined; it was learned, however, that they
overly unaltered basalts, dated to the Barremian,
114 Ma ago. The outpouring of basalts at the end of
the Early Cretaceous was recorded in wells ODP-738
(110 Ma BP) and ODP-744, also located in the south-
ern part of the Kerguelen Plateau. An analysis of the
core from these wells indicates that the products of
destruction of basalts were overlapped after a break of
20 Ma. Consequently, the active accumulation of 3SC
deposits began at the turn of the Early and Late Creta-
ceous due to the tectonic restructuring that took place
in the southern part of the plateau at that time.

In the section exposed by well 748 (see Fig. 8), the
3SC complex is represented by a 500-m stratum of flu-
vial and littoral deposits dated to the Turonian—Late
Maastrichtian; that is, a subaerial setting existed over a
vast area in the southern part of the plateau through-
out the Late Cretaceous. There is a 6-Ma hiatus in
sedimentation at the top of this stratum, which corre-
sponds to the Danian Age at the Cretaceous—Paleo-
cene boundary. Well 750 opened a 50-m layer of
lagoon and shallow-water deposits containing char-
coal, fossilized and ferruginous remains of vegetation,
and watered mudstones with interlayers of sands and
conglomerates above strongly altered basalts corre-
sponding to the lower subcomplex 3SC. The age of
these sediments has not been established. Up the sec-
tion, there is a 250-m sequence of shallow-water car-
bonate deposits with significant glauconite content.
The age of these accumulations is determined as the
Turonian (Cenomanian?)—Maastrichtian.

Thus, the correlation of all drilling data makes it
possible to subdivide the 3SC complex into lithologi-
cal (stratigraphic) units and trace their succession lat-
erally from west to east. In the lower part of the com-
plex, fluvial facies are replaced by lagoon-—littoral
ones, while littohal deposits give way to shallow-water
ones in the upper part. Such a succession of facies
observed up the section indicates the progressive
transgression in this region in the Late Cretaceous.
Considering that shallow-water Early Cretaceous
deposits are present in the section of wells 738 and 744
and that they were formed after a long hiatus, it can be
assumed that the transgressive phase covered a signif-
icant part of South Kerguelen in the Late Cretaceous.

According to drilling data, the thickness of the 2SC
complex varies from 200 m (borehole 748) to 320 m
(borehole 750). The complex is represented by rela-
tively deep-water (bathyal) sediments, mainly nano-
fossil silts. The age of these sediments varies from the
Paleocene (or Late Paleocene in well 748) to the Mid-
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dle Eocene. The lower boundary of 2SC coincides
with the regional unconformity, which corresponds to
a hiatus in sedimentation established in the Raggatt
Basin at the Cretaceous—Paleogene boundary. There
is no break outside the basin.

The Upper SC (1SC) is composed of typically late
Eocene—Pleistocene marine deep-water sediments,
represented by a 200-m stratum of nanofossil silts
overlain by a 30-m layer of Pliocene-Pleistocene silts
(well 748).

An analysis of the seismic and stratigraphic data
shows that the Raggatt Basin experienced two main
phases in development during the Cretaceous—Ceno-
zoic. The first occurred before the Maastrichtian—
Early Paleogene and was characterized by a subaerial
regime; the second phase started from the end of the
Paleocene and was characterized by relatively deep-
water conditions. Consequently, it can be assumed
that the structural rearrangement in this region
occurred as a result of the tectonomagmatic activation
phase at the turn of Cretaceous and Paleogene, when
the Labuan and Shackleton basins were laid due to the
differentiated block movements and the Kergelen Pla-
teau was separated from the southwestern flank of the
Australian-Antarctic Rise.

Structure of the southern Kerguelen Plateau and
adjacent Labuan and Shackleton depressions. As noted
above, the slopes of the Banzare horst block carry the
outcrops of strongly altered weathered basalts, gran-
ites, and metamorphic rocks (Ramsay et al., 1986).
Obviously, horst outliers, widely developed in the
southern part of the Kerguelen Plateau (Korint Bank,
Umitaka-Maru Ridge, etc.), are composed of similar
rocks. Such blocks are relict fragments of an ancient
flattening surface that has evolved over a long period
of tens of millions of years. As a result of denudation
processes, they acquired a characteristic domed shape
(knoll). Being subjected to erosion-denudation pro-
cesses, the domes served as a source of detrital mate-
rial and for spreading of deluvial-alluvial material. The
formation of a 20-m stratum of fluvial deposits,
exposed by drilling at the Elan Bank, is associated with
the erosion of one of these large basement protrusions.

As was shown by the structure of seismoacoustic
sections, domelike forms that developed in the southern
part of the Kerguelen Plateau are also widespread
beyond its borders. Domes, partially or completely cov-
ered by a sediments, are found, e.g., in the area of the
saddle structure connecting Kerguelen and Antarctica
(see Fig. 6, Pr 6) A number of knolls was identified also
in the Labuan and Shackleton basins: Ruser Knoll,
(depth 3.3 km), Meinardus Knoll (depth 2.7 km),
Bidling Maier Knoll (depth 2.3 km), Luyken Knoll
(depth 2.9 km), Moseley Knoll (depth 3.0 km), and
others (Vanney and Johnson, 1982).

The distribution area of these structures made it
possible to establish that the leveling surface extended
beyond the modern outlines of the southern part of the
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Kerguelen Plateau southeast to the Bruce Plateau
(Bank) (see Fig. 2) and southward to the continental
margin of Antarctica, where its immediate continua-
tion is the relict leveling surface, the so-called Mon-
soon peneplain (Kurinin and Grikulov, 1980).

In this regard, it should be noted that large dome-
like structures are widely developed on the northern
slope of the West Australian Ridge, which may indi-
cate the regional distribution of the peneplain on the
land area that existed in the Cretaceous period in the
eastern part of the Indian Ocean (Illarionov et al.,
2020) (see Fig. 2).

Since the basement structure of the southern part
of the Kerguelen Plateau contains a thick layer of con-
tinental crust and the Labuan and Shackleton basins
were laid on the subsided blocks of the Kerguelen Pla-
teau, one may expect the presence of a transitional
crust, largely reworked by tectonomagmatic processes,
as well as preserved fragments of the granite—gneiss
layer in the structure of these basins. This was con-
firmed by the dredging carried out on one of the large
horst basement outcrops in the Labuan Basin, when
granite—gneiss rock samples weighing more than 1 t
were raised (55°18” S, 83°04’ E) (Montigny et al.,
1993) (Fig. 9). The pronounced southeastern trend of
faults governing the strike of horst—graben structures
developed in the Labuan and Shackleton basins indi-
cates a structural connection between the Kerguelen
Plateau and the Antarctic continent (see Fig. 9).

CONCLUSIONS

The material presented in the article allows the fol-
lowing conclusions to be drawn.

(1) In terms of structure, the southern Indian
Ocean can be divided into four tectonic taxa of the
first order: (1) the Crozet Basin; (2) the eastern part of
the African-Antarctic megadepression; (3) the Ker-
guelen Plateau; and (4) a vast four-way dip basement
uplift carrying the Del Cano-Crozet Plateau, the
Conrad Plateau, the Valdivia Abyssal Plain, and a
number of small horst blocks.

(2) The Conrad, Del Cano-Crozet, and Kerguelen
plateaus are similar in structure to the Madagascar
Ridge, which is a structural continuation of the island
of Madagascar. In the Late Cretaceous and Paleo-
gene, they were parts of a vast land mass that extended
from Madagascar to the eastern part of mainland Ant-
arctica.

(3) The development of riftogenic processes and
the formation of the middle West Indian Ridge at the
end of the Miocene led to crushing into blocks and the
significant processing of the crust of this ancient con-
tinental massif by tectonomagmatic processes.

(4) Both the structure of the Kerguelen volcanic
island and the results of a geochemical analysis of rock
samples collected on the island indicate that it was
formed on the ancient continental crust.
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Fig. 9. (a) Bathymetric map of the Williams Ridge and the Labuan Basin and (b, c, d) geological and geophysical sections of the
Labuan basin along profiles 15 (b), 17 (c¢), and 33 (eastern part) (d). (a) Profiles of R/V Rig Seismic (Ramsay et al., 1986): (Pr 1)
profile 15, (Pr 2) profile 17, and (Pr 3) profile 33 (eastern part). Triangles are dredging sites (Ramsay et al., 1986; Montigny et al.,
1993). (b—d) (1) Unsorted material from the Kerguelen Plateau, (2) dikes and other magmatic bodies, (3) subsided blocks of the
Kerguelen Plateau with preserved Late Cretaceous rocks, (4) regional unconformity surface, and (5) deep-water facies of the
post-Eocene age.

IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS  Vol. 57 No. 10 2021



NATURE OF THE KERGELEN PLATEAU AND ITS PLACE IN THE STRUCTURAL PLAN

(5) The crust of the Kerguelen Plateau has a rela-
tively homogeneous structure along the strike. A thick,
at least 15 km, layer of continental crust can be traced
in the crust section, which undoubtedly indicates the
continental nature of the Kergelen Plateau.

When the article was being prepared for submission
to the editors, the results of the latest studies carried
out in the North Atlantic in the area of Iceland had
been published (Foulger et al., 2021). The authors of
the article showed that the crust thickness of the island
is 40 km and it cannot be composed of an oceanic
crust 6 times larger than usual. Geochemical research
data show that Iceland is not a hot spot. In the light of
these results, the problem of the Kerguelen hotspot
acquires special significance and undoubtedly requires
additional research in the area of Kerguelen archipel-
ago to clarify the structure of the lower crust and the
depth of the Moho discontinuity.

To do so, one should carry out a detailed DSS sur-
vey with a large number of bottom stations, which is
the most suitable method for solving such issues. Such
a survey is quite feasible too, since progress has
recently affected the technology of observations with
bottom stations; they have become more compact,
long-term, and autonomous, and their maintenance
requires far fewer human resources, such as the self-
floating bottom GNS seismographs that have been
developed and used successfully all over the world by
Ilyinsky (Ilyinsky et al., 2018, 2019).
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