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FIRST ANNOUNCEMENT
st

41 Annual Convention and Seminar on Exploration Geophysics
13-16 October, 2019, at CSIR-National Geophysical Research Institute (NGRI)
Hyderabad, Telangana State, India.
The Association of Exploration Geophysicists (AEG), is organizing its 41st Annual Convention
and Seminar on Exploration Geophysics during 13-16 October, 2019, at CSIR-NGRI, Hyderabad,
Telangana State, India. The Association has successfully conducted 40 annual meetings and seminars
with themes of topical interest and national importance. AEG seminars are organized in different
parts of India to enthuse and involve geoscientists from various geoscience organizations, academic
experts from universities and IIT’s, practitioners, geoscience service providers and Industry experts
and bring them to a common platform. The seminar is expected to attract geoscientists from India
and abroad who will be presenting technical papers on the state of art practices in geosciences. This
seminar will be of immense value to professional geoscientists, industrial planners, investors,
engineering geologists and research scholars of geosciences as this 41st Seminar is being held as
part of 2nd Triennial congress of Federation of Indian Geosciences Association (FIGA). The seminar
serves as a unique interdisciplinary platform for delegates to enjoy a broad spectrum of geology,
geophysics and related technologies in the technical sessions, poster sessions and exhibition.

Call for Papers
Papers are invited from the participating delegates as per the guidelines of Journal of Geophysics.
Authors are requested to send the Abstracts by 19th August, 2019. Acceptance of the abstracts will
be communicated by 30th August, 2019. Authors are requested to submit the full paper before
1st October, 2019. Original scientific contributions are encouraged and invited. Authors are requested
to send the text of the abstract in MS Word by email to aegindiageophysics@gmail.com.

Exhibition
An exposition highlighting state of the art techniques, geophysical and allied instruments, service
and products of national and international vendors and geoscience software will be organised
coinciding with the seminar. The exhibition will enable the delegates to gain a comprehensive
overview of the products and services available as well as an opportunity to discuss the latest
developments with representatives from the major companies serving the needs of the exploration
industry. Exhibits are expected to span all the sectors of the exploration industry - petroleum, minerals,
coal, groundwater, engineering and environment. A wide range of publications of AEG and other
institutions will also be exhibited. Exhibitors may contact the AEG to book their exhibition stalls.
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EDITOR’S PAGE
With great pleasure and satisfaction, Association of Exploration Geophysicists (AEG) forwards
the Vol.XL No.1 January-March, 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.
M. K. Singh et al., in their article “Delineation of Class-II Gas sands: A Case Study” discusses
the results of AVO forward modeling of Niger Delta basin for delineation class II gas sands. In this
study, attributes derived from well log and seismic data are correlated and combined for better
understanding of the reservoir. As the observed seismic attributes were not able to capture the gas
sands in full stack data, AVO forward modeling was performed by moving into gather domain. The
study indicated that both seismic gathers as well as modeled synthetic gathers exhibit class-II AVO
behavior for gas sand in the study area and far angle stack attributes along with AVO attributes provided
better insight of class-II gas sand.
In the technical paper “Non-Linear Inversion of Spectral Ratios for Estimation of Seismic Q
from VSP Data” Pardeep Sangwan et al., proposed a new approach to spectral ratio method to
determine the seismic attenuation using non-linear inversion. Classical log spectral ratio method (LSR)
of Quality factor (Q) estimation of is adversely affected by noise in the data. A non-linear approach
was analyzed on synthetic zero-offset VSP data for better estimates of Q in presence of noise. It is
found that in low signal to noise ratio non-linear optimization of the absorption model is near to
actual model. For very poor signal to noise ratio the Levenberg-Marquardt method (L-M) estimates
are marginally better. The study indicated that the non-linear approach to spectral ratio method is
preferred for more accurate results.
Microzonation plays a vital role as a proactive strategy in cities where high seismic risk is involved
particularly along the coast.V. Ramamurty et al., in their article “Seismic Hazard Microzonation Studies
in and Around Thrissur Urban Agglomeration, Kerala” presents the results of geophysical surveys
comprising of site response (noise survey), Electrical Resistivity and Shallow Seismic Refraction
methods conducted in Thrissur Urban Agglomeration, Kerala to determine the site response parameters.
The peak site amplification and corresponding peak frequency maps indicated variations of peak
frequency in the range of 0.5 to 15 Hz and peak amplification from 1.5 to 13. Electrical Resistivity and
Shallow seismic Soundings in selected sites confirm that the thickness of the sediments to vary from
around 8m to 20m from east to West which were well corroborated with SPT borehole data. Shallow
seismic refraction results reveal that the shear wave velocity of the overburden is around 150 to 300 m/s.
H. C. Gouda et al., in their “Study of Structures and Basement Configuration of Hydrocarbon
bearing Offshore Regions of Ratnagiri-Mumbai Coast – An Insight from Aeromagnetic Data”
highlighted the efficacy of aeromagnetic and spectrometric surveys in delineating structural features
and extent of hydrocarbon bearing basin boundaries of Bombay offshore area. The series of closely
spaced parallel discontinuities trending NNW-SSE inferred to be associated with the basement controlled
NW-SE trending fault system that have affected the shelf area in formation of horst-graben structures
and different hydrocarbon bearing blocks of Bombay offshore basin. Estimated Euler depth solutions
and the Source Parameter Imaging (SPI) map show the depths to the causative sources or the magnetic

basement, corroborate with the average depths resulted from the spectral analysis. The depth to the
thick pile of sediments in the parts of Tapti-Daman, Heera-Panna-Bassien and Ratnagiri basin blocks
of Bombay offshore basin area is inferred to be around 2000 m 4500 m. The aeromagnetic data thus
helped in understanding the area in terms of geological setting, tectonics, structures and depth to the
causative sources.
Upananda et al., in their case study “Delineation of Shear Zone and Associated Mineralisation
using Multi-Disciplinary Geophysical Techniques in Ghanpur-Mudholi West Block, Gadchiroli
District, Maharashtra” discuss the results integrated ground geophysical surveys in delineating shear
zone and associated sulphide mineralization. The magnetic anomaly map delineated the contact of
shear zone under thick soil cover and the tend of shear zone in NNW-SSE direction. The prominent
magnetic high zones are inferred to represent enrichment of Fe-oxides along altered shear zones. High
resistivity anomalies are demarcated correlating wtih the trend of shear zone. Moderate chargeability
overlapping with high resistivity anomaly zone is interpreted to define the zone of alteration with
sulphide mineralization.
In the technical paper “Inversion of Large Loop In-loop TEM Sounding Data over Layered Earth
Models” Ashish Kumar Tiwari and N. P. describes an inversion method for interpretation of large loop
in-loop TEM data over layered earth models. An inversion scheme based on minimization of residual
misfit function is developed and applied for the inversion of large loop in-loop TEM data. The forward
problem is first formulated in frequency domain, and then it is converted into the time domain using
Fourier cosine or sine transform. The accuracy and robustness of algorithm is tested for synthetic data
generated for in-loop configuration over homogeneous, two layer and three layer earth models with
and without addition of random noises. Inverted results are in good agreement with the theoretical
models and demonstrate that different parameters are recovered with high accuracy
N.C. Mondal et al., in their “High Resolution 2-D Aquifer Mapping along Tapi River Bed adjoining
Surat Smart City using Electrical Resistivity Tomography (ERT) Survey” elucidate the results of
Electrical Resistivity Tomography (ERTs) conducted to delineate the near surface multi-aquifer system
within the alluvium capping along the river bed adjacent to the upcoming Surat Smart City. Mainly
fine to coarse sediments admixed with clay form near surface multi-aquifer system within the alluvium
capping along the river bed whereas weathered and fractured basalts in hard formation have found an
important water-bearing zones in the study area. Out of 12 ERT profiles, six sites have been found
suitable for the construction French wells of sustainable water supply in 24×7 hrs to the upcoming
Surat Smart City.

V.P.Dimri
A.K.Chaturvedi
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Delineation of Class-II Gas sands: A Case Study
M. K. Singh, A. Sonowal, D. S. Manral and G.V.J. Rao
Oil India Limited
Email: manish_singh@oilindia.in

Abstract
In this paper, a case study of Niger Delta basin for gas sand of Eocene - Miocene age has been discussed. It has been
observed that seismic attributes viz. RMS and Sweetness were not able to capture the gas sands in full stack data mainly
due to the near-zero impedance contrast between gas sand and encasing shales. This problem was resolved by moving
into gather domain and subsequently, AVO forward modeling was performed using available well logs to ascertain the
AVO behavior of gas sand. It was observed that both seismic gathers as well as modeled synthetic gathers were exhibiting
class-II AVO behavior for gas sand in the study area. During gather analysis, it has been realized that attributes derived
from Far angle stack are more suitable to delineate gas sand along with AVO attribute.
Keywords: Class-II Gas sand, gather domain, AVO forward modeling.

Introduction
It has always been a challenging task for geophysicists
to delineate class-II AVO anomaly in seismic stack due to
its near-zero amplitude signature. So, it becomes very vital
to carefully analyze the behavior of seismic gather in order
to capture class-II gas sands. Further, proper selection and
analysis of seismic amplitudes of partial stack can assist
significantly for delineation of class-II gas sand. In case of
class-II gas sands, far offsets are the major contributors to
seismic amplitude whereas full stack data is inadequate to
describe the response of gas sand.
In the study area, there were two (2) wells viz. Well-A
and Well-B, drilled targeting Miocene- Eocene formation.
Out of these, Well-A was a discovery well and encountered
gas reservoir of Miocene-Eocene age. Subsequently,
Well-B was drilled as an appraisal well to ascertain the
extent of gas sand which eventually went dry. In present
study, the possible extension of the gas sand
encountered at Well-A has been mapped based on the
seismic amplitude analysis alongwith AVO attributes.
Pre-stack Time Migrated Seismic gathers were available
alongwith interpreted horizons in the study area. HorizonA was the interpreted horizon close to top of gas sand.

Methodology
Using conventional post stack data, it is difficult to detect
the signature of class-II type gas sand. However, if the
derived seismic attributes are correlated with drilled well
information, it possibly give us an intuitive understanding
of the reservoir. In this study, attribute derived from well
log and seismic data are correlated and combined to have
better understanding of the reservoir.
Workflow adopted for the study shown in Well log data
of available wells were analyzed after editing and correction

Fig. 1. Workflow adopted during the study
for borehole effect. Due to un-availability of recorded Shear
sonic at wells, P-sonic, density and necessary petrophysical
logs were used to estimate shear sonic log at wells. It has
been observed that, the change in acoustic impedance
contrast between the gas sand and wet sand is small, though
the change in Poisson’s ratio is large which indicates possible
class-II type of AVO anomaly. Subsequently, the modeled
synthetic gather also exhibiting class-II type of AVO anomaly
against gas sand at well-A. Results of AVO forward modeling
at well-A shown in Figure 2.
In case of class-II sand, conventional full stack data is
inadequate to describe the response of gas sand because of
near zero reflection contrast at normal incidence. The gas
sand effect is prominent in the far offset traces where seismic
reflection is brightest. To analyze the 3D seismic gathers,
pre-conditioning of the seismic gather was done within zone
of interest. In this process, Supergathers were created and
subsequently converted to angle gather using seismic
velocity. Trim statics has been applied to flatten the events
within the zone of interest.
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To analyze the seismic amplitude behavior of class-II
sand, three (03) partial angles stack viz. Near Stack
(3-17°), Mid Stack (12-27°) and Far Stack (22-37°) were
generated from angle gathers (Figure-3). Attribute
map were generated using these partial stacks to map
the possible gas sand within the zone of interest. Far
angle stacks found to be more suitable for capturing the
effect class-II type gas sand.

Fig.2. AVO forward modeling at well-A.

Further, AVO attributes map have also been generated
& integrated with seismic amplitude anomaly to reduce
the risk. In this study, AVO Intercept (A) and Gradient
(B) volumes were extracted from seismic and subsequently,
other attributes viz. (A*B), (A+B) & (A-B) were derived.
It has been observed that, (A+B) is most suitable AVO
attribute to represent gas sand in the study area.

Fig.3. Conventional full stack data is inadequate to describe the response of class-II gas sands. However,
the amplitude anomaly is prominent in Far angle stack.

Delineation of Class-II Gas sands
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Fig.4. Behavior of seismic gathers at well-A.

Analysis of AVO Behavior of Seismic Gathers
Small offset reflectivity of class-II sand is close to zero
and is often undetectable in the presence of noise. The
reflections events are more coherent at larger offsets
exhibiting better S/N ratio and amplitude manifestation. If
R(0) is positive, polarity change may occur at a near offset
but it is usually not detectable if signal is below the noise
level. Scanning of conditioned seismic gathers were carried
out to check the AVO behavior of gathers in the study area.
Behavior of seismic gathers at well-A shown in For class-II
gas sands, far angles are the major contributors toward the
seismic amplitude. So, in the interpretation scheme three
(03) partial stacks viz. Near, Mid and Far were compared
and it was observed that far angle stack is most suitable to
capture the effect of gas sand. At far angle stacks, the gas
sand reflection is brightest as compare to the background
reflection. Different amplitude attributes maps viz. RMS
avg., Mean were generated using far angle stack and analyzed
to map the possible extension of gas sand encountered at
Well-A. These amplitude attribute maps were validated at
well positions. Horizon guided mapping were done on
Seismic and AVO attributes near top of Horizon-A to capture
gas sand (Figure-5).
To ascertain the possible extension of class-II gas sand,
Top and Base of gas sand were picked on (A+B) volume,
which found to be more consistent with structural
interpretation (Figure-6).

Fig.5. Horizon slices close to Horizon-A corresponding
to different attributes.
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Conclusion
In class-II gas sand, far angle stack can be utilized as
key tool for delineating the anomalies. In present study, far
angle stack attributes alongwith AVO attributes provided
better insight of class-II gas sand. Based on the results, it
has been established that the gas sand is not extending upto
Well-B.

Reference
Mark E. Gregg, Charles T. Bukowski; Developing an
exploration tool in a mature trend: A 3D AVO case study in
South Texas; Leading Edge, 2000.
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Non-Linear Inversion of Spectral Ratios for Estimation of
Seismic Q from VSP Data
Pardeep Sangwan, Dinesh Kumar*, Subrata Chakraborty and M. K. Balasubramaniam
Reliance Industries Limited, Mumbai
*Department of Geophysics, Kurukshetra University, Kurukshetra
Email: pardeep.sangwan@ril.com

Abstract
Seismic energy propagating through a dissipative medium experiences strong absorption of higher frequencies
and distortion in wavelet shape. This adversely affects seismic resolution and poor transmission below highly
attenuating zones. The compensating Inverse Q filtering process requires proper attenuation coefficient (Q) values.
Most reliable estimate of seismic attenuation is obtained from VSP data using log spectral ratio method and
Frequency shift method. However as signal to noise ratio reduces, the errors in estimates increases. To address this
issue we propose a new approach to spectral ratio method to determine the seismic attenuation using non-linear
inversion and support it with a model study to demonstrate its robustness in Q estimates.
Keywords: Attenuation, Quality Factor, Non-Linear, VSP

(2)

Introduction
Estimation of Quality factor has been attempted from
various datasets like VSP, Surface seismic, Sonic log,
Laboratory tests on cores etc., VSP data is most reliable
(Dasgupta and Clark 1998)for its in-situ attenuation
estimation owing to geometry of raypath, isolation of
target zone, good signal/noise ratio etc. Classical log spectral
ratio method (LSR) involves inversion of log spectral ratios
with a straight line fit to solve out for Q in the zone of
investigation. As noted by Tonn (1991) and Yang (2009),
LSRmethod is reliable in data having good signal to noise
ratio.However the spectral information can be quite
noisy in real data and consequently the log transformation
in case of noisy data further diverges the estimation
from the true decay in comparison to estimates from clean
dataset. For a small error in high frequency part of the
spectrum, the inversion of log spectral ratios may result
in significantly erroneous Q values (E Blias, 2012). Blias
proposed an optimization approach to stabilize the
Q absorption model. We set forth with the objective of
minimizing these errors using VSP synthetic data.
We inverted the spectral ratio non-linearly using
Levenberg-Marquardt method(L-M ) as well as log
spectral ratios by Linear least square inversion The
results for both the inversion methods on VSP synthetic
data with different noise levels are discussed.

Theory

where
is the spectral ratio of the target and source
wavelet;
is the time to reach the target from the source;
represents the Quality factor of the medium between the
source and target; while
is constant which takes into
account the reflectivity ratio, geometrical spreading, source
and receiver response, coupling etc.After linearization
using logarithmic transformation Equation 2 becomes a
straight line, whose slope is used to estimate the Q value.
(3)
The linear problem (Eq. 3) is then solved in least square
sense to estimate the attenuation. However log-spectral ratio
method is quite sensitive to noise. In case of noisy data,
non-linear fitting of exponential decay curve is better
approach than log-linear solution (Menke, 1984, Parul
2010). The nonlinear inverse problem of Eq. 2 can be
formulated as the optimization problem of minimizing the
cost function
(4)
where
is the observed spectral ratio,
is the
estimated ratios and M is the number of observations in the
selected frequency bandwidth. The equation 3 can be solved
using Levenberg-Marquardt method (Levenberg 1944 and
Marquardt 1963)
(5)

Attenuation is described by quality factor Q (Knopoff
1964) in Equation 1; which is the loss of energy - ÄE per
cycle.
(1)
For a constant Q model, the spectral ratio method can
be represented in the form of Equation 2

where J is the matrix of partial derivatives of function with
respect to model parameters (C nq and Q); ΔX is the
perturbation; JT is the transpose of J; λ is the damping
parameter; Diag (JTJ) is the diagonal matrix of (JTJ).A good
initial guess is required to avoid the convergence to local
minima. In this work we have taken the solution of log
spectral ratio method as an initial model for LM method.
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Synthetic Study
Attenuation model for VSP synthetic study is displayed
in Figure 1 and the model parameters are detailed in Table
1. Synthetic zero-offset VSPdata is generated using an airgun
array of volume 3090 cu. in. located at 4m water depth. The
receivers are spread with a 20m receiver interval along the
depth from 800 to 3400m. Direct arrivals modeled with
attenuation are shown in Figure 2. The data was de-bubbled
and the first arrivals were isolated for spectral calculation.

Random noise of 10% and 20% of maximum amplitude
of deepest receiver was generated and added in the
noise-free data, which is displayed in Figure 3.

Table1: Model parameters

Layer
1
2
3
4
5
6
7
8
9
10

Thickness
(m)
800
300
100
200
50
250
200
300
400
700

Int.
Vel.(m/s)
1500
1800
1950
2100
2300
2500
2750
2900
3200
3500

Density
(g/cm3)
1.00
1.90
2.00
2.10
2.20
2.25
2.30
2.35
2.45
2.7

Q
factor
10000
100
130
100
70
110
125
100
130
200

Fig. 3. Synthetic data with different levels of random noise
The spectrum at the shallowest receiver for noise free
data and with different noise levels is shown in Figure 4,
while Figure 5displays the spectrum for the deepest receiver.

Fig. 1. Synthetic 1D Model.

Fig. 4. Amplitude Spectrum of Shallowest Receiver
for different levels of noise.

Fig. 2. Noise free synthetic zero-offset VSP data. Far
field signature of source array is displayed in upper right
corner and lower left corner shows its amplitude spectrum.

Fig. 5. Amplitude Spectrum of deepest Receiver for
different levels of noise.

Non-Linear Inversion of Spectral Ratios
The source ghost notch (187 Hz) at shallowest receiver
(Figure 4) is even not visible at deepest receiver (Figure 5)
due to higher absorption and background noise.
The receivers for all the layers were identified and the
spectral ratios were calculated for each zone.To estimate
the interval Quality factor, we have selected the reference
and receiver in the investigation zone itself so that the
reflectivity and other factors affecting estimation do not
deviate the actual idea behind the study. Spectral ratio
for the shallowest and deepest zone for all three scenarios
are displayed in Figure 6 and 7 respectively. It can be
observed that the spectral distortion is very high in high
frequency part of spectrum. Further the variation is quite
high for the deepest zone where the signal to noise ratio
is poor compared to shallow zone. Travel time difference
between the reference and receiver are noted and the
linear least square inversion was performed using
log- spectral ratios.
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Q estimation was tried for different noise levels across a
range of bandwidths. It was noted that any effective
bandwidth (of atleast 35 frequency samples) in 20-90 Hz
range would privide the reliable estimate for noise-free
case. However the effective bandwidth for estimation
decreased with depth depending on the strength of
background noise and strong absorption at higher
frequency part of spectrum. Hecnce estimation band
for Q need to be selected appropriately based on
availabiltiy of useful signal strength. Non-linear inversion
of spectral ratio was done using Levenberg-Marquardt
method. For noise-free case the estimation results for all
zones using both the approaches are shown in Figure 8.
Estimated Q values (bandwidth 20 -80Hz) are almost near
to true model for both linear and non-linear approaches.

Fig. 6. Spectral Ratio of shallo west zone for
different levels of noise.
Fig.8. Estimated Q profile using the direct arrivals of
synthetic zero-offset VSP data by linear and non-linear
approaches for noise-free case.
Figure 9 shows the results for deepest zone in case of
10% noise. Effective bandwidth for estimation was
selected from 25 to 75Hz. The black curve is the observed
decay, red and blue curves are estimated decay using
linear and non-linear solution respectively. The result
for linear approach was 172.22, while for the non-linear
solution was 216.05. Non-linear estimation is more close to
true value as the log-transformation distorted the actual
decay. Figure 10 displays the results for 10% noise case.
Effective banwidth for estimation narrowed with depth,
however the results for non-linear approach are more close
to true values in comparision LSR method.

Fig.7. Spectral Ratio of deepest zone for
different levels of noise.

As can be observed from the 20% noise case (Figure
11) that the results are not stable for both the approaches,
yet non-linear is less far for most of the zones.
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Conclusions

Fig. 9. Spectral ratios of the deepest zone for 10% noise
case. Decay curves using linear and non-linear solution
are in red and blue curve respectively

LSR method of Q estimation is adversely affected by noise
in data. In an attempt to arrive at better estimates of Q in
presence of noise a non-linear approach was analyzed on
synthetic zero-offset VSP data. For noise free data the results
of both the approaches of estimation using spectral ratio
method are same. However as the noise level increased,the
results of classical log-spectral ratio method are deviating
from the actual. It is found that in low signal to noise ratio
non-linear optimization of the absorption model is near to
actual model compared to linear optimization. For very
poor signal to noise ratio none of the approaches provide
reliable results, however the L-M estimates are marginally
better in comparison to LSR values. Hence non-linear
approach to spectral ratio method can be preferred for more
accurate results. Spectra calculation with high resolution
time-frequency transforms may further improve the
estimation using non-linear approach.
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Abstract
Microzonation plays a vital role as a proactive strategy in cities where high seismic risk is involved
particularly along the coast. Civil Engineers and Town Planners can effectively use the microzonation information
to incorporate earthquake damage control / reduction measures in planning land-use and designing of structures.
For example, high amplification areas can be earmarked as lung space for development of parks etc., whereas low
amplification areas can be used for developmental activities such as construction of high-rise / heavy structures, public
utilities etc.
In keeping view of the seismicity of the study area, the National Disaster Management Authority (NDMA) has listed
Thrissur, Kerala as one of the important cities for pre-disaster studies, including seismic hazard microzonation (SHMZ).
The study area falls under Zone-III of the seismic zonation map of India (BIS: 1893 – Part1, 2002). Two earthquakes of
magnitude ~5.0 to 5.9M occurred in vicinity of Thrissur on 29-07-1972 and 08-02-1900. About six events measuring
>5.0M, 24 events measuring 4.5 – 5.0M, and numerous other minor events are also recorded in the part within 300 km
radius of the Thrissur area thus indicating the vulnerability of the area to seismic hazard. The presence of a few faults
within 50 km radius & Cauvery fault within 100 km suggest that in future seismic hazard in the area cannot be ruled out.
Geophysical surveys comprising of site response (noise survey), Electrical Resistivity and Shallow Seismic
Refraction methods were conducted in study area (Thrissur Urban Agglomeration, Kerala in an area of 300 sq.km) to
determine the site response parameters, viz., the predominant frequencies and the amplification of the ground
motion to decipher vulnerable zones of damage in case of an earthquake occurring in and around Thrissur city.
Processing of the data obtained from noise survey at various sites in Thrissur Urban Agglomeration shows
variations of peak frequency in the range of 0.5 to 15 Hz and peak amplification from 1.5 to 13. The peak site
amplification and corresponding peak frequency maps were prepared. Higher peak amplification factor as well as
moderate to low peak frequency values are observed in the south west part of the area covered with unconsolidated
sediments. Moderate to higher order amplification factor with high frequency values are noticed in eastern part of the
area due to shallow bed rock.
Electrical Resistivity and Shallow seismic Soundings in selected sites confirm that the thickness of the sediments,
mostly Lateritic Clay, appears to vary from around 8m to 20m from east to West. These results were well corroborated
with SPT borehole data. Shallow seismic refraction results reveal that the shear wave velocity of the overburden is
around 150 to 300 m/s at places, where the overburden is unconsolidated and lateritic clay. In the remaining part of the
area, the shear wave velocity is more than 300 m/s.
Keywords: Site Response Survey, Shear wave velocity, Peak Amplification, Predominant Frequency

Introduction
The seismic microzonation is based on the concept that the
intensity of ground shaking at certain frequency gets altered
by the geological characteristics of the terrain. Seismic
Microzonation can be achieved by rationally grouping the
site-specific ground motion parameters for the probabilistic
seismic hazard assessment.

Microzonation plays a vital role as a proactive strategy
in cities where high seismic risk is involved particularly
along the coast. Civil Engineers and Town Planners can
effectively use the microzonation information to incorporate
earthquake damage control / reduction measures in planning
land-use and designing of structures. For example, high
amplification areas can be earmarked as space for
development of parks etc., whereas low amplification areas
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can be used for developmental activities such as construction
of high-rise / heavy structures, public utilities etc.
Digital Seismograph manufactured by M/s Nanometrics,
Canada was used for noise study to determine the site
response parameters viz., the predominant frequency and
the amplification factor of the ground motion. Precisely,
these studies are aimed to delineate zones of varying site
response and assess damage potential in case of occurrence
of an earthquake in Thrissur Urban Agglomeration.
The site response parameters are very important factors
under the microzonation study of an area. It is established
that the ground shaking effect caused by an earthquake can
vary widely within a small distance. This is because the
seismic energy gets trapped at certain locations leading to
amplification of vibrations resulting in damages to man-made
structures. Theoretical analysis and observational data have
shown that each site has a characteristic frequency called
‘Natural frequency’ or ‘Resonance Frequency’ at which
ground motion gets amplified. Low value of seismic
impedance (velocity x density) gives rise to higher order
seismic amplification. Man-made structures, whose
Resonance frequency matches with that of the site, have the
maximum likelihood of getting damaged. Hence, in order
to construct seismically safe structures, it is important to
know the site response characteristics of the specific location.

Physiography and Accessibility
Trichur, presently known as Thrissur, is the fourth largest
city and the third most populated urban agglomeration in
Kerala with a population of more than 3 lakhs as per Govt.
census data of 2011. The city is known as “the Cultural
capital” of Kerala and is also a major academic hub.
Thrissur district is surrounded by Mallapuram, Palakkad,
Earnakulam and Idukki districts. Thrissur city is
located at a distance of around 10 km from Mannuthy
on NH 47 between Coimbatore and Cochin. The
Thrivandrum-Mangalore broad gauge line passes
through the city. Cochin international airport is at
around 60 km from Thrissur. In the western part of the
district, where lagoons and back water channels are
prominent, country crafts and boats serve as useful
means of transport cutting short the distance through roads.
Thus the city has got good accessibility. The study
area falls between latitudes 10°25’00" N and 10°35’00"
N, longitudes 76°05’00" E and 76°15’00" E falling in
Survey of India Toposheet no. 58 B /2 and B/3.

Climate and Rainfall
Because of its closeness to the equator, the climatic
conditions in Thrissur do not face a drastic change in the
summer and winter season. The maximum average
temperature of the city in the summer season is 35 °C
while the minimum temperature recorded is 22.5 °C.
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The winter season records a maximum average of 32.3 °C
and a minimum average of 20 °C. Cold climatic
conditions do not prevail in the city of Thrissur. Four
types of seasons are identified in this area. They are
the hot summer season from March to May, the southwest
monsoon season from June to September, the
northeast monsoon season from October to December and
a general cool and salubrious climate period during
January and February. The mean annual rainfall recorded
is around 2900 mm. The city is drained in the monsoonal
season by heavy showers. The humidity is higher during
monsoon months from June to December and is around 93%
during morning hours and 76% during evening hours. The
wind speed is more during December and January
months(Dr. S.Sakthimuguran, 2005).

Present Work
Three types of Geophysical studies were conducted in
the study area. These include Site Response Studies at 231
sites (Fig-1), Vertical Electrical Soundings (VES) at 41
locations and Shallow Seismic Refraction Soundings
(SSRS) at 62 locations.

Geomorphology, Geology and Seismicity
There are three major geomorphological features (Dr.
S.Sakthimuguran, 2005), (i) Coastal plain, (ii) Mid land and
(iii) High land in the Thrissur district (Fig-2).
(i) Coastal plain: The elevation of the coastal plain varies
from 1m below mean sea level to 7.6 m above mean sea
level. The coastal belt consists of number of beach ridges.
The kole land, which has elevations in the range of 1-2 m
below msl is water logged for 5-6 months in a year due to
tidal effects.
(ii) Mid land: Two geomorphic zones mark the midland
region. These zones are the flat-topped landform covered
by a thick blanket of laterite, which is immediately to the
east of coastal plain and rises up to 20 m above mean sea
level. The laterite is quite thick and in some places attains
thickness up to 25 m. The mounds occur all along the mid
land portion, occasionally rising to 70 m above the mean
sea level. The second geomorphic zone is represented by in
filled valleys, which occur in between laterite mounds. The
length of this zone varies from 100 m to 3.5 km, comprising
alluvial sediments, intensively cultivated and get flooded
during the monsoon periods.
(iii) High land: The Western Ghats along the eastern part
of the district constitute the high land region.
Most of the study area falls in the mid land region. Little
portion towards western side belongs to costal plain and a
hill in the North east corner of the study area comes under
high land region. The lateritic deposits of this region are of
Pliocene age. The underlying rocks belong to metamorphics
of Archaean age. Most part of the surrounding area is

Seismic Hazard Microzonation Studies

13

Fig. 1. Geophysical layout map of study area.
covered by Quaternary (Holocene) deposits comprising of the subsurface information up to a depth of around 30 m. To
Strandline of marine origin (predominant sand with little achieve this, three types of Geophysical surveys comprising
silt and clay), floodplains of fluvial origin (mainly sand, silt of Seismic Site Response (Noise Survey), vertical electrical
and gravel), Tidal flat and Beach barrier with dunes. The resistivity soundings and shallow seismic refraction
area exhibits shallow depth to water table (2-3 m) in soft soundings were conducted.
sediments and in upland the depth is around 10m.
The site response data was collected to evaluate the peak
Seismicity
frequency and peak amplification factor (Site Response)
The study area falls under Zone-III of the seismic zonation of a specific site in the area. Vertical electrical soundings
map of India (BIS: 1893 – Part1, 2002). Two earthquakes were conducted to bring out the subsurface information up
of magnitude ~5.0 to 5.9M occurred in the vicinity of to a depth of 30 m. Shallow seismic refraction soundings
Thrissur on 29-07-1972 and 08-02-1900. About six events were conducted to decipher the nature of formations and
measuring >5.0M, 24 events measuring 4.5- 5.0M, and depth to the bed rock. Using this information the average
numerous other minor events are also recorded within 300 shear wave velocity of the overburden can be calculated.
km radius of the Thrissur area thus indicating the
vulnerability of the area to seismic hazard. The presence of Methodology
few faults within 50 km radius and Cauveri fault within 100 Site Response Studies
km suggest that in future seismic hazard in the area
Various methods are available for estimating the site
cannot be ruled out (Fig-3).
response for hazard analysis in an area. The best method is
Field Surveys
to record the strong motion caused by a large local
earthquake. However, such events are not frequent in all the
Objective
places. Hence, this method is not very practical for site
The objective of the present surveys is to assess and response studies. As an alternative, data from records of
delineate the seismic Hazard Microzones and to bring out local micro-earthquakes and tele-seismic events is used for
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Fig. 2. Geomorphological map of study area.

Fig. 3. Seismicity of the study area.
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site response studies in an area. For this purpose, one need
to have a dense array of stations to have good spatial
resolution in microzonation and also records over a
protracted period are required. Another method used
for the site response studies is to carryout extensive
seismic refraction and geotechnical surveys to determine
the structure and physical properties of the soil and
rocks present at the site and then use them to
theoretically determine the site response. Since this
method is expensive and time consuming, seismic noise
study and analysis is carried out by deploying digital
micro-earthquake recorders to study the noise at
different sites and evaluate the predominant range of
frequencies and amplification factors. Site response
studies were covered at 231 stations in the study area
(Fig-1). At each site, the instrument was deployed for
about 4-5 hours duration in continuous mode of operation.

Vertical Electrical Resistivity Soundings
In resistivity method, a known amount of electrical
current is sent into the ground through a pair of electrodes
and potentials developed due to current within the ground
are measured across another pair of electrodes on the
ground. Multiplication of ratio of the developed potential
difference to current input with ‘geometric factor’ of
electrode configuration gives ‘apparent’ resistivity of the
‘inhomogeneous’ ground. It is given as ρa = K ¶V/I, where
is apparent resistivity in Ohm-m, K is the geometric
factor ρa in meters, ¶V is the potential developed in volts
and I is the current input in ampere. To study the variation
with depth, i.e. for acquiring information from deeper
levels, the separation between the current electrodes is
increased successively. Graphical plot of apparent
resistivity with increasing current electrode separation is
apparent resistivity curve or field curve at the point of
observation. Since, depth of penetration of current is
increased by increasing the current electrode separation
(specifically the distance between potential electrode and
current electrode), the curve reveals depth-wise variation in
resistivity. Matching of curve with a theoretical curve for a
known vertical distribution of the resistivity and thickness
gives geoelectrical layer sequence at the point of
measurement, within the depth investigated.
Resistivity survey is carried out by an instrument, known
as resistivity meter that basically comprises current and
potential units. The distance of current and potential
electrode spacing should be as per standard electrode
configuration, including the alignment. Otherwise the
geometric factor would be erroneous leading to incorrect
determination of the apparent resistivity. Also the ground
elevation of electrodes should be same, i.e. topographically
the electrodes should be at the same level. It has to be ensured
that there is no current leakage in the cable.
A variety of configurations exists to place the current
and potential electrodes, viz., Schlumberger, Wenner,
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dipole-dipole, two-electrode, half-Schlumberger,
Lee-partitioning etc. The commonly used electrode
configurations are ‘Schlumberger’ for sounding. For
sounding with Schlumberger configuration, the current
electrodes are moved outward along a straight line keeping
the closely spaced potential electrodes fixed at the centre
till a measurable potential difference is obtained.
As a rule, the potential electrode spacing is kept not
more than 1/5th of the current electrode spacing. As
such, there should be equal distribution of 4 to 8 points
in each log cycle of double log graph paper used for
plotting apparent resistivity curve. The current electrodes
can be moved outward symmetrically at an increment
of 2 to 10 m, without changing the potential electrode
positions. The current electrodes are conventionally
indicated as A and B electrodes and the spacing as
AB, potential electrodes as M and N electrodes and the
spacing as MN. The geometric factor for Schlumberger
configuration is p{(AB/2)² – (MN/2)² }/ MN. A total of
41 soundings were conducted in the study area .

Shallow Seismic Refraction Survey
Shallow Seismic refraction method uses the travel
times of the Primary waves from source to recording
station, yield data on seismic velocities and thickness of
various formations.
Strata Visor (NZ) Seismograph with 24 seismic channels
was deployed to conduct shallow seismic refraction
surveys. Geophone spread was selected at 3m interval
in the eastern part of the area where the expected bed rock
is at shallow depth; making the total distance from
1st Geophone to 24th Geophone at 69m. Whereas in the in
the south western part of the area, where the formation
is strand line, Geophone interval was selected at 5m;
making the total distance from 1 st Geophone to 24 th
Geophone as 115 m. The Seismic energy is generated
using hammer at the shot point and the distance of the
shot point from the first geophone has to be specified to
the operating software.
For the current survey, Multiple Geode Operating
Software (MGOS) is used. When the operating system
starts, three windows namely, noise window, shot window
and log window will be displayed. Before starting the
survey, adjust the noise level using the noise monitor. When
the seismic energy is generated at the shot point using
the hammer, the shot window will display all the details about
the data that is recorded. The electrical signals from the
geophones are amplified, digitized and stored in the
seismograph memory.
The seismic refraction survey was conducted by
forward and reverse spread arrays. The data was collected
at 62 stations on different geological formations in the area.
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Data Processing
Site Response Data
Nakamura (1989) defined site response, using longduration three component ambient noise records (or weak
seismic motion), as a quasi-transfer function involving the
ratio of the combined horizontal amplitude spectrum (H) to
vertical amplitude spectrum (V) at the studied site. The
horizontal-to-vertical spectral ratio (HVSR) method is an
empirical single-station site response approach to basically
estimate fundamental frequency of a site.
For sub-surface site conditions showing a velocity
contrast, the H/V amplitude versus frequency curve shows
a peak, which if sufficiently clear, closely corresponds to
fundamental frequency of the unconsolidated site. On the
other hand, maximum amplitude of the peak may not directly
relate to the actual site amplification, but depends upon the
characteristics of the unconsolidated layer and its layout with
respect to the bed rock. Nakamura (2000) developed a
technique which provides a reliable estimate of the site
response frequency, as compared to the other methods which
require a reference site. Besides, it provides information
related to subsurface soil properties through the well-known
formula f 0 = V s/4H, where f 0= fundamental response
frequency, Vs is the shear wave velocity near the surface
and H is the depth to the basement. Several studies have
shown the correlation between the peak on H/V curve and
the impedance contrast of the underlying media.
(T.G.Sitharam & P. Anbazhagan 2008)
SESAME (Site EffectS assessment using AMbient
Excitations) is one of the Europian research project (2004)
with an aim to estimate the site-effect with special attention
on urban areas and low cost techniques. One of the objectives
of the project was to investigate the reliability of the H/V
and the array technique. On completion of this project, user
guidelines for the H/V spectral ratio technique on ambient
vibrations are defined. Depending on these guidelines,
GEOPSY (GEOPhysical Signal database for noise arraY)
team is developing, distributing and maintaining open source
software for geophysical research and application since
2005. Born during SESAME Europian Project, GEOPSY
has provided tools for processing ambient vibrations with
site characterization in mind (K. Sivaram & S.S.Rai 2005).
The open source software GEOPSY was used to process
the site response data.
The site response data was downloaded from the ‘Taurus’
unit in miniseed format and the H/V spectral ratio at each
site was calculated using GEOPSY software. The raw signal
of 4 to 5 hours was split in to 50 Sec time windows. For
each 50 Sec time window, 0.5% cosine tapering filter is
applied. The calculated H/V curve is smoothed using ‘Konno
and Ohmmachi’ smoothing technique with required
smoothing constant. For the sites where the overburden is
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unconsolidated, the peak of the calculated H/V curve is very
sharp. For such sites, in order to reduce the sharpness of the
peak, a low smoothing constant of 15 to 25 was applied.
For the remaining sites, where the overburden is
consolidated, a smoothing constant of 30 to 40 was applied.
H/V spectral ratio was studied in the frequency range of
0.5Hz to 20Hz. The H/V curve for each site gave the
frequency and the amplitude estimated.

Shallow Seismic Refraction Survey Data
The data of all the 62 stations was retrieved from the
instrument and the first arrivals of the seismic energy on
each trace were analyzed by using the ‘Pikwin Module’ of
the Seisimager software. These arrivals are identified as the
first position, where the trace deflects from a straight line.
The trace for the geophone, which is nearest to the impact
point, will show early first arrival and the farthest geophone
will show at a later time.
The time-distance graph was prepared for each shot and
the primary wave velocities of different layers were estimated
by using the ‘Plotrefa Module’ of Seisimager software. The
thickness of different layers was estimated using the basic
formulas.

Discussion
Site Response Studies
The area is mainly covered by alluvium and laterite. From
the average relative spectra, the amplification factor at
various peak frequencies within 0.5-20 Hz is calculated and
the maximum site amplification with corresponding peak
frequencies at each site is computed. The results of site
response data indicates that peak frequency varies from 1.5
to 15 Hz (Fig-4) and the peak amplification varies from 1 to
13 (Fig-5).
The peak frequency contour map (Fig-4) in general
shows higher frequency values in the eastern part, moderate
values in the central and low values in the western side of
the area. However at places isolated high closures identified
near Chittilapalli, Aranattukara, Parakkad and east of
Porattur in the central part of the area. In general high
frequency values indicate that the bed rock is shallow depth
and low frequency indicates that the bed rock is at deeper.
The peak amplification contour map (Fig-5) in general
indicates three high peak amplification zones (A, B & C)
ranging from 6 to 11, identified near the areas surrounded
by Elavalli, Ayyankkad, Ambakkad, Kuttur, Attur, Pathukara
and Mullasheri (Zone-A); South of Venkidanga Kanjani,
Parattur, Pazhuvil, Chemmapilli and Vadanapalli (Zone-B);
Manakody, Karvattukara, Trichur, Chelakkottukara, and
north of Venginisheri( Zone-C). Zone-A and Zone-B are
observed in alluvium covered area, where the overburden
is Sand, Sandy Silt, Clay and silt with poor compactness,
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Fig. 4 and 5 Peak Amplification and Peak Frequency contour maps of study area
which are vulnerable for damage during an earthquake.
Since the flood plain area is completely waterlogged and
Zone-C is observed over Laterite formations and these is being used mostly for paddy purpose, soundings were
high amplification values are due to poor acoustic conducted along the man made roads in between the fields.
impedance contrast between overburden and the This area shows a three layer case. The top layer is
hard rock. The site amplification, when maximum transported material with a thickness of 0.5 to 1 m and its
seems to be contributing significantly to the highest resistivity varies from 50 to 500 Ohm-m, depending on the
damage probably due to the presence of unconsolidated material used for roads. The resistivity and the thickness of
overburdens. Rest of the study area shows low the second layer vary from 1.5 to 35 Ohm-m and 3 to 18 m
amplification values.
respectively. Overall sounding results infer that the thickness
of the flood deposit is around 18 m.

Resistivity Survey (VES)

The resistivity soundings conducted in the strand
line area reveals that a 3 to 5 layers of varying resistivity
values exist in the area. At some locations, the nature of the
top surface is very loose and dry sand with a thickness of
around 1.5 m. At these locations, the resistivity of the top
layer is in the range of 700 to 2500 Ohm-m. The resistivity
of the second layer varies from 200 to 300 Ohm-m, which
is sand, with a thickness of 2 to 6 m. The third layer
resistivity varies from 15 to 60 Ohm-m, with a thickness of
6 to 20 m. For soundings near the channel bar, the
resistivity falls down to 0.5 Ohm-m, which may be the effect
of back water. As a whole, the thickness of the sand in strand
line formation varies from 20 m in the northern side to 45 m
in the southern side.
Few soundings were conducted in the tidal flat area. As
this area is being used for paddy purpose and filled with
water, survey was carried out along the man made roads in
between the fields. The sounding results reveal that 3 to 4
layers are existing in the tidal flat area. The top layer is a
transported material with a thickness of 1.5 m and its
resistivity varies from 10 to 60 Ohm-m. The thickness of
the second layer varies from 10 to 20 m, and the resistivity
is in the order of 3 to 7 Ohm-m, may be because of sandy
clay. The sounding results infer that the thickness of the tidal
flat is around 10 to 20 m.

The soundings conducted over the Laterite deposit did
not reveal any favorable information, may be due to very
high resistive nature of the Laterite. Few soundings were
conducted near SPT locations to standardize the sounding
and to get a better match between sounding curves and SPT
borehole information.

Shallow Seismic Refraction Survey (SSRS)
Results of the seismic refraction survey conducted in
Strand line area shows that the primary velocity of the seismic
waves in the first layer varies from 350 to 500 m/s which
may be due to the presence of sand and its thickness varies
from 2 to 4.7 m. The second layer velocity varies from 1200
to 1800 m/s, which may be due to the presence of compact
material and its thickness vary from 20 m in the northern
end to around 40 m towards south western corner. The
primary wave velocity of the third layer, which is hard
weathered rock / rock varies between 3600 to 5600 m/s.
The overall thickness of the sand in the strand line formation
varies from 20 to 45 m.
Results of the seismic refraction survey conducted in
Tidal flat areas shows that the primary velocity of the seismic
waves in the first layer varies from 400 to 700 m/s, which
may be due to the presence of transported material used for
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forming the roads and its thickness varies from 1 to 3 m.
The second layer velocity varies from 1500 to 2500 m/s,
which may be due to the presence of Lateritic clay and its
thickness vary from 7 to 22 m. The primary wave velocity
of the third layer, which is hard weathered rock / rock varies
between 4000 to 6400 m/s. The overall thickness of the tidal
flat varies from 10 to 25 m.
The seismic survey conducted in flood plain area reveals
that the primary velocity of the seismic waves in the first
layer varies from 400 to 700 m/s, which may be due to the
presence of transported material used for forming the roads
and its thickness varies from 1 to 4 m. The second layer
velocity varies from 1400 to 2000 m/s, which may be due to
the presence of Lateritic clay and its thickness vary from 3
to 17 m. The primary wave velocity of the third layer, which
is hard weathered rock / rock varies between 4000 to 5500
m/s. The overall thickness of the tidal flat varies from 2 m
in the eastern side of the area to 17 m towards western side.

This indicates that the overburden is loose in alluvium
formation when compared with lateritic formation.
Based on the results of seismic and resistivity surveys
and available data from the SPT bore holes the contour map
for the depth to the basement is prepared and presented in
Fig-7. The contour map in general shows that the thickness
of the overburden varies from 2 to 45 m in the study area.
Lower values of the order of 2 to 6 m observed on the eastern
side over the lateritic formation and higher values of the
order of 20 to 45 m observed on the west and south western
side over the strandlines.

Geophysical Results - 3 D View
The estimated bed rock depth, frequency, amplification
and Google Image of the topography were displayed in the
3-D view map. This gives a better understanding about the
geophysical results.

The survey was also conducted at few locations over
Laterite. The results infer that, the primary wave velocity of
the seismic waves in the first layer varies from 450 to 700
m/s and its thickness varies from 1 to 3 m. The second layer
velocity varies from 2000 to 2500 m/s, may be due to hard
Laterite. The thickness of this layer varies from 2 to 20 m.
The primary wave velocity of the third layer, which is
weathered rock / hard rock varies from 4700 to 5700 m/s.

Frequency and amplification images in 3D- View map
(Fig-8) infers that the eastern part of the area, where the bed
rock is at shallow depth with compact overburden, shows
high frequency and low amplification values. In the western
part of the area, where the bed rock is at deeper depth with
unconsolidated overburden, shows low frequency and high
amplification values. At some places, this may not be true,
may be because of poor acoustic impedance contrast between
overburden and hard rock.

The average shear wave velocity of the overburden in
the study area is calculated using the empirical formula f0 =
Vs / 4H, where f0 is the site frequency, Vs is the shear wave
velocity and H is the thickness of the overburden. The results
show that the shear wave velocity of the overburden in
alluvium formation is around 100 to 200 m/s and that of the
Lateritic formation is of the order of 200 to 600 m/s (Fig-6).

The bottom view map in Fig-8 shows that in the eastern
part of the area, the basement rises above MSL and towards
the western part of the area it falls below MSL. This shows
that the basement is at shallow depth in the eastern part of
the area when compared with western part. Top view image
in Figure shows that at some places the MSL raises above
topography. These portions are marked in the
Geomorphology map as Tidal Flat.

Fig.6. Basement depths and Fig-7 Shear wave contour maps of study area.
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The south west corner of the study area, surrounded by
Kanjani, Tanikulam, Nattika, Chemmappilli,Chazhur and
Antikad the overburden is with higher shear wave velocity.
This indicates that the overburden is compact. The basement
is around 30m in this area. This area can be utilized to construct
buildings with more number of floors, by taking proper care.
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Fig.8. 3D view of the study area.

Conclusions and Recommendations
The following conclusions were drawn from Geophysical
Surveys.
The peak frequency of the survey area varies from 1.5
to 15Hz and the peak amplification varies from 1 to 13.
In the eastern part of the survey area, around
Vilvattam and Ollur, the peak frequency is around 7 Hz
and the amplification factor is around 5 to 9. The shear
wave velocity of the overburden in these areas is around
200m/s. Even though the peak amplification is high, since
the bed rock is at shallow depth, these areas can safely be
used to construct high raise buildings with deeper
foundations.
The overall peak amplification map indicates that,
lateritic covered area shows less amplification when
compared with the rest of the area. As of now, in the survey
area, low land area (Tidal flat and flood plains) is used for
cultivation purpose. These areas can be left as it is.
In the strand line area, the amplification factor is around
10 and the bed rock is at a deeper depth. At present the
strand line zone in the western part of the study area is
utilized for residential purpose, with one or two floors. It is
not advisable to go for high raise buildings in this area.
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Abstract
Geological Survey of India (GSI) acquired aero-geophysical (magnetic and spectrometric) data over an area of
37,690 sq.km, bounded between 16°-20° N latitudes and 71°-73° E longitudes, through Twin Otter Airborne Survey
System (TOASS), over Ratnagiri-Mumbai area along west coast of India in parts of Maharashtra, to identify the disposition
of various structural features and their extension in the offshore region. The flight paths along E-W direction spaced at
2500 m covering 15 to 20 km of land and 60 to 70 km of Arabian sea were flown at 120 m above sea and ground levels.
The various maps derived from the aeromagnetic data and the free air and vertical gravity gradient maps derived from
the satellite gravity data are in harmony in delineating structural features and extent of hydrocarbon bearing basin
boundaries in Tapti-Daman, Heera-Panna-Bassien and Ratnagiri blocks of Bombay offshore area and also in understanding
the basement configuration. In the present paper, the inferences made from the integrated study of aeromagnetic data
with the satellite gravity data and the depths to the basement/causative sources, estimated based on various methods
are discussed.
The anomalous response of varied intensities, amplitudes and wavelengths observed in the anomaly map and their
estimated analytic signals, differentiated the Archaean (Granite-gneisses and schistose rocks of Dharwar Supergroup),
Proterozoic (sediments of Kaladgis) terrain towards south, Upper Cretaceous to Tertiary terrain occupied by
Deccan traps towards east and transitional region (Deccan traps and sediments) and extents of sub basins comprising
Tertiary sediments towards west in the parts of Tapti-Daman, Heera-Panna-Bassien and Ratnagiri blocks of main
Bombay offshore basin. The structural features, delineated in the reduced to pole map, as discontinuities represent the
fault and fracture systems, particularly in the transitional region. The series of closely spaced parallel discontinuities
trending NNW-SSE appear to be associated with the basement controlled NW-SE trending fault system that have affected
the shelf area in formation of horst-graben structures and different hydrocarbon bearing blocks (Tapti-Daman, HeeraPanna-Bassien and Ratnagiri) of Bombay offshore basin.
Estimated Euler depth solutions and the Source Parameter Imaging (SPI) map show the depths to the causative
sources or the magnetic basement, corroborate with the average depths resulted from the spectral analysis. The maps
show their agreement in revealing the depths to the basement/ causative sources, i.e., i) shallower depths (800 to 1500
m) in the region occupied by the Deccan traps and Archaean terrain (granite-gneisses and schistose rocks), ii) moderate
depths (1500 to 2000 m) in the transitional region covered by the Deccan traps and the sediments and iii) deeper depths
(2000 m 4500 m) in the region covered by thick pile of sediments in the parts of Tapti-Daman, Heera-Panna-Bassien
and Ratnagiri basin blocks of Bombay offshore basin area. Overall, the aeromagnetic data has helped in understanding
the area in terms of geological setting, tectonics, structures, depth to the causative sources etc.
Keywords: Aero-geophysical survey, analatic signal, power spectrum, spectrometric data

Introduction
GSI acquired airborne magnetic and spectrometric data
using Pico-Envirotec airborne survey system comprising
Cesium vapour magnetometer (Cs-3 of Scintrex Canada)
and Airborne Gamma Ray Spectrometer (AGRS of
Pico-Envirotec, Canada) on a fixed wing platform of
Twin Otter aircraft, over Ratnagiri-Mumbai area along west
coast of India in parts of Maharashtra during 2013-14 and

2015-16 (Gouda, et al., 2016). The survey covered the
offshore region and a part of land portion bounded between
16°-20° N latitudes and 71°-73° E ongitudes (Fig.1). The
flight lines were planned along E-W directions across
the regional trends (NNW-SSE) of Dharwars and spaced
at 2500 m, covered 15 to 20 km of land and 60 to 70 km of
Arabian sea. The data was acquired at a mean terrain
clearance of 120 m above sea and ground level. The
objective of acquiring regional type of not cover
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aerogeophysical data was to study the structural aspects of
the region and to decipher seaward extension of the
structural features traced over the land portions. The
objective was also to fill the gap areas formed near the
coast and between 20 to 40 km from the coast in the
Arabian sea, as the shallow and deep water survey vessels
of GSI could not cover these regions due to their limitations. The aeromagnetic data acquired during different times
were processed, normalized with respect to the individual
International Geomagnetic Reference Field (IGRF) epochs,
compiled and analysed. Analysis of aeromagnetic data based
on qualitative and different analytical methods in conjunction with the satellite gravity data has brought out structural
aspects and depths to the magnetic basement of the area.
Analysis also enabled in delineation of geological domains,
fault/fractures and the possible boundaries of hydrocarbon
bearing basins in parts of Tapti-Daman, Heera-PannaBassien and Ratnagiri blocks of Bombay offshore area.

Geology and Tectonics of the Study Area
The study area is situated towards western part of
India along west coast, covers a land part extending from
Malvan to Mumbai and offshore region extending to a
distance of about 60 to 70 km from the coast. The
topography of the area (land portion) is undulating with
elevated land observed all along Western Ghats which
slopes down steeply towards west into plains to form coast.

Geology and Tectonics of the Land Part
The area towards south covers a little part of
Archaean-Proterozoic terrain of Western Dharwar
Craton (WDC), occupied by i) Archaean Peninsular
Gneissic Complex (PGC), granites, ii) Archaean to
Palaeo- Proterozoic metasediments (quartzites, quartz
mica schist and actinolite tremolite schist) of Shimoga-Goa
schist belt belonging to Chitradurga Group of Dharwar

Super Group and ii) Neoproterozoic sandstone (Achara) and
shale of Kaladgi Basin belonging to Kaladgi Supergroup
of rocks, uncoformably overlying the Archaean-Proterozoic
rocks. The rest of the area towards north is occupied by
the Deccan Traps of Upper Cretaceous to Palaeocene age.
Laterites occur as cap rocks over the Deccan Basalts and
over gneissic basement. A minor amount of carbonaceous
clay of
Miocene to Pliocene periods are exposed along the
coast (Fig.2).
Major lithounits in the area are trap rocks of
Western Deccan Province (WDP) of Main Deccan Plateau,
a sub province of Deccan Volcanic Province (DVP). The
Western Deccan Province covers the area that includes
Western Ghats and the west coast from Mumbai to
Ratnagiri. There are about 35 flows amounting to thickness
of ~2000 m, belong to various formations, sub groups and
groups in Western Deccan Province of DVP (Vaidyanathan
and Ramakrishnan, 2010;; Subbarao et al., 2005; Khadri et
al., 1988; Godbole et al., 1996). Trap rocks in the study
area belong to Sahyadri Group which includes i) Ratnagad
and Karla formations of Lonavala Subgroup, and
ii) Diveghat, Purnadargad and Mumbai Volcanic Complex
formations of Wai Subgroup (Godbole et al., 1996; Fig.2).
Thickness of trap rocks in these formations is about
1500 m comprising mainly of plagioclase phyric,
amygdaloidal and aphyric types of tholeiitic and picritic
flows. The magnetostratigraphy has indicated, nearly 95%
of ~3000 m thick Deccan lavas are reversely magnetised
except for local normal magnetisation in thin flows
(Vaidyanadhan and Ramakrishnan, 2010).
The Deccan traps or the Continental Flood Basalts (CFB)
are believed to be the products of plume activity in the
mantle and are believed to erupt from a volcanic centre in
the western part of DVP (Sethna, 2004), appears to be moved
and migrated to south with the movement of Indian plate
over the plume leaving north to south plume trail.

Geology and Tectonics of the offshore Region

Fig.1. Location map of study area

Bombay offshore basin is a part of main Cambay
graben which is flanked by the Bombay platform and the
Ratnagiri ridge towards west and by Peninsular India to
the east (Biswas, 1987). It is also bounded by Saurashtra
arch in the north, Vengurla arch in the south (Goswami et
al., 2007). The Bombay offshore basin is divided into six
blocks/sub basins viz. Tapti-Daman, Diu, Heera-PannaBassein, Ratnagiri, Bombay High-Deep Continental Shelf
(DCS) and Shelf Margin blocks, extending from Saurashtra
Coast in north to Vengurla in south near Goa, based on
tectono-stratigraphic considerations, i.e., structural
configuration, nature and type of the of sediment fill
(Wandrey, 2004; Mishra, 2008; Goswami et al., 2007;
Mohanty et al., 2013). The offshore region of survey area
covers part of Tapti-Daman, Heera-Panna-Bassien and
Ratnagiri blocks Bombay offshore basin (Fig. 2 & Fig.4).

Study of Structures and Basement Configuration of Hydrocarbon

23

hydrocarbon bearing blocks of Bombay offshore basin are
occupied mainly by the thick (~ 5000 m) pile of Tertiary
sediments (Biswas, 1987; Mishra, 2008) of Paleocene to
Pliocene age, which includes wide range of arenaceous,
argillaceous and carbonate rocks (sandstones, siltstones,
shales, limestones) over Deccan traps and Archaean
basement (?) (Wandrey, 2004). The hydrocarbon
production is mainly from Eocene and Miocene lime
stones. The Geological transects drawn from west to
east across the western continental margin have
shown the broad extent of lithological units, horsts and
grabens involving the basement, volcanics and
limestone horizons (Vaidyanadhan and Ramakrishnan,
2010). The crustal features modeled upto 5 km depth,
based on seismic information along the profile taken
across Bombay offshore basin, have shown thick
sediments, intrusive Deccan volcanics, basement rocks,
complicated structures and prospective areas of
hydrocarbons associated with them (Bhattacharyya and
Majumdar, 2013).

Analysis of Aeromagnetic Data

Fig.2. Geological map of the study area showing the parts
of hydrocarbon bearing blocks of Bombay offshore region

Bombay offshore region has been studied through
magnetic, gravity and seismic surveys to explore oil
and natural gas by different organisations and agencies
in the past. The aeromagnetic data with the resolution
acquired during this project of GSI over a large part of
inner offshore covering part of main Bombay offshore
basin region is unique. Analysis of aeromagnetic data
was carried out through qualitative, semi qualitative/
quantitative and analytical methods which are described
in detail below.

Qualitative Analysis of Aeromagnetic Data
The study area in Bombay offshore basin also forms a
part of Konkan-Kerala continental shelf. The regional
structural elements of the western continental margin
run parallel to the coast from Kutch in the north to Cape
Comorin in the south (Vaidyanadhan and Ramakrishnan,
2010). The Bombay offshore basin understood to be evolved
due to N-S rift systems initiated after break up of
Madagascar from the Indian plate around 85-90 Ma. A series
of normal faults parallel to the Dharwar trend in the wide
continental shelf have defined the rifted passive western
margin of India like that of Atlantic type involving shelf,
slope and rise (Biswas, 1982, 1987). The entire shelf area is
known to be affected by a series of basement controlled
NW-SE to N-S trending normal faults dissected by NE-SW
trending cross faults, resulting in horst-graben morphology
(Goswami et al., 2007; Mohanty et al., 2013; Bhattachaarya
et al.,2009). Subsequently, the grabens and horst structures
formed during different stages of rifting, drifting and
subsidence were filled with the tertiary sediments and
limestone horizons became favourable sites for
hydrocarbons during Eocene and Miocene time. The

Qualitative analysis of the aeromagnetic data
was carried out to delineate the domains or the anomalies
of different intensities, wavelengths/frequencies
and structures in order to understand them in terms of
geology, based on the response observed in different
maps. e.g. total intensity aeromagnetic anomaly (Fig. 3)
map and the maps derived from the basic IGRF corrected
aeromagnetic data viz., Analytic signal map (Fig.4),
Reduced to pole map (Fig. 5). The qualitative analysis
of the observed anomalies was carried out based on i)
change of pattern in the magnetic response due to different
intensities exhibited by the adjacent areas (domains/
zones), ii) linear magnetic features observed along
contacts/gradients or along dyke like features (Magnetic
lineaments/discontinuities) or due to structural
features (faults/ fractures/shears) and iii) the body
axes (Magnetic body axis) traced along the orientation of
finite (3D) or linear (2D) anomalies. The inferences
made from anomaly, analytic signal and RTP map are
presented in the Integrated interpreted map (Fig.6).
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To get the preliminary idea about the average depths
to the causative sources of anomalies of different
wavelengths, a semi qualitative/quantitative analysis was
carried out by sorting them based on the estimation of
radially averaged power spectrum (Fig.7) of aeromagnetic
data and the matched filtered maps viz. shallow layer
(Fig.8), middle layer (Fig.9) and deep layer (Fig.10) maps
derived based on the slopes fitted to the spectrum.
Analytical methods like Euler 3D convolution (Fig.11)
and Source Parameter Imaging (SPI) (Fig.12) methods
were applied to the aeromagnetic data to delineate the
causative sources and the structures associated with
them and to understand the depths to magnetic basement
and thus the basement configuration of the region.
2D profiles (Fig. 13a to 13c) of magnetic data along
selected sections were modeled to understand the
depth to the magnetic basement, based on Werner
method (PDepth). Different methods adopted were
verified and cross-examined with each other to confirm
the inferences. Free air gravity anomaly map (Fig.14a)
and Vertical gravity gradient map (Fig.14b) derived from
the satellite gravity data (Sandwell et al., 2014)
supplemented the results of analysis.
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Magnetic Response over Land Portion
Aagnetic response in the southern part in the area
occupied by the Archaean rocks of Archean rocks of the
granite-gneissic complex and schist belt (Shimoga-Goa belt)
of Western Dharwar Craton and Kaladgi sedimentary
cover rocks which is totally different from the rest of the
area where high intensity anomalies of short to moderate
wavelengths are noticed over Deccan traps. The anomaly
pattern due to trap rocks is of typical character as shown by
the irregular shaped anomalies probably due to different
flows and is in contrast with the pattern observed over
Archaean terrain. Accordingly, the magnetic domains
defined by these two terrains are clearly defined in the
analytic signal map (Fig.4) in the form low to moderate
signals which define the extent of Archaean terrain and
the high analytic signals define the extent of trap rocks. To

Qualitative Analysis of Aeromagnetic Anomaly
Map in Conjunction with Analytic Signal Map
Magnetic anomaly map (Fig.3) shows different
response captured within the purview of the survey
parameters. The varied response is due to the varied
lithounits and causative sources at different subsurface
levels from the survey altitude. The magnetic response
in the form of anomalies is due to different sources based
on their intensities, amplitudes and wavelengths
(dimensions). Analytic signals at a location (X, Y) were
calculated from the square root of the sum of squares of
three orthogonal derivatives of the magnetic field
observed in the aeromagnetic anomaly map (Fig.3) in
X, Y and Z directions (Roest et al. 1992; MacLeod et al.
1993). It is a method of estimating maximum signals over
magnetization contrasts of the anomalies with
which they are magnetised. The estimated signals are
independent of the ambient magnetic field and
magnetization direction. It is the energy envelope and
transforms a symmetric or anti symmetric bipolar
anomaly into a symmetric bell-shaped anomaly, delineating
the edges/contacts of the magnetic bodies and thus
differentiate the domains or regions comprising of
anomalies of different intensities/amplitudes. Analytic
signal map (Fig.4) presents the distribution of causative
sources, contrasts of magnetisation, intensities
emplaced at different depths. Analysis of aeromagnetic
anomaly map in conjunction with analytic signal map are
discussed below.

Fig.3. Aeromagnetic anomaly map of the area
showing the IGRF corrected anomalies

Study of Structures and Basement Configuration of Hydrocarbon
figure out the magnetic response due to Archaean terrain
below the Deccan traps is difficult due to the strong
magnetic response of thick Deccan traps which appear to
have masked the magnetic response of basement
crystalline Archaean Complex.
Bouguer gravity anomaly map (GSI, 2006) of ground
gravity data is also in agreement with the magnetic data depicting the high gravity values over the dense trap rocks
and low to moderate gravity values over the relatively less
dense Archaean terrain occupied by the granites-gneisses,
schistose and sedimentary rocks.
Many high and low dominant bipolar anomalies (3D
type) with normal and reverse polarities seen over the trap
rocks or flows, depict their normal and remnant magnetic
nature. The magneto-stratigraphic study indicated the
anomalies of reverse nature/polarity in Deccan traps are
confined to thin flows (Vaidyanadhan and Ramakrishnan,
2010).
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NW-SE to N-S trending rift and fault systems in formation
of Tapti-Daman, Heera-Panna-Bassien and Ratnagiri
blocks of main Bombay offshore basin (Goswami et al.,
2007; Mohanty et al., 2013, Bhattacharya et al., 2009).
Based on anomalies of broad nature and their signals
(Fig.3 and 4) noticed in the offshore region towards
western part of the area, i) the extent of regions with deeper
basements (Basins?) associated with very low analytic
signals, ii) the elevated basements (Platforms/ridges?)
of relatively high signals, between the inferred basins are
demarcated. The inferences drawn from the analytic signal
map are in corroboration with the free air gravity data
(Sandwell et al., 2014, Fig. 13a and b) by showing the
association of low gravity values with the low signals
in the region of inferred basins and the relatively high
gravity values/gradients with the moderate to high

Magnetic Response over Offshore Region
Magnetic response in the offshore region is
characterized mainly by the linearly oriented 2d type of
anomalies and anomalies of broad nature. It may be
visualized in the anomaly and analytic signal maps
(Fig.3 & 4) that, the magnetic response observed over
land portion appear to extend for some distance into the
Arabian sea indicating the extension of Archaean terrain
and Deccan traps towards the inner offshore region
near to coast.
The region where the western margin of the domains
defined by the Archaean terrain and Deccan traps in the
inner offshore region, the anomalies of linear nature extend
along NNW-SSE direction from south to north. Towards
west of these linear features in the deeper parts of offshore
region, the anomaly map (Fig.3) shows the broad natured
anomalies of moderate to long wavelengths from south to
north along the western boundary of the study area,
indicating the deeper basement, probably covered by
thick pile of sediments. The region where the linear
features separate the eastern part of the area occupied
by Deccan traps and Archaean terrain, from the western
part with deeper basement, appear to be a transitional, as
the anomaly and analytical signal maps (Fig. 3 & 4) show
anomalies of short to moderate wavelengths and signals
respectively. Analytic signal map in particular shows
decrease in signals from east to west, indicating a shallow
nature of trap rocks and Archaean terrain towards east
and deeper nature of basement rocks towards west and
the signals appear to fall significantly towards west,
immediately after the transitional region. The NNW-SSE
trending magnetic linear features in the transitional
region appear to be associated with the basement controlled

Fig.4. Analytic signal map showing the signals of
anomalies over contrast of magnetization
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signals in the region of inferred platform/ ridge like features.
Thus the structures, and the boundaries or the extent of
basins demarcated (Fig.4) appear to be the part of
hydrocarbon and oil bearing blocks (Tapti-Daman,
Heera-Panna-Bassien and Ratnagiri) of main Bombay
offshore basin. However, the magnetic data has brought out
more details in the form of variations due to the localized
basement configurations controlled by the structures,
whereas these regions in the free air gravity anomaly map
(Fig.14a) appear to be generalized as the gravity data is very
regional.

Qualitative Analysis of Reduced to Pole (RTP)
Map
Reduction of anomalies observed in the magnetic
anomaly map (Fig.3) to the north magnetic pole is the
process of transforming the magnetic field measured
at known magnetic inclination to that at magnetic pole,
where the inducing field is vertical (Barnov and Naudy,
1964). The observed total field magnetic data contain
the effect of phase contribution, due to directions of
magnetization and measurement being inclined. The phase
contribution may affect the total field magnetic data in three
ways; it may shift the anomaly laterally, distort the shape of
the anomaly and even change the sign of the anomaly (Xiong
Li, 2008). The RTP technique removes the phase
contribution effect by inducing vertically, helps in locating
the magnetic bodies (body axes) over the anomaly there
by delineating the axes of the magnetic body. Reduced to
Pole map (Fig.5) from the aeromagnetic anomaly data was
generated using average Magnetic Inclination (25.32°)
and Magnetic Declination (-0.49°). The RTP map was
used to trace the magnetic body axes of the source
rocks and the discontinuities (structures) associated with
them (Fig.5 and 6).

Gouda et. al.,
features (discontinuities) traced in the map, particularly
in the transitional region, appear to be a part of NW-SE
to N-S trending normal fault systems and as mentioned
earlier, have played role in formation of horst-graben
structures and hydrocarbon bearing blocks of Bombay
offshore basin. Few discontinuities towards south seem to
extend into land portion.
It may be noticed that, in the transitional region of
offshore, the mapped magnetic body axes have alternate
normal and reverse polarities aligned along NNW-SSE
direction, which is not obvious over land. The
magnetostratigraphic studies indicated that the reverse
magnetic directions are common in Deccan lavas and the
normal directions are associated with thin flows. There
fore, the magnetic data offers a scope to understand
more about the flows and characterize them in detail.

The anomalies in RTP map are more pronounced than
in anomaly map as they are reduced to pole. The magnetic
domains due to different geological terrains occupied
by Archaean complex, Deccan traps and the tertiary
basins in the offshore region and the anomalies due to
the causative sources in these terrains are reflected in the
RTP map. The magnetic body axes of various anomalies
observed in the different terrains due to the causative sources
are demarcated in this map.
The RTP map has also brought out a series of several
magnetic discontinuities (faults and fractures) along
NNW-SSE direction particularly in the transitional region,
corroborate with the gravity gradients observed in the
free air gravity anomaly map (Fig.14a) and the block
faults traced in the seismotectonic atlas (GSI, 2000) (Fig.6).
The discontinuities are also delineated around the ridges
and at the borders of raised platform or the basins borders
shown in analytic signal map (Fig. 4). Structural

Fig.5. Reduced to pole map
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Integrated Interpreted Map
The inferences made from different derived maps viz.
anomaly, analytic signal and , reduced to pole maps, the
extents of different hydrocarbon bearing blocks
(Ratnagiri, Heera-Panna-Bassien and Tapti-Daman) and
the oil/gas prospects (Panna, Bassien, Neelam, Heera and
Ratna) of Bombay offshore basin and the geological
features (lineaments/faults/shear) mapped in the quadrangle
maps and seismotectonic atlas of GSI are shown in the
Integrated and interpreted map (Fig.6) for overall
visualization and corroboration.

Continuity of Linear Features (Discontinuities)
of offshore Region into Land
The linear magnetic features delineated near the coast
and in the offshore region showing their alignment/continuity
with the lineaments/faults/shear mapped over land portion
are shown in the integrated map (Fig.6). They are,
·

NW-SE trending discontinuities (faults/fracture)
between Ratnagiri to Alibag towards eastern part show
their alignment with the lineaments traced over land
portion and shown in Seismotectonic atlas (GSI, 2000)
and quadrangle maps (GSI, 1997,1995) of GSI.

·

NE-SW trending discontinuities delineated around
Alibag also show their alignment with the fault/shear
and lineaments mapped in the quadrangle maps (GSI,
1994, 1997,1995) and lineaments traced in the
Seismotectonic atlas.

·

NW-SE trending discontinuities delineated between
Virar and Mylan towards northeastern part show their
c o n t i n u i t y a l o n g t h e l i n e a m e n t s ma p p e d i n
Seismotectonic atlas and quadrangle map (GSI, 1994).

·

ENE-WSW trending lineaments mapped in quadrangle
map (GSI, 1995) towards Dapoli and lineaments
delineated in the shallow layer map (Fig.7) in the
offshore region show their extensions along same
direction.

Analysis of Radially Averaged Power Spectrum
and Matched Filtered Maps
Semi-qualitative analysis was carried out to have a
preliminary knowledge about the average depths to the
causative sources of anomalies of different wavelengths by
sorting them based on the estimation of radially averaged
power spectrum (Fig.7) of aeromagnetic data and the
matched filtered maps viz. shallow layer (Fig.8), middle
layer (Fig.9) and deep layer (Fig.10) maps derived based
on passing particular wavelengths (Wave number) obtained
from the slopes fitted to the spectrum.

Fig.6. Integrated map showing the magnetic features
interpreted from different derived maps of
aeromagnetic data

Radially Averaged Power Spectrum of
Aeromagnetic Data
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). The
logarithmic of spectrum vs the wave number plot interprets
and determines the statistical depth to the tops of the sources.
The radially averaged power spectrum generated for
the magnetic anomaly data (Fig. 3) shows presence of
three magnetic interfaces at an average depth at 1508 m
(Shallow), 2250 m (Middle) and 4740 m (Deep). The change
in slopes corresponding to the wave numbers that fits
the spectrum curve. The matched filtered maps prepared
using the wave numbers of precise range of wavelengths,
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hydrocarbon bearing blocks demarcated in the analytic
signal map (Fig.4) in the offshore region towards west are
not clear, as the anomalies of the causative bodies in this
region have wave lengths more than 6774 m and are of deep
nature.

Fig.7. Radially averaged power spectrum of
aeromagnetic data
considered from different slopes, reflect the magnetic
features observed at different levels. The magnetic responses
from different geological source rocks observed at different
depths are analyzed below.

Analysis of Matched Filtered Map (Shallow
layer)
The shallow layer map (Fig.8), a surficial component of
aeromagnetic anomaly map (Fig.3) represents the anomalies
of shorter wavelengths (2039 to 6774 m) observed at an
average depth of 1508 m from plane of observation (120 m
AGL). The map records many magnetic features with only
difference being, the anomalies of longer wavelengths (>
6774 m) are suppressed. Therefore, the shallow magnetic
features of Archaean-Proterozoic terrain and Deccan traps
are enhanced in the map. In addition, this map has delineated
the near surface magnetic lineaments / linear features and
their continuities distinctly as they are sharp, otherwise these
features are subtle in the observed anomaly map (Fig.3).
The zones/domains comprising anomalies of different
intensities and wavelengths demarcated based on their
analytic signals (Fig.4) are evident in this map, particularly
in the region covered by Archaean-Proterozoic terrain and
Deccan traps due to their shallow nature. The map also shows
the extension of these terrains and the Deccan traps into the
sea near the coast. The magnetic features and the
discontinuities (faults/fractures) delineated in the RTP map
(Fig.5) in the land portion, coastal and transitional region in
the offshore can be visualized distinctly in the map. Map
also delineates few E-W trending lineaments offsetting
NNW-SSE trending structural features in the offshore that
are not conspicuous in the reduced to pole map.
The magnetic features and response observed in
the anomaly map (Fig.3) and the basins of different

Fig.8. Matched filtered aeromagnetic anomaly map of
shallow magnetic interface (anomalies of wavelengths
passed between 2040 and 6775 m)
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Analysis of Matched Filtered Map (Middle traps/Archaean complex (?) and further the inferences
suggest that the maximum depth to the Deccan traps/
layer)
The middle layer map (Fig.9) an intermediate component
of aeromagnetic anomaly map (Fig.3) represents anomalies
of moderate wavelengths (7000 to 13125 m) intercepted at
an average depth of 2250 m from the plane of observation.
The map shows the magnetic entities of relatively deep and
broad nature compared to shallow layer map (Fig.8). Many
anomalies, magnetic features/ bodies observed in the shallow
layer map have been merged into the broader magnetic
features at depths in the middle layer map.
The general characteristic features of different terrains
appear to be like those seen in shallow layer map, indicating
their continuity to a depth of 2250 m. i.e., the zones/domains
comprising anomalies of different intensities and
wavelengths demarcated, based on their analytic signals
(Fig. 4) over different terrains and in the offshore regions,
(Archaean-Proterozoic rocks, Deccan traps and
transitional) may also be visualised in this map. The
anomalies in this map also show both normal and
reverse polarities like in anomaly map. The structural
discontinuities trending along NNW-SSE directions also
appear to extend from shallow to middle levels.

Archaean complex (?) at places is more than 3.0 km. The
depths to magnetic basement estimated from the analytical
methods described in the following sections also confirm
this fact.
The deep layer map also shows regional nature of
NNW-SSE trending linear magnetic (structural) features
observed in shallow and middle layer maps in the
transitional region, suggest their extension up to greater
depths and corroborate with the discontinuities demarcated
in RTP map (Fig.5) as NW-SE trending rift and fault
systems.

The structural features (discontinuities) delineated in
RTP map and the outlines of basins and ridge/raised
platforms of different hydrocarbon bearing blocks of
Bombay Offshore Basin demarcated in the analytic signal
map, begin to show their appearance in the middle layer
map indicating the deep nature of the basement.

Analysis of Matched Filtered Map (Deep layer)
The deep layer map (Fig.10) shows deeper component
of aeromagnetic anomaly map (Fig.3), as the anomalies of
long wavelengths (14000 to 104998 m) intercepted at an
average depth of 4740 m from the plane of observation.
Many magnetic features/bodies observed in the shallow
and middle layer maps (Fig.8 & 9) merge significantly
in this map. The magnetic response at this depth is mainly
due to the basement rocks (granite and gneissic complex
(?) and Deccan traps).
The average depth of causative sources in deep layer
map is 4740 m from plane of observation estimated from
the slope fitted to the radially averaged power spectrum curve
between the wavenumbers with depth range from 2400 to
5900 m and the deeper interface(>2400 m) appears to be
contributed by the anomalies observed in the offshore region
towards west. The earlier magnetic studies off the Bombay
coast in inner shelf region suggested the depth to the
magnetic basement (Trap rocks) in the range of 1.5 to 3.0
km (Rao, 1990). Hence, the magnetic response in deep layer
map in the offshore region may be attributed to the Deccan

Fig.9. Matched filtered acromagnetic anomaly map of
intermeduate magnetic interface (anomalies of
wavelengths passed between 7000 and 13125 m)
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and vertical gravity gradient map (Fig. 14b) derived from
the satellite gravity data (Sandwell et al., 2014)
supplemented in carrying out the integrated analysis. Some
of the unique and interesting information that are brought
during the analysis of aeromagnetic data through qualitative
and analytical methods, are enumerated in the following
sections.

Analysis of Euler 3D Depth Solutions
The Euler 3D deconvolution technique is a method
employed to delineate and estimate the depths of causative
bodies from the magnetic data. The standard Euler 3D
method is based on Euler’s homogeneity equation that relates
the magnetic field and its first order gradient components in
three directions to the location of the sources for profile
data (Thompson, 1982) and gridded data (Reid et al. 1990),
with the degree of homogeneity N, interpreted as a structural
index. The structural index of 1.0 and the grid size of 10
cells (5000 m) were selected to infer the linear features of
the aeromagnetic data, along the coastal and offshore region
in the study area as well as to know the extension of structural
features from land to offshore. The Euler solutions of
aeromagnetic data were calculated with a depth uncertainty
(dz) set to a maximum of 10%, horizontal location
uncertainty (dxy) fixed to a maximum of 26%, X offsets of
-2000 m to 2000 m and Y offsets of -4000 m to 4000 m
(Fig.11). The salient features noticed in the map are,

Fig.10. Matched filtered aeromagnetic anomaly map of
deep magnetic interface (anomalies of wavelengths
passed between 14000 and 105000 m)

Quantitative Analysis (Analytical methods) of
Aeromagnetic Data
The aeromagnetic data was subjected to analytical
methods like Euler 3D convolution and Source Parameter
Imaging (SPI) to i)delineate the causative sources and the
structures associated with them and ii)understand the depths
to causative sources/magnetic basement and basement
configuration of the region. The 2D profiles of magnetic
data along selected sections were modeled based on Werner
method (PDepth). The different methods adopted were
verified and cross-examined with each other to confirm the
inferences. The Free air gravity anomaly map (Fig. 14a)

·

The solutions have brought out the structural aspect
of survey area with depth information by their
distribution along the linear magnetic features and
differentiated the terrains occupied by the Deccan
Traps, Archaean rocks and Tertiary sediments
characterized by different depths due to different
causative sources and varying basement.

·

Depth solutions cover a very wide range of depths
(500 m to more than 4500 m) corresponding to
different geological sources and structures belonging
to Archaean to Tertiary ages.

·

The depths to the causative sources in the area
occupied by the Deccan Traps and Archaean rocks
are shallower than in areas occupied by the tertiary
sediments in the offshore region.

·

The solutions show depth in the range of, i) 500
to1500 m in the region occupied by the Deccan traps
and Archaean rocks in the land and transitional region,
ii) 2000 m to 4500 m in the region inferred to have
basins with thick pile of tertiary sediments overlying
the basement rocks of Archaean crystalline complex
(?) and Deccan traps.

·

The statistical analysis indicates that the depth of
many solutions fall in the range of 1000 to 3700 m.
The depths solutions are subjected to the survey
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parameters, mainly to the line spacing i.e., 2500 m.
The magnetic features picked up with such a line
spacing are likely to have depths of deeper order and
the anomalies caused are likely to have wave lengths
more than the line spacing which may be noticed in
the land portion, where the majority of estimated
depth solutions are in the range of 500 to 1000 m
over exposed Deccan traps. Otherwise, the shallow
depth solutions and the shallower component of
Deccan traps would have been estimated, if the line
spacing was lesser than 2500 m. However, the depth
solutions of deeper order estimated in the offshore
region in the western part seem to be accurate as the
anomalies recorded here are broader and due to
deeper basement whose wave lengths are more than
the line spacing. Hence, even reducing the line
spacing would not have resulted in obtaining
shallower solutions in these regions.
·

The map also reveals the linear structural features in
the transitional region and corroborate with the
magnetic discontinuities (fault/fractures) delineated
in the RTP map (Fig.5).

Analysis of Magnetic Basement Model Map
Through Source Parameter Imaging (SPI)
Method
The Source Parameter Imaging (SPI- module of Geosoft)
(Thurston and Smith, 1997) is a procedure for automatic
calculation of source depths from gridded magnetic data.
The depth solutions are independent of the magnetic
inclination and declination. SPI assumes a step-type source
model (either a 2-D sloping contact or a 2-D dipping
thin-sheet model) and is based on the complex analytic signal
and computes tilt angle “A” derived from the ratio of vertical
derivative to the horizontal derivative of the magnetic field
(Miller and Singh,1994; Verduzco et al., 2004) and the peak
value “K”, the contrast of magnetisation estimated from
square root of sum of squares of derivative of tilt angle
(A) in X and Y directions. Then the maximum peak values
of K, the contrast of magnetisation are detected from the
grid by comparing each cell value with the value of eight
surrounding cells in four directions (Blakely et al., 1986).
The selection of direction depends on geological
responses and noise levels. The inverse of each peak value
of source determines its depth. The depths estimated for
the causative source by the SPI method are gridded and
contoured to study the depth to the causative sources and
basement. In the present study, all 4 directions (any direction
option) around the cell were used to find the maximum peak
to delineate the effective linear/ridge/ basin like features.
The SPI map (Fig.12) shows the depths to the causative
sources, basement configuration and structures enumerated
below.

Fig.11. Euler 3D map showing the location of the
deconvoluted solutions and their depths
·

The map shows depth variations in the basement
configuration up to 4500 m and the distribution of
depth contours clearly define the geological terrains
of Archaean to Tertiary age. There is a close
correlation among the inferences drawn from
analytic signal (Fig.4), and Euler solutions (Fig.11)
and SPI map in terms of depths to the causative
sources/basement and the signals recorded.

·

SPI map is in agreement with the Euler depth
solutions map in revealing the depths to the causative
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sources/basement with i) shallow depths in land area covered
by Deccan Traps , Archaean terrain and
their
extensions into sea near the coast and ii) deeper depths
in the areas occupied by the tertiary sediments in the
inferred basins towards west in the offshore.
·

The depth contours of SPI map compliment analytic
signal map in showing the outlines of basins and
the depth variations in the basement configuration
charactrised by the variation in the signals i.e., deeper
basement with the low signals and the shallow
basements with relatively high signals.

·

The map has brought out the ridges/raised platforms
that are noticed between different blocks. Also, the
prominent structural features (Discontinuities)
extending along NNW-SSE direction in transitional
region mapped in RTP map (Fig.5) fall along the
gradients in SPI map, which separate the transitional
region from offshore area towards west. These
structures appear to be associated to the rifting and
drifting phase of Indian plate during.

·

The map shows depths to the basement i) in the
region occupied by the Deccan traps and Archaean
rocks is 800 to 1500 m, ii) in the region covered
by the basins having thick pile of tertiary sediments
of hydrocarbon bearing blocks of Bombay offshore
is 2000 m to 4500 m. However, the depths to the
Deccan traps in the transitional region (Fig.4) is in
the range of 1500 to 2000 m, where the sediments
and Deccan traps coexist and traps form the
basement for the overlying sediments. Beyond
this transitional region and towards west of inferred
NNW-SSE trending structural features described
earlier, the basement becomes deep from south
to north in SPI map. Here, basins of Ratnagiri,
Heera-Panna-Bassien and Tapti-Daman blocks of
main Bombay offshore basin and various oil
prospects are located (Fig.2 & 4). The maximum
depth to the basement intercepted in Ratnagiri
block is around 3600 m, whereas in the Heera-PannaBassien and Tapti-Daman block is 4400 m.

Werner Deconvolution Method (PDEPTH) for
Modeling of Aeromagnetic Data along different
Sections
The Werner solutions (PDepth- module of Geosoft) for
the magnetic data were calculated based on the Werner
deconvolution method followed by the refinement of its
results by Marquardt’s nonlinear least square method for
inverse modelling (Ku and Sharp, 1983), to approximate
the solutions in terms depth and reveal the geometry of
different magnetic bodies.

Fig.12. Source Parameter imaging (SPI) Map
showing the depths to the magnetic basement
The sections PD1 to PD3 (Fig.13a, b & c) across the
study area from west to east direction, intersecting the
offshore region, transitional region and Deccan traps of
land portion, were taken to estimate the Werner solutions.
The sections with annotations of features inferred are shown
in Fig.13a, b & c, along with magnetic profile extracted
from anomaly map (Fig.3) and elevation data with respect
to mean sea level obtained from 30 arc second SRTM data
(Sandwell et al., 2008).
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Fig.13a. Werner (Pdepth) solutions along section PDI showing depth to the causative sources/magnetic basement

Fig.13b. Werner (Pdepth) solution along section PD2 showing depth to the causative sources/magnetic basement)
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Fig. 13c. Werner (Pdepth) solutions along section PD3 showing depth to the causative sources/magnetic basement
·

·

The features intercepted along each section,
corroborate with the magnetic features interpreted
from different derived maps. The extents of basins
of different hydrocarbon bearing blocks, ridges/
platforms, transitional regions (Deccan traps and
sediments) and Deccan traps, demarcated in the
Analytical Signal map (Fig.4) are inferred in these
sections.
The depths of the causative sources derived from
PDepth profiles are in accordance with the depths
obtained from Source Parameter Imaging map (Fig.
12) and Euler 3D depth solutions map (Fig. 11).

Oil/Gas (Hydrocarbon) Prospects of Offshore
Region
The study area covers oil/gas prospects i.e., Panna,
Bassien, Neelam, Heera and Ratna of Heera-Panna-Bassien
and Ratnagiri blocks of Bombay offshore basin (Fig.2, 4 &
6). Most of the prospects are located towards northern part
of the area in Heera-Panna-Bassien Block and no significant
prospects are noticed towards south in the Ratnagiri Block.
The analysis of the aeromagnetic data has suggested that,
the basin like features delineated towards south of Ratnagiri
prospect in the Ratnagiri Block (Fig.4 & 6), between 16°15’

and 18° N latitudes appear to be the potential regions for
detailed investigation for oil/gas prospects.

Conclusions
The summary on the analysis of various maps and
datasets derived from aeromagnetic anomaly data and their
corroboration with geology and gravity data are mentioned
below.
The aeromagnetic anomaly map has differentiated the
different geological terrains characterised by i) the anomalies
of low to moderate intensities and wavelengths over the area
occupied by the granite-gniess and schistose rocks of
Archean age towards south, ii) the anomalies of low
intensities and moderate to long wavelengths over
sedimentary cover rocks of Kaladgi basin, iii) the high
intensity anomalies of short to moderate wavelengths over
the Deccan traps of land and offshore region near the coast
and, iv) the anomalies of low intensities and very long
wavelengths in the offshore region towards west over the
basins occupied by thick pile of tertiary sediments overlying
the basement rocks.
The analytic signal map has brought out the extents/
domains of anomalous areas reflected in the anomaly map.
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Fig.14a. Satellite derived free air gravity anomaly map
(Sandwell et.al.,2014)
Also, the area has clearly brought out, i) the transitional
region between the basinal region and Deccan traps, ii)
ridges/platforms in offshore regions, iii) the basins of TaptiDaman, Heera-Panna-Bassien and Ratnagiri blocks of
Bombay offshore basin area and the ridge and raised
platforms which separate them in the offshore region.
The reduced to pole map delineates the magnetic bodies
and the discontinuities representing the fault and fracture
systems, particularly in the transitional region. The series
of closely spaced parallel discontinuities trending along
NNW-SSE in the transitional region ppear to be associated
with basement controlled NW-SE trending fault system, that
have affected the shelf area in formation of horst-graben
structures and formation of different hydrocarbon bearing
blocks (Tapti-Daman, Heera-Panna-Bassien and Ratnagiri)
of Bombay offshore basin. These structures are known to
be formed during the creation of western margin of India
while rifting and drifting of Indian landmass from Gondwana
land and Madagascar.
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Fig. 14b. Vertical gravity gradient (Satellite) map of the
study area (Sandwell et.al.,2014)
The reduced to pole map also delineates the magnetic
bodies of normal and reverse polarities indicating
the remanence magnetic nature of Deccan traps. A series
of parallel and alternate normal and reversely
magnetized bodies oriented along the NNW-SSE trending
discontinuities are noticed in the transitional region
needs a detailed study.
The Radially Averaged Power Spectrum plot shows
three magnetic interfaces at average depths of 1508 m
(Shallow), 2250 m (Middle) and 4740 m (Deep).
The matched filtered maps show the disposition of
the magnetic response at different levels at depth.
The shallow layer map has brought out sharp features of
Deccan traps and the NNW-SSE trending structures
delineated in the reduced to pole map in the transitional
region. Also, the E-W trending structures that are not
prominent in the reduced to pole map.
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The middle and deep layer maps have brought out the
magnetic response showing the continuity of the structural
features to deeper levels.

and their hydrocarbon prospects with special reference
to Kutch Basin. Amer. Assoc. Petrol. Geologists. Bull.
(AAPG), 66, pp.1497-1513.

The Euler depth solutions map and Source Parameter
Imaging map show the depth to the causative sources and
the magnetic basement. These maps reveal, i) shallower
depths (800 to 1500 m) in the region occupied by the Deccan
traps and Archaean terrain covered by granite-gneisses
and schistose rocks, ii) moderate depths (1500 to 2000 m)
in the transitional region covered by the Deccan traps and
sediments and iii) deeper depths (2000 m 4500 m) in the
region covered by the basins of Tapti-Daman, Heera-PannaBassien and Ratnagiri blocks of Bombay offshore basin area.

Biswas, S.K.(1987) Regional tectonic framework, structure
and evolution of the western marginal basins of India,
Tectonophysics, v.135, pp. 307-327.

The depths to the causative sources/basement derived
from the Werner method (PDepth) for the magnetic data
extracted along the profiles PD1 to PD8, intersecting the
inner offshore region, transitional region and the area
covered by Deccan traps corroborate with the depths
obtained in the Source Parameter Imaging map. The extents
of basins of different hydrocarbon bearing blocks, ridges/
platforms, transitional regions of Deccan traps and
sediments, Deccan traps demarcated in the analytic signal
map are inferred.
The analysis of the aeromagnetic data has suggested
that, the basin like features delineated towards south of
Ratnagiri prospect between 16°15’ and 18° N latitudes
appear to be the potential regions for oil prospects.
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Abstract
Integrated geophysical studies were carried out in Ghanpur-Mudholi West Block, Gadchiroli district, Maharashtra
with an objective to delineate shear zone and the associated sulphide mineralization. A NNW-SSE trending shear
zone transecting the Archean gneisses is reported to host copper mineralisation in the form of chalcopyrite with
subordinate arsenopyrite, pyrite and barite. Geophysical techniques of time domain Induced polarization (IP),
resistivity, Self-potential and magnetic total field (TF) were employed for data acquisition along thirteen traverses,
covering an area of 1.3 sq.km (approximately). There is a magnetic total field(TF) variation of 1300nT.High
magnetic (TF) values align to the trend of shear zone in almost NNW-SSE direction within granite-gneiss country
rocks.P-depth analysis have shown two depths 12m (shallow) and 50m (deepest) which may correlate to the zone of
hydrothermal alteration. Magnetic (TF) high zone shave correlated to the presence of mafic and/ or, ultra mafic rocksat
shallow subsurface. The IP surveys results show a lower range of variation in chargeability(~ 0.5 to 8 mV/V) whereas,
apparent resistivity shows a wide range of values varying from 20-3600 Ω-m (conductivity ~ 5x10-2 – 2.8x10-4 S/m)
over the study area. High resistivity anomalies trend also correlates to the trend of shear zone in the area. This high
resistivity anomaly zone overlapping with moderate chargeability ( ≥ 5 mV/V) is interpreted to define the zone of
alteration with sulphide mineral occurrences. Probable zones of sulphide mineralisation within anomalous
shear zone have been proposed for drilling.
Keywords: Magnetic anomaly, Chargeability, Apparent resistivity, Shear zone, Sulphide mineralisation

Introduction
Thanewasna area was explored extensively using
geochemical, geological and subsequent drilling by
Geological Survey of India (1971-72 to 1978-79) and MECL
(2004-05 and 2013-14). A potential copper mineralisation
(known as Thanewasna Copper Deposit, TCD) was
established over a strike length of 2.1 km (Dora et al., 2015,
V.D. Chande and M. Ananda Rao, 1971-1979, Udhohji and
Akolkar 1977-78, A.M. Kulkarni 1963-64). Drilling at nine
different boreholes had indicated a reserve of ~ 5.55 million
tonnes of 0.81% copper for an average width of 4.68m over
a strike length of 2065m with a shallowest depth of
intersection at 70m (Mahapatra and Dora, 2010). A process
of hydrothermal, epigenetic copper mineralisation in the
form of chalcopyrite with subordinate arsenopyrite, pyrite
and barite occur in a NNW-SSE trending shear zone
transecting the Archaean Amgaon/Bengpal gneiss near
Thanewasna. Our present study falls in Ghanpur-Mudholi
block, southern extension of TCD parallel to the Wainganga
River. The Ghanpur-Mudholi area is covered with thick
soil and no signature of NNW-SSE extension of sheared
contact with basement rock is visible. Demarcation of such
sub-surface shear zone using magnetic survey has always
been very effective, if a higher succeptibility contrast exists
between basement and sheared rocks. Base-metal
exploration by SP (Rambabu et al., 1988; Yungul, S., 1950)

and IP/Resistivity method has been a regular practice for
last few decades (Paterson et al., 1991; Reddi et al., 1982).
Dissiminated sulphides mineralisation has been imaged
in a successful way by IP methods (Ramakrishna, 2000).
Keeping view of these methodologies, a detailed
geophysical study deploying IP, resistivity, SP and
magnetic survey is proposed in Ghanpur-Mudholi west
block to establish copper mineralisation in the southern
part of main TCD. This paper marks clear demarcation of
shear zone with probable zone of mineralisation.

Geological Setting
Geological set up of the Ghanpur-Mudhuli area belongs
to the western Archaean Bastar Craton. This province is
characterized by structurally controlled high sulphidation
epithermal system and well known for occurrence of
economic iron and copper resources (Dora et al., 2015;
Krishnamurty et al., 1990). Geological setting of the study
area is shown in Figure 1. The Bastar Craton is
tectonically juxtaposed with the Dharwar Craton in SW,
Central Indian Tectonic Zone (CITZ) in the north and
Eastern Ghat Mobile Belt (EGMB) to east and SE. The
copper mineralisation in the TCD is associated with
post-tectonic granites with a characteristic association
with quartz–chlorite veins related to intrusions of old
granitoids (2446–2475 Ma) (Dora et al, 2017; Randive
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et al, 2015). The basement rocks mainly comprise tonalitequartz diorite suites, charnockite-enderbite, meta-pyroxenite,
and meta-gabbro (Dora et al., 2015).

variable thicknesses and Cu grades varying from 0.79 to
1.63% resulting in estimated resources of 6.64 mt (Dora et
al., 2017 and 2015; Nitnaware et al., 2011; Mahapatra and
Dora, 2010).

Mineralisation
In Ghanpur-Mudholi area, large scale magmatism helped
in increased high geothermal gradient developing intense
chloritisation and mineralisation in the host rock (Dora, M.
L., and Randive K. R., 2015). Drilling has established a
number of such Iron-Oxide-Copper-Gold (IOCG) types of
sulphide mineralization bands associated with quartzchlorite veins with a varying length of 50 -200m within the
shear zone in the north of our present study area (GSI
Unpublished report). Host rock comprises of quartz
diorite rock of calc-alkaline affinity (Dora et al., 2015, 2017).
Main mineralisation is associated in NW-SE trending
shear zone with a strike length of 10 km extending from
Phutana to Thanewasna in the south and hosts copper in the
southern part hosted in calc-alkaline granitoids( 2446-2475
Ma) (Dora et al., 2015). The sulphide veins at TCD show
economic concentrations of Cu, varying from 2000 ppm
to 4.02% and Au varying from 200 to 1800 ppb (Dora et al.,
2015). The mineralisation occurring as stringers and veins
along micro-faults and shear fractures, mainly comprising
chalcopyrite, pyrite and barite, associated with chlorite
alteration (Dora et al., 2012b). Drilling down to 180m has
revealed the presence of several mineralized zones with

Previous Geophysical Work
So far Ghanpur-Mudholi block area has not been
mapped using geophysical techniques till date. In 1964 a
preliminary survey was carried out by Geological Survey
of India. Dutta, B.N (1964) traced the shear zone
over a length of about 450 meters employing SP, Resistivity
and Magnetic methods. Geophysical surveys deploying
Electromagnetic (E.M.), IP (Time domain), Self-potential
(SP) and magnetic methods were conducted by
Murthy, B. S.R, et al., 1974. The E.M. survey indicated
poor conductivity along the shear zone. Magnetic anomaly
have delineated shear zone in NW-SE direction. Feeble
SP as well as IP response indicated no high occurrence
of sulphides in surface in north of shear zone near
TCD, although a detailed magnetic survey in the north
of the Ghanpur-Mudholi block delineated the
sulphide mineralisation (GSI Unpub. report). Since the
NNW-SSE shear zone extends further south of
Thanewasna block (TCD), a detailed geophysical survey
has been carried out to find out the strike extension
of the sulphide load intersected by drilling (Dora et al.,
2015).

Fig.1. Study location and Geological Map of Thanewasna and
Ghanpur area, Chandrapur and Gadchiroli district, Maharashtra
(modified after Dora et al, 2015)
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Instruments, Data Acquisition and Analysis
Methods

the strong shear zone have been picked up from tilt derivative image (Figure 5b). Axis of magnetic low has been demarcated with dotted blue lines. The width of the magnetic
low exhibits the zone of shearing over the area. Magnetic
high zone H2 are in scattered nature following the same
trend as H1. Presence of chlorite and or replacement of ferromagnetic minerals from hydrothermal solutions may have
given such anomaly over zone H2. Magnetic high zone H1,
in a linear patch, is probably due to presence of ultramafic
and/or, mafic bodies e.g., metagabbro. There could be another possibility of such magnetic anomaly and it is probably due lo pyrrhotite association within the host rock.

To delineate sulphide mineralisation, their strike and
depth persistence, close spaced magnetic, resistivity,
IP (gradient array) and Self-potential (SP) were carried out
in Ghanpur- Mudholi west block. The area is covered
with thick soil. Keeping in view of these, an integrated
approach using magnetic (GSM-19T Magnetometer,
GEM System), SP (TDR-4, ANDROTEX system), resistivity
and Time domain IP (IRIS VIP-5000 with ELREC PRO
receiver) methods have been deployed. A 4 kW VIP
4000 IRIS time domain transmitter and a ten channel Iris
ELREC PRO Receiver were used. The Gradient array survey
was conducted with potential electrode separation of
20m and with a move of 10m. Total chargeability is
measured using the ELREC PRO receiver and Apparent
resistivity are calculated measuring output voltage and
current input. SP survey was carried out along ten traverses
using two non-polarisable pots. The station interval is
10m. All the traverses having a cumulative length of 1300
m baseline are laid out in reference to a grid reference point
0/0 with bearing N100W. The traverses were laid at every
100m perpendicular to the baseline. The stations were
stacked at every 10m interval on all the Traverses. Total
length of covered geophysical survey is 13 Lkm. The SP
data collected is reduced to a base established outside
the block area (~1 km away in NE of the block).

S.P. Surveys
SP values ranges from -14 mV to 50mV over the area
(Figure 4). Negative values are observed near the river and
canal areas. SP values do not show any significant contribution to the objective of the survey. Thick soil cover hinders
the anomaly to be picked up.

Results and Discussions
Systematic geophysical surveys employing
IP/Resistivity, SP and magnetic (T.F.) methods were carried
out in Ghanpur-Mudholi block, Gadchiroli district,
Maharashtra. The results are discussed as follows.

Magnetic Surveys
Magnetic contour map with contour interval of
50 nT is shown in figure 2. Magnetic (T.F.) surveys have
brought out values ranging from 43415 to 44746 nT.
Two major magnetic contrast layers have been obtained
from radial spectrum analysis. The shallowest information
falls at depth of 12m while the deepest layer 50m
(Figure 3). The area is characterised by three distinct
types of magnetic signatures, all in form of linear
anomalies with high amplitude trending in N20°W –S300W
direction in juxtaposition of low anomaly. Contours of
magnetic of magnetic anomaly follows almost NS trend.
Magnetic surveys have brought out a two distinguished
high magnetic zone (H1 and H2) of strike length of
1300m and 400m, respectively. These magnetic high zones
are at two shoulders of magnetic low with a strike length
of 700m (approx.). High gradient of magnetic anomaly is
observed along the shear zone (Figure 5a). The Edges of

Fig.2. Magnetic anomaly (TF) map of Ghanpur-Mudholi
West Block, Gadchiroli district, Maharashtra.
Contour Interval=50 nT.
SP results don’t seem to be encouraging. The response
rather gives spatial distribution of electro-kinetic potential
and controlled by mostly hydrological distribution over the
area. Water flow at sub surface indicates the recharge zone
dipping easterly.

IP/ Resistivity Surveys
Results of IP/Resistivity survey are shown in figure 6a.
and b. Ground IP/Resistivity data was collected for
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delineation of the trends of the sulphide and probable
associated mineral bearing zones. Observed chargeability
and resistivity data was acquired with the Gradient array
(P1P2=20m and C1C2= 1000m). A maximum IP response
of 8 mV/ V is observed with gradient array in the area.
There is a clear defined trend of feeble chargeability in
almost NS direction with width varying from 100 to 200m.
IP contour map shows feeble response of chargeability
of very low magnitude of order of 6 to 8 mV/V over the
background of 3 mV/V. It is however noteworthy that the
various anomaly zones seem to follow a distinct trend. This
trend more or less coincides with the shear zone. The
indications of the mineralized zone are very feeble which
is, in present case, of the order of only 5 mV/V above the

background. A moderate IP anomaly was recorded over
strike length of 200m and width of about 200m from Tr.400
to Tr.600. Another moderate IP anomaly was picked up
further to the north east along the same trend over soil
covered area. The moderate chargeability response
corroborates very well with strike of the shear zone. The
dispersed patterns of low IP contours indicate lower
concentration of polarising minerals. Resistivity is varying
from 20 ohm-m to 3600 ohm-m. A higher resistivity trend is

Fig.3. Depth of magnetic contrast analysed from power
spectrum of magnetic (TF) data Ghanpur-Mudholi
West Block, Gadchiroli district, Maharashtra

Fig.4. Self-potential (SP) anomaly map (CI=5 mV)
of Ghanpur-Mudholi West Block, Gadchiroli
district, Maharashtra.

Fig.5 a. 1st order horizontal derivative map & b. Tilt derivative magnetic anomaly map
of Ghanpur-Mudholi West Block, Gadchiroli district, Maharashtra.
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Fig.6 a. Apparent resistivity (Contour Interval= 200 Ohm-m) & b. Chargeability map (IP)
(Contour Interval= 1mV/V) of Ghanpur-Mudholi West Block, Gadchiroli district, Maharashtra.
observed in a linear pattern while lower resistivity is
observed in south east part of the block. A high resistivity
trend anomaly coincides with feeble chargeability anomaly.
The presence of chlorite-quartz vein within calc-alkaline
granitoids hosting deficient sulphide minerals is responsible
for such anomaly. Comparatively low resistivity (green) at
the east of the high resistivity contour zone (red) indicates
the presence of shallow basement rocks i.e., granitoids.

Conclusion and Recommendations
Total magnetic field has brought out two prominent
magnetic high zones H1 & H2. Contact of shear zone under
thick soil cover has also been delineated very well using
magnetic anomaly. Emplacement of ridge -like
Chlorite-quartz veins along regional shear and fault surfaces
are also been mapped. Metasomatism process may have
deposited the Fe-oxides over altered shear zone (Dora et
al., 2015). The magnetic highs could also be the effect of
such oxidized layered minerals over granitoids basement.
This paper confirms the alignment of shear zone in
NNW-SSE direction. An extensive brittle shearing and
faulting happens towards west of the block area.
Overlapping of high resistivity and moderate chargeability
trends depicts the presence of alteration zone.
High resistivity axis cuts the high magnetic anomaly in
almost perpendicular fashion. South of Tr. 500 exhibits
low magnetic as well as low chargeability overlapping
high resistivity. This could be due to the presence of
chlorite-quartz veins devoid of abundant sulphide
mineralization in surface soil. Evidence of copper

mineralization is reported over the NNW-SSE shear zone.
IP/resistivity data does not show any encouraging
results to plan for drilling in Ghanpur-Mudholi area.
SP anomaly does not indicate presence of massive
sulphide deposition. The IP/Resistivity anomaly confirms
the lower degree of disseminated assemblage of sulphide
minerals at surface and its continuity not ezceading to 50m.
Integrating all the geophysical and geological results an
initial drilling of two boreholes (Figure 5a) has been
proposed on a reconnaissance basis.
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Abstract
The present paper describes an inversion scheme suitable for interpretation of large loop in-loop TEM data over
layered earth models. The inversion is based on a non-linear least square method that produces a smooth inverted layer
earth model from the data using the criteria of minimization of misfit function and/or convergence of residual in two
successive iterations. The forward problem is first formulated in frequency domain, and then it is converted into the time
domain using Fourier cosine or sine transform. The accuracy and robustness of algorithm is tested by inverting the large
loop TEM data acquired using in-loop configuration over the homogeneous, two layer, and three layer earth models,
with or without addition of random noises. Inverted results are in good agreement with the theoretical models and
demonstrate that different parameters are recovered with high accuracy. The program works satisfactorily with noisy
data and produces inverted results with acceptable accuracy for synthetic data up to 5% random noises.
Key words: Large loop TEM methods, Layer earth model, In-loop configuration, Inverse modeling

Introduction
Conductivity-depth inversion is a useful tool in
mapping the distribution of geologic conductivity and
identification of conductive sources within the variably
conductive host geology. There are number of methods
for deriving conductivity-depth sections from time-domain
EM data (Eaton et al. 1989; Fraser 1978; Huang and Palacky
1991; Macnae et al. 1991), based on different approaches.
Of these various conductivity depth techniques, each
one is meant for the specific case and is suitable for a
particular source excitation (i.e. impulse/step/saw tooth wave
etc.), survey configuration (central loop or coincident
loop configuration) and is not amenable to its adaptability
for commercially used other TEM systems.
Moreover, of various transient electromagnetic
(TEM) methods, the large loop TEM methods represents a
class of TEM methods with large grounded transmitter
loop for energizing the ground and a small receiver loop or
magnetometer for recording the transient voltage or magnetic
field at the center of the loop (central loop method), or at
coincident with source loop (coincident loop method), or at
any arbitrary point inside the source loop (in-loop method)
or at arbitrary point outside the source loop (Offset loop
method). Of all these methods, the central loop and
coincident loop systems have been developed and used
extensively for the practical surveys in the field (Buselli et
al. 1990; Fullagar 1989; Hoekstra et al. 1990; Hoversten
and Morrison 1982; Kaufman 1979; Lee and Lewis 1974;
Liu and Michael 1993; Morrison et al. 1969; Nabighian ,
1979, 1991; Newman et al. 1987; Patra 1970; Rai and
Sharma 1986; Singh and Mogi 2003; 2005; Singh et al. 2009;
Smith et al. 1988, 1989; Spies and Raiche 1980; Verma and
Mallick 1979), because of the computational simplicity

associated with the central loop and coincident loop methods
as compared to the arbitrary in-loop and offset loop methods.
Further, there are numerous techniques available in the
literature for inversion of TEM data (voltage decay curve)
(Anderson 1982; Eaton et al. 1989; Huang and Palacky
1991; Knight and Raiche 1982; Macnae et al.1998; Zhang
and Xiao 2001; Zhdanov et al. 2002; Jia and Groom 2007;
Xue et al. 2007; Jia et al. 2009; Xue et al. 2011; Guillemoteau
et al. 2011; Xue et al. 2012a, 2012b; Kaloj and Smith 2014a,
2014b; Guillemoteau et al., 2014; Meng et al. 2015; Auken
et al. 2015; Andersen et al. 2016; Yogi and Widodo 2017;
Chen et al. 2017a, 2017b). Off all these techniques, each
one is based on one or other inversion approach and is
capable of inverting either central loop or offset loop or
coincident loop TEM data but none is suitable for
inverting the in-loop TEM data. In present work, an attempt
is made to develop a robust conductivity-depth inversion
technique capable of interpretation of in-loop TEM sounding
data for impulse excitation using the inversion concept
similar to Anderson (1982) with the provision of its
adaptability to widely used commercial TEM systems
with different source excitations.

Theoretical Backgrounds
Forward Modeling
The TEM data are usually recorded in the form of voltage
at number of sample times and the general steps of data
processing consists of editing, checking the data for accuracy,
normalizing the data with respect to transmitter current and
receiver area and gain. Next step is the suitable interpretation,
firstly in terms of physical model and secondly transforming
the physical model in terms of subsurface geological model
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compatible to the area over which data
is recorded. As
the objective is the development of an inversion scheme for
interpretation of large loop in-loop TEM voltage-time data,
therefore, an inversion algorithm is developed to invert the
large loop in-loop TEM data over the layer earth models,
and is tested for noise free and
noisy data (with
addition of random noise up to 5%) over homogeneous as
well as layered earth models.
In general, the large loop TEM data consist of vertical
voltage measurements at various time intervals after the
current in transmitter is turned off. These voltage
measurements are related to the time derivatives of vertical
magnetic field in accordance with the following relation,

æ ¶h
V (t ) = - m 0 çç z
è ¶t

ö
÷÷ M
ø

(1)

where M is the area-turns product of the receiver coil.
The forward solution for time derivative of vertical
magnetic field

is obtained by converting the frequency

domain solution of the vertical magnetic field into the time
domain solution using Fourier cosine or sine transform
(Newmann et al. 1986),

¶h z (t )
2
= - ò0¥ Re[H z (w , r .h ) cos(wt )]dw
¶t
p

(2)

¶h z (t ) 2 ¥
= ò0 Im[H z (w , r .h ) sin (wt )]dw
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p

(3)

where
and
are the real
and imaginary parts of the vertical magnetic field in
frequency domain. The vectors and h represent the
resistivities and thickness of different layers of earth
model, and

is the angular frequency..

The expressions of EM field components in frequency
domain at a point on the surface of an n-layered earth
due to a finite size horizontal circular loop of radius, a ,
carrying a current, I, and placed at the height, h, above the
surface of layered earth can be derived from Ward and
Hohmann (1988), and at the surface of n-layered earth
(i.e. at z = 0) can be written as,
é -u0h
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where
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admittance of free space)
and

(surface admittance at z = 0)

(4)

For an n-layer case, the surface admittance is given by the
recurrence relation,

and

with

=

,

, and

where r is source-receiver offset and for calculation
is used in its exponential form for stability
reasons ((Knight and Raiche, 1982).
Therefore, starting with computation of
field (eq. 4), using the algorithm described
in Singh and Mogi (2003), the time derivative of vertical
magnetic field is computed using the Fourier cosine and
sine transforms (eqs. 2 and 3) (Newman et al. 1987; Zhdanov
et al. 2002). Thereafter, the voltage response is computed
(eq. 1) which is needed as forward computation in this
inversion scheme.

Inversion Approach
To analyze the field data/ curves, one needs to match it
with the computed curves over a model. There are two
approaches to interpret data, forward modeling and
inverse modeling. There are several schemes proposed
for direct analysis of TDEM data (Nekut 1987) in
which if the field and computed curves have a good match,
then the suggested model is a (possible) model to explain
the field data. This is a trial-and-error process and is a
kind of inverse problem. Many techniques have been
developed on different theories and are well described in
Jackson (1972 and 1979); Twomey (1977); Tarantola and
Valette (1982); Menke (1984); Constable et al. (1987); Meju
(1994a and 1994b); Newman and Alumbaugh (1997);
Tarantola (2005).
In general, for solving TEM non-linear inverse
problems, there exist two approaches. The first one is to
make no assumption about the conductivity distribution
in the earth and find the classes of conductivity models
that fit the data. The second approach, which is more
practical in many exploration problems, is to assume an
initial model representative of the earth under the
consideration. Thereafter, the model parameters are
estimated using an optimization technique. The important
aspect of the second approach is the assumption of
correct class of model. This approach allows for geological
and geophysical information to be incorporated into
the inverse problems. However, the major disadvantage
of this approach is that there is always a chance of
unknown bias introduced into the inverse problem
(Hoekstra et al., 1990).
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The proposed inversion scheme is based on model
fitting approach, where initial model is layer earth with
parameters consisting of resistivities and thicknesses of
different layers. For inversion, it follows the Anderson
(1982) approach with modification in forward computation
algorithm and change in the input parameters in
accordance with need of the problem. This program is a
modification of NLSTCI (nonlinear least-squares
inversion of transient soundings for a central induction
loop system) and of a general nonlinear least square
algorithm of Dennis et al. (1981) to that of a constrained
and unconstrained algorithm with weighted observations,
which is more reliable than a Gauss-Newton or
Levenberg-Marquardt algorithm when a large residual
exists between data and forward solution. To overcome the
problem of local minima associated with NLSTCI, we have
made some adjustment in the program that in next step it
recalls the program by replacing initial model parameters
with inverted parameters obtained in the previous step and
repeat the process for the desired number of steps or till it
get a reasonable model parameters. This is achieved
through the use of the fact that at each step program start
with new value of A (Marquardt parameter) depending
upon the resulting residual at that step and some special
procedures. The forward computation makes use of
EMLCLLER (Singh and Mogi 2003) for FDEM calculation
over layered earth model and the inversion is based on
minimization of a residual misfit function in an iterative
least square process. The misfit function, which is
minimized in an iterative process, can be defined as
following.
1
(5)
V (F ) = [V ( RNORM )]2
2
1
V ( RNORM ) =
å sqrt (WT ( I ) * (Y (I ) - F )) (6)
n i =1

0.005 S/m for noise free, 1% random noise, 3% random
noise and 5% random noise data, however, the results are
presented only for the noise free data. From Figs. 1(a) and
1(c), it is observed that there is good match between the
original and inverted voltage response data, while Figs. 1(b)
and 1(d) depict that final inverted models are in good
agreement with the original models with which data were
generated. The conductivity of homogeneous layer is
reproduced with a difference of as little as 0.1%.

where Y(I) and WT(I) are the Ith data point and corresponding
weight factor, and F is corresponding calculated value.

Fig. 2 shows inversion results for the voltage response
data over the 2-layer earth model for arbitrary in-loop TEM
system for source loop of radius 50 m. Figs. 2(a), 2(c) and
2(e) show original and inverted voltage responses, and Figs.
2(b), 2(d) and 2(f) show original and inverted 2-layer
conductive models for noise free, 3% and 5% random noise
data respectively. The inversion was started with a
homogeneous model of conductivity 0.005 S/m. From Figs.
2(a), 2(c) and 4(e), it is clear that there is good agreement
between the observed and inverted voltage response data,
and from Figs. 2(b), 2(d) and 2(f), it is observed that the
inverted models are in good agreement with the original
synthetic model even for 5% random noise data. The inverted
parameters are recovered with significantly high accuracy
of an average less than 0.5% variation.

Results and Discussion
For checking the accuracy and reliability of the program,
it is applied to inversion of large loop TEM data acquired
using in-loop configurations over the homogeneous, 2-layer
and 3-layer earth models. The inversion is tested for noise
free as well as noisy data (with addition of random noise),
and pertinent results are presented in Figs. 1-4.
Fig. 1 presents inversion results for the large loop inloop (central loop and arbitrary in-loop) noise free TEM
data over the homogeneous earth model for source loop of
radius 50 m. Figs. 1(a) and 1(c) show the forward and
inverted voltage response data and Figs. 1(b) and 1(d) show
initial and inverted conductivity model for the central and
in-loop configurations respectively. The inversion was
started with an initial homogeneous model of conductivity

Fig. 1. Inversion results for central loop and in-loop
noise free TEM data over homogeneous earth model.
(a) synthetic and inverted best fit curves and
(b) original and inverted conductivity models for central
loop system. Inversion results for in-loop configuration,
(c) synthetic and inverted best fit curve and
(d) original and inverted conductivity models.

Fig. 3 shows inversion results for the large loop in-loop
TEM voltage response data over the 3-layer earth model
for source loop of radius 50 m. Figs. 3(a), 3(c) and 3(e)
show original and inverted voltage response curves for noise
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Fig. 2. Inversion results for large loop in-loop TEM data over a 2-layer earth model.
(a) The synthetic and inverted best fit data, and (b) original and inverted conductivity
models for noise free TEM data. (c) The synthetic and inverted best fit data, and (d)
original and inverted conductivity models for 3% random noise TEM data. (e) The
synthetic and inverted best fit data and (f) original and inverted conductivity models
for TEM data with 5% random noise.
free, 3% and 5% random noise data respectively, which
depict that there is good matching between the original and
inverted curves. Figs 3(b), 3(d) and 3(f) show original and
inverted 3-layer conductivity models for noise free, 3% and
5% random noise data respectively. The inversion was
started with a homogeneous model of conductivity 0.005 S/
m. Fig. 3(b), 3(d) and 3(f) depict good agreement between
the inverted and original model with which data were
generated. The inverted parameters, i.e. conductivities and
thicknesses of different layers are close to the original
parameters with an average variation of less than 1%.

Fig. 4 presents variation of RMS (residual error) against
iteration number for the inverted results shown in Fig. 3 for
source loop radius 50m. Fig. 4(a) shows RMS error for noise
free data, Fig. 4(b) shows RMS error for 1% random noise
in the data, Fig. 4(c) shows RMS error for 3% random noise
in the data and Fig. 4(d) shows variation of RMS error with
iteration number for 5% random noise in the data. From
these Figs, it is observed that the noise free data converges
rapidly as compared to the noisy data.
These results depict accuracy and capability of the
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Fig. 3. Inversion results for in-loop TEM data over a 3-layer earth model. (a) The
synthetic and inverted best fit data and (b) original and inverted conductivity models
for noise free TEM data. (c) The synthetic and inverted best fit data, and (d) original
and inverted conductivity models for 3% random noise data. (e) The synthetic and
inverted best fit data and (f) original and inverted conductivity models for TEM data
with 5% random noise.
algorithm for inversion of large loop in-loop TEM data over
homogeneous, 2 layer and 3 layer earth model, and therefore
have possibility of its successful application for inversion
of large loop in-loop TEM data over multi-layer earth
models.

Conclusions
The present study embodies the results on inversion of
large loop in-loop TEM data over layered earth model with
objective of presenting a suitable inversion scheme for
interpretation of real field in-loop TEM sounding data. An

inversion scheme based on minimization of residual misfit
function is developed and applied for the inversion of
large loop in-loop TEM data which is based on modification
of NLSTCI program (Anderson, 1982) in accordance with
the need of the problem. Accordingly the forward
computation scheme in NLSTCI has been changed by the
EMLCLLER (Singh and Mogi 2003, 2005), for computation
of frequency domain EM response of large loop sources
over the layer earth models. Thereafter, these frequency
domain responses are converted into the TEM responses
with the use of Fourier cosine and sine transforms.
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response data (voltage-time decay curve), but have the option
for inversion of apparent resistivity TEM data with some
modification in constraints and the input parameters in the
program.
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Abstract
nd

Indian port city Surat, the 2 largest city in Gujarat, 3rd cleanest city of India and 4th fastest growing city of
the world, is located in the left bank of Tapi river. It is famous for its food, textile, and polishing over 90% of the
world’s rough diamond. Recently it has been selected as one of 20 Indian Cities to be developed as a Smart City
by Ministry of Urban Development (MUD) under the Prime Minister’s Flagship Smart Cities Mission. The Surat
Municipal Corporation (SMC) used to supply of water thorough one French well and two surface water wells,
which are sited on the Tapi river bed. To meet the water supply demand of the upcoming smart city for
24×7 hrs,the SMC in collaboration with CSIR-NGRI, is entrusted to explore the potential groundwater zones
along the river bed adjoining the Surat city. Electrical Resistivity Tomography (ERTs) were conducted to delineate the
near surface multi-aquifer system within the alluvium capping along the river bed. The whole of 12 ERTs were carried
out only along the river bed. The measured resistivity data were inverted using the RES2DINV software. In general,
the ERTs revealed the presence of ~30 m thick near surface sandy layer with the resistivity range of 15-70 Ω -m,
which acts shallow aquifer at some places. In addition, the resistivity models produced at some places indicate the
presence of clay of near surface aquifer which exists in the saline zone towards Arabian sea after the SMC Causeway.
In this study area, the sandy layers in the multi-stages are delineated, which could be used for the constructing additional
French wells. In total 6 ERT sites, out of them, are recommended for constructing French Wells for sustainable water
supply to the Smart City.
Keywords: ERT, Shallow Aquifer, Sustainable Water Supply, Tapi River Bed, Surat Smart City, Gujarat.

Introduction
The CSIR-NGRI was contacted by the Additional City
Engineer (Electrical & Mechanical), Surat Municipal
Corporation (SMC) in the month of March 2016, to explore
the possibility of aquifer mapping along Tapi river bed in
Surat City and adjoining area, Gujarat (Fig. 1). To get details
of the SMC’s requirements and the hydrogeological
conditions, terrain conditions, etc., the NGRI team visited
Surat on the month of April, 2016. They were shown the
Water Supply System at the bank of the Tapi River by the
Executive Engineer, Hydraulic Department and Quality
Control Head, Surat Water Supply of SMC, Surat. They also
visited the sites, where one French Well (FW) and two
surface water wells are located to meet the water supply
demand of the Surat city (WAPCOS, 2012). As of now the
supply is not sufficient for the sustainable water supply of
24*7 hours in the upcoming Surat Smart City. It needs to
install additional wells. As per the concept of French Well,
it is a special type of well in which surface water is being
collected from river bed (Fig. 2a). A natural or radial
perforated pipes are laid with slope towards centre below
the bed level of the river in the granular sediments (Fig.
2b). Water is collected at the centre of well and then it is
pumped out. It requires (1) thick river bed sediments-mainly
sand, (2) the quality of sediments in terms of permeability

(K). Keeping in view the future water requirements of the
city, it is imperative for preparedness to meet any challenge
in case of floods, mapping of major aquifer zones, future
urban development, and important information on the
subsurface. It was decided that the Electrical Resistivity
Tomography (ERT) survey, one of the versatile geophysical
techniques, would be carried out for delineating aquifer
disposition along the Tapi riverbed and for recommending
suitable sites for French wells. It had been executed and the
results arediscussed in this article.

Brief Description of the Study Area
General Location
Surat city is located at 21.17° N latitude and 72.83° E
longitude, and is situated on the left bank of Tapi river (Fig.
1). Its average elevation is about 3.00 m. The topography is
mainly controlled by river and the general slope is from
north-east to south-west. Arabian sea is to its west at a
distance of about 22 kilometers along the Tapi and about 16
kilometers by road. Surat is known for its textile trade,
diamond cutting and polishing industries. The Tapi River
originates from Madhya Pradesh at an elevation of 752 m
above mean sea level traversing a length of 214 km in
Gujarat and joins Arabian Sea in the Gulf of Cambay after
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Fig. 1. Location map of the study area along with drains, geology and sites of ERT experiment
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Fig. 2. Showing (a) a typical installed French Well collecting river bed water thorough the
radial wells, and (b) underground geological cross-section of French Well in river bed
flowing past the Surat city. The river receives tidal
influence for a length of about 25 Km upstream from the
mouth. The Ukai and Kakdapar are the main dams on this
Tapi river.

Rainfall and climate
The average annual rainfall of the Surat city is about
1143 mm. The south-west monsoon sets in by the
middle of June and withdraws by mid-October. About
90 percent of total rainfall is received during the
monsoon months, of which 50 percent is received
during July and August. The summers are quite hot
with temperatures ranging from 37 to 44°C. Winter
temperature varies from 10 to 15°C.

Geology
Geologically, major formations exposed in the study
area are Quaternary alluvium, Tertiary limestone and
sandstones, and Deccan Trap basalt (Fig. 1). The
eastern site of the area comprises of Deccan Trap
basalt o f Cretaceous-Eocene age, overlain by
Quaternary alluvium. Limestone and clay formations
of Eocene ages are found in the northern area overlain
by soil whereas the western most part of the area,
quaternary alluvium is seen. Tidal flat/shoal deposits
are found in the extreme western part towards the
Arabian sea and then older tidal flat deposits exit.
Generally, in rocky areas, hand pump bores are drilled
for drinking water.

High Resolution 2-D Aquifer Mapping

Hydrogeology
The major aquifers in the study area are formed by
alluvium and Deccan Trap basalt with Tertiary formations
occupying a small patch. The alluvium occurs in the western
part of the area and along the Tapi river whereas in eastern
parts, weathered and fractured basalt form aquifers.
Groundwater in Deccan Traps (extremely eastern part)
occurs in unconfined to semi-confined conditions. The
occurrence and movement of groundwater are governed
by the thickness and extent of weathered zone, and
presence of fractures and joints. Depths of dug wells in
Deccan traps range from less than 2.0 to 25.0 m with
maximum number of wells, about 80%, being 5.0 to 15.0 m
deep. The depths to water levels in the dug wells range
from 1.0 to 20.0 m with yields ranging from 10 to 50 m3/
day. It can generally sustain pumping for 4 to 5 hours
with slow rate of recuperation.
The aquifer in alluvium can broadly be demarcated into
two zones namely newer alluvium and older alluvium.
The newer alluvium presents along the river courses and
comprises fine to coarse grained sand trap wash with
clay intercalations. The sand is unconsolidated but shows
some degree of cohesion at places. Water levels are, in
general, deeper in newer alluvium. Older alluvium presents
in inter-river plains and comprises sand, clay, kankar,
gravel and silt. The groundwater occurs mostly under
unconfined conditions but at places semi-confined
conditions are also observed, probably due to presence of
clay lenses. The depths of the wells in alluvium
generally range from 3.0 to 30.0 m with some of the
wells having bores down to 50 m below bottom of the
wells. The maximum number of wells, about 80%, are
5 to 20 m deep. The general yield of these wells varies from
100 to 450 m3/day.

Materials and Method
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Resistivity imaging technique for groundwater
exploration has earned an important place in recent years
in spite of some interpretive constraint. It is expected
that the results obtained from the ERT survey would
generate detailed subsurface structures for groundwater
exploration and constructing recharge structures.
The multi-electrode resistivity procedure uses a multicore cable with as many metal electrodes (either 21, 41 or
81) embedded into the ground at a fixed spacing, every 10
m. A typical example is shown in Fig. 3. The sequence of
readings was predefined and stored in the internal memory.
The relays were adjusted in the resistivity unit, which
switches off those electrodes according to the sequence.
Various combinations of current and potential pairs of
electrodes created the geoelectric section, where the
maximum depth of study depends on the total length of the
cable (Loke, 2011). The depth of penetration is related to
the distance between electrodes as well as the geology of
the area. For instance, if a set of 81 electrodes spaced at 10
m, then the total length of the cables is about 800 m. For
gradient array, the maximum depth of investigation is about
20% of the total cable length.

Field Procedure
Gradient configuration was used for ERT survey and the
data was collected from 12 stations (Fig. 1) along the Tapi
Riverbed using Terrameter LS (manufactured by ABEM,
Sweden) with 10 m inter-electrode separation in a standard
format. Then the soft copies were prepared in *.dat format.
The total length of the profile varied from 400 to 800 m,
ensuring in a penetration depth of about 80-160 m. As the
top layer in the study area is dry/wet clay or sandy clay and
very hard, it was necessary to reduce the contact resistance
between the electrodes and the ground before data
acquisition. Thus the electrical coupling of the electrodes
with the subsurface was improved by adding salt water to
every electrode, resulting in a contact resistance below 2
KΩ (Loke and Barker, 1996).

The methodology adopted for carrying out subsurface
investigation was Electrical Resistivity Tomography (ERT).
The details are discussed below.

Electrical Resistivity Tomography (ERT)
The multi-electrode technique is a rapid computer
controlled data acquisition system, wherein both lateral and
vertical resistivity variation beneath the profile length was
studied. Also due to large amount of data, the computed
images of the subsurface structures are of higher resolution.
The multi electrode imaging scheme is extensively used in
aquifers delineation, environmental and mining applications
(Singh et al., 2003; Dutta et al., 2006; Sastry et al., 2006;
Mondal et al., 2008; Krishnamurthy et al., 2009; Andrade,
2011; Ratnakumari et al., 2012; Mondal et al., 2015, 2016).

Fig. 3. Sequence of measurements to build up
a pseudo section
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Data Processing and Interpretation
Two-dimensional (2-D) inversion was performed using
the software “RES2DINV”, applying the smoothnessconstrained least squares inversion by a complete GaussNewton Optimization Approach (Loke, 2011), since the
number of model parameters is small thereby giving an exact
and more realistic subsurface geological information. As the
data set appears to be noisy, these artifacts could be
significantly reduced using larger values for the damping
factors (Loke, 2011). In the present case, the initial and
minimum damping factor used for inversion was 0.20 and
0.05, respectively, while the default setting is 0.160 and
0.015, respectively. As the resolution of the resistivity model
decreases exponentially with depth, the damping factor was
also accordingly increased by a factor of 1.05 with each
deeper layer. The damping factor was optimized to obtain
less number of iterations for the program to converge
significantly; however, the time taken per iteration was more.
A response was observed from the initial 2-D electrical
resistivity model produced, and compared with the measured
apparent resistivity values of the field data (Saski, 1992).
The optimization method iterates and attunes the resistivity
value of the model until the calculated apparent resistivity
values of the model are in close conformity with the
measured values of the field data. The quality of the
resistivity model was revealed by the absolute error, which
provides a measure of the differences between the model
response and the measured data. Using this scheme, 2-D
inverted models of true resistivity variation of sub-surface
formations had been computed. The final output was the 2D inverse model of true resistivity variation with the depth.
With the help of review studies the estimated layer
parameters obtained from the ERT data interpretation were
standardized and resistivity ranges were generalized for
different lithological predominance. It is likely that there
will be overlaps in the resistivity ranges due to mixed nature
of geological formations as well as some deviations from
these ranges at local level. These ranges were considered as
a guide and ascertained or modified for the local subsurface
hydrogeological situations. Based on this, a few sites were
recommended for the drilling, where French wells will be
constructed. Of course, it will be modified with the inflow
of the additional information of a few drilled wells.

Results and Discussion
The results of 12 ERT survey data inverted using the
software “RES2DINV”, applying the smoothnessconstrained least squares inversion by a complete
Gauss-Newton optimization approach, when compared
with the existing lithologs and cross-sections of the nearby
exiting open and French well (WAPCOS, 2012), have
confirmed the resistivity ranges of different sub-surface
geo-electrical layers as follow.

Mondal et.al.,
<15 Ω -m
15-30 Ω -m
20-70 Ω -m
>70 Ω -m

: Sticky clay/ clay/sandy clay
: Fine grained sediments
: Fine to coarse grained sediments
: Basalt (hard rock)

Based on the hydrogeological inferences obtained
from the images, a few French well sites were recommended
for constructing the suitable wells. A few of them are
discussed here. The ERT profile No. 2 was laid at Hasmukh
(near Sarthana) with a spreading of 400m and 10 m
electrode spacing in the west-east direction in between
newly two drilled wells on the river bed. A multi-layer
system was observed upto the explored depth of 80 m,
bgl as shown on the ERT image (Fig. 4). The top sandy
layer with the resistivity range of 20-50 Ohm.m mixed with
clay acting a shallow aquifer in the river bed was
measured upto depth 20 m, bgl. The clay layer extended
upto depth of 40m, bgl from the bottom of top layer.
First principal aquifer exists in fine to medium sand
extended upto the depth of 70m, bgl, then clay layer
encountered upto the explored depth of 80m, bgl. This
site is recommended for addition French well at the
distance range from 190 to 250m on this profile.
The ERT image (Fig. 5) was taken with a spreading
of 400 m and 10 m electrode spacing in west-east direction
at Hasmukh (near Sarthana) in the east of second new
drilled well on the river bed. A multi-layer system was
observed upto the explored depth of 80 m, bgl. The top
sand layer with the resistivity range of 25-50 Ohm.m and
shallow depth acting shallow aquifer in the river bed was
measured upto depth 30 m, bgl. It deepens towards the
west and thinning towards the east. The clay and sandy clay
layers are encountered with thickness of ~40m at the
bottom of shallow aquifer. It is not a productive layer.
But the clay continues upto the explored depth of 80m, bgl
with varying granularity. This site is also suitable for
constructing French well at any location along the profile.
This ERT profile (no. 10) was laid at Motived in the
left bank of Tapi river along W-E direction using Gradient
array with 81 electrodes of 10m inter electrode separation.
The resistivity image (Fig. 6) indicates that sand layer
exists at shallow depth and extends upto 20m, bgl. This
layer becomes sandy clay at shallow depth in the western
part. The sticky clay and clay layers were also encountered
just below this sandy layer and also extends upto the
explored depth of 160 m, bgl. This site is not recommended
for French well construction as the thickness of shallow
sandy layer is less than 10 m beyond the sticky clay.
Likewise, fine grained sediments with the resistivity
range of 15-30 Ω -m and fine to coarse grained sediments
with the resistivity range of 20-70 Ω -m were obtained with
~30 m thick at shallow depth on the 2, 3, 4, 6, 8 and 9 ERT
profiles, which are recommended for the constructing of
French wells.

High Resolution 2-D Aquifer Mapping

Fig. 4. The ERT Image (no. 2) with hydrogeological inferences on the Tapi Riverbed at Hasmukh-I (at Island)

Fig. 5. The ERT Image (no. 3) with hydrogeological inferences on the Tapi Riverbed at Hasmukh-II (at Island)

Fig. 6. The ERT Image (no. 10) with hydrogeological inferences on the Tapi Riverbed at Motived
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Conclusions and Recommendation
Electrical Resistivity Tomography (ERT) Survey has
been carried out at 12 sites to ascertain sand disposition
(means shallow groundwater potential zones) along the
Tapi river bed adjacent of the upcoming Surat Smart City,
Gujarat. The data have been inverted using the RES2DINV
software and the results show that the presence of ~30 m
thick near surface sandy layer with the resistivity range
of 15-70 Ω-m acts shallow aquifer at some places. Mainly
fine to coarse sediments admixed with clay form near
surface multi-aquifer system within the alluvium capping
along the river bed whereas weathered and fractured
basalts in hard formation have found an important
water-bearing zones in the study area. In addition, the
resistivity images have shown at some places indicating
the presence of clay of near surface aquifer which exists
in the saline zone towards Arabian sea after the SMC
Causeway. Out of 12 ERT profiles, the six sites (i.e., ERTNo. 2, 3, 4, 6, 8 and 9) have been initially found suitable
and also recommended for the construction French wells
of sustainable water supply in 24×7 hrs to the upcoming
Surat Smart City.
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REPORT ON
40 ANNUAL CONVENTION, SEMINAR AND EXHIBITION ON
EXPLORATION GEOPHYSICS
th

1-3rd November, 2018, Indian Institute of Technology Bombay, Mumbai.
M. Radhakrishna and A. K. Chaturvedi
Association of Exploration Geophysicists
th

The 40 Annual Convention and seminar on Exploration
Geophysics was organized by Association of Exploration
Geophysicists (AEG) with a special theme on Exploration
of Marine Geo-resources during 1-3rd November, 2018 at
Indian Institute of Technology Bombay, Mumbai, India,
coinciding with Diamond Jubilee Celebrations of IITB.
40 th AEG Annual convention and Seminar was held
amongst a green campus and serene ambience of IITB,
Mumbai. The seminar witnessed a wider participation from
major geosciences Organizations from India and abroad.
Delegates from Oil and Natural Gas Corporation Limited
(ONGC), Oil India Limited (OIL), Geological Survey of
India (GSI), National Geophysical Research Institute
(CSIR-NGRI), Tata Steel, Department of Atomic Energy
(AMD-DAE), Central Institute of Mining and Fuel
Research (CSIR-CIMFR), National Institute of
Oceanography (CSIR-NIO), National Centre for earth
science studies (NCESSS-MOES), National Centre for Polar
Ocean Research (NCPOR), National Environmental
Engineering Research Institute (CSIR-NEERI), Indian
Institute of Geomagnetism (IIG), Institute of Seismological
Research (ISR), and Hindustan Zinc Limited (HZL)
participated in the seminar. Delegates from abroad include
those from Geosoft Inc., U.K, Scintrex Canada, Nuyia
Dynamics Canada ,Alibiti Geophysics Canada etc., The
seminar also witnessed participation from major educational
and research Institutions in India, viz., IIT-ISM Dhanbad,
IIT- Roorkee, IIT- Kharagpur, Hyderabad Central University,
Banaras Hindu University, IIT-Bhubaneswar, IIT Bombay,
IISER Pune, CUSAT- Cochin etc. Final year M.Sc. Tech
students from IIT-ISM, Dhanbad, IIT-Khargpur, Andhra
University, Visakhapatnam, and Osmania University,
Hyderabad also attended the seminar. TA/DA expenses for
the participating students were sponsored by AEG. The
seminar was sponsored by national and international
institutions viz., Hindustan Zinc Limited (HZL),Oil and
Natural Gas Corporation Limited (ONGC), Oil India Limited
(OIL), National Geophysical Research Institute (CSIRNGRI), Central Institute of Mining and Fuel Research
(CSIR-CIMFR), Geosoft-Datacode, Atomic Minerals
Directorate for Exploration and Research (DAE-AMD),
National Institute of Oeanography (CSIR-NIO), Geological
survey of India (GSI) ,NCPOR-MOES , NCESS-MOES.
IIT Bombay also sponsored this event as it was organised
as part of the Diamond Jubilee celebrations of Indian
Institute of Technology Bombay.

The Seminar was inaugurated by Dr. P. Chandrasekaran,
Director (Exploration and Development) Oil India Limited.
Dr. Dinesh Gupta Director General, GSI was Guest of
Honour. The other dignitaries who shared the dias with
chief guest during the inaugural function include, Dr. V. M.
Tiwari President AEG, Dr. A. K. Chaturvedi Secretary
AEG, Prof . A. K. Suresh, Dean IITB Mumbai, Prof. M.
Radhakrishna, Convener, Prof. S.C. Patel, Head, Department
of Earth Sciences, IITB.Local organizing committees of
40th AEG Seminar and Diamond Jubilee celebrations of
IITB Mumbai presented opening remarks and welcomed
the dignitaries and the delegates to the annual
convention of AEG and Diamond Jubilee Celebrations of
IITB. Dr. A. K. Chaturvedi, Secretary, presented a brief
report on the activities of AEG. He appraised delegates
about activities of AEG in preceding year and thanked
all organizations and delegates for active support of
AEG. Dr. V. M. Tiwari, President AEG in his presidential
address emphasized the need of Exploration of Marine
Geo-resources in present scenario. He mentioned that
number of Institutions are working for exploration of
Marine Geo-resources however, there is a need of coming
together and contribute in this endeavor jointly.
Chief Guest Dr. P. Chandrasekaran gave AEG best
paper award-2017 to the authors of the best paper,
published in the AEG journal, Journal of geophysics, in
2017. The award consists of a Certificate and a cash prize
of Rs. 10,000/-. “Inductive Induced cash prize of
Rs. 10,000/-. “Inductive Induced Polarization effect in
Transient Electromagnetic Surveys for Mapping
Sulphide Rich Zone - A Case Study from Gurulpada
Area Singhbhum Shear Zone, Jharkhand”, authored by
Indresh Kumar, B.V.L. Kumar, S.N.S. Birua, J.K. Dash and
A.K. Chaturvedi from AMD, Hyderabad got this award.
Dr. Dinesh Gupta, Director General, GSI gave AEG Best
Thesis Award 2017 to Dr. Naga Raju Kanna of CSIR-NGRI
for his Research work on “Crust and Upper Mantle structure
of the western Himalaya through waveform modelling”.
Further, the prestigious “Sriram Srinivasan Award”,
instituted by AEG and sponsored by Datacode in the
honour of late Shri Sriram Srinivasan, who was a pioneer
in the Indian Mining Industry, was presented to Dr.
Dinesh Gupta, Director General, Geological Survey of
India, Kolkata for his immense contribution in exploration
of water resources and mineral resources.

AEG also organized two pre-conference Workshops on
1) Reservoir Geomechanics and 2) Advances in offshore
exploration -Acquisition, Processing and Interpretation
on 31st October 2018, wherein, several participants from
the Industry as well as academic institutions have
participated. These two workshops were inaugurated
by Sri. P P Deo, Head, CEWEL, ONGC Vadodara The
workshop on “Reservoir Geomechanics” was co-ordinated
by Dr. Vikram Vishal and Prof. M. Radhakrishna. Several
young geoscientists from ONGC, OIL and IITB participated
in this workshop. Leading industry experts from ONGC
have helped in organising this event.The workshop on
“Advances in offshore exploration (Acquisition, Processing
and Interpretation)” was co-ordinated by Dr. A.K.
Chaubey and Prof. M. Radhakrishna and a large number
of participants from CGG, OIL, ONGC and IITB participated
in the workshop. Leading experts from NIO and ONGC
have helped in organising this event. After the inaugural
function, plenary session was chaired by Prof. B.B.
Bhattacharya was held. In this session, invited talks
from Dr. P. Chandrasekaran, Director, (E&D) OIL, Dr.
Dinesh Gupta, DG, GSI and Prof. B.B. Bhattacharya were
delivered.An exhibition of Geophysical instruments and
state of art practices, was organised coinciding with the
seminar. Different Government departments which are
associated with Marine Explortation like Geological
Survey of India, National Institute of Oceanography,
Indian Institute of Geomagnetism, National Remote Sensing
Centre, National Centre for Polar and Ocean Research and
other Geophysical service providers, geophysical
instrument suppliers, software suppliers viz. Electrotek,
Geosoft-Data Code, Sowar Pvt Ltd., Alphageo (India) Ltd.,
Aimil, participated in the exhibition, Society of Petroleum
Geophysicists (SPG) Dehradun also showcased its
activities in exhibition. Taking benefit of the good presence
of the exhibitors of various earth science disciplines, a
student outreach activity was also organized on 2 nd
November by inviting the KV school children of the IITB
campus which was very well received and appreciated.
This year AEG also organized a young scientist’s session
where presentation from young researchers, who submitted
their Ph. D Thesis for consideration of AEG Best Thesis
Award-2017, were made. Academician and students
delegates of AEG very well appreciated this session.

Dr. Hari Naraian Memorial lecture was delivered on 3rd
November 2018, by Padmashree Dr. V. P. Dimri, Former
Director, CSIR-NGRI, President, IGC-2020 on his research
work. He also shared his memories with late Dr. Hari Narain.
This lecture was followed by the valedictory function
of the annual convention. Dr. V. M. Tiwari, President
AEG in his valedictory address congratulated the
organizers for successfully organizing the seminar. He
thanked Chief Guest of valedictory function Prof.
V. P. Dimri for accepting our invitation and delivering
Dr. Hari Narain memorial lecture. He also expressed his
sincere thanks to all the sponsors, exhibitors, delegates
and the Jury members, involved in selecting the awardees
under various categories. Dr. A. K. Chaturvedi Secretary
AEG in his address thanked all the delegates and
invitees for their active participation in technical sessions
of the seminar. He also thanked all sponsors, Exhibitors
etc and requested to support AEG. He specially thanked
IITB-Mumbai for extending big support to organise
40th AEG as part of their Diamond Jubilee celebrations in
the beautiful campus of the institution.
At the end, Professor M. Radhakrishna convenor of
seminar delivered the formal vote of thanks. He sincerely
thanked his colleagues and students from the Department
of Earth Sciences and IITB Diamond Jubillee committee
for their unstinted support and help in organizing
this seminar. He also made a special mention of the excellent
support received from many senior colleagues from
ONGC and NIO who have greatly helped in organising the
pre-conference workshops. He also acknowledged the
help received from Sri. U.S.D. Pandey and Prof. Ch. Mehta,
members of LOC for their continuous support for the
success of this event.
AEG looks forward to 2019 and beyond to continue its
effort to be a successful platform to share expertise,
experience and a bridge between professionals, academia,
industry and students of “Exploration Geophysics”.

M. Radhakrishna
A. K. Chaturvedi

PHOTOGRAPHS OF AEG’S 40th ANNUAL CONVENTION AND SEMINAR
AT INDIAN INSTITUTE OF TECHNOLOGY BOMBAY, MUMBAI

Release of the Souvenir volume during the
Inaugural function of AEG’s 40 th Annual
Convention From L to R: Prof. S.C. Patel,
Prof. A.K. Suresh, Dr. V.M. Tiwari,
Dr. P. Chandrasekaran, Dr. Dinesh Gupta,
Dr. A. K. Chaturvedi, and Prof. M. Radhakrishna

Inauguration of the Exhibition by Dr. Dinesh
Gupta, Director General, GSI, a n d other
dignitaries

Dr. P. Chandrasekaran, Dr. Dinesh Gupta,
Dr.A.K.Chaturvedi, Prof. M. Radhakrishna,
Prof. B.B.Bhattacharya and other dignitaries
at AEG stall.

Dr. P. Chandrasekaran, Director (Exploration
and Development) Oil India Limited (OIL)
Chief Guest of 40th AEG Seminar delivering the
Address.

Dr. Dinesh Gupta, Director General, Geological
Survey of India, Addressing delegates of
40th AEG Seminar.

Padamshree Dr. V.P. Dimri, President IGC-2020,
delivering Hari Narain Memorial Lecture at
40th AEG Seminar.

Dr. V.M. Tiwari, Director, CSIR-NGRI and
President AEG, delivering Presidential Address
at 40th AEG Seminar.

Dr. A.K. Chaturvedi, Secretary AEG Presenting
report on activities of AEG and Addressing
delegates of 40th AEG Seminar

Prof. M. Radhakrishna, Convenor of 40th AEG
Seminar Addressing delegates.

Dr. P. Chandrasekaran Chief Guest Presenting
Sriram Srinivasan Award-2017 to Dr. Dinesh
Gupta, Director General, Geological Survey of
India.

Dr. Dinesh Gupta, Director General,
Geological Survey of India Presenting
AEG Best Ph.D. Thesis Award-2017 to
Dr. Naga Raju Kanna of CSIR-NGRI.

Padamshree Dr. V.P. Dimri Presenting Best
Exhibitor Award to Geological Survey of India
(GSI)

Delegates interaction during Poster presentations at 40th AEG Seminar

Students interacting with Exhibitors during
40th AEG Seminar

Students visiting Exhibition during 40th AEG
Seminar

Students interact with delegates on
exploration of marine Georesources at 40thAEG
Seminar

Delegates at 40th AEG Seminar

Dignitaries and delegates of 40th AEG Seminar
at Veledictory Function

HOMAGE

Dr. LAKSHMI KANTA DAS
12.06.1948 - 12.10.2018
Dr. Lakshmi Kanta Das (Dr. L.K. Das) was born in Bardhaman district, West Bengal on 12th June 1948. He
was Gold Medallist in Applied Geophysics from Indian School of Mines (ISM), 1969. He did his Ph.D in
Gravity and Plate Tectonics from IIT-ISM in 1990. In the year 1970 he joined ONGC and was posted in
Dehradun. His inclination for research and earth sciences brought him to Geological Survey of India (GSI) in
the year 1971.He retired as Deputy Director General (Head, Geophysics) in 2008. He travelled widely in India
and overseas to Nigeria, California (USA) and Ivory Coast. After retirement from GSI, he joined Fugro Nexterra
Geophysics as Chief Consulting Geophysicist and contributed hugely to Indian Mining Industry in their global
search for mineral resources. In 2013, he joined DMT Consulting (P) Ltd. as the Chief Consulting Geophysicist
and continued to contribute to industry and academia till his last breath.
He has 65 National/International Publications in Peer Reviewed Journals and guided 10 Ph.D scholars.
He Co-authored book Seismo-Tectonic Atlas of India and its Environs .Conducted several TV/ Radio
programmes in English, Bengali and Hindi on various Earth science topics including recent earthquakes
in Kolkata. He was member of many professional bodies eg RAC, Indian Institute of Geomagnetism, Mumbai,
Member PAMC, Deep Continental Studies, Member Dept. of Science and Technology, Govt. of India, Member
AERAC, AMD, Hyderabad, Member, Maharashtra Energy Development Authority, Mumbai.
Apart from his outstanding academic and professional career, Dr. L. K. Das was a great lover of Music,
ghazal being his favourites, and Literature. He was fascinated with English, Hindi and Bengali literatures, and
used to write poems and novels in all the languages. His cooking talent, love for good food and hospitality was
known to all his friends and colleagues.
He enjoyed as much as a loving husband and most affectionate father for his son and daughter and a proud
grandfather of a sweet grand daughter.
Unfortunately, he had a meningitis attack and was hospitalized for almost a month in Kolkata in the
first week of August 2018. He fought his illness bravely but finally death won over the cycle of life and we lost
a great Geo-scientist and proud son of the country.
He left for heavenly abode on 12th October, 2018. The Geo-science fraternity lost a great crusader, a story
teller, a researcher unraveling the mysteries of mother earth.
May his Great soul rest in peace.

Dr. V. P. Dimri, Hyderabad
Dr. A. K. Chaturvedi, Hyderabad
and DMT Consulting (P) Ltd., Kolkata

ASSOCIATION OF EXPLORATION GEOPHYSICISTS
AEG Best Ph.D. Thesis Award - 2018
Association of Exploration Geophysicists with the aim of encouraging and promoting
scientific research in geophysics is sponsoring an award in each (calendar) year from 2015 to
be known as the "AEG Best thesis award".
i)

To the Ph.D thesis of those awarded in Geophysics by an Indian University.

ii) The Thesis may have been submitted to any department in a University in India but should
have a relevance to Geophysics.
AEG award consists of a cash prize of Rs.25,000/-, a citation and a plaque.
Eligibility
Researchers/Professionals, engaged in research in geophysics, who have been awarded
doctoral degrees in the period under consideration January, 2017 - June, 2018 by an Indian
University/deemed university are eligible for these awards.
Application/Nominations are invited by 31st July, 2019 in the prescribed format indicated below.
The application form can also be downloaded from AEG’s website www.aegind.org
Nomination and Selection Procedure for Awards
Nominations for the award can be submitted along with the required enclosures both as hard
copy and in soft copy format to AEG before the due date. Applications may either be sent directly
by the candidate or can be nominated by the Guide/Head of the Department/Head of the Institution.
The names of the final awardee will be decided by the Award Committee of eminent geoscientists of
national and international repute nominated by the President, AEG.
The selection of the award is solely based on the originality and innovativeness of the research
contribution and quality of research work.
The names of the awardees will be announced by 30th September, 2019.
Best thesis award will be conferred at the AEG’s Annual Convention. The recipient of the award
will be invited to present the salient results of his / her research work during the AEG’s Annual
convention.
No interim queries will be entertained and canvassing in any form will disqualify the nomination.
In all matters of AEG Award for best thesis, the decision of Award Committee
nominated by President, AEG shall be final.

ASSOCIATION OF EXPLORATION GEOPHYSICISTS
AEG Best Ph.D. Thesis Award - 2018
APPLICATION FORM
for Ph.D. Thesis Awarded for the period ______________

#

#

Name of the candidate :

Date of Birth

:

Address for
Correspondence

:

Phone/Fax/email

:

Title of the doctoral
thesis

:

Department

:

University

:

Date of announcement
:
of the award of Ph.D
Thesis

(Acceptance letter/notification/degree from the
concerned University/Institute may please be enclosed)

Enclosure No.:

Enclose the following in both hard copy and soft copy* format
1. A Copy of the Thesis
2. Summary of the significant work in 1000 words
(Important figures may be included)
3. Milestone contribution in the thesis in the opinion of
the candidate to justify his/her nomination (500 words)
4. Publications based on thesis work
*The soft copy of the enclosures along with the scanned copy of the Application form to be sent by an email
to aegindiageophysics@gmail.com

Place

:

Date

:
Signature of the Candidate

Signature of the guide/Head of
the Department/Head of the Institution.

The Applications must be sent to

The Secretary

Association of Exploration Geophysicists
# 12-13-763, Flat. No.101, Street No.1, Lane No. 2, Kimtee Colony
Tarnaka, Hyderabad - 500 017, India.
Phone: (040) 40259557
Email: aegindiageophysics@gmail.com
www.aegind.org

ASSOCIATION OF EXPLORATION GEOPHYSICISTS

Sriram Srinivasan Award - 2018
Association of Exploration Geophysicists with an aim of encouraging and promoting scientists
and professionals in Geophysics/Geology in India is sponsoring an award in each (calendar)
year from 2016 to be known as the “Sriram Srinivasan Award”. This award is in honour and
remembrance of late Shri.Sriram Srinivasan, an alumini of IIT Kharagpur and pioneer in the
Indian Mining Industry in promoting the application of computer aided tools in exploration and
mine planning. The cash prize for the award is being sponsored by Datacode, Nagpur.
Sriram Srinivasan Award is to be awarded each year to a Geophysicist/Geologist for his
professional excellence, outstanding work and significant contributions in exploration geophysics/
geology and related geosciences.
The award consists of a cash prize of Rs.25,000/-, a citation and a plaque.

Nomination and Selection
Nominations for consideration for the award are invited from eligible Indian professional
geophysicist/geologists. The nomination shall specify: (i) Name and address of nominee; (ii)
Summary of the work done by the nominee which will form the basis for nomination (about 200
words) stating whether the work (part or whole) has been recognized for any other prize or
award; (iii) a longer statement (not exceeding 1000 words) providing additional information
regarding the career of the nominee (iv) list of nominee’s published works.
Nominations are to be submitted along with the enclosures both as hard copy and in electronic
form by email to aegindiageophysics@gmail.com before the due date. The awardee will be
decided by the Award Committee of eminent geoscientists nominated by the President, AEG.
The committee will be empowered to consult experts in the field, if necessary
Last date for receipt of nominations is 31st July , 2019 and the name of the awardee will be
announced by 30th September, 2019.
The award will be conferred at the AEG’s Annual convention scheduled in October,2019.
No interim queries will be entertained and canvassing in any form will disqualify the
nomination. In all matters of the Sriram Srinivasan Award, the decision of the Award Committee,
nominated by the President, AEG shall be final.

Journal of Geophysics - Best Paper Award - 2018

This annual “AEG Best Paper Award” to be given to an outstanding paper, published in
the year-2018 AEG’s Journal of Geophysics. This annual award deemed by the editorial board
to be most deserving for its contribution to the pure and applied geophysics, a committee
based on both the scientific importance and potential impact of the paper and quality and
clarity of presentation. Papers with orginal ideas, creativity and novelty would be preferred.

Eligibility
¨

The award to be conferred upon the sole corresponding author or one of the contributing
authors.

¨

Membership of the AEG is a prerequisite for this award.

¨

The current editorial board members and editors are not eligible.

Award
¨

A certificate and Rs. 10,000/- cash prize

¨

All the papers published in the issues of Vol. XXXIV No. 1-4, 2018 will be considered
for Best paper Award-2018

¨

Best paper award will be conferred at the AEG’s Annual Convention.

¨

In all matters of AEG Award for best paper, the decision of Award Committee
nominated by President, AEG shall be final.

