
 

 

 

 

 

Directorate General of Hydrocarbons, 

ikaur@dghindia.org 

 

 

 

10th Biennial International Conference & Exposition 

 

P 338 

 

Potential areas of Gas Hydrate deposits in Mahanadi Offshore 
 

Inderjeet Kaur*, Jyotirmayee Mohanta, Mridula Singh, Neha Katna 

 

Summary 

 

The Indian National Gas Hydrate Programme (NGHP) expedition established the presence of Gas Hydrates in Krishna-

Godavari, Mahanadi and Andaman basins. The further programme of NGHP is presently aiming at identifying sand bearing 

Gas hydrate zones. The present study forms an integral part of the search for sands within Gas Hydrate Stability Zone (GHSZ) 

in a part of Mahanadi deep-water basin. Using 3D Seismic data of the area of interest, RMS Amplitude and  geometrical 

analyses of identified depositional features have been carried out. Depocentres favouring sand deposition have been 

illustrated. These sand depocentres could be future prospective targets for Gas Hydrates exploration and exploitation.The 

work will be useful for further exploration programmes with respect to Gas Hydrates in the Indian Offshore. 
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Introduction 

 

The rapidly increasing demand of energy for sustained 

growth of human society has prompted all of us to search 

for the renewable and alternate energy resources such as 

gas hydrates found below the ocean floors and in 

permafrost regions in form of ice like substances. Owing 

to their huge deposits envisaged worldwide the gas 

hydrates have the potential of being a possible alternative 

nonconventional energy resource (Kvenvolden1993a; 

Collet 2002). Interest in natural gas hydrates as a potential 

energy resource has grown significantly in recent years as 

awareness of the volumes of recoverable gas becomes 

more focused (Sloan & Koh, 2008).  

  

India has also started active research in establishing gas 

hydrate reserves in its eastern and western coasts by 

collecting geophysical, geological, geochemical and 

microbiological data under its National Gas Hydrate 

Programme (NGHP) initiated and funded by Ministry of 

Petroleum and Natural Gas, Government of India. The 

drilling by JOIDES Resolution drill ship under NGHP 

Expedition-1 in KG basin has confirmed presence of 

massive gas hydrate accumulation in KG basin. Gas 

hydrate is an ice-like mineral that contains methane or 

other low molecular weight gases (e.g., ethane, CO2, H2S) 

in a lattice of water molecules [Sloan, 1998].   

The gas hydrates are mostly found in the permafrost and 

outer continental margins of the world where the methane 

concentration exceeds its solubility limit (Sloan, 1997; 

Kvenvolden 1993b, 1995, 1999). The gas hydrates are  

(100- 2000C) in shallow sediments (Kvenvolden,Keith A. 

[1993].   

 

Only a small proportion of the evidence for hydrate 

accumulations comes from direct sampling; most is 

inferred from other sources such as seismic reflection 

profiles of an anomalous bottom simulating reflection 

(BSR), well log data, drilling data, pore water salinity 

measured from cores, etc.  

  

Mahanadi offshore Hydrate Assessment 

Geological setup   

 

The Mahanadi basin is among the several sedimentary 

basins developed along east coast of India as a result of 

rifting and break-up of Gondwana land during Jurassic 

period. This covers an area of over 50, 000 sq.km, of which 

nearly one fourth is in onshore and the rest is in offshore. 

Tectonically, these basins are developed around a triple 

junction between the NE-SW trending east coast of India 

and the NW-SE trending Mahanadi graben within the 

Indian shield (Fuloria R.C. et.al.,1992).The basin is 

separated from KG basin by 85ºE Ridges. The 

hydrocarbon prospects of offshore basin are rated good as 
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it belongs to a petroleum province (Jagannathan C.R. 

et.al,1983). Deep water part of Mahanadi basin attracted 

much exploration attention due to its proximity to the deep 

water area of KG basin having proven huge gas reserves 

as well as due to recent gas discoveries in the area.  

 

Paleogene and Neogene section in deep water basin 

exhibits channel complex; highly sinuous often stacked 

vertically due to shifting of depositional axis both in space 

and time (Nath. et.al., 2006). A sinuous channel-levee 

complex often results in submarine fan lobes towards 

deeper part of the basin. Incised valley and valley fill 

sequences are also prevalent during Paleogene and 

Neogene periods. 

 

Methodology  

 

The seismic methodology for hydrates characterization 

was introduced in detail by Dai et al.(2004) and Xu et al. 

(2004). The most widespread evidence for the presence of 

gas hydrates offshore comes from seismic data. For the 

present study we use the seismic attribute analysis to 

delineate the sand bearing zones.   

 

The strong acoustic impedance contrast between gas 

hydrate –bearing sediments i.e. higher velocity strata and 

adjacent sediments that contain free gas i.e. lower- velocity 

strata can cause a high amplitude reflection..The reflection 

contrast depth depends on the temperature and pressure 

conditions conducive to hydrate stability, it typically  

parallels or mimics the seafloor. Such interfaces are known 

as Bottom Simulating Reflectors (BSRs) and the seismic 

reflections they cause often cut across structural and 

stratigraphic reflections. The reflectivity interface 

separates stiffer material above from the lesser stiff 

material below, giving rise to a seismic reflection with 

polarity opposite to that at the seafloor (Shedd et al).   

 

Most of the gas hydrates, world over have been inferred 

from BSR and Gas Hydrate Stability Zone (GHSZ) 

thickness map. However, lack of a BSR does not preclude 

the presence of hydrates, sometimes lithology gives such 

pseudo-reflections.  

 

To develop a better understanding of the distribution, 

concentration and formation of gas hydrate; high-

resolution 3D seismic reflection data of Mahanadi offshore 

was analyzed. The study area forms a part of the Mahanadi 

basin which lies in the eastern offshore of India. It covers 

an area of approximately 2343 sq. km.  The 3D seismic 

volume is divided into inline and crossline directions, 

spaced at 25 mts. and 12 mts. respectively. 

 

 
Fig.1 (a). Location & Bathymetry map of the study area.  

         (b).   Bathymetry   Map   with   projected   BSR   and 

proposed well locations. 

 

Results and Discussions  

 

Basic  observations  of  the  detailed  sea  floor  topography  

derived  from  the  3D  seismic  data  (Fig.1(a))  reveals  an  

overall slope towards the SE direction. Bathymetry Map of  

the study area shows occurrence of numerous canyon like  

features moving along the dip direction.  During the data 

analysis, BSR like features are observed on the seismic 

sections. The net area covered by the BSRs is 

approximately 580 sq.  km (Fig.1(b)).  The strong BSR is 

inferred to represent the base of gas hydrate stability zone. 

Blanking of cross-cutting strata above the BSR is likely 

due to the presence of gas hydrates (Fig.2(a)). A highly 

chaotic pattern lies between horizons A1 and A2 

(Fig.2(b)). 
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Fig.2(a)  Seismic  section  with  BSR  and  proposed  well 

location. 

 

 
Fig.2(b) Seismic section with Horizons A1 & A2. 

 

This   area   is   very   interesting   because   of   the   general  

Occurrence of sand-prone facies depicted through seismic 

amplitude and sweetness map.   

 

An aerial mapping and delineation of these BSRs was 

done. Utilizing this information, two high amplitude 

reflectors were   picked   above   the   BSR   which   proved   

helpful in carrying out amplitude analysis. The two   

identified reflectors extended within 3D volume were   

used to generate their TWT relief perspective maps which  

are shown in Fig.3.   

 
Fig  .3  TWT  relief  map  of  reflectors  A1  and  A2  close  to 

BSR.  

  

Seismic attribute is very important tool to analyze the 

Amplitude distribution to identify the geological features.  

The 3D seismic data was used for generating several 

seismic   attributes   like   RMS   amplitude,   Instantaneous  

Amplitude (Envelope) and Sweetness. The RMS attribute 

along horizons A1 and A2 has been extracted 90 ms above 

the   BSR,   as   shown   in   fig.4.   The   geometry   of   

high amplitude areas indicate channel-like deposits.  These 

are very useful in identification of sand depocentres. 

 

Sweetness is a hybrid attribute and is defined by the ratio 

of instantaneous amplitude over instantaneous frequency. 

Sweetness is used for channel detection in deep-water 

clastic and coastal-plain settings. Seismic data that exhibit 

high amplitudes with low frequencies exhibit high 

sweetness. Parts of a seismic volume characterized by both 

high amplitudes and low frequency will have high 

sweetness, whereas other combinations of those attributes 

will have low sweetness. Any factor that affects either 

reflection strength or instantaneous frequency (like pore 

filling fluids) will result in changes in sweetness.  

 

Using Sweetness attribute, different maps were created 

which gives the frequency distribution along the horizons 

A1 and A2 in Fig .5. The area immediately above the Gas 

Hydrate Stability Zone shows elevated sweetness values 

(Fig. 5(a)).The high sweetness values actually represent 

the low frequency areas which are caused by signal 
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attenuation which could be due to the presence of gas-

filled sand bodies. 

 

 

 
Fig.4 RMS amplitude extraction map 90 ms above BSR of 

reflectors A1 and A2 is shown; low-amplitude values are from 

blue to green, and high-amplitude values are in  red.  

  

 
Fig 5(a) 

 
Fig 5(b)  

 

Fig. 5 Sweetness Map just above the BSR shown high 

frequency values in yellow and low frequency values in 

blue.(5a) at the GHSZ,(5b) within the GHSZ.  

  

Fig 5(b) just above the BSR, in this case we expect to see 

a high-frequency anomaly due to the relatively high 

velocity of the gas hydrates. 

 

Proposed locations 

 

 
Fig. 6 Distribution of sedimentary facies within seismic units and 

architectural elements of a channel-levee system.  

 

The schematic diagram shows a typical channel-levee 

system, which is the basic architectural unit of the upper 

and middle fan. Regional mass-transport deposits separate 

channel-levee complexes in many parts of the fan 

(Modified from Normark, Damuth et al., 1997). 
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Fig. 7 (a) Seismic section showing proposed well location M1 

with BSR  

  

The proposed location M1 is located at the edge of channel 

fill. High amplitude reflection observed at the levee might 

be due to the presence of free gas interspersed in the coarse 

grained sand deposits. Chaotic pattern above the BSR with  

variable amplitude  and low continuity can be seen. 

 

 
Fig. 7 (b(i)) Seismic section (inline) showing proposed well 

location M2 with BSR 

 

 
Fig.  7  (b(ii))  Seismic  section  (x-line)  showing  proposed well 

location M2 with BSR 

 

In fig-7(b(i)), the frontal splay like deposit can be seen 

These splay complexes are identified  on the basis of 

seismic reflection amplitude, continuity and 

geometry(Twichell et.al(1991).From the section it can be 

inferred that free gas zone is adjacent to the Splay complex 

and there is free gas migration through the pore spaces 

which got deposited as gas hydrates  within the splay .In  

fig 7(b(ii)) a lens shaped feature is observed at the location 

Presence of gas chimney, bright spot and small sliding 

faults are evidences for the presence gas hydrates. 

 

 
Fig. 7 (c) Seismic section showing proposed well location M3 

with BSR  

 

Seismic evidence like high amplitude, chaotic pattern 

above BSR are evidences of mass transport deposits in the 

channel-fill complexes in the study area. This area is 

highly faulted by growth faults which are terminated near 

the sea floor. These faults may be the pathway of gas 

entrapped in the hydrates. 

 

 
Fig. 7 (d) Seismic section showing proposed well location M4 

with BSR  

 

The proposed well is located within the slump and debris 

flow deposits near channel depocentre. High amplitude 

reflection events can be observed above the Channel bends 

which might be the prospective areas for gas hydrates. 

There is also a blanking zone below BSR which indicates 

presence of free gas. 
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Fig. 7 (e) Seismic section showing proposed well location M5 

with BSR  

 

Below BSR presence of high amplitude indicates 

entrapment of free gas and chaotic reflector sediments. A 

lens shaped feature is seen above the BSR with presence 

of high amplitude reflector above it. All these supportive 

of the presence of gas hydrates. 

 

 
Fig. 7 (f) Seismic section showing proposed well location M6 

with BSR  

 

Bright high amplitude reflections below BSR are good 

evidence of strata bound free gas .Gas chimney is present 

on the right side of proposed location. Above BSR 

sediment lenses with amplitude blanking are the, 

interesting target features for gas hydrates.  

  

Conclusions 

  

The results indicate that the BSR is laterally discontinuous. 

The seismic section shows the presence of BSR like 

anomalous reflections approximately 300ms below the 

seabed. These BSR like features are distinct and follow 

certain characteristic features like (i) mimicking the 

seafloor; (ii) polarity reversal; (iii) cross-cutting the 

lithological formations; and blanking above and below the 

BSRs. The BSR reflections are very strong at some 

locations and weak at other places.   

It is also very important to note that at many places the  

BSRs are present above the channel fills. The gas hydrate 

accumulation may be restricted to these depositional 

centers. 

 

As we go towards eastern part of the area we do not 

observe any BSR like reflections although seafloor depth 

is of same order.  

 

The BSRs are mapped and delineated throughout the area 

and the areal extent of these features is of the order of 580 

Sq. Km which is quite big an area.  

 

The seismic attribute analysis has helped in the 

identification of sand prone channel levee system. The 

system has feeder canyon coming down from structurally 

high position to down dip, may be acting as feeder to 

deposit coarser clastic along envisaged main channel. 

Channel systems point to the presence of potential sand 

dominated gas hydrate reservoirs. Various seismic 

attributes derived from these analyses indicate that both 

gas hydrate and free gas layers may be present in places.  

Depositional elements described include turbidity-flow 

levied channels, levees or overbank settings with sediment 

waves, frontal splays and channel fills. Leveed channels 

commonly are characterized by decreasing levee 

thickness. The presence of several geophysical features 

like gas chimneys, lens shaped features, bright spots, 

chaotic patterns, blanking zones etc. led to the proposal of 

six well location.  

 

We conclude  from  analysis  of  a  high quality  3D seismic  

data  set  that  the anomalies  are  related  to  the occurrence 

of potential gas hydrate overlying a thin accumulation of 

free gas within distal distributary lobe of sands. 
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