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EXPLORATION OF HYDROCARBONS AND GEOTHERMAL ENERGY

1.1 MAGNETOTELLURICS – APPLICATION TO
HYDROCARBON EXPLORATION

1.1.1 Field Investigations in Narmada - Son Lineament
Zone

Two nearly N-S traverses covering a total of 100 MT stations
were investigated along Sehore-Akola (270 km) and Indore-
Jalgaon (190 km) covering Narmada-son lineament zone.   The
salient features of these studies are described below.

Traverse along Akola-Sihore

The alluvium cover towards the northern end (i.e. South of
Sehore) is few tens of meters thick underlain by Volcano
sedimentary sequence rocks (250 m) and the alluvium cover
towards the southern end is about 50-200 m. The trap
thickness is 1-2 km towards south of the traverse and
decreases to less than a km towards north. Towards north of
Narmada South Fault (NSF), thin or absence of sedimentary
layer below the traps is noticed where as on the south of NSF,
sub trappean sediments are delineated with a thickness of a
few meters to 2 Km up to Gavilgarh Fault (GF) and further
thinning south of the traverse. The subsurface geoelectric
section along Akola-Sehore traverse exhibits shallow
basement towards northern part and  varies between 0.5 to
1.0 km up to NSF. The basement depth gradually increases
towards south to about 4 km near GF. Further south, the
basement depth sharply decreases to 1.5 km after crossing
Purna Fault (PF). A technical report has been submitted to
Directorate General of Hydrocarbons, New Delhi.

(M.Someswara Rao, K.Naganjaneyulu, K. Veeraswamy,
G.Dhanunjaya Naidu, D.N. Murthy K.Ravishanker,
S.R.K.Kishore, V.T.C.Kumaraswamy, R.S. Sastry and
T. Harinarayana)

Traverse along Indore-Jalgaon

The alluvium cover with a maximum thickness of about 500 m
has been delineated near Tapti North fault region i.e. north of
Jalgaon in the southern part of the traverse. Deccan trap
thickness is less than a km towards North and gradually
increases to about a km South of NSF and extends further up
to south of Jalgaon. The sub trappean sediments are either
thin or absent towards north of NSF but its thickness sharply
increases to 2 – 2.5 km towards south of NSF and gradually
decreases to 1-1.5 km further south. The basement depth is
less than a km towards north and steeply increases to about
3-4 km in the vicinity very close to NSF and gradually
decreases to 2 km further south near Jalgaon.

Probable high potential hydrocarbon zones have been
demarcated along these two traverses. Deep anomalous high
conductive vertical features have been delineated along NSF,

TNF, and PF. These features probably reflect deep crustal
signatures that might have affected in vertical block
movements within this major tectonic zone.

(S. Prabhakar E.Rao, Sharana Basava, Arvind K.Gupta,
K. Ravishanker, Mahesh Narayanan, Nageswara Rao,
T. Harinarayana, D.N.Murthy and G.Virupakshi)

1.1.2 Study of Mesozoic Sedments below the trap cover
in Western Part of Narmada Cambay Region.

303 MT stations have been covered under CSIR Network
Project (Fig.1.1). Major part of the study area is covered with
Deccan traps with Tertiary sediments exposed towards the
southern part of region. Exposures of Mesozoic and
Proterozoic sedimentaries are seen towards northeastern part.
Data have been acquired in gridded fashion with a station
interval of 5-7 km. 2D modeling results along Sanawad-
Chopda traverse is shown in Fig.1.2. This profile cover mostly
the region of exposed Deccan traps in the northern part and
alluvium deposits in the southern part near Tapti river and is
aligned in NE-SW direction. This profile cuts across the major
faults like Narmada South fault and Barwani-Sukta fault and
Tapti north fault.

Fig.1.1. Location map of MT stations covered in the Narmada-Cambay region
under CSIR Network project with Sanawad-Chopda traverse

Fig 1.2. 2D Geoelectric section along Sanawad-Chopda traverse
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(T.Harinarayana, G.Virupakshi, R.S.Sastry, D.N.Murthy,
K.Veeraswamy, S.Prabhakar E Rao, K.Naganjaneyulu,
K.K.Abdul Azeez, Sharana Basava, G.Dhanunjaya Naidu,
Nageswara Rao, Mahesh Narayan, K.Ravishankar and
Arvind K.Gupta)

1.1.3 Magnetotelluric Investigations in Gulf of Kutch
Region,  Gujarat for offshore oil Exploration

Marine magnetotellurics and marine seismics - were taken up
in the Gulf of Kutch during different periods to avoid the
interference of marine seismic signals with the marine
magnetotelluric signals. ‘RV Sonne’ vessel for marine seismics
and ‘Akademic Boris Petrov’ vessel for marine magnetotelluric
studies were deployed. The studies were carried out under
extremely difficult conditions of high tides and high-speed
backwaters etc.

A total of 39 sites are occupied with MMT equipment of Scripps
institution of Oceanography, San Diago, 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
and using air gun as the seismic source.  The data are acquired
along the selected profiles oriented in near E-W direction and
also along NW-SE direction. The results reveal that the Tertiary
sediment thickness is 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
overlying the resistive basement. The thickness of sub-
trappean sediments in deep (2 km) waters is estimated to be
about 3 km. From the regional profile 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 observed in
Kutch region. A deep borehole up to at least 3 km has been
recommended close to Kutch sea-shore in the Gulf.

(T.Harinarayana, R.S.Sastry, D.N.Murthy, G.Virupakshi,
K.Veeraswamy, D.J.Patil, S. Prabhakar E.Rao, K.K. Abdul
Azeez, G. Dhanunjaya Naidu, K.Ravishankar, S.R.Kishore
and Mahesh Narayanan)

1.1.4      MT Data acquisition at Kutch Main land

A regional magnetotelluric study was carried out along a 150
km traverse covering the Kutch mainland unit from Lakpat
(NW) to Mundra (SE).  Fifteen MT stations with a station interval
of 10 kms cover the traverse.  The shallow section (Fig.1.3)
comprising of mainly conductive sediments (Tertiary and
Mesozoic) with a thickness of about 2.5 kms together with a
Deccan volcanic basalts.  The deeper electrical signature
(Fig.1.4) of the region has imaged two resistive crustal blocks
separated by conductive feature that coincides well with Vigodi
Katrol Hill fault (VGKF).  The sedimentary basin separated by

Fig.1.3. 2D Shallow resistivity section along Lakpat-Mundra traverse

Fig.1.4   2D Deeper Section along Lakpat-Mundra traverse

(T.Harinarayana, R.S.Sastry, D.N.Murthy, Sharana Basava,
K.Chinna Reddy,  G..D.Naidu, Kishore, K.Ravishankar,
Arvind K Gupta and V.T.C.Kumaraswamy)

1.2 GRAVITY-MAGNETIC STUDIES FOR THE
HYDROCARBON EXPLORATION

1.2.1 Delineation of  Basement Structures of Sadiya
Block, Upper Assam.

The Bouguer anomaly map of sadiya block shows significant
low towards the eastern part of the block indicating basement
depression (Fig.1.5a).  The computed density model suggests
a fault controlled undulating basement with maximum

resistive median high is well reflected in the 2D section.  Thick
sedimentary column (~3 km) is observed towards SE part of
the profile as compared to NW part and it should be significant
for Hydrocarbon exploration target in the area.
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basement depth of approximately 5.5km in the South Western
corner and the minimum depth of 3.6 km in the north western
part (Fig.1.5b).  Three dimensional modeling of the gravity
anomalies was carried out to delineate the basement
undulations with the help of constraints from seismic sections
and well data which correlate well with that of 2 ½ D gravity
results.  The axis of basement high and low reveals two
different orientations suggesting influence of two independent
compression regimes.

1.2.2 Exploration of subtrappean Mesozoic sediments
in Deccan Syneclise.

The most conspicuous feature of the Bouguer anomaly map
(Fig.1.6a) of the eastern part of Deccan syneclise is the relative
gravity high (H1) aligned in the E-W direction, between the
rivers Narmada and Tapti associated with the Satpura
Mountains. This feature was interpreted due to thick 10-15
km mafic body at the base of the crust that finds support from
deep seismic sounding studies along Ujjain-Mahan profile.  The
other prominent features on the map are the relative gravity
lows towards south of the Tapti (L1 to L4), which show inverse
correlation  with topography  of Ajanta mountains. Nearly  ENE-
WSW  trending  small  wavelength relatively gravity lows may
be due to subtrappean sediments. Since our interest in
hydrocarbon exploration lies in shallow targets, contributions
from deep seated sources are removed employing a high pass
Butterworth filter with a cutoff wave length =125 km. The
resultant residual anomalies are attributed due to the basement
and sub-basalt sedimentary depocentres ( Fig.1.6b).  The most
significant among them are ENE-WSW trending moderate
amplitude negative anomalies (L1) in the central part of the
region bounded by positive gravity anomalies (H1& H2) on
either side. These negative anomalies are interpreted due to
sub-trappen Mesozoics sedimentary basins. Gravity low (L2)
in the western part represent yet another Subtrappen
sedimentary depocentre

Fig. 1. 5 (a)

Fig. 1. 5 (b)

Geographical  Map of  Study area
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Fig 1.6 a Bouguer Anomaly Map of the Deccan Syneclise showing gravity
highs (H)

Fig.1.6b Residual Gravity Map derived from a High-Pass Butterworth Filter
applied to Bouguer anomalies with Cut-off

Fig.1.6c Basement structure derived from modeling along S-N profile.

Fig.1.7. Gas hydrates and free-gas in clay-rich sediments using seismic
velocity derived from full-waveform inversion at CDP 3100 in the
Cascadia margin (Yuan et al., JGR, 1996).

The 2D density model of residual gravity anomaly along N-S
profile reveals gravity low in the center of the profile attributed
to low-density Mesozoic sediments (density 2.4 g/cm3) with a
maximum thickness of 2.5km sandwiched between the high-
density basalt (2.74 g/cm3) of about 1.0 Km thickness on the
top and basement (2.70 g/cm3) below (Figure 1.6c).

Fig. 1.8. Gas hydrates and free-gas in clay-rich sediments at three holes
using vertical seismic profile data in the Blake Ridge (Holbrook et
al., Science, 1996).

(B.Singh,M.R.K. Prabhakara Rao, A.P.Singh,
D.V.Chandrasekhar, G.Laxman,V.Vijaya Kumar,
D.Ch.Venkata Raju, Kusumita Arora, Niraj Kumar, Amol
Eknath M, DT Diljith, Bahadur Ram, D.A.Bhaskara Rao,
B.Nageswara Rao, S. Rohini, A.Narasimha, Khan,M.D.S)

1.3 EXPLORATION OF GAS-HYDRATES ALONG
INDIAN CONTINENTAL MARGINS GAS HYDRATE
EXPLORATION: DEVELOPMENT OF SCIENTIFIC
METHODOLOGIES

1.3.1  Quantitative Assessment of Gas-hydrates using
Effective Medium Theory

The effective medium theory (EMT), a combination of self
consistent approximation and differential effective medium
theory, is capable of computing effective elastic properties
due to infinitesimal change in any constituents of sediment
and phases in pore spaces; complexity in sediment
microstructure caused by grain geometry; and inherent
anisotropy due to alignment of clay platelets. The theory can
be used to translate the velocity anomaly across a bottom
simulating reflector (BSR) in terms of saturations of gas
hydrates and free-gas. We have developed the EMT code
and demonstrated its applications to seismic data in four
different tectonic/geological settings (Figures 1.7-1.10) for
assessment of gas hydrates.
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Fig. 1.9. Gas hydrates (21%) and free-gas (2.5%) across the BSR in sandy
sediments using stacking velocities in the Makran accretionary
prism (Sain et al., MG, 2000).

1.3.2 Quality-factors of Gas-hydrated Sediments in the
Western Indian Margin

Any propagating wave undergoes attenuation, which is
primarily governed by the physical properties of the medium,
determined in terms of quality factors (Q). Research into the
characteristics of both P- and S-wave attenuation with
reference to gas-hydrate exploration remains in its infancy.
Presence of hydrates decreases the attenuation (Q-1) that
again depends on nature of distribution of hydrates in
sediments. Thus estimation of Q provides useful input for both
detection and quantification of gas-hydrates. Here we propose
a simple technique of deriving Q-factor from prestack seismic
reflection data based on the log spectral ratio method (LSRM),
and apply the same to the MCS data in the western continental
margin of India where gas-hydrates have been identified. The
Q (275) estimated for the region with hydrates has been found

Fig.1.10. Gas hydrates in 80m thick fractured shale in the Krishna-Godavari
basin. Gas hydrates saturation (fraction of pore space) for different
volume fractions of fracture (FV) for combined grain-displacing and
pore-filling morphology of gas hydrate which is suitable at this site.

almost double to the value (153) derived for the non-hydrated
sediments. The anomalously high Q with respect to
background can be used to detect gas-hydrates in adjoining
areas where BSR, the most commonly used seismic marker
for gashydrates, is not very clearly observed on seismic
section.

1.3.3 Stretch-free Normal Move out Correction through
Hopfield Neural Network using Shifted Hyperbolic
Equation for Shallow Seismic Data

The information about the shallow features is almost lost for
long offset data during normal move out (NMO) correction
due to the stretching phenomena.  A new method of stretch-
free NMO correction is proposed using multistage nonlinear
inversion (e.g. Hopfield neural network) for stretch-free
stacking. Instead of using conventional hyperbolic equation,
we use the time shifted hyperbolic equation, because the
conventional hyperbolic equation does not represent the true
traveltime trajectory associated with a layered model at far
offsets. As we do not have any prior information to find out
values for NMO-velocity (model parameter) to narrow the
search width, we introduce a new factor called the search
increment to define the model parameter resolution.
Considering positive and negative phases for common
midpoint gathers separately and for a particular event, first
we calculate the initial NMO-velocity for small-spread
hyperbolic equation (keeping 1=S ). Once we get the initial
NMO-velocity ( inv ) our search window becomes narrow,
thereafter we perform multistage Hopfield neural network for
placing the phases related to particular event in CMP gathers
to their zero offset phase.

1.3.4 Evidence for Gas Hydrates in the Makran
Accretionary Prism using Quality Factors

Strong and widespread bottom simulating reflector (BSR) is
observed on seismic section in the Makran accretionary prism.
We apply the spectral ratio method to calculate the average
quality factors for the reflectors above, at and below the BSR.
The BSR is commonly associated with the base of gas hydrate
stability zone. The source information required for calculating
the quality factors is generally not available. The present study
works well even in absence of source information. Cementation
of hydrates with sediment matrix may decrease attenuation
and increase the quality factors whereas presence of free gas
in the sediment matrix may increase attenuation and decrease
the quality factors. Sharp increase of quality factors (270) for
the layer above the BSR and decrease of quality factors (87)
for the layer below the BSR indicate presence of gas-hydrates
and free gas respectively. Thus, the quality factors can be
used as a useful attribute and pathfinder for the identification
of gas-hydrates and free gas.
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1.3.5 Tentative Relations between Vp and Vs in High-
porosity Clay-rich Marine Sediments in Eastern and
Western Offshore of India

21 sites were drilled under the Indian National Gas Hydrates
Program (NGHP) in 2006 in both offshore of India (Collet et
al., 2008). Maximum gas hydrates have been found at site
10D in the Krishna Godavari (KG) basin in eastern offshore.
No gas hydrates have been traced in the Kerala Konkan (KK)
basin in western offshore. Here, we attempt to find the relation
(trend) between the P- and S-wave velocities at high porosity
(40-80%) clay-rich (>80%) water saturated sediments from
the observed P- and S-wave sonic velocities (wire-line) at 9
sites (Figure 1.11). In KK basin, where porosity and clay
content are relatively lower than other 8 sites, the Vp-Vs
relation is established as Vs = 0.9884Vp - 1.2503. In the KG,
Mahanadi (Mn) and Andaman (An) basins, where porosity is
45-80% and the clay content is ~90% in average, the Vp-Vs
trend is found as Vs = 2.4687Vp - 3.5303. The Vp-Vs relation
in the KG, Mn and An basins is quite different from the existing
relations (Dvorkin, 2007). Theoretical Vp-Vs values computed
from the Biot Gassmann Theory as modified by Lee (BGTL;
Lee, 2002) and the Effective Medium Theory (EMT) of
Helgerud et al. (1999) using core data are also plotted for a
comparison. The deviations of observed Vp-Vs values from
the interpreted Vp-Vs trend show occurrences of gas hydrates
at different sites. This may need further research to establish
accurate Vp-Vs relations, and interpret the deviations in terms
of quantification of gas hydrates.

1.3.6 Thin-layer Effects on AVO from the Bottom
Simulating Reflector

When a layer becomes thin, the reflections from the top and
bottom of the layer interferes each other and influence the
AVO, defined as the ‘tuning effect’. This effect can not be
explained by the conventional equations. So before using the
AVO anomaly for the investigation of gas-hydrates, one needs
to understand the AVO affected by a thin hydrates or free-gas
layer. To study the effects of tuning on AVO, the amplitudes of
BSR, normalized with the corresponding seafloor amplitudes,
are plotted against offsets (Figure1.12). The amplitudes of BSR
and seafloor reflections are picked from the NMO corrected
synthetic seismograms generated using the reflectivity method
of Fuchs and Mueller (1971) in the frequency band of 2-10-
80-94 Hz. It is observed that the effects of thin hydrate layers
on AVO are not much (Figure 1.12.a-b). However, considerable
effects are observed only when underlying gas layers are less
than 10 m (Figure 1.12c). The effects of tuning may vary
depending on the concentrations of gas-hydrates, free-gas
and the frequency used in computing the synthetic
seismograms.

Fig.1.11. Tentative Vp-Vs relations of water saturated sediments in the KK,
KG, Mn and An basins. Green and red dots are for EMT and BGTL
theories respectively. Deviations from the Vp-Vs trends show the
respective concentrations of gas hydrate (closed curves).

Fig.1.12. Normalized amplitudes of the BSR with offsets for several
thicknesses of hydrate and free gas layers (insets). Velocity-depth
functions are computed using the BGTL for 20% gas-hydrate and
2% gas with Q-factor 250 and 150 respectively. Thick gas layers
result in negligible tuning effects (a and b). However, considerable
effects are observed only when underlying gas layers are less than
10 m thick (c).
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Fig.1.14. Velocity model derived from the traveltime inversion along a small
segment of large-offset MCS data in the Andaman offshore

Fig 1.13. Gas Hydrate Stability Thickness (meters) Map along the margins of
India

1.3.7 Gas Hydrate Stability Thickness along the
Continental Margins of India

The Gas Hydrate stability thickness (GHST) map (Figure 1.13)
along the Indian margins was prepared from available
bathymetry, sea bottom temperature and geothermal gradient
data using the analytical approach of Miles (1995). Since the
bottom simulating reflector (BSR) is associated with the base
of gas hydrate stability zone, the map helps guide to identify
BSR on seismic sections more accurately. The map is also
useful to the explorationists to set a depth window within which
proxies for gas hydrates can be looked into. This predicted
thickness map matches quite accurately with the observed
depths at various NGHP drilling locations. In addition, contour
maps of sea bottom temperature, geothermal gradient,
sediment thickness and heat flow along the Indian margins
were also prepared. Several parameters like sedimentary
thicknesses, rate of sedimentation, total organic carbon content
and seabed temperature in the deep water regions indicate
good prospects of gas hydrates in the vast offshore of India.

1.3.8 Physical Parameters from BSR in the Andaman
offshore

The Andaman basin attracts a lot of researchers owing to some
of the associated phenomena. We have estimated various
physical parameters such as velocity, density, porosity,
temperature, geothermal gradient, thermal conductivity,
electrical resistivity, hydrate saturation, heat-flow, volume of
gas hydrates and gas from the velocity function and bottom
simulating reflector (BSR) observed on seismic section.
Estimating all these parameters using related probes at depth
below the seafloor is not only expensive but also difficult in
inaccessible area. The appraisal of these parameters provides
useful inputs for the investigation of gas-hydrates and
understanding basic phenomena related to thermal history of

sedimentary basins, evolution of oceanic lithosphere, cooling
of plutons, exploration of minerals and hydrocarbons etc. The
estimated values match well with the drilled values at nearby
areas. The low heat-flow in the Andaman region perhaps
indicates tectonic thickening in the fore-arc basin leading to
high effective sedimentation (5.6 cm/yr) rate that causes
lowering in heat-flow. In order to account for the error in
estimating these parameters by using theoretical equations
we consider + 5% error in velocity.

1.3.9 Traveltime Modeling of Large-offset MCS Data from
the KG and Andaman offshore

The travel time modeling is a powerful tool to delineate 2-D
velocity configurations, and demarcate the prospective zones
of gas-hydrates and/or ‘free-gas’ bearing sediments. The
velocity information can be used for quantification of gas-
hydrates and free-gas using rock-physics modeling. Various
seismic phases were identified on seismic shot gathers with
a spacing of ~1 km and the respective traveltimes were
picked. These were further subjected to kinematic modeling
that delineated a 2D velocity structure along the selected
portion of a seismic profile where a BSR has been identified.
The technique has been successfully employed to the marine
seismic data in the Krishna–Godavari and Andaman regions,
which are made available to us by DGH. Figure 1.14 shows
the velocity configuration derived in the Andaman offshore.

1.3.10 Processing of Large-offset and High-resolution
Seismic data in KG Offshore

DGH has provided some large offset and high resolution
seismic (HRS) data in the Krishna–Godavari (KG) basin to
NGRI for carrying out reprocessing and identifying prospective
zones of gas-hydrates and free-gas bearing sediments. Data
pertaining to about 5 large offset seismic lines (~ 350 lkm) and
12 HRS lines (~ 100 lkm) have been processed at NGRI. The
preliminary processing has been carried out by the gas-hydrate
group. Figure 1.15 shows a seismic section along a large-
offset seismic line in the KG basin.
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 Fig.1.15. A seismic stack section of large-offset MCS data in the KG basin

Fig 1.16  Adsorbed  soil sample location on geological map of Ganga Basin

(Kalachand Sain, A.R. Sridhar, Ramesh Khanna,
P. Prasada Rao, P.S.R. Prasad, Uma Shankar,
N. Satyavani, Maheswar Ojha, A. Prasanti, Ranjana Ghosh,
Praveen Kumar Singh, C. Kirthi and V. Rajesh)

1.4 EXPLORATION OF HYDROCARBONS USING
GEOCHEMICAL TRACERS.

1.4.1 Adsorbed Soil Gas survey for Hydrocarbon
Research and Exploration in Ganga basin, India.

Detailed geochemical surveys have been taken up for
adsorbed soil gas and microbial analysis in Ganga basin. Field
work was carried out during January-February 2008. The
adsorbed soil gas analysis of the sample from Ganga basin
show moderate to low concentration of light hydrocarbons.
The pentane is absent almost in all the samples. The linear
correlation for C1-C2, C1-C3, C2-C3 and C1-SC2 indicates
that methane is not correlated with other components. But
correlations have been observed between ethane and butane.
The Pixlor plot suggests that light hydrocarbon were derived
from the oil and gas windows. The delta13C values indicate
the thermogenic source for methane. Few places have been
marked as anomalous zone for future hydrocarbon exploration.

1.4.2 Surface Geochemical surveys for Oil and Gas
Exploration in KG basin

Surface geochemical survey was carried out in KG basin for
the exploration of   hydrocarbon. Soil samples were collected
in grid pattern of 1x1 and 0.5 x 0.5 km. The adsorbed soil gas
analysis of the sample from Krishna-Godavari basin(Fig.1.17)
show moderate to low concentration of light hydrocarbons.
The linear correlation for C1-C2, C1-C3, C2-C3 and C1-SC2
indicates that these light hydrocarbons are co-genetic. The
Pixlor plot suggests that light hydrocarbon were derived from
the oil and gas windows. The delta13C values indicate the
thermogenic source for methane. Few places have been
marked as anomalous zone for future hydrocarbon exploration.

Fig 1.17  Geological cross section  of west Godavari basin,KG basin

1.4.3. Study of petroliferous basin  of Mehsana region,
Gujrat

A study was carried out to test the usefulness of surface
geochemical prospecting for regional evaluation in
petroliferous region of Mehsana block, North Cambay Basin.
Soil samples were analysed for light hydrocarbon, isotopic
and microbiologocal analysis. The isotopic values for d13C1

and d13C2 in the range of 29.5 to -43.o per mil, and -19.1 to -
20.9 per mil indicate the presence of hydrocarbon.

1.4.4 Indications of Hydrocarbon potential in Proterozoic
East Vindhyan basin

Based on the reports on the leakage of gas from the bore
well, from Sagar district for soil samples were collected from
Sagar and adjoining area. Soil samples were analysed for
light hydrocarbon, isotopic, total organic carbon (TOC)
analyser and oxidizing bacteria for methane, ethane and
propane bacteria. The analytical results from the various
techniques indicate the presence of hydrocarbon in the region.
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Figure 1.18

(A.M.Dayal, D.J. Patil, G. Kalpana, T. Satish Kumar,
T. Madhavi, M.A. Rasheed, M. Devleena, M. Lakshmi,
Veena Prassana, J, Balachanaiah Anuradha, A. Uppalaiah,
Ch Srinivas, P.L. Srivinas, D. Srinu)

1.5 CONTROLLED SOURCE SEISMIC STUDIES
ALONG SELECTED PROFILES IN DIFFERENT
SEDIMENTARY BASINS IN INDIA

1.5.1 2D Seismic Refraction studies in Central India

2D seismic refraction study was conducted to acquire the
seismic refraction and data set been covering a total of  ~650
Km along the four major profiles:

1. Umapur-Jamod/Jalgaon-Anjangaon-Brahmanwada profile
(W-E, Part II, 160km)

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

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

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

A total of 100 numbers of Taurus stand alone seismographs
were deployed along with 3- Component geophones supported
by to RFT system (Eagle SN388) closer to the shotpoint. As
the data set is acquired with two different receiver intervals of
100 and 200 m, dummy traces were inserted to make the
data set of uniform data density to enable us to visualize and
plot the traces. 2D seismic refraction data was acquired using
100 stand-alone systems with accessories along the following
profiles in a mixed mode to generate shallow seismic refraction
data set in a cost effective manner..

(B. Rajendra Prasad, M.M.Dixit, Prakash Khare,
P. Koteswara Rao, G. Kesava Rao, S. Raju, A.S.N. Murty,
G.S.P. Rao, M.S. Reddy, ASSSRS Prasad, V.Sridher,
B. Mandal, P.Karuppanan, T. Sateesh)

1.5.2 2-D Seismic Reflection Studies in Kutch

Under an MOU with the Directorate General of Hydrocarbon
(DGH), the CSS Project has envisaged 2D Seismic reflection
data acquisition of about 900 GLK in Kutch on land basin and
in other parts in Gujarat State of India. The objective of the
operations is to acquire seismo-geological information through
state – of - art data acquisition techniques, in order to open up
new areas for hydrocarbons exploration. The locations and
directions of lines covering about 900 GLK (Fig. 1.18) suitably
are altered by DGH to overcome logistic constraints. Till date
survey along 696 GLK has been Completed. The survey
program consists of :

� Acquisition of 2D seismic reflection data along different
proposed lines (line no. 1 to 12).

� LVL survey at regular interval using shallow refraction
survey or uphole survey technique. 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.

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

1.6 MAPPING OF SUBSURFACE GEO-ELECTRIC
STRUCTURE TO ASSESS GEOTHERMAL
POTENTIAL OF BULGARIA USING
MAGNETOTELLURIC STUDIES.

This project has been initiated under Indo-Bulgarian
collaborative program supported by Department of Science
and Technology, New Delhi, India and Bulgarian Academy of
Sciences, Sofia, Bulgaria. The main objective of this project is
to search for geothermal reservoirs in Bulgaria, if any, which
are suitable for exploitation for societal purposes.

On the basis of reconnaissance survey, Polyanovo geothermal
area has been identified for conducting detailed MT field
investigations. Polyanovo reservoir is situated in the western
part of Aitos graben and belongs to Bourgas hydrothermal
basin (Fig.1.19). The reservoir is located at about 1 km
southeast from Polyanovo village, and covers an area of about
1.5 km2. This region has Quaternary, Neogene and Upper-
Cretaceous sediments and volcano-sedimentary rocks,
intersected by tectonic faults. The Upper Cretaceous
sediments consist of alternation of marls, siltstones, argillites,
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Fig.1.19. Geological map showing locations MT stations covered in Burgas
basin, Bulgaria.

clayey limestone and sandstones, while the volcanic complex
comprises andesites, basaltic andesites and tuffs.  Quaternary
and Neogene sediments are thin (from 0.59 m) and built mainly
of clays and gravels.  The reservoir borders to the north and
northeast on the big Aitos fault, which is the major drainage
system in the area.

Magnetotelluric data has been acquired at 14 locations as
shown in fig.1.19. Pseudo-sections have been prepared using
apparent resistivity data along both xy and yx directions
(Fig.1.20). Before taking up modeling of the data a quick look
at the pseudo sections along profile will provide information
on the subsurface resistivity distribution that helps to constrain
the quantitative interpretation by modeling.  The detailed
modelling is under progress.

Fig.1.20. Distribution of apparent resistivity (xy & yx components) along 25 km
long N-S profile across Burgas basin.

(T. Harinarayana, K. Veeraswamy, Bozhidar Srebrov1and
Bojadgieva Klara1)

1 Bulgarian Academy of Sciences, Bulgaria
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