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EXPLORATION OF HYDROCARBONS

Exploration of hydrocarbons using geochemical 
tracers.

Surface Geochemical survey for oil and gas exploration 
in Golaghat, Assam.

Surface geochemical survey was carried out for oil and gas 
exploration in Golaghat, Assam, with the following objec-
tives:

i. To map the presence and distribution of light gaseous 
hydrocarbons in soil samples using gas chromatograph 
for the concentration of light gaseous hydrocarbon, gas 
chromatograph coupled with isotope ratio mass spec-
trometer for carbon isotopes determination in the soil 
samples.

ii. To study soil samples for propane oxidizing bacteria as 
indirect method. 

iii. Integration of this data with geological data.
iv. Delineation of anomalous hydrocarbon zone for oil and 

gas exploration/exploitation.
Soil samples were collected in grid pattern of 0.5 x 0.5 km 
at the depth of 4 to 5 meter (Fig. 1.1).  The adsorbed soil gas 
analysis of the soil sample from Golaghat shows the pres-
ence of methane in all the samples and in  a few samples 
presence of ethane and butane. The concentration map of C2

+ 
shows concentration near east of Jamguri and Telihal wells, 
west of basin. The δ13C1 on the soil samples varies from -60 
to -74 per mil with respect to PDB. Microbial studies using 
propane oxidizing bacteria show the counts up to 5.7 x 105 
CFU/gram. Based on microbial study, the area near Jamguri, 
Kasomarigaon and Telihal have been marked as potential 
zone for future hydrocarbon exploration (Fig. 1.2).

Fig. 1.1 Fig. 1.2

Surface Geochemical Survey for Oil and Gas exploration 
in east Vindhyan Basin.

The Vindhyan basin is a Proterozoic intracontinental basin in 
the central part of  the Indian shield. For the entire Vindhyan 
succession, maximum thickness is estimated to be around 
3 km, comprising mainly sandstone, shale and limestone. 
It is believed that the initial sedimentation took place in an 
intracratonic rift basin and then a transition to intracratonic 
sag basin took place during the upper Vindhyan. A total of 
637 samples were collected for adsorbed soil gas analysis 
from a depth of 1.0 to 5.0m (Fig 1.3). The concentration of C1, 
C2, C3, iC4  and nC4 desorbed from the soils vary from 0-186 
ppb, 0 – 4 ppb, 0-5 ppb, 0 ppb and 0-1 ppb, respectively. 
The carbon isotope values for methane (δ13C1) vary between 
–62.2% and –25.239% (PDB) and for ethane (δ13C2) between 
-35.3% and -20.069. The microbial studies were carried 
out on 316 soils samples. The counts of propane oxidizing 
bacteria range from 0 to 3.38 X 105 CFU/gm. Based on the 
anomaly map of C1  , ΣC2+, & POB, the regions of Sagar, 
Narsinghpur, Katni, Satna and scatter areas in western part 
of the basin reveal to be promising for future hydrocarbon 
research and exploration (Fig. 1.4).

Fig. 1.3

Fig. 1.4
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Fig. 1.5

Fig. 1.6

Fig. 1.7

Surface Geochemical survey for oil and gas exploration 
in Rajasthan basin.

554 soil samples were collected from the depth of 4 to m 
meter at an interval of 3 to 4 km in Jaisalimer, Bikaner-
Nagaur and Barmer-Sanchor basins (Fig. 1.5). For microbial 
study soil samples were collected at a depth of 0.5 m in pre-
sterilized bags under aseptic condition. The concentration 
of each of organic constituents (C1 to C4) were measured 
using gas chromatograph. Methane (C1) is present in 90% 
soil samples, while ethane in 50% and butane in 16% 
respectively. The δ13C1 on the oil samples varies between -47 
and -20 per mil (w.r.t. PDB) for C1, and -44 to -13.98 per mil 
for δ13C2. The counts of propane oxidizing bacteria are up to 
7.92 x 105 CFU/gram. Methane is also of biogenic origin. 
Pearson correlation coefficient for light hydrocarbon shows 
good correlation among ethane and propane. Pixler plot 
suggest that majority of samples belong to oil and gas zones 
and suggests that the light hydrocarbons were derived from 
oil and Oil & gas windows. Integration of light hydrocarbon, 
isotopic and microbial data suggest that regions near 
Jodhpur and western part of basin are promising for future 
hydrocarbon exploration (Fig. 1.6).

Geochemical survey in NELP block (RJ-ONN-2004/1) 
Bikaner-Nagaur.

The Bikaner Nagaur basin lies within 26010’:30000’N latitude 
and 71031’:74026’ E longitudes. In the lithology major rock 
types are carbonates, claystone, siltstone, sandstone, dolomite 
and anhydrates. More than 1000 soil samples were collected 
in grid pattern (1.5 x 1.5 km) from a depth of 2 to 3 meter 
(Fig 1.7). Soil samples were analysed for light hydrocarbon, 
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carbon isotopes and microbial studies. The concentration 
of methane, ethane, propane, and n-butane is present in 
99.9%, 86%, 30% and 3% respectively. C2

+ is present in 86% 
samples. There is very good correlation between ethane vs. 
Propane, ethane vs. C2+ and propane vs. C2+. Hydrocarbon 
compositions like methane to ethane (C1/C2), methane to 
propane (C1/C3) shows their geochemical signature over 
prospective area. Based on Pixler plot the samples fall in 
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Fig. 1.8

Deep Resistivity Sounding (DRS) and Controlled 
Source Audio Magnetotelluric (CSAMT) studies for 
upper crustal structure.

Deep Resistivity Sounding (DRS) Studies for Hydrocarbon 
Exploration in Eastern part of Deccan Syneclise, Central 
India

As part of CSIR network project, eighty-one DRS 
measurements were carried out in the eastern part of 
Deccan syneclise region employing Schlumberger electrode 
configuration with maximum current electrode spacing 
of 10 km at each station (Fig.1.9). Layer parameters i.e., 
resistivity and thickness of various layers were determined 
from modeling studies for all the DRS stations.

The 1D models based on DRS data interpretation along 
Controlled Sesmic Sounding (CSS) and Magnetotelluric 
(MT) sounding profiles were prepared in the form of 
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geoelectrical sections. The sections prepared along CSS 
profiles are, (1) Galangi-Usrani, (2) Umapur-Brahmanawada 
(3) Khargoan (Multan) – Chopda - Amalner and (4) Rajola-
Badnera. Two additional geoelectrical sections along (5) 
Punasa – Nandura and (6) Kharagaon – Khandwa were 
prepared along MT profiles. The geoelectrical sections 
provide the general distribution of layer models along the 
given profiles, which includes thickness and resistivity of 
alluvium, trap, sediments and basement.

Fig. 1.9 Location map of DRS stations in the eastern part of 
Deccan syneclise, Central India.

Fig. 1.10  Geoelectrical section along Umapur -Brahmanawada 
based on DRS studies.

The geological models based on deep resistivity soundings 
06, 55, 18, 19, and 30 along Umapur-Brahamanwada were 
presented as geoelectrical section (Fig. 1.10), which is about 
103 km in length. Thick alluvium top cover varying between 
178-681m underlain by a thin trap of resistivity 38-215 

condensate a zone while some samples fall in oil and zone 
and some in gas zone. The carbon isotopic value varies from 
-37.5 to -16.0 per mil w.r.t. PDB. The microbial studies for 
propane oxidizing bacteria range from 0 to 5.13 x 105cfu/gm. 
The high counts (26% above the standard deviation) have 
been observed from southwestern part of the block and some 
in north eastern part of the bock. The integrated studies of 
soil samples suggest the anomalous zone in northeastern part 
and southwestern party of the block (Fig. 1.8). 

(A.M. Dayal, D.J. Patil, M.S. Kalpana, A. Uppaliah,   
M.A. Rasheed, Devleena Mani, T. Madhavi, Veena 
Prassana, M. Lakshmi, Ch. Srinivas, P.L. Srinivas Rao,  
J. Balachennaiah, B. Anuradha, D. Srinu)
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Gravity and Magnetic Studies for exploration of 
Hydrocarbons.

Delineation of basement structure in a part of Bikaner-
Nagaur Basin, Rajasthan. 

Gravity-Magnetic (G-M) data was acquired in the operational 
area RJ-ONN-2004/1, at a spacing of about 1-2 km along 
roads and tracks. G-M anomaly maps have been prepared 
after necessary corrections to the observed data which reveal 
three distinct features. The most prominent gravity anomaly 
is along the eastern margin with a long linear north-south 
trending relative positive gravity closures that extend from 
Suratgarh towards south to Ganganagar towards north (Fig. 
1.11a). The geologic features of this eastern gravity anomaly 
strip strongly suggest that the deeply denuded Aravalli Hills 
continue up to the Sargodha ridge. The central region is 
characterized by elliptical gravity ‘lows’ of limited extent 
over Raisinghnagar and north of Padampur and interpreted 
to represent small basinal ‘deeps’. The southwestern and 
northwestern regions of the study area are dotted by local 
elongated relative gravity ‘highs’. Similar gravity closures 
of about +10 mGal in adjoining Punjab plains of Pakistan 
have been interpreted as igneous intrusions in the quartzite 
and slate. The small local gravity lows and highs may also 
be due to either the Precambrian basement undulations or 
the variations in the thickness of low-density rocks, such as 
Hanseran-Evaporite Group overlying the basement.

Fig. 1.11a. Bouger anomaly map of a part of Bikaner- Nagaur. 
Basin, Rajasthan

Fig. 1.11b. IGRF corrected Magnetic Anomoly Map of  
Bikaner-Nagaur. Basin, Rajasthan   
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Ohm.m is seen along the profile. The thickness of sediments 
varies from 477m to 1176m, which is observed to be high at 
DRS55. The bedrock topography is undulating and reveals a 
basin structure.

The Deep Resistivity Sounding (DRS) studies successfully 
delineated a major sedimentary basin covered under trap 
in the study area surrounded by Khargaon, Khandwa, 
Burhanpur, Edalabad and Jalgaon having sediment thickness 
of the order of 1200 to 1700 m. The resistivity of sediments, 
trap and basement are characterized by 10-80 Ohm.m, 
38-499 Ohm.m and 109-5626 Ohm.m respectively. The 
sediments at a few locations are characterized by resistivity 
greater than 80 Ohm.m, which is above the normal resistivity 
of sediments. 

(G. Ashok Babu, B. Veeraiah and S.B. Singh)
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The IGRF corrected total intensity magnetic anomaly map 
(Fig. 1.11b) shows a variation of 583 nT with a low of -446 
nT and high of +137 nT. The narrow and elongated strip of 
negative magnetic anomaly north of the Padampur appears 
to be a trench type feature and closed structure with a narrow 
opening in the northwest. The two westen gravity closures 
coinciding with the magnetic closures might have been 
caused by the mafic and ultramafic bodies.

Gravity modeling for delineation of sub-trappean 
Mesozoic sediments in Deccan Syneclise.

Modeling of gravity data is inherently non-unique particularly 
in trap-covered areas where our knowledge of subtrappean 
stratigraphy and basement configuration is inadequate. 
This inevitable non-uniqueness of the gravity modeling is 
overcome with the help of seismic and MT/DRS results. The 
layered section obtained from seismic, MT and DRS results 
provide the first hand information about the geometry of the 
initial density model and the gravity response of this model 
is compared with the observed gravity anomalies. In case of 
mismatch, section is modified to arrive at the best possible 
model, keeping in view the lithological section of the area.

Fig. 1.12a. Residual anomaly map showing location of profiles 
for modeling
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Fig. 1.12c. Integrated subsurface model along Multan-
Amalner profile

Fig. 1.12b
The residual anomaly map after application of high pass fil-
ter for a cutoff wavelength of 100 km is shown in Fig. 1.12a. 
It reflects number of small wavelength anomalies that are 
attributed due to the basement and sub-basalt sedimentary 
structures and variation in the thickness of the top layer al-
luvium. The most significant among them are ENE-WSW 
trending moderate amplitude negative anomalies in the cen-
tral part of the region bounded by positive gravity anomalies 
on either side (Fig. 1.12b). This negative anomaly may be at-
tributed due to presence of subtrappen Mesozoic sedimenta-
ry basins which is bounded on either side by basement ridge/
intrusives. Gravity low in the western part represents yet an-. Gravity low in the western part represents yet an-ravity low in the western part represents yet an-
other subtrappen sedimentary depocentre. Integrated mod-
eling carried out along a NNE-SSW trending profile from 
Multan, south of the Narmada River to Amalner, south of the 
river Tapti shows a broad gravity low in the centre, which 
is bounded by large amplitude gravity high towards the 
south and medium amplitude gravity high towards the north  
(Fig. 1.12a). The integrated density model (Fig. 1.12c) de-
picts shallow basement towards the north and the south ends 
of the profile while the basement attains a maximum depth 
of 3.10 km at the centre of the profile having large thickness 
of trap as well as sediments.  

Delineation of Basement structure south of DSNP area, 
Assam.

Joint modeling of G-M data was carried out incorporating 
constraints from the available seismic section and well log 
data (Fig. 1.13). The computed density model suggests a fault 
controlled undulating basement with maximum basement 
depth of approximately 5.7 km in the north-eastern corner 
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and the minimum depth of 2.5 and 2.9 km in the eastern 
and western parts of the study area. The subsurface model 
depicts significant basement undulations which might lead 
to hydrocarbon prospects.

Fig. 1.13 Basement  structure derived from joint modeling of 
gravity and magnetic data along east-west Profile. Densities 
are in g/cm3 and susceptibilities are in cgs units.

Gravity - Magnetic studies in South Rewa Basin. 

Gravity and Magnetic data was acquired in the South Rewa 
basin (Madhya Pradesh) at spacing of 1-2 km covering an 
area of 13277 sq km to delineate the basement configuration 
and disposition of basic intrusives. The project is sponsored 
by Prize Petroleum Company Limited, Gurgoan, Haryana. 
Bouguer anomaly map of the region depicts two significant 
short wavelength gravity lows associated with basement 
features superposed on a large wavelength gravity low 
having deeper causative source. The residual anomaly map 
after removing the large wavelength regional component is 
shown in Fig. 1.14a which has clearly brought out structural 
features and undulations in the basement. It has delineated 
two major basement depressions near Tikhi in the north and 
near Shahdol in the south which are separated by an ENE-
WSW trending basement ridge near Sidi. Gravity low over 
the exposed Deccan volcanic in the south suggests presence 
of subtrappean Gondwana sediments. The gravity high at the 
northern end of the block suggests presence of high density 
Mahakoshal/Bijawar metasediments overlying the basement. 
Similarly, gravity high in the NE near Waidhan also suggests 
presence of high density rocks above the basement.

The magnetic survey has brought out a number of short 
wavelength and large amplitude linear magnetic anomalies 
(Fig. 1.14b) which probably represent narrow dykes. For 

example, linear anomalies near Rasmohani, Sidi coincide 
with the exposed E-W trending dykes. On the other hand, 
medium amplitude smooth magnetic anomalies having 
smooth gravity anomalies might represent depressions 
and upwarps in the basement. The prominent magnetic 
high towards the north of boundary fault coincides with 
high susceptibility Bijawar/Mahakosal rocks overlying the 
shallow basement as stated earlier. The most significant E-W 
trending large wavelength magnetic anomalies towards the 
north of Shahdol is conspicuous and joint modeling of G-M 
anomalies indicate basement upwarp in this region. The 
presence of medium gravity high associated with magnetic 
anomalies support this contention. In the NE part, the small 
amplitude randomly aligned magnetic anomalies represent 
the shallow heterogeneous basement. 

2D modeling of G-M data constrained from seismic input 
(Fig. 1.14c) suggests that the short wavelength magnetic 
anomalies are invariably controlled by dykes/sills where as 
gravity anomalies are primarily due to basement structures. 
Maximum depth to basement is found to be about 5.5 km 
within the northern depression to the north east of Tikhi well.  
3D inversion of G-M data reveals basement depressions in 
the north and south aligned in the strike direction of Son-
Narmada lineament and Mahanadi grabens respectively 
suggesting their role in shaping these basins (Fig. 1.14d). 
The depression towards south is subdivided into two sub-
basins by a buried basement ridge passing from Shahdol 
to Rasmohni in the NE – SW direction suggesting the role 
of transverse ridge in dividing these basins into small sub-
basins. The basin is bounded by steep boundary fault at the 
northern and southern end of the block. 

Fig. 1.14a. Residual Gravity overayed on Geology (SR-ONN-2004/1)

EXPLORATION OF HYDROCARBONS
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 Fig. 1.14d. Gravity Inverted Basement Configuration Map (SR-ONN-2004/1)

Fig. 1.14b. IGRF Corrected Magnetic Anomaly Map (SR-ONN-2004/1)

Fig. 1.14c

(B. Singh, M.R.K.P. Rao, A.P. Singh, D.V. Chandrasekhar, 
D.Ch. V. Raju, G. Laxman, V. Vijaya Kumar, Niraj 
Kumar, Amol Meshram, N. Sattaiah, B. Nageswara Rao, 
Ch. Swarnapriya, M. Ravi Kumar, B. Kodanda Rao,  
P. Jagadeesh, D. Vijaya Kumar, Mrinmoy Sharma, 
Madhukar Singh and Sumit Kumar)

EXPLORATION OF HYDROCARBONS

Magnetotelluric Studies for Hydrocarbon exploration.

Integrated geophysical studies for hydrocarbon explo-
ration in eastern part of the Deccan Syneclise, Central 
India.   
This unique geophysical study wherein results from different 
geophysical data have been integrated thus facilitated a 
detailed demarcation of areas of significant subtrappean 
sedimentation, identification of major subtrappean sedimen-
tary basins, their structural controls, basement topography, 
which are of immediate interest for oil exploration. The 
results also provided valuable information on the nature 
of complex variation of Deccan Trap thickness across the 
study region of Deccan Syneclise, the subsurface geometry 
of volcanic plugs, detection of major fracture/fissure zones, 
basement ridges, several sedimentary volcanic plugs etc. 
that help in building a compressive model for the subsurface 
geology and tectonic structure between the Narmada-Tapti 
region of the Deccan syneclise. The details of configuration 
of trap/sediment interface and sediment/basement interface 
provide valuable clues to the understanding of the region 
from the point of view of the hydrocarbon potential. 

Marine seismic and marine magnetotellurics in gulf of   
Kutch region, Gujarat, India.  
A total of 39 sites were occupied with MMT equipment of 
Scripps Institution of Oceanography, San Diego, USA. A 
total of 282 line km of seismic reflection data and 356 line 
km of refraction data have been  acquired using ocean bottom 
seismometers using air gun as the seismic source. The results 
reveal  the Tertiary thickness of  about 1 km towards western 
part thinning towards eastern part in the Gulf followed by 
1-2 km thick Deccan traps, 2-2.5 km thick sub-trappean 
sediments followed by resistive basement. The thickness  of 
subtrappean sediments in deep (2km) water is estimated to be 
about 3 km. From the regional profile study oriented in NW-
SE direction, covering the Saurashtra region towards south, 
Gulf in the middle and the Kutch region towards north, it 
is observed that large thickness of sediments (4-5 km) are 
inferred in Kutch region.

(T. Harinarayana, D.N. Murthy  M. Someswara Rao, K. 
Veeraswamy, S. Prabhakar E. Rao, K. Naganjaneyulu,  
K.K. Abdul Azeez, Sateesh Chandrapuri, K. Chinna Reddy, 
Narendra Babu, V.T.C. Kumara Swamy, Arvind K. Gupta, 
G. Dhanunjaya Naidu, Mahesh Narayanan, M. Shireesha, 
N. Umamaheshwari, D. Malleswari, Y. Bharathi)
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Exploration of gas-hydrates along Indian continental 
margins.

Lateral extension of gas-hydrates and free-gas from ve-
locity anomaly.

Presence of gas-hydrates increases the seismic velocity and 
underlying free-gas reduces the P-wave velocity. So, deter-
mination of seismic velocity by traveltime tomography or 
semblance velocity analysis provides useful information 
for this. The velocity anomaly along a seismic line in the 
Makran accretionary prism exhibits the lateral and vertical 
extension of gas hydrate- and free gas-bearing sediments 
across the bottom simulating reflector (BSR), prime marker 
for gas-hydrates. 

Assessment from offset-dependence of seismic ampli-
tudes.

Saturations of gas hydrate and free gas can be estimated 
based on measurements of seismic reflection amplitude ver-
sus offset from a BSR coupled with a rock physics model 
that relates seismic velocity to the saturation. This approach 
has been employed to seismic data along a line in the Makran 
offshore, and the results reveal lateral variations of gas hy-
drate 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 (Fig.1.15). The concept is simple 
and easy to implement for characterizing BSRs and assess-
ing gas hydrate and free gas based on a rock physics model.

Heat flow map from BSR.

The BSR, representing the base of gas-hydrates stability 
field, can be used to derive heat flow. By analyzing a closely 
spaced multichannel seismic data in Kerala-Konkan basin of 
the western Indian margin, BSRs are identified at 190 and 
340 m below the seafloor with water depths more than 1500 
m. From the phase curve of gas-hydrate stability zone, the 
geothermal gradients are calculated between 40 to 60 0C/
km. The corresponding heat flow values are determined as 
36 to 54 mW/m2. The result shows a seaward increase in 
geothermal gradient and brings out relatively high heat flow 
to the north and low heat flow at the south of the study area. 
The high heat flow distribution is explained by the decrease 
in sediment thickness proximal to the ocean/continent 
boundary.

Effective medium modeling of gas hydrate-filled fractures 
in KG offshore basin.

The recent coring and drilling in the KG offshore basin 
has established that the clay-rich sediments host one of the 
richest gas hydrate deposits in the world. The gas hydrate 
morphology varies from complex vein structures (grain-
displacing) to invisible pore-filling. The existing rock physics 
model generally assumes pore-filling morphology while 
relating acoustic data to gas hydrate concentration. This 
misleads the estimation for fractured fine grained sediments. 
The differential effective medium theory is applied to 
incorporate grain-displacing morphologies by which gas 
hydrate is included as vertical ellipsoids with aspect ratios 
ranging from those of thin veins to nodules in elastic 
anisotropic background, and gas hydrates are estimated from 
sonic velocities by considering three basic morphologies of 

EXPLORATION OF HYDROCARBONS

Fig. 1.15. Saturation of gas-hydrates and free-gas along the 
seismic line using the BGTL model.
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(i) pore-filling, (ii) grain-displacing and (iii) combination of 
grain-displacing and pore-filling (Fig. 1.16). The average 
gas hydrate saturations for these three cases are 35-42, 27-30 
and 33-41% of total porosity respectively in the depth range 
of 60-140 meters below sea floor.

Fig.1.16 Gas hydrates in 120m thick fractured shale in the 
Krishna-Godavari basin. (a) Sonic P-wave velocity (DSI-
wireline) and (b) gas-hydrates saturations with meter below 
sea floor (mbsf) at different fracture porosities.

Seismic attenuation as a proxy for qualifying gas-
hydrates.

The hydrate-bearing sediments above a BSR are associated 
with low attenuation or high quality factor (Q), whereas the 
gas-bearing sediments below the BSR exhibit high attenuation 
(Q-1). Interval Qs are estimated for various layers bounded 
by seafloor, BSR, one reflector above and another reflector 
below the BSR at three locations where BSR is moderate, 
strong and absent along a line in the Makran accretionary 
prism. Interval Qs for the layer above the BSR are estimated 
to be 191±11, 223±12 and 117±5, whereas interval Qs for 
the layer below the BSR are calculated as 112±7, 107±8 
and 124±11 at moderate, strong and no BSR locations, 
respectively. The high Qs are attributed to the gas hydrate-
bearing sediments and low Qs are ascribed to the free gas-
bearing sediments. Interval Qs of 98±4, 108±5 and 102±5 
respectively for the layer just beneath the seafloor show 
almost uniform variation along the line. The large variations 
in Qs are associated with the strong BSR, which indicates 
that Q can be used as a useful attribute to characterize 
hydrate-bearing sediments at places where detection of BSR 
is rather doubtful.

EXPLORATION OF HYDROCARBONS

Assessment of gas hydrates in the Mahanadi offshore 
basin.

Pressure cores and IR anomalies show that gas hydrates exist 
in disseminated form within fine grained clay sediments in 
the Mahanadi offshore basin. The saturations of gas hydrates, 
estimated from resistivity and interstitial water chemical data, 
are 10-15% just above the BSR. Saturations of gas hydrates 
are estimated from sonic velocity by applying a rock physics 
model based on effective medium theory by considering 
both (i) non-contact model in which gas hydrates are not 
connected with grains appreciably and (ii) contact model 
where gas hydrates coat the grains and form a continuous 
matrix. The maximum saturations of gas hydrates are 
estimated as 17 and 8% for non-contact and contact models 
(Fig. 1.17) respectively.

Fig. 1.17 Hydrate saturation with depth: (a) from P-wave 
velocity and (b) from s-wave velocity.

2-D Seismic Reflection Studies in Kutch. 

2D Seismic reflection data acquisition of about 900 GLK 
in Kutch on-land basin in Gujarat was carried out for 
hydrocarbon exploration. The work was sponsored by 
Directorate General of Hydrocarbons (DGH).

 The exploration program consists of:

●  Acquisition of 2D seismic reflection data along 12   
seismic lines.

(Kalachand Sain, PSR Prasad, Uma Shankar, N. Satyavani, 
Maheswar Ojha, Ranjana Ghosh, V. Rajesh, C. Kirthi and 
A.R. Sridhar).



NGRI
12

EXPLORATION OF HYDROCARBONS

Fig. 1.18. Location of the Seismic Refraction profiles in the 
eastern part of the Deccan syneclise, central India with 
geology.

Fig. 1.19. Record section along Khandala-Brahmanawada 
profile shows P-and S-waves. Skip in the refraction phases P2 
and P4 indicates presence of low velocity sediments beneath 
high velocity Deccan Traps.

●  LVL studies using shallow refraction and uphole survey 
with shot hole depth of 50 m at every 50 km and at 
every line crossing intervals of 2 Km

●  QC processing of data in field. 

Data acquisition work has been completed and the data 
cartridges were handed over to DGH

(Prakash Khare, P. Koteswara Rao, S. Raju, ASSSRS 
Prasad, B. Mandal, T. Sateesh, V. Sridher, P. Karuppannan, 
B.R. Prasad and D. Sarkar) 

2D-Seismic refraction / wide-angle reflection study for 
Hydrocarbon exploration in Deccan Syneclise region, 
central India (Network Project-SMM004). 

The seismic refraction/wide-angle reflection seismic data 
collected along the following profiles (Fig. 1.18) was 
processed and modeled to find out the velocity structure.

1.  Umapur-Khandala-Brahmanwada profile (W-E, Part II, 
160km) 

2.  Gallangi-Chopada-Raver-Usrani profile (W-E, Part I, 
160km),

3.  Amalner-Vervadi-Shivnagar-Herapur profile (SE-NW, 
120km), and

4.  Bandera-ChandurBazar-Rajola profile (N-S, 110km).

Three component seismic data of thirty seconds were 
downloaded from hundred Taurus (100 nos.) units in SEED 
format for fifty seven (57) shot points. Shot gathers were 

converted in SEG Y format from SEED and SEG D formats 
for further processing. One blank trace was padded between 
the Tauruses for the hundred units for fifty six shot points to 
make the data compatible with RF data (100 mts geophone 
spacing) for merging together. Fifty seven shot gathers 
without geometry were prepared.

Geometry was applied for 17 shot points along the Umapur-
Khandala-Brahmanwada profile (Part II) in central India. 
It is observed that overall signal to noise ratio of the first 
arrivals on the record sections is very good. The shot points 
are numbered sequentially from SP 17 to SP 32. The profile 
has a lateral shift near SP 21 and processed as two separate 
segments- Umapur-Khandala (SP 17 to SP 21) and Khandala-
Brahmanawada (SP 21A to SP 32). 

Travel time analysis and inversion of the data of the second 
segment revealed three layers above the basement. The first 
layer with a P-wave velocity of 1.4-1.5 km s-1 and a thickness 
of 100-400 m represents alluvium. The second layer with 
an average velocity of 4.8-5.2 km s-1 possibly correspond 
Deccan Trap formation, which is about 900-1150 m thick 
along the profile. Travel time skip and amplitude decay in 
the first arrival refraction data indicates the presence of a 
low velocity zone (LVZ) beneath the Traps (Fig. 1.19). A 
low velocity layer (3.6 km s-1) has been delineated below 
the Traps by modeling wide-angle reflection phases from top 
and bottom of the LVZ together with basement refraction 
data. The thickness of the LVZ varying between 250-450 m 
has been interpreted as Gondwana sediments sandwiched 
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Fig. 1.20. P-wave velocity model along Khandala-Brah-
manawada profile.

(M.M. Dixit, A.S.N. Murthy, P. Karuppannan, Sanjay 
Kumar, K. Anita, K. Srikanth, Somvir Singh and  
D. Sarkar)

EXPLORATION OF HYDROCARBONS

between Trap and the basement. The crystalline basement 
with an average P-wave velocity of 6.0-6.2 km s-1 lies at a 
depth of 1.70 km along the profile (Fig. 1.20). 

A tomographic image of the Mahanadi delta, eastern 
India using first-arrival seismic data

A 2-D tomographic P-wave velocity (Vp) image was derived 
using first-arrival seismic refraction data from 120 km E-W 
trending profile in the Mahanadi delta, India. The Vp image 
showed significant heterogeneities of subsurface rock types 
with large anomalies (>0.75 km/s) beneath the Mahanadi 
Gondwana graben. The image was well recovered with 
good spatial resolutions (>0.4 km/s) constrained down to 
maximum 10 km depth. Various faults imaged in the delta 

Seismic wave pattern in West Bengal basin vis-a-vis other 
coastal sedimentary basins of India

Free surface multiples when used in conjunction with regular 
seismic phases can provide details of velocity gradients in 
sedimentary layers, which aids for better constraining the 
velocity model.To bring into focus the area specific structural 
and compositional peculiarities essential to generate free 
surface multiples, the derived velocity models of the West 
Bengal basin have been compared with the models of other 
coastal sedimentary basins of India. It is clearly resolved 
from the analysis of velocity and its gradient, sedimentary 
thickness, period of sedimentation and the effect of water 
saturated layers that the high velocity gradients and the 
presence of free surface multiples in the West Bengal basin 
are due to water saturation of the thick unconsolidated/ semi- 
consolidated, compact and partially cemented sedimentary 
layers.

(A.S.S.S.R.S. Prasad, N. Venkateswarlu, P.R. Reddy,  
P. Koteswara Rao, G. Vidya Sagar  and D. Sarkar).

act as conduits through which hydrocarbon might have 
migrated and trapped due to basalts & dolerites which act as 
barriers. The basement (5.9-6.1 km/s) topography is highly 
undulating showing horst & graben structures having 3.5 km 
depth in the Gondwana graben reducing to 0.5 km as horst 
called Chandikhol ridge towards west. The thick (>2.5 km) 
intra-trappean low-velocity Gondwana sediments (3.8-4.0 
km/s) imaged below high-velocity basalts (4.8-5.0 km/s) 
indicate significant volcanic eruptions in the delta during 
breakup of the Indian Plate from East-Gondwana.

(L. Behera and D. Sarkar).
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