ISSN 2230 - 9497
Regd.No.32238/80

April 2018, Vol. XXXIX No. 2

(A Quarterly Publication)

First Announcement of AEG’s 40th Annual Convention and Seminar
Editorial

49

Multi Parameter Geophysical Surveys for Identification of Geological Environment
Favorable for Base Metal Mineralization in Mallapuram Block, Markapur Base
Metal Belt, Cuddapah Basin
- K. V. Satyanarayana, S. Mahender and J. V. Rama Rao

51

Structural and Stratigraphical Interpretation in Indian Ocean Geoid low:
A Multi-channel Seismic Data
- Sandeep Rana, Ajeet Kumar, Dhananjai Pandey and Uma Shankar

57

Primary Requisites and Multi Parametric Geophysical Signatures over Concealed
Kimberlite Pipes from South Indian Diamond Province
- R. Ananda Reddy

73

Geophysical Module for Rejuvenation of Streams through Watershed Management
in Madhya Pradesh, India
- Subhash C Singh

85

Reservoir Characterization using Post-Stack Seismic Inversion Techniques Based
on Real Coded Genetic Algorithm
- S. P. Maurya, K. H. Singh, A. Kumar and N. P. Singh

95

On-site Determination of Magnetite Concentration of Field Samples - An Innovative
Approach using Handheld Magnetic Susceptibility Meter
- Joydeep Bhattacharjee, Asim Chatterjee and T. S. Suresh Kumar

{

AEG Award for the best Ph.D. Thesis in Geophysics

Announcements

Sriram Srinivasan Award
Best Paper Award

Association of Exploration Geophysicists
Hyderabad, India

105

Association of Exploration Geophysicists
FIRST ANNOUNCEMENT
th

40 Annual Convention and Seminar on Exploration Geophysics
1-3 November, 2018, IIT Bombay, Mumbai, India.
The Association of Exploration Geophysicists (AEG), is organizing its 40th Annual Convention
and Seminar on Exploration Geophysics during 1-3 November, 2018, at IIT Bombay, Mumbai,
India. The Association has successfully conducted 39 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. The seminar serves as a unique interdisciplinary
platform for the 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 30th July, 2018. Acceptance of the abstracts will be
communicated by 16th August, 2018. Authors are requested to submit the full paper before
1st October, 2018. Only those papers which are received before 1st October, 2018 will be considered
for presentation in the seminar. Original scientific contributions are encouraged and invited. Authors
are requested to send the text of the abstract in MS Word by email to aegindiageophysics@yahoo.com.
Communication regarding acceptance of the papers for oral/poster presentation will be sent to the
authors before 15th October, 2018.

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.XXXIX No.2 April-June, 2018 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.
K.V.Satyanarayana et al., in their case study “Multi Parameter Geophysical Surveys for Identification of
Geological Environment Favorable for Base Metal Mineralization in Mallapuram Block, Markapur Base
Metal Belt, Cuddapah Basin”, highlighted the role of integrated geophysical surveys in characterizing the
nature of mineralization establishing its depth continuity. Resistivity surveys have clearly demarcated two
different concealed mineral bearing host rocks. The resistivity high with corresponding high chargeability and
EM anomalies was inferred to be due to silicified Dolomite intrusive within the Phyllites while the low resistivity
with corresponding high chargeability and EM anomalies zone due to the highly sheared quartz vein intruded
within the phyllites. The resistivity and chargeability pseudo-depth sections have indicated the depth persistence
of mineralization. The magnetic anomalies with transverse breaks indicate the presence of fault/fracture/shear
zone corroborating well with resistivity and EM signatures.
In the technical paper “Structural and Stratigraphical Interpretation in Indian Ocean Geoid low: A Multichannel Seismic Data”, Sandeep Rana et al., presented results of seismic reflection survey conducted across
the Indian Ocean Geoid Low (IOGL). The IOGL has been interpreted using three seismic lines and log data
from one well. Reflectors have been identified including one of Miocene (8 Ma), which is inferred as the last
deformation boundary. The reflectors deciphered from the data, confirmed multiphase folding of oceanic
lithosphere as suggested by earlier workers. It was inferred that the oldest and youngest unconformities are of
late Miocene and late Pleistocene age. Faults were marked and the throw of faults of Miocene layer calculated
was in agreement with the real fault structure. Various other structural features along the basement and positive
features above the sea floor have been identified. Free air Gravity anomaly data confirms the basement structure
as inferred from the seismic section.
R.Ananda Reddy in his article “Primary Requisites and Multi Parametric Geophysical Signatures over
Concealed Kimberlite Pipes from South Indian Diamond Province”, reviews the results of six case studies,
where Multi parameter Geophysical signatures are helpful in delineating kimberlites concealed under soil
cover. The paper presents in detail various geophysical signatures obtained in the closely spaced gravity, magnetic,
resistivity and electro-magnetic data over concealed / partly exposed kimberlite pipes from Tungabhadra
Kimberlite Field and Narayanpet Kimberlite Fields. Further, geophysical signatures over a few concealed /
partly exposed kimberlite pipes from Wajrakarur Kimberlite Field are also reviewed. Synthesis of geophysical
signatures Vs variation of physical properties revealed that, un-weathered kimberlite produces positive physical
property contrast and reflected in the form of high gravity, magnetic and resistivity signatures while weathered
kimberlite produces negative physical property contrast in the form of high conductivity, low gravity, low
dominant magnetic and low resistivity signatures. Based on the qualitative analysis of geophysical data,
geometrical disposition, surface configuration, sub-surface nature, strike and depth persistence of kimberlite
pipes is deciphered.
Groundwater conservation and artificial recharge is one of the important solutions to raise the groundwater
table and rejuvenating the drying streams. Conservation and recharge to groundwater is done by augmenting
the groundwater through construction of different kinds of surface and subsurface civil structures like percolation
tank, recharge shaft, nala bund, check dam, subsurface dyke etc at different favorable locations in the area.
Subhash C Singh in his article “Geophysical Module for Rejuvenation of Streams through Watershed
Management in Madhya Pradesh, India”, presented the results of geophysical investigations conducted in

Tumar watershed of Mandsaur district; Sarwani watershed of Ratlam district and Bhadar watershed of Damoh
district in Madhya Pradesh to confirm the locations of various structures proposed for ground water conservation
and artificial recharge. It is observed that the surface resistivity soundings are very much useful in estimating
thickness of porous permeable beds and basement topography of the watershed. Based on geophysical parameters,
the shallow subsurface hydrogeological conditions of the watershed area have been defined in the form of geoelectrical cross sections, isopach maps, fence diagrams, etc. This information was used in identifying / confirming
the locations for construction of percolation tanks, stop dams, subsurface dykes etc. for conservation of rainwater
through artificial recharge of groundwater.
S. P. Maurya et al., in their article “Reservoir Characterization using Post-Stack Seismic Inversion
Techniques Based on Real Coded Genetic Algorithm”, presented a genetic algorithm based seismic inversion
of data from the Blackfoot field, Alberta, Canada. The algorithm proved to be a very useful tool for obtaining
information about subsurface features in the absence of well information which is further used for reservoir
characterization. The interpretation of inverted results indicates the presence of reservoir which is further
validated from the result of sparse spike and band-limited impedance inversion. The inverted results and well
log analysis indicate that the area is characterized by predominantly shale formation with small amount of sand
and silt whereas the reservoir is characterized by clean sand formation.
The physical properties measurements like density, magnetic susceptibility and electrical conductivity or
resistivity of rocks and minerals are utilized to derive meaningful subsurface geological interpretation from
geophysical investigations. Joydeep Bhattacharjee et al., in their article “On-site determination of Magnetite
Concentration of Field Samples – An Innovative Approach using Handheld Magnetic Susceptibility Meter”,
proposed a technique for on-site real time determination of magnetite content (wt%) for in-situ, hand specimens
and pulp samples with the help of a handheld magnetic susceptibility meter. By calibrating the concentration
curve, the magnetite content (%) of samples was determined with a confidence level of 90% to the actual
magnetite content. This helped field geologist of Tata Steel in optimisation of samples for further detail assaying,
core analysis and mine quality and grade control processes.

V. P. Dimri
A. K. Chaturvedi
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Multi Parameter Geophysical Surveys for Identification of Geological
Environment Favorable for Base Metal Mineralization in Mallapuram
Block, Markapur Base Metal Belt, Cuddapah Basin
K. V. Satyanarayana*, S. Mahender** and J. V. Rama Rao**
*Geological Survey of India, Training Institute, Hyderabad
**Southern Region, Hyderabad

Abstract
Geophysical surveys employing IP (Gradient and Dipole-Dipole Arrays), Electromagnetic (EM-34) and
Magnetic (T.F) methods were carried out in Mallapuram block, Markapur base metal belt, Cuddapah basin to
evaluate the base metal mineralization. The area under study forms the part of the eastern margin of Cuddapah
basin. The litho units include argillaceous, arenaceous and calcareous facies belonging to Cumbum sub
group of Nallamalai group of Cuddapah Super Group. The regional trend of bedding is N15°E which gradually
swerves to N30°E with steep dips towards west. The rock types generally comprise of mainly variegated phyllites
and slates with interbedded limestone, dolomite quartzite and chert. Generally, the phyllites are traversed by quartz
veins both along and across the strike.
Induced Polarization (Gradient) surveys have indicated two significant anomalous zones, described as
western and eastern anomaly zones, running parallel to each other in NNE-SSW direction over a strike length of
2.0 km. The western anomaly having a width of 40 m is characterized by high chargeability, low resistivity and
moderate to high Vertical Dipole (EM) anomalies.The peak values of chargeability and Vertical Dipole are
coinciding with each other, indicating the occurrence of conductive source. The Induced Polarization (Dipole-Dipole)
results have further indicated depth continuation for this anomaly zone beyond 70m for western anomaly. The
nature of the IP, Magnetic (T.F) and EM anomalies suggest the sulfide mineralization within the sheared phyllites.
The eastern anomaly is thin and linear in nature and is characterized by high chargeability, high resistivity
and moderate Vertical Dipole (EM) anomalies. The eastern chargeability anomaly is discontinuous at places and
showing pinching and swelling nature corroborated with broad high resistivity anomaly. The nature of the geophysical
anomalies indicate the occurrence of sparse base metal mineralization within the host rock of dolomite quartzite.
The Total Intensity Magnetic field has shown fault/shear feature close to demarcated IP Anomaly zones. Thus these
geophysical surveys have helped in characterizing the nature of mineralization-host rock association in terms of
responses and established the depth continuity of the mineralization.
Key words: Base metals, Cuddapah super group, IP anomaly, Gradient array, Total intensity magnetic field

Introduction
The intra-Cratonic Proterozoic Cuddapah basin is
located in the eastern part of Dharwar Craton. The crescent
shaped basin is known for occurrence of number of mineral
resources like baryte, asbestos, diamond, uranium,
limestone, base metals (copper, lead and zinc), dolomite
etc. Major morphological divisions of Cuddapah basin are
Papagni, Chitravathi, Nallamalai and Srisailam subbasins
and among these the Nallamalai fold belt is more prominent
for the occurrences of mineral deposits. The Nallamalai sub
basin or Nallamalai fold belt is further divided into four
minor basins viz., Rajampet, Zangamarajupalle, Markapur
and Agnigundala. Geological Survey of India has extensively
carried out geological and geophysical surveys in the
area and exposed several base metal deposits of varying

potential. The study block is situated near Mallapuram
village at Vellikonda range within the Markapur base metal
belt and forms part of the eastern limb of a major
overturned synform plunging due north. The area falls in
Survey of India Toposheet No. 57 M/2 (Fig.1) and is about
15 km East of Bestavaripeta located near Cumbum town,
which is connected by both rail and road to Vijayawada,
Hyderabad and Bangalore. A prominent N-S trending
gossan zone is present, with series of lensoidal
quartz veins close to the formational contact. Sparse
occurrences of highly sheared / brecciated quartz veins
within the phyllites showing. Limonitisation and
goethitisation along the fractures can be seen in the
northern part of block. Bedrock and soil samples
have indicated that the lead mineralization is associated
with sheared dolomite / ferro-dolomite carrying manganese
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and iron which intruded by quartz vein in the eastern part.
Detailed Geophysical surveys with multi-parameter
acquisitions were taken up in Mallapuram block to
delineate the potential zones for base metal and other
sulphide mineralization. The objective of the study is to
establish the strike and depth continuity of the base metal
and other mineralization along with assessment of
resources, if any.

Geology and Tectonics
The area under study forms part of the eastern margin
of Cuddapah basin. It is considered to have undergone
moderate to severe deformation, folding, faulting and low
grade metamorphism. The litho units vary from argillaceous,
arenaceous and calcareous facies belonging to Cumbum
sub group of Nallamalai group of Cuddapah super group
(Mehdi, S.N. & Hussain Fazil, 1984).The regional trend of
bedding is N15°E which gradually swerves to N30°E with
steep dips towards west.
Cuddapah Nallamalai Cumbum
Slates,
Pre
Super
Group
Phyllites,
Formations
Cambrian
Group
Limestones and
Quartzites
Bairenkonda Vellikonda
Formations quartzite

Fig. 1. Location Map

Differentrock units (Fig.2) comprise mainly of
variegated phyllites and slates with interbedded limestone,
dolomite quartzite and chert. Generally, the phyllites are
traversed by quartz veins both along and across the strike.
At places, the joint/fracture planes are filled with quartz
veins. The strike length of quartz veins vary from few
meters to 300 m and width varies between few centimeters
to 10 meters.They are also folded along with the other
formations. The minerals identified in mineralized quartz
veins are malachite, pyrite, chalcopyrite and galena.

Geophysical Surveys in Cuddapah Basin
Under project ‘Operation hard Rock’ area was covered
by airborne geophysical surveys comprising
Electromagnetic , magnetic and gammaray spectrovelcity.
The surveys have indicated NNE-SSW trending linear
six channel EM anomalies and number of structural
features including horst like feature, basic intrusive bodies
and fault zones (Reddi, C.V et al., 1986).
Ground Geophysical surveys using IP, Resistivity,
Magnetic and EM methods were conducted over
demarcated airborne electromagnetic anomalies in the
eastern part of Cuddapah basin from. 1981-86 by GSI.
Geophysical surveys in Mallapuram area (Bhaskara
Rao,V and Hari Rao,B, 1987) during F.S.1983-84 have
indicated a 1.5 km long high chargeability and low
resistivity zone.

Fig.2. Generalized Geological and Geophysical layout map

Multi Parameter Geophysical Surveys
Geophysical surveys during F.S. 1985-86 in MallapuramKakulakonda- Tambalapalle areas (Bhaskara Rao,V, Vuba,C
and Prasad, R.M.C, 1987) have brought out moderate and
discrete chargeability anomalies corroborated with poor
conductor EM indications over a strike length of 2.2 kms.

Methodology
Geophysical surveys comprising of IP, Resistivity,
Electromagnetic and magnetic (T.F) methods are employed
for verification of concentration of Base metals and
associated sulphide mineralization occurring within the
silicified zone intruding into the Phyllites and Dolomites.
Induced Polarization and Resistivity methods using
Gradient (C1C2=1000m, P1P2=10m) array to check the aerial
extension followed by Dipole-Dipole (a=20m, n= 1 to 6
levels) array for checking depth persistence of
mineralization wereutilised. The Chargeability and
Resistivity values were recorded with charging pulse
timing of 2 secs in mode-1 operation using IPR-10A.
Electromagnetic survey, using EM-34 unit was carried
out to study the conductive nature of sulphide mineralization
occurring in highly sheared silicified zones within a fault/
fracture. A Transmitter-Receiver Coil separation of 40 m
was used to check the mineralization up to a depth of 60m.
magnetic total intensity measurements were taken at 10 m
station interval to map the structures (fault/shear) that control
the sulphide mineralization and also verify magnetite
association with sulphides.
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high chargeability anomalies ranging from 14 to 22 mV/V
over a background value 10 mV/V were observed all along
the zone indicating the variation in concentration of
mineralization within the host rock. The resistivity contour
map (Fig.4) has further shown discontinuation of eastern
high resistivity anomaly zone between traverses S 1120 to
S 1150, which suggests the break in continuation of host
dolomite rock within phyllites.
Another significant linear Chargeability high anomaly
zone is traced in the western part along NE-SW direction.
This zone represents a high chargeability anomaly
20 mV/V over a background value of 14 mV/V. This zone is
broad and continues from Traverse S1030 in the north to
S1230 in the south with a shift towards east. The western
high chargeability anomaly zone is corroborated with low
resistivity anomalies of the order of 500 to750 Ohm-m. This
zone may correspond to disseminated mineralization
associated with highly sheared vein quartz intruded into the
weathered phyllites. From the analysis of resistivity map, is
observed that these two anomaly zones are falling in the
shear zone along the gradational contact of Phyllites. The
resistivity map has clearly classified two different types of
phyllites i.e grey phyllites and green phyllites by recording
distinet resistivity variations. High weathered green

Results and Discussion
The Chargeability (Gradient Array with C1C2=1000m &
P1P2=10m) contour map with contour interval of 2 mV/V is
shown in Fig.3. A NE-SW trending high chargeability
zone with a strike length of 2.0 km (Fig. 3) is observed
close to baseline in the eastern part from Traverse S1030 to
S 1230. The zone originates at station E 10 / S 1030 in the
north and continue up to E 100 / S 1230 towards south
with pinching and swelling nature showing high
Chargeability anomaly 22 mV/V over a background value
10 mV/V. The resistivity contour map (Fig.4) is prepared
with contour interval of 250 Ohm-m shows a variation of
150 to 5200 Ohm-m for the study area. Corresponding to
the eastern chargeability high anomaly, a resistivity high of
4000 Ohm-m from the background value 1250 Ohm-m is
observed. This zone is categorized as silicified dolomite
band occurring within grey phyllites. High chargeability
anomalies may reflect the concentration of sulphide
mineralization within the dolomite. This zone has become
narrow from S 1060 to S 1070 with variations in maximum
chargeability anomalies. This may be due to sparse
concentration of sulphide mineralization within the dolomite
rock, as the resistivity picture suggests that of high resistivity
zone corresponds to dolomite. Variations in magnitude of

Fig.3. Chargeability Image & Contour map
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phyllites in the eastern part have shown low resistivity
(around 1000 ohm-m) values while in the western part grey
color compact, phyllites shows high resistivity (above 2500
Oh-m) values in the resistivity map. The intrusive silicified
dolomite rock carrying disseminated sulphide
mineralization concealed under soil cover is also distinet
by high resistivity (around 4000 ohm-m) values. Thus, the
resistivity map has effectively differentiated various
geological units in the present geological environment.
IP/Resistivity survey using dipole-dipole arra (for
a=20m and n=1 to 6 levels) was carried out along
three selected traverses viz., S1040, S 1080 and S 1160
for studying the depth persistence of mineralization.
Generally, IP/resistivity anomalies are located on both
sides of causative source and the symmetry of the anomaly
is perfect in cases the thickness of the causative source is
equal or greater than the dipole spacing “ä” and becomes
poor for thinner sources (Frasheri, A et al.,2002). The
configuration of IP/resistivity anomalies is also dependent
on dip angle and current electrode position. The chargeability
pseudo-section (Fig.5) has indicated two anomaly zones

Fig.4. Resistivity Image & Contour map

confirming the anomalies recorded with gradient array.
The eastern chargeability anomaly zone near station E 50
shows asymmetric nature due to causative source either
thinner than dipole spacing (20m) or dipping in nature.
The chargeability anomaly diminishes with depth
suggesting limitation of sulphide mineralization beyond
a vertical depth of 70m. The resistivity pseudo-section
reveals the continuation of high resistivity zone which
corresponds to host rock silicified dolomite. The western
high chargeability anomaly is broad and asymmetric
in nature suggesting the dipping nature of causative source
(host rock) continuing to depth corroborating with the
resistivity low anomaly.
Total Magnetic intensity mapof area (Fig.6) has
brought out a total variation of 950 nT from -200 to + 750
nT with low order anomalies towards northwestern
part and high order anomalies towards southeastern part.
Magnetic data varies gradationally from west to east
with major NW-SE contour trend. These variations in
magnetic data suggest a fault/fracture/shear zone
which is coinciding with the Chargeability high anomaly
zones. A break or swift in contour trends is observed
at Traverses S 1090 to S 1140 which suggests a cross
fault across the geological trends.

Fig. 5. Chargeability and Resistivity Pseudo section
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Fig. 7. EM (VD) Image and Contour map

Fig. 6. Magnetic (T.F) Image & Contour map
The EM-34 method was employed using transmitterreceiver coil separation of 40m with both horizontal and
vertical dipole modes. The Vertical dipole (VD) map (Fig.7)
shows two linear parallel high conductivity zones varying
from 5 to 9 mS/m in NNW-SSE direction coinciding with
the two chargeability zones. The horizontal dipole (HD)
map (Fig.8) has brought out conductivity variations from 5
to 20 mS/m in the study area with high values over green
phyllites and lower values on grey phyllites corroborating
with resistivity results for classification among phyllites.
High apparent conductivity anomalies in the eastern part
from Traverses S 1030 to S 1120 may correspond to the
fault / shear / fracture zone.
The Geophysical results comprising Resistivity,
EM and Magnetic have broadly classified major
geological units under cover with distinet variations.
An appropriate Geological environment of the study
block (Fig.9) is prepared based on the results of Resistivity,
EM and Magnetic data.

Fig. 8. EM (HD) Image and Contour map
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(VD) anomalies is traced in the western part. The resistivity
low corresponding to the chargeability high zone may
correspond to the highly sheared quartz vein intruded within
the phyllites. The resistivity surveys have clearly demarcated
two different concealed mineral bearing host rocks by
showing sharp variations.
The resistivity surveys have also clearly classified the
complete geological environment of the study area with
variable signatures. The green phyllites in the eastern part
are reflected with lower resistivity and grey phyllites with
higher resistivity values.
The dipole-dipole array results have also indicated depth
persistence of causative source for western anomaly and
fading out of mineralization for eastern anomaly. The Total
Intensity Magnetic field has shown bipolar magnetic
anomalies trending in NW-SE direction and orthogonal
breaks. The gradient magnetic anomalies in NE-SW
direction along with transverse breaks may indicate the
presence of fault/fracture/shear zone corroborating
well with resistivity and EM signatures.
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Abstract
Indian Ocean Geoid Low (IOGL) is the largest Geoid Low in the World dominated by a low of -106 meters and has
a wavelength greater than 15,000 km located near south of Sri Lanka at 30N and 780E.The study area is located in
between of Chagos-Laccadive Ridge and Ninety east Ridge. Seismic reflection method has been used here which has a
source to propagate seismic waves and set of hydrophones to receive reflected signals from various boundaries. The
reflections are primarily originated from surfaces that are distinguishing the sedimentary layers on the basis of
density-velocity contrasts. The surfaces may indicate unconformities or conformities. Eventually the method provides
image of sedimentary strata with internal surfaces and basaltic basement and occasionally its underneath along a profile.
For this study, the IOGL has been interpreted using 3 seismic lines and log data from one well. The sequences were
interpreted following which correlation with well log data allows us to understand their lithology and age. Reflectors
have been identified including Miocene (8 Ma) which is inferred as last deformation boundary. A great amount of
faults were identified and some of them were still active. Various other structural features along the basement
and positive features above the sea floor have been identified. The sources for these have been discussed to be tectonic
activity and/or volcanic activity.
Keywords: Indian Ocean Geoid Low, Seismic reflection, Free air gravity anomaly, Bathymetry

Introduction
Earth’s upper most layer, the crust or lithosphere, is
known to interact with the convection in the underlying
viscous mantle as well as the atmosphere and oceans above
it. There are many seismic activities in this zone which has
ascinated Geologists all across the Globe. The theory of plate
tectonics has allowed us to have a better understanding of
how stresses and strains have shaped the boundaries of land
masses today, control mountain building and allow for the
total land mass to remain constant. While spreading at mid
oceanic ridges allows creation of new crust, subduction of
crust at deep sea trenches allows balance in the land mass.
The formation and destruction of relief features controls the
global climate by altering atmospheric and oceanic
circulation, redistributing heat throughout Earth and
temperature variations in the oceans.
Tectonic activity has led to development of continental
margins. The submerged outer edge of a continent,
composed of the continental shelf and the continental
slope. Indian plate has evolved as a result of rifting and
drifting of Late Jurassic Gondwana breakup. Intraplate
deformation in the Central Indian Ocean is one of the
enigmatic tectonic complexity. Anomalously low geoidal
variations are observed in Central Indian Ocean along with
remarkable intraplate deformation widely associated with
the diffuse plate surrounded by India, Australia and
Capricorn plates.

Geoid is defined as the equipotential surface of the
Earth’s gravity field which approximates mean sea level in
the open ocean. It is the shape that the surface of ocean will
take under the influence of Earth’s gravity and rotation alone,
in absence of other influences such as winds and tides. Indian
Ocean has many distinct features like Ninety-east ridge and
Geoid Low.

Geoid height (EGM2008,nmax-500)

Fig. 1.Geoid of Earth and the circled area is Indian
Ocean Geoid low
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Possible reasons for Indian Ocean Geoid low

•

Undulations in core-mantle boundary and its relation with
mantle dynamics. (Hide, 1969; Negi et al. 1987)

•
•

Mantle convections (Spasojevic et al. 2010)

•

Crustal Structure and Moho depth (kakkuri 1998,
Anderson 1984)

•

Rolled back after Subduction in early Mesozoic.
(Priestley et al. 2008).

Density Void and Heterogeneity in lower mantle. (Rajesh
2009; Padma and Ravi Kumar)

Study Area
The study was conducted in Central Indian Ocean and
sediments were from Bengal Fan. It extends from 20N to
60S and from 780E to Ninety east ridge. Long linear Aseismic
ridges (Ninety east ridge, Eighty five east ridge), Seamounts
(Afanasy Nikitin Seamount) fractue zones (Indrani (79oE)
are most prominent geological features.

There are three seismic lines arranged as shown in
figure above and the data acquired here was Multichannel
seismic data. Data of IOGL-01 and earlier available
published research work on ODP 116 was used to correlate
reflectors age. ODP 116 was used for correlation of layers
with the age. The bathymetry in the region varies from
4000 meters to 5000 meters.

Geological Setting of the Study Area
One of the main features of Indian Ocean is Ninety east
Ridge. It is widely accepted that the Ninety east ridge
originated when the Indian plate drifted northward
over the Kerguelen Hotspot during the period 85-38 Ma.
In our study area it lies on IOGL-03 and shows various
distinctive features.
In a paper presented by K.S Krishna and J.M Bull, it
was shown that the folding in oceanic lithosphere in Central
Indian Ocean was multiphase with major events occuring in
the Miocene (8.0-7.5 Ma), Pliocene (5.0-4.0 Ma), and
Pleistocene (0.8 Ma). The Miocene phase was the most

Bathymetry
Fig. 2. Tectonic map of Central Indian ocean, MCS lines are shown in white line and
wells DSDP 216 and ODP 116 are shown in black dot.
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intense and involved deformation of an area south of 10S,
whereas in the Pliocene the activity shifted northward. In
the final Pleistocene phase, the activity was focused in the
equatorial region. No evidence of deformation was found
prior to 8.0-7.5 Ma. The spatial extent of the pliestocene
folding event overlaps the Pliocene and/or Miocene folding
events and coincides with both the area of most active
faulting and the zone of greatest historical seismicity.

Seismic waves are generated by a variety of methods
such as dynamite, airguns or seismic vibrators. The generated
seismic wave travel through the layers below the seafloor
getting reflected at various points. When a seismic wave
traveling through the Earth encounters an interface between
two materials with different acoustic impedances, some of
the wave energy will reflect off the interface and some will
refract through the interface.

The Miocene unconformity is well developed in large
region between 10S and 70S in the central Indian Ocean, is
uniformly folded and indicates the occurrence of the
first phase of long wavelength lithospheric deformation.

This reflection data are collected by using geophones
which are placed on the ground surface at specified distances.
The seismic reflection technique consists of generating
seismic waves and measuring the time taken for the waves
to travel from the source, reflect off an interface and be
detected by an array of receivers (or geophones) at the
surface. Knowing the travel times from the source to various
receivers, and the velocity of the seismic waves, one can
attempt to reconstruct the pathways of the waves in order to
build up an image of the subsurface.

Pliocene unconformity has smaller magnitude and is
developed between 1.5 oS and 7 oN. This unconformity
represents the second major phase of long-wavelength
fold formation at 5.0-4.0 Ma. The Pleistocene unconformity
is developed near the equator in regions where the
lithosphere had been previously folded in either Miocene
or Pliocene time. The Pleistocene deformation is relatively
mild.
Here, we have tried to show with reference of earlier
published research work that the deformation started at
8.0-7.5 Ma and not earlier. It is possible that weak folding
below seismic resolution occurred before 8.0-7.5 Ma, but
we think this is unlikely given that ongoing and/or
low-amplitude folding between 8.0 Ma and the present is
well recorded by the seismic stratigraphy.

Methodology
Oceans and the underlying sediments act as natural
repositories storing sediments that have recorded the Earth’s
geodynamic processes from the past to the present. Scientific
deep-drilling has allowed us to drill boreholes in order to
extract long chains of undisturbed sediment from beneath
the seafloor. This allowed us to study distribution of minerals
and global climate variations spanning several geological
time periods. A combination of scientific methods are
adopted during such exploratory programs.

One of the major parameter to consider here is Reflection
Amplitude. It depends primarily on return of magnitude
of seismic energy from the bedding reflectors. It is
controlled principally by the velocity density contrast
along individual reflecting surfaces and increases with
increasing velocity-density contrast. The amplitudes of
reflected seismic waves can be affected also by fluid
content of sedimentary beds or by accumulations of gas in
the beds. The presence of hydrocarbons in the beds can
produce a marked increase in amplitude of waves that shows
up on seismic records as ‘bright spots’. Frequency is a
characteristic of seismic pulse. It relates to the spacing of
reflectors or lateral changes in internal velocity. A continuous
reflection indicates a continuous layer of sedimentation
or strata. The amplitude of the reflection is an indicator of
the velocity and density contrasts the seismic waves
experience as they travel through the various layers. The
product of velocity and density gives an important term,
impedance. The acoustic (or seismic) impedance, Z, is
defined by the equation: Z = r v

Fig. 3. Method employed in marine seismic data acquistion.
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Where v is the seismic wave velocity and ρ (Greek rho)
is the density of the rock. In seismic interpretation, packages
of concordant reflections are identified as sequences or
depositional patterns. Reflections of high amplitude are
selected for demarcating depositional sequences.

Seismic Data Acquisition

Sequence stratigraphy is identifying and analyzing the
chronological nature of the sediments and the nature in which
they were deposited. The ‘sequence’ part of the name refers
to cyclic sedimentary deposits. Stratigraphy is the geologic
knowledge about the processes by which sedimentary
deposits form and how those deposits change through time
and space on the Earth’s surface.

Geometry / Spread Parameters

Sequence stratigraphy goes hand in hand with
lithostratigraphy which emphasizes similarity of the
lithology of rock units rather than time significance.
Sequence boundaries are defined as unconformities or their
correlative conformities.
It can be clearly seen in figure. 4 that reflection data
gives an estimate of underlying reflectors.

The data used for this project included 2D multi-channel
seismic data acquired for the given region of interest. There
are certain basic parameters which are defined below.

Based upon the study of the data generated from the
available geo-scientific information, the seismogeological
parameters for the present survey, various parameters
associated with spread geometry are estimated to acquire
optimal quality data so as to achieve the envisaged geological
objectives.

Multiplicity
Acquisition of best quality data demands optimization
of CDP foldage. However, it is limited by cost consideration,
and the fact that there is marginal improvement in data quality
beyond a certain foldage. The foldage of 2D data of earlier

Fig. 4. An example of seismic reflection field record. Offset is no X axis and time on Y axis
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campaigns was 48 fold. The data was studied meticulously
and was found to be of good quality. Mapping of very thin
pay sands / channel features and minor faults also require
high fold data.

Group Interval
Group interval depends upon various factors, viz. bin
size, far offset, near offset, no. of active channels, required
spatial aliasing and spatial resolution. It is calculated using
various criteria as given below:

Fresnel Zone Criterion
The channel spacing has a direct bearing on lateral
resolution. Reflected energy represents sampling not from
a single point, but from an area of the reflecting surface.
This area is called the first Fresnel zone, and its radius is
given by:
R = 0.5 V √(TO/f)
Where: TO- two way travel time
V –average velocity, f-maximum frequency
Group interval is so chosen as to include at least four
CDP points per Fresnel zone to render the reflector well
sampled. Thus, the group interval becomes:
Group Interval = 4R/3

Far Trace Offset
i)

It should be large enough for good velocity analysis
and multiple Suppression.

ii)

It should be small enough to avoid wide angle reflection
distortion.
iii) It should be small enough so that the shallowest
important reflection of interest arrives just below the
first break.
Based upon these criteria, far trace offset is computed
using various methods discussed here under:

i) Required NMO Discrimination
The far offsets required in a 3-D survey are determined
by AVO considerations in addition to velocity analysis and
multiple attenuation requirements. This is given by the Dix
hyperbolic NMO equation:
X = Vnmo √ ( D t2 + 2t0D t)
The valu of D t is as chosen as will allow a stable
determination of the velocity. In cases with a good seismic
wavelet, a temporal move-out across a CDP gather of 200
msec is reasonable enough for accurate velocity analysis.
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ii) From NMO Stretch consideration
Velocity resolution required to distinguish velocities at
target horizon improves with increasing far offset. But with
long offsets beyond a certain limit, NMO stretch increases
and multiples can become worse. The acceptable limit to
the NMO stretch, however, is 10% or so.
Far offset depends upon the depth of investigation as
well. As a thumb rule, it should be around 0.7 to1.3 of the
target depth.

a) For good velocity analysis
The minimum value of near offset is given by the relation:
Xmin =V √2T0/f

b) Using relation between Shot and Receiver Line
Using the relation involving shot interval (SS) and receiver
line interval (SR), the near offset is given by:
XN =√ (SS2 + SR2)

Type of Spread
The end-on spread gives a longer offset. It enables
to look deeper, provides better velocity analysis, and is
suitable for better multiple suppressions. With
the availability of more number of channels the NCAOR
used end-on orthogonal swath shooting method for data
acquisition with the maximum offset of 8000 m which is
equal to the target depth. This method derives benefits of
regular distribution of offsets and convenience of field
operations.

Direction of Shooting
The dips in the area of operation are gentle, varying up
to 100 in Eocene Pay formation. The subsurface beds in the
area of operation are dipping in the south-western direction.
As all the previous 2D lines of the present area were shot in
east - west direction, the Party also maintained the same
shooting direction i.e. 270oN. The shooting started from
south and the swaths rolled over from south to north. The
Party shot the lines / swaths from east to west in a direction
of 270o N. During the swath change-over, the seven receiver
lines rolled over, and seven new lines were add to the new
swath.

Recording Time
The total listening time needed for recording the low
velocity shear waves will be more than the recording time
used in regular P - wave shooting. Previously data recorded
in this area are of 16 sec. length. This reflects 2.5 sec down
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going time and 2.5 sec upcoming time. Assuming VS / VP
0.5 the upcoming time for S - waves will be double i.e. 5
sec. and the total listen time should be 7.5 sec.

Seismic Data Acquisition (2D)
Acquisition of data is first and important part of seismic
surveys. Any data processing technique cannot add any
frequencies that were not recorded nor enhance information
outside the bandwidth of the seismic data acquired in the
field. Hence we should be careful during acquisition of data.
Before acquisition, first we design field parameter.
Inappropriate or poorly designed parameters can severely
limit the quality and utility of the seismic data. Properly
designed parameter, based on the knowledge of the area and
the exploration target, normally lead to greatly enhance and
interpretable seismic section.

Some parameters of a seismic acquisition
program are

•

Maximum offset: distance from the source to most remote
receiver.

•

Minimum offset: distance from the source to nearest
receiver.

•

Group interval: distance between geophone arrays.
Constant for a survey.

•
•

Shot interval: distance between two shots.

•

Sample interval: the time interval between digital
samples of the signal. Varies from less than 1 ms to 4 ms.
This sample rate is chosen not to limit the vertical
r eso lutio n and to r ecor d the d esir ed maximum
frequencies.

•
•

Choice of source and geophone arrays.

Fig. 5. (a).Depiction of end-on shooting
(a) Symmetrical split-spread: In this layout equal
geophones are placed on both side of source. This layout is
used when depth of interest is shallow
(b) Asymmetrical split-spread: In this spread different no.
of geophones are placed on both side of source. This spread
is used when our depth of interest is both shallow and deeper.

Fig. 5.(b). Symmetrical split-spread

Fold coverage: number of times a subsurface point is
surveyed by different source and detectors.

No. of recording channel.

Layout
In reflection seismic survey two type of layout are most
commonly used.
1. End-on
2. Split spread
1. End-on
In survey we used several no. of channels or geophone
group. The most commonly used is 96 or 120 channels. In
end-on shooting, source is placed on side of geophone array.

Fig. 5.(c). Asymmetrical split-spread

Midpoint
Midpoint is a point located exactly in the middle of the
source - receiver distance. It is not necessarily located along
a receiver line as in 2-D. Midpoints are usually scattered
within the survey area. In practice, they rarely form a regular
grid.
Common mid point (CMP): In a horizontal layered
Medium with constant velocity, common mid point
(CMP) is the point located in the middle of different
Source-receiver pairs.

Split-spread

Common depth point (CDP): It is the point on the reflector
from where reflection took place.

In this layout source is placed in between the geophone
array. There are two type of split-spread layout.

If there is case of dipping then CDP doesn’t lie just below
CMP.
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The first step in processing the data is to get the traces
separated each other, so they can be worked on. In the field
they had to be recorded all together as the first samples of
all the traces had to be recorded in the time of 1to 4 ms, so
the equipment would be ready to record the second sample
but processing needs a single trace, separate from others, to
work on.

Trace header generation or Merging
Fig. 5. (d). Depiction of CDP and CMP

Offsets
Offset is the distance from the source point to a geophone
or to the center of a geophone group.

Folding
The number of traces in a CDP gather is referred toas
the fold. It is calculated as:
Fold= (Receiver Spacing X Number of Receivers) / (2
X Shot spacing)
Seismic data processing strategies and results are
strongly affected by field acquisition parameters. The basic
purpose of all seismic data processing is to convert the
information recorded in the field into a form that can be
used for geological interpretation. The main objective of
all the processing is to eliminate or atleast suppress the
different type of noise. Seismic data processing has many
steps which are used to minimise the noise and enhance
signal to noise ratio. Seismic data processing has three
primary steps- Deconvolution, Stacking and Migration.

Seismic Data Processing Sequence
1. Demultiplexing
2. Trace header generation or Merging
3. Quality Check
4. Editing
5. Spherical divergence correction
6. Statics correction
7. Deconvolution
8. Velocity analysis
9. NMO
10. Stacking

Trace header generation for the demultiplexed data is
necessary to assign geographic locations to the recorded
traces. This is required for their unique identification
along the profile of recording. The layout of receivers
for each shot record, the location of all shots along the
line, elevation of shots and receiver locations with respect
to seismic reference datum, co-ordinate etc. are posted
into the trace headers. The health (dead or alive) of traces
can too be included in the trace header so that invalid
traces can be bypassed during the cost of processing
thus saving the computer time.

Quality Check
The quality of data is an important factor to get the true
subsurface information. Good data gives better subsurface
information. After merging it is necessasery to check the
every trace has a correct relationship with the shot point,
QC controls this situation. If the relationship between trace
and shot point is not correct QC reject the further processing
and again the data will be merge and again QC checks the
relationship between trace and shot, if it is true then further
processing will be going on.

Editing
Processing also involves trace editing. Noisy traces,
traces with transient glitches, or mono frequency signals are
deleted; polarity reversals are corrected. In case very shallow
marine data guided waves are muted since they travel
horizontally within the water layer and do not contain
reflections from the substratum. In data analysis if some dead
channels are seen in shot gathered data, which should be
muted because in stacking it influences the amplitude of
stack section. If there is very high frequency or very low
frequency, noise with large amplitude far from seismic signal
frequency range then high cut, low cut or band pass filters
can be used to eliminate these noises.

Spherical divergence correction

11. Migration

Demultiplexing
Field data is recorded in multiplexed form so first
step is to convert the multiplexed data in demultiplexed form.

A single shot can be thought of a point source which
gives rise to a spherical wavefield. There are many factors
which affect the amplitude of this wave field as it propagates
through the earth.
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Two important factors which have major effect on a
propagating wavefield are spherical divergence and
absorption. Spherical divergence causes wave amplitude to
decay as 1/r, where r is the radius of the wavefront.
Absorption results in a change of frequency content of the
initial source signal in a time-variant manner, as it
propagates. Since earth behaves as a low pass filter so high
frequencies are rapidly absorbed.

Spiking deconvolution - The process by which the seismic
wavelet is compressed into a zero lag spike is called Spiking
deconvolution

Static Correction

Velocity Analysis

When the seismic observations are made on non flat
topography, the observed arrival times will not depict the
subsurface structures. The reflection time must be corrected
for elevation and for the changes in the thickness of the
weathering layer with respect to flat datum. The former
correction removes difference in travel time due to variation
of surface elevation of the shot and receiver location. The
weathering corrections remove differences in travel time to
the near surface zones of unconsolidated low velocity layer
which may vary thickness from place to place. These are
also called static corrections, as they do not change with
time. The static corrections are computed taking into account
the elevation of the source and receiver locations with
respect to seismic reference datum (such as Mean Sea Level),
velocity information in the weathering and sub weathering
layers. Often, special surveys (up hole surveys, shallow
refraction studies) precede the conventional acquisition to
obtain the characteristics of the low velocity layer.

Deconvolution
Deconvolution compresses the basic wavelet in the
recorded signal, attenuates reverberations and short period
multiples, thus increases temporal resolution and yields a
representation of subsurface reflectivity. This process
normally applied before stack. Wavelet compression can be
done using an inverse filter as a deconvolution operator. An
inverse filter, when convolved with seismic wavelet, converts
it spike. When applied to a signal, the inverse filter yields
the earth’s impulse response.
Deconvolution module of recorder seismogram can be
written as:
x(t)=w(t)*e(t)+n(t)
Where x(t) is the recorded seismogram.
w(t)* is the basic seismic wavelet
e(t) is the earth impulse response
n(t) is the random ambient noise

Predictive deconvolution - The process uses prediction
distance greater than unity and yields a wavelet of finite
duration instead of a spike. This is helpful in suppressing
multiples.

The velocity of seismic wave varies in the sedimentary
rocks from 1100 fit/sec to 21000 fit/sec and frequency from
20 Hz to 40 Hz. Generally the velocity increases with depth,
although occasionally there may be layers in which a
decrease in velocity occurs. Velocity analysis is an interactive
tool used to interpret stacking or normal move out velocities
on 2D and 3D pre-stack seismic data. Several techniques
utilize the variation of normal move out with record time to
find velocity. Velocity analysis is usually done on common
midpoint gathers where the hyperbolic alignment is often
reasonable. Where dips are large, a common reflecting is
not achieved. Typically the analysis procedure involves
comparing a series of stacked traces in which a range of
velocities were applied in NMO.
There are many methods for determining correct
velocities for the NMO equation. The methods that are
usually used are given below.

(i) Velocity spectrum analysis
Velocity spectrum analysis provides a means to
interactively pick the velocity which is correct for applying
NMO corrections.

(ii) Multi Velocity Function Stacks
The multi velocity function stacks (MVFS) panel
displays a series of side-by-side stacked traces for a set of
CDP’s. These traces are corrected for NMO with a series of
different velocities. The velocities can be can be a series of
time variant velocity functions as a function of time.
Typically the test range is small at shallow times and larger
at deep times due to the nature of the NMO effect. This
panel is used to pick velocities by visually locating the
maximum-stacked response.

A good velocity model is the basis for
• Stacking (Improvement of S/N-Ratio).
• Appropriate conversion from travel time into depth.
• Geometrical Correction (Migration).

Deconvolution tries to recover e(t) from the In practice velocity analysis is done as follows
recorded seismogram.
Types of Deconvolution

A reference velocity function is taken from the well data
of the nearest well. A number of velocityfunctions are then
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generated (in practice usually six). One half of them will
contain lesser velocity values and the other half will contain
greater velocity values (as compared to the reference velocity
function) with a constant increment or decrement from one
velocity function to the other. A group of CDP’s (usually
21) which fall under full foldage area is then taken and each
of these CDP’s are stacked applying each one of the seven
velocity functions. The output is seven strips with 21 traces
each, each strip corresponding to each velocity function and
each trace corresponding to each CDP. This is called a multi
velocity function stacks (MVFS) panel. From this we can
interactively pick the correct velocity function. Alternately
a velocity spectrum is also generated. Multi velocity function
stacks are generally used to fine-tune the velocity which is
picked using velocity spectrum.
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Migration
Migration commonly is applied to stacked data. It is
process that collapses diffraction and maps dipping events
on a stacked section to their supposedly true subsurface
locations. Whatever velocity we get in velocity analysis, is
applied for migration. Lateral velocity is assumed constant
for migration purpose.

Normal Move Out (NMO)
The velocity field is used in normal move out (NMO)
correction of CMP gathers. Based on the assumption that in
a CMP gather, reflection travel times as a function of offset
follow hyperbolic trajectories, the process of NMO
correction removes the move out effect on travel times.

Fig .5. (g). Migration effect
As described in the above figure the reflection in the
time section must be migrated to its true subsurface
positionin the depth section. The following observations can
be made from the geometric description of the migration.
a. The dip angle of the reflector in the geologic section is
greater than in the time section; thus, migration steepens
reflectors. Migration equation is,
tan (app. Dip) = sin (true dip)
b. The length of the reflector, as seen in the geologic section,
is shorter than in the time section; thus, migration
shortens reflectors.

Fig .5.(e). NMO correction

Stacking
After NMO corrections, the traces can be stacked to
improve the signal-to-noise ratio. The stacking velocity is
used to correct the arrival times of events in the traces for
their varying offsets prior to summing, or stacking, the traces
to improve the signal-to-noise ratio of the data. One of the
advantage of CDP stacking is that, it suppresses the multiple
and ground roll (coherent noise).

c. Migration moves reflectors in the updip direction.
The main programs used to interpret the seismic in this
work is Geographix. It is a very useful tool when handling
seismic, and is used in research and in the industry. The first
step is the observation phase. In this step, annotations are
made in the seismic, to get the big picture of the geology
behind the reflections. Correlation with well data determines
which horizons should be interpreted.

Steps followed to interpret a seismic section
1. Identify unconformities and correlative conformities
along a profile and extend it to the entire area of study.
2. For identifying an unconformity, identify reflector
terminations (e.g. onlap, downlap, toplap, truncation,
offlap) with arrows.
3. Interpret the lithological changes in terms of
depositional environments and in terms of sea level
changes (wherever necessary)
4. Post drill well information (if available) to assign
geological age to the unconformities.

Fig. 5.(f). Depiction of Stacking

5. Identify structural features and discontinuities (e.g.
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faults) in a section and establish their sub-surface
continuity in the study area.

Multi-channel seismic reflection Data
acquisition and processing used on IOGL data
Multi-channel seismic (MCS) reflection data across
Central Indian Ocean were collected by NCAOR in 2015
Table 1: Details of seismic data acquisition
parameters of IOGL lines
Total profile length:
Total profiles:
Streamer length:
No.of channels:
Record length:

965 km
1
8 km
640
16 sec

Shot Interval:

50 meters

Group Interval:

12.5 meters

Sampling rate:

2.0 ms

No. of Fold:

80

using standard acquisition parameters. Total profile
length of IOGL1 was 965 km and streamer length was
kept 8 km.The sampling rate was 2.0 ms and shot interval
was 50 meters. Detailed MCS reflection data acquisition
parameters are given in Table1.
MCS data were processed by NCAOR using Standard
conventional processing techniques. A standard
conventional processing package ProMAX 2D software
of Landmark was used to obtain processed seismic
section. Detailed MCS reflection data processing
sequence is given in Table 2.

Analysis
Certain specific geological interest has been paid
more attention due to their distinct features. We have
downloaded gravity anomaly data and plotted anomaly
curve above the seismic section of IOGL-01.
Throw for each of the faults present in Miocene
reflector was calculated. Intrusions and active faults have
been clearly highlighted.

Fig. 6. Full seismic section along with gravity anomaly and throw in faults of Miocene

Structural and Stratigraphical Interpretation
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Table. 2.Sequence of processing used in IOGL data
1

Reformatting
Geometry
Definition
Navigation Merging

into ProMAX Internal format
and

Near trace offset

117 m

Number of channels

640

Group interval

12.5 m

Shot interval

50.0 m

Foldage

80

3

Resampling

2ms to 4ms

4

Static Correction

8ms

5

Bandpass Filter

3-6-90-120 Hz

6

TFD noise rejection

Window size

200ms

aperture

15 traces

threshold

5

7

Amplitude balancing

TAR

1/time*vel**2

db/sec = 2

AGC

operator length

500ms

8

Preliminary Velocity Analysis

At 4km interval

9

Brute Stack

10

Secondary velocity analysis

At 2km interval

11

SRME

Window length

2000ms

Filter length

200ms

Maximum frequency

120Hz

Shot/Receiver spacing ratio

4:1

12

Brute Stack for QC of SRME

13

Final velocity analysis

At 2km interval

14

NMO

Stretch mute

15

Muting

Top and bottom mute

16

CMP Stack

Raw Stack

PostStack Data Processing
17 Time Variant bandpass filter

40%

Root scalar normalization

sedimentary rocks
basaltic rocks to the Moho
Moho discontinuity and below

5-10-50-70 Hz
4-8-35-50 Hz
4-8-30-45 Hz

0.5
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18

AGC

operator length

500ms

19

FX-Decon

rate of adaptation
window length

0.001
120 traces

20

Kirchhoff’s Time Migration

Aperture

4000m

Max dip

60 degrees

Post Migration Processing
21 Predicting Decon

sedimentary rocks

basaltic rocks to
the Moho

22

23

24

25

2-D spatial filtering

Time Variant bandpass filter

FX-Decon

AGC

operator length

160ms

prediction distance

12ms

operator length

240ms

prediction distance

24ms

number of samples

3

number of traces

3

sedimentary rocks

5-10-50-70 Hz

basaltic rocks to the Moho

4-8-35-50 Hz

Moho discontinuity and below

4-8-30-45 Hz

rate of adaptation

0.001

window length

120 traces

operator length

2000ms

26

TVS (Time-Variant Scaling)

27

TVS (Time-Variant Scaling)

3 windows

Fig .7. Box 1 with interpreted faults and reflectors

Structural and Stratigraphical Interpretation
Free Air anomaly shows consistency with the upliftment
and down going of strata in seismic section. The anomaly
has Milligals as unit and Throw is measured in Meters.
Boxed area in above image is some special geological
features and mentioned separately in below images.
It is clearly seen in the image of Box 1 above that there
is an intrusion from basement into sedimentry strata.
Reflectors have been clearly marked with different colors.
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This image also depicts few active faults. The sea basement
is marked as acoustic and this can be real basement. Or
indicates compact presence of meta sediments which
behave like basement.
Box 2 shows a very significant visible active fault
and this kind of faults are present all over the seismic
section. A better explanation of active fault can be seen
in an image below.

Fig. 8. Box 2 showing an active fault

Fig. 9. Difference between an active and an inactive fault
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An active fault offsets the entire sedimentary thickness
where as an Inactive or dead fault is confined within the
lower sediments, does not cut or deform the younger strata
so its activity terminated several hundred thousands
years ago. It poses no real threat today.

Fig. 10. It shows onlapping of a strata over other boundary

Box 3 shows an onlapping strata over Miocene layer.
Onlap is the geologic phenomenon of successively
wedge-shaped younger rock strata extending
progressively further across an erosion surface cut in older
rocks. It is generally associated with a marine transgression. It is a more general term than overstep, in which the
younger beds overlap onto successively older beds. The
opposite is offlap. Miocene reflector is marked with blue
color. There where other significant reflectors marked in
different colors (Fig.11).
Box 4 shows ridge in the study zone. A ridge is formed
if there is a divergent boundary and magma comes to
surface or it can also form if there is some hotspot activity
and mantle plumes intrude into overlying layers.

Fig. 11. Overlying sediment onlapping against Miocene horizon

Fig. 12. Formation of ridge due to Hotspot and plate motion

Structural and Stratigraphical Interpretation
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Fig. 13. Zoomed view of box 4 showing basement upliftment in Comorin Ridge
Since it is an intraplate location, there is no possibility GMT plot in Linux and it is in clear agreement with
of seismic origin of this ridge such as diverging plate our output in the zone. Plot is shown below for the
boundary, it has to be of hotspot origin. This ridge shown region of interest.
can be inferred as an extension of Comorin Ridge which of
lies SW of Sri Lanka. Though the sea floor looks plain but
The above plot clearly shows that the Gravity anomaly
the basement has uplifted by significant amount.
in the IOGL-01 region varies from -50 mGal to -75 mGal,
though in some places it goes as low as -100 mGal as can be
Gravity anomaly of the region was plotted using seen near the ODP 116.

Fig. 15. Plot of Gravity anomaly in the region
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Conclusions
This study has four major parts;
I) Marking of reflectors and correlating with earlier
published research work on ODP 116 to get the estimate of
their age. The correlation was done with previous work in
same area by K.S Krishna and J.M Bull who represented
that folding of oceanic lithosphere in the region was
multiphase and major folding events happened in Miocene
(8.0-7.5 Ma), Pliocene (5.0-4.0 Ma) and Pleistocene (0.8
Ma).
The oldest and youngest unconformities are of late
Miocene and late Pleistocene age, the middle one appears
to be earliest Pliocene in age.
II) Faults were marked and the throw of faults of Miocene
layer was calculated and it was in well agreement with real
fault structure.
III) Free air Gravity anomaly was also plotted for given
seismic section (IOGL-01) and it was in well agreement with
the with the basement structure.
IV) The GMT plots of Bathymetry and Gravity anomaly
were made and it was seen that the depth of Ocean varies
between 4 to 5 kilometers and the gravity anomaly varies
between -30 to -75 mGal, though in a certain area it is low
as -100 mGal.
Also, the ridge in the end of seismic section is expected
to be an extension of Comorin Ridge. There is no visible
deformation on the sea floor but the basement has risen to
quite an extent.

Acknowledgements
Authors sincere thank to Dr. M. Ravichandran, Director,
National Centre for Antarctic and Oceanic Research, Goa
for granting permission to undertake the project work using
facilities in NCAOR.
We would like to thank scientists and research fellows
in the Marine Geophysics lab for their constant support in
learning new Softwares. Special thanks to Project Scientists
Rajeev Yadav, Nisha Nair and R Prerna, Bincy P.K and
Sulfiath S and Lachit Singh.

Reference
D.C Mishra and M. Ravi Kumar, National Geophysical
Research Institute, Hyderabad 500007, India, Long and
short wavelengths of Indian Ocean geoid and gravity
low: Mid-to-upper mantle sources, rapid drift and
seismicity of Kachchh and Shillong plateau, India.
K.S Krishna, National Institute of oceanography, Goa, India
and J.M Bull, Southampton Oceanography Centre,
Southampton SO14 3ZH, Uk, Evidence for multiphase
folding of the central Indian Ocean lithosphere.
K.S Krishna, National Institute of oceanography, Goa, India,
Seismic stratigraphy, some examples from Indian
Ocean, interpretation of reflection data.
K.S Krishna, K.S.R Murthy, V Subramanyam, National
Institute of oceanography, India, Periodic deformation
of oceanic crust in the central Indian Ocean.
Keray and Brooks- An Introduction to Geophysics.
Oz Yilmaz, Seismic data Analysis.
Paul Wessel and Walter H.F. Smith, Generic mapping tool.
Robert J. Lillie, Whole Earth Geophysics.
Smith, W. H. F., and D. T. Sandwell, Global seafloor
topography from satellite altimetry and ship depth
soundings, Science, v. 277, p.1957-1962, 26 Sept.,1997.
Sandwell, D. T., R. D. Müller, W. H. F. Smith, E. Garcia, R.
Francis, New global marine gravity model from
CryoSat-2 and Jason-1 reveals buried tectonic structure,
Science, Vol. 346, no. 6205, pp. 65-67, doi: 10.1126/
science.1258213, 2014.
Van Orman, J., Cochran, J.R., Weissel, J.K., and Jestin, F.,
1995, Distribution of shortening between the Indian
and Australian plates in the central Indian Ocean: Earth
and Planetary Science Letters, v. 133, p. 35–46.
William Lowrie, Fundamental of Geophysics.

Jour. of Geophysics
April 2018, Vol. XXXIX No.2
pp 73 to 84

Primary Requisites and Multi Parametric Geophysical Signatures
over Concealed Kimberlite Pipes from South Indian Diamond Province
R. Ananda Reddy
Geological Survey of India, Southern Region, Hyderabad.
Email: anand.rr55@gmail.com

Abstract
The primary requisites for prognostication of kimberlites are to identify the geological environment which is
favourable for diamond genesis, transportation and preservation. The first phase of kimberlite exploration is to identify
the provinces / cratonic blocks from regional geological, tectonic, heat flow maps, satellite imageries, aero-geophysical
and gravity images on small scale. The second phase of exploration is to prognosticate the regional tectonic features,
structural corridors, deep seated fault / fracture zones and intense dyke activity etc., which have spatial relationship
with the kimberlite fields / clusters, those can be deciphered from the regional gravity and magnetic maps on 1 : 2
million or 2,50,000 scale. In the third phase of exploration, the thrust is to delineate the favourable structures associated
with emplacement of kimberlites. In the fourth phase, efforts are towards delineating the surface configuration,
geometrical disposition and sub surface nature of the kimberlite pipes by detailed geophysical techniques.
Geophysical signatures over known and exposed kimberlite pipes are quite different from concealed and partly
exposed pipes under cover. This paper mainly establishes the relation between the variation of physical properties with
degree of weathering within the concealed or partly exposed pipes from various Kimberlite Fields of South Indian
Diamond Province. An un-weathered kimberlite produces positive physical property contrast and reflects in the form of
high gravity, magnetic and resistivity signatures. Weathering decreases with depth and highly weathered kimberlite
produces negative physical property contrast in the form of high conductivity, low gravity and low dominant magnetic
signatures. Multi parameter Geophysical signatures are helpful in delineating the sub-surface configuration, physical
nature, geometrical disposition, their strike and depth continuity, identifying presence of xenoliths, autoliths, satellite
bodies, contaminated portions and pulses if any. The review is restricted to 6 case studies, where the kimberlite finds are
concealed under soil cover. An attempt is made to correlate the various geophysical signatures obtained in the closely
spaced gravity, magnetic, resistivity and electro-magnetic data over concealed / partly exposed kimberlite pipes - MNK2 from Tungabhadra Kimberlite Field and MK-11 from Narayanpet Kimberlite Field. Further, geophysical signatures
over a few concealed / partly exposed kimberlite pipes viz., P-6, P-7, P-10 and TK-6 from Wajrakarur Kimberlite Field
are also reviewed.
Key words: Kimberlite pipes, Diamond province, Geophysical surveys, Multi parameter Geophysical signatures.

Introduction
Primary kimberlite fields are confined to ancient cratonic
regions (archons) older than 2500Ma and are believed to
be underlain by thick, cold and stable continental lithospheric
keels (Janse, 1985, 1992), characterised by low geothermal
gradients of about <40mW/m2 (Ravi Shanker, 1988) with
pressure and temperature conditions of about 70kb and
18000C, emplaced along deep seated fault / fracture zones.
The geological framework, tectonic features, intense dyke
activity and geochronology indicate that these kimberlites
could be genetically related to a superplume (Haggerty,
1999). The Indian Diamond Corridor (IDC) follow a
regional arc / plume track in the assembled Supercontinent
Rodina at ~1Ga. The archons are distributed worldwide in
12 potentially diamond producing regions which occur on

7 continents (Janse and Sheahan, 1995). According to this
model, the kimberlites of Francisco Craton (Brazil), Congo
Craton (CAR) and the Kimberley Craton (NW Australia)
are connected through Eastern Dharwar Craton, India. Within
the cratons, the Kimberlite clan of ricks (KCR) intrusions
are localized along deep seated major fault / fracture systems
that extend upto the upper mantle, which are defined by
repeated intrusions (Kaminsky et al, 1995). These deep
structures may form fault / fracture corridors which extend
for long distances (up to 1500 km) and are very wide (up to
50-100 km). These structures host the Kimberlite Clan of
Rocks (KCRs) when they undergo transcurrent / extensional
movements. Therefore, the primary requisites for
prognostication of kimberlites are to identify the
environment which are favourable for diamond genesis,
transportation and preservation under four different phases.
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DHARWAR CRATON
W: Wajrakarur Kimberlite Field
T: Tungabhadra Kimberlite Field
R: Raichur Kimberlite Field
N: Narayanpet Kimberlite Field
Ra: Ramadugu Lamproite Field
K: Krishna Lamproite Field
Nl: Nallamalai Lamproite Field

Aravalli
Craton

Bhundelkhand
Craton

Singhbhum
Craton

Bastar
Craton

BASTAR CRATON :

NKF
RKF
TKF
WKF

Tk: Tokapal Kimberlite Field
Mp: Mainpur Kimberlite Field
B: Basna Kimberlite Field

Dharwar
Craton

Na: Nawapara Lamproite Field
SINGHBHUM CRATON:
D: Damodar valley Lamproites
BUNDELKHAND CRATON:
Bu: Bunder Lamproites
M: Majhgawan Lamproites

Cratons

Fig.1. Cratonic blocks of India showing locations of

Fig.1. Cratonic blocks of India showing locations of
kimberlite/Lamproite Fields

First phase of Kimberlite Exploration
In first phase of kimberlite exploration, identifying the
provinces or cratonic blocks from regional geological,
tectonic, heat flow maps, satellite imageries,
aero-geophysical and gravity images on 1 : 10 million scale
or less. According to Mitchell (1986), cratonised regions
of the lithosphere, which have acted as a focus for
kimberlite magmatism are defined as kimberlite provinces.
Each province may consist of one or more kimberlite
fields of the same age or different ages. Most kimberlite
fields have a diameter of about 40km (Janse, 1985),
containing number of clusters and each cluster is composed
of 1 to 20 distinct kimberlite intrusions in close proximity
(<1km) to each other and separated by a distance of 2km or
more from other clusters. Diamonds are xenocrysts and are
much older than the kimberlites that transported them
from the diamond stability field (Haggerty, 1986 and 1999),
which is typically from 150-300 km depth.
Five prominent Archean Cratons viz., Dharwar, Bastar,
Singhbhum Bhundelkhand and Aravalli are recognised
from Tectonic and Satellite Imagery of India (Fig.1 and 2.)
for prognostication of primary diamond deposits, using
geological, geophysical and morphostructural models for
kimberlite provinces. Satyanarayana et al., (1997) broadly
defined three provinces in India, viz., Central Indian
Diamond Province (CIDP), East Indian Diamond Province
(EIDP) and South Indian Diamond Province (SIDP). Each
Province extending over an area of 1,00,000 sq. km, that
includes primary kimberlites / lamproites and secondary
source rocks for diamond.

Fig.2. Satellite imagery IRS-1D showing Cratonic Blocks
of India and kimberlite Fields in South Indian Diamond
Province

HEAT FLOW MAP OF INDIA
(Degitised and generated Image
after Ravi Shankar, GSI, 1988)

Aravalli
Craton
Bhundelkhand
Craton
Singhbhum
Craton
mW/M2

Bastar
Craton
NKF
RKF
TKF
WKF

Dharwar
Craton

Fig.3. Heat Flow Map of India showing Vratonic Blocks
and Location of Kimberlite Fields in South Indian
Diamond Province
Heat Flow Image of India (after Ravi Shanker et al, 1988)
is shown in Fig.3 shows the distribution of the cratons. India
has the largest repository of Proterozoic (~1.1 Ga)
Kimberlite Clan of Rocks (KCRs) in the world. These KCRs
are confined to four major Indian cratons and adjoining
Proterozoic mobile belts, viz., Dharwar Craton, Bastar
Craton, Singhbhum Craton and Bundelkhand Cratons called
as Indian Diamond Corridor (IDC) that lies in NE-SW

Primary Requisites and Multi Parametric Geophysical
direction with a distance of ~1000km and a width of ~200km
(Chetty, 2000). All the known kimberlite provinces and fields
occur in cratons characterized by very low heat flow regimes
(39 + 40 mW/m2), where as lamproites occur close to mobile
belts with higher heat flow values.
IGRF corrected Aeromagnetic Image (Fig.6) of Southern
Peninsular India (GSI, 2001) shows several distinct features
and patterns and a broad correlation is instantly seen between
the magnetic anomalies and major tectonic features. From
the aeromagnetic image, it appears that the Dharwar Craton
may be reflected in the form of a massif, with arcuate / radial
faults all along the periphery of the craton especially in the
southern, western and eastern parts with the Southern
Granulite Terrain (SGT). The contact between the Dharwar
Craton in the south and Bastar Craton in the north-east,
clearly brought out by a distinct NW-SE trending anomaly
along the Godavari Graben. The broad, but weak, WNWESE to E-W trending anomaly zones may correspond to the
concealed structural features in the basement as the known
greenstone / schist belts in the region are in generally N-S
to NNW-SSE trends. Interestingly two major linear magnetic
anomalies are noticed in the Dharwar Craton, one trending
in ENE-WSW and the other is trending in NW-SE. Most of
the kimberlite pipes falls at close proximity of ENE-WSW
trending basic dyke activity or at their intersections,
indicating that these trends have a significant bearing on
identifying structural control in emplacement of kimberlite
pipes. Aeromagnetic data also corroborate the cross-cutting
regional structural trends inferred from gravity data.
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The Gravity image of India (Fig.4) published by GSI,
NGRI, ONGC, SOI and OIL, (2006) well brought out the
major Indian Archean Cratons, as well as a few permeable
zones for occurrence of Kimberlite Provinces / Fields /
Clusters. The prominent gravity low associated with the
Dharwar Craton in the south, correlating well with the
presence of thick, cool and rigid continental lithosphere
characterized by low geothermal gradients, favourable for
occurrence of kimberlite provinces / fields. They are
reflected in the form of sharply contrasting, elongated gravity
signatures characterized by dome / block shaped uplifts in
geological structures and by concentric radial morphological
structures (Kaminsky et al., 1995). The gravity image of
Dharwar Craton has clearly brought out the penetrative
NNW-SSE fabric as well as the deep seated faults
cross-cutting the regional trend, tectonic contacts of the
greenstone belts with the granite, domal structures and fold
closures. Ramachandran et al., (1999) have demarcated the
structural corridors and cross-cutting regional structural
trends for kimberlite fields / clusters based on gravity
signatures that comes under second phase of kimberlite
exploration on 1 : 2 million or 2,50,000 scale. The known
kimberlite fields in South Indian Diamond Province
consists of Wajrakarur, Narayanpet, Tungabhadra and
Raichur Fields and are restricted to Eastern Dharwar Craton
occuring in a linear fashion along north-south for a distance
of over 200km having a width of 50 - 60 km are confined to
the western part of the intra-cratonic Cuddapah Basin.

GEOLOGICAL SURVEY OF INDIA
AIRBORNE MINERAL SURVEYS & EXPLORATION WING
IGRF CORRECTED AEROMAGNETIC MAP
OF PARTS OF PENINSULAR INDIA
COLOUR SHADED IMAGE (Sun Angle: I = 70, D=0)
SCA LE
25

0

25

50

75 km

Aravalli
Craton

Bhundelkhand
Craton

Singhbhum
Craton

Bastar
Craton

I N D E X:
Cratonic Blocks

NKF
RKF

Dharwar
Craton

TKF
WKF

Dharwar
Craton

MEAN ELEVATION:
PROJECTION USED:
DATA ACQUISITION:

7000 FEET ABOVE MSL
LAMBERT CONICAL ORTHOMORPHIC
AERIAL SURVEYS CONDUCTED BY
AEROSERVICE, BRGM/CGG, NGRI AND
NRSA FOR AMSE WING, GSI.

I N D E X:
Dharwar Craton

Fig.4. Gravity image of India showing Cratonic Blocks
and location of Kimberlite Fields in South Indian Diamond Province
(After AMSE Wing, GSI)

Fig.6. IGRF corrected Aero-Magnetic Image, parts of
Peninsulaar India. showing locations of Kimberlite Fields
in South Indian Diamond Province

Second phase of Kimberlite Exploration
In second phase of Kimberlite Exploration,
prognostication of the regional tectonic features, structural
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corridors, deep seated fault / fracture zones and intense dyke
activity etc., which have spatial relationship with the
kimberlite fields / clusters, these can be deciphered from
the regional gravity and magnetic maps on 1 : 2 million scale
or more.

low heat flow region suggesting favourable lithospheric
mantle roots for diamond genesis, transport and
emplacement.
Heat-Flow contour
(mW / m2)

Gravity contours overlay on Geological Map of South
India (GSI, 2006) has clearly brought out the NW-SE to
N-S trending Archaean granite-greenstone belts to the west
of Cuddapah basin, and they are distinctly delineated in the
form of linear gravity highs within the Dharwar Craton.
Crescent shaped Cuddapah basin is revealed by well
pronounced gravity anomalies with relative gravity high
in the SW part and an arcuate shaped gravity low in the
eastern part bordering the Eastern Ghat Mobile Belt. In the
west and SW of Cuddapah basin, gravity gradients in the
form of deep seated faults cross-cutting the regional trend
coincides with the EW trending dyke swarms.
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Fig.6. Major structural corridors and potential zones for
Kimberlite / Lamproite Fields inferred from Gravity Map
of South Indian Diamond Province (SIDP)

Third phase of Kimberlite Exploration
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Fig.5. Bouguer Gravity contours superimposed on
Geological Map of South India showing Kimberlite
Fields and clusters in SIDP
Based on the structural analysis of the gravity anomalies
and associated geological features, a major structural
corridor is identified, trending in NS direction between south
of Bangalore upto north of Raichur (Fig.6a), defined by
contiguous faults, favourable area for kimberlite / lamproite
fields. The known kimberlite fields, the Wajrakarur
Kimberlite Field (WKF) in the south, Thungabhadra (TKF)
and Raichur Kimberlite Field (RKF) in the central part and
Narayanpet Kimberlite Field (NKF) in the north are typically
located at the intersection of fault / fracture corridors, i.e.,
the NW-SE trending Madras-Badami corridor and the NESW trending Chikmagalur-Jaggayyapet corridors
(Ramachandran et al, 1999). The WKF can be interpreted
to be a zone with a number of major faults extending radially
in all direction, forming major zone of dilation, situated in

In 3rd phase of Kimberlite Exploration, the thrust is to
delineate the favourable structures associated with
emplacement of kimberlite pipes from Gravity anomaly map
on 1 : 50,000 scale or less. The Gravity Image of South
Indian Diamond Province (SIDP) is generated based on
digitization of gravity contour maps after Kailasam et al,
1972, Kesava Mani et al, 1996 and Sreerama Murty et al,
1999, shown in Fig.7, have been reinterpreted for tectonic
controls for defining favourable zones for possible
emplacement of kimberlite pipes (Ananda Reddy, 2015).
In WKF, kimberlites of Wajrakarur cluster were
emplaced along NE–SW trending fault passing through a
little north of the closure part of the Marutla dome and
Lattavaram cluster were emplaced along a ENE-WSW
trending fault passing through northern closures of Marutla
and Katrimala domes. The ENE-WSW set of deep seated
fault / fractures dominantly controlling emplacement of
Wajrakarur, Lattavaram, Chigicherla, Timmasamudrum,
Kalyandurg, Mantralayam, Raichur and Narayanpet, which
are orthogonal to the regional trend. Based on the critical
analysis, the following are the salient gravity signatures
over known kimberlite clusters / pipes from SIDP.

•

Kimberlites are located at the intersection of deep seated
fault / fracture / shears, along the steep gravity gradients
trending in NW-SE to NNW-SSE, NE-SW and ENEWSW directions (Nayak et al., 2001).

•

Pipes are located within the NW-SE and NE-SW
contiguous fault / fracture system and also located at
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fault / fractures spread out radially (Ramachabdran et
al., 1999).

77
SCALE

Kimberlites

M10

•

Kimberlite pipes fall along contact zones, discontinuities, dilated zones, linear closures, nosings,
truncations, offsets, saddle portions, splay faults / fault
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kimberlite pipes (Ananda Reddy, 2015).
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the schist.

RK2

SK1
SK2
SK3

RK1

CGK2
CGK1

TK-2
TK-1

TKF

MNK-2

CHAGAPURAM

MANTRALAYAM
MNK-1

Fourth phase of Kimberlite Exploration
In fourth phase of Kimberlite Exploration, efforts are
towards delineating the geometrical disposition, surface
configuration and sub surface nature of the individual
kimberlite pipes by detailed Gravity, Magnetic, EM,
Resistivity and Radiometric techniques. The review is
restricted to four case studies from WKF, and one case study
each from TKF and NKF respectively, where the kimberlite
finds are concealed under soil cover.
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Fig.7. Gravity Image showing location of

Fig.7. Gravity image showing location of Kimberlite
Fields / Clusters / Pipes in South Indian Diamond
Province (SIDP)

Low

The concealed kimberlite pipe-6 was the 1st geophysical
discovery by the GSI (Kailasam et al, 1972), based on
gravity signatures. The pipe-6 was located in Kamalapadu
area, which is about 2km WSW of Wajrakarur. Detailed
gravity map of Kamalapadu area (Kailasam et al, 1972) is
shown in Fig. 8, convincingly exemplify the elucidation of
kimberlite (P-6) emplacement and its reflection. P-6 pipe
falls in the fractured zone, reflected as low gravity, saddle
portion and flexures in the contours in opposing directions
on either side of P-6 is an expression of structural
deformation. The cluster of gravity closures along NNESSW axis, passing close to pipe P-1 are delineated. The
highs and lows close to the axis are numbered from II to VII
with the anomalies I and VI located to the east of anomalyII (Fig.8). Gravity anomaly VII is a moderate low to the
south-west of P-1. Pipe P-1 is characterized by contours
with a sharp arcuate swing, indicating elongated shape of
exposed rocks unlike the gravity anomalies I and VII.
Anomalies I to VII were tested by pitting and trencing.
Anomalies-1 to VI are turned out to be a basic / gneissic
rock and Anomaly-VII proved to be kimberlite pipe (P-6).
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Concealed Kimberlite P-6, Kamalapadu, WKF
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P1 & P2 Kimberlite Pipes

Gravity Anomalies : I to VII
trending in NNE-SSW direction

Concealed pipe (P6) discovered
by Geophysical surveys

Resistivity in Ohm.m

Fig.8. Gravity Map of Kamalapadu area, Wajrakarur Kimberlite Field, SIDP
Fig.8.
Gravity Map of Kamalapadu area, Wajrakarur
Kimberlite Field, SIDP
Close spaced resistivity surveys with Wenner array a =
10 to 70m (Fig.9a) over Gravity Anomaly-VII in
Kamalapadu area led to confirmation of a gravity low as
due to the presence of highly weathered kimberlite Pipe-6.
The susceptibility contrast becomes negative when compared
with the surrounding host rock. The susceptibility of the
highly weathered kimberlite (yellow ground) is quite low
and density is also low (2400 kg/m3) and there is moderate
high magnetic anomaly (Fig.9b) over the pipe (Krishna
Murty, 1981). The Time Domain EM (TEM) was most
effective over soil covered area, suggested that in locating a
highly weathered pipe rock (P-6). The TEM response over
P-6 (Babu Rao et al., 1992), shows strong and persistent
anomaly over the kimberlite body with respect to
surroundings (Fig.9c). Based on the drill hole data, the
concealed, highly weathered and altered kimberlite pipe
(P-6) was capped by 3m thick black soil. It has a 42m thick
yellow ground below which it passes into blue ground,
continues below 280m depth, emplaced at the contact of
the TT gneisses and TGA rocks along NNE-SSW fault.
Based on the geophysical signatures, the inferred dimensions
of the P-6 was about 270 x 150m and weathering continued
beyond 350m.
a). RESISTIVITY PROFILES

200

No outcrops are located over Kimberlite pipe (P-7),
which was capped by calcrete, discovered by NGRI (Gupta
Sharma et al, 1986) by stream sediment analysis. The pipe
was located about 500m south-east of Venkatampalle,
emplaced into Penakacherla Schist belt and associated
younger granitoids along a NE-SW fault. Pipe-7 trends in
NE–SW direction, having a maximum weathering zone
thickness of 14m and dips towards SE. In the regional
gravity map (Fig.7), pipe-7 is located at the eastern flank
of the NW-SE trending gravity high, representing the
schist and close to the point, where the gravity high has
been bifurcated in to two segments by the gravity low.
This is also at the contact between acid tuffs and basic lavas.
The flexures of the gravity contours in this zone indicate
the concealed structural deformation.
Fig.10 shows the degitised total intensity magnetic
contour map over pipe-7 (after Babu Rao et al., 1992)
indicates minor perturbations trending in NE-SW direction
due to insufficient magnetic susceptibility contrast between
the pipe rock (K = 15 x 10-6 cgs units) and the meta-basalt
host rock (K = 45 x 10-6 cgs units). Where as, strong magnetic
anomaly of the order of -300 to +1200 gammas recorded
over the adjacent and exposed dolerite dyke emplaced along
a parallel fracture in the south-eastern part.
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Fig.9. a). Resistivity, b). Magnetic and c) ElectroMagnetic profiles (TD) over Kimberlite Pipe-6,
Kamalapadu, Wajrakarur Kimberlite Field, SIDP.

Fig.10. Magnetic anomaly map over Kimberlite Pipe-7.
Venkatampalli area, wajrakarur kimberlite Field, SIDP
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Electro-magnetic (Slingram) measurements (Subba Rao,
et al., 1990) over Pipe-7 indicated a significant negative
quadrature anomaly ‘poor conductor’ indications of the order
of 6% to 10% over the pipe (Fig. 11), and found to be
effective in delineating the disposition of the pipe-7, over a
strike length of 750m in the form of seven segments (A, B,
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west of main body. Magnetic susceptibility of the massive
kimberlite is about 1,110–2,800X10-6 cgs units and a density
of 3.03 to 3.13 gm/cc.
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C, D, E, F and G). The longer axes of all the segments are
almost aligned parallel to the ENE-WSW lineament. The
negative 6% contour more or less delimits the boundary of
the kimberlite body, which is highly weathered and yellow
in colour, traced over a strike length of 750m. Within this
zone, a negative 10% contour suggest the areas of grey,
massive and thick kimberlite struck at a depth of 44m as
evidenced by the borehole data, suggesting further extension
towards north-east.
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Fig.11. Geology and Electro-Magnetic (Slingram)
Quadrature response over Kimbetrlite Pipe-7.
Venkatampalli area, Wajrakarur Kimberlite Field, SIDP
The Pipe-7 in the Venkatampalli area, probably indicating
three different pulses / phases of kimberlite emplacement
based on the relation between EM poor conductor indications
Vs weathering characteristics and colour variation within
the pipe. Yellow and highly weathered part appears to be
the first phase of emplacement found in all the segments.
Where as, green coloured pipe exposed in the segments A,
D and F appears to be the second phase and third phase is
grey coloured and relatively harder kimberlite. Presence of
xenoliths of crustal origin are abundant and few autoliths
are also noticed within the pipe.

Concealed Kimberlite P-10, Anumpalle, WKF

Fig.12. Structural features inferred from Gravity map,
Wajrakarur Kimberlite Field, showing locations of
kimberlite pipes, SIDP
Gravity, Magnetic, Resistivity, Potash and EM profiles
over Kimberlite pipe (P-10) indicated the presence of less
contaminated as well as contaminated portions within the
pipe (Venkateswarlu et al, 2002). Low resistivity values
noticed over less contaminated parts and high values over
more contaminated portions within the pipe. Gravity
profile has brought out a prominent low over kimberlite pipe.
Magnetic profile indicates a gradual rise from south to
north. Resistivity pseudo-depth section prepared with
two electrode array for n = 20, 40, 80, 120 and 160m clearly
brought out sub-surface disposition of pipe in a funnel shaped
form and its depth continuity. Potash lows are observed
over the pipe. EM (high and low frequency) in-phase and
out-of-phase profiles indicate a low to moderate conductor
response over the plug like pipe / body.
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Pod shaped, NE–SW trending kimberlite pipe (P-10)
located about 0.75km west of Anumpalle village, emplaced
into the younger granitoids at the intersection of an NE-SW
fracture with NW-SE Singanamala fault. No outcrop is
exposed over P-10 pipe, and capped by 1.5 m thick calcrete
and two linear disconnected satellite bodies occur to the
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Regional gravity map (Kailasam et al, 1972) of
Wajrakarur area, has brought out strong contour pattern
trending NW-SE direction depicting Singanmalai fault from
Anantapur to Wajrakarur in an en-echelone pattern (Figs.12).
Cross structural features trending in NE-SW and ENE-WSW
cutting across Singanmalai fault could be seen between
Wajrakarur and Pamidi, resulting in a radial fault / fracture
zone. Incidentally kimberlite pipes P-7, P-10, P-11 and P12 fall in this zone.
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Fig.16. Inferred boundary of Anumpally Kimberlite
Pipe-10 from Gravity surveys, Wajrakarur Kimberlite
Field, SIDP
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The outline of the P-10 is inferred from the gravity
image (Fig.14). It is an irregular body with 3 distinct zones
(Zones-I, II & III) in the form of less contaminated
portions, which are brought out as gravity lows. The zone-1
appears to be the main vent and remaining two may be
satellite bodies. The entire pipe is flanked by gravity high
closures attributed to the country rock.
The entire pipe is contaminated with variable amounts
of pink granite fragments. Small outcrops of younger granites
are seen within the pipe. A few isolated gravity low closures
on the periphery of inferred pipe may be due to presence of
satellite kimberlite (S-1 to S-6) bodies (Figs. 14 and 15),
may connected with the main pipe / off-shoots at depth. The
inferred dimensions from geophysical signatures indicates
that the pipe having dimensions of about 1200 x 1000m.
Based on gravity and magnetic signatures, the Anumpalli
kimberlite pipe (P-10) suggests that the pipe is not a simple
one, but a composite pipe indicated by multiple intrusions
and presence of xenoliths and autoliths.

Concealed Kimberlite TK-6, Timmasamudrum,
WKF
The discovery of Timmasamudrum pipes (TK-1,2,3,4
& 5), with semi-circular to oval in shape, was based on a
conceptual approach involving integration of the geological,
geophysical and remote sensing data coupled with
systematic, intense ground geological and heavy indicator
mineral surveys by GSI (Srinivasa Choudary et al., 2005).
Timmasamudrum pipes are emplaced in TonaliteTrondjhamite Gneisses of PGC along a major ENE-WSW
trending sinistral fault at its intersection with NNW-SSE
trending basic dykes. The Magnetic (TF) image (Fig.16) of
Timmasamudrum – Mauktikapuram area (Srinivas, 2008)
has brought out the disposition of geological and structural
features. The Magnetic (TF) map showing ENE-WSW set
of fractures dominantly controlling emplacement of
kimberlite bodies, orthogonal to the regional trend.
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Magnetic (TF) Image of Timmasamudrum-Mauktikapuram area, Wajrakarur Kimberlite Field, SIDP
Fig.16.Fig.32.
Magnetic
(TF) Image of Timmasamudrum - Mauktikapuram area, Wajeakarur Kimberlite
Field, SIDP
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The pipes are totally concealed under thick soil cover
(0.5m – 1.0m thick) devoid of perceptible spread of calcrete.
Moreover, these bodies do not display any physiographic
expression exhibited usually by kimberlite bodies.

kimberlite pipe (MNK-2) was reported in the northern bank
of Tungabhadra river course, near Nadigaddamalkapur
area, which is about 5 km east of Mantralayam by stream
sediment analysis by GSI, (Ravi et al., 2007) in Tungabhadra
Kimberlite Field (TKF).

A critical examination of the magnetic contour map of the
area around the point of intersection of two linears, ENEWSW linear to the north of the known kimbelrite pipes TK1
to 5, and the NW-SE linear east of Mauktikapuram in the
central part, indicates an anomaly varying from -618 to
+350nT trending in NNW-SSE direction (Fig.16).
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The intersecting area indicates surface manifestation in
the form of presence of calcrete and also a few pieces of
mafic rocks. The sharp high amplitude negative peak with 618nT in the north (Fig.17) was tested by pitting and the
petrological analysis of the weathered rock samples collected
over this zone confirmed the rock as Kimberlite Pipe TK-6
(Srinivas, 2008), which is about 1.5km WSW of TK-1 having
a dimensions of 60 x 20m. Pitting has revealed a zone of
calcrete (~1m thick) beneath the soil cover, followed by
highly weathered greenish kimberlite breccia rich in country
rock as xenoliths (granite). The magnetic susceptibility of
the rock samples indicated a range of 110 x 10-6 cgs units
for weathered zone to 740–1038 x 10-6 cgs units for hard rock.
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Magnetic, Gravity, Resistivity and Electro-Magnetic
techniques (Fig.18) carried out over MNK-2 pipe has
brought out a high intensity magnetic anomaly of the order
of +140 to -160nT (Fig. 18a) corroborating well with a
prominent linear gravity low of 0.7mGal (Fig.18e), resistivity
low of 60 Ohm.m (Fig.18d) and high conductivity
electromagnetic (horizontal dipole) anomaly of 50ms/s
(Fig.18c), with steep gradients on either side. Magnetic
Analytical Signal map (Fig.18b) has well brought out the
boundary of the MNK-2 concealed kimbelite pipe. Based
on the geophysical signatures, it is inferred that the pipe is
emplaced within a fault / fracture / shear zone trending in
NW-SE direction, adjacent to a basic dyke exposed in the
southern part (not shown in the map), having an approximate
dimensions of 300x200m (Ananda Reddy et al., 2014).
Another small magnetic anomaly of the order of +50 to -30
nT noticed just north-east of MNK-2 pipe may be due to
the presence of a small concealed pipe at depth or may be a
satellite body, that needs further ground follow-up.

Concealed Kimberlite M-11, Kamusanpalli,
NKF
Based on the intersection of the NW-SE and ENE-WSW
trending gravity linears (Sreerama Murthy et al., 1999), a
concealed and semi weathered kimberlite pipe M-11 was
discovered in Kamusanpalli block, Narayanpet Kimberlite
Field (NKF).
Gravity, Magnetic, Resistivity and Electro-Magnetic
surveys carried out over concealed M-11 pipe are
shown in Fig.19. A high dominant magnetic anomaly
of the order of -400nT to +640nT, corroborating well
with gravity low of 0.1mGal, resistivity low of
100Ohm.m and EM quadrature component (high
frequency, out of phase) of 8 – 10% recorded over M-11
pipe. Further, strong bipolar magnetic anomalies associated
with gravity high, steep resistivity gradients and
EM quadrature component anomalies recorded over
basic dyke also trending in ENE-WSW direction. Based on
the above signatures, a semi-weathered kimberlite
pipe (M-11) is inferred to have been emplaced along a fault
/ fracture / shear zone, adjacent to a dolerite dyke, trending
in ENE-WSW direction, having a dimension of 60 x 20m
(Ananda Reddy et al., 2014).

The three distinct zones yellow ground, blue ground and
harde bank are clearly depicted over the pipe by Vertical
Electrical Soundings over MNK-2 pipe. Highly weathered
pipe inferred upto a depth of 29m and hard, massive and unweathered pipe may be expected at a depth of 29m and beyond.
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Primary Requisites and Multi Parametric Geophysical

Conclusions
Identification of Archean Cratons and Geological
Provinces from regional tectonic, heat flow maps, satellite
imageries, aero-magnetic and gravity images are the
first requisite in prognostication of kimberlites.
Delineation of structural corridors and deep seated fault
/ fracture zones which are favourable for identifying
the various kimberlite fields / clusters from the semi-regional
gravity maps are the second phase.
Identifying the favorable structures associated with
possible emplacement of KCR’s and to delineate its surface
configuration, sub-surface nature and geometrical
disposition of individual pipes are the third and final
stages of kimberlite exploration.
Kimberlites from South Indian Diamond Province, which
are essentially controlled by i). intersection of fault / fracture
/ linears trending in NW-SE, NE-SW directions with E-W
to ENE-WSW deep seated faults, ii) located along the
NW-SE and NE-SW contiguous fault / fracture system and
also at the fault / fractures spread out radially. iii) change in
contour pattern, iv). discontinuities, flexures, shifts and
change in contour pattern. v). steep gravity gradients and
vi). contact zones, dilated zones, splay faults, saddle portions
and fault jogs, vii). peripheries of gravity lows / younger
granites and viii). close proximity of basic dyke activity.
This review is mainly restricted to six case studies
from WKF, TKF and NKF, where the kimberlite finds are
concealed under soil cover. Synthesis of geophysical
signatures Vs variation of physical properties revealed
that, un-weathered kimberlite produces positive physical
property contrast and reflected in the form of high gravity,
magnetic and resistivity signatures. And weathered
kimberlite produces negative physical property contrast in
the form of high conductivity, low gravity, low dominant
magnetic and low resistivity signatures.
In contrast, semi-weathered kimberlite pipes may give
to low to moderate gravity and resistivity anomalies
associated with moderate to high dominant magnetic
anomalies.
Based on the qualitative analysis, it is possible to
delineate geometrical disposition of concealed kimberlite
pipes, surface configuration, sub-surface nature, strike
and depth persistence, presence of xenoliths / autoliths /
caught up patches / contaminated portions / satellite bodies
/ off shoots and no.of pulses and dimensions of pipe etc,.
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Abstract
Groundwater is a necessary resource that nature has provided to sustain the life for plants, animals and human beings
on the earth. Management strategies for groundwater resource exploration and development in an area demand specific
assessment of prevailing hydrogeological situations beneath the area. In widely varying geological conditions of the
country, there is a lack of awareness and hydrogeological database for development and management works. Unplanned
overexploitation of groundwater resources resulted in declining of groundwater table which may causes the serious
risk to geo-environment and finally drying of streams and Rivers. Groundwater conservation and artificial recharge is
one of the important solutions to raise the groundwater table in the area and rejuvenating the drying streams.
Conservation and recharge to groundwater is done by augmenting the groundwater through construction of different
kinds of surface and subsurface civil structures like percolation tank, recharge shaft, nala bund, check dam, subsurface
dyke etc at different favorable locations in the area. The basic criteria for siting the surface and subsurface structures viz.
overburden thickness, subsurface basement topography, nature of basin fills etc. can be successfully achieved by
surface resistivity measurements. Integrated hydrogeological and geophysical investigations have been conducted for
implementing the groundwater conservation and recharge schemes in many parts of Madhya Pradesh. The results of
geophysical investigations conducted in Tumar watershed of Mandsaur district, Sarwani watershed of Ratlam district
and Bhadar watershed of Damoh district in Madhya Pradesh have been presented to confirm the locations of various
structures proposed for ground water conservation and artificial recharge. Tumar and Sarwani watersheds area are
occupied by Deccan Trap and overlain by alluvial formation however the Bhadar watershed is covered with Vindhyan
shale and sandstone. Based on geophysical parameters, the shallow subsurface hydrogeological conditions of the
watershed area have been defined in the form of geo-electrical cross sections, isopach maps, fence diagrams, etc. It is
observed that the surface resistivity soundings are very much useful in estimating thickness of porous permeable beds
and basement topography of watershed. These information s have been used in identifying / confirming locations for
construction of percolation tanks, stop dams, subsurface dykes etc. for conservation of rainwater through artificial
recharge of groundwater. The post impact assessment of Tumar watershed has indicated the considerable rise in water
table of watershed area. Here, the paper highlights the judicious approach of geophysical investigations for deciphering
the hidden sub-surface hydrogeological conditions to perform the developmental and management activities for
augmenting groundwater which will finally help in rejuvenating the drying streams and River.
Keywords: Groundwater conservation, Watershed areas, Geophysical investigations, Resistivity

Introduction
India, a fast developing country, is facing a major
challenge in the water sector as most of the perennial streams
and Rivers are becoming ephemeral due to heavy withdrawal
of groundwater by agriculture, infrastructure and domestic
sectors. The population growth, urbanization,
industrialization and contamination are also the issues
associated with water resources management problems in
the country. It is fact that many areas of country is high to
extremely high water stress, it is needed that sustainable
solutions and effective approaches for utilization,
conservation, protection, and management of groundwater
resource should be implemented on basin/watershed basis
to enhance the base flow in streams and River. Watershed is

a small catchment where as basin is a very large catchment
area from which all the precipitation flows into a single
stream/River. It controls the surface runoff and movement
of subsurface water which is essential for drinking, growing
food, firewood, fruit, fodder and keeping streams flowing
Saxena, 2010; Tiwari, 2014).
Watershed development involves management of land,
water, energy and greenery by integrating all the relevant
scientific approaches appropriate to socio-economical
background for comprehensive development of groundwater
resources. Knowledge of sub-surface hydrodynamic
behavior is a prelude for sustainable development of a
watershed. As watershed approach invites integrated inputs
of various disciplines for the development of different minor
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watersheds or sub-order streams and streamlets in
accordance with their characteristics, geophysical and
hydrogeological surveys play a vital role. The basic
considerations for understanding the sub-surface behavior
of watershed area are geology, characteristics of soils,
overburden thickness, direction of groundwater flow,
sub-surface basement topography, nature of watershed fills,
presence of fractures/micro-fractures in the rocks and
geological structures. These basic parameters can be easily
obtained through geophysical and hydrogeological
techniques for selecting areas, zones and locations for the
desired developmental activities in watershed area.
In last few decades, due to overexploitation of
groundwater resources, there is a substantial decline in
groundwater levels of aquifers in Madhya Pradesh
(CGWB, 2016). It is fact that management of groundwater
aquifer system in a basin is more complex but it can be
resolved by dividing the basin in selected sub-basins and
watersheds of similar characteristics. As groundwater is a
dynamic resource it requires a scientific approach of
various disciplines for its judicious development and
management. Long-term management of the aquifer
requires understanding and access to high-quality
scientific information of subsurface horizons. Since many
years, geophysical surveys are being used by many
researchers and groundwater professionals for watershed
study (Sabnavis, 1998; Chandra, 2015; Singh, 1999).
Geophysical surveys have been conducted in Tumar
watershed of Mandsaur district (Namdeo, 2001), Sarwani
watershed of Ratlam district (Gupta, 1998; Singh, 2007)
and Bhadar watershed of Damoh district (Singh, 1999) in
Madhya Pradesh to confirm the locations of various
structures proposed for ground water conservation and
artificial recharge. The locations of studied watershed areas
are shown in figure-1.

Methodology
Geophysical field investigations are an important
component of groundwater resources exploration,
development and management program. The use of
geophysical methods are based on the fact that the different
rocks and lithological layer exhibit characteristically
different physical parameters (e.g. electrical conductivity,
seismic velocity, magnetic permeability, dielectric constant,
density, etc.). Geophysical methods may be used to map
and monitor the distribution of these physical parameters of
sub-surface geologic horizons. Surface geophysical methods
commonly employed towards groundwater exploration and
groundwater management are electrical, seismic, magnetic,
and electro-magnetic (Sabnavis, 1998; Bergakademic, 2004;
Chandra,1990, 2002, 2015; Ferre , 2007, Singh, 1999, 2008)
. In this investigation electrical resistivity method has been
used for watershed management and development study.
Resistivity of water bearing geologic formation depends on
its ability to conduct electric current through interstitial water
present in the pore spaces and through matrix. Bulk
resistivity of formation varies with the amount, distribution
and salinity of interstitial water and lithology. Variations in
resistivity of any water bearing formation depend on the
changes in lithology and characteristics of groundwater
present in it. Thus, the method is used to identify groundwater
yielding zones - the aquifers, their geometry and variation
in quality of groundwater in them. Significant contrast in
resistivity occurs between dry and water saturated
formations, and formations with fresh and brackish water.
Using Ohm s law, electrical resistivity of sub-surface
geologic formation is determined through artificially
energizing the subsurface and carrying measurements on the
ground surface. In general, there are defined ranges of
resistivity of different formations, e.g., sands of various grain
size, clays, weathered and fractured granites and gneisses,

Fig.1. Location map of study area in parts of Madhya Pradesh
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sandstones, cavernous limestone, vesicular basalts etc
(Chandra, 2015). Due to combined effect of quality of
formation water and the formation matrix, there are overlaps
in resistivity values of different lithological units. Contrast
in resistivity value of an individual layer with the surrounding
layer makes it detectable.

electrode separation is calculated by multiplying the
resistance ‘R by Schlumberger configuration factor
(Bhattacharya and Patra, 1968; (CGG, 1963; Rijkswaterstaat,
1969). Depth penetration increases with wider electrode
separation, providing a one dimensional layered resistivity
model (Loke, 1997, 1999, 2000).

Traditional Schlumberger resistivity surveys using four
electrodes in a standard configuration of vertical electrical
sounding (VES) have been applied for investigation. In
VES, the center of configuration is kept fixed and the
measurements are made by successively increasing the
electrode spacing. The apparent resistivity values obtained
with increasing values of electrode separations are used to
estimate the thickness and resistivity of the subsurface
formations. In Schlumberger sounding arrangement all the
four electrodes are kept in a line symmetrically over a point
‘0; with inner (Potential) electrodes kept closer. For increasing the depth of investigation the current electrodes A and B
are moved apart symmetrically about the centre point ‘0
keeping the potential electrodes fixed. The separation
between the Potential Electrodes is changed only when the
potential between them drops to allow value during the
course of sounding. The apparent resistivity for each

Case Studies
Applying geophysical investigation, comprehensive
integrated groundwater management studies have been
carried out by Central Ground Water Board (CGWB) in
many watersheds area of Madhya Pradesh (Fig-1). Here the
results of investigations conducted in Tumar watershed of
Mandsaur district, Sarwani watershed of Ratlam district and
Bhadar watershed of Damoh district of Madhya Pradesh
(M.P.) have been dicussed. The basic objective of
geophysical investigation for watersheds studies was to
delineate subsurface hydrogeological conditions beneath the
watershed area for planning of its future developmental
activities by selecting the suitable sites for construction of
various ypyes of civil structures for artificial recharge to
groundwater. The studies of each watershed have been
discussed separately.

Fig.2. Map of Tumar watershed Mandsaur district, Madhya Pradesh showing hydrogeology,
VES location and fence diagram of watershed
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Tumar Watershed, Mandsaur District
Tumar watershed having an area of about 212 Km2,
situated in Mandsaur block of Mandsaur district. It lies
between north latitude 230 53’ to 240 11’ 38” and east
Longitude 750 10’ to 750 17’ 12”. The watershed area falls
under Chambal sub-basin of Ganga basin which constitutes
the part of Malwa plateau. The major geological formation
in watershed area is Deccan Trap ranging in age from Upper
Cretaceous to Lower Eocene. The sandstone is blanketed
by Deccan Traps and exposed in the northern part of the
water shed. The occurrence of ground water is limited and
demand of water in the area is high due to intensive crop
practices. Physiographically, the major part of the watershed
area is characterized by gentle sloping topography ranging
in elevation between 421 m and 560 m above mean sea level.
Tumar River flows towards northward direction and joins
the Shivana River (Fig-2). Groundwater in watershed area
is mainly occurring in phreatic conditions where as the
deeper aquifer system appears to be under semi confined
conditions. The lateral and vertical variations in the
characteristics of basaltic flows govern the quantum of
ground water availability in watershed area. The depth to
water level in the area varies between 5.5 mbgl. to 16 mbgl
in pre monsoon and 4.5 to 14.8 mbgl in post monsoon.
To assess the composite thickness of alluvium, weathered
and vesicular Basalt in the watershed area, in association of
hydrogeological investigation 79 VES have been conducted
covering the entire watershed area. The VES curves obtained
from the area were mainly of A, H and KH type. Interpreted
results of VES indicate true resistivity value in the range of
10-40 ohm-m for top soil/overburden and 20-100 ohm-m
for weathered/vesicular Basalts. Resistivity value for
massive basalt ranges between 80 and 500 ohm-m whereas
the inferred resistivity of sandstone varies between 300 and
8000ohm-metre.On the basis of synthesized layer parameter
of VES, few geo-electrical cross sections and fence diagram
(Fig-2) have been prepared. Integration of geophysical
investigation results and prevailing hydrogeological
condition in the watershed area indicated the sufficient
thickness (0.5 to 2.0m) of surface soil in entire watershed
area. Beneath the soil cover, the weathered/vesicular basalt
underlain by massive basalt with varying resistivity values
of the order of 20 to 100 ohm-m is forming phreatic aquifer.
The inferred maximum cumulative thickness of alluvium/
weathered/vesicular basalt is about 30 m near Sikheri which
will provide more percolation to the drown steam.
The watershed area has a wide variation in quality of
groundwater from fresh to saline water. At places, the lower
resistivity range of geoelctrical layers forming the phreatic
aquifer may indicates that the shallow aquifer may be
affected by poor quality water. The resistivity values less
than 10 ohm-m is indicative of weathered/vesicular basalt
holding poor quality water. The thickness of weathered/
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vesicular basalt increases in the southern part of the
watershed area, which are about 30 near village Sikhedi.
The delineated thickness of weathered/ vesicular basalt near
Afzalpur village is 18 mbgl and at Rupawali and Kheda
villages it is about 7 mbgl. Considering the thickness of
weathered/ Vesicular basalt some stop dams near village
Afzalpur, Rupawali and Kheda have been constructed for
groundwater conservation and recharge. Afjalpur area is
having poor quality groundwater construction of stop dam
will provide more groundwater recharge which will improve
the quality by dilution effect. A percolation tank constructed
at village Sikheri have indicated good result by increasing
groundwater availability in watershed area.

Sarwani Watershed, Ratlam District
Sarwani Watershed is situated in Jaora block of Ratlam
district in Madhya Pradesh. The study area forms the part
of northwest fringe of Malwa plateau in Chambal
Sub-basin. (Fig.-3). The study area of about 212 km2 lies
between north latitude 230 39’ 46” to 230 48’ 47” and east
longitude 740 59’ 35” to 750 10’ 15”. The topography of
the land surface, which is formed by the basaltic flows of
Deccan traps, is predominantly undulating. First and
second order streams are flowing towards north-east and
south-east are forming the Sarwani watershed. The Sarwani
River, a third order stream, is a tributary of Pingla River
which finally joins the Chambal River. The maximum
elevation in watershed area is about 541 m amsl near
village Kanser in the western fringe of watershed area
where as the minimum elevation is about 455 m amsl near
village Dakhera in the eastern part of watershed area. The
watershed area is occupied by different basaltic lava flows
belonging to Deccan trap formation ranging in age from
Upper Cretaceous to Lower Eocene. The hillocks of
Vindhyan sandstone occur as inlier near Pingrala village
in watershed area. The jointed massive basalts, weathered
basalts, and vesicular basalts form the major aquifer system
in the watershed area. The ground water occurs under
phreatic, semi confined and confined conditions. Total 49
VES were conducted at different locations in different
seasons covering the whole Sarwani watershed area
(Fig -3).
The interpreted results of Vertical Electrical Soundings
indicated the presence of 4 to 6 geo-electrical layer
sequence within a maximum inferred depth range of 150
mbgl. The resistivity and thickness of each geo-electric
layer, obtained at each VES, indicate that the resistivity
values of these geoelectrical layers vary between very
low (8 ohm-m) to high of the order of 470 ohm-m. As the
area is covered by basaltic rock formation where alternate
layer sequence of weathered/intertrappean and compact
basalt are quite common, the interpreted resistivity
of geoelectrical layer have also indicated the sequence of
‘low and ‘high resistivity layer which has direct correlation
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with basalt lithology. On the basis of interpreted layer
parameters it is observed that the weathered layer
thickness in watershed area varies between 4-16m. It is
observed that the occurrence of hard rock is at very
shallower depth in western part where as the overburden
thickness is more in southeastern and northwestern part
of watershed area. The nature of VES curves suggests
the presences of weathered/fractured basalts forming
aquifer system in the watershed area.
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Apart from large variations in types of VES curves and
geoelectrical layer parameters of VESs, attempts have been
made to prepare some representative geoelectrical crosssections for watershed area to understand the characteristics of subsurface aquifer system (Fig-4 and Fig-5). Due to
inherent limitations of resistivity method, many reasonable
assumptions have been adopted in preparing geoelectrical
cross-section. Each layer is assumed to have an isotropic
uniform resistivity.

Fig.3. Map of Sarwani watershed, Jaora block Ratlam district showing location of VES s
and identified groundwater recharge/conservation structures

Fig. 4. Geoelectrical cross-section AA’ Sarwani watershed, Ratlam, Madhya Pradesh
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Fig. 5. Geoelectrical cross-section CC’ Sarwani watershed, Ratlam, Madhya Pradesh
The geo-electrical cross-sections (Fig. 4 and Fig. 5) show
that the watershed area is having five to six salient
geo-electric units of hydrogeological importance. It is
observed that the interpreted results of some of the VES are
not co relatable with the layer parameters of other VESs on
geoelectrical cross-section however the sections are able to
derive the hydrogeological inferences prevailing in the
watershed area. On the basis of prevailing hydrogeological
conditions and results of geoelctrical layer sequence it is
felt that long-term groundwater management practices
should be adopted through artificial recharge to groundwater
and its conservation. In this regards some particular
structures for groundwater conservation and recharge have
been proposed in watershed area. The locations of these
structures have been marked in Fig. 3.

level recorded during pre and post monsoon season was 9.01
and 5.77 m bgl respectively. The watershed area receives
the normal rainfall of 1285 mm.
Thirty seven VES have been conducted covering the
whole area of watershed. The interpreted layer parameters
of VESs and the nature of VES curves clearly indicate that
the entire valley portion of the watershed area has occupied
by alluvium. The iso-pack map (Fig-6) reveals that the
thickness of alluvium/weathered cover varies from 5 to 36
m in watershed area. It has been observed that the alluvium/
weathered thickness are highest between Jabera and Munderi
village forming a closed subsurface basin down to the depth
of 36 m bgl. In other parts of the watershed area, the alluvium
thickness varies in depth range of 6.0 to 16.0 m bgl.

Bhadar Watershed, Damoh District
Bhadar watershed is located very close to Jabera dome
structure, a important name in geological community, in
Jabera block of Damoh district. The Bhadar watershed
stretches over an area of 662 km and lies between north
latitude 230 30’ 20” to 230 36’ 00” and east longitude 750 37’
25” to 750 43’ 50”. In north eastern part of the watershed,
the rain water is drained by south west flowing Bhadar „nala
where as south western part of the watershed area is drained
by north flowing Jogan kund ‘nala which ultimately merge
with the Bhadar ‘nala (Fig -6). In general the area is covered
by Quaternary alluvium, Ganurgarh shale and Bhander
limestone. Sirbu shale is the main geological formation
forming enclosed valley in Bhadar watershed. These Shales
are clayey in nature and have very high porosity and low
permeability. Secondary opening such as joints and fishers
are playing important role in occurrence of water in these
formations. Bedding plane and joints are main features which
are developing secondary porosity. Groundwater occurs
under phreatic conditions in the area. The depth to water

Fig. 6: Map of Bhadar watershed, Jabera block, Damoh
district, Madhya Pradesh showing locations
of VES and iso-.pack map of alluvium thickness
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Based on interpreted results of VES, a representative
NW - SE trending geo-electrical cross-section along the
Damoh-Jabalpur road, passing through watershed, has been
prepared (fig.-7). It reveals the presence of three major
geoelectrical layer sequences. It is evident from the section
that the thickness of the top unsaturated alluvium layer
varies between 0.50 and 1.50 m and has the resistivity
values of the order of 10 to 60 ohm-m. The second layer
having resistivity of the order of 6 to 20 ohm-m represents
the saturated alluvium layer with the thickness varying
from 5 to 14 m. The third layer having the resistivity of the
order of 140 to 200 ohm-m is representative of consolidated
rock formation which may be compact shale or sandstone.
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Conclusions
Artificial recharge to groundwater is an anthropogenic
designed activities for augmenting the groundwater
availability through forced percolation of surface runoff into
the groundwater aquifers, resulting in a corresponding
increase to the groundwater available for abstraction and
substantiate the base flow of streams and Rivers.
Construction of recharge and conservation structures at
strategic locations will enhance the recharge process.
Applying geophysical modules, studies conducted in Tumar,
Sarwani and Bhadar watersheds in Madhya Pradesh have
yielded good results. Based on geophysical parameters, the

Fig. 7. Geoelectrical cross-section in Bhadar watershed, Damoh district, MP.
On the basis of surface resistivity survey results and
prevailing hydrogeological conditions in the watershed it is
opined that construction of some stop dam on Bhadar and
Jogankund nala will be helpful for conservation of rain water
by arresting the excess run off. Because these structures will
be located in hard and compact formation, they will check
the subsurface percolation of water and there will be a good
scope for recharging of porous and permeable formation
occurring in submergence area of these structures. It is also
found that near village Jabera-Kanthi the thickness of
alluvium is about 10 m, hence construction of percolation
tank across Sadarool nala will arrest surface run off during
monsoon and will recharge the alluvium formation in
downstream area of structure. To restrict the groundwater
flow from watershed area a subsurface dyke structure has
been suggested near Banshipur village across Bhadar ‘nala
. The proposed structures for conservation and recharge to
groundwater are marked in figure-6.

shallow subsurface hydrogeological conditions of the
watershed areas have been defined in the form of
geo-electrical cross sections and fence diagram. It is
observed that the surface resistivity soundings applied
for watershed management studies are very much useful
in estimating the thickness of alluvium/weathered porous
permeable beds. These layers mostly form the unconfined
aquifer system and most suffer from the threat of
overexploitation. These information s have been used in
identifying / confirming the locations for construction of
percolation tanks, stop dams; subsurface dykes etc for
conservation and artificial recharge to groundwater for
sustainable watershed development and management.
Water budgeting and integration of local information with
interpreted geophysical results have improved the
implementation strategies of groundwater management in a
watershed. It is found that information on hydrogeological
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conditions of watershed area, along with increased
transparency and accessibility of existing data, are necessary
to prioritize recharge needs through favorable locations. In
order to improve groundwater conditions and base flow to
streams and River, regulatory certainty is also important to
implement groundwater recharge and conservation.
Subsurface dyke, a conservation structure, should always
be constructed considering the water need and
hydrogeological conditions of downstream area.
Construction of series of subsurface dykes on streams will
be helpful in balancing the hydraulics of watershed area.
The study carried out in discussed watersheds found that
supply side management will be best met through
construction of various groundwater recharge and
conservation structures at geophysically selected suitable
locations. However demand side management of
groundwater like change in cropping pattern and sprinkler/
drip irrigation will also improve the groundwater conditions
in watersheds. Artificial recharge to groundwater will
undoubtedly play an important role. It is cost effective for
augmenting groundwater and will present a significant
opportunity to have more base flow in streams and Rivers.
Here, the paper has presented a judicious approach of
geophysical investigations for deciphering the hidden
sub-surface hydrogeological conditions of watershed area
to perform the developmental and management activities
for groundwater improvement. It demonstrates that
integrated geophysical studies combined with
hydrogeological findings will afford a unique and useful
perspective for conservation of groundwater and its artificial
recharge in varying hydrogeological situation. Overall the
efforts of artificial recharge to groundwater with strong
political spirit will increase the groundwater and greenery
in watershed area which will lastly help to supply sustainable
base flow and increased water discharge into the streams
and Rivers. In this way the large scale application of
geophysical module will help in rejuvenating the drying
streams and Rivers.
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Abstract
A genetic algorithm based seismic inversion of data from the Blackfoot field, Alberta, Canada is presented in this
study. The effectiveness of genetic algorithm is tested in the absence of any well control. Initially, the algorithm is tested
with synthetically generated data. The error analysis between the expected and inverted results pointed out a good
algorithm performance. There after, the algorithm is applied to the post-stack seismic data from the Blackfoot field,
Alberta, Canada. The seismic sectionis inverted for acoustic impedance section which is more meaningful compare to
the seismic. The interpretation of inverted results show low amplitude anomaly in between 1055 to 1065ms two way
travel time and characterize as reservoir. This channel is cross validated from the result of sparse spike (Maurya and
Singh 2015) and band-limited impedance inversion (Maurya and Singh 2017). The efficacy of the global optimization
methods like GA and its use in estimating reservoir properties from seismic data alone has provided evidence that the
same can be used effectively in situations where other important and critical datasets like well logs are absent. This has
been one of the main outcomes of the study.
According to the inverted results and well log analysis, the area is characterized by pre-dominantly shale formation
with small amount of sand and silt whereas the reservoir is characterized by cleansand formation.
Keywords: Genetic Algorithm, Global Optimization, Local Optimization, Petrophysical Parameters,Seismic Inversion

Introduction
Genetic algorithms (GA) came into an existence in1960s
by John Holland. Holland’s aim was to study the
phenomenon of adaptation that occurs naturallyand find
ways to mimic them into mechanisms that can be understood
by computer systems (Sivanandam andDeepa 2007). Later
in 1975, he came up with theoretical framework closely
resembling the biological evolution(Labat et al. 2005). He
designed a method that moved from one population to a
new population oftengenerated in the next iteration by
some kind of naturalselection through some geneticallyinspired proces slike mutation, crossover, inversion, and
reproduction (Bosch et al. 2010). The selection operator
selects those solutions in the population which is allowed to
reproduce the chromosomes that are produces better
offspring.The solution is varied by exchanging subparts of
two chromosomes by crossover while the inversion reverses
the order of a continuous section of the chromosome.This
causes a rearrangement of the order in which geneswere
initially arrayed (Li and Zhang 2011).
Genetic algorithms (GAs) are global optimization
methods based on natural selection and genetics (Holland
1975; Bachrach et al. 2014). GA starts by encoding the input
variables of an optimization problem as a finite-length vector.
The vectors are referred to as chromosomes; the elements
of the vector are referred to asgenes and the numerical values
of genes are called alleles.

Local optimization methods such as least square, matrix
inversion or conjugate gradient, gradient descent are
unsuitable in handling such problems since their
convergence depends largely on the choice of the starting
model (Sen and Oltz 2006). The genetic algorithmsbelong
to the random search heuristics methods for global
optimization. The reason for considering GA is its capability
of solving nonlocal, nonlinear optimization problems
without having the need of derivatives. Genetic algorithms
are based on the direct sampling of the area, by which
they do not start by considering the problem as linear,
thus minimizing errors. Hence genetic algorithms are
particularly useful to apply on complex real world
geophysical problems (Mallick and Subhashis1999; Deb
et al. 2002).Genetic algorithms are applied to the post
stack seismicdata from the Blackfoot seismic data, Alberta
Canada to estimate acoustic impedance.

Methodology
A genetic algorithm is developed to find a geologically
possible sub-surface model. The input is seismic data in
time domain. We generally desire to solve the inverse
problem to find the most likely physical parameters which
would result in observed travel - times seen in the seismic
sections (Yan-Jun et al. 2016). This is a fundamental inverse
problem in seismology. In order to qualify genetic algorithm
for this kind of inverse problem, suitable parameters and
operators are to be tested (Azevedoet al 2013; Krebs et al.
2009). Parameters of genetic algorithms are:
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• Initialization: The initialization of population of respectively. The convolution between the series of
candidate solutions is generally generated randomly
across the search space (Yuan and Zhuang 1996) which
was fixed to be 200 in our case.

• Evaluation: After the population is initialized or an
offspring population is created, the candidate solutions
are evaluated based on the individual fitness values
(Morozov and Ma 2009).

reflection coefficients and a wavelet creates the synthetic trace.

S=w*R

(2)

The misfit function estimates the root mean square error
(RMSE) between the seismic trace and the synthetictrace,
generating an error trace.

(3)

• Selection: Selection assures copying of those solutions
with better fitness values and thus imposing the survivalof the fittest phenomena to candidate solutions (Gutell
and Jansen 2006). This also ensures selection of better
solutions than the worse ones. We use the roulette method
of selection in the present study.

• Recombination: Recombination ensures variation. Parts
of two or more parental solutions are accommodated to
create new and possibly better solutions (offspring).
There are many ways of accomplishing this. The
offspring produced by recombination might not be
identical to any of the particular parent but will instead
inherit parental traits in a novel manner (Liu 2013).

• Mutation: It is operator of genetic algorithm used to
maintain genetic diversity from one generation of a
population to the next. During recombination operates
on two or more parental chromosomes, mutation
modifies solution randomly and locally. While there are
many variations of mutation, it usually involves one or
more changes being made to an individual solution’s
traits. In other words,mutation performs a random change
near the candidate solution.

where, n is the number of observations, i denotes each
observation, and Tsyn i and Treal i are the observed (data) and
calculated travel times, respectively. The target of the
optimizer is to minimize this error using genetic algorithms
(Boschetti et al. 1996). The solutions with better functions
are selected to be crossed or mutated and form the new
generation. The positions where the cross or the mutation is
performed are selected based on probability functions
(Shibutani et al. 1996).

(4)
The individuals which would pass to the next generation
are selected with another probability function, in order to
maintain the population size. If additional individuals are
required, they would be taken picked up from previous
generation. The cycle is repeated until a predefined number
of generations are created, where individuals of the last
generation with the best value is the optimal solution
(Moncayo et al. 2012). Next, combination of the selected
individuals using the crossing point c take splace.

• Replacement: Once, the offspring population created,
it replaces the original parental population by using
the above mentioned operators (Li 2004).We use the
elitist replacement method to perform this step with the
size being 0.05 of the population.

(5)
(6)
Introducing mutation by means of the operator M:

(7)

• Repeat steps 2-6 until a terminating condition ismet.
The forward modeler is implemented by calculating the
reflection coefficients and convolving with an
appropriateRicker wavelet. Then this forward model is
plugged into genetic algorithm optimizer to perform
inversion of seismic data (Boschetti et al. 1996). The
reflection coefficients between two media are calculated
using the following equation (Fatti et al. 1994):

Where
is the probability of mutation. Selecting the
individuals that would follow the next generation by means
of the operator S:

(8)
Creating the next generation

(9)
And the final results would be

(1)
where, R is the reflection coefficient;
th

is the impedance
th

of (i+1) layer and
is impedance of i layer.
,
and VP, and ñ are the average of the velocities and density,

and ρ.

Results and Discussion
Post stack seismic data can be inverted in many different
ways; the method that is discussed in the present study is a
non-linear inversion methodology, based on real coded
Genetic Algorithm (GA). The algorithms are applied in two
steps. First, the Genetic Algorithm is applied to the

Reservoir Characterization using Post-Stack Seismic
synthetically generated data of 50 layers. Secondly, it is
applied to the Blackfoot post stack seismic data to get
acousticimpedance without using any priori information.
Initially \, well log analysis is performed to define the zone
of interest and also to define lithology and class of reservoir.

Petrophysical Analysis
The petrophysical analysis is carried out for well 08-08
which has P-wave, S-wave velocity logs, density and gamma
ray logs (Figure 1). From the figure 1, the gammaray log
shows predominantly shaly section (mainly above1500m
depth), with the main sand intervals occurring within the
Glauconitic formation (near 1560m). The Lower Cretaceous
sediments rest above eroded Mississippian carbonates
indicated by very low GR, and high compressional and
shear wave velocity. There are also several coal seams above
the reservoir interval, indicated by very low density, velocity
and gamma ray values below 1500m depth. Figure 2 shows
cross plot of transient shear wave time and density, where
the color bar indicate the porosity content. The high porosity
of the sands in the study area implies that these have
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a lower density than shale, even though its density
matrix is greater. This allows the separation into two
areas with different lithology: low density and high speed in
clean sands, andhigh densities and low velocities in shale.
This zone is highlighted by the ellipse. Figure 3 shows
crossplot of S-wave velocity and density from well log
data 08-08 allowed three categories to be defined. Class I
is characterized by low densities and low shear wave
velocity, corresponds to clean sands with good porosity.
Conventional reservoirs can be found within this
category. ClassII correspond to an area of average
density and shearwave velocity composed of silt,
very shaly sands, and claywith sand content. The rocks
in this area have very low permeability and, although
there may be some sand levels, the clay content
decreases the effective porosity thus resulting in a very
poor reservoir quality. Finally, ClassIII corresponds to a
high shear wave velocity and high density area,
composed predominantly of shale and silt. This area
has no properties to be considered a conventional reservoir
on the contrary, since its petrophysical characteristics
transform it into a seal rock.

Fig. 1. Suite of logs from well 08-08 in the Blackfoot field. GR log, Density log, P- and S-wave velocities and Porosity
logs are shown from left to right. Formation tops are shown in red.
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Figure 4 shows output of genetic algorithm for pseudo
synthetic data. Figure 4a shows comparison of pseudo
synthetic (red Trace) and inverted seismic (black Trace)
generated after 1st iteration of genetic algorithm for 50 points
(50 VP and 50ρ ). The figure shows that, in the 1st iteration,
the phase of both curves (pseudo synthetic before applied
GA and inverted seismic after applied GA) is out of phase.
Figure 4b shows comparison of pseudo/modeled synthetic
(red Trace) and inverted seismic (black trace) after 40th
iteration. The figure shows that after 40th iteration, both
curves followed (matching) to each other very well.

Fig. 2. Crossplot of transient time and density.
Color bar is the porosity content.

Synthetic Example: Algorithm Test
Post-stack synthetic seismograms are generated using
convolution operator. Random 50 velocity and density
combinations are generated and impedances are calculated
using normal incidence formula (equation 1).A Ricker
wavelet is generated and convolved with there flectivity
coefficients to get the synthetic trace (equation 2). So, the
synthetic seismogram is obtained byconsidering a 50-layer
model and a 30Hz Ricker wavelet.This synthetic seismogram
is called pseudo synthetic.There after, GA is applied to these
synthetic seismograms to invert into impedance. The basic
process is to minimize error of Misfit function (equation 3).

Fig. 3. The ρ-VS relation in the well 08-08 allowed for
the definition of the I, II, and III classes of reservoir.

Fig. 4.Genetic Algorithm run for 50 data points,
a) after 1stiteration and b) after 40thiteration.
Table 1 shows error of Genetic Algorithm for 40
iterations. The algorithm is set to perform 200 function
evaluations within each iteration, so the total function count
is 8200 times within 40 iteration. The results found in 40
iterations are shown in table 1. A RMS error analysis of the
inversion quantifies (by a high correlation) the good
performance of the algorithm. The minimum errors between
synthetic seismic and inverted synthetic is 0.028 and
standard deviations (1283 m/s, 0.473 g/cc)in VP and ρ (Table
2) attest to this. Noise is not included in the synthetic trace,
since according to Labatet al. (2005),it has low impact on
stacked inversions. In table 1, the first column shows number
of generation, the maximum generation is 40. Column 2
shows function count. Within one generation, the function
count is 200. Column 3 shows best function value whereas
column 4 shows mean value. Column 5 shows stall
generation. Statistical analysis has been performed for
synthetic inversion and results are shown in table 2. Column
1 shows statistical parameters, column 2 and 3 shows
velocity of synthetic and inverted data. Column 4 and 5
shows density of synthetic and inverted data, respectively.
These values indicate that the inverted results are in vicinity
of real solution.
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Table 1. Error of Genetic Algorithm for 40 iterations

Generation f-count Best f(x) Mean f(x)

Stall
Generations

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
1
2
0
0
0
1
0
1
0
0
0
1

400
600
800
1000
1200
1400
1600
1800
2000
2200
2400
2600
2800
3000
3200
3400
3600
3800
4000
4200
4400
4600
4800
5000
5200
5400
5600
5800
6000
6200
6400
6600
6800
7000
7200
7400
7600
7800
8000
8200

0.314
0.304
0.247
0.223
0.203
0.191
0.138
0.131
0.120
0.119
0.114
0.084
0.084
0.079
0.070
0.069
0.055
0.053
0.050
0.046
0.044
0.043
0.036
0.035
0.035
0.034
0.033
0.032
0.032
0.032
0.029
0.029
0.029
0.029
0.028
0.028
0.028
0.028
0.028
0.028

0.656
0.580
0.517
0.459
0.410
0.367
0.340
0.316
0.290
0.256
0.232
0.212
0.190
0.178
0.159
0.141
0.124
0.111
0.099
0.089
0.082
0.078
0.072
0.068
0.065
0.060
0.057
0.052
0.046
0.042
0.039
0.037
0.036
0.036
0.036
0.035
0.033
0.032
0.031
0.031

Real Data Example
A ricker wavelet is generated and used for GA to
optimize error for Blackfoot data. The wavelet is generated
by averaging the spectra of traces in a variant time-space
window, using the inverse Fourier trans form. Knowing the
fact that the phase spectrum and the logarithm of the
amplitude spectrum are pairs of Hilbert Transform
(Robinson and Treitel 2000), the spectrum of the minimumphase wavelet is determined. Each individual consisted of
Nx40x2 matrix where the two variables are (VP andρ ) and
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Table 2. Statistical Analysis for synthetic run
Properties Velocity
Synthetic
Data
Min
2044
Max
5775
Mean
3897
Median
3715
Mode
2044
Standard
deviation 1098
Range
3731

Inverted
Data
2033
5946
3975
3916
2023

Density
Synthetic
Data
1.526
3.458
2.486
2.478
1.526

Inverted
Data
1.504
3.486
2.801
2.888
1.504

1283
3922

0.582
1.932

0.473
1.982

N is the number of layers. For initial population, ranges
for VP and ρ with uniform probability functions associated
to the rangesof 1500 to 6000 m/s and 1.5 to 3.5 g/cc,
respectively areselected. The reflection coefficients
between two layers are calculated using the equation 1.

Fig. 5. Genetic algorithm run for real seismic data,
a) after1st iteration and b) after 40th iteration
Figure 5 shows comparison of real seismic and inverted
synthetic for one composite trace. Figure 5a shows inverted
results after 1stiteration where as figure 5b shows results
after 40thiteration. The figures depict that both; inverted
seismic and real seismic traceis out of phase in first iteration
whereas after 40thiteration both curves match very well.
Figure 6a shows seismic data at inline 65. Figure 6b,
6c and 6d shows comparison of well log velocity (Blackline),
density (green line) and acoustic impedance (Blueline) with
inverted velocity (Red line), density (redline) and acoustic
impedance (red line) respectively. Velocity, density and
acoustic impedance from well logand inverted using GAs
are following trend to each other and shows good
performance of the algorithm.
Figure 7a shows seismic data from the Blackfoot field,
Alberta, Canada which is used for GA analysis. The zone
of interest is, in between 1000ms to 1100ms two way
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ρ
Fig. 6. (a) Seismic section for inline 65, (b) well log VP (black), (c) (green),
and (d) AI (blue) with the inverted
velocity, density and AI (shown in red color).

Fig. 7.a) Seismic section from the Blackfoot field highlight the high amplitude anomaly zone and (b) amplitude
envelope section of Blackfoot seismic. High amplitude anomaly is highlighted more clearly in amplitude envelope section.
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travel time. The Genetic Algorithm is applied in this zone.
The figure also highlights the special feature of the seismic
section. Figure 7b depicts amplitude envelope of Blackfoot
seismic data. The high amplitude anomaly is more clearly
highlighted in amplitude envelope section compared to the
seismic section.
Figure 8 shows variation of inverted acoustic impedance
with time for zone of interest region. The stopping criteria
of the algorithm is set to 40 iterations and within one iteration
the function evaluation is set to 200, so total function count
for one seismic trace is 8200. The algorithm is applied trace
by trace to invert it into the acoustic impedance. The
analysis of inverted section shows a low acoustic impedance
zone at the time of 1055ms to 1065ms. This low impedance
zone is indicate the presence of reservoir (sand channel).
The RMS error for all the inverted traces is shown in
figure 9. The minimum error is achieved to be 0.12 whereas
mean error is 0.20. It is observed that error decreased
exponentially with iteration number. The correlation
coefficient analysis between the inverted synthetic and
real seismic is achieved to be 0.89. The other important
statistical analysis is given in table 3.
Figure 10 shows crossplot of inverted density and
acoustic impedance. It is observed from the crossplot that
most of the channel is between Classes II and III, and
therefore it is interpreted that the channel is filled with
clay and silt. With such a composition, low porosity and
permeability are expected, and therefore - if there are
hydrocarbons- they would be difficult to extract. Only a
small part falls within Class I, very near the limit, which
would make it less likely to be of good reservoir quality
sand. Yet, in this case, two alternatives can beconsidered:
the first is that this area corresponds to levels of
sand containing clay, or the second option is that they
correspond to silt with carbon levels of low thickness,
which can reduce speed and density. This result increases
the risk associated to the reservoir of the channel, but
this analysis is performed on a single 2-D line, so it should
not be ruled out that another area of the same channel
might have different properties.
Table 3: Statistical analysis of Genetic algorithm
run for real seismic data

Properties P-Wave Velocity Density Acoustic
Impedance
(m/s)
(g/cc)
(m/s*g/cc)
Max
5998.8
3.00
17984.4
Min
1500.0
1.50
2250.0
Std
1338.6
2.27
4664.9
Mean
3738.6
0.44
9031.0
Median
3734.1
2.27
8446.0
Mode
1501.0
1.50
2250.0
Range
4498.8
1.50
15730.0

Fig. 8. Variation of inverted AI with time estimated
using genetic algorithms. Low AI zone is highlighted
by the ellipse.

Fig. 9. Variation of average RMS error with iteration
for allseismic traces.

Conclusions
To determine the lithology fill of channel located at near
to 1560m depth, a seismic data inversion is performed.
Without well information, before making a model based
inversion or other inversion techniques which are generally
need well log information, a genetic algorithm is designed
which did not require any a prior information from the
well. The algorithm performed satisfactorily in the
inversion, first for synthetic seismograms and then
for real. Although the correlation is below that of the
synthetic data, the algorithm proved to be a very useful tool
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reservoirsusing orthorhombic avaz attributes and
stochastic rock physicsmodeling. In SEG Technical
Program Expanded Abstracts2014, pages 24082412.
Society of Exploration Geophysicists.
Bosch M., Mukerji T., and Gonzalez E.F. (2010), Seismic
inversionfor reservoir properties combining statistical
rock physics andgeostatistics: A review. Geophysics,
75(5):75A165-75A176.
Boschetti F., Dentith M.C., and List R.D. (1996), Inversion
of seismic refraction data using genetic algorithms.
Geophysics,61(6):1715-1727.

Fig. 10. Crossplot of inverted velocity and density.
Three classof reservoir are characterized.
for obtaining information about subsurface features
in the absence of well information which is further used
for reservoir characterization.
The result indicates the presence of reservoir in
between 1055ms and 1065ms. This channel is also confirmed
by the crossplot of inverted results. The correlation
coefficient for synthetic run is achieved 0.99 for synthetic/
pseudo synthetic data whereas it is 0.89 for the case of real
data which is deservingly a high value showing that genetic
algorithm successfully searched the optimal solution.

Deb K., Pratap A., Sameer A. and Meyarivan TAMT (2002),
Afast and elitist multiobjective genetic algorithm: Nsgaii. Evolutionary Computation, IEEE Transactions on,
6(2):182-197.
Fatti JL, Smith G.C., Vail P.J., Strauss P.J., and Levitt
P.R.(1994), Detection of gas in sandstone reservoirs
using avoanalysis: A 3-d seismic case history using the
geo-stacktechnique. Geophysics, 59(9):1362-1376.
Gutell R.R. and Jansen R.K. (2006), Genetic algorithm
approaches for the phylogenetic analysis of large
biologicalsequence datasets under the maximum
likelihood criterion.
Holland J.H. (1975), Adaptation in Natural and Artificial
Systems, The University of Michigan Press.

Use of genetic algorithms gave reasonably good acoustic
impedance models despite having little a-priori domain
knowledge. The algorithm is robust with respect to different
random seeds, and the seismic impedance models generated
from GA fit synthetic seismic data sets well.

Krebs J.R., Anderson J.E., Hinkley D., Neelamani R., Lee
S.,Baumstein A. and Lacasse M.D. (2009), Fast fullwave-fieldseismic inversion using encoded sources.
Geophysics,74(6):WCC177-WCC188.

The developed algorithm is very useful and suitable
for new prospects like offshore projects where no well
information is available, as is in this case, or where drilling
density is particularly low.

Labat K., Danile M., Aline B., Pascal F., Morgane P., Thierry
T.et al. ( 2 0 0 5) , W hich facto r s is the p r estack
stratigraphic inversion very sensitive to. In SEG
Expanded Abstracts, pp.250-254.
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Abstract
Physical properties of matter like density, magnetic susceptibility and electrical conductivity or resistivity are commonly
used measuring parameters for various geological and geophysical investigations. In mineral exploration, for example
iron ore (magnetite), magnetic susceptibility of rock plays a key role to delineate or identify anomaly zones within the
earth crust.The magnetic susceptibility meter,a handheld instrument, does also work in the same principle for measuring
magnetic susceptibility of any in-situ field samples of rocks or minerals.Through continuous research and development,
the measurement efficiency and accuracy of handheld magnetic susceptibility meter has been greatly enhanced. Now a
days, thistype of instrument measures magnetic susceptibility in millitesla i.e.,1X10-3 SI unit. This instrument can measure
infinitesimally small magnetic field caused by the minerals present within the sample of interest.
Some of the leading hand held magnetic susceptibility meter has a special feature for determining the ore grade/
concentration (wt%) in addition to measuring magnetic susceptibility of material. Such unit comes with an option to
build a concentration curve for determination of ore concentration (wt%) indirectly from its magnetic susceptibility
values. For this, user must re-calibrate the inbuilt concentration curve of the instrument with the help of known samples
(minimum 12 nos.) by measuring magnetic susceptibility and determining the magnetite concentration or grade (wt%)
of the same through chemical analysis. Once it is done, the data can be uploaded directly into the handheld magnetic
susceptibility meter using Geo-view software. Finally, to use the concentration curve for determination of grade (wt%)
of any unknown sample, user has to confirm the curve with a given name.
In case of magnetite, while it is possible to estimate magnetite content (wt.%) through wet chemical method, but it
is time consuming exercise and the same for other methods like XRD, Satmagan etc. which too are cost intensive and
time consuming. However, with the help of some advanced magnetic susceptibility meter,simply by recalibrating the
in-built concentration curve of the instrument one can directly determine the magnetite % of any unknown sample. This
actually reduces the lead time for determination of magnetite concentration (wt%) compared to traditional lab analysis.
In order to analyse unknown samples having magnetite content in different ranges, the pre-installed concentration curve
of the handheld magnetic susceptibility meter is required to be recalibrated using different range of samples with known
magnetite content(wt%) and magnetic susceptibility values.With the help of this concentration curve,the magnetite
content (%) of any unknown sample could be determined even with a confidence level of 90% to the actual magnetite
content. This helps field geologist in optimisation of samples for further detail assaying during scouting or exploration
projects of magnetite prospects.
Keywords: Exploration, Magnetic susceptibility, Magnetite concentration

Introduction
Working with minerals including prospecting,
exploration, mining, and use is one of the most ancient
human activities, which has been developed during the last
5000 years into an industry, with modern methods and tools.
The meaning of exploration in this context is the discovery
of a still unknown mineral resource for its economic
extraction. Such activity involves application of several
scientific methods and achievements derived from earth
sciences, physics, chemistry, mathematics, and applied tools
like statistics, remote sensing, and geophysics.

Density, magnetic susceptibility, electrical conductivity,
and/ or resistivity are commonly applied physical properties
of rock to explore any mineral of interest.Magnetic
susceptibility which is defined as the degree of
magnetization of materials in an applied magnetic field
has intensively been used as a practical tool for solving
geological, geophysical, and mineral problems.
Present work describes the use of handheld Magnetic
Susceptibility Meter for real-time determination of
Magnetite Concentration (wt%) of any unknown sample by
re-calibrating the customized ore concentration curve

106
pre-installed into the instrument. As in case of magnetite,
the indirect determination of magnetite content (wt.%)
through wet chemical method is a time consuming exercise
and the alternative methods for determination of magnetite
proportion in the sample like XRD, Satmagan etc. are also
again cost and time consuming methods. Hence, with the
help of this technique, simply by recalibrating the in-built
concentration curve of Hand-held Magnetic Susceptibility
meter one can easily determine the magnetite % of any
unknown sample.

Application of Magnetic Susceptibility Meter
in Exploration
Many studies have been conducted to evaluate the
performance of magnetic susceptibility indifferent forms of
application. Müllerová and Müller(1972) in their study first
time applied magnetic susceptibility to determine the
characteristics of rocks or minerals. Ellwood and Wenner
(1981), Rochette (1987a), Hrouda and Kahan (1991), Heller
(1998) utilized magnetic susceptibility for magnetic
exploration. Plimer (1985) in hisstudy detected magnetic
changes of the minerals based on magnetic susceptibility
and oxidation. In addition, Evans and Heller (2003)
also used magnetic susceptibility to detect the
plaeo-environmental changes caused by climate change.
Recently, Boroomand M.A., Safari A., and Bahroudi A.
(2015) in their study have applied magnetic susceptibility
as a guiding tool for different types of mineral investigation.
Moreover, Patra I., Rathaiah V.V., Nageswararao M.,
Murugan C., Kumar R., Mohanty R., and Parihar P. S. (2017)
have used magnetic susceptibility for semi-quantitative
estimation of heavy mineral content of sand samples.
Similarly, for magnetite ore, magnetic susceptibility is
probably the most easily measurable petro physical
parameter which can be used to identify and delineate the ore
horizon as well as inferring the quality parameter of the same.
Magnetic susceptibility of rock/ mineral is generally
measured in the laboratories or in the field by using the
Kappa-meter or Handheld Magnetic Susceptibility Meter.
Regardless of the measurement errors, direct measurement
of magnetic susceptibility can provide more accurate
information about geological and lithological features in an
area.Various instruments for measurement of magnetic
susceptibility of rock/ mineral have been developed recently.
Amongst them, the Kappameters/ Magnetic Susceptibility
Meter of such advanced version are probably the most
convenient one as they are light, pocket size and very
sensitive (1 x 10-3 [SI] in the specific model); it measures
the susceptibility very rapidly (one measurement takes a few
seconds)with considerable accuracy.
One of the most recent high-end next generation
Magnetic Susceptibility Meter is designed to measure ore
concentration (wt%) of samples and drill cores in addition
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to their magnetic susceptibility values. This instrument has
a special feature for measuring ore grade/ concentration
(wt%) in real time,indirectly from its magnetic susceptibility
results. Such unit comes with pre-installed calibrated ore
concentration curve with an option to recalibrate or build
separate new curve for determination of ore concentration
(wt%) indirectly from its magnetic susceptibility values.
The user can program up to ten calibration curves for
determination of desired ore/mineral quality. If the samples
or cores have a different composition, or structure, than
those used to re-set up the calibration curve (pre-installed
inside the system), which are specific to the samples and
cores they are measuring. These calibration curves can be
obtained by taking a number of magnetic susceptibility
measurements from a range of different samples with
known concentration values obtained from either chemical
assay results or XRF measurements. Once these magnetic
susceptibility readings with their associated ore concentration
are ready and transferred to the GeoView software and
processed, a new calibration curve is generated which can
be transferred directly into the instrument with proper
naming for final use.

Recalibration of Concentration Curve and
Observation
A systematic approach has been adopted to recalibrate
the concentration curve of the instrument as the pre-installed
concentration curve of the instrument has to be recalibrated
with known reference magnetite samples for proper use.
The detail procedures and steps are described in the
successive paragraphs.
Twenty four (24)number of representative magnetite
sample pulps having different ranges of magnetite
concentration (wt%) were collected as per the standard guide
lines of handheld Magnetic Susceptibility Meter and
subsequently susceptibility measurement was done for all
the samples. The samples were then sent to the laboratory
for chemical analysis and further to determinethe magnetite
concentration. The magnetite concentration thus
determined were once again vetted through theoretically
calculated magnetite content (wt%) for all the submitted
samples with the help of empirical formula using their
analytical results. To minimise the error in magnetic
susceptibility measurement, the magnetic susceptibility
values for each individual samples were considered by
averaging 25 number of readings for each sample.
The determined magnetite concentration of all the 24
number of samples were then tabulated along with their
corresponding magnetic susceptibility values. The table
thus prepared wasused to re-calibrate the pre-installed
concentration curve i.e., Magnetic Susceptibility vs.
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Magnetite Content (wt%) of the instrument.The Table
was then uploaded into the instrument using GeoView
software; the inbuilt software of handheld Magnetic
Susceptibility Meter for data processing. A proper name was
given into the system to run the newly built concentration
curve as well as for displaying into the system. The same
process flow chart for calibration of pre-installed curve is
given in the figure 1.
To recheck the accuracy level of newly built magnetite
concentration curve uploaded into the instrument with the
given name, all the 24 number of sample pulps were then
measured with the instrument to determine magnetite
concentration whose results had already been used to
re-calibrate the same concentration curve built into the
instrument. The differences between calculated magnetite
content (wt%) and measured magnetite content (wt%) using
newly built concentration curve are tabulated in the figure 2
below to depict the standard deviation of the instrument
measurement from calculated actual results.
Further, in order to have a fair idea about the accuracy
of the measurement as well as level of confidence or margin
of error of the re-calibrated magnetite concentration curve,
all the data thus generated by calculating magnetite
concentration from chemical assay data as well as measured
magnetite concentration using newly built calibration
curve, have been reproduced to carry out a basic statistical
analysis. A bivariate plot between determined magnetite
concentration and measured magmetite (wt%) has been
attempted to see their inter-correlationship. A very strong
positive co-relation (r 2 =0.989)is observed between
calculated vs., measured magnetite concentration of the
samples as shown in the figure 3 below.
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Magnetite Content

Sl.No.

Magnetic
Recorded Mag
Sample
using
Susceptibility
Content using
Code (Unit S.I. X 10-3) empirical formula Mag-sus (wt%)
(wt%)

Difference
in results
(Margin of
error)

1

DSO

2.00

1.00

1.00

0.00

2

BMQ1

325.72

53.47

54.00

-0.53

3

BMQ2

385.48

54.17

52.00

2.17

4

BMQ3

403.68

54.02

57.00

-2.98

5

BMQ4

474.08

54.59

54.00

0.59

6

BMQ5

482.84

54.08

52.00

2.08

7

BMQ6

510.80

54.72

52.00

2.72

8

BMQ7

552.24

75.42

73.00

2.42

9

BMQ8

556.84

78.66

76.00

2.66

10 BMQ9

630.96

78.18

76.00

2.18

11 BMQ10

684.04

79.90

79.00

0.90

12 MAG-1

1085.16

84.16

83.00

1.16

13 MAG-2

1093.13

82.18

80.00

2.18

14 MAG-3

1112.16

83.14

82.00

1.14

15 MAG-4

1113.72

84.61

84.00

0.61

16 MAG-5

1125.76

84.16

83.00

1.16

17 MAG-6

1161.36

84.61

84.00

0.61

18 MAG-7

1165.08

84.16

84.00

0.16

19 MAG-8

1181.28

85.06

85.00

0.06

20 MAG-9

1189.72

82.08

84.00

-1.92

21 MAG-10

1267.88

82.21

85.00

-2.79

22 MAG-11

1555.00

87.40

85.00

2.40

23 MAG-12

1604.82

90.20

88.00

2.20

24 MAG-13

1699.11

95.50

94.00

1.50

Fig. 2. Comparison of magnetite
concentration calculated from chemical
assay results and measured values using
newly built concentration curve of
Magnetic Susceptibility Meter

Fig. 1. Process flow chart for re-calibration of magnetite concentration curve of Magnetic Suceptibility Meter
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from non-magnetite bearing formations and in-turn reduces
the number of samples through quick differentiation for
further confirmatory laboratory checks, therefore, decreasing
unwanted cost of chemical analysis. In addition, it can also
guide the user to recheck or confirm a claimed magnetite
material sourced from outside for specific use.

Acknowledgements

Fig.3. Correlation plot of calculated magnetite
(wt%) vs., measured magnetite (wt%) values.

Discussion
In the present study,recalibration of the pre-installed
concentration curve of the instrument has been done
using different range of samples having known magnetite
content (wt%) and magnetic susceptibility values. Now,
with the help of this concentration curve one can easily
determine the magnetite % of any unknown sample and
therefore helping the geologists of Tata Steel in
optimisation of samples for further detail assaying, core
analysis and mine quality and grade control processes.
It is also assistinginfurther re-check or cross verification of
the magnetite content of magnetite samples being sourced
from outside for use in coal washeries of Tata Steel against
their magnetite content (wt%) as claimed by the suppliers.

Conclusion
On-site real time determination of magnetite content
(wt%) for in-situ, hand specimens and pulp samples is
possible with the help of this technique using hand
held magnetic susceptibility meter for dynamic and
quick decision making. Now, with the help of this calibrated
concentration curve, the magnetite content (%) of
any unknown sample determined gave a confidence level of
90% to the actual magnetite content. This helps field
geologist in optimisation of samples for further detail
assaying during scouting or exploration projects of
magnetite prospects. It also helps to delineate magnetite
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indebted to the technical team of KT 10+ of Terraplus;
Canada for providing firmware to upgrade the concentration
curve and necessary supports to upload the same into the
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ASSOCIATION OF EXPLORATION GEOPHYSICISTS
AEG Best Ph.D. Thesis Award - 2017
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, 2016 - June, 2017 by an Indian
University/deemed university are eligible for these awards.
Application/Nominations are invited by 31st July, 2018 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, 2018.
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 - 2017
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@yahoo.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.102, Street No.1, Lane No. 2, Kimtee Colony
Tarnaka, Hyderabad - 500 017, India.
Phone: (040) 40259557
Email: aegindiageophysics@yahoo.com
www.aegind.org

ASSOCIATION OF EXPLORATION GEOPHYSICISTS

Sriram Srinivasan Award - 2017
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@yaho.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 , 2018 and the name of the awardee will be
announced by 30th September, 2018.
The award will be conferred at the AEG’s Annual convention scheduled in October,2018.
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 - 2017

This annual “AEG Best Paper Award” to be given to an outstanding paper, published in
the year-2017 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 geophysical, 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. XXXVIII No. 1-4, 2017 will be considered
for Best paper Award-2017

¨

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.

Association of Exploration Geophysicists
# 12-13-763, Flat No. 102, Street No.1, Lane No.2,
Kimtee Colony, Tarnaka, Hyderabad – 500017
Phone: +91-40-40259557
E-mail: aegindiageophysics@yahoo.com, Web Site: aegind.org

Membership Application Form
I, hereby apply for

Life / Student Membership

of the Association of Exploration Geophysicists.

Please type or write in block letters:
Title

:

(Mr./Ms./Dr./Prof.)

:

Name

:

Designation

:

Organisation

:

Address

:

City & Pin code

:

Country

:

Phone

:

E-mail

:

Mailing Address

:

Qualifications*

:

Experience*

:

Research Interest*

:

Publications*

:

Membership of any other Association, Society, Academy, etc.
·

Attach a separate sheet, if necessary

Fax :

Sponsor for Life Membership
Name & Designation

:

Organisation

:

Address
Member of AEG

:
:

Yes / No

I am satisfied that the applicant is worthy of becoming a Life member of the Association of
Exploration Geophysicists and I recommend the applicant for Life membership.
Date

Signature of Sponsor

Student Membership
Student Applicants must give information on the status and time scale of their studies, countersigned
by their Professor. The duration of Student Membership is valid only till the period of their study.
Date expected to Graduate

Degree

Signature of Professor

University

Membership Fees (to be enclosed along with the Application form)
Life Membership
Student Membership

:
:

Rs. 3,500/- (US $ 350 for Foreign Members)
Rs. 1,000/- for admission and Rs.10 as annual subscription every year.

Payments are to be made by Demand Drafts drawn in favor of the Secretary, AEG, Hyderabad.
Details of Bank Account of AEG for sending the amount directly through Electronic Transfer
a. Account Holder Name: Association of Exploration Geophysicists
b. Bank Name: State Bank of India, Osmania University Branch, Hyderabad
c. Bank Account of Number: 52198268342
d. MICR Code: 500002342
e. Indian Financial System Code (IFSC) : SBIN0020071
q Fee Enclosed

D.D. / Cheque No. :

Date :

Amount :

DECLARATION BY THE APPLICANT

I hereby certify that the information given above is true to the best of my knowledge. I fully
subscribe to the aims and objectives of the AEG and undertake to abide by the rules and regulations
of the Association, in case I am declared a Life Member / Student Member of the Association.
Date

Signature of Applicant
(FOR OFFICE USE)

The Applicant is Granted/Refused admission to the AEG as a Life Member / Student Member.
Reasons in case of non-admission of the applicant.......................................................................................
....................................................................................................................................................................
Membership No.
Date

Receipt No.

Date
Secretary/Treasurer

for Rs.

Year

