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G M studies for basement configuration of Bikaner-Nagaur basin
Gravity-Magnetic measurements were carried out at 1027 stations along roads and 
tracks at 1km spacing in the Bikaner-Nagaur basin, Rajasthan. The amplitude of 
the Complete Bouguer anomalies varies from -55 mGal to -10 mGal (Fig. 1.1). 
The residual anomaly map indicates that the shallow sedimentary formations have 
a little lateral density variation. The power spectrum of these shallow sources 
indicated average source depth of about 2000 m, which confirms to the depth to 
Malani rhyolite (1800m) as per the available well data at Nanuwala. IGRF corrected 
total intensity magnetic anomaly map shows a variation of about 540 nT with a 
low of -407 nT and high of +133 nT. It is suggested that the circular magnetic 
anomalies are caused due to presence of acidic and basic Malani igneous intrusions 
(MII) whereas linear trends are caused due to structural disposition and change in 
magnetization in the basement. From the joint study of gravity and magnetic anomaly maps, it is observed that a 
number of features appear to be intimately related to each other. The 2.5D density model derived from residual 
gravity anomalies using constraints from seismic information along eight profiles clearly indicates deepening of 
the sedimentary layers below Marh formations from East to West. In contrast, the shallow sedimentary layers are 
more or less horizontal in nature. It appears that by the time of deposition of Nagaur sandstone, the Nagaur basin 
attained horizontal stratification. Unified 2.5D modelling of gravity and magnetic anomalies has clearly brought 
out structural features and undulations in the basement. Maximum depth to basement is found to be about 8.5 km 
beneath the two basement depression, which shallows to about 1.5 km along the Delhi-Sargodha ridge (Fig.1.2). 
Finally, the integrated interpretation of G-M data suggests that the magnetic anomalies are invariably caused by 
acidic and basic Malani igneous intrusions whereas the gravity anomalies are primarily caused due to basement 
structures.

The 2.5D density model 
derived from residu-
al gravity anomalies  
clearly indicates deep-
ening of the sedimen-
tary layers below Marh 
formations from East to 
West.

(Bijendra Singh, M.R.K.P. Rao, A.P. Singh, D.V. Chandrasekhar,  V.M. Tiwari, D.Ch.V. Raju , V. Vijaya  Kumar,   
Niraj Kumar, Amol Eknath Meshram, B. Nageswara Rao, Ch. Swarna Priya,  M. Ravi Kumar, P. Jagadeesh,  
Sumit Kumar, Avinash Pandey, D. Vijaya Kumar, S. Rohini and Md. S. Khan)

Fig. 1.1: Complete Bouguer Anomaly Map Fig. 1.2: Basement Depth derived from 2.5 D modeling
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Exploration of Gas-hydrates along Indian Continental Margins
Gas-hydrates in fractured shale in KG basin
Estimating gas-hydrates in fractured medium has been a challenge, which has been overcome, for the first time, 
by employing the sophisticated effective medium theory (EMT). The coring and drilling of Indian NGHP has 
established massive gas-hydrates in fractured shale in KG basin, and the morphology varies from complex vein 
structures (grain-displacing) to invisible pore-filling. By invoking EMT, the grain-displacing morphologies in which 
gas-hydrates are incorporated as vertical ellipsoids with aspect ratios ranging from those of thin veins to nodules in 
elastic anisotropic background has been considered. The average saturations of gas-hydrates have been estimated 
from sonic velocity as 35-42, 27-30, and 33-41%, of total porosity respectively in 60-140 meters sediments below 
seafloor for three basic morphologies of (i) pore-filling, (ii) grain-displacing and (iii) combination of grain-displacing 
and pore-filling respectively.

Acquisition MCS and OBS data in the Bay of Bengal
The Marine MCS data were acquired by specifically designing 
an experiment using a chartered vessel, R/V Akademik 
Fersmann through the Marine Geology Services for the 
exploration of gas-hydrates in KG and Mahanadi basins during 
March-June, 2010. A total of 7500 line km of MCS data were 
collected, and the preliminary analysis exhibits wide-spread 
occurrences of BSR (main marker for gas-hydrates) in both 
basins. A sample seismic section is shown in Fig 1.3. For the 
first time, the OBS data in a 10 km by 10 km block in each 
basin has been acquired for detailed investigation of gas-
hydrates. Fig.1.3: Seismic section in KG basin showing the BSR.

Quantification of gas-hydrates using A-B crossplot
A method of estimating the saturations of gas-hydrates and free-gas was developed based on measurements of 
seismic reflection amplitudes versus offsets coupled with a rock physics modeling that relates seismic velocity to 
saturation. By applying the method, the lateral variations of gas-hydrates were estimated from 4.5±1.1% at CDP 
4362 to 15±1.4% at CDP 4412 above the BSR, and free-gas from 1±0.15% to 3.5±0.2% below the BSR respectively, 
at BSR along a seismic line in the Makran offshore. 

Gas-hydrate saturation in KG basin from P-wave velocity and electrical resistivity logs
During the NGHP Expedition 01, suits of well-logs were acquired at several sites in KG basin. Sonic P-wave velocity 
and electrical logs were used for the saturations of gas-hydrates. By assuming gas-hydrates to be in the pore spaces, 
it was found  that the gas-hydrates saturations in KG basin are relatively low (<5%). However, several intervals 
exhibit increased saturations (15-38%). A total of 10 drill sites and associated log-data, regional occurrences of 
BSRs on 2D and 3D seismic data, and thermal modeling of gas-hydrate stability zone, have been used to estimate 
total amount of gas-hydrates. The total area based on BSRs observed on seismic data covers ~720 km2, and the total 
amount of gas from gas-hydrates in KG basin varies from a minimum of ~5.7 to ~32.1 trillion-cubic feet.

Gas-hydrates stability thickness map along the Indian margin
The gas-hydrate stability thickness map (Fig.1.4) along the Indian margin was modified by filling the data gap 
including the Andaman region also.
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Fig. 1.4: Gas-hydrates stability thickness map within Indian EEZ. The prospective zones of gas hydrates are shown by ovals/ 
circles. S - Saurashtra, KK - Kerala-Konkan, Mn - Mahanadi, KG - Krishna-Godavari, and Am - Andaman offshore basins.

Seismic attenuation (Q-1) for characterizing gas-hydrates reservoirs
A method for calculating the interval-Q, was developed and applied to a seismic data in the Makran accretionary 
prism, where BSR is prominent. Fig. 1.5 shows a three-layered Q-structure of marine sediments with almost 
uniform interval-Q (108) for the first layer. However, a large lateral variation in interval-Q from 191 to 223 to 117 
for the second layer is observed at locations where the BSR is moderate, strong and absent, respectively. The sudden 
increase in interval-Q from 108 to 223 followed by large drop to 107 near the strong BSR suggests good amount of 
gas-hydrates and free-gas across the BSR at this location.

Fig. 1.5: Field seismic gathers at CDPs 4286, 4372 and 4524, respectively, each superimposed with interval-Qs.
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Heat flow constraints in KG basin from gas-hydrate system
A simple conductive model has been used 
to calculate heat flow from BSRs  in KG 
basin without any probe. The BSR-derived 
heat flow varies from 30 to 102 mW/
m2, and increases ocean wards (Fig 1.6). 
Local variations with low heat flow over 
prominent topographic highs and high heat 
flow at the flanks of topographic highs are 
observed, which may arise due to focusing 
and defocusing effects of topography. The 
depth patterns of local BSRs may also 
be due to the dynamic effects, including 
the displacement of isotherms by thrust-
faulting.                

Fig. 1.6: BSR-derived heat flow in mW/m2 in KG basin. Contours represent 
the bathymetry in meters.

Documenting channel features associated with gas-hydrates in KG basin
A prominent channel system was imaged mainly by using the seismic instantaneous amplitude attributes. The 
channel can be clearly identified by changes in seismic character of the channel fill (sand-rich) and pronounced 
levees (less sand content than that in fill, but higher than in surrounding mud-dominated sediments). The entire 
channel sequence (channel fill and levees) has been subsequently covered and back-filled with a more mud-prone 
sediment sequence. Where the levees intersect the base of the GHSZ, their reflection strengths are significantly 
increased to 5- to 6-times the surrounding reflection amplitudes. Using the 3D seismic data, these high-amplitude 
reflection edges (Fig.1.7) were linked to gas-hydrates layer at Site NGHP-01-15. Further south along the channel, 
the same reflection elements representing the levees do not show large reflection amplitudes. However, the channel 
system is still characterized by several high-amplitude reflection events (a few hundred meters wide and up to ~1 
km in extent) interpreted as gas-hydrate-bearing sand intervals along the length of the channel.

Fig.1.7: Seismic section extracted from 3D volume that links the channel with a prominent seismic reflection associated with 
gas-hydrates at Site NGHP-01-15. Map of instantaneous amplitude extracted over a time window of 40 ms centered at depth of 
~180 ms two-way travel time below the seafloor highlighting the location of the channel.
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Raman Spectroscopy of Methane Enclathrated in Cages of 
Melanophlogite: Temperature and Pressure Dependence
The melanophlogite (SiO

2
 clathrates) samples from Mt. Hamilton were 

found rich in methane molecules enclathrated in pentagonal dodecahedra 
(512) and tetrakaidecahedral (51262) cages, similar to gas-hydrates (8CH

4
 

·46H
2
O) (Fig. 1.8). Information on structural stability and in particular, the 

volatile guest molecules is essential in order to use silica clathrates as storage 
material. The stability of methane was investigated over a temperature 
(93 – 1273 K) and pressure (0.36 – 3.61 GPa) range with Micro Raman 
spectroscopy. Temperature induced variation in Raman parameters for CH

4
 

were marginal in 93 – 600 K range; however, at higher temperatures it was 
difficult to distinguish two separate bands. Partial degassing of methane 
was observed at higher temperatures. The studies indicate that complete 
degassing of samples may be very difficult without structural collapse. The 
Raman spectral variations indicate a reversible structural transformation in 

Fig. 1.8: Micro-Raman spectra of melanophlogite. Comparison 
of the characteristic modes of methane enclathrated in cages 
of SiO

2
 & H

2
O is shown in inset.

Subduction zone imaging
Synthetic seismograms for numerous subdcution zone 
geometries were generated using a visco-acoustic 
anisotropic finite difference code for subduction 
modeling. 11 Ocean Bottom Seismograms (OBS) 
were computed at 19 km interval at the sea-bottom of 
a subduction zone velocity-depth model with 190 km 
distance and 60 km depth. 3801 shots were fired with 
an interval of 50 m at the sea-surface. The travel times 

The Raman spectral variations 
indicate a reversible structural 
transformation in melanophlog-
ite for pressures >1.37 GPa. 
No further structural transfor-
mations were observed up to P 
~3.61 GPa. Pressure induced 
shifts for Raman modes of en-
clathrated methane molecules in 
melanophlogite are comparable 
to those in methane-hydrates.

melanophlogite for pressures > 1.37 GPa. No further 
structural transformations were observed up to P ~ 
3.61 GPa. Pressure induced shifts for Raman modes of 
enclathrated methane molecules in melanophlogite are 
comparable to those in methane-hydrates.

of first arrivals and identifiable wide-angle reflected phases for all OBS were picked, and travel time modeling is 
being carried out to find out the optimal configuration of the survey design for retrieval of features of subduction 
models in different subduction scenarios. 

(Kalachand Sain, P.S.R Prasad, Uma Shankar, N. Satyavani, Maheswar Ojha, A. Prasanti, Mohd. Rafique, 
Satendra Singh, Ranjana Ghosh, C. Kirthi)

Hydrocarbon prospects across Narmada Tapti rift in Deccan trap, Central India: Inferences from 
integrated interpretation of magnetotelluric and geochemical prospecting studies
As the Mesozoic sediments contribute most of the oil and gas reserves of the world, an integrated interpretation 
approach using magnetotellurics (MT) and surface geochemical prospecting studies is used to demarcate hydrocarbon 
prospective Gondwana (Mesozoic) formations underneath the Deccan flood basalts of Late Cretaceous age across 
Narmada-Tapti rift (between Bhusawal and Barwah) in Central India. The MT interpretation shows deep (~ 5 km) 
basement structure between southern and central part of the MT profile however, it gradually becomes shallower to 

EXPLORATION OF HYDROCARBONS
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either ends of the profile with a predominant basement depth reduction in the northern end compared to the southern 
end (Fig. 1.9). The geophysical results suggest thick (2 - 3.5 km) Mesozoic sediments in the area characterized by 
deep basement structure. The geochemical analysis of the near surface soil samples indicate higher concentrations 
of light gaseous hydrocarbons constituents over the area marked with thick sub-basalt Mesozoic formations (Fig. 
1.9). Analyses of the geochemical data imply that these hydrocarbons are genetically related, generated from a 
thermogenic source and these samples fall in the oil-producing zone. The temperature-depth estimations in the 
region support favorable temperature conditions (80OC - 120OC) for oil generation at basement depths.

Fig. 1.9: Composite map showing the interpreted sub-surface geology based on the resistivity structure obtained from MT data 
modeling and gaseous hydrocarbon concentration anomalies resulted from geochemical studies.

(K.K. Abdul Azeez, T. Satish Kumar, Sharana Basava, T. Harinarayana, A.M. Dayal)

Exploration of hydrocarbons using geochemical tracers
Surface geochemical survey for oil and gas exploration in south 
Rewa basin
The south Rewa basin is an E-W trending intracratonic basin in the central 
part of subcontinent (Fig1.10). The basin covers an area of 28,500 km2 
is delimited to the north by Son Narmada lineament and to the east and 
southeast by Precambrian metamorphics. Surface geochemical survey 
was carried out in Rewa basin.Gondwana sediments ranging in age from 
Early Permian to Early Cretaceous are exposed. The major fault system 
in the basin is aligned parallel to the Satpura trend. 500 soil samples were 
collected during December 2010 in a grid pattern (Fig 1.10) at the interval 
of 500 m x 1000m in seismic block and 4.5km x 4.5 km in regional block. 
Soil samples were analysed for the concentration of light hydrocarbon, 
carbon isotopic signature on light hydrocarbon and propane oxidizing 
bacteria in microbiology lab. Based on integrated study involving light 
hydrocarbon anomaly, carbon isotopic signature and propane oxidizing 
bacteria, four zone were identified as warm areas for hydrocarbon and to 
be explored by high resolution seismic survey in future. Fig. 1.10: Block in Rewa basin

EXPLORATION OF HYDROCARBONS
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Adsorbed soil gas survey for hydrocarbon research and exploration in 
Bengal basin
Bengal basin is located between the eastern edge of the main Indian craton and 
Indo-Burmese orogeny to the south of Shillong Plateau in the state of Bengal, 
India. It occupies an area of 57,000  km2 on shore and 32,000  km2 offshore up to 
bathymetry of 200 m. The formation of Bengal basin was initiated during Middle-
Upper Cretaceous time with differential subsidence. From Carboniferous to Upper 
Eocene time, it was a divergent margin basin and was initiated as a response to 
the breakup of the Gondwanaland along the rifted margin of the Indian plate. The 
Bengal foreland shelf is more than 100 km wide in north and narrows towards the 
south (Fig. 1.11). Total 800 of soil samples were collected all along the road with 
the interval of 4-5 km at the depth of 3-5 m for measuring adsorbed soil gas. Soil 

Fig. 1.11: Geological map of Bengal basin

Integrated geochemical 
study on the soil samples 
suggests three anoma-
lous zones of hydrocar-
bon in the study area. 
These studies provide 
inputs for next NELP 
auction to various oil 
exploration companies.   

samples were analysed for light gaseous hydrocarbon concentration, their carbon isotopic signature for source rock 
analysis and microbial analysis using propane oxidizing bacteria. Integrated geochemical study on the soil samples 
suggests three anomalous zones of hydrocarbon in the study area. These studies provide inputs for next NELP 
auction to various oil exploration companies.   

EXPLORATION OF HYDROCARBONS



CSIR - NGRI
10

(AM. Dayal, D.J. Patil, M.S. Kalpana, A. Uppaliah, M.A. Rasheed, Devleena Mani, T. Madhavi, Veena Prassana, 
M. Lakshmi, P.L. Srinivas, Ch. Srinivas, B Anu Radha, J. Balachennaiah, Krishana Prasad, S. Kavita)

Geochemical survey in parts of Saurashtra and Kutch basins
Saurashtra is a rifted passive margin basin comprising an 
onshore area of 52,000 km2 and a 20,000 km2 offshore 
extension into the Arabian Sea (Fig. 1.12). Deccan Trap 
Formations occupy most of the exposed area of the 
Saurashtra, consisting of alternating basaltic flows and 
intervening sedimentary depositions. Sedimentation under 
deltaic conditions with marine environment is a favourable 
phenomenon for the generation of hydrocarbons in the 
basin. 200 soil samples were collected from Saurashtra 
and Kutch basins for geochemical study to know the 
hydrocarbon potential. Soil samples were analysed for 
light hydrocarbon (C1-C5), their isotopic signature and 
propane oxidizing bacteria to find the anomalous zone 
of hydrocarbon. Based on our study, Saurashtra, Kutch 
and Gulf of Kutch are warm zones for hydrocarbon 
exploration. 

Fig. 1.12:  Sample location in Kutch and Saurashtra basin

Geochemical study of soil samples from Sri-Ganganagar, Rajasthan
The Bikaner-Nagaur basin in western Rajasthan, India, is an elongated asymmetrical sedimentary basin trending 
NNE-SSW and covering an area of over 100,000 km2 (Fig. 1.13). Sedimentation in Bikaner-Nagaur basin probably 
commenced during Late Proterozoic glaciations. 100 soil samples were collected in grid pattern at the interval of 
05. X 0.5 km. Soil samples were analysed for light hydrocarbon, carbon isotopic composition of light hydrocarbon 
and microbiological study. Based on our study, the area under study is warm for hydrocarbon and detail exploration 
is required in the basin.

Fig. 1.13: Sample location in Sriganganagar block
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