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EDITOR’S PAGE
With great pleasure and satisfaction, Association of Exploration Geophysicists (AEG) forwards the
Vol.XL No.4 October-December, 2019 issue of the Journal of Geophysics (JOG) to all its members and patrons.
A brief summary on the research contributions in this volume of the journal is given below.
Ch. Ravi Kumar et al., in their technical paper “Significant Mineral Potential zones over Shimoga
Schist Belt in Western Dharwar Craton through High Resolution Heliborne Geophysical surveys”
highlighted the efficacy of high resolution heliborne magnetic, spectrometric data and time domain
electromagnetic data (TDEM) in delineating subsurface structural features and shear/alteration zones which
are favorable loci for sulphide bearing gold mineralization. The 2D-modeling of magnetic data over a prominent
NW-SE high magnetic anomaly indicated the depth to the top of causative source in the depth range of 213 m
to 484 m while from the 3D-Inversion modeling the depth of extension of greenstone belts is found to
vary from 131 m to 1312 m. The ternary image of gamma ray spectrometric data clearly identified the major
lithological domains viz., granite gneiss and quartz chlorite schist. The TDEM data identified five strong
conductive anomaly zones indicating the presence of sulphide mineralization. Detailed ground resistivity/
Induced polarization surveys conducted in selected target blocks confirmed the presence of structural features
and conductive anomalies.
Shrajala Pitla et al., in their case study “An Integrated geophysical study for Uranium Mineralization
at Kotri-Barkhada area, Sikar District, Rajasthan” highlighted the role of integrated ground geophysical
surveys in delineating subsurface litho-structural controls of uranium mineralization. Magnetic data facilitated
in the identification of lithological boundaries, major faults and fractures. A NE-SW trending subsurface
shear/fracture zone is identified based on the interpretation of magnetic data. IP/ Resistivity survey revealed
high chargeability associated with low resistivity coinciding with the shear/fracture zone delineated from
magnetic survey indicating the presence of sulfide minerals. Inversion of IP pseudo-depth section data indicated
the depth extension of fracture/shear zone. The shear/fracture zone delineated from the integrated geophysical
surveys is demarcated as potential target zone for structurally controlled uranium mineralization.
The site response study provides the basis for site specific risk analysis which can assist in the mitigation
of earthquake damages and quantify the relative vulnerability of a small zone of interest. In the technical paper
“An Assessment of Site Response from the Study of the H/V ratios in and around Port Blair town, Andaman
Nicobar, India” Bahadur Ram et al., described the results of site response carried out in and around Port Blair
town using H/V spectral amplitude ratio method. The peak amplification contour map depicted three clusters
of high peak amplification in southeast, west and northern parts of the area. The estimated peak frequency
greater than 1.0 Hz is observed in entire study area indicating that the frequencies are amplified by thin soft
sediment layers. The maximum vulnerability index is observed in the northern part of the study area. The
greater soil thickness derived from resistivity data are well corroborated with the high amplification. The VES
have also enabled to locate the fracture in the bedrock.
In the technical paper Gas “Hydrate Resource Appraisal of Mahanadi Deep Water and Andaman
basins -A Comparative Study” Anand Prakash presented the results of his study where bottom stimulating
reflection/reflector (BSR) like features are observed during the analysis of 2D/3D seismic data of Andaman
and Mahanadi deep water basins. The seismic characters of BSR observed in Mahanadi deep water area indicate
low saturation of gas hydrate but with huge aerial extent. The seismic characters in Andaman area indicate very
high saturation of gas hydrate with discrete pools. The drilled data also confirmed the seismic studies carried
out to identify and delineate gas hydrate deposits.
Raja Mukhopadhyay et al., in their technical paper “Marine Geophysical Surveys for Geotechnical Appraisal
off Manjeshwaram, Kasaragod, Kerala” described the results of 160 line kms single channel marine seismic

reflection and bathymetric survey data acquired off Manjeshwaram area, Kerala. The bathymetric and the
seismic lines along the coast perpendicular transects depict the area to be in the shelf zone. The seismic sections
indicate a maximum of eight reflectors of which only the first reflector is continuous and running parallel to the
seabed. A depression parallel to the coast is inferred based on the variation in the thickness of the reflector. The
study indicated the depth to the bedrock to be more than 100m.
Honey Abraham in the article “Pore pressure Prediction of Kunjaban Gas Field of Tripura Fold Belt
from Pore Pressure Gradient Ratio method” proposed a new method to compute the unknown Lower Bhuban
formation pressure gradient in Kunjaban Field. The ratio of pressure gradients with respect to Agartala Dome
and Khubal field is computed for Middle Bhuban transition zone from which pressure gradient of high pressure
Lower Bhuban formation of Kunjaban field is calculated. The average pore pressure gradient of high pressure
zone in the top part of Lower Bhuban formation ranges between 1.33 to 1.43 psi/ft. The method could be
utilized for estimation of pore pressure of unexplored deeper formation of field in basin.

V. P. Dimri
A. K. Chaturvedi
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H.C. Gouda, R.K. Singh and H. Rajaram
Geological Survey of India, Remote Sensing and Aerial Surveys (RSAS), Geophysics Division,
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Abstract
High resolution multi-sensor heliborne surveys was carried out along 2,693 lkm by employing
aeromagnetic, spectrometric and electromagnetic sensors for targeting mineral potential zones of Shimoga
Schist Belt. Analysis of interpreted results of high resolution heliborne geophysical data depicts structural pattern,
distribution of magnetic sources, different lithology and conductive zones over Shimoga schist belt (SSB) of Western
Dharwar Craton (WDC). Aeromagnetic anomaly and its derivative maps brought out distinct subsurface structures
trending mainly in NNW-SSE, NW-SE, NE-SW and nearly E-W directions which may represent lineament/fault/shear
or lithological contacts. Constraints with outlined EM good conductors and high spectrometric elemental concentrations
have indicated shear/alteration zones which provide clues to favouarable loci for sulphide bearing gold mineralization
zones. The 2D subsurface modeling has been attempted along the selected magnetic anomalies, constraining with
spectral results and available magnetotelluric inputs. Some selective high magnetic NW-SE trending anomalies have
been used for 2D forward modeling and isolated high intensity magnetic anomalies for 3-D inversion modeling understand
the nature of the causative sources and their disposition that the revealed depth extensions of greenstone belts varying
from 131 m to 1,312 m.
Keywords: Heliborne surveys, Dharwar Craton, Matched filtered maps, EM Conductive zones, Tearnary image,
Subsurface modeling, Shimoga Schist

Introduction
Archean Dharwar Craton is one of the most important
cratonic regions of the world which exposes oldest
lower crustal rocks preserved on the earth (Naqvi, 1987;
Newton, 1990b). It is one of the best-studied terrains
of peninsular India and is known for several mineral
potential areas. Aerogeophysical methods like magnetic,
gravity and electromagnetic can be used to delineate
subsurface structures like deep seated fault/ fractures,
lineaments, shear zones, etc., due to physical property
contrast such as magnetic susceptibility, density variations
and conductivity. The present study area comprising
of Shimoga Schist Belt (SSB) forms the part of Western
Dharwar Craton (WDC) of South Indian Shield. The
WDC, mainly composed of peninsular gneiss along
with two prominent supra belts of Bababudan and
Western Ghats-Dharwar Supergroup, contains various
types of granite-greenstone terrain composed predominantly
of greenstone belts, gneisses, and granitoids, late-to
post-tectonic intrusive granites. Shimoga schist belt, hosted
gold mineralisation in quartz-ankerite veins traversing
quartz -chlorite schist, is known from Kadur-Shimoga
gold field and Honnali gold field (GSI, 2006).
Geological Survey of India carried out high resolution

multi-sensor heliborne geophysical survey with 200m
line spacing in NE-SW direction and tie line spacing of
2000m in NW-SE direction at an altitude of 90m covering
2,693 lkm by employing aeromagnetic, spectrometric and
electromagnetic sensors for delineation of mineral potential
zones over SSB. The present work is an effort towards
targeting potential areas for mineralization. The
aeromagnetic anomaly and its derivative maps have brought
out distinct subsurface structures trending in NNW-SSE,
NW-SE, NE-SW and nearly E-W directions which may
represent lineament/fault/shear or lithological contacts
and are the most favouarable mineral potential zones.
Gamma ray spectrometric data has been used as tool in
geological mapping to distinguish the different rock
formations based on the elemental concentrations of
potassium, thorium and uranium. It can also delineate the
structural features like lithological contacts, faults and
shear/alteration zones which are favorable for
mineralization. 2D subsurface modeling and 3-D inversion
modeling was attempted along selected magnetic anomalies
by constraining spectral results of available magneto telluric
inputs over Shimoga schist belt. (To understand the nature
of the causative source and their disposition) The response
of electromagnetic data in early, middle and late time gates
have brought out good conductors identified in central
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and western part of the study area which may be favourable
for sulphide bearing gold mineralization.
Study area part of SSB of WDC and lies between
coordinates 140 & 140 15’ N and 750 25’ and 750 45’ E falling
in Survey of India Topo sheet no.: 48N/8 and N/12 (Fig.1).
Geologically, Dharwar Carton consists of distinct low
grade supracrustal rocks of Dharwar Super Group,
Peninsular Gneissic Complex (Archaean) and some basic
younger intrusive (Naqvi, 1987; Swami Nath, 1981; Rogers,
1996). The SSB a broad open trough and extends in
NNW-SSE direction from Tarikere valley in the south to
Goa and beyond up to Ratnagiri in Maharashtra.
Quartz-chlorite schist is the dominant unit which overlies
the conglomerate and occupies extensively in the
southern and northwestern part. Metabasalt occurring
as linear bodies within quartz-chlorite schist is exposed at
many places. Numerous bands of orthoquartzite occur as
long narrow discontinuous lenticular folded bodies all along
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the margin of the belt. A few occurrences of rhyolite, BIF,
dolerite dykes are also seen in quartz-chlorite schist.
Epidote granite occurs in irregular pattern in biotite
gneiss in northeastern part of the area. Dolerite dyke
trending in NNW-SSE direction is exposed within streaky
gneiss. Granite gneiss occurs in the southern portion of
the area. Tungabhadra River drains in the eastern part of
the area.
The Archaean Dharwar Craton is one of the
best-studied terrains of peninsular India and is known
for several mineral occurrences. The geology and tectonics
of Dharwar Craton including SSB is thoroughly
understood compared to geophysical studies (Bhaskar
Rao, 1992; Swami Nath, 1981; Viswanatha, 1981; Naqvi,
1987; Newton, 1990b; Kumar, 2013; Rogers, 1996). Deep
seismic sounding (DSS) has been carried out to
understand the nature of crustal structure and
tectonics of Dharwar Craton (Kaila, 1979). Gravity

Fig.1. Simplified geological map of the study area covering in parts of Shimoga Schist Belt of Western Dharwar
Craton (modified after geological map series, GSI, 1994), present study area is shown with Index map.

Significant Mineral Potential Zones
modeling along DSS has indicated less dense structure
beneath WDC as compared to EDC (Kumar, 2013). The
results of seismic receiver function analysis and
Magnetotellurics studies also support the deeper crustal
thickness over WDC (Boraha, 2014b; Pratap, 2018). Many
researchers have studied and conducted geological
mapping in SSB and have reported gold values near
Honnali, Palvanhalli, Kudrekonda and Nyamati areas
(Ziauddin, 1974; Pazhamalainathan, 1984; Jayesh, 2015).
Geophysical reconnaissance survey for gold in Nymati
block over SSB has brought out significant structural
discontinuities which are favouarable for sulphides
bearing gold mineralisation (Ravi kumar, 2017).

Heliborne Magnetic Anomaly Map
The total intensity magnetic anomaly map represents a
combination of several low to high amplitude with shorter
to longer wavelength anomalies. Based on the magnetic
intensity, general trend of contours, gradients and
amplitude variations due to susceptibility contrast, the
study area has been classified into three major domains,
viz, zones -I, II, and III (Fig.2). The domain ‘I’ is
characterized by NW-SE trending broad high intensity
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anomaly zone extending from north west of Gavinakovi
to North of Anveri towards eastern part over biotite
gneiss. Another high anomaly zone has been brought
out towards south west of Hosajoga to west of Savalanga
over streaky gneiss and NW-SE trending metabasalts.
Within this domain, E-W to NW-SE trending high
magnetic anomalies with large aerial extent are observed
in the central part from Kunchanhalli to South of
Anveri which is further extending towards south from
south of Kommanahalu to west of Kudali associated with
quartz chlorite schistose rocks. The domain ‘II’ is
characterized by moderate magnetic anomalies in
northwest and southeastern parts over streaky gneiss
and granite gneiss. The low intensity magnetic anomalies
are marked as `III’ in the map. A NW-SE trending high
gradients zones seen south of Nyamati to Anveri can be
attributed to the contact between schistose rocks and
biotite gneiss. Few more isolated low magnetic anomalies
outlined over granite gneiss are noticed around
Hanumantapur in the southeastern part and south west
of Kunchanhalli. Another significant broad low magnetic
anomaly in northwestern part around Ittigehalli can be
ascribed as the contact between schistose rocks and
banded iron formation.

Fig. 2. High resolution heliborne Magnetic Anomaly map in parts of Shimoga Schist Belt, Western Dharwar Craton.
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Analytic Signal Map
The Analytic Signal method is known as the total
gradient method and it is very useful to demarcate the
edges/lithological boundaries of source of magnetic
body. The shape of the analytic signal of the magnetic
field is nearly independent of field orientation and
remanence. The amplitude of the analytic signal of a
magnetic field at a location (X, Y) is calculated by taking
the square root of the sum of the squares of the three
orthogonal derivatives of the magnetic field in X, Y
(horizontal) and Z (vertical) directions (Roest et al. 1992;
MacLeod et al. 1993). It is the energy envelope and
transforms a symmetric or anti symmetric bipolar anomaly
into a symmetric bell shaped anomaly and helps to
delineate the edges/contacts enclosing the magnetic
bodies and also to understand the intensities/amplitudes
of the anomalies. The analytic signal of aeromagnetic
anomaly data was computed and the map is shown in
Fig.3. The magnetic response due to different litho-units

in the area has clearly brought out high analytic signal zones
which may indicate basic to ultra basic causative source.

Vertical Derivative Map
The magnetic vertical derivative map has been
prepared to enhance local anomalies obscured by
broader regional trends and to delineate the edges of
source bodies and/or litho-logical boundaries (Burno,
2004). The first order vertical derivative map of the
study area enhances several local anomalies which were
masked by the broader regional magnetic trends (Fig. 4).
It exhibits prominent linear structures that clearly
identify contacts between different litho-units. Vertical
derivative map has delineated several magnetic structural
features such as magnetic linear and discontinuities
mainly trending in NW-SE, NNW-SSE and E-W
directions representing lineament/fault/fracture/shear
or lithological contacts which are favourable zones for
mineralisation.

Fig.3. Magnetic Analytic Signal map in parts of Shimoga Schist Belt, Western Dharwar Craton.
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Fig.4. Magnetic Vertical Derivative (VDR1) map in parts of Shimoga Schist Belt, Western Dharwar Craton.

Radially Averaged Power Spectrum and
Matched Filtered Maps
Radially averaged power spectrum is a function of
wave number and is obtained by averaging energy in all
directions for the same wave number (Spector and
Grant, 1970; Naidu and Mathew, 1988; Naidu and Mathew,
1998). Magnetic data is transformed to frequency domain
to calculate the 2D radially averaged power spectrum.
Spectral analysis is used to resolve depth to the causative
source of different magnetic interfaces due to magnetic
susceptibility contrast. The computed log of power
spectrum versus wave number (Fig. 5) provides two
straight line segment equivalent to average depths of
1460 m (deeper layer interface) and 323 m (shallow layer
interface) corresponding to the magnetic anomalies of
longer and shorter wavelengths respectively. The
magnetic response due to different sources at various
depths, estimated by the spectral analysis, was separated
by matched filtered technique. The matched filtered maps

for different averaged depths were prepared using
the Butterworth band pass filter by passing the energy
between particular wavelengths obtained from the
radially averaged power spectrum. The matched filtered
map for the shallow interface of 323 m was prepared by
passing the energy between the wavelengths 666 m and
3273 m and for the deep interface between the wave
lengths 3600 m and 36000 m. The 3D view of magnetic
anomaly map and computed matched filtered magnetic
response were used to understand the extension of
magnetic entities associated with the source rocks and
the structures. The high intensity anomalies of northwestern
part are shallow in nature whereas high magnetic anomalies
of northeastern part are deeper in nature (Fig. 5).

2D-Magnetic Modeling
2D-forward modeling has been attempted in order to
understand the nature of the causative source and its
disposition. The NW-SE trending high magnetic linear
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feature over SSB, is in close proximity to the old workings
for gold mineralisation (Fig.6). Eight prominent magnetic
anomalies were selected for 2D - modeling cutting across
significant NW-SE trending magnetic anomalies (P–P1
to P–P8). The selected magnetic anomalies were subjected to
2-D modeling and the estimated parameters such as depth,
width and other parameters are given in (Table-1). The

results of 2D -modeling indicate that the depth to top of
the causative source lie in the depth range of 213 m to 484
m and are having high magnetic susceptibility range,
indicating that the significant NW-SE trending linear
feature, at the contact between quartz-chlorite schist belt
and biotite gneiss with basic/ultrabasic intrusive, are
favorable zones for mineralisation.

Fig.5. Magnetic Anomalies in 3D view along with shallow and deeper inerface depths deduced from
radially averaged power in parts of Shimoga Schist Belt, Western Dharwar Craton.

Fig. 6 (i-viii). 2D-Modeling of selected Magnetic profiles (P – P1 to (P – P8) over Shimoga Schist Belt,
Western Dharwar Craton cutting across NW-SE trending magnetic anomalies to understand the
nature of the causative sources and its dispositions.
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Table.1. 2D-Modelng results of selected Magnetic profiles (P – P1 to (P – P8)
over Shimoga Schist Belt, Western Dharwar Craton.
S.No

Magnetic
Profile

Width

Length

Height

Dip

Depth

Strike

(m)

(m)

(m)

(m)

(00)

(m)

(00)

()

(SI)

(m)

(m)

()

(m)

Susceptibility

(SI)

1.

P – P1

395

-

907

-

-213

-

0.0587

2.

P – P2

352

800

1000

34.1

-461

72.1

0.1024

3.

P – P3

557

1600

1000

43.4

-484

-67.4

0.0410

4.

P – P4

324

800

1000

37.1

-401

-64.3

0.0830

5.

P – P5

428

1600

1367

-68.1

-371

-44.3

0.0265

6.

P – P6

488

1600

1000

34.0

-302

-51.3

0.0301

7.

P – P7

470

1600

1509

44.2

-331

-49.7

0.0250

8.

P – P8

223

800

1575

23.2

-298

-45.9

0.0807

Magnetic 3D-Inversion Modeling
Magnetic 3D – inversion modeling has been attempted
for four selected high intensity isolated prominent
magnetic anomalies of the study area to know the
distribution of magnetic susceptibility and subsurface
information beneath the finite magnetic bodies (Fig.7).
The selected four magnetic anomalies (D -1 to D - 4) in
parts of SSB were subjected to 3D modeling by
attributing simple geological shapes. The model estimated
parameters such as depth, width and other parameters
with a fair match between observed and computed
curves are shown in (Table-2). Magnetic 3D modeling
results reveal that the depth extensions of greenstone
belts vary from 131 m to 1312 m (Fig.7).

2D Subsurface Modeling along Magnetic Profile
Section (AB)
An attempt has been made to generate 2D subsurface
modeling of 27.5km long regional magnetic profile
section (A-B) using GMSYS module to understand

the nature of causative source and susceptibility
variations of different formations along the section
(Fig.8). The selected profile has been modeled by
constraining the available information such as
magnetic interface depths obtained by spectral analysis
(Fig.5) and magneto telluric inputs (Pratap, 2018) and
assumed susceptibilities of 0.00424, 0.0039, 0.0033,
0.0415 and 0.0028 for the granite gneiss, chlorite schist,
metabasalts, biotite gneiss and rhyolite respectively.
A fair match is obtained between the observed and
calculated magnetic anomalies. The computed simple model
has brought out the contact between granite gneiss in the
west and chlorite schist and biotite gneiss with rhyolite
towards north and north eastern part of the study area (Fig.8).
The 2D subsurface modeling reveals the nature of the
underlying gneissic basement and outlines the depth
extensions of schist belts.

Euler Depth solutions of Magnetic Data
Euler Deconvolution technique helps in determining the
position, depth and nature of the source present in the

Table.2. Results of 3D-Invesrion of Modeling over selective high intensity isolated
magnetic anomalies (D -1 to D - 4) of Shimoga Schist Belt, Western Dharwar Craton.
S.No

Magnetic
3D-Anomaly

Width

Length

Height

Dip

Depth

Strike

Susceptibility

(m)

(m)

(m)

(0)

(0)

(m)

(m)

(m)

( 0)

(SI)

(m)

( 0)

(m)

(SI)

1.

D-1

3313

566

1719

-52

-1226

-175.7

0.1351

2.

D-2

244

1886

941

-45.6

-131

-72.5

0.1085

3.

D-3

201

690

2146

47.9

-597

134.9

0.1767

4.

D-4

121

1959
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Fig.7(a-d). 3D-Invesrion of Modeling over selective high intensity isolated magnetic anomalies
(D -1 to D - 4) in parts of Shimoga Schist Belt, Western Dharwar Craton.

Fig.8. 2D-subsurface modeling along Magnetic profile (AB) over Shimoga Schist Belt, Western Dharwar Craton.

Significant Mineral Potential Zones
magnetic data. The heliborne magnetic anomaly grid was
subjected to Euler Deconvolution using structural
index ‘1’ for linear structures and window size of 500m.
The depth solutions obtained were constrained not
only to obtain clustering of the depth solutions over a
particular feature but also to get the accurate depth
information by proper choice of depth ranges. From this
analysis, most of the computed depth solutions of
linear feature are of the shallow depth ranges less than
500m over Shimoga schist belt whereas, higher depth
ranges inferred over gneissic rocks (Fig.11).

Interpretation of Spectrometric Data
Spectrometric data of potassium (K), thorium (Th) and
uranium (U) finds application in distinguishing different
rock types; generally acidic rocks produce higher
concentrations that decrease from intermediate to basic
to ultrabasic compositions. This can be utilised in
geological mapping in delineation of litho contacts
between rock units and also recognise structural features
faults, shear zones etc. The spectrometric data can be
used directly for locating radioactive anomaly zones and
indirectly for certain rare elements with certain constraints
(Bhimasankaram, 1974). Anomalous zones identified using
radio elemental concentrations (Markandeyulu et al. 2013)
are shown in the interpreted map (Fig.11). The elemental
concentration zones have been identified as high
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concentration zones with the value higher than
‘mean+3SD (standard deviation)’ being 3.18% for
Potassium, 26.14 ppm for thorium and 3.11 ppm for uranium.
The high elemental concentration zones are demarcated
using dashed line with red, green and blue colours for
potassium, thorium and uranium respectively.
The ternary image map has been prepared using the
elemental concentration grids of potassium, thorium
and uranium using the primary colour combination; red
for potassium, green for thorium and blue for uranium
(Fig.9). The ternary image has demarcated six different
zones, the spectrometric zone-1 almost matches with the
biotite gneiss and the boundary is representing contact
between biotite gneiss and quartz chlorite schist. Zone-2
is observed over quartz chlorite schist and its boundary
represents the contact between different geological
formations. Spectrometric zone-3 is observed over
granite gneiss and its boundary represents the contact
between granite gneiss and quartz chlorite schist.
Zone 4 is indicated over streaky gneiss and quartz
chlorite schist. The spectrometric zone 5 signifies
streaky gneiss; it needs ground verification as the
spectrometric response observed does not agree with
the exposed geology. The spectrometric zone 6 is observed
over biotite gneiss and needs ground verification as the
spectrometric response observed does not agree with the
exposed geology (Fig.9).

Fig.9. Spectrometric Ternary image of Shimoga Schist Belt, Western Dharwar Craton.
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Electromagnetic Conductive Zones
The heliborne time domain electromagnetic (EM) data
of early, middle and later time gates are used to delineate
high conductive zones which help for detecting
probable mineral prospective areas. The conductors are
categorized into good, moderate and poor based on the
continuity of the response from the early times to late
times. The electromagnetic response due to conductor
observed from early time to late time gates is shown in
Fig.10. The EM map of early time window has brought out
the distinction between geological formations of biotite
gneiss and quartz chlorite schist. The response over
biotite gneiss is moderate whereas low over quartz
chlorite schist except high conductivity at few locations.
The map has demarcated five strong conductive anomaly
zones; south of Harogoppa, northeast of Itigehalli,
north of Nyamati,north of Savalanga and south of
Kunchenhalli. A broad circular moderate conductive

anomaly was noticed east of Holalur to Hanumantapur
and another NW-SE trending moderate conductive zone
extending from Govinakovi to Sasavehalli. These
strong anomaly zones are also brought out in middle
and late time windows indicating the presence of good
conductors which may be due to sulphide and other
associated mineralization.

Results and Concluding Remarks
Analysis of interpreted results of high resolution
heliborne geophysical data depicts the structural pattern,
distribution of magnetic source, spectrometric response
and conductive zones over SSB. Integrated map (Fig.11)
has been prepared based on the analysis of total intensity
heliborne magnetic anomaly data and its derivatives such
as magnetic analytic signal and vertical derivative maps.
The computed Euler depths solutions plotted on inferred
subsurface structures to understand the nature of disposition

Fig.10. Electromagnetic response of early, middle and late window delineates high conductive
zones in parts of Shimoga Schist Belt, Western Dharwar Craton.

Significant Mineral Potential Zones
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Fig.11. Integrated Interpreted map from high resolution heliborne surveys depicting subsurface
structures correlated with computed Euler depth solutions from magnetic data and proposed
mineral targeting blocks in parts of Shimoga Schist Belt, Western Dharwar Craton.
and depth persistence of causative source. It was
observed that the major sources of magnetic response
of the study region are distributed at two different depth
levels 323m and 1460m deduced from spectral analysis.
The matched filtered map of shallow and deeper magnetic
response reveals that nature of causative source and its
disposition is corroborated with 2D forward, 3D inversion
modeling results and Euler 3D depth solutions. The
subsurface magnetic linear features like magnetic
discontinuities and body axes were demarcated by
studying magnetic anomalies, responses of analytic signal
and vertical derivatives. The significant linear features
mainly trending in NW-SE, NNW-SSE and E-W directions,
which represent lineament/fault/fracture/shear or
lithological contacts are important for mineral
prospective point of view. Detailed ground geophysical
survey were carried out employing Magnetic, IP and
Resistivity methods in Nyamati Block for gold by
Geophysics Division, Southern Region, Hyderabad (Ravi
Kumar, 2017). The observed ground magnetic anomaly
matches with heliborne magnetic features. The magnetic

body axes observed over the contacts are important for
gold mineralization because these contacts have been
intruded by quartz carbonate veins which are favourable
for sulphide mineralization (Subramani, 1995).
The ternary image map of spectrometric data has
clearly brought out different litho contact between
granite gneiss and quartz chlorite schist. The high
elemental concentration zones of potassium, thorium
and uranium are outlined in interpreted map (Fig.11). The
spectrometric data can be used directly for locating
radioactive anomaly zones and indirectly for recognising
structural features like faults/contact, shear zones
favorable for mineralisation. The time domain
electromagnetic system is a geophysical tool to map the
conductive zones and to categorise the conductors into
good, moderate and poor depending upon the response
observed in early time to late time windows. The EM
maps of early to late time window brought out distinction
between geological formations of biotite gneiss with
moderate conductivity and quartz chlorite schist with low
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conductivity except high conductivity over few locations.
The map has demarcated five strong conductive anomaly
zones; south of Harogoppa, northeast of Itigehalli,
north of Nyamati, north of Savalanga and south of
Kunchenhalli. Geological mapping in SSB, reported gold
values near Honnali, Palvanhalli, Kudrekonda and
Nyamati areas (Ziauddin, 1974; Pazhamalainathan, 1984;
Jayesh, 2015). These strong anomalies show the presence
of good conductor at subsurface and may be due to
sulphide mineralization as the stray occurrence of
sulphide mineralization is reported in schistose rock.
Geophysical reconnaissance survey for gold in Nymati
block over SSB brought out significant structural
discontinuities with low resistivity with high chargeability
anomalies at the formational contact confirms shear
nature, which are favouarable for sulphide bearing gold
mineralisation (Ravi kumar, 2017).
Target blocks have been identified by synthesising
the results from the present high resolution heliborne
geophysical data. The mineral target areas have been
inferred based on subsurface structures such as
lineament/fault/shear or lithological contacts mainly
trending in NNW-SSE, NW-SE, NE-SW and nearly E-W
directions. The cross cutting relationship of magnetic
subsurface linear features coincides with Euler 3D depth
solutions along with outlined EM good conductors and
high spectrometric elemental concentrations indicates
shear/alteration zones which provide clues to favouarable
loci for sulphide bearing gold mineralization zones. A
detailed geological and geophysical investigation is
recommended to ascertain the mineral potential zones of
proposed target areas.

Acknowledgments
The authors profusely thank Dy. Director General and
HOD, Geological Surveys of India, RSAS, Bangalore for
giving permission to submit for publication. We are
greatful to Shri. M.K. Rai, Suptdg. Geophysicist, RSAS,
Bangalore, for scrutiny of the manuscript and provide
valuable suggestions for improve the quality of the
paper. Sincere thanks to Shri. P.C. Das, A. Sivasamy and
Shi. P.R. Rao, Suptdg. Geophysicists provide encouragement
and guidance during the preparation of paper.

References
Bhaskar Rao, Y.J., Sivaraman, T.V., Pantulu, G.V.C.,
Gopalan, K., Naqvi, S.M., (1992): Rb-Sr ages of late
Archaean metavolcanics and granites, Dharwar Craton,
South India and evidences of Early Proterozoic
theromotectonic event(s). Precambr. Res. 59, 145-170.
Bhimasankaram,V.L.S.,(1974): Radiometric methods of
Exploration, Centre for Exploration Geophysicists,
Osmania University.

Ravi Kumar et.al.,
Burno Verduzco., Derek Fairhead, J., Chris, M. Green., and
Chris Mackenzie., (2004): New insights into magnetic
derivatives for structural mapping. The leading Edge,
116-119.
Geology and mineral resources of the states of India (GSI,
2006): Miscellaneous publication No.30, 61.
Jayesh Chaurasia & Lekhram Deshmukh, (2015): Report
on “Preliminary Investigations for Gold in NyamatiKunchenahalli area, Shimoga district, Karnataka”.
Unpublished Progress Report of Geological Survey of
India, F.S: 2014-2015
Kumar, N., Zeyen, H., Singh,A.P., and Singh, B., (2013):
Lithospheric structure of southern Indian shield and
adjoining oceans: Integrated Modelling of topography,
gravity, geoid and heat flow data. Geophys. J.Int. 194,
30-41.
Kaila, K.L., Roy Chowdhury, K., Reddy,P.R., Krishna, V.G.,
Narain Hari, Subbitin,S.I., Sollogub,V.B., Chekunov,
A.V., Kharetchko,G.E, Lzarenko,M.A., Itchenko,T.V.,
(1979): Crustal structure along Kavali-Udipi profile
in the Indian Peninsular Shield from deep Seismic
Sounding. J.Geol.Soc. India, 20, 307-333.
Macleod, I. N., Jones, K and Dai, T. F. (1993): 3-D analytic
signal in the interpretation of total magnetic field data
at low magnetic latitudes, Exploration Geophysics, 24,
679-688.
M ar k a nd e yu l u , A. , Ab h i n av Ku ma r, S r i d ha r M. ,
M.Seetaramayya Chaturvedi A.K., Parihar, P.S.;
Aeromagnetic and Gamma-ray Spectrometric Data
Interpretation for Uranium Exploration - South Eastern
Margin of the Chattisgarh Basin, India. Journal of
Geophysics, Vol.XXXIV, No.1, pp.35-44, Special Issue
of Airborne Geophysics.
Naqvi, S.M., and Rogers, J.J.W., (1987): In: Precambrian
Geology of India. Oxford Univ. Press. 223.
Naidu, P.S. and Mathew, M.P. (1988): Computer program
for radial and angular spectrum. Naidu, P.S. and
Mathew, M.P. (1998): Analysis of geophysical potential
Fields: A digital signal processing approach. Advances
in exploration geophysics. v.5, Elsevier publication,
Netherlands.
Newton, R.C., (1990b): Fluids and shear zones in the deep
crust. Tectonophysics. 182, 21-37.
Pratap, A., Kusham,B., Prdeep Naick., and Naganjaneyulu,
K., (2018): A Magneto telluric study from over
Dharawar Cratanic nucleus into Billigiri Rangan
Charnockitic massif, India. Phys. Earth. Planet. Inter.
280, 32-39.
Pazhamalainathan, N., (1984): Report on “Preliminary

Significant Mineral Potential Zones
Investigation for Gold in Kudrekonda-Palavanahalli
area, Honnali Taluk, Shimoga district, Karnataka”,
Unpublished progress report of Geol. Sur. India,
Bangalore for the F.S: 1983-‘84.

171
interpreting aeromagnetic data, Geophysics, v.35, pp.
293-302.

Rogers, J.J., (1996): A history of continents in the past three
billion years. J. Geol. 104, 91-107.

Subrahmani, N., and Manjunatha, (1995): Report on the
“Preliminary Investigation for Gold in parts of Honnali
Taluk, Shimoga, Karnataka”, Unpublished Report, GSI,
Bangalore, FS: 1994-‘95.

Roest, W. R., Verhoef, J. and Pilkington, M. (1992):
Magnetic interpretation using 3-D analytic signal,
Geophysics, 57, 116-125.

Swami Nath, J., and Ramakrishnan, M., (1981): Early
Precambrian Supracrustals of southern Karnataka. Geol.
Surv. India. Memoir, 112, 351.

Ravi Kumar, B. and Pramod Kumar (2017): Report on
reconnaissance survey for gold in Nyamati Block in
parts of Davangere and Shimoga Districts, Karnataka,
GSI Unpublished Report, FS 2016-‘17.

Viswanatha, M.N., and Ramakrishnan, M., (1981): Sargur
and allied belts. Geol. Surv. India. Memoir, 112, 41-59.

Spector, A. and Grant, F.S. (1970): Statistical model for

Ziauddin, (1974): Gold Resources of India, Bulletins of
Geological Survey of India, No. 38, Series-A, Economic
Geology: 38, Geological Survey of India.

Jour. of Geophysics
October 2019, Vol. XL No.4
pp 173 to 181

An Integrated Geophysical Study for Uranium Mineralization
at Kotri-Barkhada area, Sikar District, Rajasthan
Shrajala Pitla, Subhash Ram, Shaik Roshan Ali and A. K. Chaturvedi*
Atomic Minerals Directorate for Exploration and Research
Department of Atomic Energy, Jaipur and Hyderabad*

Abstract
An integrated geophysical study was conducted in Kotri-Barkhada area in Sikar district, Rajasthan using magnetic,
induced polarization (IP), transient electromagnetic (TEM) and petrography data. The study area falls in the northeastern extension of the well-known Rohil uranium deposit (RUD), where the mineralization is structurally controlled
and also associated with sulphides. The ground magnetic survey was conducted to delineate structural features and
lithological contacts. Reduced to pole (RTP) magnetic image has brought out a zone of magnetic low of order 50nT to
-300nT trending in NE-SW direction, indicating a possible shear/fracture zone in the area. Isolated magnetic highs
parallel to low magnetic zone have also been observed in the area. Causative source of this magnetic high is attributed
to basic intrusion as high magnetic susceptibility (10 to 32 x 10-3 SI units) was measured for the grab samples of the
study area. A number of faults indicating structurally deformation were also identified.
IP/ resistivity survey has delineated a prominent high chargeability zone (35mV/V and above against the background
value of 10mV/V) trending almost in ENE-WSW direction in the south-eastern part of the study area. The high
chargeability zone is clearly associated with low resistivity values of the order 50 ohm-m and below against the background
value of 500 Ohm-m. Two more high chargeability zones in north-west and north-eastern parts of the survey area have
also been identified. The zones of high chargeability corresponding to low resistivity along with low magnetic anomaly
in the central part are attributed to the presence of disseminated sulphides within concealed shear/fracture zone. Boreholes
drilled in the adjoining area of Narsinghpuri, 1.5 km east of the study area, have intercepted uranium mineralization
associated with sulphides. Pseudo-depth sections generated for a few traverses have indicated the depth to the top of
chargeability zones at 75m. Petro-mineralogical studies carried out over grab samples collected from study area revealed
the presence of sulphides and magnetic minerals such as pyrite, chalcopyrite, covellite, magnetite and pyrrhotite
contributing to high chargeability and magnetic anomalies.
Keywords: Magnetic, induced polarization, transient electromagnetic method, chargeability, Uranium.

Introduction
Rajasthan is endowed with a continuous geological
sequence of rocks from the oldest Archaean metamorphic,
represented by Bhilwara Supergroup (>2500 Ma) to recent
alluvium and wind-blown sand. Vast unconsolidated
deposits including the blown sand of the Thar Desert of
western Rajasthan cover the western & NW parts of the state.
The remaining area exposes various types of metamorphic
rocks like schist, quartzite, marble, and gneisses of
Precambrian age with associated acid & basic intrusives.
The formations include the rocks of Aravalli Supergroup,
Delhi Supergroup, upper Precambrian Vindhyan Supergroup
and those of Cambrian to Jurassic, Cretaceous, and Tertiary
ages. The southeastern part of the state is occupied by a pile
of basaltic flows of Deccan traps of Cretaceous age. Several
mineral deposits which include metallic (notably copper,
lead, zinc) to non-metallic minerals (phosphorite, fluorite,
gypsum, barite etc) and building stones of economic
importance occur in association with the above rock units.
From uranium mineralisation point of view, several thrust
areas have been identified in this belt since 1950’s.

The Aravalli hill range in Rajasthan known as the
Delhi Fold Belt (Sinha Roy, 1984) or the Main Delhi
Synclinorium (Heron, 1953) is a narrow linear fold belt,
which fans out in the north, northeast and south. This
comprises rocks of Delhi Supergroup of Paleo to Meso
Proterozoic age represented by lowermost Raialo Group
(mainly calcareous) overlain by Alwar Group (mainly
arenaceous) and Ajabgarh Group (mainly argillaceous)
and post Delhi intrusives of acidic and basic rocks. The
Paleo to Meso Proterozoic Delhi Supergroup of
rocks form three sub basins in northern Rajasthan
namely Khetri sub-basin (KSB), Alwar sub-basin and
Lalsot-Bayana sub-basin from west to east respectively.
These rocks overlie basement granite gneisses of
Archaean age. The older Alwar Group mainly comprises
arenites with metavolcanics and the younger Ajabgarh
Group mainly consists of pelites, calcareous rocks and
metavolcanics.
Mineralisation in the form of uraninite, molybdenite,
chalcopyrite, ilmenite, magnetite and fluorite all along
20km long segment of this belt (i.e. Rohil to Guhala) has
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been observed. The distribution of albitites along NE-SW
to NW-SE and E-W trending weak structural planes and
their linear disposition along Kaliguman lineament
suggests their tectonic control of emplacement.
The albitites of Northern Rajasthan were described
by Heron (1922, p373) as ‘unfoliated red rock. Regional
studies of satellite imageries of Khetri-Khandela area
have shown NE-SW and ENE-WSW trending prominent
linear features which have been related to axial trends of
two phases of deformation DF2 and DF3 and form the
structurally weaker zones. The NE-SW trending zones
are related to second Delhi deformation (Khandelwal,
2002). These two major lineaments have been identified as
Kantli lineament and Khetri lineament on regional scale.
Geomorphologically the area has been divided into
four parts. 1) Plain area, from the subsidence of the
Khandela-Kotri lineament at Kotri village 2) Isolated
quartzite ridge at the centre of the survey area also known
as Bharkada hill.3) Isolated calc-silicates ridges in

perpendicular direction to the quartzite ridge 4) Kantli river
stream.

Geology of the Area
Kotri-Barkhada area belongs to the Khetri sub-basin of
North Delhi Fold Belt (NDFB) and consists of Paleo to
Meso Proterozoic Delhi Supergroup (Ajabgarh group)
of rocks. Quartz biotite schist, quartzite, carbonaceous
schist, calc-silicate, acidic and basic intrusives are the
major lithounits (Fig.1)and the area has undergone polyphase
deformation resulting in structural complexity (yadav
et al, 1995). This area is northern continuation of well
known Rohil Uranium deposit hosted by albitite zone.

Local Geology
Ajabgarh Group (Delhi Supergroup) of rocks are exposed
around Kotri area. The major litho units are quartz-biotite
schist and quartzite with minor intercalations of
carbonaceous / graphite schist and calc-silicate which are
intruded by albitite and amphibolite.

Fig. 1. Location map of Kotri-Barkhada area
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Highlights of Investigation
Exploratory drilling based on geophysical results is
under progress at Narsinghpuri area, which is 2 kms to
the south-east of the study area Kotri-Barkhada, sulphides
in disseminated and massive form has been observed in
the Narsinghpuri area. Uranium mineralisation is associated
with sulphides at Narsinghpuri area, geological data
suggests similar lithology at Kotri-Bharkada area, in order
to decipher the structures and sulphide zones if any,
Magnetic and Induced polarization surveys were taken
up for the study.

Magnetic Method
The total magnetic intensity map represented a
magnetic low of order -10nT to -603nT trending in NE-SW
direction bounded by magnetic high dipolar anomaly with
amplitude ranging from -290 to 450nT(Fig.2). High intensity
magnetic anomalies have been noticed either side of the
magnetic low attributed to the combined influence of
amphibolite bodies/metabasics (Yadav et al, 1995), within
the metasediments, occurring at shallow depth and having
high magnetic susceptibility., since the total magnetic field
is dipolar in nature, and all the anomalies are shown with
bipolarity. To transform dipolar magnetic anomalies to
monopolar anomalies and to simplify the interpretation of
the data, reduction to the pole operation is done.
Magnetic data has been reduced to pole in order to
remove the effect of inclined magnetization(Fig.3a). Number
of isolated NE-SW trending high magnetic anomalies have
been clearly brought out and displaced by subsurface fault
(F-F), which further resolved in vertical derivative map of
first order. RTP map also shows a prominent low magnetic
zone in the central part of the area, which appears to have a
change in the trend of low magnetic pattern from NE-SW to
E-W. The low indicates a possible shear/fault zone, as this is
evident from the brecciation observed in the surrounding
quartzite rocks.

Fig. 2. Total magnetic field map from Kotri-Barkhada area
Vertical derivative map of first order has shown
prominent NW-SE faults which are terminating the magnetic
high contour pattern on either side of the magnetic low
(Fig.3b). The nature of faults represents the DF3 deformation
phase (Khandelwal, 2002) indicating fractures/faults due to
the shearing/faulting. Few NE-SW faults have also been
observed in the vertical derivative map. A sharp lithological
contact has been marked based on the amplitude of the
magnetic anomaly with NE-SW trend. The general trend of
the low magnetic zone has taken a NE-SW direction.
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Fig. 3a. Reduced to pole map from Kotri-Barkhada area, 3b. First vertical derivative map from Kotri-Barkhada
Radially averaged power spectrum was computed and
plotted for the magnetic data as shown in figure below.
Power spectrum indicates three segments for which
regression lines are fitted. Average depths to the
various ensembles of magnetic sources are computed
from the slopes of the regression lines (Fig.4).

The depths to the magnetic sources were obtained as
210m, 93m and 45m. The depth of 210m indicate long
wave length deep-seated anomaly sources on the northern
side, depth of 93m may indicate an average depth to
magnetic anomalies on southern part and another depth
of 45m indicates an average depth to prominent high
magnetic anomalies on eastern and northern western part.

Fig. 4. Radially averaged power spectrum of magnetic data from Kotri-Barkhada area
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Physical Property Measurements

·

Magnetic susceptibility was measured on a number of rock
samples from well dumps in the area using KT-10 susceptibility
meter. It depicts a range of magnetic susceptibility values
for different rock types in the area (Fig.5).

Calc-silicate, banded calc-silicate and amphibole schist
rocks have shown moderately low values (0.05 to 0.4
SI units)

·

The magnetic susceptibility measurements
indicate higher order of values (10 to 12 SI units) for
calc-silicate with magnetite and banded calc-silicate
with basic rock.

·

Brecciated quartzite and quartzite rocks have shown
lowest value (0.019 to 0.03 SI units). These low values
for quartizes were observed at foothills of Barkhada
hill in Barkahda village.
Magnetic susceptibility K (x 10-3 SI units) values
of rock samples at Kotri – Barkhada
area, Sikar district, Rajasthan

1

Magnetic susceptibility
K (x 10-3 SI units)

10

Banded
Calc-silicate with
basic rock
Calc-silicate
With magnetite
QBS-Calc
Silicate
intercalation

Calc-silicate

amphibole
Schist

Magnetic susceptibility values along with their
corresponding lithology are plotted on first vertical
derivative map as shown earlier. When observed high
magnetic anomalies on first vertical derivative image
are well correlating with high order of magnetic
susceptibility values and vice versa. High order of
magnetic susceptibility caused by fair amount of
magnetite grains in quartz-biotite-actinolite rock has
been confirmed from petrologic analysis of rock samples.
Quartz-biotite-actinolite-schist also shows disseminated
grains of pyrite.

Induced Polarisation Method
0.1
Banded
Calc-silicate
Vein quartz Calcareous
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Fig. 5. Bar chart representing different magnetic
susceptibility of various lithounits from Kotri-Barkhada area

Induced polarisation and resistivity surveying using
time domain IP with dipole-dipole survey having electrode
spacing of 50m was undertaken. The dipole separation
(n) at n = 4 level has been adopted for general coverage,
because at n = 1,2,3 separations the overburden effect
was evident. Apparent chargeability and apparent
resistivity images are shown in Fig.6 & Fig.7.

Fig. 6. Chargeability response from Kotri-Barkhada area
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The image of apparent chargeability delineates an
anomaly in south-western part of the map (Fig.6). The
anomaly is seen as a large response, about 1.5 km long and
700m wide, and starts in the south western end and closes
on south eastern end. This elongated zone has high
amplitude from where the chargeability rose from 25mV/V
to 40mV/V, along with smaller events where chargeability
rose to 15mV/V. The trend of the chargeability anomaly is
in E-W direction. This high chargeability response signifies
the presence of sulphides in a disseminated form (Sumner
J.S. 1975), because the induced polarisation phenomena
picks up the metallic materials in disseminated form due to
the large surface area. Other features in this map include a
moderate chargeability anomaly around the high
chargeability anomaly and this moderate chargeability
anomaly is continuing around the bharkada hill. The
remaining area shows a conductive low with a moderate
chargeability anomaly, again appearing in the north-eastern
part of the map. Black lines labeled as S2, N4 and N6 are
the profiles chosen for pseudo depth section.
Figure 7 shows the apparent resistivity component of
the area. The resistivity low significantly drops to 20 ohm-m,

Fig. 7. Resistivity response from Kotri-Barkhada area

Fig. 8. Depth section from Kotri-Barkhada area
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although most of the low is in 80 ohm-m range over the
high chargeability anomaly. A rise in IP and drop in resistivity
value over the same region indicates sulphides in a vein
type zone. Other features in the resistivity map indicate a
high resistive zone in the north to north-western part of
the map. This high is due to exposed quartzite, quartz-biotiteschist, and calc-silicate litho contacts.
Pseudo depth sections were plotted for lines S2, N4 and
N6. In order to remove the array effect and to know the
variations in chargeability and resistivity with depth, IP data
was inverted by using RES2DINV program. Inverted
chargeability-depth sections are shown in Fig.8.
In all the chargeability-depth sections, significant
anomalies occur beyond a depth of about 50m and its
amplitude increases with depth. Above the depth of 50m,
there is very low order of chargeability which indicates the
oxidized zone or overburden.

Petrography
Rock samples collected in the study area were analysed
in petrology laboratory, AMD, Western Region, Jaipur.
Following were the sailent features found from the analysis.
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These samples were studied for the ore mineral
contents to support the data generated and to understand
the causative mineralogical factors for the anomalous
values noted in the field investigations. These samples
are identified as quartz-biotite-actinolite schist, quartzbiotite schist and impure marble. The quartz-biotiteactinolite schist contains cubic pyrite replaced by
goethite, also disseminated anhedral grains of magnetite.
Subhedral crystals of magnetite were noted in quartz-biotite
schist. Sample identified as impure marble contained
geothised pyrite, pyrrohtite (fig.9).
Total ore minerals in this sample are ~2% by volume
(visual estimation). Due to significant amount of magnetite,
impure marble rock near Barkhada village measured high
order of magnetic susceptibility giving rise to pronounced
magnetic anomaly.

Integrated Interpretation
It is interesting to note that the high chargeability
(25mV/V-40mV/V) with corresponding low resistivity
zones (20 Ohm-m to 80 Ohm-m) over moderate magnetic
anomaly of order -30 to 250nT, increases the mineral
potential of area. The results of the study area were compared

Fig. 9. Petrology micrographs of rock samples of Kotri-Barkhada area
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with the known geophysical survey results of adjoining
Narsinghpuri area which is 2kms to the southeast of the
study area, where drilling has been carried out based on
the previous geophysical work (Fig.10). Few borehole data
of Narsinghpuri were taken for its correlation with the
observed geophysical signatures in that area. Taken
boreholes were mineralized having association with
sulphides within the brecciated zone, indicating the low
magnetic zone with high chargeability. Similar geophysical
signatures observed in the Kotri-Barkhada area, identify
possibility of similar lithology increasing the potentiality
of the mineralization in the study area which can be tested
by subsequent drilling.

IP survey brought out a high chargeability zone
associated with low resistivity indicating dissemination of
sulphides in south eastern part of the area. Inverted depth
sections of resistivity and chargeability show that the
non-mineralised oxidized zone extends to a depth of about
50m beyond which chargeability anomalies occur.
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Abstract
An assessment of first approximations of site responses has been carried out in and around Port Blair town covering
an approximate area of 40 km2 using the empirical horizontal to vertical (H/V) spectral amplitude ratio method. The data
comprises recorded ambient seismic noise using digital short period seismograph. Site response is calculated as H/V
amplitude spectra at each site following the hypothesis of Nakamura. The stability of the H/V ratio is studied with
standard deviations. The peak frequency distribution map depicts a peak frequency range of 1.0 Hz-9.5 Hz. Some
patches of low frequency range (1.0 Hz – 3.5 Hz) and high frequency range (6.0 Hz- 9.5 Hz) are observed in the entire
study area. The peak amplification ranges from 0.19 to 8.18. Peak amplification less than 3.6 is dominant over major
part of the area. Two cluster of high peak amplification are observed in the west and northern portion of the area over
thick soil while high amplification values 5.25 and 7.85 are observed with corresponding frequency 3.71 Hz and 7.07
Hz at two locations in the south eastern part respectively. The high amplification value 7.85 corresponding to high
frequency 7.07 Hz represents loose soil which might be associated with sharp discontinuity corresponding to low thickness
layer with large velocity contrast overlying the bedrock/basement. The maximum vulnerability index is observed
corresponding to high peak amplification in northern part whereas comparatively low vulnerability index is observed
over entire area.
The Vertical Electrical Sounding (VES) using Schlumberger configurations were carried out for subsurface mapping
to support the variation of amplification and peak frequency. Top layer with resistivity varying from 1.15 and
120 ohm-m has been interpreted as surface layer such as sandy soil, silty soil, dry surface soil saturated with saline
water, silt sandy soil, sandstone and dry clay sandy soil with thickness varying from 0.74 to 3.9 m. The second layer
underlying the surface layer with resistivity value varying from 0.91 ohm-m to 50.6 ohm-m has been interpreted as
sandy soil saturated with saline water, moist sand, silty soil, silty soil with sand, perched water aquifer, sandy soil, dry
clay sand, moist clay sand, sandstone and weathered basalt with thickness varying from 0.8 to 18m. Third layer of
resistivity ranges from 3.19 ohm-m to 82.7 ohm-m has been interpreted as sandy soil, moist sandy soil, and moist
sandy soil with clay, weathered basalt, bedrock, sandstone, saturated sand, perched water aquifer and sandstone
saturated with saline water. Fourth layer at some location with resistivity ranging from 1.2 ohm-m to 40.6 ohm-m is
inferred as sandy soil saturated with saline water, saturated shale, clay sandy soil and weathered basalt. Fifth layer
with resistivity 3.9 ohm-m to 223 ohm-m at four locations is interpreted as sandy soil, sandstone, bedrock and
basalt. Sixth layer of resistivity 19 ohm-m is observed at one location is inferred as shale. The greater soil thickness
derived from resistivity data are well corroborated with high amplification.
Keywords: Ambient noise, Port Blair town, H/V spectral ratios, site response.

Introduction
The present study has been carried out for suggesting
disaster mitigation and urban planning. Port Blair is capital
city of the Andaman Nicobar Islands and located on the
east cost of the South Andaman Islands. The study area is
situated well in and around Port Blair town. Port Blair, the
district and subdivisional headquarters of South Andaman,
is flourishing with administrative, commercial, educational
and political activities of the Union Territory. It has witnessed
a phenomenal increase both in terms of population and

infrastructural development over the years like most of the
urban areas in India. The region of Andaman Nicobar Islands
falls in seismic zone-V (BIS 2000) and has experienced
several earthquakes of moderate to large magnitude. The
area is at risk not only tsunamis generated earthquakes from
nearby sources along the Andaman arc but also from adjacent
regions such as Indonesia, as in the 2004 Great Sumatra
earthquake. An integrated geophysical survey comprising
ambient noise survey and VES survey was carried out in
and around Port Blair town covering an area of 40 sq. km
bounded between latitude 11o 35’ 12.69’’N to 11o 41’ 16.8’’N
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and Longitude 92o 41’ 41.85’’E to 92o 43’ 28.7’’E. The entire
area under study is covered with Eocene sediments classified
as Mithakhari and Andaman Flysch Group and comprises
of thinly bedded alterations of sandstones and siltstones,
grit, conglomerate, limestone, and shales. The site response
study provides the basis for site specific risk analysis, which
can assist in the mitigation of earthquake damages and to
quantify the relative vulnerability of a small zone of interest
within a larger regional area. The site response study can
be achieved by rationally grouping the site specific ground
motion parameters for the probabilistic seismic hazard
assessment. The site response of the ground motion may
vary in different locations according to the local geology. It
has been recognized that the intensity of ground shaking
during earthquakes and the associated damage to structures
are significantly influenced by local geologic and soil
conditions. Unconsolidated sediments are found to amplify
ground motion during earthquakes and are more prone to
earthquake damage than ground with hard strata. High
amplification of ground motion often occurs at sites
underlain by thick, soft soil deposits, especially when the
predominant period of the earthquake motions matches the
predominant period of the ground. The fundamental
phenomenon responsible for the amplification of motion
over soft sediments is the trapping of seismic waves due to
the impedance contrast between sediments and the
underlying bed rock. The interference between these trapped
waves leads to resonance patterns, the shape and the
frequency of which are related with the geometrical and
mechanical characteristics of the structure. If a building is
subjected to seismic shaking which corresponds with its
natural frequency then it will absorb more energy and will
shake more violently than the seismic energy was
concentrated at some other frequency.
A special technique of Nakamura (1989) is widely used
for site response estimation using ambient noise
measurement and is used in the present study. This technique,
initially introduced by Nogoshi and Igrashi(1971), considers
the ratio between the Fourier spectra of the horizontal and
vertical components of the ambient vibrations. Many studies
(Ohmachi et al., 1991; Field and Jacob, 1993; Lachet et al.,
1996; Fah et al., 1997) confirmed that these ratios (H/V
ratios) are very stable, and on soft soil sites they exhibit a
clear peak that is correlated with fundamental frequency.
Lachet and Bard (1994) proposed that the good match at
the fundamental frequency is due to horizontal–vertical
polarisation of Rayleigh waves. In the present study, a short
period seismograph unit comprising a seismometer of
Nanometrics make, one DAS (Data Acquisition System) of
Taurus make, one GPS (Global positioning System) and one
SMF battery of 12 volt was used at each station for seismic
noise recording.
The Vertical Electrical Soundings (VES) employing
Schlumberger configuration were carried out for subsurface
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mapping with current electrode separation depending
upon the availability of space in town and hilly terrain
to support the variation of amplification and peak
frequency. The sounding curves were brought out after
curve matching technique manually with two layer master
curves and then subsequent processing and interpretation
using IPI2WIN software.

Geology
Andaman and Nicobar Islands are located near
the boundary of the Indian plate and Burmese microplate
and associated oceanic trench occurs to the west of
the Archipelago. Tectonically these islands are part of
an accretionary prism or wedge which forms the outer arc
ridge of the Andaman subduction zone (Curray, 2005:
Curray et al., 1982). The accretionary wedge is a result
of the northward but oblique subduction of the Indian
plate below the Burmese microplate at a rate of 4-6 cm/year
along the Andaman-Java Trench (Jhingran, 1952). The
accretionary prism is an imbricate stack of the fault slices
and folds consisting of ophiolites and sediments. The major
morpho-tectonic elements running N-S along the Andaman
arc are the Andaman trench, Andaman-Nicobar ridge
(Andaman Nicobar Islands), Nicobar deep, West Andaman
fault (WAF), Andaman Spreading Ridge and the Mergui
terrace. Another two prominent N-S trending faults/
thrusts have been observed over Andaman Islands. Among
these two, Jarwa thrust is the most significant
morpho-tectonic feature trending in N-S all along the main
Islands (Eremenko and Sastri, 1977), and the second
important fault is the Eastern Margin Fault (EMF) in the
immediate Andaman offshore along its east coast. The
Indian plate subducting beneath the Burmese microplate
along the Andaman Trench results in shallow and
occasional intermediate depth earthquakes. This region
provides an ideal tectonic setting for occurrence of
megathrust earthquake (Rajendran et al., 2002).
Oldham (1855), first classified the rocks of Andaman
into two parts; Older Port Blair series and Younger
Archipelago series, separated by volcanic rocks and
serpentines, later recognised as an ophiolites sequence.
Accordingly, the present stratigraphy of the Andaman
Islands now comprises five units, which in ascending
order, are the ophiolits Group( Late Cretaceous to
Palaeocene), the Mithakhari Group( Oligocene-Late
Eocene), the Archipelogo Group (Miocene to Pliocene)
and Island Arc Group (Pliocene to Quaternary). Geology
of the Port Blair and its islands part of the South
Andaman district are composed mainly of thick Eocene
sediments deposited on Pre-Tertiary Ophiolites Group.
The entire area under study is covered with Eocene
sediment classified as Mithakhari and Andaman Flysch
Group comprises thinly bedded alterations of sandstones,
siltstones, grit, conglomerate, limestone, shales etc.and
Ophiolites in South-eastern part (Figure 1).
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Fig.1. Map showing the geology of the study area (GSI, 2018)
Port Blair town and its surrounding area comprises of
three Physiographical units viz (1) low to moderately high
steep hills, (2) narrow valleys and (3) gently sloping narrow
to moderately with wide coastal plain. Due to sandy soils
along the coast line as well as intermountain valley areas
and high ground water table near the sea shore, liquefaction
has taken place resulting in damage to the structures during
2004 Sumatra earthquake( 9.3 Mw).

Site Response
In the present study, site response is calculated as the
H/V amplitude spectra at each site following the hypothesis
of Nakamura. Based on the geological and geophysical
feasibility of the study area, Nakamura’s technique (1989)
was employed to estimate peak amplification corresponding
to peak frequency parameters that have strong bearing in
controlling the impact of earthquake shaking on the
subsurface geological formation which control the
earthquake hazards to the greater extent of the area.
Nakamura developed a simple technique based on the ratio
of the spectra of horizontal to the vertical components of
ground motion generated by micro tremors or ambient noise.
He concluded that the spectral ratio between the horizontal
and vertical component of motion in the same site can be
used as an estimate of site effects for internal waves.
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Fig. 2. Map showing the station locations of site response
and Vertical Electrical Soundings with red solid circles
and blue rectangles respectively.
Nakamura’s technique may be used to determine the
natural resonance frequency of a soft layer, but it fails to
predict the amplification of surface waves. Nakamura
showed that for a relatively wide frequency range, localized
noise sources consisting of mainly Rayleigh waves were
cancelled out during the Horizontal to Vertical ratio process.
The seismic signal acquired in time series A(t) is converted
into frequency domain A(f) using Fast Fourier
Transform(FFT) technique. This process is applied to all
three component data i.e. vertical (Z), East-West (E-W)
and North-South (N-S). The relative amplitude spectra
A(f) is calculated using the following equation
( Al Yuncha et al., 2004; Almendros et al., 2004)

Where AE(f), AN(f) and AZ(f) are the amplitude spectra of
E-W, N-S and Z-component of the recorded ambient seismic
noise. The maximum site amplification factors with
corresponding peak frequencies are estimated.
The vulnerability index (K) values have been proposed
by Nakamura (1996) for accurately estimating earthquake
damage of surface ground motion and structures.
Vulnerability index (K), derived from resonant frequencies
(f0) and peak amplification factor (A0) (Nakamura, 2000)
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K = A02/ f0
‘K’ is a value corresponding to the site and can be
considered as a vulnerability index of the site and
determines the damage level due to local site effects. This
might be useful to select weak points of the ground.
Seismic noise survey was carried out at 43 locations using
short period seismograph (Figure 2). Utmost care
has been taken to maintain uniformity of spacing of
stations about 1.0 km but a compromise had to make due to
high urban activity in town, submerged area due to Tsunami,
marshy land, hilly terrain and residential area.
The H/V spectrum of site response at some locations is
shown in Figure 3(a-i). The H/V spectrums of site response

depict peak amplitude with its corresponding peak
frequencies. Most sites on thick sandy soil exhibit site
responses dominated by clear single peak with
significant amplification in the range from 5.35 to 8.18
corresponding to resonance frequencies lying
between 1.34 Hz and 7.07 Hz. The nature of the H/V
response exhibits clear single peaks amplification at
all sites. Some sites on typical stiff/compact sediments
are showing nearly flat or peak amplification less than
1.0 with frequency up to 6.51 Hz. Few sites exhibit two
peak of amplification with dominant frequency exhibiting
larger amplification. The peak amplification of sites with
in the area occupied by Andaman flysch are observed in
the range greater than 1.0 and less than 4.0 with
corresponding frequency ranges from 1.23 Hz to 8.82 Hz
except the site PB25.

Fig. 3(a-i). H/V spectrum of site response at some sites in and around
Port Blair town. The upper and lower dotted lines the +Ve and –Ve
standard errors. The middle solid line shows the average amplification.
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The Peak amplification contour map shows a peak
amplification range of 0.19–8.18(Figure 4). Peak
amplification less than 3.6 is dominant over major part of
the area. The maximum peak amplification (A0) 8.18 and
8.13 are observed at location PB01 in Marina Park and at
location PB16 corresponding to 3.3 Hz and 1.34 Hz
respectively. Soil thickness derived from resistivity data
inferred that high percentage of sandy soil with saturated
saline water may be one of the causative factors for
high peak amplification. The peak amplification 5.58
corresponding to peak frequency 2.43 Hz is observed in
the western part of the area. This high amplification is
associated with thick soil saturated saline water. The
high peak amplifications 5.35 to 7.85 with corresponding
frequency 3.71 Hz and 7.07 Hz are observed in southeast
part of the study area which may be associated with
sharp discontinuities corresponding to thin loose soil layer
with large velocity contrast overlying the basement/bedrock.
The peak amplification contour map depicts three clusters
of high peak amplification ranging from 3.6 to 8.4 are
observed in southeast, west and northern portion of the area.
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observed in entire study area. Estimated peak frequency
greater than 1.0 Hz is observed in entire study area indicating
that the frequencies are amplified by thin soft sediment
layers. The frequencies larger than 1.0 Hz are amplified by
thin soft soil/ sediment layers whereas the frequencies
below 1.0 Hz are amplified by soil or sediment thicker
than about 100m (Bindi, et al., 2009). High rise building
greater than 4 stories possess natural frequency in the
range of 0.5 Hz to 1.0 Hz (Dowrick, 1997; Hay 1986), which
is not overlapping with the predominant frequency
range greater than 1.0 Hz estimated in the present study
area. It may be inferred that high rise building may not be
influenced with resonance problem and required a careful
study pertaining to civil engineering aspects during such
construction.

Fig. 5. Peak frequency contour map of Port Blair town and
its surrounding area with seismograph station locations

Fig. 4. Peak amplification map of Port Blair town and its
surrounding area with seismograph station locations
The peak frequency, a parameter which is governed
or influenced by the local geology and helps to characterize
a site for seismic hazard assessment of an area is prepared
and shown in Figure 5. This peak frequency distribution
map (Figure 5) depicts a peak frequency range of 1.23–9.32
Hz. Some patches of low frequency range (1.0 Hz to 3.5
Hz) and high frequency range (6.0 Hz to 9.5 Hz) are

The vulnerability index determines the damage level
due to local site effects. This might be useful to select
weak points of the ground. Vulnerability index (K) is
calculated from peak amplitude and corresponding peak
frequency and a vulnerability map for the study area is
shown in (Figure 6). The map depicts that low vulnerability
index range 0 to 12 is dominating the major part of the area.
The maximum vulnerability index 49.33 and 20.7 are
observed at location PB016 and PB01 corresponding to
peak frequency 1.34 Hz and 3.3 Hz respectively in the
northern part of the study area. The maximum and minimum
estimated vulnerability index (K) is 49.33 and 0.08 at deeper
and shallower depth respectively.
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Fig. 6. Vulnerability Index map of study area with
seismograph station location

Electrical Resistivity Soundings
To map different subsurface lithological units in and
around Port Blair town for seismic hazard assessment,
a total of 15 nos., Vertical Electrical Soundings (VES) have
been carried out employing Schlumberger configuration
and the location of sounding points is shown in Figure 2.
Maximum half of the spread length (AB/2) of equal and
few of less than 100 m were taken due to non availability
of space in the study area which is occupied by
residential, submerged area, marshy land and hilly
terrain. The nature of sounding curves obtained were HKH,
HKHK, Q, H, HK ,HA and KHA types and has brought
out mostly three layer earth model after 1D interpretation
using IPI2 WIN Software. Geo-electric sounding curves
of HKH type which indicate a low resistive 2 nd layer
sandwiched between high resistive 1 st layer and 3 rd/4 th
layer with resistivity sequence of ρ1> ρ2< ρ3 > ρ4 < ρ5 where
ρ1, ρ2, ρ3 , ρ4 and ρ5 are the resistivities of 1st, 2nd, 3rd,4th and 5th
layer respectively. The sounding curves are shown in
Fig. 7(a-h) and Fig. 8 (a-g). The HKH type curves are
observed at location PB01and PBCCB whereas HKHK
type of curve is observed at location PB43. The Q type
curves (ρ1> ρ2 > ρ3) are observed at locations PB03 and
PB25. Three layer H type curve (ρ1> ρ2< ρ3) are observed at
locations PB16, PB21, PB26, PB35 and PB42. The location
PB15 and PB33 show HK (ρ1> ρ2< ρ3 > ρ4) and HA (ρ1> ρ2<

ρ3 < ρ4) type curves respectively. The nature of curve at
location PB37 is KHA type (ρ1< ρ2 > ρ3 < ρ4 < ρ5). The
top layer with resistivity range between 1.15 and
120 ohm-m has been interpreted as surface soil
characteristics and exposed rocks with thickness varying
from 0.74 to 3.9 m which comprises of unsaturated surface
exposure with underlying moist or saturated with saline
water at most of the places with resistivity less 20 ohm-m
except at locations PB03 and PB37. The second layer
with resistivity less than 20 ohm-m has been interpreted
as sandy soil/most sandy soil/ sandy soil saturated with
saline water which is abundant at most of the sounding
points and constitute a major lithological unit in the area
with thickness varying in the range of 0.8 – 18.4 m. The
resistivity of the second layer at location PB15 showing
resistivity of 32.1 ohm-m with thickness 6.3 m indicting
perched aquifer underlying top layer interpreted as
exposed sandstone of resistivity 98.9 ohm-m with
thickness 0.9 m and overlying a layer of resistivity 110.7
ohm-m and thickness 5.7m at the contact of weathered
mantle and thick soil in the coastal region. The resistivity
of the third layer with resistivity 27.0 m and thickness
6.36 m at location PB37 also indicating perched aquifer in
fractured basalt underlying a second layer of resistivity
165 ohm-m interpreted as weathered basalt and thickness
9.57 m. This layer is overlying a fourth layer of resistivity
40.6 ohm-m and thickness 5.78 m inferred as saturated
weathered basalt. The fifth layer of resistivity 223 ohm-m
at this VES point is associated with basalt. The resistivity
in the area occupied by Andaman flysch ranges
between 42.6 ohm-m to 130.3 ohm-m except location
PB33 of resistivity 4.82 ohm-m representing the top
layer is sandy clay soil. The second layer at location
PB33, which is inferred as moist sandy clay of resistivity
3.6 ohm-m and thickness 2.23 m .The third layer of
resistivity 5.17 ohm-m and thickness 37.4 m is interpreted
as saturated sandstone and fourth layer of resistivity
6.0 ohm-m underlying third layer appears to be associated
with saturated shale. The second layer of resistivity
of 50.6 ohm-m and thickness 14.9 m at location PB03 is
interpreted as shale underlying the exposed sandstone
at surface layer of resistivity 86.9 ohm-m and thickness
3.9 m. The third layer at this location is of resistivity 27.2
ohm-m which is associated with moist shale. The peak
amplification (A0) is observed greater than 5.0 at three
VES point locations PB01, PB16 and PB26, which is well
corroborated with the layer parameters.
The second layer with resistivity 4.49 ohm-m and
thickness 0.813 m at location PB01 is interpreted as moist
sandy soil with clay underlying the surface sandy soil
of resistivity 25.1 ohm-m and thickness 0.74 m and
overlying the third layer of resistivity 26.1 ohm-m and
thickness 3.21m which is inferred as sandy soil. The
fourth layer with resistivity 1.2 ohm-m and thickness
12.1 m is interpreted as sandy soil saturated with saline
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Fig. 7(a-h).Vertical Electrical Sounding curves at different locations (PB01, PB03, PB09,
PB15, PB16, PB21, PB25 and PB26) in and around Port Blair town.
water and overlying the fifth layer of resistivity 3.9
ohm-m which is to be associated with bedrock saturated
with saline water. The second layer with resistivity 0.94
and thickness 18 m at VES location PB16 is interpreted as

saturated sandy soil with saline water underlain by surface
moist sandy soil layer of resistivity 16.7 ohm-m and thickness
1.48m and overlain by third layer of resistivity 19.5 ohm-m
associated with bedrock rock saturated with saline water.
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Fig. 8(a-g).Vertical Electrical Sounding curves at locations (PB29, PB33, PB35, PB37, PB42, PB43 and
PBCCB) in and around Port Blair town
Three layers are observed with present electrode
configuration at VES location PB26. The second layer of
resistivity 0.91 ohm-m and thickness 6.87 m is sandy soil
saturated with saline water underlying the marshy surface
soil/dry surface soil saturated with saline water of
resistivity1.15 ohm-m and thickness 1.15m and overlying

the third layer of resistivity 3.19 associated with bedrock
saturated with saline water. The location of this sounding
lies in the submerged area during the tsunami occurred on
26th December 2004 devastating megathrust earthquake (Mw
9.3). The inferred lithological units from Vertical electrical
Soundings are presented in Figures 9 (a&b).
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Fig. 9a. Inferred lithological layer/units from Vertical Resistivity Sounding along
with locations (PB01, PB03, PB09, PB15, PB16, PB21, PB25 and PB26).

Fig. 9b. Map showing Inferred lithological layer/units from vertical resistivity
sounding along with locations (PB29, PB33, PB35, PB37, PB42, PB43 and PBCCB)
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It is to be mentioned here that surface electrical
measurements has limitations to delineate very thin
intercalated beds and require sufficient resistivity contrast
between the overlying and underlying layers to resolve
the particular bed and possess some tolerance as far as the
thickness and electrical resistivity parameters.

Discussion and Conclusions
Port Blair is capital city of the Andaman Nicobar Islands
and located on the east cost of the South Andaman Islands.
The study area lies within the earthquake prone (Zone-V)
(BIS, 2002). The site response study provides the basis for
site specific risk analysis which can assist in the mitigation
of earthquake damages and quantify the relative vulnerability
of a small zone of interest. The vulnerability index
determines the damage level due to local site effects. The
area has a variable thickness of soil covers which has
potential to ground motion. The vertical electrical soundings
provide a basis input of the variation of thickness to support
the variation of amplification and frequencies in the study
area. The peak amplifications vary from 0.19 to 8.18 and
less than 3.6 is dominant over major part of the area. The
maximum peak amplification is observed at locations PB01
in Marina Park and location PB16 with corresponding high
vulnerability index. Thick soil thickness derived from
resistivity data inferred that high percentage of sandy soil
with saturated saline water may be one of the causative
factors for high peak amplification. The high peak
amplifications 5.35 to 7.85 with corresponding frequency
3.71 Hz and 7.07 Hz are observed in southeast part of the
study area which may be associated with sharp
discontinuities corresponding to thin loose soil layer with
large velocity contrast overlying the basement/bedrock.
Peak amplifications are observed over a peak frequency
greater than 1.0 Hz and the peak frequency ranges from
1.23-9.32 Hz in the entire study area. The range of
predominant frequencies of soil in the area is Ã 1.0 Hz
showing that these frequencies area not overlapping with
the frequency ranges from 0.5-1.0 Hz suggesting that
building with 10 or more stories have no resonance problem
according to the relationship Tb = N/10 for estimating the
natural period (Tb) of a building with N stories (Dowrick,
1997; Hay, 1986) and required a careful study pertaining to
civil engineering aspects during such construction. The
vulnerability index map shows that comparatively low index
< 12 is dominating the major part of the area which
determines the damage level due to local site effects. The
maximum and minimum estimated vulnerability index (K)
is 49.33 and 0.08 at deeper and shallower depth respectively.
In the absence of borehole data for thickness of subsurface
layer in the study area, vertical electrical soundings provide
a basic input of the variation of thickness to support the
variation of the amplification and frequencies in the study
area. The nature of soundings curve obtained were HKH,
HKHK, Q, H, HK, HA and KHA types. The top layer with
resistivity range between 1.15 and 120 ohm-m has been
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interpreted as surface layer such as sandy soil, silty soil,
marshy land or dry surface soil saturated with saline
water, silt sandy soil, sandstone and dry clay sandy soil
with thickness varying from 0.74 to 3.9 m. The second
layer underlying the surface layer with resistivity between
0.91 ohm-m to 50.6 ohm-m has been interpreted as sandy
soil saturated with saline water, moist sand, silty soil, silty
soil with sand, perched water aquifer, sandy soil, dry clay
sand, moist clay sand, sandstone and weathered basalt
with thickness varying in the range of 0.8 to 18m. The third
layer of resistivity ranges from 3.19 ohm-m to 82.7 ohm-m
has been interpreted as sandy soil, moist sandy soil, and
moist sandy soil with clay, weathered basalt, bedrock,
sandstone, perched water aquifer and sandstone saturated
with saline water. The fourth layer at some location with
resistivity ranges from 1.2 ohm-m to 40.6 ohm-m is inferred
as sandy soil saturated with saline water, saturated shale,
clay sandy soil and weathered basalt. The fifth layer with
resistivity 3.9 ohm-m to 223 ohm-m at four locations is
interpreted as sandy soil, sandstone, bedrock and basalt.
The sixth layer of resistivity 19 ohm-m is observed at one
location is inferred as shale.
The greater soil thickness derived from resistivity data
are well corroborated with high amplification. Ground
water occurs in fractured rocks of saturated zone are
sustainable. The second layer of resistivity 36.4 ohm-m
corresponding to thickness 6.35 m and third layer of
resistivity 27.2 with thickness 6.36 m might be associated
with perched water aquifer at locations PB15 and PB37
respectively. The VES have also enabled to locate the
fracture in the bedrock successfully and provided its efficacy.
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Abstract
The presence of gas hydrates along the Indian continental margins has been inferred mainly from bottom
simulating reflection/reflector (BSR). Gas hydrate accumulation has been established in KG basin, Andman and
Mahanadi basins with the help of gas hydrates related proxies inferred from multidisciplinary investigations.
In the present study, BSR like features are observed during the analysis of 2D/3D seismic data of Andman and
Mahanadi deep water basins. It shows all the characteristics of classical BSR such as mimicking the seafloor, cutting
across the underlying and overlying dipping strata and exhibiting large amplitude. The polarity of the event is
opposite to that of the sea floor reflection. In Mahanadi area, the anomalous reflection event (BSR) is restricted to an
area of structural low at Neogene level. The aerial extent of BSR is approximately 250Sq.Km. Biogenic gas might have
generated in the region and under favorable temperature and pressure conditions it had been transformed into hydrates.
Plenty of BSR like seismic reflection events are observed on 2D/3D seismic data in Andman deep water areas.
The amplitudes of BSR are much higher and it occurs at shallower depth as compared to those observed in
Mahanadi basin. The amplitude of the BSR is indicative of hydrate concentration. Base of the Gas hydrate stability
zone in Andman area(200-400ms below the sea floor) is observed shallower than that in Mahanadi Deep water
area (400-600ms below sea floor).The base of gas hydrate stability zone might be pushed upwards due to high
geothermal gradient and heat flow in Andman area. The reflection coefficient of the gas hydrate/free gas interface in
Andman area is estimated at -0.10 which is much larger than those estimated in Mahanadi area (-0.07). BSRs in
Andman area are laterally discontinuous with varying amplitude and at places it is very high amplitude indicating
very high concentration of hydrate. Seismic study of BSRs suggests that above the BSR, there is 20-30m thick high
velocity layer indicating very good saturation of gas hydrates but they may not be continuous but separate pools.
Seismic study shows that BSRs in Mahanadi area are discontinuous and of low amplitude. It is inferred that
gas hydrate saturation may be poor and free gas below BSR might be absent.
Coherency inversion of seismic data shows interval velocity inversion across BSR. However, large
velocity inversion across BSR (1950 m/s to 1650) is observed in Andman area as compared to that from Mahanadi
area (1750m/s to 1520m/s).AVO analysis of seismic data shows an increase in amplitude with offset. BSR is
showing class III AVO anomaly.
Seismic data analysis has shown good saturation and better Prospectivity of Gas Hydrates in Andman area.
In Mahanadi area, the saturation of gas hydrates seems to be poor but the aerial extent of the seismic anomaly (BSR)
is huge of the order of 250 Sq. Km.
Keywords: Gas hydrate, 2D/3D seismic, BSR,Mahanadi, Andman

Introduction
India’s energy requirements mainly depend on fossil
fuels, although it has significant coal and hydro resources.
Ever increasing demand for sustained industrial growth
has forced all of us to look for renewable and alternate
energy resources such as coal bed methane in coal seams,
shale gas found in shale, and the gas hydrate found
below ocean floor in form of ice-like substances. Natural
gas hydrates do have the potential of becoming an
alternate energy resource due to its huge deposits
envisaged worldwide (Kvenvolden 1993a; Collette 2002).
Gas hydrates are white, crystalline, ice-like materials
comprised of a methane molecule surrounded by a cage of

water molecules. The hydrates are mostly methane rich,
but are sometimes associated with ethane, propane,
butane, carbon dioxide and hydrogen sulfide. The gas
hydrates are generally found in the permafrost and outer
continental margins of the world where the methane
concentration exceeds their solubility limit (Sloan 1997;
Kvenvolden 1993b, 1995, 1999).
These are formed at high pressure (8-30 MPa) and
low temperature (100–200 C) in shallow sediments, and are
stable up to a few hundred meters below the sea floor.
Methane trapped in hydrates and free gas below the
hydrates bearing sediments is found in huge amount.
An estimated reserve of 700000 TCF methane trapped in
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gas hydrates around the world (Kvenvolden 1993b) has
prompted a recent increase in hydrate researches
worldwide. India has also began active research in
establishing gas hydrate reserves in east and west coast
by collecting geophysical, geological, geochemical and
microbiological data under its National Gas Hydrate
Program (NGHP) initiated and funded by Ministry of
Petroleum and Natural Gas, Government of India.
Gas hydrates are mostly identified by mapping a Bottom
Simulating Reflector (BSR) on seismic section (Shipley
et al. 1979). The BSR is recognized based on its
characteristic features such as; (i) mimicking the shape
of sea floor as BSR follows isotherms which are nearly
parallel to the morphology of sea floor, (ii) cutting
across the underlying/overlying dipping strata and
(iii) exhibiting large amplitude but opposite polarity to
that of the seafloor reflections. Presence of gas hydrates
reduces the permeability of the sediments and hence
traps free gas underneath.
The bottom simulating reflector (BSR) is an interface
between gas hydrate-bearing sediments above and
free-gas saturated sediments below the interface and is
often associated with the base of the gas hydrate
stability field. The BSR may not be continuous but
patchy events indicating the upward gradational hydrate
layer above and downward gradational free gas layer
below the BSR. Most of the gas hydrates, worldwide
have been inferred from the BSR and Gas Hydrate
Stability Zone (GHSZ) thickness map. The Gulf of
Mexico, Blake Ridge, Cascadian Margin, McKenzie Delta
and Nankai trough are some of the excellent examples
(Dallimore et al. 1999; Wood and Ruppel 2000; Hyndman
et al. 2001; Ashi et al 2002; Holbrook et al. 2002). However,
in addition to geophysical anomalies, such as BSR,
pockmarks, gas up-thrust zone, vents, blanking zones,
etc., other geochemical and microbial proxies should be
in order to reduce the exploration risk for Gas hydrates.
Almost all the giant oil fields- Gulf of Mexico, Caspian Sea
and Mediterranean Sea are proved to be associated with the
gas hydrate accumulation in upper few hundred meters of
sediments. The permafrost regions (Siberia in Russia,
McKenzie delta in Canada and Alaska) known for their
conventional hydrocarbon reserves are also associated
with gas hydrates deposits. Therefore, it is believed that the
areas of conventional hydrocarbon prospects could also
serve as locales of gas hydrate deposits provided geological
formations meet the requirements of high pressure and
low temperature. Some of the offshore basins of India such
as Saurastra, Mumbai, Kerla-Konkan, Krishna-Godavari
(KG basin), Cauvery and Mahanadi along the Indian
Continental margins are well known petroliferous basins.
Map for prospective areas for gas hydrate accumulation
along Indian continental margins (Figure-1) has been
prepared by Kuldeep Chandra et.al, 1998.

Study area

Fig. 1. Map depicting prospective area for Gas
Hydrate along India continental margins
(Kuldeep Chandra, et al. 1998)
Gas hydrate stability zones thickness map have
also been prepared on the basis of available data for
bathymetry, heat flow, seabed temperature and geothermal
gradient etc., within the EEZ of India (Rastogi et al. 1999;
Sethi et al. 2004; Ramana et al. 2007, Vayavur Rajesh et. al.
2010). Geophysical, Geochemical and Microbiological
proxies observed in east coast of India have suggested a
strong indication for gas hydrate deposits in KG, Cauvery,
and Andman basins (Ramana 2006; Satyavani et al. 2008).
The drilling by JOIDES Resolution drill ship under NGHP
Expedition-1 in KG basin has confirmed the presence of
massive gas hydrate accumulation (>80 m thick) in KG basin.
Seismic sections from Mahanadi and Andman areas
show very significant and prominent BSR (Figures 3A
and 3B). However, there are distinct and significant
differences in the seismic characters of BSRs and
velocity profile across the BSR in both the areas. Geological
preconditions such as high rate of sedimentation (20-40cm/
KYrs), adequate depth and low temperature coinciding with
BSR indicate gas hydrate accumulation in Neogene
sediments in Mahanadi and Andman deep water areas.
Gas hydrate prospectivity in Andman and Mahanadi deep
water areas have also been discussed by Nandi, A.K.et al ,
2010 and Anand Prakash, et.al, 2010.

Geologic set up
The Mahanadi basin is one of the several sedimentary
basins developed along east coast of India as a result of
rifting and break-up of Gondwana land during Jurassic
period. This covers an estimated area of over 50000 km2 of
which nearly one fourth is onshore and rest is offshore.
Tectonically, these basins are developed around a triple
junction between the NE-SW trending east coast of India
(which represents an Atlantic type passive continental
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margin) and the NW-SE trending Mahanadi graben
within the Indian shield (Fuloria 1992; Subrahmanyam et
al. 2008). Paleogene and Neogene sections in deep-water
basin exhibit channel complex; highly sinuous often
stacked vertically due to shifting of depositional axis both
in space and time (Nath et al. 2006). A sinuous channellevee complex often results in submarine fan lobes towards
deeper part of the basin. Incised valley and valley fill
sequences are also prevalent during Paleogene and
Neogene periods.
The Andaman Basin, situated between 6° and 14° N
latitude and 91° and 94° E longitude holds a thick
succession of marine sediments (6000m+) from
Cretaceous to Recent. It extends over 1200 km. from
Myanmar in the north to Sumatra in the south. It is
650 km wide with Malay Peninsula in the east and
Andaman-Nicobar Island to the west. The morphology and
structure of the Andaman Islands suggest that they are
an Island Arc Orogeny developed due to subduction
of the Indian Plate beneath the Southeast Asian Plate, since
Late Cretaceous.
Major geotectonic units from east to west are back arc,
volcanic arc, fore arc, island arc and fore deep; which are
related to the subduction tectonics. Figure-2B shows the
major tectonic features.

Data used and Methodology
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The area of study in Andman area is covered by
2D/3D seismic surveys. Special processing attempt are
made to analyze BSR. Table -1 shows the processing
workflow used in the study. Pre-stack Depth migration
has also been carried out to image subsurface in depth.
The velocity model is calibrated with the sonic log from
the well drill in Andaman basin.

Result and Discussion
Seismic sections from Andman and Mahanadi areas
(Figure-3 and 4) show BSR like anomalous reflection 300-400
ms below the seabed. These BSR like events are distinct
and are showing the characteristic features (i) mimicking
the seafloor; (ii) polarity reversal; (iii) cross-cutting the
lithological formations; and (iv) blanking above and below
it. The BSR events are very strong at some locations and
feeble at other places. The reflection strengths may be
attributed to the saturation of free gas beneath it as well as
gradation of gas hydrate upwards.
In Mahanadi area, it is observed that the BSR is present
in the region of structural low at the Neogene level. Gas
hydrate accumulation may be restricted to this depositional
center (Anand Prakash et al. 2010). The sedimentary
thickness is more here and biogenic gas generation might
be restricted to this depositional center. Depth of the Gas
Hydrate layer from the sea bottom (Figure-5) has been
calculated and found of the order of 300-400m which
confirms to the findings of Rastogi et al., 1999 based on
geothermal gradient, seabed temperature and bathymetry
data using GIS based approach.

The area of study in Mahanadi area is covered by
3D seismic survey. Standard 3D data processing has
been done.Table-1 shows the processing sequence. During
Coherency inversion of PSTM gathers indicates velocity
the data analysis, BSR like features are observed on the inversion across the BSR. The interval velocity reduces from
seismic sections. Special processing efforts are made to 1750 m/s to 1520 m/s below BSR.
analyze the BSR. Detailed velocity analysis on PSTM
AVO analysis of PSTM gathers show increase of
gathers have been done to obtain the best estimate of
the interval velocity field. AVO analysis of PSTM gathers amplitude with offset. In figure- 5, BSR shows increase of
is also made. An aerial mapping and delineation of amplitude with angle whereas sea bottom reflection shows
decrease of amplitude with angle.
these BSRs has also been carried out.
Table-1. Processing Sequence

Table-1 Seismic Data Processing Parameters
1. Re-formatting to Processing Format, Bad Shot & Trace editing,
2. Recording Delay Correction: 100ms
3. Band Pass Filter: 3Hz, 18dB/oct to 125 Hz 72dB/oct, Swell Noise Attenuation
4. Automatic De-spiking, Navigation and Seismic data merging
5. Spherical Divergence Correction, Radon Linear Noise attenuation
6. De-signature to minimum phase and Reverse Polarity
7. Tidal Correction, Gun & Cable Static Correction
8. Deconvolution PD: 24 OL: 240ms, RADON De-multiple
9. Spherical Divergence Correction Removal, Offset Regularization
10. Stacking Velocity Analysis in a grid of 2X2 Km
11. Target Line Pre-stack Time Migration and RMS Velocity Analysis in 1X1 Km
12. RMS velocity Volume Creation, Kirchoff Pre-stack Time Migration
13. Residual move-out analysis in 250mX250m grid, Residual move out Volume Creation
14. Flattening of PSTM Gather, Front-end and Inner mute design and Stacking
15. Random Noise attenuation, Band Pass Filter
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In Andman area, BSR is discontinuous with varying
amplitudes, at places very high amplitude is observed (Fig.2a).
The BSR is observed shallower of the order of 250ms
than in the Mahanadi area (Fig.2b). This might be possible
due to high heat flow in Andman areas. Gas Hydrate stability
Zone (GHSZ) thickness is estimated and contoured. It is of
the order of 200m which is very much less than in Mahanadi

area. The interval velocity (by coherency inversion) of the
gas hydrate bearing layer is estimated of the order of
2000m/s. The high interval velocity indicate that there is
very good saturation of hydrate in the area. The BSR
shows phase change and increase in amplitude at higher
offsets (Figure.3). This indicates very strong indication
of hydrate accumulation having very good saturation.

Fig. 2(a) Seismic section showing BSR from Andman basin

Fig. 2(b) Seismic section showing BSR from Mahanadi deep water
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Interval Velocity
1750m/s

BSR

Fig. 3. PSTM velocity analysis panel showing velocity inversion across BSR
Figure.4 depicts a classical example of BSR shows
change in amplitude and waveform of the BSR as a function
of offset. At far offsets, not only rapid amplitude increases
but a phase change is also observed (> 3622m). Gas escape
rout in the seismic section is a spectacular feature, where
even water bottom reflection gets affected and is not
imaged properly due to absorption and scattering of
seismic energy by the gas mixed with unconsolidated
sediments. A continuous dissociation of hydrate and gas
escape through the water column is interpreted at
the location.

Figure.5 shows a representative depth section depicting
base of the hydrate layer at about 1900 m, with a high
interval velocity of 1950 m/s. The very low interval velocity
~1450 m/s and high amplitude reflection events beneath
the BSR suggest free gas accumulation below the hydrate
layer. Reflection events on the anticline below the BSR
are seen truncating against the BSR, which shows that
the hydrate layer functions as a seal preventing the
upward movement of gas. LWD resistivity log overlain
on depth section depicts 30m column of gas hydrate
confirming the hydrate deposits.

Fig. 4. PSTM velocity analysis panel showing velocity inversion across BSR and phase
change and increase in amplitude at higher offsets
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Fig. 5. PSDM stack section from Andaman deep water basin shows very prominent BSR and gas escape
features. PSDM gather depicts significant increase in amplitude as well as phase change of
BSR at higher offset (Anand Prakash, 2017)

Conclusions
The BSR observed in Mahanadi deep water area is
continuous but of low amplitude and its reflection coefficient
is estimated of the order of -0.07. BSR shows low grade
AVO anomaly. The Seismic characters of BSR indicate low
saturation of gas hydrate but its aerial extent is huge (of the
order of 250 Sq. Km). However, in Andman, BSR is
discontinuous and discrete with varying amplitude; at places
very high amplitude is observed. The seismic characters of
the BSR in Andman area indicate very high saturation of
gas hydrate but the pools are discrete. Analysis of seismic
data from Andaman deep water areas indicated wide spread
occurrence of gas hydrate accumulations. The drilled data
also confirmed the seismic studies carried out to identify
and delineate hydrate deposits. The LWD data from a well
drilled for hydrocarbon exploration confirms a 30 m thick
hydrate layer at depth of 1895 m in one of the hydrate
accumulations. The resistivity and acoustic transit-time log
data provides an estimate of hydrate saturation ~ 30%.The
study shows that Andman areas show better prospectivity
of gas hydrates than Mahanadi deep water area.
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Abstract
Single channel marine seismic reflection and bathymetric surveys were conducted along 160lkm off Manjeshwaram,
Kerala coast, as a part of geotechnical appraisal. The quality of overburden and depth to bedrock are prerequisites for
geotechnical planning since subsurface dredging for channels or the base of foundation for any subsequent structures
and their cost implications can be estimated. They help to arrive at a techno-economically viable decision for building
harbor, jetty or any other related structures. Seismic survey can assesses all these parameters with the validation of few
boreholes from the respective areas.Though boreholes provide precise geological information at discrete locations, the
procedure of drilling of boreholes in sea is both time consuming and expensive. Further interpolation of geological
information between two holes in near shore environment is not advisable as rapid variations in strata can occur
within shallow geological sequences. It is therefore, desirable to undertake site specific marine geophysical surveys
and limited number of borehole drilling to corroborate the findings.Though during the time of seismic survey there was
no such drilling information was available but if there is a plan of developing port or harbour in future, the seismic
results can be corroborated with borehole data that would have been proposed at that time. Since velocity and density
of different layers are the controlling factors for the assessment of geotechnical parameters, single channel seismic
reflection is little handicapped without borehole information for depth and quality of different strata. The efficacy of
the survey lies in the fact that it can reduce the number of boreholes and thus minimizes the cost and makes fewer
hazards to the environment. It also reduces the lateral surprises which are sometimes encountered by nearby boreholes.
Keywords: Marine seismic reflection, Geotechnical, Borehole

Introduction
Government of Kerala identified Manjeshwaram area
in Kasaragod District, Kerala for development of a minor
harbour. Manjeshwaram Port is located about 40km south
of New Mangalore Port (NMP), within the estuary formed
by the Uppala river which drains into the Arabian Sea. The
NMP is presently very much congested due to heavy traffic
for carrying iron ore, oil tankers and other export items like
dimension stones and timber. Hence establishing a satellite
minor port / harbour at Manjeshwaram, would help to reduce
as congestion at NMP, it has immense potential for future
development. Harbour Engineering Department requested
Marine and Coastal Survey Division, Geological Survey of
India (GSI), to carry out a preliminary geotechnical
investigation in the area. Accordingly, GSI had carried out
geological, geotechnical and geophysical surveys for
preliminary feasibility studies for development of a minor
port /harbour.
The present paper highlights mainly contribution of the
geophysical surveys which include single channel marine
reflection method along with the bathymetric survey.
Geophysical equipments and investigation techniques are
continually developing in response to the demand of the
industries and for a desire to reduce construction and
operational costs. Site investigation methods for seismic
reflection surveying, seismic data processing, and

measuring dynamic soil properties are among the most
rapidly evolving areas for the Geotechnical survey.
The study area falls in the shelfal horst graben complex
of the Western Continental Margin of India (WCMI)
(Mohanty et. al., 2013). Since the Last Glacial Maximum
(LGM), the entire margin has gone through simultaneous
phases of transgression and regression (Nair, R.R., 1974).
The seismograms are having the traces of sea level rise
or fall, erosion of layers and sequence boundaries related
to the paleoenvironment in the continental shelf region of
the west coast of India. Depositional and erosional
processes have created a complex array of geomorphic
elements and shallow stratigraphy on the continental
shelf thus developing a geological condition that would
have some of the most significant effects in design and
construction of any offshore foundation. Eastern margin
of the surveyed area is bounded by a straight coastline of
the main land having a prominent estuary formed by
Uppala river. At the mouth of estuary, rocks exposures are
seen though it is almost absent all along the coastal
area, where prominent beaches are developed. The seismic
method is the most effective methods for analyzing the
depth to bedrock and the quality of the overburden with
the validation of few boreholes from the respective areas. It
is always desirable to undertake site specific marine
geophysical surveys in conjunction with a programme of
limited borehole drilling and core sampling. The great power
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Materials and Methods
A total of 160lkm of shallow seismic and bathymetric
surveys were carried out along 11 coast perpendicular
lines of 10-15km long with 1km traverse interval and 2
coast parallel lines of 10km in length (Fig.1). The short line
spacing is required for proper estimation of the volume
of overburden to be removed for the channels and hence
the dredging cost. The surprises of sudden outcrops of
bedrock would increase the excavation cost to many folds
hence utmost care was taken for the proper evaluation of
the subseabed volume. A known boat wreck location is
also marked in Fig1. To have a data reception of bettewr
quality, speed of ship was maintained at about 4.5 knot
per hour.
A combination of SIG2 MILLE energy source unit
(IXSEA, France make) with sparker tow cable, fitted with a
multi electrode array (ELC1200) having 25nos of electrodes
for 160/250 Joules energy discharge was used as the energy
source. The dominant frequency range is from 1000Hz
to 1400Hz enabling a penetration of more than 100m

below the seabed depending upon the nature of the
sediments. The digital seismic data is processed through
“Delph Seismic Interpretation” software, which has the
facilities of applying different mode of filters, removal of
multiples and water column, gain controls and digitizing
seismic interfaces. The final data is tied corrected and
correlated with the tied corrected bathymetric profiles.
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and value of geophysical techniques lie in their use to
extrapolate from point ground truth, integrate all ground
truth data, visualize trends and detect local anomalous
conditions which escape detection by all but extremely
close-spaced (hence prohibitively expensive) drilling
program (Wadhwa et. al., 2007). The continuous subsurface
strata information at much lower cost and time can be
obtained by seismic reflection technique. This method was
developed long back by Hersey (Hersey 1963; Ewing and
Ewing 1970) but is quite pertinent in the present day’s
investigation also. Contrary to seismic refraction method,
seismic reflection can be continuously recorded on the
moving vessel, thus recognising it as a simple, fast and
reliable yet cheap exploration technique. Disadvantage
of the technique being that, only sediment structures can
be investigated and for precise lithostratigraphy, borehole
information is to be correlated. Borehole data can be used
for evaluation of in situ compressional wave velocities
which subsequently provide depths of different litho units
in the seismogram. Objectives of geophysical surveys in
support of engineering studies include characterization of
site conditions, geological constraints and evaluation of
potential geohazards. Site conditions characterized through
geophysical surveys typically include water depth, seafloor
morphology, seafloor sediments, and subsurface geology.
Examples of shallow geohazards evaluated using
geophysical data include sediment transport, boulders,
buried paleochannels filled with soft sediments, slope
instability, faulting, and gas seep/shallow gas (Fugro,
2017).The information thus obtained from the site
investigation along with water depth help geotechnical
engineers to decide upon the location and nature of
foundation system.
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Fig.1. Location and cruise track map of single channel
seismic survey off Manjeshwaram, Kerala Coast

Results
The bathymetric contours shown in Fig.2 are quite
uneventful and reveal that the seafloor is smooth and
gently sloping with a gradient of about 1:613 towards off
shore between water depths of 8 to 31m. In general all
the isobaths are coast parallel and do not show any
depositional (delta) or erosional (channel) sea floor
physiographic features. In Fig.3 and Fig.4, two seismogram
of line L6 and L10 are shown along with blown up
section of acoustic blanking and gas chimney. In all the
seismograms the seabed, and different reflectors are
identified and plotted as profiles. The prominent reflectors
which demarcate the different lithological units based on
their acoustic impedance are only marked. In the
seismograms maximum of 8 reflectors from R1 to R8 are
observed along with seabed though all of them are not
present in every profile. The survey area which is in
WCMI, has undergone several phases of transgression
and regression from the Last Glacial Maximum (LGM).
There are cycles of high energy and smooth tranquil
environment with occasional standstill periods. The reflector
R1 for the entire profiles appears to be deposited in this
type of low energy environment. It is more or less smooth
and conformable with the seabed and follows the same
patterns of disposition. The sequence boundaries can be
identified by the different reflectors however facies
change which causes the lateral homogeneity are not
decipherable in the single channel marine seismogram

Marine Geophysical Surveys for Geotechnical Appraisal

behaviour and properties of seabed and subseabed sediments
which are of paramount importance for the design parameters
of offshore construction (Naudts et.al,2010).

F

Seabed
R1

;-----------------Time (msec)-----------8

without the control of boreholes or information from well
logging. The reflectors R2 to R6 form a toplap sequence
where the inclination of the reflectors is steeper than the
overlying boundary R1. The toplap is characteristic of
non-deposition and subsequent erosion ( Stoker et al
1997). The drape like layer R1 is deposited above the
erosional top parts of R2 to R6. The inclination of the
reflectors increased progressively from R2 to R6 which
indicates the progradational clinoform. The depositional
conditions of R2 and R3 appear to be different from R4,
R5, and R6. They are wavy, slightly inclined and may be
deposited in high energy environment. The reflectors of
R7 and R8 are much deeper and inclined. Some seismograms
show reflector R1 to be faulted. The throws of the faults
are clearly identifiable. The absence of seabed multiples
in any of the profiles indicate soft sediments and weak
acoustic impedance. The probing depth of the last
reflector is more than 106m. The information of probing
depth of more than 100m can be an encouraging finding
for the channel dredging but not for the foundation structures.
The deeper bedrock reduces the cost of excavation but at
the same time, offshore foundation will be more expensive
and tricky. Piles can be the chosen foundation rather than
the gravity based foundation. They are widely used for
offshore applications, especially if the surficial marine
sediments are considerably loose, weak, or the foundations
are required to resist fairly large lateral/tensile loads.
Signature of acoustic blanking and gas chimneys are
observed in some profiles which may be related to the
presence of shallow gas. Earlier these types of features in
the seismic section have been regarded as artefacts but now
considerable importance is given to these phenomena.
Transgressive and regressive events over geological time
generally change the sedimentary environment and
thus alter the distribution and quantity of the organic
matter which could provide traps for various types of gases.
The shallow gas significantly changes the geotechnical
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Fig.3. Seismogram showing different reflectors and
zoom part of acoustic blanking along the coast
perpendicular line L6.
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Fig.2. Bathymetric map of the survey area

Fig.4. Seismogram showing different reflectors and zoom
part of gas chimney along the coast perpendicular line L10.
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In Fig.5 the isopach contour map between seabed and
the reflectors R1 is plotted considering the approximate
velocity of R1 to be 1600m/s. The central portion parallel
to the coast shows a region of maximum thickness
of around 10m. The deposition of the sediments might
have occurred in the depression generated by the several
phases of sea level rise and fall in the past geological
time. The isopach map would give a fair idea for the
estimation of the volume of excavation and subsequently
the cost depending upon the material content.

• The probing depth of the profiles is more than 100m but

Proper traces of paleo channel are not observed as
expected before the start of the cruise since a small river
mouth is existing near the survey area.
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Conclusions
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Abstract
Kunjaban Gas field is a small anticline structure in the North Western part Tripura Fold belt area of Assam-Arakan
basin. The challenge of predicting unpenetrated Lower Bhuban formation of Early Miocene is tackled by equating
analytical ratio of pore pressure gradient in pressure transition zones with that of overpressured zones, of two known
fields which would indicate the ratio of stress regimes in the fold belt. And then using the ratio to compute the unknown
Lower Bhuban pressure gradient in Kunjaban Field. The assumption that the upliftment/unloading and tectonic factors
influencing the overpressured zone is same as that of transition zone, is found true with analytical pressure gradient
ratios generated from previous pore pressure analysis of other fields in Tripura Fold Belt. The study would help in
suitable well design of proposed locations penetratiing Lower Bhuban in the Kunjaban field. This new method could be
implemented for fields of any Basin. Particularly this would help in pore pressure prediction while exploring deeper
formations in Fold belt area especially now when the hydrocarbon exploration is focusing Early Miocene and deeper.
Keywords: Pore Pressure prediction, Kunjaban Field, Tripura Fold Belt

Introduction
Kunjaban field is situated in the North-Western part of
Tripura and lies to the north of the established gas field of
Agartala Dome (Fig.1). The sedimentation history of the
Fold belt started with breakup of the Gondwanaland in
Jurassic and Cretaceous continues since then (Fig.2). The
Tipam sands (Miopliocene) are exposed in Tripura Fold belt
while Surma (Miocene) formations are exposed in Northern
Cachar Anticlines. It is observed that generally pore pressure
transition zone starts from the lower part of shaly Middle
Bhuban (MB) and the arenaceous Lower Bhuban (LB)
formation is a top of over pressure.

Pore pressure of seven drilled wells penetrated till
Middle Bhuban formation (Fig.3) have been analysed
with ‘Eaton’ sonic method in calibration with formation
pressure test data, mud weights. Three proposed locations
(WL-1,WL-2,WL-3) are targeted for penetrating the
Lower Bhuban formation which required pore pressure
prediction.
In Fold belts the formations are uplifted or down-thrown
and also are under varying geo-stress. But at the same time
with respect to 1D pore pressure a succession of pressure
transition zone and the following overpressured zone can
be assumed, in similar geostress and part of an open or
closed pressure system. Ratio of rate of change of pressure
(pressure gradient) in one specific depth interval of a
formation in field A (a particular state of unloading and
stress) with field B (another state of unloading and stress)
would be equal to ratio of the factors that change porosity
(the combined unloading and geo-stress factors). Pressure
gradient ratio of transition zones in MB of two different
fields can be equated to ratio of following over pressured
LB zones of the same. This has been analytically proved
in case of Agartala Dome and Khubal field (Table 1).
In Kunjaban field 7 wells had been drilled into the
pressure transition zone in lower part of Middle Bhuban.

Fig.1. Fields in Tripura Fold Belt

The pressure gradient is generated from Eaton’s post
drill post drill sonic-pressure analysis method and the
average pressure gradient of the transition zone is derived
for the field. The ratio of pressure gradients with respect
to Agartala Dome and Khubal field is computed for MB
transition zone from which pressure gradient of
overpressured LB of Kunjaban field is calculated (Table 1).
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Eaton’s Method and Pore Pressure Analysis of
Drilled Wells
According Eaton’s sonic method:
PP = OP – (OP – Phyd) (DTn/ DTlog)3----(eq.1)
Where, Phyd -Hydrostatic Pressure,OP- Overburden Pressure
and DTn, DTlog - values of NCT & sonic log resp.
and Fracture Pressure ,
FP = PP + (OP-PP) (µ/1-µ) ------ (eq.2)
Where, µ = Poisson’s ratio of shale and taken as 0.4, which
fit well with the leak-off test (LOT) data.

Fig.2. Stratigraphic Succession of Tripura-Cachar Area
Fig.4 Pore pressure analysis steps of the well W-2
The Eaton’s sonic method is based on shale compaction
with depth. Shale points are discriminated in sonic log with
the help of gamma ray log, available Vshale computations and
composite log, for each well. Normal compaction trend
(NCT) has been established manually on the filtered shale
sonic curve. Overburden gradient (OBG) has been computed
from density log.
The generated Pore pressure curves are validated with
mud weight maintained during drilling, casing details, MDT
records, well activity and loss during drilling, production
testing, ‘d’-exponent data, shale density, bottom hole
temperature and drilling events or complications. Fracture
pressures are also generated for each well and validated with
LOT/PIT records (Fig.4). The whole process has been done
in Drillworks Predict software.

Pore Pressure Computation from Pressure
Gradient Ratios

Fig.3. Correlation of Drilled Wells in Kunjaban Filed

Three well locations were proposed in Kunaban
targeting LB formation where pressure need to be
predicted. Pore. From pore pressure analysis of drilled
wells (Fig.5) the average pore Pressure gradient in
pressure transition zone is 0.98 psi/ft as listed in Table 1.

Pore pressure Prediction of Kunjaban Gas Field

Fig.5. Pore pressure analysis of drilled wells in
Kunjaban Field
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Fig.6. Comparison of pore pressure curves of drilled
wells of Khubal Field with respect to formation tops
The ratio of pressure gradient of Kunjaban (KU) in
transition zone with respect to AD is 0.645 and with KH
is 0.891. Assuming similar ratio for LB with respect to
AD and KH, the computed pressure gradients in high
pressure zone in LB of Kunjaban are 1.387 psi/ft
(2.15*0.645) and 1.372 psi/ft (1.54*0.891) respectively.
From this, the pressure gradient of LB in Kunjaban can
be averaged to ~1.379 psi/ft (Table 2).

Table 1: Pressure gradients in transition zone of
Drilled wells of Kunjaban Field
From previous studies conducted in Tripura Fold belt,
the pressure gradients in Agartala Dome (AD) Field
(immediately south of Kunjaban (KU) Field) and Khubal
(KH) Field (Northeast of Kunjaban Field) have been
computed (Fig.6).
In Agartala Dome, the pore pressure gradient in pressure transition zone (1.52 psi/ft) and high pressure zone in
Lower Bhuban (2.15 psi/ft) are higher than those in Khubal
field (1.11 and 1.54 psi/ft respectively , Table 2). It could
be seen that the ratios of pressure gradients of respective
zones of AD with respect to KH could be equated to accuracy of two decimal places (0.72) as seen in Table 2. Such
phenomenon can be expected in pressure gradient/ porosity
ratios of successive formations in nearby fields of a Fold
belt or even in fields of a Basin with varying tectonic stress.

Table 2: Pressure gradients of nearby fields and
computationin LB formation of Kunjaban Field
This methodology and approach, though has limitations
if lateral variation of stress in a field is high. But can be
considered to be fairly accurate when lateral variation in
pore pressure across the wells of the field is not found to be
drastic as observed in present study.

Pore pressure Prediction for Proposed Wells
Pressure gradients of nearby well to each location is used
from surface to transition zone and in the Lower Bhuban till
target depth pressure is extrapolated with the computed
gradient value of 1.379 psi/ft (Fig.7).
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Limitations being drastic lateral variation in stress
regime within the field and when the assumption of equal
stress at two successive layers prove false. Hence the
method need proper testing at two or more known fields
before implementing for pore pressure prediction.
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Fig.7. Pore Pressure Prediction for three proposed
wells in Kunjaban Field
Overburden gradient of nearby well is extrapolated to
TD for fracture pressure calculation. The maximum bottom
hole pressure predicted at TD (4000 m) is ~8580 psi, for
the location WL-2 which is targeted to penetrate ~200m into
LB (Fig.7).
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Conclusions
The average pore pressure gradient of high pressure zone
in top part of LB in Kunjaban Field ranges between 1.33 to
1.43 psi/ft. The average fracture pressure gradient is between
0.92 to 0.93 psi/ft.
The pressure gradient ratio of a particular formation at
two different fields of a Basin is nothing but the ratio
effective stress of the same at two different state of unloading
or geo-stress. When the geo-stress could be assumed same
for two successive layers, the pressure of deeper layer can
be estimated if the pressure gradient of formation above is
known at two different stress regimes and that of the
formation below is known at one of the stress regimes.
So the method would hold good for estimation of pore
pressures of unexplored deeper formations of fields in a
Basin, if the pressure regime of the upper formation is known
and that of the below deeper formation is known at least in
one fields in the Basin.
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