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

Absolute gravity measurements in India

A series of absolute gravity measurements have been made
at NGRI, to monitor long-term gravity changes. Non-tidal time
series of measured absolute gravity values indicate seasonal
changes, which appear to be mainly caused by the hydrological
effects that can be modelled to derive the aquifer parameters.
A record of absolute gravity measurements at NGRI
observatory, shows seasonal variation (dots with vertical bars)
that has strong correlation with water level changes (dashed
line with triangle) is given in Fig 1.1  The study suggests that
the hydrological data base is vital for the study of long term
gravity changes. Average gravity value with uncertainty for this
period is also written.

Revision of gravity map series of India

For the first time, terrain corrected Bouguer anomaly maps
(1:2 million scale) of the country were prepared. A meeting of
participating organizations was held at NGRI on 29th June, 2005
to distribute the draft copies of the revised map series of India
for verification and validation and corrections suggested by
participating organizations were incorporated. Subsequently,
clearance from the Ministry of Defence, India has been obtained
for printing the maps. The explanatory brochure for the revised
map series is being prepared by NGRI.

Gravity and magnetic studies in Andaman and
Nikobar Islands

First precise reference absolute gravity station was established
at DST, A & N, Portblair deploying FG5 absolute gravity meter,
which can be used as a base for future gravity surveys in
connection with the geodynamic studies and monitoring
temporal gravity changes by measurements at same location
from time to time, which can also be utilized vertical deformation
studies as well. Gravity and magnetic data was recorded along

two east-west profiles across south Andaman for crustal studies.
Locations of the measuring sites was carried out by deploying
DGPS.  Fig 1. 2 shows one such observation site along with
gravimeter.

Gravity and magnetic signatures of Phenaimata
volcanic complex, Gujarat, India

Gravity and magnetic data was collected over the ellipsoidal
shaped Phenai-Mata volcanic complex, which forms a part of
Chota Udaipur alkaline sub-province of Narmada-Tapti region.
Closely spaced gravity and magnetic data (1-2km station
interval) over the region reveals a relative gravity high of about
40 mGal above the volcanic plug suggesting the presence of
high density igneous body of a bulk density 2860 kg/m3 (Fig1.3).Fig.1.1 Record of absolute gravity measurements at NGRI observatory

from January 1, 2005 to February 28, 2006.

Fig. 1.2 GPS measurements in Andaman and Nicobar  Islands.

Fig.1.3 Gravity and magnetic signatures of Phenaimata volcanic
complex, Gujarat.
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The magnetic anomalies above this complex show positive and
negative centers coinciding with major gravity anomaly
indicating presence of strong remnant magnetization
component with declination and inclination of 133° and 48°
respectively which correspond to reverse magnetization in the
magneto-stratigraphy of Deccan traps. The modeling suggests
the presence of magmatic conduit structure which might have
evolved during the major eruptive phase of Deccan volcanism.

Modelling of satellite gravity field over India and
adjoining oceans

During this period, comprehensive 3D modelling of Satellite
gravity and geoid data was carried out to derive the structure
of the lithosphere of the western continental margin of India.
Study suggests presence of high density magmatic material
and thicker crust along the tract of hotspot interaction. However,
lithosphere appears to have a smooth and gentle gradient from
70 km beneath the ocean to 160 beneath the continent. Cross
spectral analysis of bathymetric and gravity data over the
Reunion hot spot tract were also carried out to understand the
nature of isostatic compensation. This study reveals low values
of effective elastic thickness (Te) for the entire Chagos-
Maldives-Laccadives Ridge suggesting that the eruption took
place while the Central Indian Ridge was located near the
spreading axis and large value of Te over Reunion hotspot
indicates intraplate volcanism.

G-M surveys in Southern Granulite Terrain

Gravity measurements at about 3000 closely spaced locations
around Kuppam-Palani geotransect indicate the presence of
an ancient continental collision along the Moyar-Bhavani-Mettur
shear zone and crustal delamination beneath the Palghat gap.
Paired gravity anomaly along with the faulted contact, is
characteristic feature of crustal thrusting through a late
Archaean continental collision along the Moyar-Bhavani-Mettur
shear zone. A unified 2 ½-D gravity model along the seismic
line shows under thrusting of the Eastern Dharwar craton
beneath the Southern Granulite Terrain. (Fig 1.4) The gravity
modeling further defines a 10 km thick high-density (2.89 g/
cm3) crustal body at 10-15 km depth and a Moho warped up to
a depth of about 38 km beneath the Palghat gap. The high
density intrusive body together with the upwarped Moho
signifies the crust-mantle interaction in the Palghat gap region.
Late Archaean continental collision and subsequent
delamination are suggested as the twin cause mechanism for
the present day crustal configuration along the geotransect.

In continuation of the above studies, gravity and magnetic
measurements were carried out at about 1000 locations with

an interval of 3 to 5 kilometers in the corridor on either sides of
the geotransect from Palani to Kanyakumari. In addition to this,
about 500 measurements were made at an interval of 200 and
500 meters along CSS profiles to delineate the shear zones.
Processing of the acquired data is in progress.

Study of Mesozoic sediments for hydrocarbon
exploration

Encouraged by the presence of Mesozoic sediments in the
Deccan trap covered region of Saurashtra, Kutch and eastern
Gujarat, gravity studies are being carried out in the eastern
part of the Deccan syneclise covered by latitudes 20° – 22° N
and longitudes 75° – 78° E with a grid spacing of ~4 Sq. kms.
After establishing 150 gravity bases in a network, a total of
4000 gravity measurements were completed in the area during
the above period.

Micro-gravity and GPS surveys in Koyna-Warna
seismic zone

A total of 11 reinforced concrete pillars were constructed for
the gravity and GPS measurements in Koyna-Warna seismic
zone for studying vertical deformation and temporal gravity

Fig.1.4 (a)     Unified 2½ -D crustal density model along the Kuppam-
Palani Geo-transect
(b) Schematic diagram showing the evolution of SGT along
the geotransect.
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changes related with seismic activities. The measurements
were carried out in a campaign mode by collecting both GPS
and gravity data in June, October and December 2005 on all
the above stations. Data from three campaigns are processed
and significant gravity changes are observed.

(Bijendra Singh,  MRK Prabhakar Rao, AP Singh,
DV Chandrasekhar, MBSV Rao, Ch Ramaswamy, G Laxman,
V Vijaya Kumar, DCh Venkata Raju, VM Tiwari, Kusumita
Arora, D Subbalaxmi, M Gopalakishan Rao, M Amol Eknath,
Niraj Kumar, RP Rajasekhar, Md Firozisha,
T Chandrasekhar, A Rahaman, Deepika Pandey, Kishan
Ganesh, K Ramana Rao, A Narasimha and Md Khan)

1.2 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  Loharinag Pala hydroelectric project
areas, Uttaranchal (Sponsored by Water and Power
Consultancy Services, New Delhi)

A difficult task for geo-engineers involved in tunnel construction
in Himalayas is to know the possible interference of hot water
regimes that may pose a problem during the construction of
the tunnel. One possible solution for such problem is to estimate
the subsurface parameters using geophysical and geothermal
investigations. Magnetotellurics (MT) studies have been carried
out over a 70km long North-South profile in Loharinag pala
area of lesser Himalayas in Uttaranchal. Rishikund, Sunagad
and Bhukki hot springs are located in this region. A total of 16
MT stations could be occupied along the profile, many of them
being close to the tunnel alignment and 4 sites situated away
towards north as well as south. Electrical structure of the
subsurface is mapped from 1-D and 2-D modeling. Groom-
Bailey (GB) decomposition and Parkinson induction vector has
been used to obtain the strike direction. North- West and South-
East (-550) direction coinciding with the regional strike direction
is derived. A geothermal investigation has also been carried
out to estimate the temperatures at different depths from bore
holes. Based on the magnetotellurics and geothermal
investigations, possible interference of fracture zone with hot
water has been assessed that helps in planning of infra structure
and other logistics by geo-engineers. From quantitative
interpretation of the MT data, conductive features along the
profile are delineated close to the stations S01, S02, S04 and

S05 related to the fractured rock matrix located towards
northern part of the profile. Modeling study showed conductive
feature with 5-40 ohm-m resistivity and predominantly appears
in TE component as compared to TM. Dimensionality indicators
showed a clear signature of a two dimensional (2-D) body. The
southern part of the profile showed a high resistive zone with a
resistivity of the order of 500-1000 ohm-m. The resistivity
structure along the tunnel alignment showed anomalous
conductive zone towards north due to fractured rocks filled with
water and minerals. The results are useful to the geo-engineers
in order to devise suitable safety measures during construction
of the tunnel for hydro- electric power project.

(T Harinarayana, DN Murthy, K Sudha Rani, KK Abdul
Azeez, Sharana Basava, ABSS Ramakrishna)

Magnetotelluric survey in the Manabhum area,
Arunachal Pradesh, India.   (Sponsored by Oil India
Limited, Duliajan, Assam)

As part of this programme, there has been renewed thrust on
exploration activities in and around Manabhum area which is
located at the junction of two of the most significant folding
movements in the region namely the east-west folding parallel
to the Naga Hills and the north west – south east folding parallel
to the Miishmi Hills. The folding movements are the results of
massive tectonic activity witnessed during the Miocene period.
The area is geologically complex with the presence of thrusts
and folds structures and comprised mostly of hilly terrain with
surface elevations varying between 100 to 300 meters. Top
few hundred meters in the area is covered mostly by loose
sediments and boulders / pebbles leading to extreme difficulties
in effective execution of seismic survey plan in mapping of
different sub-surface horizons of geological interest with high
degree of confidence.  In view of the complex nature of the
said area, both logistically and geologically, an integrated
geophysical exploration programme was initiated comprising
of 2D seismic, ground gravity- magnetic and Magnetotelluric
(MT) surveys.

The results of the MT modeling exercise and that of the
subsequent MT field investigations conducted jointly with and
Oil India Limited, Duliajan, Assam. The objective of the modeling
exercise is to see how the different geological formations
respond to the MT signal. The log data, litho-stratigraphic
formation encountered in the well and borehole resistivity has
been used for the purpose of modeling. The MT response for
both 1-D and 2-D schemes have been modeled assuming 40
ohm-m for the Namsang / alluvium sediments having thickness
of about 2-3 km, overlaying the conductive sediments of the
Girijan / Tippam / Barail formations varying the thickness up to
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6.0 Km at places. The resistivity of the sediments below
Namsangs is varied and MT response for various models has
been studied and it has been observed that irrespective of
sedimentary thickness of different formations, both Girijan and
basement tops can be mapped with reasonably high level of
confidence. The processed results of the field data  and the
subsequent  1-D and 2-D modeling of the same have clearly
brought out the interfaces between Dhekiajulis/ Namsangs,
Namsangs/Girijans and the overlaying sedimentary formations
and the basement top thus validating the results of the modeling
undertaken prior to the field investigations.

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

Magnetotelluric investigations in the geothermal
fields (Sponsored by Ministry of Non-conventional
Energy Sources, New Delhi)

Surajkund geothermal region, Hazaribagh District,
Jharkhand

A total of 35 stations have been occupied in the region for
geothermal exploration (Fig 1.5). The Surajkund geothermal
spring occurs within the Proterozoic metamorphites. The hot
springs are situated within the highly fractured migmatite/
gneisses associated with chert. Surajkund main spring records
the second highest temperature (88°C) after Tatapani hot
springs of Chattisgarh state in India. The thermal discharge,
mainly controlled by the NE-SW trending fracture, is about 4
lit/sec and is accompanied by moderate gas flow with
sulphurous smell. The qualitative interpretation based on
pseudo apparent resistivity section and also semi-quantitative
interpretation based on Bostick transformation technique has
been studied.  These have indicated the presence of sharp
lateral variation of electrical resistivity towards the North- west

of the hot springs (Fig 1.6).  From this information, possible
presence of anomalous zone near the springs can be inferred.
It is possible that the hot water at subsurface depths might be
traveling to the surface through the fault zone near the springs.
From these studies, it can be inferred that the hot water regime
may be originating towards the north-west. The high resistive
structure beneath the stations JH01, 02, 03, 04 and 05 may be
acting as a barrier for extension of geothermal manifestation
from the hot springs location.  The detailed modeling using 1-
D and 2-D inversion schemes and also rigorous quantitative
interpretation of all the acquired data is under progress for
further confirmation of the above result.

(T  Harinarayana, S Prabhakar E Rao,  Sharana Basava,
Sreedhar Sreejesh, AK Gupta, G Virupakshi)

Badrinath-Tapovan  geothermal region, Chamoli
District Uttaranchal

A major project under geothermal energy sources in Badrinath
-Tapovan, sponsored by Ministry of Non-Conventional Energy
Sources, New Delhi, MNES has been completed. A wide band
magnetotelluric study has been taken up in Tapovan-Badrinath
geothermal region, Chamoli district, Uttaranchal.  A total of 25
stations have been occupied in the region (Fig 1.7).  Rugged
topography and also the presence of electric power lines have
limited the number of stations. It can be concluded that the hot

Fig.1.5 Location map of MT sites in Surajkund geothermal region,
Jharkhand State

Fig.1.6 Pseudo section along NW-SE profile (Profile1), Surajkund,
Jarkhand
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MT investigations in Southern granulite terrain
(Sponsored by DST)

Two MT profiles across Achancoil shear zone were carried out
during March, 2006. The work is an extension of the earlier
study in this region along Kuppam – Kalugumalai, under
LEGENDS project (Fig 1.9).  A total of 29 stations with frequency
ranging from 8 KHz to .001 Hz were carried out with a station
spacing of 3-5 km. The analysis  data indicates 2-D nature of
the subsurface. The geoelectric model along the profile has
showed distinct character spatially co-relatable with reflectors
from deep seismic studies. The detailed modeling is currently
being done.

(T Harinarayana, C Manoj, Sreejesh V Sreedhar,
K Dhananjaya Naidu,  K Ravi Shankar, SR Sannasi,
AK Gupta,  Manpret Singh, G Virupakshi)

Magnetotelluric field investigations along Siliguri-
Gangtok-Lachung profile in Sikkim Himalayas, India
(Sponsored by DST)

During May 05 to July 05 magnetotelluric data acquisition along
Siliguri- Gangtok traverse was carried out (Fig 1.10). During
this field campaign three ADU 06 systems were deployed for
data acquisition. One long period MT data using fluxgate
magnetometers was acquired for 10 days. Remote reference
mode of data acquisition was carried out during this study.
Finally a total of 21 MT sites were occupied along Siliguri-
Mangan-Yumthnag traverse with a station spacing of 5 to 8
km. Location of MT sites are plotted over the geology map of
the study area and is shown in Fig. 1.10.  Only 16 sites out of
21occupied were considered for processing. Processing of the
sites are carried out using both the robust approaches of Egbert
and Junge, both  yielded similar results. Clear change in the

Fig.1.7 Location map of MT sites in Badrinath-Tapovan region

Fig.1.8 Bostik section of Badrintha-Tapovan region

water regime may be extending more towards the east as
compared to the west. The temperature logs from the proposed
boreholes will provide additional information and better
constraints on the subsurface geothermal manifestation (Fig
1.8).

Fig.1.9 The location map of new MT measurements carried out in
SGT as part of the   Legends  project

(T Harinarayana, DN Murthy, S Prabhakar E Rao,
T Srinivasulu, K Sudha Rani, KK Azeez, M Srinivas,
G Virupaksh)
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nature of the MT response is observed near MBT, inside the
MCT and north of MCT.  The topography plays a major role in
the MT response, as the Himalayan region is highly rugged; a
model study was carried out to see the effect of topography on
MT response in a 2D situation. The results suggest that the
high frequency in TM mode suffers the effect due to topography.

(T Harinrayana, BPK Patro, Sharana Basava, Sreejesh
VSridhar, VTC .Kumaraswamy,   DN Murthy)

Study of Mesozoic sediments below the trap cover
in western part of Narmada - Cambay region for
hydrocarbon exploration

The area is covered by Deccan traps and also forms part of
well known Narmada Son lineament zone. In an earlier study,
the region covering the Shirpur, Saver, Sendhwa, Narayanpur,
Sakri and surrounding areas have shown the presence of 2.5-
3 km thick sediments below Deccan traps. In order to map the
extension of the sediments towards east  a major project has
been launched under CSIR network project. As a part of
integrated studies a total of 75 wide band magnetotelluric
stations have been established in the area in the 1st phase.
The geoelectric sections derived from 1-D modeling along two
regional profiles  and shows the presence of sediments with a

thickness of about 2 km below the trap cover. Sharp undulations
in the basement indicate intense tectonic activity in the region.
During this 2nd phase of the field study, a total number of 111
stations were covered. The data acquisition is completed and
preliminary data analysis and processing is underway.

(T Harinarayana, K Veeraswamy, BPK Patro,
K Naganjaneyulu, C Manoj, KK Abdul Azeez, MVC Sarma,
AK Gupta , G Dhananjaya Naidu, K Ravi Shankar and
G Virupakshi)

Monitoring of magnetotelluric signals to study the
precursory phenomena for the seismic activity in
Koyna region, western India. (Sponsored by DST)

Cntinuous seismic activity for nearly four decades in a small
region of about 200 km near Koyna region has attracted many
geoscientists for detailed investigation in the area. The region
is probed not only to understand the deep crustal structure but
also being monitored to record any precursory signals. As the
region is well known for frequent earthquakes of magnitude 4
and 5, the area became an excellent laboratory to monitor the
various geophysical parameters. During the monsoon season
of 2005, the reservoir in Koyna has reached the maximum level
of about 657 meters. Based on the past experience of increased

Fig.1.10    Geological map of Siliguri-Lachung traverse with MY locations
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seismic activity due to fast loading and unloading of water levels
in the reservoir, prediction of an earthquake of magnitude about
5 has been inferred near Koyna. Utilizing this opportunity for a
possible occurrence of an earthquake of magnitude 5
multiparamatric experimental observations have been
conducted and continuous monitoring of magnetotelluric signals
have been taken up near Koyna on an experimental basis during
Oct-Nov 2005. GMS-05 magntotelluric digital data acquisition
system has been installed at Waghini site near Koyna to record
the signals (Fig 1.11). The signals are compared with the
magnetic field variations recorded at a near by station using
LEMI system and analyzed. The per turbations of
magnetotelluric signals due to seismic activity have been
analyzed in the form of frequency analysis of the time series
data, the scalar apparent resistivity values, polarization

parameters and their possible relation with the seismic activity
are discussed.

(T Harinarayana, G Virupakshi, MVS Sarma, T Srinivasulu,
Sharana Basava and K Haritha)

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

Exploration of sub-trapean sediments in the Deccan
syneclise area, Central India

Sixty-one deep resistivity sounding were completed in the
eastern and southwestern part of the Deccan syneclise area
in central India under CSIR NETWORK project. The
Schlumberger electrode configuration with 10-kilometer
maximum current electrode separation was used at each
sounding station to delineate the thickness of trap, sediment
and the basement topography of the area. The preliminary

results indicate large thickness of sediments near Amaravati
in the Southeastern part of the study area.

Gravity modeling of 21/2 - D sedimentary basins - a
case of variable density contrast

An algorithm and associated codes are developed to determine
the depth to bottom of a 21/2-D sedimentary basin in which the
density contrast varies parabolically with depth. This algorithm
estimates initial depths of a sedimentary basin automatically
and modifies thereafter appropriately within the permissible
limits in an iterative approach as described in the text. Efficacy
of the method as well as the code is illustrated by interpreting
a gravity anomaly of a synthetic model. Further, the applicability
of the method is exemplified with the derived density-depth
model of the Godavari sub basin, India to interpret the gravity
anomalies due to the basin. Interpretations based on parabolic
density profile are more consistent with existing geological
information rather than with those obtained with constant
density profile.

Invgrafalt- a fortran code for marquardt inversion of
gravity anomalies of faulted beds with varying
density

Inversion of gravity anomalies of faulted beds mimics a
mathematic process of trying to fit observed anomalies to
calculated ones for obtaining fault parameters. A few techniques
are in vogue to interpret gravity anomalies of fault structures
using constant density, although many geological settings
require the use of variable density. Further, interpretations
carried out with aforesaid techniques are highly unreliable
particularly in case where observed anomalies are associated
with regional background.

Here, a Fortran code, INVGRAFALT,was developed based on
Marquardt inversion to interpret gravity anomalies of faulted
beds in which the density contrast varies parabolically with
depth. The inversion simultaneously estimates regional
background in addition to shape parameters.

Gravity investigations for structural mapping in the
Makthal region, Andhra Pradesh

Semi detailed gravity surveys were carried out over an area of
approximately 1500 sq. km in and around Makthal
(Mahaboobnagar District, Andhra Pradesh) in the eastern
Dharwar craton to evaluate the structural configuration of the
region. Two major, linear deep-seated faults, one running NW-
SE and the other N-S and several other lineaments were
identified from the qualitative analysis of the Bouguer gravity
data. The zones of intersection of these structural trends, which

Fig.1.11 Location map of Koyna seismic region in Maharastra, India.
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could have acted as potential sites for kimberlite emplacement,
were  delineated.

The near surface as well as deep crustal configuration in the
region was obtained via the inversion of a NE-SW trending
gravity profile  by digitizing the Bouguer gravity contour map.
From the disposition of the crustal layers, a total of five faults
were inferred, revealing the structural configuration of the
region. These faults were found to correlated well with faults/
lineaments inferred from qualitative analysis.

One dimentional inversion of geo-electrical
resistivity sounding data using artificial neural
networks- A case study

Application of artificial neural networks (ANN) technique for
the study of a case history using 1D inversion of vertical
electrical resistivity sounding (VES) data from the Puga valley,
Kashmir, India is presented here.  The study area is important
for its rich geothermal resources as well as from the tectonic
point of view as it is located near the collision boundary of the
Indo-Asia crustal plates.  In order to understand the resistivity
structure and layer thickness, three-layer feed forward neural
networks have been used to model and predict measured VES
data.  Three algorithms, e.g. back-propagation (BP), adaptive
back-propagation (ABP) and Levenberg-Marquardt algorithm
(LMA) were applied to the synthetic as well as real VES field
data and efficiency of supervised training network are
compared.  Analyses suggest that LMA is computationally faster
and give results, which are comparatively more accurate and
consistent than BP and ABP.  The results obtained using the
ANN inversions are remarkably correlated with the available
borehole lithologs.  The feasibility study suggests that ANN
methods offer an excellent complementary tool for the direct
detection of layered resistivity structure.

Evidence of elastic strength variation across the
central Indian tectonic zone: A support to the
Proterozoic collisional tectonics

Isostatic models of the lithosphere generally consider the
topographic loads supported in part by stresses within the
lithosphere, and in part by forces associated with the deflection
of density interfaces.  Information on the mechanical properties
of the lithosphere is generally derived from the gravity and
topography transfer function relationships.  In this study,  a
possible strength variation across the Central India Tectonic
Zone (CITZ) has been mapped  (Fig 1.12), using coherence
method extended to two-dimensional fields.  Present estimation
yielded relatively higher effective elastic thickness values for
the North Indian block, representing a stronger lithosphere,

than the South Indian block.  This strength variation provides
significant support to the Proterozoic collisional tectonics across
the CITZ.

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

1.4 GAS HYDRATE EXPLORATION: DEVELOPMENT
OF SCIENTIFIC METHODOLOGIES

Fluid flow related features as an indicator of potential
gas hydrate zone: western continental margin of
India

Multi-channel seismic reflection data from the continental
margin of western India suggest the potential presence of fluid
expulsion features, which may or may not be associated with
gas hydrates. In event of suspect bottom simulating reflector
on the reflection seismic section, other evidences in seismic
sections are taken in to account in a small corridor in the region
to establish the presence of gas hydrates.  Studied features
include venting through the seafloor, pockmarks, seafloor
collapse, faults acting as migration paths for fluid flow,

Fig.1.12 Simplified tectonic map showing NIB and SIB jointed along
the CITZ (modified after Acharya et al and Zhao et al.).
SNNF: Son-Narmada north fault, SNSF: Son-Narmada south
fault, SKT: Sukinda thrust, CIS: Central Indian shear zone.
N1, N2, N3 and S1, S2 and S3 are the centers of data windows
chosen in  NIB and SIB respectively for the analysis.
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transparent gas-charged sediment, reduction in amplitude
strength, diapirism and mud-volcano (Fig 1.13).  Presence of
all these gas-escape features on a seismic section implies the
probable presence of methane within the zone of hydrate
stability field.

~1.8% of uniformly distributed free-gas (min 1.5% and max
2%) above the BGR.

(Kalachand Sain, Maheswar Ojha and NK  Thakur)

Studies pertaining to volume estimation of gas
hydrate reserves in the western continental margin
of India

Presence of gas hydrates has been inferred in the Western
Continental margin of India by identifying the BSRs in few
seismic lines. The realistic quantitative estimates become
difficult due to non availability of well log/core samples in the
region study. In absence of such information, we attempted to
estimate the hydrate present within the extents of BSR. Using
the porosities derived from Hamilton’s equations relating the
sub bottom depth to the densities (for the terrigenous
sediments), in the case of soft formations. The porosities are
then used to compute saturation using the time average
equation. Computations are done for the depth at which the
BSR is identified, i.e., 300m below the sub bottom. The interval
velocity thus derived for this depth using the Biot-Gassman
equation for soft formations is about 2079m/s, assuming a
porosity of 31% and a density of 1.9. The interval velocity for
the same depth, computed from earlier studies was about
2050m/s, corresponding to about 31% porosity, density being
1.9. Volume estimates made from the length, thickness and
extent of the BSR have led us to a conservative estimate of
8.23 x 10 8 m3 along BSR in one profile.

(N Satyavani, D Ramesh Kumar and  NK  Thakur )

AVA modeling from a BSR in the western continental
margin of India

The seismic data in the Goa-offshore of the western Indian
margin shows a prominent BSR. An AVA (amplitude versus
angle) modeling of the seismic reflection data was performed
to determine the seismic velocities across the BSR (Fig 1.14).

Fig.1.13 Different fluid flow features on one of seismic lines

Fig.1.14 Amplitudes or reflection coefficients versus angle.

(Uma Shankar, NK Thakur and B Ashalatha)

Assessment of gas-hydrates and free-gas from AVO
cross-plot

The BSR, an anomalous reflector used for investigating gas-
hydrates, is caused due to hydrated sediments underlain by
either brine or free-gas saturated sediments. Here the AVO
intercept (A) and gradient (B) attributes from BSR were
theoretically computed for various gas-hydrates models using
the three-phase weighted equations (WE) and effective medium
theory (EMT), and demonstrate that the cross-plot of A and B
attributes can be used to assess gas-hydrates and/or free-gas
across the BSR. The computation shows that free-gas below
the BSR can be easily detected irrespective of hydrates
saturation, but actual estimation of hydrates and free-gas needs
knowledge of exact distribution of gas-hydrates and free-gas
within the sediments. Applied this approach to a seismic data
set in the Makran accretionary prism of offshore Pakistan in
the Arabian Sea. To evaluate probable bounds of minimum and
maximum gas-hydrates and free-gas saturation, the envelope
curves of reflection coefficients were estimated. The results
reveal ~13% of hydrates saturation (min 10% and max 15%)
underlain by ~3% of uniformly distributed free-gas (min 2.5%
and max 4.5%) across the BSR. To lay further constrain for the
estimation of free-gas, the AVO attribute analysis from the BGR
was performed (base of the free-gas reflector), which depicts
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The purpose of the study is to understand the nature of BSR
and make quantitative assessment of gas-hydrates. The result
shows the P- and S-wave seismic velocities of 2210 and 965
m/s respectively above the BSR. This corresponds to a Poisson
ratio of 0.382 and hydrate saturation of ~30%. The P-wave
velocities above and below the BSR indicates that the BSR is
caused mainly by the hydrated sediments.

(Maheswar Ojha, Kalachand Sain and NK Thakur )

Seismic quality factor of gas-hydrated sediments in
the western margin of India

Any propagating wave undergoes attenuation, which is primarily
governed by a physical property, defined in terms of quality
factor (Q). Presence of gas-hydrates increases the Q or
decreases the attenuation that again depends on the
distribution and quantification of gas-hydrates. So estimation
of Q provides useful input to both detection and quantification
of gas-hydrates. Here a method was proposed for deriving Q
from pre-stack seismic reflection data based on the log spectral
ratio (LSRM), and apply the method to the MCS data in the
western margin of India where BSR (proxies for gas-hydrates)
has already been identified. The Q (256±16) estimated for the
region with BSR has been found more than double the value
of Q (110±9) derived for the region without BSR. The
anomalously high Q with respect to background can be used
to detect gas-hydrates in areas where identification of BSR
becomes a suspect.

(Kalachand Sain ,NK Thakur,  Ramesh Khann , AK Singh
and  Maheswar Ojha)

Two-dimensional elastic anisotropic/AVO modelling
for the identification of BSRs in marine sediments
using multicomponent receivers

The present study reveals the response of seismic wave
characteristics and amplitude versus offset (AVO) effects of
large offset compressional (P) and converted (PS) waves for a
GHSZ/free-gas configuration, using a two-dimensional elastic
anisotropic modelling technique. The modelling results would
provide ‘a priori’ information, which allows unique determination
of parameters of seismic models for the design of ocean bottom
seismometer experiments over continental margins for the
purpose of gas hydrate exploration. AVO analyses on long offset
P and PS waves based on synthetic data yield a typical gas
hydrate/free-gas response, as the reflectivity increases with
incidence angle.

(P Prasada Rao  and  NK  Thakur )

Modeling on the strength of single and multiple BSRs
in aquatic deposits by 2D full wave field approach

Using multi-channel seismic data, significant attempts have
been made to study the nature and formation of BSR and its
relevance to gas hydrate. The information gained through P
wave data lacks in arriving an appropriate model and
quantification of gas hydrates reserves. Multi-component Ocean
Bottom Seismometer (OBS) or Ocean Bottom Cable (OBC)
studies are particularly the significant way to study the enigma
of the nature and strength of the BSR. Elastic anisotropic wave
equation simulations are carried out to understand the acoustic
nature in relevance to the amplitude strength of BSRs and the
formation of double BSR in aquatic sediments. Three complex
subsurface gas hydrate models are utilized and, forward
modeling is attempted. The results show that the amplitude of
BSR is strong enough to be recognized in all the components.
Occurrence of the double BSR is associated with the presence
of a sandwiched low velocity layer, representing possible
presence of fluids or contamination from other constituents of
hydrocarbons, between the gas hydrate bearing sediments and
free gas layer. The shear strength of BSR diminishes with
increasing thickness of the brine-saturated layer. Amplitude
versus offset modeling (AVOM) on synthetic data indicates
distinctive amplitude strength of the simulating reflector, as the
reflectivity increases with incidence angle. Finally a qualitative
velocity model for the occurrence of double BSRs is proposed
that represent discrete layers of concentrated hydrate formed
by upward migration of gas (Fig1.15).

( P Prasada Rao and NK Thakur1)

Fig.1.15 Synthetic generation of single and multiple BSR.
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Simulation of seismic reflections for 4C ocean
bottom seismometer data in anisotropic media
Converted mode (P-S) exploration is more complex in nature
and may probably contain more information. Wave equation
simulations are carried out and synthetic seismograms of
reflection profile have been constructed for hydraulic pressure
and three-component (3C) records on seafloor. The results
show that a typical impedance contrast across the medium is
the strong conversion boundary through which wave conversion
of P-wave and shear-wave takes place. The frequency of the
incident P mode is conserved during conversion. The dominant
reflections on P-wave profile (pressure and vertical component)
may include the contribution of converted share-wave. P-S
waves from different mode-conversions underneath water layer
can be recorded by 4C ocean bottom seismometer (OBS)
operations at seafloor. The characteristics of multiples, on
reflection profiles, have close relation to mode conversions and
vertical transverse isotropy (VTI). The shear wave splitting (bi-
refringence) with different travel time occurs at the bottom
simulating reflector’s (BSR) interface. Amplitude variation with
offset (AVO) analyses is performed on synthetic data and two
important attributes, intercept and gradient have been
calculated which provide the high-resolution estimates of
change in shear-wave splitting and the fractional change in
shear-wave velocity. Modeling in anisotropic media signifies
that BSR has dependence on the incidence angle with
maximum value in near offset data (-6o to +6o) and the maximum
correlation (0.7) is observed.

( P Prasada Rao and NK Thakur )

Data processing of the MCS data for gas hydrate
studies.
Data pertaining to some of the marine seismic lines falling in
the region of Krishna Godavari (KG) basin was analyzed. BSR’s
has been observed in the near-trace gathers and the initial

brute stacks corroborate the presence of BSR’s (Fig 1.16). The
data processing for finer details using the new software FOCUS
is underway, which includes, trace editing, geometry, true
amplitude recovery, decon, velocity analysis and stacking.

(N Satyavani , Ramya and NK  Thakur)

Physical properties of gas-hydrate bearing
sediments from MCS data
Gas-hydrates in marine sediments can be identified on the MCS
data by mapping the BSR, which is often associated with the
base of gas-hydrate stability field. Estimation of several
proper ties like porosity, density, thermal conductivity,
temperature, geothermal gradient, hydrate saturation, electrical
resistivity and heat flow is required to understand several
aspects associated with the exploration and quantification of
gas-hydrates. But to determine these parameters in-situ with
related probes at depth below the seafloor is difficult as well as
expensive. A case study to derive these parameters using BSR
that has been identified on a seismic section in the Cascadia
Margin was presented. First the background (without hydrates
and free-gas) velocity-depth function was determined, which
is used to estimate the variation of density, porosity and hydrate
saturation with depth successively. The average bulk density,
seafloor porosity and maximum hydrate saturation are
calculated as 1.70 g/cc, 63.8% and 22% respectively. From
the porosity-depth function and saturation-gradient of hydrates,
we determine the thermal conductivity and resistivity variation
with depth. The average resistivity, thermal conductivity and
heat flow are calculated as 1.13 Ω-m, 1.02 W/m/K and 62.85
mW/m2 respectively. We estimated errors in physical
parameters assuming ±5% error in the available velocity model.
The estimated physical parameters match well with the results
available in the nearby area.

(Ranjana Ghosh, Maheswar Ojha, Kalachand Sain and
Thakur N K)

Fig.1.16   Identified BSR in the Krishna Godavari basin
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Raman investigations on Tetra Hydrofuran Clathrates
in the temperature range 80 to 300 K

Clathrates hydrates (CH) are the non-stoichiometric inclusion
compounds encaging small, normally polar (guest) molecules
in a framework of hydrogen bonded ice-like (host) molecules.
They exist as a stable solid phase at high gas pressures and/
or low temperatures; and methane hydrates occurring in marine
sediments are considered as an alternate energy source. Two
main crystallographic structure of gas hydrates, cubic structures
I & II, are distinguished, both consisting of small and large
cages, that can be occupied by the guest molecules.  The
occupancy ratio of cages in structure I is 3:1, while that in
structure II is 1:2. Tetrahydrofuran forms structure II CH (ideal
composition THF.17 H2O) with THF molecules occupying cages
and interact weakly with the host water molecules; this is one
of the well-studied systems. However, the first attempt to
synthesize and characterize clathrate hydrate in this system is
easy as this forms CH at around 278 K and at ambient pressure.
The present Raman studies on this system provide more
comprehensive understanding on hydrate formation. The
Raman studies were carried out on Jobin Yvon T-64000 based
triple spectrometer working in the subtractive mode coupled
with a con-focal microscope (Olympus), allowing recording the
spectra close to the excitation line.  Symphony liquid nitrogen
cooled CCD was used as detector.  Excitation was by an air-
cooled argon ion laser (514.5 nm) with about 4 mW power at
the sample.  The entrance and con-focal slits are about 100
and 300 mm respectively.  The scan time was 120 sec.
Formation of THF CH is confirmed by the broader lattice modes,
characteristic variations in C-H stretching modes as reported
in the literature. Typical spectral changes characterizing THF
CH formation in ring breathing mode region is shown in Figure
1.17. Degenerate 916 cm-1 mode of pure THF split into two in
THF-H2O mixture, and merged in its clathrate phase.  The band
shape of 922 cm-1 particularly at T < 140 K needs some careful
attention.  Tulk et al. have reported that this mode to be highly
asymmetric towards lower wave number side below 120 K and
this band steadily become more symmetric and sharper at T <
120 K.   The present results also confirm these observations.
Observed spectrum at all temperature could well be fitted two
Lorentzian profiles.  Profiles at T < 140 K are with of nearly
equal widths. The correlation coefficient is always better than
0.99.  However, the profile is much different at T > 200 K, where
the peak at 922 cm-1 is more symmetric and other band around
911 cm-1 is very broad.  Systematic variations of line-widths for
these two Lorentzian profiles and the peak intensity ratios of
weaker (911 cm-1) and stronger (921 cm-1) Raman modes at

different temperatures are shown in Figure 1.18.   Tulk et al
reported asymmetric band shape towards the lower side of
the Raman shift upon cooling to 10 K.  Those authors attributed
this to thermally activated reorientation of THF (guest)
molecules within the cages (host). The reorientation time were
estimated as 8 × 10-6 s at 30 K, while that at 120 K was 7 ×
10-11 s.  However, we noticed that thermal induced variations
for the spectral lines are dissimilar, and the weaker asymmetric
shoulder is showing stronger temperature dependence and the

Fig.1.17 The Raman spectra of the clathrate hydrate (top) compared
with its pure and   aqueous (1.17 mol) forms (bottom).

Fig.1.18 Temperature induced variations of the Raman line width (A)
of modes at 911 (• ) and 922 cm-1  (O), part  B shows the
variations of  intensity ratio for the two bands
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stronger Raman mode shows weaker dependence (see Fig
1.18).  If the thermal induced reorientations dominate the
Raman line-widths, it is expected to show stronger Arhenius
type behavior in certain temperature range, apart from its usual
anharmonic type behaviour. The difference in peak frequencies
in the two modes is around 10 cm-1, similar to other structure II
formers with nearly full cage occupancy.  The difference
frequency is mainly depends on the weak interaction between
the host and guest molecule.  Considering all these features
one can assume that the Raman peaks at 923 and 913 cm-1

are due to small (512) and large (51264) cages of THF in structure
II and the large cages are populated partially by the guest THF
molecules.  However the molecular size of THF is too large to
populate the small cages.  The observed anomalous Raman
behaviour needs further investigations.

(PSR Prasad , KS Prasad  and NK Thakur )

Presence of illites in Bay of Bengal – An analysis of
the sample obtained from GEODROME

Geophysical Deep-water Research Observatory
(GEODROME) is used for Multidisciplinary Experiment.  The
instrument can withstand up to a depth of 6000 m with it full
operation conditions.  GEODROME is a benthic station
measurement consisting of several modular structures for
research of geophysical and geochemical processes at the
sea bottom.  The multi-parameter geophysical and geochemical
measurements from the instrument would provide knowledge
about earthquake processes taking place in the marine
environment. It may also provide insight about the ongoing
physical and chemical processes in the subsurface.  The stand-
alone recording has facilities to record data for long periods.
During the experiment the equipment base penetrated the
sediment cover and brought some samples of the sediments
present under the experimental site. Geochemical analysis of
the collected samples indicated the presence of 93% of illite in
the sediment samples and suggested that it has been deposited
in this region due to the mechanical weathering rather than
chemical weathering and was deposited in ocean via reverse
and wind transport.

(AR Sridha , A Pradeep Kumar , Uma Shankar and NK
Thakur )

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

Coastal states having continental shelves that exceed 200
nautical miles (M) from their territorial sea baselines are entitled
to submit claims to determine the outer limits of their continental

shelves to an international commission. The objectives of the
project are to meet the requirements of Article 76/Annexure II
of the Commission on the Limits of the Continental Shelf
(CLCS) under the United Nations Convention on the Law of
the Sea (UNCLOS), in order to prepare a supporting document
based on scientific data for claiming additional maritime areas
up to the Indian Continental Shelf limits in both Arabian Sea
and Bay of Bengal. Under this National Project, NGRI scientists
have participated in marine surveys covering over 25000 lkm
to acquire deep-penetration multi-channel seismic reflection,
OBS refraction and wide-angle reflection, magnetic and gravity
data and also participated in data processing and interpretation
of acquired data from the Bay of Bengal. Preliminary supporting
documents have been prepared based on these data and
submitted to Department of Ocean Development, New Delhi.
Considering the extensive and valuable geophysical data
collected in the course of these surveys deploying state-of-
the-art equipment, it has designed the work plan in such a way
that the data collected will not only define and substantiate the
country’s shelf claims, but would also form the nucleus for India’s
future research programmes in the offshore realm.

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

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

National facility for surface geochemical prospecting
of hydrocarbons under India hydrocarbon vision 2005

The national facility was successfully established at NGRI and
comprises of Gas chromatography and Continuous Flow
Isotope Ratio Mass Spectrometry. The national facility provides
unique opportunity to  petroleum geochemists/explorationist
to select from several analytical options available  in addition
to the technical, analytical and interpretational expertise of the
NGRI scientists.

The surface geochemical prospecting group of NGRI is well
equipped in designing field-sampling strategy for soil/sediment
sampling for reconnaissance and detailed adsorbed soil gas
surveys in frontier onland/offshore basins and NELP blocks of
India.

As part of the national facility, surface geochemical surveys
have been carried out in 2 x 105 Sq. Km. of frontier basin area
including 3 NELP blocks. The surveys have led to the
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formulation of NELP block in Western Vindhyan basin and
formulation of other blocks in Kutch onland basin, Jamnagar
sub-basin and Cuddapah basin are being worked out.  The
national facility is being augmented for other surface
geochemical methods such as microbial, soil salts, fluorescence
finger printing and gas chromatography-mass spectrometry and
shall meet the challenges of India Hydrocarbon Vision 2025
for exploration and production sector.

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

Microbiology laboratory (Fig. 1.19) for geomicrobial prospecting
of hydrocarbons has been set up at NGRI for the first time
*and is fully functional to take up the microbial prospecting
surveys in frontier basins as well as NELP blocks. A
methodology has been developed for estimation of iodine, one
of the pathfinders of hydrocarbons in soil samples using
Inductively Coupled Plasma Mass Spectrometer. The
laboratories for Fluorescence Finger Printing and Gas

Chromatography-Mass Spectrometry are being set up. With
establishment of all the above analytical techniques, it is now
possible to carry out integrated geochemical surveys
comprising of both direct and indirect indicators of hydrocarbon
prospecting which will lead to risk reduction in exploration and
evaluating the prospectivity of the frontier basins.

Integrated geochemical surveys in Jamnagar sub-
basin, Saurashtra

Detailed integrated geochemical surveys has been taken up
for adsorbed soil gas, microbial and iodine analysis in Jamnagar
sub- basin. Fieldwork was carried out during Nov-Dec’2005

for soil sampling in grid pattern at 1km x 1km interval and a
total of 150 soil samples were collected for adsorbed soil gas
and microbial analysis respectively and 75 samples for iodine
analysis. 100 soil samples analyzed for propane oxidizing
bacteria have shown that 84% of samples are characterized
by presence of propane oxidizing bacteria and analysis for
butane and methane oxidizing bacteria are in progress. Fig.1.20
illustrates the contour map of concentration of propane oxidizing
bacteria. It can be seen in Figure 1. 20 that high concentrations
of propane oxidizing bacteria are located northeast of Kalavad
which is in good agreement with our earlier ∑∑∑∑∑C2+ anomalies
reported from reconnaissance soil gas surveys in the basin.
Further adsorbed soil gas, carbon isotopic and iodine analysis
are in progress. After completion of all these analysis a
integrated geochemical map of the area will be prepared to
delineate prospective area for hydrocarbon exploration.

Geochemical studies in the exploratory block of
Cauvery and Cambay basins

Geochemical surveys for light gaseous hydrocarbons have
been carried out in two exploratory onshore blocks of Cauvery
and Cambay basins for M/s. Jubilant Enpro. Pvt. Ltd., Noida
and Gujarat State Petroleum Corporation Ltd for delineating
anomalous hydrocarbon zone. A total of 502 and 200 samples
were collected in grid pattern at intervals of ~ 0.8 Km from
Cauvery and Sanand (Cambay Basin) blocks, respectively. The

Fig.1.19 Microbial prospecting laboratory

Fig.1.20 Contour map showing concentration of propane oxidizing
bacteria in soil samples of Jamnagar sub-basin, Saurashtra
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adsorbed soil gas analyses from Cauvery block generally show
low concentrations of C1 to C4 and a few samples with
anomalous concentration of C1 and ∑∑∑∑∑C2+. The light gaseous
hydrocarbon analysis of soil samples from Sanand block have
shown anomalous concentrations of C1 and ∑∑∑∑∑C2+ along with
good linear correlation between C1-C2, C1-C3, C2-C3 and C1-
∑∑∑∑∑C2+ which indicates that these hydrocarbons are genetically
related and might have been derived from thermogenic source.

Adsorbed soil gas surveys for hydrocarbon research
and exploration in Cuddapah and Bhima Kaladgi
basins

Adsorbed soil gas surveys have been completed in Cuddapah
and Bhima Kaladgi basins for Directorate General of
Hydrocarbons, New Delhi. A total of 304 and 202 soil samples
were collected in the depth range of 1.2 to 3.5 m at intervals of
4 - 5 Km along existing roads from Cuddapah and Bhima-
Kaladgi basins, respectively. The adsorbed soil gas analyses
of 304 soil samples of Cuddapah basin show that C1, C2, C3,
iC4 and nC4 are present in 100%, 36%, 45%, 36% and 10% of
the samples, respectively. The linear correlation between C1

and C2+ hydrocarbons and association of 43% of samples
containing C1 and C3 with oil and gas zone suggests
thermogenic origin of these gases. The geochemical data
obtained has been integrated with the available geological,
geophysical and isotopic data to identify warm area for future
hydrocarbon research and exploration.

The concentration of CH4, C2H6, C3H8, i-C4H10 and n-C4H10

desorbed from the soils of Bhima-Kaladgi Basin vary from 1-
251 ppb (except two samples with anomalously high
concentration), 1-59 ppb, 1-43 ppb, 1-7 ppb and 1-6 ppb,
respectively. The carbon isotopic analysis of samples with high
concentration of C1 range from –29.9 to –39 ‰ The crossplots
of C1-C2, C1-C3, C2-C3 and C1-∑∑∑∑∑C2+ show linear correlation
(r ³ 0.7) and the C1/(C2+C3) ratio < 100 as given by Bernard
(1976) suggests that: i) these hydrocarbons are genetically
related; ii) are not generally effected by secondary alteration
during their migration from subsurface to subsequent
adsorption on to the surface soil and iii) might have been
generated from a thermogenic source. The relationship between
δ13C1 and C1/(C2+C3) given by Bernard plot discriminates
between biogenic and thermogenic gas fields. The Bernard
plot for few soil samples with high concentrations of methane
shows that these samples lie in the thermogenic range. Based
on the above results, anomalous area has been identified and
demarcated for future hydrocarbon exploration activities.

(B Kumar, AM Dayal, DJ Patil,  G Kalpana, C Vishnu Vardhan,
Smitha K Panicker, MA Rasheed, Devleena Mani, B Aparna,
T Satish Kumar, T Madhavi, M. Mythilesh, Lakshmi)

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

A.  2-D Seismic Reflection Studies in Kutch
(sponsored by Directorate General of Hydrocarbons)

Director, NGRI and Director General, DGH have signed an
MOU for carrying out 2-D seismic Reflection studies in Kutch
along lines determined by DGH, on 21st of Jan 2006 in presence
of Minister of Petroleum and Natural Gas Sri Mani Shankar
Aiyyar. The lines proposed by DGH are along the accessible
tracks / roads of the region. Keeping these lines in mind survey
was carried out to choose best possible alignment  in May
2006. For convenience sake the lines were divided into different
segments and is indicated in the Figure 1.21

Line 1 India Bridge – Khavda –Bherandiala- Bhuj

Line IA Bhuj – Kera – Mandavi

Line 2 North of Khadir Island – Dholavira – Chobari –
Bhachhau – upto Gulf of Kutch

Line 3 North of Bela island– Fatehgarh –Bhimasar –
Palasava – Kesmari Bet – Ghantila

Line 4 West of Sulgam – Jhjam – Varahi – Adriyana

Line 5 West of Khavada –Khavada–Dholavira–Bela–North
of Radhanpur–Up-to Cambay fault

Fig.1.21. 2-D seismic reflection profiles in the Kutch region
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Fig.1.22 Merging of shot gathers obtained from 19 Taurus units

Line 6    Bhuj – Dhandooka – North of Bhachhau – Adesar –
Amarapur – Up to Cambay fault.

Carry will be taken to choose optimum parameters for 2-D
seismic data acquisition operations for obtaining best possible
data sets in terms of energy and noise analysis for determining
detector spacing with group interval being 25 meters as per
MOU signed with DGH. The parameters to be determined are

� Near and Far offset

� Optimum shot hole depth

� Charge size

� Detector spacing

In first phase studies consist up-hole studies, shallow refraction
studies, noise analysis and  charge depth experiment to
determine hole depth, Geophone group interval, optimum
charge size that can be used during acquisition.  Based on up-
hole studies, shallow refraction, studies for noise analysis and
charge depth experiment final parameters will be chosen for
seismic data acquisition. Apart from above mentioned work
NGRI will take up studies to examine possibility of carrying out
deep crustal seismic reflection studies in the region.

(B Rajendra Prasad, Prakash Khare, T Sateesh, V Sridher,
P Karuppannan   and others)

Pre field operations for Central India seismic
refraction studies under net work project

NGRI procured 100 numbers of Taurus Stand Alone
Seismographs along with 3- Component geophones during the
year 2005. Taurus units were tested and commissioned in NGRI.
Prepared all accessories like geophones, power connectors
and cables for newly procured 100 numbers of 3-Component
Seismic data Acquisition units (Taurus). SAR box calibration
was carried out as per procedure and the problematic SAR
boxes were identified. Calibration report was prepared for
working SAR boxes, problematic SAR boxes had serviced by
changing the batteries, logic boards and connector’s .All 100
stand alone systems had checked with accessories.

Field-testing of 100 instruments was carried out at premises of
M/s Sagar Cement Limited near HUJURNAGAR, who were
gracious enough to permit NGRI to use their quarry blasting
for field-testing of 100 numbers of Taurus units.  Records
obtained after merging data from 19 units is given below
(Fig.1.22)

(B Rajendra Prasad, MM.Dixit, Prakash Khare, S Raju,

ASSSRS Prasad, V.Sridher, B Mandal, P Karuppanan, T
Sateesh  and others)

Seismic reflection / refraction investigations along
Vattalkundu-Kalugumalai-Kanyakumari  over
Southern Granulite Terrain (SGT)

Under DST sponsored programme, seismic reflection data
acquisition in the region of South Indian Granulite Terrain
(Phase II) along the profiles, Kalugumalai–Kanyakumari (140
Km) and Shanmuganallur-Alangulam-Ambasamudram (50 Km)
and refraction data along Vattalakundu- Kalugumalai-
Kanyakumari (260 Km) were carried out during January 2005,
using 24-bit Radio Frequency Telemetry System (Eagle-88)
and its accessories. Various recording parameters like 100 m /
50 m shot/receiver interval, source size, 2ms / 1ms / 4ms
sampling interval are chosen for the above profiles respectively,
while acquiring the data. The basic aim of the study is to
delineate crustal formation in the area, analyze the nature and
tectonic implications of different neo-proterozoic blocks/ shear
zones, viz Madhurai Block, Kerala-Kondalite Belt and
Achankovil Shear Zone.etc.

The reflection data, which was already acquired over SGT
(Phase I) along Vattalakundu-Kalugumalai (120 Km) during
2004, was processed using Promax software. The 24s
demultiplexed data was primarily edited to remove noisy/dead
traces and ground roll/airwave. The source - receiver geometry
was applied to convert shot gather data into CDP domain. AGC,
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TAR, Deconvolution etc were applied, while processing the data.
Velocities varying from 6.1-8.3 km/sec were chosen for NMO
corrections. The final seismic stack sections were improved
with suitable band-pass filters, trace mixing etc. The interpreted
results are communicated for publication.

Individual SP gathers along Vattalkundu-Kalugumalai-
Kanyakumari profile were prepared by applying crooked line
geometry with elevation corrections for each receiver station,
as the profile was not straight. This correction makes the
receivers almost straight with respect to the SP and picking
error due to profile bending and elevations are negligible. The
signal-to-noise ratio (SNR) and the quality of P and S wave
refracted first arrivals can be clearly seen in the example SP
gather. The first arrivals were picked manually from six SP
gathers for modeling. Processing is in progress.

(B Rajendra Prasad, P Koteswara Rao, G Kesava Rao, DM
Mall, L Behera, S Raju, ASN Murthy, MS Reddy,  GSP Rao,
ASSSRS Prasad, V Sridher, and T Sateesh)

A tomographic image of upper crustal structure from
P and S wave seismic refraction data in the Southern
Granulite Terrain

Individual SP gathers along Vattalkundu-Kalugumalai-
Kanyakumari profile were prepared by applying crooked line
geometry with elevation corrections for each receiver station,
as the profile was not straight. This correction makes the
receivers almost straight with respect to the SP and picking
error due to profile bending and elevations are negligible. The
signal-to-noise ratio (SNR) and the quality of P and S wave
refracted first arrivals can be clearly seen in the example SP
gather. The first arrivals were picked manually from six SP
gathers for modeling.

A tomographic inversion method is applied to first arrival travel
times (for P and S waves), which relies on travel time
computation using finite difference algorithm developed by
Vidale [1988] and modified by Hole and Zelt [1995]. The
inversion is based on minimization of data misfit and model
roughness to provide smoothest model appropriate for data
error [Zelt and Barton, 1998]. Optimum values of free
parameters in the inversion, which controls vertical versus
horizontal smoothness and model roughness, were obtained
from a number of runs.

The tomographic method used relies on first arrival travel times,
which are picked with high precision (uncertainty of ~25 ms)
by visual interpretation of seismic records. This is well suited

for imaging smooth, overall subsurface velocity distribution. The
lateral and vertical velocity variation of shallow upper crust is
consistent with subsurface geology. The bulk rock types in this
area are basically high-grade metamorphic charnockites and
granulites, which are highly heterogeneous in terms of velocity
distr ibution. The shear zones (AKS and others) are
characterized by large velocity gradients down to a maximum
depth of 8 km and represent sharp velocity contrasts within
surrounding units forming fault blocks of alternate horsts and
grabens.

A 2-D tomographic P and S wave velocity (Vp and Vs) image
has been obtained with Vp /Vs ratios along N-S trending 220
km long deep seismic profile acquired in 2005, which traverses
across major shear and tectonically disturbed zones in southern
granulite terrain (SGT). The 2-D velocity model constrained
down to maximum 8 km depth shows velocity anomalies (>0.2
km/s) beneath major shear zones with good spatial resolution
(>0.05 km/s)

This region was part of Gondwanaland during the Pangea
supercontinent period. Its east and west coasts were evolved
during 130 Ma and 80–65 Ma with separation of Antarctica
and Australia in east, Madagascar in west and zone of rifting
are represented by major shear zones with anomalous high
velocity older metamorphic assemblages. The final exhumation
of granulites took place in last phase of Pan-African activity
(~500 Ma) with its overprints observed in these blocks, which
brought mid to lower crustal granulites to upper crustal levels
showing large compositional changes of rocks in SGT. Results
are communicated for publication.

(B Rajendra Prasad, L Behera and P Koteswara Rao)

Deep seismic reflection study over the Vindhyans of
Rajasthan: implications for geophysical setting of
the basin

Deep seismic reflection data of the Proterozoic Vindhyan basin
of the Rajasthan area along the Chandli-Bundi-Kota-Kunjer
profile (Fig.1.23) are used to estimate the thickness of Vindhyan
strata as well as to understand the tectonic framework of the
basin. The study reveals gentle SE-dipping reflection bands
representing the Vindhyan strata. The seismic sections depict
gradual thickening of the Vindhyan succession towards
southeast from Bundi. The velocities of the upper and lower
Vindhyans are identified as 4.6-4.8 km/s and 5.1-5.3 km/s.
Presence of thick sediments in the Vindhyan basin of Rajasthan
area points towards the potential for hydrocarbon generation
in the region. The thickness of the Vindhyan succession
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increases away from the NW boundary (GBF) towards the
interior. This is in contrast to the Son-valley Vindhyans, which
show thick sediments at the southern boundary of the basin
(NSL) and thinning to the interior. The NW limit of the Vindhyan
basin is demarcated by the Great Boundary Fault (GBF) that
manifests as a 30 km wide NW dipping thrust fault extending
to a depth of 30 km. The  study suggests that the Great
Boundary Fault evolved much earlier than 1700 Ma and before
the formation of Vindhyan basin.

(B Rajendra Prasad and V Vijaya Rao)

Processing and modeling of short-offset seismic
refraction sections of a sedimentary basin: An
approach for exploring the underlying deep crustal
structures

A new approach to extract deep crustal velocity structure from
short-offset seismic refraction sections acquired (0-40 km
distance) over sedimentary basins is suggested. The high
amplitude free-surface multiples, often found on refraction
sections due to high velocity gradients in shallow sedimentary

layers, are initially modeled to derive velocity and Q structure
of the sedimentary strata using as signal. These multiples
almost completely mask most of the arrivals, including reflected
phases from crustal interfaces. Subsequently, they are
significantly attenuated by an appropriate processing sequence
treating as noise. The relatively weak signals, notably the deep
crustal reflections in the sub-critical range, are well developed
which are used to derive the velocity structure of the deep crust
underlying the west Bengal sedimentary basin. Coincident deep
seismic near-vertical reflection stack section is used to constrain
the derived crustal structure.

(VG Krishna and V Vijaya Rao)

A Micro-gravity survey for interpreting the
subsurface geology, modeling the density variation
across the Main Central Thrust along Maneri- Pala
Profile

As a component of integrated geophysical study detailed gravity
survey was conducted across the MCT (Main Central Thrust)
in Uttaranchal for Uttaranchal Jal Vidyut Nigam Limited,

Fig.1.23   Seismic reflection profile along Chandli-Kunjer over the Vindhyans of Rajasthan area.
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Dehradun (UJVNL). The gravity data was acquired using CG-
3 gravity meter with accuracy of 0.005 mGal and at a station
interval of 20m along an 11.70 km S-N profile from Maneri to
Pala along the proposed Hydroelectric Head Race Tunnel
Alignment. The gravity field variation was of the order of 70mGal
with two prominent highs at MCT 0.5km, 7.5 km and two lows
at 3.0km, 10.5 km. All the minor variations are attributable to
improper terrain/elevation correlations. The highs may be due
to high-density rocks (Thrust planes). The sharp gravity low at
10.5 km could be due to a sympathetic fault of MCT highly
saturated with fluids. The broad low gravity (2.5 - 4 km) could
be due to the MCT.

(T Seshu Narayana, B  Rajendra Prasad, D Mysaiah and
ASSSRS Prasad and others)

High velocity-gradients in West Bengal sedimentary
basin, India from travel time inversion of wide-angle
seismic data and multiples of first arrivals

The wide-angle seismic data recorded in the West Bengal
sedimentary basin show high-energy later arrivals in arcuate-
shapes with the curvatures concave downwards, defined as
multiples of first arrivals. To extract subsurface velocity model,
conventionally the first arrivals and wide-angle reflections only
will be considered and discard these multiples. Traveltime
inversion of multiples and wide-angle seismic data along the
Gopali - Port canning profile in Bengal sedimentary basin that
a better-constrained velocity model can be derived, which could
explain all phases observed on the field seismograms. The
main feature of the study is to derivate  very high velocity
gradients (1.44-0.22 km/s/km) in the top four layers, which are
not observed in other sedimentary basins of India. Work in
progress.

(ASSSRS Prasad, Kalachand Sain and B Rajendra Prasad)

Velocity structure and density model along Kallur-
Polavaram and Paloncha-Narsapur profiles in
Godavari basin, India

Re- looking g into the seismic refraction, wide- angle reflection
and Bouguer gravity data has provided detailed velocity
structure and compositional variations at different depths along
Kallur- Polavaram (WE) and Paloncha- Narsapur (NW-SE)
profiles of  Godavari basin using 2D-ray tracing technique for
seismic and saki program for gravity data.  This study has
revealed a significant contribution in understanding the scope
and potential source for hydrocarbons. Work is in progress.

(N Venkateswarlu, ASSSRS Prasad and  B  Rajendra
Prasad)

Godavari Graben:  A consequence of compressional
and strike slip tectonics?

Formation of Godavari Graben is a complex tectonic unit in
eastern part of South Indian Shield. Evolution of narrow bands
of Precambrian granulites, sandwiched between granite-gneiss
and Proterozoic sediment exposed on both the sides of the
graben, is not well understood from the evolution point of view.
In this study,  the Bouguer gravity anomaly has been analysed
along three profiles in the backdrop of deep seismic studies,
geochronology and geological field observation to synthesize
a general evolutionary model of the graben.  The model
suggests   development of a week zone of strike-slip nature
within Precambrian integrated land mass (Bastor and Eastern
Dharwar craton as a single unit) due to its collision with Eastern
Antarctica. This week zone is due to interplay of strike-slip
movements allowed exhumation of granulites from the lower
crust. Subsequent cooling of the week zone allowed forming a
basin where Proterozoic sediments were deposited. However,
the plate collision and formation of granulites complicated
development of the   graben and disturbed uniformity of the
Pre-Cambrian geology, resulting in subdivision of the graben.
Delamination, uplift, cooling and erosion have played crucial
role in development of present state of the graben.

Role of fluids : Tectonic implication  and  the
geodynamics

Himalayan region

The lesser Himalayan region consists of many thrust zones
due to collision and continuous subsidence of the Indian plate
under the Eurasian plate.  Several workers have mapped
conductors in the crust of lesser Himalayas in line or parallel to
the strke of the Delhi-Aravalli Fold Belt.  It is suggest that the
crustal conductors may be linked with the fluid generated due
to collision at the contacts of orthogonal structures of the Indian
plate.  and come forward with the concept of magma
underplating that correlates to the presence of the crustal
conductors in the collision zone of the Lesser Himalayas.  These
conductors are likely to have a linkage with the upper mantle
in the form of partial melts.  The presence of these fluids in the
upper mantle is influencing the physical and chemical properties
at the lower crustal level.
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Indian Shield

Analyzed the available surface heat flow and Curie depth data
from different geological provinces of varying ages from Upper
Cretaceous to Precambrian of Indian shield to understand the
composition of lower crust.  Curie depths derived from magnetic
satellite (MAGSAT) data in Indian shield vary from 30 km under
mobile belts/rifts/grabens to 40 km under Aravallis and 42 km
under Singhbhum and Dharwar cratons.  Curie point is usually
referred to a temperature of 550-600° C.  The depth of the
magnetic crust has been estimated  using available surface
heat flow data and 1-D exponential geothermal model beneath
the Indian shield.  It varies from around 21 to 35 km beneath
mobile belts/rifts/grabens and around 56-68 km beneath
Dharwar craton, southern granulite terrain.  Aravalli-
Bundelknand (AB) and parts of Deccan Trap province.
Comparing the results of the estimated depths of magnetic
crust using MAGSAT and heat flow data, it can be inferred that
the mismatch could be due to the variation in magnetic mineral
composition in the lower crust.

These anomalies are further tested for Jabalpur region of
Narmada-Son-Geofractures.  The steady state geothermal
model indicates temperature  compatible with the brittle-ductile
transition zone  in the lower crust, where temperature ranges
for 350-550°C with  the association of fluids.

(VK Rao, DM Mall , SR Sharma, OP Pandey, GK Nayak SK

Bhukta, GVS Poornachandra Rao, and HC Tewari)

Exhumation of lower crust in the Precambrian terrain
of  Indian shield

The present analysis, based on a re-look of original records
and 2-D modeling of the DSS data of eastern part of the Kavali-
Udipi DSS profile, facilitates a revised velocity model.  It shows
that the velocity of 6.0 km/s (granitic layer) generally observed
in the sedimentary basins as their basement is either absent
in the DSS data or has very less thickness to be missed in the
present set of refraction data.  The refractor with velocity of 6.4
km/s has found to be deeper in the central part of the profile
than in the area east of the low angle thrust faults delineated
from the present study.  The  modeling results were interpreted
in the context of pre and post compressional regime.  It has
been found that the 6.4 km/s velocity was prevalent all along
the basin followed by a layer of 6.7 km/s, which has been over
thrusted along the low angle thrust faults at the eastern margin
of the Cuddapah basin due to compressional forces.
Subsequent erosion of the surface has removed the top and
brought the 6.7 km/s layer closer to the surface.  Computation
of lateral variations in velocity in the earlier study on the basis
of the generalized velocity-depth model was not possible.

(VK Rao, DM Mall , SR. Sharma, OP Pandey, GK. Nayak,
SK. Bhukta, GVS Poornachandra Rao, and HC Tewari)
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