TECTONIC DEVELOPMENT OF GRABEN OVER THE ASTRID RIDGE OFF
DRONNING MAUD LAND, ANTARCTICA
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Abstract: Study of high resolution marine seismic reflection (24 kjl sparker energy source and analog streamer), and
bathymetric data collected along six zonal and one meridional sections (lines) across the Astrid Ridge off Dronning
Maud Land, Antarctica enabled identification of (1) thick sediments about 1.3 s, TWT consisting of four seismic
sequences having nearly parallel reflection pattern to the diverging reflectors down the ridge flanks, (2) upwarped
ridge crest deformed and downfaulted controlled by N to NNW-S to SSE trending normal and upthrust faults and (3)
large scale incision of sediments. The features confined to shallow depths in the south of the study area mark the zone
of erosion while the acoustic basement between 2000 m isobath is upwarped. The zone of deformation, 110 km wide
is associated with a seaward prograded graben (=20 km wide) which is seen in three stages i.e. deformed, intermittent
and well developed with 240-320 m downthrow at seabed level. Upthrust crustal blocks, deformations of the
subsurface reflectors and upwarped to down faulted and contorted sediments within the graben reflect compression
stage and perhaps followed by slumping. The graben development along the ridge crest has been attributed to tensile
stress while the onset and cessation of the forces in time domain have been attributed to seafloor spreading, phase of
intrusion and relative motions of India, Africa and Antarctica plates during Cretaceous and Tertiary period.
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Introduction

The relatively thin glacio-marine and fluvial sediments of
the eastern Antarctic margin depict clean records of temporal
changes in the geological, paleoclimatic and tectonic events
ofthe past. Recently upper Eocene to Recent sediments with
thickness of about 489 m at the ODP drill sites 739 and 740,
off Prydz Bay, east Antarctic margin (Fig. 1) have been

investigated to know the time of east Antarctica-India sepa-
ration during Cretaceous (143—69 Ma) and reviewed in the
light of their global link (Backman ez al., 1988). Stratigra-
phy and structure of the Proterozoic (=2500 Ma) to Recent
sediments, 5 km thick off the Dronning Maud Land have
been studied using widely spaced regional multichannel
seismic reflection and refraction profiles (Hinz and Krause,
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Fig. 1. Physiography revealed by 4000 m and 100 m isobath of east Antarctica, South West Indian Ridge (SWIR)
and Mid Antlatic Ridge (MAR) are shown. Fracture zones (broken lines, after Royer ef al., 1981) magnetic isochrons
or anomalies numbered (M stands for Mesozoic time after Norton and Sclater, 1979; Hinz and Krause, 1982 and Bergh
1987) are shown.
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1982). Scouring of sediments from the upper continental
slope and erosional unconformities due to incision of the
submarine canyon have been also reported (LaBrecque and
Keller, 1982). A thick blanket of glacio-marine sediments
obscuring the structural fabric, in parts, of the Astrid Ridge
has been documented (Johnson et al., 1981; Bergh, 1987).
Similarities in the geology and structure of Astrid Ridge to

that of Antarctic mainland have been investigated (Siddiquie
et al., 1988; Hinz and Krause, 1982). Fairly wide (280 km)
and long (450 km) Astrid Ridge is one of the major physi-
ographic features, from the icy shelf, of the Antarctic con-
tinental margin (Bakaiv, 1966; Johnson et al., 1981). In the
present study the authors made an attempt to identify some
of the structural and sedimentary units.
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Fig. 2. Track lines of Mechanized Vessel Polar circle and isobath lines in metres. Triangles and circles are positions

during satellite passes and dead reckoning respectively.
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Geology and Tectonics

The eastern India-Antarctic crystalline basement of Pro-
terozoic-Archean consists of slightly metamorphosed ter-
rigenous rocks with thick jaspilite units. Their basement
carved with regularly patterned intracratonic depressions
which belong to aulacogen type (Fedorov ef al., 1982a). In
the eastern Weddell sea rift zone has been found. It is
characterized by a graben like depression at the base of the
Archean/Phanerozoic non-magnetic layer, underlain by a
thinned substratum (Grikurov et al., 1980). Aeromagnetic
anomalies over eastern Enderby Land (57°30' E to 60°E)
indicate N-S to NNE-SSW trending faults within the graben
and horst like structures of varying widths from 130-150 km
(Fedorov et al., 1982b). The NNE-SSW to NE-SW trending
graben like structure east of the Astrid Ridge, and a regional
Weddell sea unconfirmity, WSU of late Cretaceous period
separating the upper 1.0 km thick sediments (1.6 to 2.2
km/s seismic velocity) from the complex 2.0 km thick
sediments (3 to 5 km/s seismic velocity) of early Jurassic age
(=200 Ma) have been interpreted by Hinz and Krause
(1982) from their seismic reflection studies.

Offshore Data

During 1981-’82, as a part of the Indian expedition to
Antarctica, marine seismic reflection and bathymetric mea-
surements have been made, along seven (six zonal and one
meridional) closely spaced sections (Fig. 2) totalling to 450
km on the Astrid Ridge (between 67°30'S and 68°40'S
latitude) off Dronning Maud Land, Antarctica, on board M.
V. Polar circle. A Kelvin and Hughes echosounder was
operated for bathymetric soundings. An EG and G single
channel seismic reflection profiling system comprising of
multi electrode sparker (energy source 8 to 24 kjl, a power
supply (model 232A), a krohnite variable filter (model
3750) and an EPC 3200 graphic recorder) was used for these
investigations. A dual channel satellite receiver (Magnavox
model MX 1107) was used for the position fixing. Maps
showing bathymetry, drawn at 200 m interval, the seismic
records and line drawings of the interpreted features have
been presented in Figs. 2, 3 and 4 respectively.

Bathymetric and Seismic Reflection Study

Bathymetry

The isobaths between 1600 and 2800 m clearly present the
N-S to NNW-SSE trending ridge (Fig. 2). The ridge crest
(identifiable by 2000 m isobath) deepens seaward and be-
comes wide in the south. The N-S trend continues to prevail
up to 68°10'S and changes to NNW-SSE further north.
Shallow (1600 m) and deep (2900 m) environment occur in
the south and northwest respectively.

Seismics

The seismic records (Fig. 3) show intense to weak reflec-
tion patterns of seismic sequences on sections 40 to 46 and
lead to identification of four reflecting units I to IV with
impedance contrast at their bases (named as AS1, AS2, AS3
and USU in Fig. 4). The reflectors are wavy in a zone at the
crest of the upwarped acoustic basement (unitI'V, Fig. 4) and
they are nearly parallel to it in other areas. The wavy pattern

of 10-20 ms (peak to trough amplitude) marks deformation
in the entire sedimentary column which indicates sediment
folding and sagging. Distinct and higher order reliefs of the
folds (Figs. 3, 6a and b) are seen on the crestal part of the
ridge (lines 42 to 46). Lateral changes by way of (1) abrupt
truncation of reflectors of seismic units (I to I1I) at the axis
oferosion on the west along lines 40, 41,42 and 46 depicting
converging trend towards north, (2) diverging reflectors
pattern on the eastern flanks of the ridge (lines 42, 46, 44 and
45), (3) sheet drape sediment structure over the ridge flanks,
contorted reflection patterns in the deformed/down faulted
parts of acoustic basement and onlaping reflectors (line 43
to 45), (4) intense reflections of folded sediments (lines 40
to 46) at the crest of the upwarped acoustic basement and (5)
normal faults bounding a graben like structure (lines 43 to
46) at the crest of the basement and upthrust crustal blocks
(lines 43, 45 and 46; original records) are identified. Abrupt
truncation of reflectors of the seismic units (I to III) have
been noticed from south to north (lines 40 and 46). Thick-
ness in two way time of the seismic units varies widely
between 0.01-0.95 s on line 40, 0.3-1.05 s on line 41, 0.7—
1.28 sonline 42,0.6-1.05sonline 46,0.23-0.9 s on line 44,
0.1-1.0 s on line 45 and 0.15-1.0 s on line 43. Gradual
seaward thinning of these seismic units could also be seen.
A maximum of around 1.28 s (line 42, 0130-0230) and
minimum, around 0.1 s (line 45, 1830-1845 and 2005-
2025) of the sediment thicknesses have been interpreted in
the present study area. The basal seismic sequence unit IV
is severly deformed in the north and faulted down against
normal faults with downthrow of 240-320 m extending to
the surface (lines 44, 0525-0705; 45, 1845-2010 and 43,
1700-1810). Steep surface walls of the graben are also
visible. The upward convexity of internal reflectors (lines
43 and 45), the offsets in seafloor topography (line 43) and
the dip of beds (lines 44 to 46) within the graben are typical
of the compressional stress controlled faulting scenario.
Contorted reflection patterns are also noticed within the
graben. Down faulting yet times associated with arcuated
faults (line 46) and tilts of the crustal blocks to the east also
prevail which lead to identify deformation of the crust along
a zone. Intense deformation of the sediments on line 42
(0110-0230 Figs. 4 and 6a) and associated diffraction pat-
tern at the edges of the deformed zone are noticed. The
above observations lead to suggest fault controlled graben
like feature/deformed zone (on lines 42 to 46) extend to
about 80-90 km and 20 km wide in the study area. A
maximum of about 1.1 km relief (from flank to crest of the
ridge) of the acoustic basement in the north (line 45) and
minimum of 0.65 km in the south (line 42 Figs. 3 and 4) are
noticed. The variations in relief occur over a distance of
about 70—-75 km. Thus the study clearly reveals abrupt
truncation of the reflectors extending even to deeper levels
mostly in the south up to 68°S lat. and upwarping of the
acoustic basement associated with the deformation. Maxi-
mum deformation and down faulting is noticed on the ridge
crest (Figs. 3 and 4). The zone of deformation is oriented in
a NNW-SSE direction in the north and N-S in the south of
68°10'S. The system of vertical faults, extending from the
acoustic basement to the seabed, bounding the graben, are
very clear in the north. However extensive deformation with
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