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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 60 N to 140 N Latitude and 910 E to 
960 E Longitude and covers an area of more than 2, 50,000 
sq. km. Major geotectonic units from east to west are Back 
arc, Volcanic arc, Fore-arc, Island arc and Fore deep; which 
are related to the subduction tectonics.  
 
During Paleocene-Eocene time, subduction of Indian plate 
below Burmese Plate   caused the rise of the accretionary 
zone and formation of Fore-arc sub-basin.  The present 
paper basically aims to the study of gas hydrates in relation 
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 Reflectors 
(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 hydrates.  As Andaman Basin is 
tectonically active, therefore, slope failures are frequent. 
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); (Kuldeep 
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 molecules in 
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 m3 of gas hydrate on dissociation 
can release more than 164 m3 of pure methane gas and 
about 0.8 m3 of pure water at normal standard temperature 
and pressure conditions (Kvenvolden, 1993). It is estimated 

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 sediments can 
be detected by geophysical methods because their specific 
properties (density, acoustic velocity, electric resistivity 
etc.) are different from the properties of water-saturated or 
gas-charged sediments (Dillon et. al., 2000). The p-wave 
velocity of pure hydrate is of the order of 3300m/s where as

 
Fig.2  Map depicting prospective areas for gas hydrates along the Indian Continental  Margins (After Kuldeep 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 is called the 
Bottom Simulating Reflector (BSR) as it simulates the sea 
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. 
 
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.  
 
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. 3a  

 
Fig.3b 

 

  
Fig.3c 

 

 
Fig.3d 

 
Fig.3e 
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Fig.3 f 

Fig. 3 a –f.    Seismic section showing indication of Gas 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 has been 
observed that there is a definite presence of gas hydrates to 
the east of Andaman Island, however, their concentration is 
more towards south-east of Little Andaman. 

 
Fig.4 Location map of Andaman Basin showing position of gas 
hydrates in the Fore-arc sub-basin. 

 

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, these seismic 
geomorphic features of deep-water depositional 
environments are easily identified in the shallower sections 
and most of them seem to fall within Gas Hydrate Stability 
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 (McIver, 1982). Hence, a portion of released 
gas, mostly methane may get a chance to enter in the 
available reservoirs like channels, frontal splays, basin 
floor fans and MTCs. However, the enormous overburden 
pressure in relation to the pressure of sedimentary column 
above the BSRs may also help in downward and lateral 
migration of released gas from gas hydrates.  The important 
geomorphic features identified in the shallower part of the 
Andaman Fore-arc sub-basin have been illustrated in Fig. 
5a. A time section along the line a-b also gives impression 
of channels and BSR in Fig.5b. 
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Fig. 5a  Important Seismic Geomorphic Features identified in the shallower section 

in the study area (After Nandi et al. 2009). 

 

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

Mass Transport Complexes or Mass transport deposits are 
characterised by chaotic, mounded seismic facies, large 
magnitude lateral erosional edges, internal syn-depositional 
thrusts and large scale (kms) transported mega blocks. 
MTCs have been observed in recent sub surface seismic 
studies (Brami et al., 2000; Deptuck et al., 2003; 
 
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 
detachment surfaces of mass transport deposits have been 
interpreted to originate from slide blocks lodged at the base 
of mass transport deposits (Brami et al., 2000; Posamenteir 
and Kolla, 2003; Gee et al., 2005).  
 
In the study area, the MTCs are distinctly observed. Their 
origin has been corroborated with the dissociation of gas 
hydrates along slopes (Fig. 6a & 6b).  

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

 

 
 
Fig. 6b  A seismic section showing  BSR along slope and origin of 
MTCs below. 
 

The development of highs and lows are frequent in 
Andaman Forearc sub-basin due to continuous tectonic 
activity which results the formation of slopes.   
 
5. Discussion 
During gas hydrate formation, methane and water become 
immobilized, restricting pore space and retarding fluid 
migration (McIver, 1982). This results in decrease in 
permeability in the sediments. Eventually, gas hydrate may 
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 become a 
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.  
 
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  

BSR 

Formation  
of MTC 
 below  
the BSR 

BSR 

Formation of 
MTC due to 
destabilization of 
Gas Hydrates. 
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Fig. 7 Seismic section showing MTC with gas charged mega 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 because of low 
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 dissociation 
of gas hydrates may escape upwards through weak planes 
like faults/fractures, however, a portion of it may not be 
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. 

Mega-blocks of 
MTC 
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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.  

 
References 
 
Brami,  T. R.,    Pirmez,  C.,   Archie,  C.,   Heeralal,  S.,  &   
Holman, K. L.   2000.   Late Pleistocene    deep-water   
stratigraphy  and  depositional   processes,   offshore 
Trinidad and Tobago. In P. Weimer, R. M. Slatt, J. 
Coleman, N. C. Rosen, H. Nelson, A. H. Bouma, M. J. 
Styzen, & D. T. Lawrence (Eds.), Deep-water  reservoirs of 
the world: GCSSEPM Foundation 20th Annual Research 
Conference (pp. 104–115). 
 
Dillon, W. P. and Max, M. D., 2000, Oceanic Gas 
Hydrates, in: M. Max(Ed.) Natural Gas Hydrate in Oceanic 
and Polar Environments ( Dordrecht: Kluwer Academic 
Publishers) 6, pp. 61-76. 
 
Dillon, W. P., Danforth, W. W., Hutchinson, D. R., Drury, 
R.M., Taylor, M. H. and Booth, J.S., 1998, Evidence for 
faulting related to dissociation of gas hydrates and release 
of methane off the southeastern United States, in: J. P. 
Henriet and J. Mienert ( Eds) Gas Hydrates: Relevance to 
World Margin Stability and Climate Change ( London: J. 
Goel. Soc. Sp. Pub. ), 137, pp. 293-302. 
 
Kvenvolden, K. A., 1993, Gas Hydrates: geological 
perspective and global change, Rev. Geophys., 31, 173-
187. 
 
Kvenvolden, K., 1999, Potential effects of gas hydrate on 
human welfare. Pro. Nat. Acad. Sci. USA., 96(7), 3420-
3426. 
 
Kuldeep Chandra, Singh R. P.  and Julka A. C., Gas 
Hydrate potential of Indian offshore area. 2nd Conference 

and Exposition on Petroleunm Geophysics SPG 98, 
Chennai, 1998. 
 
McIver, R.D., 1982, Role of naturally occurring gas 
hydrates in sediment transport, Am, Assoc. Pet, Geol. Bull., 
66, 789-792. 
 
Nandi A. K., Samanta B. G. and Guru Rajesh K., 2009. 
Identification of Deepwater Geomorphic Features in 
relation to hydrocarbon exploration using 3D seismic, 
Andaman Basin, India.  American         Association of 
Petroleum Geologist (AAPG) Annual Convention & 
Exhibition, 7-10 June, 2009. ���������	
�  
 
Posamentier, H. W.,   Kolla V.,  2003.  Seismic   
geomorphology   and   stratigraphy   of  depositional 
elements  in deep water settings. Journal of Sedimentary 
Research 73, 367-388.  
 
Ramana, M. V., Ram Prasad  T., Desa  M., Sathe  A. V. 
And Sethi A. K., 2006. Gas Hydrate-related proxies 
inferred from multidisciplinary investigations in the India 
offshore areas. Current Science, Vol. 91, No. 2, 25th July, 
2006.    
 
Ramana, M. V., Ramprasad, T., Kamesh Raju and Desa M., 
2007, Occurrence of Gas Hydrates along the continental 
margins of India, particularly the Krishna Godavari 
offshore basin. International Journal of Environmental 
Studies, Vol. 64, No. 6 december,2007. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


