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Figure 4. Measured and simulated sound speed variances. (a) 7 May
2002 and (b) 8 May 2002.

mena such as tides, etc. which are not included in the
IWAVE. Deviations, particularly between 20 and 30 m
on 8 May, are due to a sudden entrainment of cold and sa-
line waters into the experimental site. This signal disap-
peared within the measurement time. Deviations could be
attributed to the use of initial measured profile to initial-
ize the model, since it does not contain any information as
to the current state of the IW field (direction). Hence a
simulation of the measurement period has an added uncer-
tainty due to the use of random phases for each wave
component.

An ocean simulation model for IW (IWAVE) was deve-
loped and validated against the measurements. A new
technique was developed for calculation of dispersion re-
lations, which is fast and stable. The model simulates the
temperature and salinity structure due to IWs in the ocean.
Comparisons between the measured and modelled vari-
ances of the sound speed are in good agreement. One of
the main advantages of the IWAVE model is that it re-
quires little information on the prevailing environment,
but it serves as an effective and useful tool for understat-
ing the IW dynamics as well as the impact of these waves
on underwater acoustic transmission. However, parame-
ters such as j«, P and number of modes are site- and sea-
son-specific. Therefore, knowledge of these parameters at
the experimental site improves the reliability of the simu-
lated field. More experiments have to be conducted to
validate and also to estimate parameters like j« and P in
the model, to improve its reliability.
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Three-phase tectonic evolution of the
Andaman backarc basin
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National Institute of Oceanography, Dona Paula, Goa 403 004, India

A three-phase evolutionary scheme since Late Oligocene
for the Andaman backarc basin is proposed based on
the multibeam swath bathymetry, magnetic and seismol-
ogical data. A SW-NE trending spreading ridge bisects
the basin. The tectonic evolution of the Andaman basin
with special reference to the formation of oceanic crust
within the backarc basin encompassing the backarc
spreading, suggests a phase of ridge propagation. Swath
bathymetry data documented topographic fabric of
the ridge propagation and reveal several morphotec-
tonic features that divide the basin into a complex
western part comprising arc-parallel seamount chains,
N-S trending fault systems and a relatively smooth
eastern part. Spreading centre jump during Late Oli-
gocene, rifting and extension during Middle Miocene
to Early Pliocene followed by the recent true seafloor
spreading since last 4 Ma define the three-phase tec-
tonic evolution of the Andaman backarc basin. The re-
cent phase has experienced westward propagation of
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the spreading centre. It is suggested that ridge propa-
gation modulated the crust. A schematic evolutionary
sequence of the Andaman backarc basin is presented.

Keywords: Andaman basin, magnetics, seafloor spreading,
swath bathymetry.

THE Andaman backarc basin is a part of the major island arc—
trench system in the northeast Indian Ocean. The Andaman
basin is believed to have formed due to the initiation of
spreading activity within the central Andaman trough. Earlier
investigations in the region' have elucidated the general
physiographic features of the Andaman Sea and delineated
tectonic elements related to the subduction of the Indian
plate and opening of the Andaman Sea. The complexity
of this tectonic province results from various factors such as
the oblique subduction, arc volcanism and ill-defined spread-
ing centre. A brief description of the tectonic setting of
the region is outlined below.

The Andaman Sea extends from Myanmar in the north
to Sumatra in the south and Malay Peninsula in the east to
Andaman and Nicobar islands, which form a part of the
Andaman—Nicobar ridge in the west (Figure 1). The basin
is marked by prominent morphological features such as
Barren and Narcondam volcanic islands, Invisible bank,
and Alcock and Sewell seamount complexes. Subduction
of the Indian—Australian plate beneath the Southeast Asian
plate occurs all along the Sunda arc, extending from the
eastern Himalayan syntaxis to Banda arc, with major varia-
tions in terms of speed and direction, resulting in oblique
convergence in the Andaman-Nicobar sector. The effects
of oblique plate convergence include strike-slip faulting
parallel to the trench axis, formation of a sliver plate, backarc
extension and basin formation®. Considering the dormant
Narcondam volcanic island, the active Barren Island vol-
cano’ and the Invisible bank as part of the present vol-
canic arc, we refer to the deep basin east of the volcanic arc as
the backarc basin. Subduction of the Indian plate along the
Andaman arc, formation of the Andaman—Nicobar ridge
and initiation of the spreading in the Andaman Sea are
some of the important tectonic events that shaped the Anda-
man backarc basin. Subduction is presumed to have started
along the western Sunda arc following the break-up of
Gondwanaland in the early Cretaceous’. The present sur-
face trace of subduction lies at the western base of the
Andaman—Nicobar ridge and the trench is filled with sedi-
ments of the Bengal Fan. The Andaman—Nicobar ridge is
suggested to have formed during Oligocene or Late Eocene
period and is reported to consist of seafloor ophiolites
and sediments scrapped-off the underthrusting Indian plate,
overlain by autochthonous sediments of shallow water
fore-arc environment. A complex system of short spreading
rifts and transforms in the central basin of the Andaman
Sea was suggested” to be the consequence of spreading with
an opening rate of 3.72 cm/yr. This spreading centre is con-
nected to the Sagaing fault system in the eastern Burma
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highlands in the north and to the Semangko fault system in
the south that runs across Sumatra’.

Andaman basin remained as one of the poorly under-
stood marginal seas due to inadequate geophysical data.
Close grid marine geophysical data using the modern swath
bathymetry system, magnetics and single-channel seismic
data acquired by the National Institute of Oceanography,
Goa as part of the investigations to explore possible
hydrothermal activity in the region, provided new in-
sights into the tectonic evolution of the backarc basin. Rao
et al.” documented the absence of recognizable magnetic
anomalies and presence of a thick pile of sediments, over
the northeastern part of the spreading centre. A recent study
carried out by Kamesh Raju et al.’® based on the high-
resolution swath bathymetry and other geophysical data,
suggested that true seafloor spreading commenced at about
4 Ma. Schematic account of a three-phase evolutionary
scheme for the backarc basin formation since Late Oligo-
cene, is presented and the kinematics of ridge propagation
was examined in the present study.

The topographic expression of the backarc spreading
centre, as revealed by the 100% insonified seafloor image
(Figure 2 a and b) generated from multibeam bathymetry
system, depicts a smooth sediment-filled 12-15 km wide
rift valley in the NE to 8-9 km wide rugged and shallow rift
valley toward the SW part. Based on the general topog-
raphic expression and absence of magnetic anomalies over
the NE segment, an active SW and an inactive NE segment,
were suggested’. However, detailed studies indicate that
morphologically the spreading centre has three major
segments. Integrated analysis of swath bathymetry and
magnetic data and the observation of seismological data indi-
cated that all the ridge segments are actively spreading®.

A linear trough flanked by elevated, very smooth to-
pographic plane on either side characterizes segment C. Sin-
gle-channel seismic reflection data over this segment
depict a thick pile of sediments, with expressions of ex-
tensional tectonics. Seismic evidence indicates that there
is more than 2 km thick sediment overburden over this
spreading segment™®. The axial trough along the entire
length of segment C is well maintained in spite of high
sediment influx in the region. Flanks of the spreading
segment A, define a fan-shaped seafloor fabric converging
towards the graben G (Figure 2 b). On either side of the
spreading segment A, bathymetric lineation defined by
3600 m isobaths marks the boundary of the fabric gener-
ated by the spreading centre. These lineations are termed
as outer and inner psuedofaults’. The fan shaped topog-
raphic fabric documented over the spreading segment A
in the western portion (Figure 2 b), is a manifestation of
the westward propagation of the ridge during the recent past.
The propagation observed here is analogous to the active
ridge propagation over Galapagos ridge, documented using
high resolution Seabeam/deep-tow investigations’. Earth-
quake epicentre data show clusters of events located in
the NE part and further north over the spreading ridge;
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