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1.1 GRAVITY, MAGNETIC SURVEYS FOR THE
EXPLORATION OF NATURAL RESOURCES AND
STUDIES RELATED TO GEODYNAMICS OF THE
INDIAN LITHOSPHERE

STUDIES FOR HYDROCARBON EXPLORATION

Gravity and magnetic survey in Upper Assam and
Arunachal Pradesh

G-M data acquired at about 2000 stations in the logistically
hostile terrain of Upper Assam and Arunachal Pradesh was
processed to prepare different anomaly maps.  Modelling and
interpretation of the data has been carried out in  consultation
with OIL officials with the constraints from available seismic
data and oil well information in the surroundings.  The terrain
corrected Bouguer anomaly map shows a prominent NE-SW
trending regional gradient due to deep seated sources.  The
residual Bouguer anomaly map has brought out several small
wavelength anomalies due to shallow sources.  The 2 1/2 – D
density model computed along four profiles suggests a
maximum basement depth of approximately 11.0 km over the
basement low towards SE of Namsai and a minimum depth of
4.0 km to the east of Jonai.  The computed basement along
NW-SE trending profile suggests a fault controlled basement
upwarp at a depth of approximately 5.6 km in the center with a
depression of approximately 8.5 km to the NW and SE.  Another
orthogonal profile across Manabum anticline shows a basement
depth varying about 10.0 km at the western end to 6.5 km
towards the eastern end (Fig.1.1).  The profiles show a
basement upwarp of about 4.0 km beneath the Manabum

Fig.1.1 Basement structure derived from gravity and magnetic data
across Manbum anticline.  Densities are in gm/cc,
magnetization of basements blocks in emu/cc and inclination
and declination are in degree

anticline. The magnetic profile reveals blocks of different
magnetisation reflecting the heterogeneity of the basement.
Some of the faults inferred by the profiles based on gravity
data coincide with the boundaries of blocks with different
susceptibilities.  The success of the above gravity and magnetic
studies prompted OIL to propose new areas to be covered by
GM studies for oil exploration.

Study of Mesozoic sediments for hydrocarbon
exploration

Under the Network Project, the Deccan trap area falling
between latitudes 20o – 22o N and 75o – 78o E is proposed to
be covered by about 8000 gravity observations to find out the
extensions of gravity lows delineated by similar studies in the
western part adjoining the present study area. Such gravity
lows may be indicators of substantial thickness of Mesozoic
sediments which have great hydrocarbon bearing posential.
Gravity data acquisition at 2000 stations has been completed.
Processing of the data is under progress.

TECTONIC STUDIES

Structure and evolution of the South India craton
and mobile belts from deep seismic profiling and
other geophysical and geological studies

Gravity and magnetic data acquisition at 2500 stations in the
corridor on both sides of CSS profile and also along the profile
from Palani to Kanyakumari were completed.  The station
interval varies from 3.0 to 5.0 km in the corridor while it is 200-
500 meters along the CSS profile.  DGPS was deployed to
acquire elevation data of higher accuracy and also to find out
elevations at some locations where bench mark or spot
elevation data of Survey of India was not available. Processing
of the data is under progress.

Integrated crustal model in Southern Granulite
Terrain, India

Airborne magnetic data of Southern Granulite Terrain (SGT)
reduced to a common datum of 7000 feet (2.1 km) presents
bands of magnetic lows and highs, which follow structural trends
suggesting structural control of magnetic sources. An integrated
crustal model based on joint modelling of airborne magnetic
and surface gravity data, integrated with seismic and
magnetotelluric data suggests a four layered crustal model.
The maximum crustal thickness is 45-46 km reducing to about
40 km under Palghat gap bounded by Moyar-Bhavani shear
zone (MBSZ) and Palghat Cauvery shear zone (PCSZ) as
thrusts.  The four layers are identified as (i)  surface lower crustal
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Fig.1.2 Shallow and deep crustal cross section derived from
simultaneous 2-D modeling of gravity and magnetic anomaly
over the Wagad uplift

granulite rocks up to 8-10 km (ii) high density (2.75-2.80 g/
cm3), high susceptibility (3.5 X 10-3 c.g.s. units) and high velocity
lower crustal mafic rocks between 8-22 km (iii) low density
and low velocity rocks between  22-32 km representing a
probable ductile layer and (iv) lower crust.

Gravity highs and lows related to thick layer of lower crustal
mafic/ultramafic rocks in upper crust and over all thick crust
under SGT, respectively form paired gravity anomalies which
are typical of Archaean-Proterozoic collision tectonics suggest
a compressive phase leading to thrusting and collision during
2.6-2.5 Ga, as suggested by the metamorphic ages of the
exposed lower crustal rocks in the region.

Tectonic and crustal structures related to Bhuj
Earthquake of January 26, 2001 based on gravity and
magnetic studies

Gravity and magnetic data of the Kachchh basin and
surrounding regions have delineated major E-W and NW-SE
oriented lineaments and faults. The epicentral zone of Bhuj
earthquake and its after shocks is located over the junction of
Rann of Kachchh and median uplifts viz. Kachchh mainland
and Wagad uplifts, which are separated by thrust faults.  Gravity
data with constraints from the results of the seismic studies
along a profile suggest that the basement is uplifted towards
the north along thrust faults dipping 40-60o  south.  Similarly,
gravity and magnetic modelling along a profile across Wagad
uplift suggest south dipping (50-60o) basement contacts
separating rocks of high susceptibility and density towards the
north.  A circular gravity high in contact with the fault in the
northern part of the Wagad uplift along with high amplitude
magnetic anomaly suggests plug type mafic intrusive in this
region (Fig.1.2). Several such gravity anomalies are observed
over the island belt in the Rann of Kachchh indicating their
association with mafic intrusions.  The contact of these
intrusives with the country rock demarcates shallow crustal
inhomogeneities, which provides excellent sites for the
accumulation of regional stress.  A regional gravity anomaly
map based on the concept of isostasy indicates mass deficiency
in the epicentral region.  The model constrained from the
receiver function analysis and seismic refraction studies
suggests a crustal root of 7-8 km (deep crustal inhomogeneity)
for a standard density contrast of – 400 kg/m3.   It is therefore
suggested that significant amount of stress get concentrated
in this region due to buoyant crustal root, plate tectonic forces
and mafic intrusives, which might be responsible for the frequent
and large magnitude earthquakes.

Revision of gravity map of India series

After careful checking of the data in association with

representatives from participating organisations, the data has
been finalised and maps were prepared based on about 5,100
stations at 3 minutes arc interval.  In contrast to the earlier
map series, terrain corrected Bouguer anomaly maps on both
1: 2 million scale and 1: 5 million scale were prepared and
printed in the map printing division of GSI, Hyderabad.  The
draft copies are under scrutiny by the participating organisations
and final printing is likely to be completed by January 2006.

SATELLITE GRAVITY PROJECT

Western continental margin of India

Satellite gravity data over the Arabian Sea and surface data
over Peninsular India, are used in conjunction with geoid data
from global satellite derived datasets (including data from the
latest GRACE missions) to study the structure of the crust and
lithosphere over the western continental margin of India, over
an area of 1200 km x 1200 km, from 65o E to 77o E longitude
and 8o N to 20o N latitude. Both data sets require extensive
pre-processing to remove the effects of topography and
bathymetry from them and make them compatible for
simultaneous modeling of both the fields. A very long
wavelength regional field, corresponding to both harmonic
degree and order 10, is removed from the Bouguer gravity as
well as the geoid undulation field, so that the residual fields
(Fig.1.3a & 1.3b maps are in UTM coordinates) may be used
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in the interpretation of the subsurface density structures across
the margin in order to establish the effects of the Reunion -
Deccan hotspot track on the mechanism of isostatic
compensation of this region.

Andaman and Nicobar

Satellite derived bathymetry, gravity and geoid data in this
region are being utilized along with ship track gravity, magnetic
and bathymetry data for deep crustal modeling. Systematic

comparisons of published ship track and satellite derived data
along selected profiles are underway for establishing the
correspondence and variations of the two datasets.

(Bijendra Singh, SB Gupta, MRK Prabhakar Rao, AP Singh,
DV Chandrasekhar, MBSV Rao, Ch Ramaswamy, G Laxman,
V Vijaya Kumar, D Ch Venkata Raju, VM Tiwari, Kusumita
Arora, D Subbalaxmi, M Gopalakishan Rao, SK Prajapati,
Niraj Kumar, Md Firozisha,  T Chandrasekhar, Kishan
Ganesh, K Ramana Rao, A Narasimha and Md. S Khan).

1.2 STRUCTURE OF THE INDIAN CRUST AND THE
INTRA-CRATONIC SEDIMENTARY BASINS
FROM CONTROLLED SOURCE SEISMIC
EXPERIMENTS

Reconnaissance studies for conducting seismic
refraction studies in Maharashtra for delineation of
Mesozoic sediments in the eastern part of Deccan
Syneclise

The proposed region (Fig.1.4) lies to the east of the ongoing
studies in Narmada-Tapti area and falls between the Cambay-
Narmada rift junction in the west and the Godavari graben to
the east.

Reconnaissance surveys and preliminary studies for
understanding the logistic conditions were undertaken for
conducting seismic refraction studies in Maharashtra and
Madhya Pradesh.

The region is covered with Deccan Traps (Fig. 1.4) and it is felt
essential that NGRI should outsource the job of drilling shot
holes as it is not equipped to take up work on its own.  Similarly
in view of proposed collaboration with USGS / PASCAL it is

Fig.1.3a  Geoid Undulation Map of study area after removal of effects
of tomography and bathymetry and a regional approximately
corresponding to features of more than  4000 km wavelength

Fig.1.3b  Bouguer Anomaly Map of study area after removal of effects
of topography and bathymetry and a regional approximately
corresponding to features of more than 4000 km wavelength

Fig. 1.4 Seismic refraction studies in central India (shaded part),
Maharashtra
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also proposed to outsource seismic job services so that entire
operations can be completed within given time frame.

(B Rajendra Prasad, MM Dixit and Prakash Khare)

Deep seismic reflection study in the NW Himalaya

Seismic reflection studies were carried out along 35 km long
Barsar-Bhota-Hamirpur and 65 km long Bhota-Ner Chowk-
Chail Chowk profiles (Fig.1.5) across the foothills of NW
Himalaya under the HIMPROBE geotransect program of DST.
These profiles cover the MBT, the Jwalamuhki thrust and other
thrust faults in this part of the Himalaya.

Seismic data were acquired by deploying 24 bit Eagle-88
R.F.Telemetry recording system to record 150 channel data
with 2/4 ms sampling interval. Multifold seismic reflection data
were acquired using Common Mid-Point (CMP) technique with
100 m receiver and 200/ 400 m shot point interval. Depth of
Moho boundary was expected to be greater in Himalayas.
Hence, seismic reflection data were recorded up to 30 s TWT.
Difficult nature of the terrain put constraint on the number of
shot holes that could be blasted thereby limiting the foldage.
To improve the S/N ratio, greater charge size (typically 60-70
kg) was used in specially drilled shot holes with average depth
of 25 m for seismic reflection work.  Wide band (4.5-200 Hz)
seismic signals were recorded with the present configuration.
Each channel was connected to a group of 10 geophones (SM6
the digital grade low distortion geophones) of 4.5 Hz natural
frequency connected in series and planted in a small pit to
avoid wind noise and for better ground coupling. The data was
recorded in SEG-D format on magnetic tape using IBM-3490
cartridge and Quality Control (QC) is done by monitoring the
data on thermal plotter and by preliminary processing at HQ
on ProMax.

Proper care was taken to cover the total subsurface of the
profile using recovery shots. Data acquisition and processing
along this profile was a challenging task as the topographical
variations are of the order of 800-1600 m. Seismic reflection
data were processed using the ProMax software on workstation.
Initially, data is checked for quality control. Reversals in the
SAR, remote seismic data acquisition units are corrected. Bad
traces and high amplitude noise bursts are edited. High
amplitude, first arrival refracted phases are muted to enhance
the weak later reflections.  Large differences in elevations are
removed by applying elevation statics for both source and
receiver. A datum level corresponding to the lowest elevation
is selected and all source-receivers are brought to this datum
level. Amplitude decay due to geometrical spreading (spherical
divergence loss) is corrected. Similarly, frequency
compensation is made using deconvolution. Field data is sorted
to common mid point (CMP) domain. Velocity analysis is carried
out to determine the stacking velocity function. All traces in
CMP gather are NMO (normal move-out) corrected and brought
to Zero-Offset domain. All traces are added and a brute stack
is prepared.  Proper scaling and AGC is applied to enhance
the quality of the stack section.

In spite of huge topographic variations, the seismic stack
section has brought out the important structural features of the
region with prominent reflection bands in the shallow as well
as in the deeper part. Seismic section indicates thick sequence
of the Siwalik sediments and well-defined images of the Moho.
In general reflectivity in the region is good. Dipping reflection
bands are identified from 3-10 Sec TWT at several locations.

(B Rajendra Prasad, Prakash Khare, V Vijaya Rao, S Raju,
ASSSRS Prasad, V Sridher, Biswajit Mandal, SK Bhukta
and others)

Proposed extension of the profile to north along  Larji
– Kullu –Manali -Rohtang – Khoksar  reconnaissance

During 9th PAMC meeting the DST committee felt that NGRI
should take up seismic studies along Larji – Kullu - Manali –
Khoksar transect so as to cut main central thrust zone and a
shorter profile across Beas River near Kullu.

Accordingly a reconnaissance survey was taken up along the
proposed profile to know more about the logistics involved.  The
proposed line runs along the Kullu valley  in Himachal Pradesh,
which is parallel to the Larji – Kullu Manali road.

(Prakash Khare and B Rajendra Prasad)

Seismic reflection / refraction study along
Kalugumalai-Kanniyakumari segment of the Vattal
kundu - Kanniyakumari Transect
Seismic reflection study has been carried out along

Fig. 1.5 Seismic reflection studies along Bhota-Chail Chowk in NW
Himalayas
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Vattalkundu-Kanniyakumari to investigate the deep crustal and
lithospheric structure of the South Indian shield to

a) re-assess the existing geophysical (deep seismic refraction
and reflection) data from the perspective of recent results,
deep reflection and other geological/geophysical results
from the Kuppam-Palani transect.

b) identify, refine and prioritize the scientific issues related to
the South Indian lithosphere. The integrated scientific study
was aimed to provide greater insight into the tectono-
magmatic chronological evolution of the terrain, the
configuration and depth extension of the mega, macro
lineaments and their control over the present day tectonic
configuration of the area.

The earlier studies have brought out the possibility that the
Archean-Neoproterozoic boundary in the SGT might extend
up to the Karur-Oddanchatram (Ko) shear zone. A logical
extension of the transect further south into SGT became
essential that culminated into a 262 km Vattalkundu (Palani) -
Kanyakumari transect to delineate the crustal and upper mantle
structure of the SGT Vattalkundu-Kanyakumari transect in terms
of seismic P velocity structure and reflectivity characteristics.

Seismic data acquisition

A state-of-the-art 240-channel 24-bit Radio Frequency
Telemetry Seismic Data Acquisition System, Eagle-88 (Sercel,
France) with all its accessories is deployed to acquire deep
seismic reflection data along the Kalugumalai-Kanyakumari
(142 Km) part of Vattalkundu-Kanyakumari profile (Fig.1.6).
Symmetric split geometry with 180 live channels from 150
channels is used for recording seismic reflection data set all
along the profile to have a better foldage. Due to this coverage

record quality has been improved.  A shot interval of 100 m
and geophone group interval of 100 m is used.  At each receiver
location 10 geophone series string of 4.5 Hz natural frequency
provided enough signal / noise ratio for recording the seismic
events with high fidelity in wide band (4.5-250Hz). The seismic
data is received at each of the six-channel Remote Data
acquisition Units (SU6-R) that can store 24s of data in their
memory. The analog seismic data is preprocessed and digitized
by the remote units for transfer to Central Recording Unit (CRU),
at four radio frequencies in the range of 216-230 MHz. The
commands / data transfer is accomplished through a bi-
directional and reliable VHF radio link between remote units
and CRU. The field seismic data thus received is recorded at
software selectable sampling interval (1/2/4 ms) in standard
de-multiplexed SEG-D format.

Seismic source comprised emulsion/slurry type explosives
packed in couplable plastic tubes, each weighing 2.5 Kg. A
typical buried charge of 50 Kg in 25 m specially drilled shot
holes was used at each location as source. Seismic Source
Synchronizers (Shot-Pro Units in Encoder and Decoder modes)
were deployed to detonate the shot holes by sending frequency
coded command (Sync-code) and to synchronize detonating
time and start time of recording to eliminate any ambiguity of
‘origin time’. In general, the record quality is good (Fig.1.7)
and improved towards southern part of the profile. As seismic
data acquisition is expensive precautionary measures such as
resorting to recording during nights when the cultural noise is
minimum and blocking the vehicular traffic is routinely done.

Having better foldage along the remaining part of (150 km long
profile) and denser coverage on either side of Achan Kovil
Shear Zone (AKSZ), an additional segment (47 km long) for

Fig. 1.7 Specimen seismic reflection record obtained along
Vattalkundu-Kalugumali segment

Fig. 1.6 Location of seismic reflection/refraction investigations along
Vattalkundu- Kanyakumari and  Shnmuga nallur-
Ambasamudram profiles (SGT transect)
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detailed coverage, data acquisition has been planned and
carried out across AKSZ 30 km west of the present transect.

The data acquisition operations were carried out utilizing 240
seismic channels (180 live channels and 60-channel roll along
the profile. The 47 km long profile across AKS zone with closer
shot and group interval of 50 m with data recorded at 1 or 2ms
sampling would image the AKSZ at shallower levels in a better
fashion.  The proposed study can also bring out the attitude
and dip of the shear zone at depth as data from both the profiles
can be effectively used and compared.

Recording for refraction studies were carried out along
Vattalkundu-Sivakasi-Panakudi (XII spreads of 18.0 km each
spread) with geophone intervel 100m, keeping shot points at
different locations (PKTs 77,428, 1271,1953 and 2269).

Three REFTEK units have been deployed (intervel of 3 km or
1 km) and data recorded before, during and after seismic
reflection/refraction data acquisition along Vattalkundu-
Kalugumalai-Kanyakumari and Shanmmuganallur-
Ambasamudram.

(B Rajendra Prasad, P Koteswara Rao, S Raju, DM Mall,
MS Reddy, GSP Rao, V Sridher and ASSSRS Prasad,
Biswajit Mandal, T Sateesh and RN Bhunia)

Processing of seismic reflection data acquired along
Vattalkundu - Kanyakumari (SGT)

The data was recorded on IBM 3490 tape drive in SEG ‘D’
format. The demultiplexed 24 sec data in the frequency range
of 10-250 Hz was processed in the shot domain for data
cleaning, which included trace editing of noisy and dead traces.
Since shot generated noise (ground roll and air wave) could
not be eliminated by f-k filtering, the noise was removed by
applying surgical mute. Spherical divergence and bulk static
corrections are applied to shot gathers.

The source-receiver geometry is applied to convert the data
set to CDP domain. The CDP gathers are subjected to velocity
analysis for arriving at suitable stacking velocity function. These
stacking velocities (6.1 - 8.5 km/sec) are used to apply normal
moveout (NMO) corrections for the data. The NMO corrections
and muting of refraction arrivals were applied to produce
preliminary stack section. The section is improved by limited
post stack processing, such a F-X deconvolution and predictive
deconvolution etc. The final stack sections are presented by
applying suitable band pass fiters, automatic gain control and
trace equalization.

Preliminary results of multi fold reflection studies along the
northern part (120 km) of Vattalkundu-Kanyakumari profile are

obtained. The line drawing of deep reflection section clearly
brings out the reflectivity characteristics of the region. It is
apparent from the north dipping reflectors near Vattalkundu
that the Kodaikanal block extends up to 15 km distance on the
present profile, where the dip direction changes towards south.
The south dipping reflections between Rajapalayam Road (near
Sivakasi) and Kalugumalai (Fig.1.8) in the upper crust are very
prominent. In general, the region is characterized by upper and
mid crustal reflectivity but diffused Moho reflections at 13.0 –
13.5 s two way travel time (TWT).

(B Rajendra Prasad , G Kesava Rao, DM Mall, P Koteswara
Rao, S Raju,  MS Reddy, GSP Rao, V Sridher and ASSSRS
Prasad )

Imaging structure of West-Bengal sedimentary
basin, India along Palashi-Kandi profile using
traveltime inversion of seismic refraction data and
gravity modeling

Seismic refraction data, acquired in the West Bengal
sedimentary basin along an 80-km-long north-south trending
Palashi-Kandi profile, are inverted to delineate the basement
configuration and overlying sedimentary formations. The gravity
data along the profile are also modeled by constraining the
seismically derived structure. A six-layer shallow model down
to a depth of about 7-km has been imaged. The first layer with
average velocity of 2.0 kms-1 and density of 1.9 g/cm3 and
thickness variation of 300-600 m represents the Alluvium
deposit, which rests over shale formation with average velocity
of 2.9 kms-1 and density of 2.25 g/cm3 and thickness variation
of 1.1-1.4 km. The Sylhet Limestone, observed at a nearby
Palashi well, remained hidden in the present data set. So a
thin layer upto few hundred meters with velocity of 3.7 kms-1,
taken from well data, has been assumed to be present

Fig. 1.8 Brute stack section along part of Vattalkundu-Kalugumalai
segment
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throughout the profile. The fourth layer with average velocity
of 4.6 kms-1 and density of 2.5 g/cm3 at a depth of 1.8-2.6 km
corresponds to the Rajmahal traps that has an average
thickness of 1.0 km.  Using the traveltime ‘skip’ phenomenon,
a low-velocity layer (4.0 kms-1) has been inferred below the
Rajmahal traps. The low-velocity layer associated with the
density of 2.43 g/cm3 represents the Gondwana sediments,
the thickness of which varies from 1.6 km in the south to 300 m
in the north of the profile. The next layer with average velocity
5.4 kms-1 and density of 2.61 g/cm3 overlying the crystalline
basement may be associated with the Singhbhum group of
rock (Proterozoic) that has been exposed in the western part
of the Bengal basin. The basement with average velocity of 6.1
kms-1 and density of 2.71 g/cm3 lies at a variable depth of 4.8
to 6.9 km. The seismically derived shallow structure correctly
explains the Bouguer anomaly observed along the profile.

(ASN Murty, Kalachand Sain and B Rajendra Prasad)

1.3 MAGNETOTELLURICS – APPLICATION TO
RESOURCE EXPLORATION AND STUDIES OF
CRUST/LITHOSPHERE AND IMPROVEMENT OF
TECHNIQUES OF DATA ACQUISITION AND
INTERPRETATION

Geophysical studies to delineate possible high
temperature zones along the proposed tunnel
section in 1) Tapoban - Vishnugarh and 2) Loharinag
pala hydroelectric project areas

For a major hydroelectric project in Tapoban-Vishnugarh area
of Uttaranchal, the presence of hot springs at various places
posed a threat to undertake the project. Accordingly, Water
and Power Consultancy Services, New Delhi. (WAPCOS Ltd.,)
has approached NGRI for expert advice and direction. The
problem is studied using two different approaches, namely,
geothermal logging of the available boreholes and wide band
magnetotelluric studies to delineate the subsurface anomalous
conductors that can be correlated with the presence of
fractures, geothermal anomaly etc.

A few zones have been identified as hard rock, fractured rock

with fluids and semifractured rock along the tunnel trace
(Fig.1.9). Such combined studies would provide direct
information about any potential high temperature zones/ minor
zones of hot water influx, and enable for suitable engineering
strategies during the excavation stage.

(T Harinarayana, DN Murthy, S Prabhakar E Rao, K
Sudharani, T Srinivasulu, KK Azeez, M Srinivas, G
Virupakshi, Sukanta Roy and Labani)

Magnetotelluric investigations in Schirmacher Oasis,
East Antarctica

Data over eight MT stations covering the Schirmacher Oasis
in the E-W direction, with an average spacing of 2 to 3 km and
two stations on the ice covered region (Fig.1.10) towards south
of Schirmacher Oasis has been acquired during January to
March 2005.

A Titanium plate measuring 60 cm X 60 cm X 0.5 cm has been
used to overcome the electrical resistance of the ice-sheet.
From a few Mega Ohms, contact impedance of 35 Kilo Ohms
has been achieved by using Titanium plates and Bentonite and
this was good enough for obtaining MT response over the ice-
sheets. The first MT response over the ice covered region and
the corresponding modeling results are shown in (Fig.1.11).

Processing, modeling and initial interpretation has been
completed. The results indicate a typical high resistive upper
crust followed by relatively conductive lower crust similar to
southern Granulite Terrain with a lateral heterogeneity in
electrical conductivity of the crust across the Schirmacher Oasis
(Fig1.11). Wide band  magnetotelluric study is first of its kind in
India and perhaps, second in the world. A high level delegation

Fig. 1.9   Resistivity section at subsurface depth (at 1 km) along the
head race tunnel for three different segments

Fig. 1.10   Typical MT curve at different locations in Antarctica
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with Honorable minister Shri Kapil Sibal has visited Antarctica
and appreciated the work.

(DN Murthy, K Veeraswamy, Upendra K Singh* and
T Harinarayana)

(* NCAOR, Goa)

Magnetotelluric investigations in parts of upper
Assam and Arunachal Pradesh

The Assam shelf region has been recognized as having close
links with the Indian Plate tectonic history and is bounded on
three sides by major thrust belts – the Himalayan thrust towards
north-west, the Naga thrust towards south-east and the
Manabhum thrust in the north-east.  Among these, Manabum
area, recognized as one of the promising zones for hydrocarbon
exploration, has been probed by deep drilling. The subsurface
structure of the region is well constrained from borehole log
data.  Although the region is probed by various drill holes, the
area around Manabhum anticlinal structure and the other
structures around it were not investigated due to various logistic
problems.  It is in this context, Oil India Limited supported an
integrated study of the region by NGRI.  The location of MT
stations in the area are shown in (Fig.1.12).

The data from 1-D modeling studies have indicated various major
formations like alluvium/dhekiajuli, Namsang, Girijan + Tippam
+ Barail etc., and the basement.  The layer with a resistivity of 50
– 300 Ohm m represents the top-most layer.  The Namsang

formation is moderately resistive (20 – 65 Ohm m) and is present
all along the profiles with varying thickness of few hundreds of
meters to as much as 4 km followed by more conductive
formation with a resistivity of 10 – 20 Ohm m. representing Girijan,
Tippam, Barail etc.  These formations are underlain by more
resistive formation of about 65 – 700 Ohm m. probably
corresponds to the basement. The depth to the top of Girijan,
Tippam, Barail etc. formations are in the range of 2 – 6 km
followed by basement with depth varying from 5 – 12 km.

(T Harinarayana, M Someswara Rao, K Veeraswamy, G
Virupakshi, K Naganjaneyulu, S Prabhakar E Rao and AK
Gupta)

Magnetotelluric investigations in the geothermal
fields of Sutluj - Spiti and Beas-Parbati valleys in
H.P., Badrinath - Tapovan in Uttaranchal and
Surajkund area, Hazaribagh district, Jharkhand

Badrinath-Tapovan geothermal region

A major project under geothermal energy sources in Badrinath
-Tapovan, sponsored by Ministry of Non-Coneventional Energy
Sources, New Delhi, (MNES) has been completed during
September 2003. The geoelectric section along this profile is
presented in (Fig.1.13). The subsurface electrical resistivity
structure for each station is compiled and contoured. The data
from 11 MT stations along a profile has been compiled and
presented in (Fig.1.13). The qualitative information derived from
apparent resistivity pseudo sections and the Bostick
transformation confirms the existence of sharp lateral variation
near the stations bn6. An anomalous zone at a depth of 7-8km
is clearly seen from the figure.

Fig. 1.11   Subsurface section for a station (ICE !) in Antarctica

Fig.1.12 Topographic relief map of Arunachal Pradesh region with
location of MT sites
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Surajkund region

During February – March 2004, MT investigations in Surajkund
region of Jharkhand have been taken-up and data acquisition
at about 35 stations covering the hot spring regions was
completed.  The preliminary analysis and processing of data is
under progress.

(T Harinarayana, DN Murthy, S Prabhakar, E Rao, K
Sudharani, T Srinivasulu, KK Azeez, M Srinivas and
G  Virupakshi)

MT investigations in Sourthern Granulite Terrain –
Legends

The study was aimed to determine the deep electrical structure
and to study the nature of the lithosphere along Palani-
Kanyakumari. A total of 20 stations with study frequencies
ranging from 8 kHz to 0.001 Hz were carried out with a station
spacing of 3-5 km. The present study covered the 100 km long
profile from Palani to Kalugumalai.  Preliminary analysis of the
data indicates 2-D nature of the subsurface and points out the
presence of a conductive feature at low frequencies (1 Hz
onwards) near Usilampatti – Perayur region.  The subsurface
towards north of Usilampatti is characterised by high resistivity
and southern part of it is conductive indicating the presence of
two different lithological units.

(Sponsored by Dept. of Science and Technology, New Delhi)

(T Harinarayana, G  Virupakshi, BPK  Patro, Sarana Basava
and Sreejesh)

Study of Mesozoic sediments for hydrocarbon
exploration (Network Project)

The presumption that a major part of the Mesozoic sediments
in India are underlying the Deccan traps is found to be correct
in view of the results obtained by NGRI with the integrated
studies carried-out in Saurashtra and Kutch. In the light of these,
a mission mode geoscientific research programme to evaluate
the hydrocarbon potential of the Mesozoic sedimentary
sequences is formulated and as part of these studies, the
present MT investigation in the regions that lie between
Cambay-Narmada belt junction in the  west and the  Godavari
Graben to the  east has been taken up. As a part of initiating a
major project to delineate the sediments in marine environment,
an attempt is being made to initiate marine magnetotellurics
(first time in India) in Gulf of Kutch region.

Data acquisition at a total number of 75 stations was completed
(shown in Fig.1.14) and preliminary phase of data analysis
and processing is underway.

(T Harinarayana, G Virupakshi, DN Murthy, RS Sastry, M
Someswara Rao, Madhusudhan Rao, K Veeraswamy, BPK
Patro, C Manoj, S Prabhakar E Rao, T Srinivasulu, K
Naganjaneyulu,  KK Azeez, K Sudharani, K Sandhyarani, P
Aruna and Arvind K Gupta)

1.4 DEEP RESISTIVITY STUDIES FOR
HYDROCARBON EXPLORATION AND
DETECTION OF INHOMOGENEITIES IN
DIFFERENT GEOLOGICAL TERRAINS

Deep resistivity sounding studies for HVDC earth
electrode stations at Palwal (Haryana) and Mau (UP)
regions

Deep Resistivity Sounding (DRS) studies were carried out to
locate high voltage DC (HVDC) earth electrodes stations at

Fig. 1.13   Bostik depth section along a profile near Badrinath

Fig. 1.14   MT station distribution in central India
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Palwal region of Haryana and Mau region of Uttar Pradesh.  A
total of four sites were covered with 19 DRS stations with current
electrode separation of 10 km at each station, 4 resistivity
soundings with electrode separation of 1 km per site.  In
addition, audio-frequency magnetotelluric (AMT)
measurements were also done at each station to compliment
the DRS data.  Two potential sites, one at Palwal (Haryana)
and another at Mau (UP) were identified and recommended to
Power grid Corporation of India, New Delhi for establishing
HVDC earth electrode station.  Pseudo-resistivity cross sections
of Mau area are shown in (Fig.1.15).

Exploration of Sub-trappean sediments in the
eastern part of the Deccan Syneclise

Thirty one deep resistivity soundings were conducted in the
eastern part of Deccan Syneclise area under CSIR network
project.  The Schlumberger electrode configuration with a
maximum current electrode separation of 10 km was used at
each sounding station to delineate thickness of trap, sediments
and basement topography.

A direct inversion scheme for deep resistivity
sounding data using artificial neural networks
A direct inversion scheme for DC resistivity has been developed
using artificial neural network with back propagation algorithm.
The problem has been approached in two steps, first identifying
the curve type and then estimating the model parameters.  This
approach provides with the flexibility to incorporate all sounding
curve types with wide range of resistivity and thickness
commonly encountered in the field.  The training and testing
database comprises both field data as well as synthetic data.
Weights of the fully trained network were used for further

simulations on new data.  The proposed scheme resulted in
recovery of resistivity and thickness on new data with adequate
training.

An integrated electromagnetic (CSAMT/NSAMT) and
electrical (ves) approach for subsurface imagery

The 30 kw deep electrical equipment (from Zonge Engineering
Ltd) has been upgraded for making controlled-source audio-
frequency magnetotelluric (CSAMT) and natural-source audio-
frequency magnetotelluric (NSAMT), magnetotelluric (MT) and
TEM measurements.  This new facility has been tested in the
local fields.  The processing of test data is in progress.  With
the implementation of this new facility, it is expected to take up
new projects for a number of geophysical problems such as
delineation of subtrappean sediments with more layer
resolution, probing deeper aquifers, etc.  Studies are also being
carried out to correct different effects on CSAMT data sets
using DC resistivity sounding data.

Automatic 3-D gravity modeling of sedimentary
basins with density contrast varying a parabolically
with depth

A method to model 3D sedimentary basins with density contrast
varying with depth is presented along with a code
GRAV3DMOD.  The measured gravity fields, reduced to a
horizontal plane, are assumed to be available at grid nodes of
a rectangular/square mesh.  Juxtaposed 3-D rectangular/
square blocks with their geometrical epicenters on top coincide
with grid nodes of a mesh to approximate a sedimentary basin.
The algorithm based on Newton’s forward difference formula
automatically calculates the initial depth estimates of a
sedimentary basin assuming that 2D infinite horizontal slabs
among which, the density contrast varies with depth could
generate the measured gravity fields.  Forward modeling is
realized through an available code GR3DPRM, which computes
the theoretical gravity field of a 3D block.  The lower boundary
of a sedimentary basin is formulated by estimating the depth
values of the 3D blocks within predetermined limits.  The
algorithm is efficient in the sense that it automatically generates
the grid files of the interpreted results that can be viewed in the
form of respective contour maps.  Measured gravity fields
pertaining to the Chintalpudi sub-basin, India and the Los
Angeles basin, California, USA in which the density contrast
varies with depth are interpreted to show the applicability of
the method.

Ridge - regression algorithm for gravity inversion of
fault structures with variable density

Analytical expression for gravity anomalies of an inclined fault
with density contrast decreasing parabolically with depth has
been derived.  The effect of the regional background, particularly

Fig.1.15 Psuedo - resistivity cross-sections of Mau area for HVDC earth
electrode stations
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the interference from neighbouring sources of a fault structure,
is ascribed by a polynomial equation. An inversion technique
has been developed employing the ridge-regression iterative
algorithm to infer the shape parameters of the fault structure,
in addition to the effect of regional background.  The validity of
the proposed technique by inverting a gravity anomaly of a
theoretical model, both with and without adding a regional
background was demonstrated.  The technique is insensitive
to the effect of regional background.  Two density-depth models
of the Godavari sub-basin in India are used in interpretation of
the gravity anomalies of the Ahiri-Cherla master fault.  The
interpreted results of a parabolic density model are found to
be more geologically reasonable in comparison with the
constant density model.  The variations of the misfit function of
the theoretical and observed gravity anomalies, the damping
factor, and the shape parameters of the fault against the iteration
number indicate the reliability of the interpretation.

(SB Singh, G Ashok Babu, V Chakravarthi, B Veeraiah,
Jimmy Stephen, E Janna Reddy, D Purushotham and
V Sree Ramulu)

1.5 GAS HYDRATE EXPLORATION : DEVELOPMENT
OF SCIENTIFIC METHODOLOGIES

Amplitude–versus-offset modeling of the bottom
simulating reflection associated with submarine gas
hydrates

Velocity analysis of multi-channel seismic (MCS) data and
amplitude-versus-offset (AVO) modeling provides an efficient
way of identifying gas hydrate and free gas, and therefore the
nature of the bottom-simulating reflector (BSR). AVO modeling
also yields estimates of the hydrate concentration and free gas
saturation across the BSR in terms of velocity distribution.
Directivity correction was applied in order to accentuate the
AVO behavior. Modeling for AVO pattern of the observed BSR
over Kerala- Konkan offshore basin may provide the probable
velocity distribution across the BSR and thereby infer whether
hydrate or hydrate/free gas model governs the AVO
observations. Initial results indicate the possible presence of
free gas underlying the gas hydrates- saturated sediments in
this region (Fig.1.16).

(Uma Shankar, Babita Sinha, NK Thakur and Ramesh
Khanna)

Migration of methane at the diapiric structure of the
western continental margin of India … insights from
seismic data

Investigations are being carried out to locate the indirect
evidences of gas occurrences in the Indian Continental Margins

by identifying features like pockmarks, shale diapers, venting
as well as bottom simulating reflectors (BSR). One such case
of a shale diapers was investigated. Occurrence of free gas
and gas hydrates is reported using a complex trace analysis
over the flank of the shale diapir indicates attenuation of high
frequencies, possibly representing the migration of fluids
(probably methane) along the fault pathways. Similarly a plot
of reflection strength long an individual reflector shows the
migration pathways and significant blanking (Fig.1.17).

(N Satyavani, NK Thakur, N Aravind Kumar and SI Reddi)

Fig.1.16 Theoretical response curve for observed AVO characteristics
of BSR of the western region of India

Fig.1.17 Reflection strength plot for the line, showing the loss of
amplitude in a specific pattern, just above the BSR, which
can directly be related to the blanking phenomena.  The figure
also depicts the fault migration pathways, which are shown as
black solid lines
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Overpressure detection from seismic amplitude
versus offset response: An application to gas-
hydrates.

The high overpressure in the free-gas zone underlain by gas-
hydrated sediments changes the seismic velocity and hence
affects the AVO response appreciably. So the effect on AVO
due to overpressure is to be evaluated before making
quantitative assessment of gas-hydrates and free-gas across
a BSR. Besides, knowledge of overpressure helps in planning
the drilling process to avoid potential geo-hazard due to
abnormally high pressures. The AVO response of both P-P
and P-S reflections from a BSR for possible detection of
overpressure in the free-gas-bearing zone is estimated. The
theoretical computation shows that high and negative AVO
anomalies for P-P reflected waves indicate a high overpressure
condition. Normal AVO trend for P-P reflection amplitude
indicate the presence of overpressure (Fig. 1.18).

(Ranjan Kumar Dash, Kalachand Sain and NK Thakur)

Laboratory studies of gas hydrates

To explore and use gas hydrates, as natural gas resource,
knowledge of the pressure, temperature conditions of the
formation and the physical properties are essential.  In this
regard, as a first step, we have synthesized LPG gas hydrates,
which contain about 80 % of propane. Propane hydrates are
formed at lower pressure (0.172 Mpa) and at around 273.1 K.
A special reactor was fabricated at NGRI to synthesize gas
hydrates. The reactor consists of an acrylic tube sealed with
aluminum plates, with an inlet for gas and a pressure gauge
via a needle valve to control the gas.  The other side of a
pressure gauge is connected to thermal trap and needle valve.
The P, T cell is filled with ionized water and evacuated to remove
dissolved gases.  Desired hydrocarbon gas is transformed into
thermal trap, by cooling it with liquid nitrogen, so that the
pressure inside the reaction chamber is always more than 2
bars.   The cell is slowly cooled to 273 K and same temperature

is maintained for 40 hours. Hydrates thus formed were
transformed into a bottle and after a partial melting was lit to
flame at the opening.  Efforts are on to measure in-situ thermal,
electrical and acoustic properties of gas hydrates formed in
such chambers.

The formation of clathrate in H
2O – CO2 inclusion in natural

quartz veins were probed using in-situ FTIR spectroscopy in
the temperature region 300 – 93 K.  Two main crystallographic
structure of gas hydrates, cubic structure I and II, are
distinguished, both consisting of two types of cavities, small
and large cages, that can be occupied by the guest molecules.
The basic difference between the structures is the occupancy
ratio of these cages.  The ratio of large to small cages in
structure I is 3:1 while that in structure II is 1:2.  The methane
and carbon dioxide, most abundant natural hydrates forming
gases, enclathrates sI and sII of these hydrates, under
moderate pressure and temperature conditions are not known.
However, the investigations on CO2 inclusions in natural quartz
veins from two different geological locations show the
characteristic FTIR signatures of sI and sII are shown (Fig.
1.19). The asymmetric stretching mode of CO2 is a doublet at
2336 and 2348 cm-1, in structure I.  The corresponding mode
in structure II has a doublet at 2337 and 2349 cm-1.  The reversal
in the cage occupancy of the CO2 molecules can be observed
from Figure.  The structure II for CO2 hydrate is meta-stable (it
is stable in 93 – 215 K), and it transforms into structure I before
complete dissociation of hydrate.

(PSR Prasad, K Shiva Kumar and NK Thakur)

Upper crustal features as seen from near vertical and
wide angle reflections along Thuadhara- Sindad DSS
profile in central India

Trace normalized record sections of single fold seismic data,
in central India showed several reflections of large amplitude
at upper crustal depth. Synthetic seismogram modeling of these
reflections, reveal that they have originated from a combination
of several alternating high-low velocity layers. On a comparison

Fig.1.18 Variation of (a) P-P and (b) P-S reflections coefficient with
angle of incidence for different pore-pressure conditions.
Sediments below the BSR are assumed to contain 20% free
gas

Fig.1.19 Synthesised gas hydrate (in flame)
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of this model with other models available worldwide, it is felt
that while some of these layers may be associated with the
presence of fluids, the majority should be due to lateral
variations in the near surface structures. However, the first
arrival refraction and wide-angle reflection data do not show a
similar structure even though, a prominent upper crustal low
velocity layer could be identified (Fig.1.20).

(AR Sridhar, HC Tewari and V Vijaya Rao)

Interpretation of seismic data of Cauvery and
Cambay region

The interpretation of seismic data of Cauvery and Cambay
region with well log data for the delineation of oil prospect area
of the respect in region was attempted.  The base map with the
given latitude and longitude using the software “Geographix”
was generated. Each line on the base map represents the
particular seismic line. Formation/reflection correlation has been
done for every seismic line which finally generates an isopach
map. Finally well log data projected on to the final isopach map.

(Babita Sinha, N Kiran Kumar, NK  Thakur and SI Reddi)

Determining the outer limits of the Indian legal
continental shelf as per the UNCLOS guidelines

In accordance with article 76 of UNCLOS, geophysical data
from the Eastern continental margin of India and in the
Andaman region is processed and interpreted to assess the
sediment thickness in these regions. Based on the provision of
article 76, 1% sediment thicknesses on the east coast and 1
km sediment thickness in the Andaman region is estimated to
derive the external fixed points. These points would be utilized
for arriving at the extension of the continental shelf of India.
The final findings from the analysis would be submitted to CLCS
for extending India’s continental shelf beyond 200 M.

(NK Thakur, B Ashalatha, AR Sridhar, Ramesh Khanna, P
Prasada Rao, M Simhadri Naidu, K Krishna Kumar,  N Kiran
Kumar,  D Ramesh, A Pradeep Kumar, Rama Krishna Reddy,
R Ramya, S Bala Subrahmanyam and  C Kirthi)

1.6 STABLE ISOTOPES AND SURFACE
GEOCHEMICAL PROSPECTING METHODS IN
HYDROCARBON RESEARCH AND
EXPLORATION

Augmentation of techniques for surface geochemical
prospecting of hydrocarbons comprising microbial,
fluorescence finger printing, soil salts and bitumen
based methods - under India hydrocarbon vision
2005

National facility for surface geochemical prospecting of
hydrocarbons has been augmented with the facilities for
microbial prospecting of hydrocarbons and soil salt techniques
with grant from Oil Industry Development Board (OIDB).
Microbial laboratory set up at NGRI comprises refrigerated
centrifuge, vertical laminar flow cabinet, refrigerated incubator
shaker, autoclave and trinocular microscope etc. The standard
cultures for hydrocarbon utilizing bacteria were procured from
Institute of Microbial Technology, Chandigarh and growth
parameters of these cultures using different concentrations of
hydrocarbon gases have been studied. The protocol for isolation
of hydrocarbon oxidizing bacteria has been standardized.
Fig.1.21 shows the isolate of propane oxidizing bacteria
(Rhodococcus rhodocorous). The collection of soil samples for
microbial prospecting of hydrocarbons in Jamnagar sub-basin,
Saurashtra is being planned.

Adsorbed soil gas surveys for hydrocarbon research
and exploration in Chattisgarh basin

The results of adsorbed gas analyses for 350 soil samples

Fig.1.20 Digitized and re-plotted record section of SP40 with theoretical
travel time curves (a) corresponding to the velocity-depth
model, (b) are shown for various phases correlated with
synethic seismograms (c), along with the ray diagram from
2D model (d)
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collected from Chattisgarh basin show that 93% of samples
are characterized by C1 concentration of ≤50 ppb (background
value) and 7% are represented by concentration of >50 ppb.
The C2-C4 concentration data depict that only ~7% of soil
samples have very low and scattered values. The unimodal
distribution pattern of methane as well as absence of C2-C4

components in most of the soil samples suggests biogenic
origin for these gases. The study was carried out for Directorate
General of Hydrocarbons and suggests that two essential
elements of a petroleum system viz., hydrocarbon generation
and entrapment/preservation have not been established in this
basin.

Isotope event stratigraphy of Cretaceous-Tertiary
carbonates from Ariyalur-Pondicherry sub-basin

A total of 70 samples comprising carbonate rocks and fossils
were collected from stratigraphically controlled carbonate
sequences of Ariyalur-Pondicherry sub-basin, Tamil Nadu to
study carbon and oxygen isotope event stratigraphy. The carbon
and oxygen isotopic signatures of carbonates of Ariyalur-
Pondicherry sub-basin are characterized by variable δ13C (-
20.9 to +4.3‰ V-PDB ) and δ18O (-8.0 to -0.9 ‰ V-PDB) values.
Fig. 1.22 shows δ13C vs. δ18O plot of carbonates from different
groups of Ariyalur-Pondicherry sub-basin. The plot depicts that
most of the samples of Uttatur Group and few from Ariyalur
Group show positive δ13C signatures with unaltered δ18O values,
while others are depleted in both δ13C and δ18O. All the samples
from Tiruchirapalli Group are highly depleted in δ13C probably
because of oxidation of organic matter and their incorporation
in the carbonate sediment during early diagenesis. The

carbonates from Niniyur Formation are characterized by
depleted δ13C and δ18O signatures. The negative carbon isotopic
signatures of Niniyur Formation are correlated to the
Cretaceous/Tertiary boundary interval, which is in agreement
with K/T boundary intervals from other parts of the world. The
positive δ13C signatures of Uttatur Group are correlated to
increased organic carbon burial/productivity i.e. global oceanic
anoxic events.

Geochemical studies in two exploratory onshore
blocks (Tripura and Mehsana)

Adsorbed soil gas surveys in two exploratory onshore blocks
of Tripura and Mehsana were carried out to demarcate the
anomalous hydrocarbon zones for M/s. Jubilant Enpro Oil and
Gas Pvt. Ltd., Noida. A total of 500 and 200 samples were
collected along the existing roads and in grid pattern at intervals
of ~ 1 Km from Tripura and Mehsana blocks, respectively. The
light gaseous hydrocarbon analyses of soil samples from Tripura
block show-varying concentrations of methane and propane,
which are correlatable to the seismically mapped prospects
and gas ooze in the study area. The adsorbed soil gas studies
in Mehsana block have shown anomalous concentrations of
C1 and ∑∑∑∑∑C2+, which in general correlate well with geophysical
leads in the block.

Software program  - ENVI Image Processing Software

(B Kumar,  AM Dayal, DJ Patil,  G Kalpana, C Vishnu
Vardhan, Smitha K Panicker, MA Rasheed, G Chandra
Mouli, Devleena Mani, B Aparna and T Satish Kumar)

Fig.1.21 Propane utilizing Rhodococcus rhodochorous Fig.1.22 δ13 C plot vs δ13 O plot of carbonate rocks from various groups
of  Ariyalur-Pondicherry sub-basin
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