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

Revision of gravity map series of India

Final verification of the Gravity Map Series-2006 was completed
after the validation by the participating organizations.  The maps
were released in a function held at NGRI on 19th February,
2007.  The accompanying brochure giving the details of the
maps was prepared by the Gravity Group of NGRI.

Study of satellite derived gravity and geoid data

Satellite derived gravity data over the Andaman-Sumatra region
was analysed in frequency domain to separate the different
sources of gravity anomalies.  Incorporating these constraints,
three gravity profiles at about 10o, 6o and 3° N latitudes are
modeled to derive the lithospheric structure and geometry of
subduction zone to understand how the variations in the
coseismic slip of the Sumatra earthquake correlate with the
variations in the lithospheric/crustal structure.

A new initiative “Application of Satellite Gravity and Gradiometry
Data” to understand the dynamics of the lithosphere across
active collision zones such as the Himalaya, Alps and Andes
is taken up under the Indo-German collaboration project.  In
this regard, the relevant data base is prepared from the public
domain for the estimation of lithospheric rigidity on regional
scale.

GM surveys in Southern Granulite Terrain (SGT)

Processing of the gravity data collected in the 100 km corridor
along the geotransect from Palani to Kanayakumari
encompassing Achankovil shear zone has been completed.
Since the region is surrounded by large topographic masses,
terrain correction was applied to all the stations to prepare the
complete Bouguer anomaly map.  The most significant features
of the Bouguer anomaly map are long wavelength gravity lows
associated with topography in the central and northern part
and a gravity high parallel to the coast in the southern part of
the study area. The anomaly map shows very little correlation
with exposed geology suggesting deep crustal inhomogeneities
influencing the gravity field. Modelling and interpretation in the
realm of likely tectonic domain that shaped the SGT is in
progress.

Study of Mesozoic sediments for hydrocarbon
exploration (network project)

In addition to the gravity data at 4000 stations collected earlier,

about 1800 measurements were acquired during this period to
complete the data acquisition in the study area (20-22o N and
75-78o E) in the Tapti region in Central India.  The gravity and
geodetic data has been verified and processed and finally
anomaly maps are prepared for modeling and interpretation.

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

Repeat gravity and GPS measurements were made on the
concrete pillars during  May and October 2006. Significant
seasonal gravity changes were observed that also corroborated
with GPS data. These seasonal changes observed in gravity
and GPS data have an important implication on the effect of
loading of reservoir and in turn earthquake processes in the
region.

Micro-gravity studies in Krishna-Godavari basin

For the first time, micro-gravity studies were carried out for the
exploration of shallow gas in Krishna-Godavari basin.  3500
gravity stations were established with 200m spacing in
Tatipaka-Ponnamanda (TP) and West-Mandapeta (WM) blocks
(Fig.1.1). These micro-gravity investigations have brought out
some interesting results with respect to the very shallow
formations, as well as basement undulations. In the WM block,
basement is shallower in the southern part and deeper in the
northern part. The basement high and trough are part of Yanam
ridge and Mandapeta depression of the KG basin respectively.
Gravity low to the south of Mori fault in the TP block may be

Fig. 1.1 Bouguer gravity image maps of  Tatipaka-Ponnamanda and
West-Mandapeta blocks overlaid on the regional gravity image
of  Krishna Godavari basin.
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due to the deposition of thick tertiary sediments in the KG basin.
NE-SW oriented gravity high to the north of Mori fault in TP
block coincides with the presence of gas in the deeper horizons.
The high pass frequency filtering has deciphered a number of
short wavelength residual gravity lows in both the blocks with
amplitude varying between tens of μGal to 1000 μGal. However,
emphasis has been laid on significant short wavelength
negative anomalies having amplitude greater than 100 μGal
and is interpreted due to saturation of sand with gas. Number
of such locations have been recommended for further
correlation and verification by drilling.

Subsurface stress analyses for the 2001 Bhuj
earthquake, India through the integrated geophysical
approach

The Mw 7.6 Bhuj earthquake of 26 January 2001, associated
with high stress drop indicates anomalous stress localization
in the Kachchh rift basin, similar to regions in the plate margins.
Although Kachchh is also postulated to be diffused and
undergoing steady deformation, it cannot be related to plate
boundary activity alone in the absence of any conspicuous
seismogenic lineament. Further, nucleation of the earthquake
in the middle–lower crust in a palaeo-rift environment, offers
difficulty in evaluating the major tectonic cause for anomalous
stress accumulation. A 2D finite element stress model
constrained with the integrated geophysical results (Fig.1.2),

indicates high shear stress dispersion (~70 MPa) at the
hypocentral depth and accentuate the potential role of local
tectonic elements in the Kachchh rift basin for anomalous stress
distribution. Moderate strain rate (6.0 x 10–8) and high pore
fluid pressure (343 MPa) indicate the presence of serpentinite
at greater crustal depth, whose dehydration causes brittleness,
and release of fluids in a high-stressed zone, triggering rock
failure.

(Bijendra Singh, Prabhakar Rao MRK, Singh AP,
Chandrasekhar DV, Rao MBSV, Ramaswamy Ch, Laxman
G, Vijaya Kumar V, Venkata Raju DCh, Tiwari VM, Kusumita
Arora, Subbalaxmi D, Gopalakishan Rao M, Amol Eknath
M, Niraj Kumar, Rajasekhar RP, Diljeet DT, Harsha Y, Arjun
Bhaskar Rao D, Nageswara Rao B, Kishan Ganesh,
Ramana Rao K, Narasimha A and Khan MdS)

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

2-D seismic reflection studies in Kutch

Under an MOU with the Directorate General of Hydrocaron
(DGH), the CSS Project has envisaged 2D seismic reflection
data acquisition of about 900 GLK in Kutch on land basin and
in other parts in Gujarat State of India. The objective of the
operations is to acquire seismo-geological information through
state-of-the- art data acquisition techniques, in order to open
up new areas for hydrocarbons exploration. The locations and
directions of lines covering about 900 GLK (Fig.1.3) suitably
are modified by DGH to overcome logistic constraints. The
survey program will include:

a) Acquisition of 2D seismic reflection data along different
proposed lines

Fig. 1.2 Two-dimensional shear stress distribution along a profile in
the epicentral zone of  Bhuj earthquake. Computed model
shows the south-dipping anomalous shear stress (~70 MPa)
oriented in the constructed fault plane. Hypocenter of  Bhuj
earthquake shown by white star and grey dots indicates after-
shock depth distribution. Fig.1.3 Showing locations and directions of  900 GLK in Kuch region.
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b) LVL survey at specified regular interval using shallow
refraction survey or uphole survey technique. LVL survey
will be done at every 2 Km interval and uphole survey
with shot hole depth of 50 m at every 50 km and at every
line crossings.

c) Topographic survey for location and elevation data

d) QC processing of data in field.

2-D seismic reflection studies in Kutch on land basin have been
initiated in July 2006 to choose optimum parameters for
obtaining best possible data sets along the proposed lines.
The completed data acquisition as shown in the figure 1.3  (thick
line marked). A sample record (shot gather) is shown in figure
1.4  from Line # 4.

Processing of the above data is in progress. Two more N-S
proposed profiles to be covered subsequent field seasons
covering a total of  ~700 Km.

c) Multhan – Karjana - Chopda – Amalner (200 Km) NE –
SW

d) Rajola – Chandur Bazaar – Amaravati - Badnera (150
Km) N – S

(B Rajendra Prasad, MM Dixit, Prakash Khare, P Koteswara
Rao, S Raju, GSP Rao, MS Reddy, 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 along
the profiles viz, Vattalakundu - Kalugumalai–Kanyakumari (260
Km) and Shanmuganallur-Alangulam-Ambasamudram (45 Km)
and refraction data along Vattalakundu- Kalugumalai-
Kanyakumari (260 Km) were obtained, 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 were
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.

Seismic stack sections for the reflection data acquired over
SGT along Vattalakundu-Kalugumalai-Kanyakumari and
Shanmuganallur-Alangulam-Ambasamudram were prepared
using Promax software. Line drawings were obtained for the
corresponding stack sections to interpret the implications of
shear zones and reflectivity of region.

(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

The seismic refraction data was acquired by deploying Radio
Frequency Telemetry (RFT)-SN 388 Sercel system for six wide-
angle shots (SP’s). The SP spacing is ~40 km and geophone
(vertical single component 4.5 Hz with ten geophone groups)
spacing of 100 m with continuous spreads at different offsets

Fig. 1.4 A sample record of  Kuch along line # 4

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

2D seismic refraction studies in Central India
(net work project)

Deployed 100 numbers of Taurus stand alone seismographs
along with 3- Component geophones in addition to RFT system
(Eagle SN388). All 100 stand alone systems with accessories
are used for 2D seismic refraction data acquisition along the
following profiles in a mixed mode to generate shallow seismic
refraction data set in a cost effective manner.

a) Galangi – Chopda – Raver – Usrani  (143.7 Km)   W – E

b) Umapur – Jamod Jalgaon – Anjangaon  - Brahmanvada
(159.8 Km) W - E
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for each shot to acquire long offset data. Each spread consists
of 180 channels to obtain dense data coverage. The first arrivals
were picked manually from six SP gathers for modeling. A 2-D
tomographic P and S wave velocity (Vp and Vs) image has
been obtained with Vp /Vs ratios along N-S trending 260 km
long deep seismic profile, which traverses across major shear
and tectonically disturbed zones in Southern Granulite Terrain.

A tentative 2D seismic crustal section along Vattalkundu-
Kalugumalai-Kanyakumari profile with six major shot points
(SPs 77, 428, 808, 1271, 1953 and 2269) has been prepared.
This section shows four layers with velocities 6.1, 6.5, 6.7, 7.0
and 8.0 km/s. Depth to Moho varies from 42 km near below
SP 77 maintaining slow gradient reaches 43 km below SP808
and up dipping to a depth of about 38 km below SP 2269.
Interpretation of this deeper section acquired from refraction
data with stack section obtained from reflection data is in
progress.

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

Structure and tectonic evolution of the late Archean
Granulite Terrain and the Cauvery shear zone system
of southern India from the coincident deep seismic
reflection and refraction studies along the Kuppam-
Palani transect.

Deep seismic reflection studies investigating the exposed
Archean lower continental crust of the Southern Granulite
Terrain, India, yield important constraints on the nature and
evolution of the deep crust, including the formation and
exhumation of granulites. Seismic reflection images along the
Kuppam-Bhavani profile (Fig.1.5) reveal a band of reflections
that dip southward from 10.5 to 15.0 s two-way-time (TWT),
across a distance of 50 km. The bottom of these reflections
beneath the Dharwar craton is interpreted as the Moho. Further
south, another reflection band dipping northward is observed.
These  bands of reflectivity constitute a divergent reflection
fabric that converges at the Moho boundary observed at the
Mettur shear zone.  The tectonic regime and seismic reflection
profiles combinedly illustrate  evidence for paleo-subduction
at a collision zone. The structural dissimilarities and geophysical
anomalies suggest that the Mettur-Moyar-Bhavani shear zone
is a suture between the Dharwar craton in the north and another
crustal block in the south. This study contributes significantly
to better understanding of deep crustal processes related to
the granulite formation and exhumation of other similar Archean
terrains. Furthermore, it provides an important link between
the Gondwanaland and global granulite evolution occurring
throughout the late Archean.

The thickened crust at the collision was delaminated during
the orogenic collapse and modified the central part, covering
the Cauvery shear zone system, located between the Moyar-
Bhavani and Karur-Oddanchatram shear zones. The
delaminated lower crust is altered by magmatic underplating
as evidenced by the high velocity layer just above the Moho.
The velocity model of the region indicates crustal thickening at
the boundary of the Dharwar craton and Moyar-Bhavani shear
zone and thinning further south. Back-scattered seismic wave
field with negative moveout and the Moho-offset indicate the
spatial location and strike-slip nature of the shear zones. Late
Neoproterozoic rifting is observed along the paleo-fault zones.
The seismic studies constrained by other geophysical data
suggest that the Moyar-Bhavani and Karur-Oddanchatram
shear zones of the Cauvery Shear Zone system mark terrane
boundaries / suture zones.

(PR Reddy, V Vijaya Rao, WD Mooney and Kalachand Sain)

Fig. 1.5 Geological map showing various domains with seismic line
passing  through  Kuppam-Bhavani profile
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Modelling and inversion of single-ended refraction
data from the shot gathers of multifold deep seismic
reflection profiling – An approach for deriving the
shallow velocity structure

A multi-fold crustal- scale deep seismic near-vertical reflection
profile generates a large number of single-ended shot gathers,
which provide redundant data sets because of overlapping
coverage of the shallow refractors. A new approach is
suggested for deriving the shallow velocity structure by
modelling and inversion of such a single-ended seismic
refraction first arrival travel time data. This method is applied
to a data set acquired with a 12 km long spread with 100 m
spacing of shots and receivers, of the Neoproterozoic Marwar
basin in the NW Indian shield (Fig.1.6). The approach is
successful for delineating the shallow refractor depths, steep
dips and velocities, even in the absence of regular reverse
refraction profiles. The study reveals two-layered sedimentary
formations, Malani volcanics and a complicated basement
configuration of the Marwar basin, and provides a measure of
resolution and uncertainty of the estimated model parameters.
A seismic section of the near-trace gather is found to be
qualitatively consistent with the derived structural features of

the basin. The relative highs and lows, observed in the Bouguer
gravity profile, further corroborate the derived velocity model.
The present approach can be especially useful in offshore areas
and elsewhere, where the single-ended multi-fold seismic
profiles are the only available data sets.

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

Deep crustal seismic reflection study over the
Cenozoic NW sub-Himalaya

Sediments of the Cenozoic sub-Himalayan foreland basin
provide a record of the orogenic processes accompanied the
closure of the Tethys Ocean. The sediments have imprints of
the collision of the Indian plate with the Eurasian plate and
suturing of the continents. The foreland basin sediments mainly
constituted by the Siwaliks, Dharmasalas and Subathu
formations deposited during the Cenozoic, between the Main
Frontal Thrust and Main Boundary Thrust, are present almost
over the entire length of the Himalayan foothills. Huge thickness
of sediments indicates bright prospects for oil and natural gas.
Keeping in view of the hydrocarbon potential and geodynamics
of the region, deep crustal seismic reflection study is carried
out along 35 km long Barsar-Bhota-Sandhera and 65 km long
Nangal-Bhota-Nerchowk profiles in the NW sub-Himalaya,
using 150 channel RF telemetry system. The profiles traverse
the important thrust faults of the sub-Himalayan foreland basin.
Initial processing of seismic field data shows prominent
reflection bands from 1.5 to 8.0 sec and bright reflectivity from
10-15 sec. The reflection band observed around 5-6.5 sec may
represent the crystalline basement indicating huge thickness
of sediments in the region. The reflection fabric in the deeper
part of the crust represents the Moho. A good correlation is
observed between the seismic reflectors of the present study
and the geological formations of deep well data that are
considered to be hydrocarbon potential.

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

A model for crust in Saurashtra and Cambay region

Gravity models were generated to link the crustal structure of
the Saurashtra Peninsula with the Cambay basin on the basis
of seismic structure of the two regions. Two lines (Fig.1.7)
selected for this purpose, where the line ‘AA’ is the extension
of the E-W Navibandar-Amreli profile in Saurashtra extended
towards east beyond the Cambay basin and the second line
‘BB’ in NE-SW line crossing the Navibandar-Amreli DSS profile
close to the crustal configuration of this part of western India.Fig. 1.6 Geological map showing with Nagaur-Raian seismic profile
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(G Surya Prakasa Rao, HC Tewari and B Rajendra Prasad)

Migration velocity analysis
Migration velocity analysis (MVA) for tilted transversely isotropic
(TTI) media. By incorporating the tilt of the symmetry axis into
the MVA algorithm developed, we obtained significant
improvements in image quality as compared to the VTI result
for different geologically plausible TTI models. The example
below illustrates the superior quality of the TTI image (Fig.1.8)

for a salt model that includes bending TI shale layers on either
side of it with the symmetry axis orthogonal to the layer
boundaries. The sections were obtained using Kirchhoff
prestack depth migration.

(Laxmidhar Behera)

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  Loharinag Pala hydroelectric project
areas, Uttaranchal

Magnetotelluric (MT) field investigations have been carried out
in Loharinag Pala hydroelectric project area, Uttarkashi District,
Uttaranchal. Sixteen stations have been occupied in the region
along the proposed headrace tunnel. The profile is oriented in
NNE and SSW direction with a length of about 14 km. The
stations are distributed near Rishikund, Bhukki, Sunagarh and
Thirang hot springs. The MT studies have provided valuable
information on the subsurface electrical resistivity structure which
in turn has helped in assessing the nature of rock formation
along the proposed tunnel alignment.  The resistivity structure
along the tunnel located at a depth of about 1 km has been
inferred as hard rock, fractured rock and semi fractured rock.

The geo-electric strike is dominantly pointing to WNW direction
(N 550 W) and is consistent with the surface geological
formations mapped in the area. The geo-electric section derived
from both 1-D and 2-D modelling has shown sharp variations
near the site (S07).(Fig.1.9). The structure below the sites from
S16 - S07 is dominated by resistive formation (>1000 ohm.m),
whereas the stations located towards north indicate less
resistive formation (< 500 ohm.m) and this low resistivity
formation corresponds to schists and gneisses probably a
fractured zone. The rock structure towards north is mostly
migmatites with granitic ferrous mica schists, calcareous schists
and marble. There are no major zones of high temperature at
the shallow levels.

(T Harinarayana, DN Murthy, K  SudhaRani, KK Abdul
Azeez, Sharana Basava)

Magnetotelluric investigation to decline the deep
crustal structure in Antarctica and to compare the
co-seismic activity

(Supported by National Center for Antarctic and Ocean

Fig. 1.8 Images of  bending TI shale layers on either side of  the
isotropic salt body obtained by using the VTI model (bottom)
and the estimated TTI model (top). The symmetry axis in
each block is orthogonal to the layer boundaries. The medium
above the shale is also isotropic.

Fig. 1.7 Lines AA’ and BB’ along which density models are calculated
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Research, Goa. Department of Ocean Development, New
Delhi)

Wide band MT investigation were carried out, during the 26th

Indian  Antarctic Scientific expedition,  to map the deep electrical
structure and  compare the co-seismic activity around the
Schimacher Oasis, with other regions across the globe. ADU
06 system was deployed for data acquisition of continuous
magnetic and telluric signals during December 2006 to
February 2007. Three stations have been occupied around
Schirmacher oasis close to Sankalp and Mardid hill (Fig.1.10).
The station Sankalp is located on continental shelf ice area
and the other two stations on land near Mardid hill.  Continuous

MT data has been collected for about one month at Sankalp
and two months at Mardid hill. Use of Titanium electrodes as
electric field probes has reduced the contact resistance to kilo-
ohms on ice shelf. One MT station at Larseman hills area, the
first MT station in this area,  has been recorded for six days
(Fig.1.11). The detailed analysis of the data is underway.

Fig. 1.9 Resistivity section along the head race

Fig.1.10 Geological map with MT locations in Schirmacher Oasis, East
Antarctica

Fig.1.11 Apparent resistivity and phase curve observed at site Larseman
hills in  Antarctica

(T Harinarayana and  Aravind K Gupta)

Magnetotelluric investigations to delineate the deep
crustal structure in Antarctica

(Supported by National Center for Antarctic  and Ocean
Research, Goa.   Department of Ocean Development, New
Delhi)

The MT data acquired around the Schirmacher oasis during
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the 25th Indian scientific expedition to Antarctica (December
2005 to March 2006) were processed and analysed. The
preliminary 2D subsurface resistivity model (Fig.1.12) shows
high resistive (104 Ohm-m) upper crust upto a depth of about
10 km. The model observes mid and lower crustal thickness of
about 25-30 km with resistivity of the order of 102 ohm.m. At
mantle depths, the model indicate relatively high resistivity (>102

Ohm.m). The reesistivity change observed at a depth of 40
km, perhaps indicative of electric Moho.

(T Harinarayana, S Prabhakar E Rao and Sharana Basava)

Magnetotelluric investigations in the geothermal
fields

(Sponsored by Ministry of Non-conventional Energy Sources,
New Delhi)

Sutluj - Spiti Valley hot springs in  Himachal Pradesh

Thermal springs, measuring temperatures ranging from 23O to
73O, are located at about 10 locations along the 150 km stretch
of Sutluj valley. The Sutluj valley cut across major

litho-tectonic units of the Himalaya and illustrates complex
geology (Fig.1.13). MT measurements are made at 19 locations
along the 150 km stretch of Sutluj valley hot springs. At each
sounding point, five component magnetotelluric (MT)
measurements are made in the MT broadband frequency range
using ADU 06 data acquisition system of M/s Metronix,
Germany. The horizontal electric and magnetic components
are aligned with the magnetic north-south and east-west
directions. The rugged topography in the area was the major
obstacle for occupation of sounding points. Hence,
measurements are made at locations with ease of access from
road. An example of sounding curve observed from the area is
shown (Fig. 1.14).

Fig.1.12 2D conductivity model of  Antarctica. Model derived from
the inversion of  TE and TM  model - MT responses

Fig.1.13 Location of  MT sites along Sutluj valley hot springs

Fig.1.14 Example of  MT data measured over Sutluj valley hot springs

MT data collected over the wideband frequency range are
processed to obtain best impedance estimates using robust
algorithms. The data set is analysed to obtain a common
electrical strike value using Smith  decomposition. The best
strike value of N41OW obtained for the longer period range is
in agreement with strike of the major tectonic units of the region
and hence used to derive the TE mode (parallel to strike) and
TM mode (perpendicular to strike) impedances. Preliminary
two-dimension models are derived from the single mode
inversion of TM mode data (least distorted by shallow
inhomogenity effects) using the algorithm of Rodi and Mackie.
The shallow section shows ~500m thick low resistive (20-100
Ohm.m) zone and represents the fractured zones, resulted from
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the multiple thrusting, enabling the circulation of cold water
and hot water rising from the deep. Resistive basements
corresponding to the high grade Himalayan crystallines (> 5000
Ohm.m) and low grade Himalayan crystallines (1000-2000
Ohm.m) are marked in the model. However, more intense
modeling experiments need to be performed to understand
the topographic effects on the data and to make a realistic
subsurface model.

(T Harinarayana, KK Abdul Azeez, K  Veeraswamy, K
Ravishankar, Sharana Basava and G Dhanunjay Naidu)

Beas -Parbati valley hot srpings in Himachal Pradesh

The exposed Precambrian rocks in the Beas-Parbati valley
consist of phyllites, gneiss, quartz and garnetoferous mica
schists and schistose quartzite. Limestone and dolemite are
exposed in the southern part. A major N-S oriented fault of 25
km length passes through Bashist in the north and Katrain in
the south, which appears to control the thermal fluid flow in
this area.

The magnetotelluric field investigations have been completed
during May-June 2006. Data has been acquired at 24 stations
in Beas-Parbati valley area of Himachal Pradesh covering (i)
Rohtanpass-Bhuntar, (ii) Bhuntar-Manikaran and (iii) Bhuntar-
Mandi profiles (Fig.1.15). High frequency data for a few stations
have been interfered by artificial signals from local electrical
power lines. The preliminary results indicate the presence of
vertical faults which are spatially coinciding with MCT.

(T Harinarayana, K Veeraswamy, KK. Abdul Azeez, K
Ravishankar, Sharana Basava and G Dhanunjay Naidu)

Surajkund geothermal region, Hazaribagh District,
Jharkhand State

The processing and preliminary analysis of the MT data
acquired at 35 locations in Surajkund geothermal region is
completed.  The preliminary results indicated the presence of
sharp lateral variation of electrical resistivity towards the North-
west of the hot springs and inferred the possible presence of
anomalous zone near the springs.  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 detailed subsurface models are
being derived using 1-D and 2-D modeling approaches.

(T Harinarayana, S Prabhakar E.Rao,  Sharana Basava,
Sreedhar Sreejesh, A K Gupta and G Virupakshi)

Magnetotelluric field investigations along Siliguri-
Gangtok-Lachung profile in Sikkim Himalayas, India

(Sponsored by DST, New Delhi)

The Sikkim Himalaya forms one of the important segment of
eastern Himalaya and provides a representative cross section.
The four physiography based on transverse zones like the Sub,
Lower, Higher and Tibetan-Himalaya confirm four major
tectonic belts namely foothill, inner, axial and trans axial belts
respectively. They are represented by characteristic structural
and stratigraphic attributes and are delimited by important
dislocations. A total of 21 MT sites were occupied along Siliguri-
Mangan-Yumthnag traverse.

(T Harinrayana, BPK Patro, Sharana Basava, Sreejesh, V
Sridhar, VTC Kumaraswamy and DN  Murthy)

Magnetotelluric studies along two transverses, Akola
to Sehore and Jalgaon to Indore,  Narmada-Tapti
basin of Central India.

(Sponsored by DGH)

Thick Mesozoic sediments under the basalt cover of the Deccan
traps along northwest coast of India and Central India are
considered to be potential targets for hydrocarbon exploration.
The Deccan Traps are composed of multilayered lava flows,
wherein multi layered extrusive flows that suggest at least 40
periodic pulses of lava forming inter-trap deposits. This
generates heterogeneous basalt layers, which makes basalt
imaging more difficult. Magnetotellurics investigation over such
an area has got advantage over conventional seismic surveyFig.1.15 Location of  MT site over the topographic relief  map of  Beas-

Parbati valley region, Himachal Pradesh
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because of its ability to image conductive targets beneath
resistive medium.

A broadband MT survey was carried out during December 2006
to March 2007. Measurements were made at 60 MT sites, with
station interval of 7 km, along a ~350 Km traverse extending
from Akola (Maharashtra) to Sehore (Madhya Pradesh) to
delineate the Mesozoic sediments below the Deccan basaltic
cover (Fig.1.16). The processing and modeling of the acquired
data is in progress.

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

A field program for identifying MT sites for GPRS coverage
was undertaken and two sites, one at Jaichiwadi near Patan
and another one at Devrukh near Sangameswar were identified
for setting up semi-permanent Magnetotellurics observatories.
Two Scientists from M/s. Phoenix Geophysics visited Jaichiwadi
for testing and installation of V8 systems (Fig.1.17). Both 1752,
1754 V8 systems were commissioned at the same site for
comparing performance. Both systems operate through a solar
power-pack of 110/400 watts through a charge controller
connected to a bank of 12 V DC accumulators. These stations
are intended to run for a period of three years in an area that is
prone to frequent earthquakes, in order to determine if MT
monitoring can provide any advance warning of seismic activity
and, in effect, be used to predict earthquake activity. Continuous
MT time series were measured at two locations. The MT
apparent resistivity and phase curves observed at site 1 after
15 hours of continuous recording is shown in figure 1.18.

Fig.1.16 Location map of  MT sites along Akola-Sehore profile in
Central India.

(T Harinarayana, M Someswara Rao, K  Naganjaneyulu, V
TC Kumaraswamy, S R K Kishore, G Dhananjaya Naidu
and  K  Ravishankar)

Study of Mesozoic sediments below the trap cover
in western part of Narmada-cambay region for
hydrocarbon exploration ( network project)

The sediments below the trap cover as Deccan traps is acting
like a shield. From hydrocarbon exploration point of view, one
of the important region is Narmada and Tapti region. The area
is covered by Deccan traps and also forms part of well known
Narmada Son lineament zone. In second phase, a total of 111
MT sounding were completed during the 2005-06 field season.
1-D modeling along few profiles showed the presence of
sediments below the trap cover. During third phase of 2006-
07 field season, 72 more MT soundings were made in
Khandwa, Khargone and Barwani area in Central India, Madhya
Pradesh. The processing of the time series is underway
together with the analysis of the processed data.

(T Harinarayana, S  Prabhakar E Rao, KK Abdul Azeez, K
Veeraswamy, RS Sastry Sharana Basava,  TV Phanikiran,,
M Sreenivas, VTC Kumaraswamy, SRK Kishore and
Manpreet Sing)

Fig. 1.17 Installation V8 Pheonix MT system at Koyna

Fig.1.18 MT responses observed at a site 1 in Koyna. The estimatesa
are  made from 15 hours of  continuous data measurement
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(T Harinarayana, DN Murthy, G Virupakshi, C Manoj, T
Srinivasulu, Sharan Basava, Haritha, Mahesh Narayanan)

Field test of V8 System at local site near Hyderabad

In order to do a functional test of the Phoenix Geophysics’
multi-function instrument V8s and their magnetic coils, the
equipment was taken to a site 60 km from Hyderabad, at
Choutuppal Magnetic observatory (Fig.1.19). The V8s were
calibrated using the built-in box calibration mode. The coils
were then calibrated using the built-in coil calibration mode.
Both tests proved successful. Finally, a parallel noise test was
performed using both V8s.The tests demonstrated that the
equipment was working properly for final installation at the MT
observatories at Jaichiwadi and Devrukh. The V8s were
programmed to acquire MT data continuously. MT records were
analyzed and processed to confirm good quality outputs.

Resistivity structures deduced from deep resistivity sounding
measurements acquired with a 10 km long Schlumberger
spreads yield significant insights into the resistivity distribution
within the E-W trending shear system comprising the Moyar-
Bhavani-Salem-Attur shear zone (MBSASZ) and Palghat-
Cauvery shear zone (PCSZ).  Vertical and lateral extensions
of low resistivity features indicate the possible existence of
weak zones at different depths throughout the shear zones.
The MBSASZ characterized by very low resistivity in its deeper
parts (>2500 m), extends towards the south with slightly higher
resistivities to encompass the PCSZ.  A major resistivity
transition between the northern and southern parts is evident
in the two-dimensional resistivity images.  The northern
Archaean granulite terrain exhibits a higher resistivity than the
southern Neoproterozoic granulite terrain.  Though this
resistivity transition is not clear at greater depths, the extension
of low resistivity zones has been well manifested (Fig.1.20).  It
is speculated here that a network of crustal scale shear zones
in the SGT may have influenced the strength of the lithosphere.

Fig.1.19 Field testing at NGRI magnetic observatory, Choutuppal,
Hyderabad

(T Harinarayana, DN Murthy, G Virupakshi, C Manoj, T
Srinivasulu, Sharan Basava and  Mahesh Narayanan)

(Mike Murphy* and Gerry James* M/s. Phoenix Geophysics,
Toronto, Canada).

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

Deep resistivity sounding studies in detecting shear
zones: A case study from the Southern Granulite
Terrain of India

The resistivity signatures of the major crustal scale shear zones
that dissect the Southern Granulite Terrain (SGT) of South
India into discrete geological fragments have been investigated.

Fig.1.20 Apparent resistivity variation observed for different electrode
separations (AB/2) in the study area. DRS locations (solid
symbols), shear zones (MBSASZ and PCSZ) and the main
faults (solid lines) are also shown.
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Deep resistivity sounding studies for Mesozoic
sediments for hydrocarbon exploration (network
project)

Eightyone deep resistivity soundings were conducted in the
eastern part of Deccan Syneclise area. 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.  The results indicated large thickness of sediments
around Amaravati and Burhanpur area.

EMOD2D-a programme in C++ for finite difference
modeling of magnetotelluric TM mode response over
2D earth

A programme, EMOD2D, in C++, is developed to compute the
apparent resistivities of two-dimensional structures for
magnetotelluric (MT) H-polarization case, using finite difference
technique.  Five C++ classes with member functions are
designed to compute apparent resistivity values. The program
utilizes object oriented programming features such as multiple
inheritance, encapsulation to allow the user to easily deploy
and modify the given classes. This programme has been used
to study the responses of various ore deposit models.  This
modeling study is relevant to: (i) search for mineral deposits
underlying conductive or resistive overburden; (ii) understand
the response pattern for the ore body which is in contact with
the overburden.  The programme is compiled on Borland C++.

Prediction of electrical resistivity structures using
artificial neural   networks

The artificial neural network (ANN) technique is at present most
efficient and modern tool for parameter estimation and inversion
of geophysical data.  This paper deals with the application of
ANN technique for the inversion of vertical electrical resistivity
sounding (VES) data obtained from the NNW-SSE part of
Barmer district, Rajasthan.  The efficiency of ANN technique
is tested first on synthetic resistivity data generated from the
numerical model and then trained on the actual VES field data.
The analyses predict sediment thickness of the order of 172 m
at Rawtra (S-15), and indicate that there is possibility of fresh
aquifers at all sounding locations along the profile except at
Sonadi (S-1).  These results match with the depth-resistivity
structure obtained by the conventional method.  However, the
high accuracy and faster ANN imaging system seems to have
highly correlated with that of conventional method for mapping
the complex subsurface resistivity structures with less
ambiguity.  These finding also correlate remarkably well with
known drilling results and geologic boundaries.

Fig.1.21 (a) Observed gravity anomaly of  the Chintalpudi sub-basin,
India (b) Modeled gravity anomaly (c) Error between observed
and modeled gravity anomaly (d) Estimated regional
background by 2nd degree polynomial (e) Estimated regional
background by bilinear equation (f) Plain view of  the inverted
density interface.

Gravity anomalies of 2.5-d multiple prismatic
structures with variable density – A Marquardt
inversion
An inversion technique based on the Marquardt algorithm has
been presented to estimate the depth of a 2.5-D sedimentary
basin in addition to the regional gravity anomaly that is
associated with the residual gravity anomaly, wherein the
density contrast varies parabolically with depth.  Forward
modeling is carried out through a derived analytical gravity
expression of a 2.5-D vertical prism.  Inversion of a theoretical
gravity anomaly with and without a regional gravity anomaly
illustrates the procedure that it is found to be insensitive to the
regional gravity effect.  Furthermore, the algorithm is
exemplified with the gravity anomalies of the derived density-
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depth model of the Godavari subbasin, India with a parabolic
density profile resulting in a more consistent geological model
rather than a constant density profile.  The main advantage of
this method is that it works well even when the profile of
interpretation does not bisect the strike length of the
sedimentary basin.

3-D gravity inversion of a basement relief – A depth
dependent density approach

A 3D gravity inversion technique has been presented, based
on the Marquardt algorithm, to analyze gravity anomalies
attributable to basement interfaces above which the density
contrast varies continuously with depth.   The salient feature
of this inversion is that the initial depth of the basement is not
a required input.  The proposed inversion simultaneously
estimates the depth of the basement interface and the regional
gravity background.  Applicability and efficacy of the inversion
is demonstrated with a synthetic model of a density interface.
The synthetic gravity anomalies were analysed for (1) solely
because of the structure, (2) in the presence of a regional gravity
background and (3) in the presence of both random noise and
regional gravity background.  The inverted structure remains
more or less the same, regardless of whether the regional
background is simulated with a second-degree polynomial or
a bilinear equation.  The depth of the structure and estimated
regional background deviate only modestly from the assumed
ones in the presence of random noise and regional background.
The analyses of two sets of real field data, one over the
Chintalpudi subbasin, India, (Fig 1.21) and another over the
Pannonian basin, eastern Austria, yield geologically plausible
models with the estimated depths that compare well with drilling
data.

Morphostructural prognostication of kimberlites in
parts of eastern Dharwar Craton: Inferences from
remote sensing and gravity signatures

The varied nature of geophysical signatures encountered in
the identification of blocks with favorable setting for
emplacement of kimberlites, has resulted in the development
of different criteria for their prognostication.  Attempt has been
made to bring out the association of domal morpho-structural
features with kimberlite occurrences.  From analysis of an IRS-
ID LISS-III satellite image of the Maddur-Narayanpet-
Mahboobnagar-Gadwal-Raichur region (latitudes 16oN to 17ol5'
N and longitudes 77oE to 78o15' E) in the eastern Dharwar
craton, the surface morphology and structural configuration
were obtained.  From observed surface correlation of reported
kimberlite occurrences with intersecting lineaments within
regions of domal morphology, regions with such configuration

were delineated as potential kimberlite bearing zones.  Using
this observation as a criterion, six potential kimberlite zones
were delineated: near Sedam, around Maddur, north of
Mahbubnagar, north of Raichur, between Raichur and Gadwal
and around Gadwal.  Subsequently, from reanalysis of available
gravity data in a part of the Maddur area, the structural features
inferred from image analysis were corroborated.  The crustal
configuration along a representative profile across a region
associated with kimberlite emplacement was obtained to
understand the subsurface pattern of its occurrence.
Occurrences of kimberlites were found to be localized at
intersections of lineaments in regions characterized by upwarps
in the Moho and corresponding lows in the gneissic basement.

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

1.5 EVALUATION OF GAS-HYDRATE RESOURCES
OF INDIAN CONTINENTAL  MARGINS:
DEVELOPMENT OF SCIENTIFIC METHODO-
LOGIES

Seismic attributes for identifying gas-hydrates and
free-gas zones: application to the Makran
accretionary prism

The most commonly used marker for gas-hydrates is identifying
a bottom simulating reflector (BSR) on a seismic section. The
BSR is not a lithological interface but a physical boundary
between the gas-hydrates bearing sediments above and free-
gas saturated sediments below. From visual inspection of
seismic section, it is difficult to demarcate the zones of gas-
hydrates and free-gas laden sediments. At many places in the
world, BSRs have not been observed on seismic section but
gas-hydrates have been found by drilling. On the other hand,
BSR has been identified on seismic section but drilling
discovers no hydrates. To delineate and demarcate the zones
of gas-hydrates and free-gas containing sediments whether
BSR is observed or not on a seismic section, study of various
seismic attributes like reflection strength; instantaneous
frequency and amplitude blanking provide important
implications for gas-hydrates and free-gas. The approach is
very simple and easy to implement, and has been applied to a
seismic data set in the Makran accretionary prism where gas-
hydrates and free-gas are indicated by a BSR. The decrease
in seismic amplitudes or blanking window above the BSR
indicates that the thickness of gas-hydrates decreases
landwards. High reflectivity and low frequency shadows
observed below the BSR show large thickness of free-gas
(Fig.1.22). Visibility of the BSR in instantaneous frequency
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attribute plot indicates that the BSR is caused by a single
stepwise decrease in acoustic impedance.

(Maheswar Ojha and Kalachand Sain)

Appraisal of gas-hydrate/free-gas from VP/VS ratio in
the Makran accretionary prism

The BSR represents the bottom of the gas-hydrates stability
field and is mostly associated with free-gas underneath.
Existence of gas-hydrates in the sediments elevates both the
P- and S-wave seismic velocities, which again vary with the
concentration and type of distribution of hydrates. Presence of
free-gas below the BSR decreases the P-wave velocity only,
while the S-wave velocity remains almost unaffected.
Therefore, study of both P- and S-wave seismic velocities and
VP/VS ratio provides more information than that obtained by
either P- or S-wave velocity alone for the quantitative appraisal
of gas-hydrate. Computation of VP/VS ratio for a number of gas-
hydrates models with various gas-hydrates and free-gas
saturation across a BSR using the classical Biot-Gassmann
theory, modified by Lee demonstrate that the ratio can be
effectively used to quantify the gas-hydrates and free-gas
across a BSR. The approach has been applied to a seismic
data set in the Makran accretionary prism, which shows the
saturations of gas-hydrates and free-gas as 11.5% and 4%
respectively. (Fig. 1.23)

(Maheswar Ojha and Kalachand Sain)

Effective medium theory to determine elastic
properties, mineralogy and hydrate saturation from
seismic data: A case study

Gas-hydrates alter the elastic properties of the normal oceanic
sediments in which they occur. The elastic properties also
depend on the patterns of distribution and concentration of
gas-hydrates in the pore spaces. Gas-hydrates are distributed
in the pore spaces of sediments mainly in two ways: (1) the
non-contact model – in which hydrates are unconnected and
located without appreciable grain contact and (2) the contact-
cementing model – where hydrates are connected and located
with appreciable contact by cementing the grains. There are
several theories which calculate the elastic properties of
hydrates bearing sediments and consequently predict the
seismic velocities for estimating the saturation of gas-hydrates.
But the effective medium theory which is the combination of
the combined self-consistent approximation (SCA) and the
differential effective medium (DEM) theory is the only method
which can take into account the effects of sediment
microstructure, mineralogy and anisotropy for both models. This
method needs core samples for mineralogical constituents and
water filled porosities of the sediment with depth below the
seafloor, which are cost effective and may not be available in
a region. An approach has been presented to determine the
porosity-depth function using the velocity-depth function
obtained from the marine seismic reflection data. The
mineralogical constituents are determined by the combined
SCA/DEM theory using the determined porosity-depth function
has been presented. Finally, the determined porosity and
mineralogy are used in the combined SCA/DEM theory to
estimate the saturation of gas-hydrates. The technique is

Fig.1.22 (a): Reflection strength and (b) instantaneous frequency plots
for CDP’s between 4320-4480

Fig.1.23 Theoretical curves of  V
P
/V

S 
ratio versus gas-hydrates and

free-gas saturation for 30±10% clay using (a) BGTL and (b)
Helgerud et al. theory respectively. Thin solid lines for CDPs
4373-4382 and thin dotted lines for CDPs 4401-4410 indicate
the saturation of  gas-hydrates and free-gas corresponding to
the observed V

P
/V

S
 ratio in the hydrates and free-gas bearing

sediments across the BSR
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applied to a data set in the Cascadia accretionary prism, where
presence of gas-hydrates is already established. The result
shows the maximum hydrates saturation of 31% and 22% for
the non-contact model and contact-cementing model
respectively. (Fig.1.24)

Fig.1.24 Seismic velocity estimated by full waveform inversion shows
hydrates saturation of  31% for (A) non-contact model  and
22%  for (B) contact model at BSR

(Ranjana Ghosh, Kalachand Sain and Maheswar Ojha)

Data processing of the multi-channel seismic
datasets pertaining to the Andaman offshore region

The recent drilling by NGHP has shown presence of gas-
hydrates deposits in the Andaman offshore. The multi-channel
data in the Andaman region that was made available to NGRI
by DGH under the National Gas Hydrates Program has been
re-processed and analyzed to establish the possible presence
of gas-hydrates. The stack section thus obtained shows highly
folded strata, with prominent reflectors (Fig.1.25 a). The
crosscutting reflector with a reverse polarity is also observed
very clearly. The depth of the reflector, identified as BSR is
about 600-700ms below the seafloor. Occurrence of free-gas
/ gas-hydrates can be inferred by performing a complex trace
analysis and plotting the seismic attributes. The seismic
attributes namely, reflection strength and instantaneous
frequency have been computed and plotted for the data set
(Fig.1.25 b). The result shows that there is a very strong polarity

Fig.1.25 (a) Seismic stack section showing the BSR.

Fig.1.25 (b) Reflection strength (left) and instantaneous frequency
plot for the seismic dataset shown in (a)

reversal and strong attenuation of high frequency arrivals along
this reflector, thereby allowing us to infer a BSR in this region.

(N Satyavani and Kalachand Sain)

Data processing of marine seismic data along the
Eastern Continental margin of India for identification
of gas hydrates

Marine seismic data collected under the Legal Continental Shelf
(LCS) project is being studied and re-processed to identify the
promising zones of gas-hydrates habitation. Data processing
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of three seismic lines falling in the area of Krishna – Godavari
(K-G) offshore has been completed and seismic stack sections
have been prepared (Fig.1.26). Prominent BSR’s have been
identified along with other indication such as crosscutting,
amplitude enhancement and polarity reversal in the shot
gathers. The range of data which shows these features is further
subjected to special processing like AVO cross plot and pre-
stack depth migration, which are underway.

amount of basaltic magma on the continental surface must
have had a profound influence on crustal evolution including
the present day configuration of the continental lithosphere. It
has been suggested that the imprint of such activity remains
as igneous intrusions somewhere in the crustal or subcrustal
level. During the last four decades systematic crustal studies
using seismic methods were undertaken in different parts of
India covering various geological terrains. The data from the
deep seismic profile across Narmada Son Lineament situated
around 300 km east of Cambay basin are revisited using the
latest software to understand the subcrustal lithosphere. The
velocity model for the lower crust has been obtained using the
long distance recordings from the reciprocal shot points SP 40
and SP 235 of the Thuadara-Sendhwa-Sindad seismic profile.
The analog data has been digitized and trace normalized for
composite plots in reduced time scale. The reflected phase
(PMP) from the moho, a deeper reflection 2 seconds after the
PMP are clearly observed on seismic records in the wide angle
distance of 120-140 km and beyond 170 km together with Pn

phase have been used to derive the velocity model of the
lithosphere. After the PMP phase, the most striking later event
in the recorded seismogram is interpreted as the reflection from
the sub crustal lithosphere. All the identified reflected phases
have been used to perform the kinematic and dynamic modeling
using the 2-D ray-tracing technique to derive the velocity model
of the lithosphere.

(AR Sridha, N Satyavani and Kalachand Sain)

OBS derived crustal configuration model of Central
Indian Ocean basin

The intense deformation zone in the Central Indian Ocean,
south of Indian continent is one of the most complex regions in
terms of its structure and geodynamics. The deformation zone
has been extensively studied and debated for its formative
cause. It was argued that deformation is mainly confined to
the sedimentary and oceanic crust, while the large wavelength
geoidal anomalies, on which the deformation region lies, called
for deeper sources. The inter connection between deeper and
the shallower sources is missing. An attempt has been made
to obtain some insight in the complexities of this region by
analyzing the Ocean Bottom Seismometer (OBS) and gravity
data. The data acquired by five OBS along a 300 km long north-
south profile in the Central Indian Ocean Basin (CIOB) have
been modeled and the crustal and sub-crustal structure has
been determined using 2-D tomographic inversion. The derived
velocity-structure shows the characteristic features of intense
deformation. From the wide angle reflection and refraction data,
four subsurface layers, representing the sediment column, an
upper crustal layer, a lower crustal layer and a sub-crustal layer

Fig.1.26 Seismic stack section in the K-G offshore basin

(N Satyavani, Kalachand Sain and NK Thakur)

OBS data acquisition and processing from Gelanzik
Bay of the Black Sea

In association with Experimental Design Bureau of
Oceanological Engineering (EDBOE) of Russian Academy of
Sciences, Moscow the Institute has conducted OBS
experiments for the first time in the Gelanzik Bay of Black sea
for testing the Ocean Bottom seismometers that are being
manufactured by EDBOE.  These instruments are capable of
recording up to 6000m water depths. Five OBS instruments
were selected from the lot and they are moved from Moscow
to Black Sea. The Shirshov Institute of Oceanological Sciences,
at Gelanzik has given all the required logistic supports for the
survey. One-kilogram capacity air gun was used as the source.
The OBS was deployed at the sea bottom using the small
vessels and the airgun was fired using the power available in
the boat. The OBS is placed at one point and the source is
fired at a distance interval of about 50 meters. The same was
repeated for other 4 OBS stations. The digital data that were
acquired by each OBS was converted into standard SEGY
format. The data are in the process of modeling.

(AR Sridhar, Yuri Zubko*, N Satyavani and Kalachand Sain)
(*EDBOE, RAS, Moscow, Russia)

Sub-crustal lithospheric velocity model across the
Narmada zone from DSS data

Evidently the Deccan event which produced such a large
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are delineated. A considerable variation in thickness and
velocity in all layers from sedimentary column to the upper
mantle is observed which indicates that the tectonic forces have
affected the entire crust and sub-crust. The sediments are
characterized by higher velocities (2.1- km/s) may be attributed
to the increased confining pressure. Modeling result shows
the velocity of 5.7-6.2 and 7.0-7.6 km/s for the upper and lower
crust respectively. The Moho depth varies between 12 to 15
km. The sub-crustal layer exhibits the velocity of 7.8-8.4 km/s,
which is interpreted as the magmatic underplating with strong
lateral variation. Seasat derived gravity data covering a region
of 2oN to 10oS latitude and 75oE to 86oE longitude was analyzed
to generate a crustal model over wider region. Gravity modeling
shows that the deformation is not only confined to the upper
most sedimentary layer but also in the crust and sub-crustal
layers. The gravity modeling indicates that the N-S compression
gives rise to E-W directed undulation in the first two upper
most layers. The pattern of second layer indicates that the
region of the Afansie Nikitin Sea Mount has not under gone
any change due to the N-S compression. The deeper layers
have mainly exhibit the N-S trend, which implies that the E-W
extension has affected the lower layers. The model has been
correlated with the available heat flow data to interpret the
causative source.

(P Prasada Rao, Sanjeev Rajput, Uma Shankar, B
Ashalatha, Kalachand Sain and NK Thakur)

On modeling of BSRs as prime indicator of gas
hydrates

Of late, it has been observed that BSRs are not always
associated with gas-hydrates. On the contrary, gas-hydrates
have been found without BSR. Therefore, to understand the
phenomena, synthetic responses for various gas-hydrates
models has been generated to draw meaningful inferences
about the reflection characteristics associated with the gas-
hydrates. The synthetic response of model with high velocity
hydrated sediment underlain by low velocity free-gas layer
indicates that normal polarity reflector generated at the top
edge of the hydrated layer and a strong reverse polarity reflector
at the base of the hydrated layer. There is no clearcut response
in reflection at the base of free-gas layer. The model study
indicates that high amplitude reverse polarity reflector, defined
as the BSR, can be generated with only presence of low velocity
free-gas layer overlain by normal sediments at a depth of few
hundred meters below the seafloor in which gas-hydrates are
stable. There is appreciable increase in the strength of this
reflector with lowering of velocity by free-gas zone.

(A Prashanti, P Prasada Rao, Kalachand Sain and NK
Thakur)

2-D tomographic approach for gas hydrates
investigation in the Kerala-Konkan region, India

Seismic tomography is an effective tool to delineate a finer
velocity-structure from the multi channel seismic or Ocean
bottom seismic data and a global or regional velocity structure
using the earthquake recorded teleseismic data. 2-D traveltime
tomography of MCS data has been performed to derive the
velocity field of gas-hydrates bearing sediments in the Kerala-
Konkan offshore where a BSR has already been identified.
The tomographic model basically consists of identification of
reflection phases and picking of respective travel times for
various source-receiver configurations. These picks are then
utilized to derive the 2-D velocity tomogram using the ray tracing
technique. The modeling brought out the finer velocity structure
under the study area. Tomographic modeling indicates a thin
(~ 50-60 m) sedimentary cover with velocity of 1.7-1.85 km/s.
The next layer with the P-wave velocity of 2.13-2.20 km/sec at
a depth of 250 m below the sea floor has been interpreted as
the hydrates-bearing sediments. The thickness of this zone
varies from 230 to 260 m. The hydrated layer is underlain by a
low velocity (1.55-1.72 km/s) layer, representing the free-gas
saturated sediments. The thickness of the free-gas layer varies
between 50 to 70 m. The estimated thicknesses of all layers
match well with the results obtained earlier in this area.

(P Prasada Rao, B Ashalatha, Kalachand Sain and NK
Thakur)

Frequency depending amplitude verses offset (AVO)
analysis and double BSR observations in submarine
sediments

Occurrence of double bottom simulating reflector (DBSR)
indicates the presence of gas hydrate layer but its interpretation
is controversial. The presence of DBSR in the hydrate bearing
sediments adds an additional complexity in data analysis;
however it can help to reveal the distribution of methane
hydrates and its source. DBSR on seismic data has been
reported. The characteristics and interpretation for isotropic
and anisotropic model have been presented. It is found that
DBSR can occur either because of the upward migration of
gas through discrete layers or presence of a low velocity layer
with in the gas hydrate zone. The DBSR has been interpreted
in terms of the distribution of methane hydrate source over the
continental margins. In presence of seismic anisotropy,
frequency depending amplitude verses offset (AVO) and
amplitude verses angle (AVA) analysis reveals the
characteristics of DBSR. The AVO within pre-resonant
frequency (tuning effect) range of the DBSR model differs
considerable from that in the resonant frequency.

(P Prasada Rao and NK Thakur)
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Geological controls and evidence for gas hydrates
occurrences in the Kerala-Konkan basin on the
western margin of India.

The complex structural features make the Kerala-Konkan basin
a very interesting region for the exploration of gas-hydrate.
The basins contain maximum of 2 to 3 km sediments, whereas
regions over the basement highs have thin sediment of about
0.5 km. Multi-channel seismic data along number of lines in
this region have been examined to evaluate gas hydrate
bearing zones. The area is characterized by the occurrence of
BSRs representing the boundary between hydrated sediments
and gas saturated sediments. In this context other evidences
such as venting, pockmarks, faulting, blanking and diapers have
been examined. The seismic sections show several deep faults
which can be traced up to the seafloor in a few locations.
Shallow faults within the sediments in the vicinity of deep faults
have been observed. The region is characterized by
compression related diapiric structures bounded by faults. The
columnar fractures occurring below the seafloor fractures and
depressions are interpreted as fluid/ gas escape features. Over-
pressured sediment structures, large amplitude reflections
within the sand layer indicate that gas is probably abundant in
this area. Lithology of the area comprises shallow silt and clay
stones and shale as deeper sedimentary unit with high organic
carbon content, the intermediate sand layers and a thin
permeable limestone layer. Presence of several deep and
shallow faults provides channels for vertical gas-fluid migration
contributing to the biogenic methane in the shallow sediments.
While the total organic carbon content in the shallow sediments
and the sedimentation rate are just sufficient for biogenic
methane generation, the geologic and tectonic setting of the
area is much favorable for the addition of hydrocarbon
component from deep reservoir, in the processes of formation
of gas hydrates within the hydrate stability zone of Kerala-
Konkan Basin. The present study deals with analysis of
geological and tectonic processes and the structural controls
derived from the re-interpretation of seismic reflection sections
for understanding the formation of gas hydrates in the Kerala-
Konkan Basin.

(M Simhadri Naidu, P Prasada Rao, B Ashalatha and NK
Thakur)

Specific character of the bottom simulating reflectors
near mud diapirs: Western margin of India

Multi-channel seismic recording was carried out along western
continental margin of India in early nineties for the exploration
of hydrocarbons. Analysis of seismic data demonstrates a
characteristic reflector, which usually coincides with the
predicted base of the methane hydrates stability field; mimics

the shape of seafloor and has opposite polarity with respect to
the seafloor events. This anomalous reflector is known as the
bottom simulating reflection or BSR. The existence of such
reflection; seismic blanking (reduction in amplitudes); strong
diffraction patterns around the mud diapirs; weak amplitude
blocks; pockmarks etc. suggest that gas-hydrates exist in the
deep water regions. Five characteristic seismic facies
associated with the BSR and the mud diapirs are identified.
The results of seismic surveys in the western margin of India
have been presented, applied to select areas for coring or
drilling followed by detailed exploration such as 2D seismic
survey with long offset or 3D seismic data acquisition. Five
seismic facies units are recognized in the study area. These
seismic facies are also the general characteristics in the areas
of BSRs associated with mud diapirs worldwide. The BSR and
weak reflection blocks provide strong evidence that gas
hydrates are distributed widely in the deep-water region. Since
the bedding planes are parallel, the cross cutting phenomenon
of BSR is not observed. The BSR occurs at a sub-bottom depth
corresponding to the expected base of methane hydrate stability
field. The fluid flow related features such as pockmarks and
acoustic blanking suggest that the area is prone to have gas-
hydrates.

(Uma Shankar and Kalachand Sain)

Seismic investigation of the great Sumatra-Andaman
earthquake

The tsunami generated by the Andaman-Sumatra earthquake
(2004) caused unaccountable loss of property and human lives.
After the main event (Mw~9.2), hundreds of aftershocks and a
great earthquake (Mw=8.7) took place. In order to study this
disastrous earthquake, the SAGER (Sumatra-Andaman Great
Earthquake Research) initiative was launched soon after the
earthquake in January 2005. The first survey, Sumatra-
Aftershocks, took place in July-August 2005 to record
aftershocks and imaging the seafloor. In July- August 2006,
two deep seismic surveys were carried out using a
Schlumberger/Western Geco vessel, the Geco Searcher and
an IPEV vessel, Marion Dufresne, as a collaborative effort
between the government of Indonesia (BPPT and LIPI),
Schlumberger, in partnership with CNRS/INSU, French Ministry
of Foreign Affairs, IPEV, and IFREMER, (also with participation
from) UBO, UK National Oceanographic Centre Southampton,
University of Durham, University of Cambridge, NIO and NGRI
(India), and ITB (Indonesia) are also participated.

(Uma Shankar)

Studies of gas-hydrates using Raman Spectroscopy

Gas hydrates are non-stoichiometric ice-like solids, constituted
by cage-like structures formed by a skeleton of hydrogen-
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bonded water molecules hosting the guest molecules such as
methane in abundant quantity, often found along the continental
margins. Understanding the formation, stability and structure
of methane hydrates, are the burning issues in many industrial
and research laboratories worldwide. Raman spectroscopy has
been recognized as a versatile tool for probing the gas hydrates
in various structural states. A state-of-the-art facility for Laser
Micro-Raman spectroscopy was established and small volume
high-pressure reactors were indigenously fabricated (Fig. 1.27
a). Using these facilities methane hydrates were synthesized
and characterized for the FIRST time in our country. Observed
Raman band (Fig.1.27 b) at 2918 cm-1 is the characteristic
feature of methane gas, where as the bands at 2905 and 2917
cm-1 are typical of methane hydrates in structure-I.  Using this
facilitesmethanehydrates were synthesized and charcterised
for the FIRST time in India.  Observed Raman band (Fig.1.27
b)at 2918 cm-1 are typical of methane hydrates in structure-1.
Using this facility one can establish the presence of gas-
hydrates in naturally occurring ocean bottom sediments, such

work so far is being taken-up in some leading laboratories in
USA, Canada and Japan.

(PSR. Prasad, K Shiva Prasad and Kalachand. Sain

1.5.1DETERMINING THE OUTER LIMITS OF THE
INDIAN LEGAL CONTINENTAL SHELF

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. LCS
reports pertaining to Bay of Bengal and Andaman offshore
regions have been finalized and submitted Interpreted plots of
seismic stack sections to NCAOR, Goa along with interpreted
plots of seismic stack sections for final compilation.

(B  Ashalatha, P Prasada Rao, AR  Sridhar, Ramesh Khanna
and M Simhadri Naidu)

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

National facility for surface geochemical prospecting
of hydrocarbons under India  Hydrocarbon Vision
2025

The national facility for surface geochemical prospecting of
Fig.1.27 (a): P,T Vessel for synthesizing gas-hydrates  (b) signature of

Raman Spectroscopy
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hydrocarbons has been established at NGRI comprises of Gas
chromatograph, Continuous Flow Isotope ratio mass
spectrometer, Fluorescence Spectrometer, Total Organic
Carbon analyzer, Ion Chromatograph and Microbial lab. The
surface geochemical prospecting group of NGRI is well
equipped in designing field sampling strategy for soil/ sediment
for reconnaissance and detailed adsorbed soil gas surveys in
basins in India.  This national facility provides unique opportunity
to petroleum geochemists to select various analytical
techniques along with the technical, analytical and data
interpretation expertise of the NGRI scientists. This national
facility comprises various geochemical and microbial
techniques meet the challenges of India Hydrocarbon Vision
2025 for exploration sector.

As a part of national facility, surface geochemical surveys have
been carried out in various basins including NELP blocks. The
reconnaissance surveys have led to the formation of NELP
block.

Adsorbed soil gas surveys for hydrocarbon research
and exploration in Mizoram.

Detailed geochemical surveys have been taken up for adsorbed
soil gas and microbial analysis in Mizoram. Field work was
carried out during January-February 2006.    The adsorbed
soil gas analysis of soil samples from Mizoram show very low
concentration of C1, C2, C3, iC4 and nC4. The methane is
characterized by 100% of samples and C2, C3, iC4 and nC4 are
only 6%, 14%, 4% and 2% of samples respectively (Fig.1.28).
Absence of correlation in the concentration distribution patterns

of C1 and ΣC2
+  suggest close interval sampling to demarcate

probable area for future hydrocarbon exploration.

Surface geochemical surveys for shallow gas
exploration in Tatipaka-Ponnamanada and
Mandapeta blocks, Krishna-Godavari Basin.

Geochemical surveys for light hydrocarbons have been carried
out in two exploratory onshore blocks of Krishna-Godavari basin
for Oil and Natural Gas, Ltd. to delineate the anomalous
hydrocarbon zone (Fig.1.29)x. Soils samples were collected
during April-May 2006, from Tatipaka-Ponnamanada block-I
and Mandapeta, block-II. These soil samples were analysed
for light hydrocarbon, Total organic carbon, microbial analysis
and limited samples for isotopic ratios measurement. The
adsorbed soil gas analyses show presence of moderate to low
concentration of methane, ethane, and propane.  The linear
correlation for C1-C2, C1-C3, C2-C3 and C1- ΣC2

+ indicates that
these gases are co-genetic and have not been disturbed by
secondary alteration during migration from subsurface to
surface and are thermogenic in nature. The Pixler plot shows
that light hydrocarbon were derived from the oil and oil gas
windows. The δ13C1 analyses for the selected samples fall within
the thermogenic zone.  Integrated geochemical studies
involving adsorbed soil gas, carbon isotopes and microbial
analyses indicate that the presence of microseepage of
hydrocarbons from thermogenic source.

Fig.1.29 Geological map of  Krishna Godavari basin

Fig.1.28 Methane concentration distribution in Mizoram basin

(AM Dayal, DJ Patil, G Kalpna, T Madhvi, MA Rasheed, T
Sathish Kumar, Devleena Mani, M Mithilesh, Veena
Prassana, M Laxmi, Linga Swamy and Nageshwar Rao).
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