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1. Introduction

The Andaman basin is a part of large geotectonic unit that
extends from Sumatra (Indonesian) Islands in the south to
Myanmar (Burma) in the north, lying in Bay of Bengal
consisting of the Andaman-Nicobar chain of islands
(Fig.1). It lies between’dN to 14 N Latitude and 91E to

96’ E Longitude and covers an area of more than 2, 50,000
sq. km. Major geotectonic units from east to west ak Ba
arc, Volcanic arc, Fore-arc, Island arc and Fore deephwhic
are related to the subduction tectonics.

During Paleocene-Eocene time, subduction of Indian plate
below Burmese Plate caused the rise of the accrefiona
zone and formation of Fore-arc sub-basin. The present
paper basically aims to the study of gas hydrates inaelati
to various seismic geomorphic features identified in the
deep waters of Andaman Basin to the east of Andaman
islands within Fore-arc sub-basin.

Based on the study of 2D and 3D seismic data, presence of
gas hydrates as evident from Bottom Simulating Reflector
(BSRs) have been established. It has been observed that at
places, origin of Mass Transport Complexes (MTCs) which

is an important part of seismic geomorphic feature in
Andaman, is related to the destabilization of gas hydrates.
In Andaman Fore-arc sub-basin, these MTCs are attributed
to slope failure caused by neotectonism which results in
destabilization of gas hydratesAs Andaman Basin is
tectonically active, therefore, slope failures are fesgu
These results in formation and breakdown of gas hydrate
and consequently release of methane gas. It is also
observed that, at places, few high amplitude transported
mega blocks of MTCs shows signs of gas charge which can
be corroborated with destabilization of gas hydrates in the
past and presently occupying place much below the Gas
Hydrate Stabilization Zone (GHSZ).

The present study also opened up areas for gas hydrate
exploration to the north of Andaman Fore-arc sub-basin in
addition to the already established areas (Fig.2); (Kplde
Chandra et al, 1998). However, their concentration is more
towards the southeast of Little Andaman.

In the present study which is extending from east of North
Andaman to the south-east of Little Andaman, 2D and 3D
PSTM seismic data have been used. The 3D seismic data
set is Q-Marine with 25 X 12.5 bin spacing.
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Fig.1 Regional Tectonic Map of
Andaman Basin showing the study
area.
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2. Gas Hydrate

Gas Hydrates (also known as clathrates, methane hydrates
or hydrates) are the naturally occurring solids ice-like
substance containing natural gas - mostly methane - and
water, in which a solid water-lattice holds gas molezirte

a cage-like structure. Unlike oil, gas and coal which are
conventional energy sources, gas hydrates are non-
conventional energy sources like bio-fuels, shale gas and
coal bed methane. They are the future potential energy
resource. Theoretically, 1%0f gas hydrate on dissociation
can release more than 164 wf pure methane gas and
about 0.8 mof pure water at normal standard temperature
and pressure conditions (Kvenvolden, 1993). It is estimated
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that about 20,000 trillion cubic meters of methane are
stored in natural gas hydrates of which about 99% are in
marine sediments.

Most marine hydrates are stable at the relatively low
temperatures and high pressures found in sediments at
water depths of about 500 meters. The sediment interval in
which gas hydrates occur is known as the Gas Hydrate
Stability Zone (GHSZ). Gas hydrate bearing sedimeants ¢
be detected by geophysical methods because their specific
properties (density, acoustic velocity, electric registi
etc.) are different from the properties of water-saéarar
gas-charged sediments (Dillon et. al., 2000). The p-wave
velocity of pure hydrate is of the order of 3300m/s where as
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Fig.2 Map depicting prospective areas for gas &tgdralong the Indian Continental Margins (Afteldéep Chandra et al., 1998)
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the p-wave velocity of shallow sediments is of the order of
1500-1600 m/s. So, gas hydrates gives rise to an anomalous
reflection on the seismic section. This reflector itedahe
Bottom Simulating Reflector (BSR) as it simulates $ha
bottom. The BSR usually marks the base of a gas hydrate
layer below which free gas exists. Some researchers
hypothesize that the brightness of the BSR may be
indicative of how much methane is fluxing through the

system. Fig.3b

The presence of gas hydrates along the Indian Continental
margins has been inferred through BSRs and
multidisciplinary investigations (Ramana et al.,2006 &
2007) like geochemical (sulphate reduction trend and
increase in methane influx with core depth) and
microbiological (sulphate & nitrate reducing bacteria &
fermenters). No significant work has been carried out in
Andaman deep-waters to the east of Andaman islands.

Fig.3c

In the present study, area under Fore-arc sub-basin has
been taken up to study gas hydrates and its impact on the
hydrocarbon prospectivity of the various seismic
geomorphic features especially MTCs. Gas hydrates have
been inferred through BSRs in the depth range of 200-
700m from sea bed with water depth ranging from 700m to
2300m (Fig.3a to 3f).




Fig.3 f
Fig. 3a—f. Seismic section showing indicatidiGas Hydrates
in the form of BSRs.

An attempt has been made to identify areas of occurrence
of gas hydrates within the study area (Fig.4). It hanbe
observed that there is a definite presence of gas hydoates
the east of Andaman Island, however, their concentration is
more towards south-east of Little Andaman.

.'L’m[.: ANDAMAN SEA

Gas Hydrate

Fig.4 Location map of Andaman Basi‘nws'hvt‘)‘wing positaf gas
hydrates in the Fore-arc sub-basin.
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3. Seismic Geomorphic Features

The various seismic geomorphologic features identified in
the study area include: i) Basin floor fan, ii) Mass
Transport complexes (MTC) iii) Frontal splay, iv)
Turbidity flow leveed channels and v) Channel overbank
sediment waves. These features are identifiable under
seismic sections and map views of different attributes and
confined to the Pliocene to Recent time (Nandi et al.,
2009).

It has been observed that in the study area, thesmisei
geomorphic  features of deep-water depositional
environments are easily identified in the shallower easti
and most of them seem to fall within Gas Hydrate Stgbilit
Zone. The continued deposition of sediments leads to
deeper burial of the gas hydrate; and with depth, the
temperatures increase at the base of the stability zone
resulting in destabilization of GHSZ. The solid gas/water
mixture (i.e. the gas hydrate) will become a liquid gas /
water mixture (Mclver, 1982). Hence, a portion of released
gas, mostly methane may get a chance to enter in the
available reservoirs like channels, frontal splays, rbasi
floor fans and MTCs. However, the enormous overburden
pressure in relation to the pressure of sedimentary colum
above the BSRs may also help in downward and lateral
migration of released gas from gas hydrates. The imort
geomorphic features identified in the shallower parthef t
Andaman Fore-arc sub-basin have been illustrated in Fig.
5a. A time section along the line a-b also gives impoassi

of channels and BSR in Fig.5b.



Gas Hydrates in relation to Seismic Geomorphic Featuse

“HYDERABAD 2010

Channel

Levee
MTC

Channel

Channel fan

Fig. 5a Important Seismic Geomorphic Featurestified in the shallower section
in the study area (After Nandi et al. 2009).

Fig. 5b Time section along line a-b depicting ¥heous seismic geomorphic features.
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4. Mass Transport Complexes

Mass Transport Complexes or Mass transport deposits are BSR
characterised by chaotic, mounded seismic facies, large

magnitude lateral erosional edges, internal syn-depositional

thrusts and large scale (kms) transported mega blocks. Formation
MTCs have been observed in recent sub surface seismic of MTC
studies (Brami et al., 2000; Deptuck et al., 2003; tﬁzkl)BVéR

Posamenteir and Kolla, 2003; Gee et al., 2005). The
seismic character of deposits above detachment surfaces
range from low-amplitude chaotic to transparent and it is
often assumed that they are the remobilized material that
originally failed (Brami et al.,, 2000; Posamenteir and
Kolla, 2003). Linear scours (>10 km long) on the Fig. 6b A seismic section showing BSR along slapé origin of
detachment surfaces of mass transport deposits have been MTCs below.

interpreted to originate from slide blocks lodged at the base
of mass transport deposits (Brami et al., 2000; Posamentei
and Kolla, 2003; Gee et al., 2005).

i‘\ ./// L =

The development of highs and lows are frequent in
Andaman Forearc sub-basin due to continuous tectonic
activity which results the formation of slopes.

In the study areghe MTCs are distinctly observed. Their
origin has been corroborated with the dissociation of gas
hydrates along slopes (Fig. 6a & 6b).

5. Discussion

During gas hydrate formation, methane and water become
immobilized, restricting pore space and retarding fluid
migration (Mclver, 1982). This results in decrease in
permeability in the sediments. Eventually, gas hydratg ma
occupy much of the pore space within the Gas Hydrate
Stability Zone (GHSZ). The continued deposition of
sediments leads to deeper burial of the gas hydrate; and
with depth, the temperatures increase at the base of the
stability zone resulting in destabilization of GHSZ. The
solid gas/water mixture (i.e. the gas hydrate) will bexa@m
liquid gas / water mixture. Thus the basal zone of the gas
hydrate becomes under-consolidated and possibly over-
pressurized because of the newly released gas, leading to a
zone of weakness.

Formation of
MTC due to
destabilization of |
Gas Hydrates.

Dillon et al., 1998 suggested that any tectonic disturbances
can alter the in situ pressure or temperature regime. In
adjusting to the new pressure-temperature conditions, the
gas hydrate dissociate, producing an enhanced fluidized

Fig. 6a Indication of BSR along slope and origfiMTCs due to
destabilization of Gas Hydrates at depths.



Gas Hydrates in relation to Seismic Geomorphic Featuse

“HYDERABAD 2010

Mega-blocks of
MTC

/

Fig. 7 Seismic section showing MTC with gas chargedja blocks showing

gas chimney affects and velocity pull ups.

layer at the base of the gas hydrate zone and trigger
expulsion of pressurized fluid / gases mostly methane. In
slopes, due to destabilization of gas hydrates and
subsequent triggering of pressurised fluid / gas, the bed
above the BSR breaks and slope failure occur. These slope
failures and / or submarine landslides result becausevof lo
shear strength, triggered by gravitational loading. This
facilitates the origin of MTCs and possibility of gas
migration in the MTCs which are present below the
GHSZ. The majority of released gas from the dissociatio

of gas hydrates may escape upwards through weak planes
like faults/fractures, however, a portion of it may et

able to escape due to 200-300 m pelagic sediment cover
which may act as seal and consequently help to migrate the
gases along the bed of MTCs. However, the overburden
pressure including the pressure of water column which is
>1000m on an average will also exert pressure and help in
downward and lateral migration of gas into the MTCs. It
has been observed that at places, the mega-blocks of MTC

are gas charged where polarity reversal, gas chimneys and
velocity pull are common in the study area (Fig. 7). .
Therefore, the MTCs may act as a good reservoir in this
part of the basin and can be targeted as future exploration
areas. However, possibility of high pressure can not be
ruled out.

Conclusions

i)  The present study has concentrated on the Pliocene to
Recent sediments of deep-water environments of
Andaman Basin in order to understand the seismic
geomorphology and its relation to the occurrence of
gas hydrates in the Fore-arc sub-basin to the east of
Andaman islands.

ii) The study opened up areas for gas hydrate Exploration
to the north of Andaman Fore-arc Sub-basin in
addition to the already established areas (Kuldeep
Chandra et al, 1998). However, the concentration of
gas hydrates are more to the east of Little Andaman.



iii) It has been observed that at places, origin of Mass
Transport Complexes (MTCs) which is an important
part of seismic geomorphic feature in Andaman, is
related to the destabilization of gas hydrates.

iv) The study observed few high amplitude transported
mega blocks of MTCs showing signs of gas charge
through destabilization of gas hydrates and presently
occupying place much below the Gas Hydrate
Stabilization Zone (GHSZ). These may be targeted as
future exploration locale.
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