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FIRST ANNOUNCEMENT
39th Annual Convention and Seminar on Exploration Geophysics
The Association of Exploration Geophysicists (AEG), is organizing its 39th Annual Convention
and Seminar on Exploration Geophysics during 5-7th October, 2017. The Association has successfully
conducted 38 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.
The number of papers for the seminar is restricted to 50 Oral presentations. Authors are requested
to send the Abstracts by 1st July, 2017. Acceptance of the abstracts will be communicated by 15th
July, 2017. Authors are requested to submit the full paper before 1st September, 2017. Only those
papers which are received before 1st September, 2017 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 September, 2017.

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.XXXVIII
No.1 January-March, 2017 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.
Jean M. Legault et al., in their article “Integrated Helicopter ZTEM Electromagnetic, Airborne gravity and
Aeromagnetic System Results over the Vredefort Dome Structure, South Africa” presented the results of multisensory
helicopter Gravity-Magnetic-ZTEM system over the Vredefort Dome Structure in South Africa. The results demonstrate
that high quality gravity measurements can be made concurrently with a helicopter ZTEM electromagnetic and aeromagnetic
system. The 3D and 2D inversions of gravity, magnetic and ZTEM data successfully mapped the Vredefort Structure and
the known geology. The helicopter system’s GT-2A gravity data correspond very well in amplitude and range with upward
continued ground gravity results obtained at Vredefort. The ZTEM airborne EM results reflect similar ring-like anomaly
signatures that are displayed in the magnetics and gravity, and that extend outward from the Vredefort Dome.
In the technical paper “An Atlas of Geophysical Signatures over Various Kimberlite Pipes from South Indian Diamond
Province” R.Ananda Reddy in his extensive study successfully demonstrated the effectiveness of detailed geophysical
surveys in identifying the nature of kimberlite bodies based on correlation of the various geophysical signatures from the
Kimberlite Fields of South Indian Diamond Province (SIDP). Geophysical anomalies over the known kimberlite pipes
from SIDP are helpful in identifying nature of the kimberlite pipes and their lateral extensions under soil cover. The
qualitative analysis and geophysical signatures helped in delineating the structures associated with possible emplacement
of pipes, its geometrical disposition, surface configuration and sub-surface nature.
Geophysical logging tools have an extensive application in Coal exploration for mapping the sedimentary features,
coal seams, marker beds and fault intersections. K. Venkatesh et al., in their article “Electro-Sequential Analysis from
Geophysical Logs-An Example from Shanthikhani and Sravanapalli Dipside Blocks of Singareni Collieries, Adilabad
District, Telangana” successfully utilized the electrolithofacies map constructed using geophysical logs to delineate the
lateral and vertical variations of the coal seams. The analysis of the various sequences based on their electrtolithofacies
characteristics derived from various geophysical logging tools also help to design proper roof support systems and understand
the caving behavior.
S. P. Maurya and K. H. Singh in their article “Band Limited Impedance Inversion of Blackfoot Field, Alberta,
Canada” describes Band Limited Impedance inversion method carried out with a 3D seismic data to derive the stratigraphic
information. Post stack PP seismic gathers are utilized to perform the seismic inversion for estimation of impedance,
density and P-wave velocity volume. The final inverted sections showed good images within the time-depth ranges of
800ms to 1300ms, where the target Glauconitic channel is located. The cross plot between inverted attributes estimated
from seismic data and attributes estimated directly from well log data shows inverted results are good and comparable
with the well log data.
In the technical paper on “Integrated Geophysical Approach for Dam Health Checks and Dam Condition Monitoring”
Sanjay Rana, demonstrate the integrated application of geophysical techniques as monitoring tools to solve the various
complex issues related to health check of existing dams. Electrical resistivity imaging helps to monitor the seepageinduced seasonal variation inside the embankment to detect anomalies in space and time with the repeated measurements
providing additional evaluation for seepage analysis. Also, the Steaming Potential (SP) survey helps to identify the seepage
zones in the dam body. Seismic Refraction Tomography and Refraction Micro Tremor (ReMi) are the shallow seismic
techniques that could be successfully utilized to obtain data on internal conditions of the dams.

V. P. Dimri
A. K. Chaturvedi
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Integrated Helicopter ZTEM Electromagnetic, Airborne Gravity and
Aeromagnetic System Results over the Vredefort Dome Structure, South Africa
Jean M. Legault, Carlos Izarra, Geoffrey Plastow, Thomas Wade and Ali Latrous
Geotech Ltd., Aurora CAN

Abstract
As part of an integrated geophysical system development program, the helicopter ZTEMTM -magnetometer towedbird system has been successfully paired with the GT-2A airborne gravimeter on-board an Astar AS350-B3 helicopter
platform. To showcase the advantages of this integrated survey platform for regional mapping, a successful survey test
of the integrated helicopter geophysical system was undertaken over the well-known Vredefort Dome Structure,
approximately 120km southwest of Johannesburg, South Africa. The Vredefort Structure is a complex impact structure
located in the Kaapvaal Craton in South Africa that has been extensively surveyed using geophysical methods; most
notably airborne magnetics, gravity and gravity-gradiometry.
The 450 line-km test survey that covered 60 x 10km area over the northwest side of the Vredefort Dome was flown
in 3 days. The initial test flights showed that survey flight speed using the aerodynamic ZTEM-magnetic receiver could
be 30% faster than a standard ZTEM survey, with similar helicopter endurance and flight length. The gravity repeatability
was estimated at an avg. RMS error of 0.7 mGals, thus very close to the minimum rated error of the GT-2A system
aboard a fixed wing platform. The airborne gravity and aeromagnetic data that were collected simultaneously with the
ZTEM data (Tzx & Tzy from 25-600Hz) show excellent correlation with previously-acquired data over the Vredefort
Dome Structure. Two and three dimensional inversion of the ZTEM, gravity and magnetic results produce deep penetrating
(>1.5 km) resistivity, density and magnetic-susceptibility images below the Vredefort Dome that show similar agreement
with the observed data and the known geology
Keywords: Vredefort, Airborne, gravity, magnetics, ZTEM, electromagnetics, 2D-3D inversion

Introduction
The helicopter ZTEM™ (Z-axis Tipper Electromagnetic;
Lo and Zang, 2008) natural field AFMAG (Labson et al.,
1985) EM system has been flown commercially since 2007,
and it has proven a most effective resistivity mapping
technology with a large depth of investigation, exceeding
1km (Legault, 2015). Recently the integrated ZTEM and
magnetic towed-bird receiver for fixed wing aircraft (Legault,
2012) has been adapted for use with a helicopter platform
(Fig. 1) and, by virtue of its lighter weight and aerodynamic
properties, allows it to be flown at higher rate of speed thus
improving its line-km efficiency. Additionally, the caesium
magnetometer’s location inside the EM bird (Fig. 1), being
lower to the ground, greatly improves its sensitivity to
geology. Furthermore, since the ZTEM towed loop receiver
does not transmit any EM signal, it also provides a low-noise
platform for magnetic data acquisition, superior to both timeand frequency domain transmitter-receiver EM systems, as
well as fixed-wing stinger magnetometer systems that also
require removal of aircraft-induced effects. Indeed the
success of the combined ZTEM-magnetic towed-bird system
has been borne out in recent fixed-wing ZTEM regional
surveys in Namibia (Venter et al., 2015).
As part of an integrated geophysical system development,
the helicopter ZTEM-magnetometer towed-bird system

has been successfully paired with the GT-2A airborne
gravimeter on-board an Astar AS350-B3 helicopter platform,
which is most commonly used for mineral exploration AEM
surveys. The nature of the plane waves measured by the
ZTEM™ system makes it relatively insensitive to flying
height above the terrain relative to other active heli-EM
systems (Sattel and Witherly, 2012), thus also making it an
ideal pairing for airborne gravity measurements acquired at
a fixed altitude to minimize turbulence. The resulting
integrated helicopter ZTEM-gravity-magnetic system allows
for concurrent measurements of resistivity, density and
magnetic susceptibility properties, providing a relatively
powerful, multi-parameter and deep investigation geophysical
mapping capability for regional survey applications.
To showcase the advantages of this integrated survey
platform for regional mapping, a survey test (Wade et al., 2016;
Legault et al., 2016) was flown in February, 2016, over the
well-known Vredefort Dome Structure (Lana et al., 2003) that
is situated approximately 120 km southwest of Johannesburg,
South Africa (Fig. 2). The Vredefort Structure has been
extensively surveyed using geophysical methods; most
notably airborne magnetics and gravity-gradiometry
(Cowan and Cooper, 2009; Beiki and Pedersen, 2010; Martinez
and Li, 2010). Our paper describes the multi-parameter
survey results obtained over the Vredefort Structure and their
preliminary interpretation using 2D and 3D inversion.
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potentially exposing the paleo-Moho at its centre (Lana et
al, 2003). Outside the core is a 20 km wide outer collar that
consists of Archean to Paleoproterozoic Witwatersrand,
Ventersdorp and Transvaal Supergroup units (Fig. 2).
Phanerozoic Karoo sediments and dolerite sills obscure the
dome at the south-eastern end of survey coverage (Cowan
and Cooper, 2009).

Fig. 1. Integrated helicopter ZTEM-GravityMagnetic system.

Geological Setting and Previous Geophysics
The Vredefort Dome Structure is a complex impact
structure located in the Kaapvaal Craton, the result of a large
meteorite impact 2.02Ga ago (Cowan and Cooper, 2009),
as evidenced by shock metamorphism and impact-melt
breccias. The central Dome’s 80-km wide core is comprised
of high-grade mid-Archean migmatitic Outer Granite gneiss
and Inlandsee granufels (Fig. 2) of 3.1-3.2Ga age, thus

Fig. 2.General geology of the Vredefort survey area (after
Cowan and Cooper, 2009) and test survey flight lines.

Numerous geophysical surveys have been conducted over
the Vredefort impact structure to characterize the geological
features (Martinez and Li, 2010) and include seismics to study
the density of the core area (Green and Chetty, 1990) and
magnetics to study the thermal overprint of the impact event
(Henkel and Reimold, 2002; Muundjua et al., 2007). The
ground gravity and aeromagnetic signatures have been
studied by Cowan and Cooper (2009) and 3D inversions of
recent Falcon AGG survey results have been described by
Beiki and Pedersen (2010) and Martinez and Li (2010).But
with the exception of the SAMTEX deep crustal imaging
program described by Muller et al. (2005), there is little
available published information on the near-surface (upper
2km) resistivity structure below the Vredefort Dome Structure
(D. Khoza, pers. comm., 09-2015).
Figure 3 presents airbornegeophysical data coverage over
the Vredefort Dome Structure in 2009on behalf of Canadian
Micro Gravity (Aurora CAN) along 1km spaced NS lines

Fig. 3. Previous airborne and ground geophysics over
Vredefort Dome Structure: A) airborne radiometric total
count, B) airborne total magnetic intensity, C) Ground
free air gravity, and D) Airborne free air gravity from
GT-2A (afterCanadian Micro Gravity, 2009).
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using a GT-2A gravimeter fixed wing aircraft (Canadian
Micro Gravity, 2009). The on-board sensors included
airborne spectrometer, airborne magnetometer and a GT-2A
gravimeter, similar to the instrument used in our integrated
helicopter system. The GT-2A repeatability was estimated at
0.6 mGal RMS using a 100 second Kalman filter (Canadian
Micro Gravity, 2009).
The radiometric, aeromagnetic and free-air gravity
results are compared to ground free air data that have been
upward continued to the airborne survey altitude (courtesy
Geoscience Council of South Africa) in Figure 3. The results
highlight the close correlation between the airborne and
ground gravity results, including the characteristic ring-like
geophysical signatures associated with the Vredefort Impact
Structure and surrounding geology.

Results and Discussion
Integrated ZTEM-Gravity-Magnetic System
For the Vredefort survey, a GT-2A airborne gravimeter
was installed in the AS350-B3 helicopter cabin (Fig.4), along
with the Geotech data acquisition system that weighs ~20
kg. The GT-2A, which weighs 155 kg, including the meter,
shock mount and rotation table, has a rated drift of <0.1
mGals per day and a rated RMS repeatability error of 0.6
mGals using a 0.01 Hz/100 second cut-off filter (Canadian
Micro Gravity, 2009). The data were sampled at 18.75Hz
and output at 2Hz or roughly at 20m station intervals.
The integrated ZTEM™ and caesium-pumped
magnetometer towed bird receiver (Fig.4b) is normally a
retractable sensor from a fixed wing aircraft (Legault, 2012),
but in the integrated helicopter configuration it is flown as a
sling load using a ~90m cable (Fig. 1). Receiver loop-tilt is
monitored using on-board GPS sensors and inclinometers.
The ZTEM sensor measures the vertical magnetic field
variations as time series at 2.4kHz sampling and the caesium
magnetometer, positioned in the centre of the ZTEM
receiver, measures the total magnetic field at 10 Hz. The
receiver loop has dimensions of 3 x 4 metres and weighs
approximately 170 kg. Thus the total weight of the integrated
system, including gravimeter, ZTEM-Mag sensor and
ancillary equipment is only ~350 kg, hence allowing it to be
easily flown using the AS350-B3.
The ZTEM receiverwasflown at a nominal 82 m distance
below the helicopter as shown in Figure 1. Separate ZTEM
base-station receivers measured the horizontal time varying
magnetic fields at 2.4k Hz at a culturally quiet site within
the survey area. The data were later recombined and
processed using standard data processing methods (Labson
et al., 1988) to obtain the in-line Tzx and cross-line Tzy
tipper components at 2.5 Hz sampling, or roughly 16m for
the ZTEM and total field magnetic data. Thus the
integrated system provides both relatively high quality and
high spatial resolution data.

Fig. 4. Helicopter ZTEM™- Mag-Gravity system
installation in AS350-B3 aircraftat hangar in
Johannesburg, South Africa.

ZTEM-Gravity-Magnetic Survey Results
The integrated helicopter system test was flown over the
northwest side of the Vredefort Structure near the towns of
Vredefort, Potchefstroom and Parys (Fig. 2). Nine 70-km
lines were flown at a spacing of 1000 m oriented N 135° E,
as well as five 20 km-long tie lines flown orthogonal at a
spacing of 10 km. A fixed survey height of 1825 m above
the Geoid was set to minimize the effects of vertical
movement on the gravimeter, safely above the highest terrain
in the test area with the ZTEM sensor 110-420 m above the
ground. Without the need to contour the terrain, flight speed
increased from 100 km/hr to 130km/h, thus 30% faster than
a standard ZTEM survey, with similar helicopter endurance
and flight length. The test survey was flown in 3 days in
February, 2013.
The gravity repeatability was tested using four passes
along a central survey line, as shown in Figure 5. A 150
second (0.0067 Hz) Kalman filter (approx. 3500m filter
length) was applied to counteract the aircraft movement and
turbulence. The analysis of the overlapping profiles for each
pass indicates an average RMS error of 0.7 mGals, thus very
close to the minimum rated error of 0.6 mGals (Canadian
Micro Gravity, 2009) for the GT-2A system aboard a fixed
wing platform.
As a further test of repeatability, Figure 6 compares the
existing ground gravity grid network results (courtesy
Council for Geoscience South Africa) against our current
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Fig. 5. Vredefort helicopter gravity repeats over L1040, showing residual Bouguer Gravity
Anomaly profiles (above) and aircraft altitude for repeat flights (bottom).
Vredefort test survey GT-2A gravity results. As shown the
correlations in amplitude and range are excellent, with near
identical ±22.8 mGal ranges shown in Figures 6cd. Greater
detail in the airborne gravity is the result of higher spatial
sampling relative to the ground gravity grid (250m vs 1km).

2009). This includes the gravity and magnetic highs in the
central Dome region, and the ring-like anomaly signatures
that extend outward, as shown. Figures 7cd present the
ZTEM tipper data, after Total Phase Rotation (TPR; Izarra
et al., 2011), for both highest and lowest frequencies, giving a sense of relativedepth of investigation according to
EM skin depth rules (Spies, 1989).
The differences in the two TPR signatures are immediately noticeable: In particular the higher frequency (shallow depth) ZTEM results (Fig. 7c) are relatively low amplitude and appear to display only weak topographic artefacts
(Sattel and Witherly, 2012). These poorly contrasted, high
frequencytipper results likely reflect the lack of lateral resistivity variation in the near surface. In contrast, at lower frequency (Fig. 7d) the tipper data display relatively strong tipper amplitudes that indicate strong lateral resistivity variations at greater depth. Higher relative conductivities (warm
colours) near the centre of the dome and also the northwestern edges correspond to mapped Karoo and Transvaal sediments, respectively, with relatively higher resistivities over
the remainder of metamorphic rocks that make up the
Vredefort Dome Structure (Fig. 7d).

Fig. 6. Previous ground gravity and current heli-system
GT-2A gravity comparison over Vredefort Dome
Structure: A) Ground gravity anomaly grid for RSA
(courtesy Council for Geoscience South Africa), B) RSA
Bouguer anomaly windowed to test area , C) Windowed
RSA Bouguer anomaly upward continued to survey
height, and D) Helicopter GT-2A Bouguer
anomaly from test survey.
The airborne gravity and aeromagnetic data (Fig. 7a and
Fig. 7b) that were collected simultaneously with the ZTEM
data (Tzx & Tzy from 25-600Hz) at roughly 20m intervals
show excellent correlation with previously-acquired data
over the Vredefort Dome Structure (Cowan and Cooper,
2009; Martinez and Li, 2010; Canadian Micro Gravity,

2D ZTEM-3D Gravity-3D Magnetic Inversion
Results
Results of 3D inversion of airborne gravity and airborne
magnetics, using the Geosoft MVI 3D inversion code (Ellis
et al., 2012), are presented in Figures8ab, along with ZTEM
2D and 3D inversion results using the Geotech Av2dtopo
code (Legault et al., 2012) and the UBC MT3dinv code
(Holtham and Oldenburg, 2008) in Figures 8cd. The gravity
and magnetic inversions were performed using minimum
500mX by 500mY by minimum 50mZ cell mesh with logexpansion with depth and the 2.67 g/cc density was added
to the gravity model. The ZTEM 2D inversions were
performed on the Tzx (in-line) component data, using 90mX

Integrated Helicopter ZTEM Electromagnetic
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Fig. 7. Helicopter ZTEM-Gravity-Magnetic survey results over Vredefort Impact Structure: a) Residual Bouguer
Gravity Anomaly (2.67 g/cc Bouguer density), and b) Total magnetic intensity (IGRF-corrected), c) ZTEM total phase
rotated(TPR) In-phase tipper at 600Hz, and b) In-phase TPR at 25Hz, shown as overlays on geologic map from Fig.2.
by 15mZ cell mesh and 1k ohm-metre half-space apriori
model. The 3D ZTEMinversion also used a 1k ohm-m halfspaced start model, but a coarser 200mX by 1000mY by
minimum 10mZ cell mesh that increases logarithmically with
depth.
Figure 8 presents the corresponding 3D density, 3D
magnetic susceptibility (mag-susc.) and 2D-3Dresistivity
depth-slices at 500m elevations (-1km depth). All show
similar agreement with the observed data and the known
geology. Interestingly, in marked contrast, the 3D mag-susc.
model (Fig. 8b) also indicates an anomalous high at the
Witwatersrand-Outer granite contact where there were
previously low magnetic intensities indicated (Fig. 7b),
confirming negative magnetic remanence (Cowan and
Cooper, 2009). The ZTEM 2D and 3D (Fig. 8bc) appear to

correlate well with the known geologic contacts with the
Karoo and Transvaal sediments that are more conductive;
however there does not appear to be major differentiation
in the resistivities between the metamorphic units inside the
Vredefort Dome itself. In general, the3D ZTEM inversion
results display higher resolution relative to 2D, but a lower
resistivity-range, possibly due to higher errors due to larger
cells used in the 3D relative to the 2D inversion.
Figure 9 presents the 3D ZTEM, 3D gravity and 3D
magnetic inversion results as cross-sectionsalong a central
line (L1040) across the Vredefort Dome (see Fig. 8c) and
compares them with a schematic geologic section from the
same region (after Muundjua et al., 2007). Once again the
3D ZTEM inversion section isvery detailed, displaying
abundant lateral variation as well as vertical layering, and
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Fig. 8. Vredefort Survey Multi-parameter Inversion Results: a) Depth-slices of 3D Density and, b)3D MVISusceptibility at 500m elevation, and c) ZTEM 2D Resistivity), and d) ZTEM 3D resistivity at 500m elevation
(m.a.s.l.), showing flight line (L1040) for cross-sections in Fig. 8, and surficial geology from Fig.2 .
appearstowell reflect geologic contacts; in particular the
more conductive Karoo sediments are highlighted but also
lesser conductivities within the Transvaal units relative to
the 2D (see Fig. 8b and Legault et al., 2016). The 3D
gravity section mainly maps lateral contrasts but lesser
vertical changes. It appears to respond well to the main
lithological contacts, including the amphibolite-granulite
transition seen in Figure 9d and the Karoo sediments that
are consistently low in density; the Ventersdorp and
Witwatersrand are shown to contain higher densities.
Finally,the 3D magnetic inversion section is dominated by a
central high mag-susc. feature that is extends across the
Witwatersrand and Outer Granite-gneiss units and matches
quite well with the dipping geologic contact shown in Figure
9d. There is also a prominent mag-susc high feature in the
Transvaal that extends from surface to depth; and the Karoo
and Ventersdorp units are consistently non-magnetic.
Overall, the three geophysical property models appear to
agree well with each other and the know geology, as shown.
But, certainly, more accurate multi-parameter models could
be achieved with additional joint 3D and geologically
constrained inversions.

Conclusions
As part of an integrated geophysical system development
program, a survey test has been conducted using a multisensor helicopter Gravity-Magnetic-ZTEM system over the
well-known Vredefort Dome Structure in South Africa,
which has been well studied using airborne and ground
geophysical surveys. The reduced weight of the ZTEMmagnetometer towed-bird receiver has allowed it to be
successfully combined, while in sling lode mode, withan
Astar AS350-B3 helicopter, along with the GT-2A airborne
gravimeter mounted inside. The ZTEM natural field
AFMAG EM system is known for its large depth of
penetration (>1km). The ZTEM towed-bird receiver’s lighter
weight and aerodynamic properties also allows it to be flown
at higher rate of speed thus improving its line-km efficiency
by 30%, as shown in initial flight testing. As well, the absence
of a transmitter in natural field ZTEM provides a low noise
platform for aeromagnetic data collection. Finally, the
ZTEM’s relative insensitivity to receiver height makes it a
successful pairing with airborne gravity acquired at a fixed
altitude to minimize turbulence.All of these are combined

Integrated Helicopter ZTEM Electromagnetic
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Fig. 9. Vredefort survey multi-parameter inversion results in cross-section along a central line (L1040)
shown in Fig. 8d: a) ZTEM 3D Resistivity, b) 3D Density, c) 3D MVI-Susceptibility, and
d) Schematic geologic section (after Muundjua et al., 2007).
to create a relatively unique and interesting deep penetrating
multiparameter helicopter platform for higher resolution
regional survey mapping applications.
The gravity, magnetic and ZTEM measurements,
supported by 3D and 2D inversions, demonstrate the
expected correlation with previously acquired data over the

Vredefort Structure and the known geology. The helicopter
system’s GT-2A data repeatability (0.7 mGal) is closeto the
expected norms for fixed wing measurements and they
correspond very well in amplitude and range with upwardcontinued ground gravity results obtained at Vredefort. The
ZTEM airborne EM results reflect similar ring-like anomaly
signatures that are displayed in the magnetics and gravity,
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and that extend outward from the Vredefort Dome. The midto-lower frequency tipper data also display strong responses
that are consistent with important resistivity contrasts in the
Vredefort geology, including higher indicated conductivities
due to Karoo in the centre of the Dome and Transvaal
sediments to the northwest. These rocks also appear to be
less dense and less magnetic than the resistive granitic
gneisses and granulites that form the middle of the Vredefort
Dome structure. The 3D density, 3D mag-susc. and 2D-3D
resistivity inversion results all show similar agreement with
the observed data and the known geology. The 3D ZTEM
inversion model maps major contacts and displays greater
variations within individual units relative to the 2D models.
3D gravity inversion model appears to map lateral contrasts
associated with major geologic contacts but displays less
vertical changes. The 3D magnetic inversion model also
closely matches the known geology laterally and shows more
variation at depth.
These results demonstrate that high quality gravity
measurements can be made concurrently with a helicopter
ZTEM electromagnetic and aeromagnetic system, and when
combined with 2D-3D inversion, the integrated helicopter
system represents a potentially powerful multi-parameter and
deep-penetrating geophysical mapping tool. Future work
should include integration with other airborne and ground
data sets, including adding geologic constraints, as well as
joint 2D-3D inversion with MT and seismic for improved
resolution of the geology.
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Abstract
The nature of geophysical response over various kimberlite pipes mainly depends on its intrinsic physical property
contrast, sub-surface nature, in-homogeneity, multiple intrusions / presence of xenoliths / contamination if any, differential
weathering, level of erosion, magnetic latitude, type of host rock, zone of emplacement and geological environment
etc,. The parametric criteria have been set forth by identifying the nature of kimberlite bodies based on correlation
of the various geophysical signatures obtained by carrying out detailed geophysical surveys over 22 kimberlite pipes
mainly from Narayanpet and Tungabhadra and Kimberlite Fields of South Indian Diamond Province (SIDP). In
addition, study and compilation of various geophysical signatures over 20 known kimberlite pipes mostly from
Wajrakarur and few from Raichur Kimberlite Fields are also dealt in detail from the available and published literature.
Based on the physical property contrast and qualitative analysis of various geophysical signatures, surface configuration
of individual pipes, its geometrical disposition, shape, size and nature, its strike and depth continuity / root zone,
presence of xenoliths / autoliths / satellite bodies / offshoots / pulses / contaminated portions if any within the pipe have
been inferred.
Keywords: SIDP – South Indian Diamond Province, WKF-Wajrakarur Kimberlite Field, NKF - Narayanpet Kimberlite
Field, TKF-Tungabhadra Kimberlite Field and RKF - Raichur Kimberlite Field

Introduction
In India, three Diamond Provinces (Fig.1) were identified
(Satyanarayana et al., 1997), namely South Indian Diamond
Province (SIDP), Eastern India Diamond Province (EIDP)
and Central Indian Diamond Province (CIDP). The South
Indian Diamond Province (SIDP) is mainly confined to the
Eastern Dharwar Craton (EDC), consisting of Wajrakarur
Kimberlite Field (WKF) in the south (Neelakantam., 2001),
Narayanpet Kimberlite Field (NKF) in the north (K.R.P.
Rao et al 1998), Raichur Kimberlite Field (RKF) and
Tungabhadra Kimberlite Fields (TKF) are in between (Ravi
et al., 2007) are the potentially diamondiferous areas.
Wajrakarur-Lattavaram, Chigicherla, Kalyandurg and
Timmasamudram clusters constitute the WKF, located west
of Cuddapah basin and is the largest diamondiferous
kimberlite field (80 x 70km) in the Indian peninsula (Ravi
et al., 2013). So far, 14 pipes were located in WajrakarurLattavaram cluster (P1–P14), 5 pipes from Chigicherla
cluster (CC1–CC5), 6 pipes from Timmasamudrum
(TK1-TK6) and 7 pipes (KL1–KL7) from Kalyandurg
cluster (Abhijeet Mukherjee et al., 2014). In NKF, 11 pipes
were located in Maddur cluster (MK1–MK11), 6 pipes from
Kotakonda cluster (KK1–KK6), 13 pipes from Narayanpet
cluster (NK1–NK13) and 5 pipes from Bewanahalli cluster
(BK1–BK5), mostly discovered by the Geological Survey
of India 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. In addition, 29 kimberlites
were also discovered in the last decade by the De Beers

Exploration Company in the NKF (Paton, et al., 2009). TKF
consists of Mantralayam and Chagapuram Clusters. The
Mantralayam Cluster consists of 4 kimberlite pipes (MNK1 & 2, TK1 & 2) and Chagpuram cluster consists of 4

(After S. Ravi et al., 2013)

Fig. 1. Map of Peninsular India showing Diamond
Provinces (a) SIDP-Southern Indian Diamond Pronvince.
(b) EIDP-Eastern Indian Diamond Province and (c)
CIDP-Central Indian Diamond Province
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kimberlite pipes CGK-1 to 4 (Ravi et al., 2007). Where as,
Raichur Kimberlite Field (RKF) comprises three kimberites
(RK1, RK2 and RK3) near Undralladoddi (Shivanna et al.,
2005) and three kimberites (SK-1, SK-2 and SK-3) located
near Siddanahalli.

Geological Map of SIDP
In South India, Dharwar Craton exposes granitegreenstone assemblage composed predominantly of
granitoids, gneisses and greenstone (schist) belts and late to
post-tectonic granites (Closepet granite and its equivalents)
which were intruded by mafic dyke swarms (Fig.2). This
dyke infested Archaean granite-greenstone terrain is
unconformably overlain by sediments of Meso to NeoProterozoic intra-cratonic sedimentary basins-the Cuddapah,
Pakhal, Kaladgi and Bhima Basins (Radhakrishna, 1989;
Drury et al, 1984).
The granite-greenstone terrain of the Dharwar Craton is
divided into Eastern Dharwar Craton (EDC) and Western
Dharwar Craton (WDC) separated by the Chitradurga
Boundary Fault (Fig.5) based on the abundance of younger
granites, differences in characters of the various schist belts,
type of metamorphism and age. The South Indian Peninsular
Shield is endowed with both kimberlites and lamproites. The
known kimberlites are distributed in four major fields,
namely Wajrakarur Kimberlite Field (WKF), Tungabhadra
Kimberlite Field (TKF), Raichur Kimberlite Field (KKF)
and Narayanpet Kimberlite Field (NKF) from south to north
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Bouguer Gravity Image of SIDP
The Bouguer Gravity Anomaly Map of India with 5 mGal
contour interval on 1 : 2 million scale (GSI, 2006) has clearly
brought out the penetrative NNW-SSE fabric as well as deepseated faults cross-cutting the regional trend in the Southern
Indian Shield. Further, the Gravity maps of Wajrakarur
Kimberlite Field (1 mGal contour interval) in the south
(Kesavamani et al, 1996) and Narayanpet Kimberlite Field
in the north (Sreerama Murty et al, 1999) falls over the N-S
trending fault / fracture corridor (Ramachandran et al, 1999)
have been digitised and regenerated the Gravity Image of
South Indian Diamond Province (Fig.2). This map
comprising the eastern greenstone belts and brought out the
structural / tectonic contacts of the greenstone belts with
the granites, apart from the strong east west cross structural
trends, have been reinterpreted for tectonic controls for
defining favourable zones and prognostication of kimberlite
pipes. Based on the qualitative analysis, the following are
the important geophysical structures favourable for possible
emplacement of kimberlite pipes from South Indian
Diamond Province.

17°

SIDP

NKF

within the granite-greenstone terrain, while the lamproites
are distributed in two fields, namely the Nallamalai fold
belt of the Cuddapah basin and the Krishna Lamproite Field
(KLF) within the Peninsular Gneissic Complex. The South
Indian Diamond Province (Satyanarayana et al., 1997) is
confined to the south of Pranhita-Godavari rift zone,
essentially consisting of four main geotectonic units namely
(1) Western block of Dharwar Craton (WDC), (2) Eastern
block of Dharwar Craton (EDC) (3) Eastern Ghat Mobile
Belt (EGMB) and (4) Southern Granulite Terrain (SGT).
These kimberlites and lamproites are known to occur only
from the Eastern Dharwar Cratonic block mainly falling in
Andhra Pradesh and minor parts in adjoining Karnataka
(Radhakrishna, 1989; Drury et al, 1984).

14°

v Kimberlites are located at the intersection of deep seated
fault / fracture / shears in the form of steep gravity
gradients trending in NW-SE to NNW-SSE, NE-SW and
E-W to ENE-WSW directions (Nayak et al., 1999).
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v Pipes are located within the NW-SE and NE-SW
contiguous fault / fracture system and also located at the
fault / fractures spread out radially (Ramachandran et
al., 1999).
v Kimberlite pipes fall along steep gravity gradients,
discontinuities, dilated / contact zones, nosings, linear
closures, truncations, offsets, saddle portions, splay
faults, fault jogs, flexures and shifts in contour pattern.

(S ource: Geologi al S urvey of I ndi a)
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Fig. 2. G eological Map of South India - showing locations of

Fig. 2. Geological Map of South India-showing
locations of Kimberlite Fields in South Indian
Diamond Province (SIDP)

v Change in contour pattern from linear to elliptical pattern,
circular to sub-circular, composite ring-shaped, square
to rectangular / oval or ear shaped patterns and bulging
of contours etc,.
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Physical Properties of Kimberlite Pipes
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Geophysical exploration for kimberlites is a challenging
task because of its sparse distribution, small in size, wide
variation in its intrinsic physical properties and also occurs
in the earth’s crust in vertical structures known as classic
carrot shaped pipes. The success of geophysical exploration
for kimberlites depends on the variation in optimum physical
property contrast between the target, neighbourhood and
geological environment. Geophysics in particular magnetic,
gravity, resistivity and electro-magnetic methods are
recognized as indispensable search tools for delineation of
geometrical disposition of kimberlites and many pipes have
been identified in recent times.
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The role of geological environment and the need for the
presence of sufficient physical property contrast between
the target kimberlite and the country rock is essential for
the success of geophysical exploration on regional or
detailed scale for targeting as a direct search tool and in
delineation of size and shape of kimberlite pipe (Babu Rao
et al, 1992). Wide range of physical properties of kimberlites
and complexity of geophysical signatures usually attributed
to in-homogeneities within the pipe. The physical properties
of kimberlite pipes may help in correlation, understanding
and evaluation of geophysical responses. The density and
magnetic susceptibilities of kimberlites may vary over wide
range from one pipe to the other and also within the same
pipe leading to non uniqueness of geophysical signatures
even an adjacent pipe of same age.

Fig. 3. Gravity Image showing location of Kimberlite
Fields/Clusters/Pipes in Southern Indian Diamond
Province (SIDP)
v Proximity of circular features, bulge in gravity contour
pattern and intersection of near N-S and E-W fault /
fractures (Rao, N.B.K., 1999)

An un-weathered kimberlite produces positive physical
property contrast and reflected in the form of gravity,
magnetic and resistivity ‘highs’. Weathering tends to reduce
the concentration of magnetic material in kimberlite and may
render it non-magnetic. Weathering decreases with depth
and produces negative physical property contrast. Hence,
high conductivity, low gravity, magnetic and resistivity
signatures may obtain over highly weathered kimberlites.
Kimberlite is highly susceptible for weathering due to its
emplacement mechanism and ultramafic composition
(Macnae, 1979). Kimberlite weathers more rapidly and
deeply than most surrounding rocks. A highly weathered
kimberlite shows three distinct zones. The top zone, which
is known as ‘yellow ground’ is highly weathered. The middle
zone, known as ‘blue ground’ is semi-weathered. And the
bottom zone known as ‘harde bank’, is least weathered. The
physical properties of these zones vary considerably.

v Most of the pipes falls at close proximity of ENE-WSW
trending basic dyke activity or at their intersections,
indicating that the magnetic trends have a significant
bearing on structural control in emplacement of pipes
and peripheries of gravity lows / younger granites and
contact of schistose rocks with granite / gneiss or within
the schist (Ananda Reddy, 2015).

The geophysical signatures obtained over various
kimberlite pipes from SIDP have been digitized and
generated the images for reinterpretation and set forth certain
parametric criteria for identifying the nature of kimberlite
bodies. In general, a highly weathered kimberlite pipe may
give rises to low dominant magnetic anomaly associated with
low gravity and resistivity signatures (Fig.4a). In contrast,
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an un-weathered, hard and massive kimberlite pipe may give
rises to high dominant magnetic anomaly associated with
gravity and resistivity highs (Fig.4c). At times, the highly
weathered pipe may also gives a high dominant magnetic
anomaly, may indicates that the lower portion may be unweathered in nature. Where as, semi-weathered kimberlite
pipes may give rises to low gravity and resistivity signatures
associated with magnetic highs (Fig.4b).
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Fig. 4. Gravity, Magnetic and Resistivity profiles over
a) Weathered (MK4), b) Semi-weathered (MK 2 & 3) and
c) Un-weathered (MK1) Kimberlite pipes, Narayanpet
Kimberlite Field (NKF), SIDP
Magnetics is one of the most widely used method in
kimberlite exploration. Magnetite and spinel group of
minerals are usually present in un-weathered kimberlites and
magnetic susceptibilities are very wide ranging. Magnetic
response in kimberlite exploration may vary with magnetic
latitude and geological strike. The inhomogeneities,
presence of autoliths, xenoliths of upper mantle and crust,
multiple intrusions and differential weathering of the
kimberlites render their magnetic responses complex.
Magnetic anomalies over kimberlitic pipes for different
magnetic latitudes vary because the shape of the anomaly
change with latitude. A low dominant magnetic anomaly
noticed over equatorial regions and a combination of low
and highs at intermediate latitudes. In the regions of

intermediate latitudes, the ‘’low’’ will be towards the north
in the northern hemisphere and it will be towards ‘’south’’
in the southern hemisphere. The pipes between Wajrakarur
and Narayanpet region of SIDP, which are situated in the
low magnetic latitudes have shown prominent low dominant
anomalies. The kimberlite pipes viz., MK1, MK2, MK3,
MK5, MK11, KK6, NK1 to NK5 from NKF, P1, P2, P4,
P5, P8, P9, CG1, CG2, TK1, TK3, TK5, TK6 from WKF
and MNK2 from TKF are moderately resistant, semiweathered and is somewhat elongated, gave rise to a
dominant low in north and is associated high to the south.
Detection of multiple intrusions, satellite bodies and
contaminated portions within kimberlite pipe is an another
application of the gravity and magnetic methods. Based on
gravity and magnetic signatures, the Anumpalli kimberlite
pipe (P-10) from WKF suggests that the pipe is not a simple
one, but a composite pipe indicated by multiple intrusions
and presence of xenoliths (Venkateswarlu et al., 2001), and
also few isolated closures on the periphery of inferred pipe
may be due to presence of satellite bodies connected with
the main pipe.
From the qualitative analysis and field observations, it
is evident that most of the kimberlites from Eastern Dharwar
Craton are falling very close vicinity of mafic dykes or at
their intersections. From the geophysical signatures, it is
evident that kimberlite pipes viz., P3, P4, P5, P7, P8 in
Lattavaram area from WKF, KK1, KK2, KK3, KK5, KK6
in Kotakonda area, MK3, MK5, MK6, MK7, MK8 and
MK11 in Maddur area, NK1, NK2 and NK3 in Narayanpet
area from NKF, MNK-1 and 2, TK1 and 2 from
Mantralayam and Turkandoni areas from TKF and RK1 in
Undralladoddi area from RKF are seen emplaced at the
contact or at close vicinity with basic dykes, indicating that
the magnetic trends has a significant bearing on structural
control in the emplacement of volcanic pipes.
The present study illustrates the relation between the
variation of density, resistivity / conductivity and magnetic
susceptibilities with degree of weathering within the
kimberlites from SIDP, and also describe its surface
configuration, geometrical disposition, sub-surface nature,
its depth continuity / root zone, presence of autoliths /
xenoliths / satellite bodies / offshoots if any, no.of pulses /
single or multiple intrusions, zone of emplacement,
contaminated portions if any within the pipe are inferred
from geophysical signatures. The parametric criteria can be
set forth for identifying the nature of kimberlite bodies based
on correlation of the various geophysical signatures obtained
by carrying out detailed geophysical surveys over 22
kimberlite pipes mainly from the Narayanpet and
Tungabhadra Kimberlite Fields of SIDP. In addition, study
and compilation of geophysical responses over 20 known
kimberlite pipes from Wajrakarur and Raichur Kimberlite
Fields are also dealt in detail from the available and
published literature.
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Narayanpet Kimberlite Field (NKF)
In Narayanpet Kimberlite Field measures about 60 km x
40km in extent, located in the eastern Block of the Dharwar
Craton (Fig. 5a), exposing the Archaean migmatitic gneisses
and granites of the PGC, and meta-volcano sedimentary
sequence constituting the N-W extensions of Gadwal Schist
Belt. Massive granitoid rocks dominate over the greenstone
and gneissic components in the eastern part around Maddur
and Kotakonda area, where as in the western part lying west
of Narayanpet and Bewanahallli, gneisses are the dominant
lithounits. Because of this basic difference in the lithology,
the area is characterized by two main fracture domains – an
E-W trending strike slip faults with associated NE-SW
resultant fractures domain in Maddur-Kotakonda area and
a predominantly NNW-SSE trending and also E-W strike
slip faults domain west of Naraynapet (Nayak et.al., 1996,
1999, 2001).
In NKF, kimberlite pipe was first reported by Nayak
et.al., (1988) in Maddur area. Subsequently, two more
kimberlites were reported by Kameswar Rao and Sharma
(1994). Extensive geological mapping followed by
multidisciplinary surveys comprising photo interpretation,
satellite imagery studies, stream sediment sampling and
geophysical investigations by GSI, led to the discovery of
more than 26 kimberlite pipes in NKF and are divided in to
Maddur, Kotakonda, Narayanpet and Bewanahalli clusters
(Rao, K.R.P, et al., 1998). A concealed kimberlite pipe was
discovered about 1.5 km ESE of Kamusanipalli village based
on structural elucidation of gravity and magnetic data of
NKF (Sreerama Murty et al., 1999 and Vittal Rao, K.P.R.,
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1999). In addition, about 29 kimberlites were also discovered
in the last decade by the De Beers Exploration Company in
the NKF (Paton, et al., 2009).
Bouguer gravity image (Fig.5b) of Narayanpet
Kimberlite Field (Sreerama Murthy et al, 1999) indicates a
prominent gravity high over biotite granite in the east and
moderate to lows over migmatite gneiss in the west. A narrow
and linear Narayanpet schist belt falls over the steep gravity
gradients trending in NW-SE direction in the central part.
Most of the kimberlite pipes from Maddur, Kotakonda and
Narayanpet clusters fall at the intersection of NW-SE, ENEWSW and NE-SW gravity linears and also at the periphery
of the gravity low in the northern part. Physical properties
viz., density and magnetic susceptibility of kimberlites, its
dimensions inferred from detailed geophysical surveys
(Ananda Reddy, 2014) and its emplacement control etc.,
are shown in Table-1.

Maddur Cluster (NKF)
The Maddur cluster from Narayanpet Kimberlite Field
consists of eleven kimberlite pipes (MK1 to MK11), out of
which two pipes are hard, massive and un-weathered in
nature, six are highly weathered and are exposed in well
sections. Three pipes are semi-weathered in nature of which,
one concealed kimberlite pipe (MK11) was discovered by
ground geophysical surveys near Kamusanpalli village
(Sreerama Murty et al, 1999), based on intersection of NWSE and ENE-WSW gravity linears and close proximity of
ENE-WSW trending dolerite dyke. The geophysical
signatures obtained over ten kimberlite pipes from Maddur
cluster have been discussed in detail.

(a) Geological Map of NKF

(b) Gravity Image of NKF
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Table-1. Physical properties of Kimberlite pipes, Narayanpet Kimberlite Field, SIDP
P
I
P
E

Location
and
Nature of pipe

Density
(g/cc)

Susceptibility
(Kx10-6
CGS units)

Geophysical Signatures
Gravity

Mag
-netic

Resistivity

Emplacement
controls &
Intersections

Inferred
dimensions
from GP
surveys

MADDUR CLUSTER
MK1

Maddur – (Massive)

MK2

Maddur
(Semi weathered)
Maddur
(Semi weathered)
Maddur (Weathered)
Pedripadu (Massive)
Nidijinta (Weathered)
Duppatigattu (Weathered)
Kazipur (Weathered)
Mominapur (Weathered)
Kamusanpalli (Semi weathered)

MK3
MK4
MK5
MK6
MK7
MK8
MK9
MK11

2.85

1280

High

High

High

2.58

100

High

High

Low

2.60

110

High

High

Low

2.51

10

Low

Low

Low

2.80

2940

High

High

High

2.40

400

Low

Low

Low

2.20

540

Low

Low

Low

10

Low

Low

Low

2.27

80

Low

Low

Low

2.42

730

Low

High

Low

-

NW–SE &
EW faults
Along
E–W fault
Along
E–
W fault
NW–SE & EW faults
NNE-SSW &
EW faults
NNE-SSW &
EW faults
NW– SE & N-S
faults
Between two
NW-SE faults
ENE–WSW &
NW-SE faults
ENE-WSW &
NE–SW faults

70 x10 m
200 x 50m
320 x 50m
100 x 40m
80 x 70m
100 x 40m
100 x 30m
250 x 300m
70 x 40m
60 x 20m

KOTAKONDA CLUSTER
KK1
KK2
KK3
KK4
KK5
KK6

Kotakonda (Massive)
Kotakonda (Massive)
Ramannapalli
(Weathered)
Abhangapur (Weathered)
Bommanapahad (Weathered)
Ammireddipalli
(Massive)

3.15

2980

-

-

-

3.10

1890

-

-

2.30

10

Low

Low

Low

2.45

10

Low

Low

Low

2.20

550

Low

Low

Low

3.00

1470

High

High

High

ENE-WSW &
NE-SW faults
ENE-WSW &
NE-SW faults
Along ENE–
WSW fracture
NNW-SSE &
NE-SW faults
Along NE–SW
fracture
Along NE-SW
fracture

2 km x 50m
Extension of
KK1
120 x 20m
100 x 30m
40 x 20m
25 x 15m

NARAYANPET CLUSTER
NK1
NK2
NK3
NK4
NK5
NK6
NK7

Narayanpet – (Top
massive)
Narayanpet – (Top
massive)
Madulabid –
(Weathered)
Damarigidda –
(Weathered)
Sajanapur –
(Massive)
Sajanapur –
(Weathered)
Putpak –
(Weathered)

2.45

570

High

Low
Moderate

-

Moderate
Moderate
Moderate
Moderate

-

2.85

390

2.65

-

-

90

2.75

1000

2.51

320

-

-

-

2.56

360

-

-

-

MK1 Kimberlite Pipe (Appireddipalle)
A small out crop of massive, hard and un-weathered pipe
with steel grey colour exposed over a flat terrain, about 5km
SE of Maddur village, trending in NW-SE direction,
emplaced within granodiorite near the intersections of NWSE and E-W faults. The magnetic susceptibility and density
of MK1 pipe is about 1280x10-6 CGS units and 2.85 gm/cc
when compared with the surrounding granites of 170x10-6
CGS units and 2.70 gm/cc respectively.

-

Low
Moderate
Low

Along NNW SSE fracture
Along NNW SSE fracture
Along
NW-SE fault
Along
NW-SE fault
Along
NW-SE fault
Along
NW -SE fault
NW-SE &
E-W faults

40 x 20m
30 x 10m
50 x 30m
1 x 1m
1 x 1m
-

Magnetic (Fig.6a) and resistivity (Fig.6b) surveys with
a traverse interval of 20 m and station interval of 5 m has
brought out a prominent bipolar magnetic anomaly of the
order of +400 to -200 nT associated with a gravity high
anomaly of 0.2 mGal (Fig.4c) falls over resistivity gradients
trending in NNW-SSE direction. This pipe is situated on
low magnetic latitudes, give rises to a dominant low in the
north and is associated high to the south. Based on the
magnetic signatures the inferred dimensions of the pipe is
around 70 x 10 m.
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Fig.6. (a) Magnetic (VF) and (b) Resistivity Images over
Kimberlite pipe (MK-1). Maddur area. Narayanpet
Kimberlite Field (NKF), South Indian Dimond Province

MK2 & MK3 (SE of Maddur) and MK6
(Nidijinta) Kimberlite Pipes
Moderately high ground with good capping of kimberlitic
calcrete exposed over MK2, MK3 and MK6 pipes, which
are about 4 km south-east of Maddur. The kimberlite pipes
MK2 and MK3 are trending in east-west direction, emplaced
in granodiorite along an E-W fault. Where as, kimberlite
pipe MK6 is trending in N30 0W-S30 0E, emplaced in
granodiorite at the intersections of NW-SE and E-W faults.
MK6 is highly weathered pipe and exposed in a well-section
in a stream bed, indicated by carbonaceous and micaceous
yellow ground. The magnetic susceptibility of MK2 and
MK3 pipes are about 110 x 10-6 CGS units.
Detailed magnetic and resistivity surveys has brought
out a high intensity magnetic anomaly of the order of +100
to -500 nT noticed over MK2 and MK3 pipes, trending in
E-W direction (Fig.7a) falls over a prominent low resistivity
zone trending in NE-SW direction (Fig.7b), associated with
a gravity low of 0.1 to 0.15 mGal (Fig.4b). Both MK2 and
MK3 pipes falls over low magnetic latitudes, give rises to a
dominant low in the north and is associated high to the south.
Where as, Nidijinta kimberlite pipe (MK6) falls over low
intensity magnetic anomaly zone of -100 nT (Fig.7a),
trending in NW-SE direction correlating well with moderate
resistivities (Fig. 7b). Based on the magnetic and resistivity
signatures, MK2 and MK3 pipes may be semi-weathered
in nature having the dimensions of 200 x 50 m and 320 x 60
m respectively, where as MK6 pipe is highly weathered and
having a dimensions of about 100 x 40 m.
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Fig.7. (a). Magnetic and (b). Resistivity Images over
Kimberlite Pipes (MK2, MK3 & MK6), Maddur and
Nidjinta areas Narayanpet Kimberlite Field (NKF), SIDP

MK4 Kimberlite Pipe (Maddur Tanda)
Highly weathered kimberlite pipe MK4 in the form of
yellow ground with calcrete exposed in a well section, which
is about 1.5 km north-west of MK1 pipe and about 3.5 km
south-east of Maddur village. The pipe is trending in
NW-SE direction and emplaced in biotite granite at the
intersection of NW–SE & E-W faults. The magnetic
susceptibility of MK4 pipe is only about 10 x 10-6 CGS
units. Magnetic and resistivity images over MK4 kimberlite
pipe has brought out a high dominant magnetic anomaly of
+150 nT (Fig.8a) associated with a gravity low anomaly of
the order of 0.1 to 0.15 mGal (Fig.4a) and resistivity low
zone of 50 Ohm.m (Fig.8b) trending in NW-SE direction.
Based on the magnetic and resistivity signatures, the
inferred dimensions of the highly weathered MK4 pipe is
about 100 x 40 m.

MK5 Kimberlite Pipe (Pedripahad)
Good exposures of a hard, massive and un-weathered
kimberlite pipe (MK-5) on a moderately high ground,
located about 2 km north-east of Padripadu village, trending
in N80ÚE - S80ÚW with steep dips towards south,
emplaced in granodiorite, at the intersection of NNE-SSW
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intersection of NW-SE and E-W faults. The magnetic
susceptibility of MK7 pipe is about 540 x 10-6 CGS units.
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Fig.8 (a). Magnetic (VF) & (b). Resistivity Images over Kimberlite Pipe (MK4), Maddur area,

Fig.8. (a). Magnetic (VF) & (b). Resistivity Images over
Kimberlite Pipe (MK4). Maddur area. Narayanpet
Kimberlite Field. South Indian Diamond Pravince
and E-W faults. The magnetic susceptibility and density of
MK5 pipe is about 2940 x 10-6 CGS units and 2.80 gm/cc
respectively.
Detailed magnetic and resistivity surveys has brought
out a strong bipolar magnetic anomaly of the order of +600
to -1200 nT noticed over MK-5 pipe (Fig.9a), correlating
well with resistivity highs of the order of 60 to 600 Ohm.m
(Fig.9b). The inferred dimensions of the MK5 pipe is around
80 x 70 m. This pipe is also situated on low magnetic
latitudes, give rises to a magnetic low in the north and is
associated high to the south. Based on the magnetic and
resistivity signatures, the shape of the pipe is near circular
or slightly elongated, trending in N-S to NNE-SSW
direction.
(a) Magnetic (VF)

(b) Resistivity

80

60

60

40

40
TRAVE RSES ( m)

Magnetic
in nT

80

6 40
6 20
6 00
5 80
5 60
5 40

20

5 20
5 00
4 80
4 60
4 40

MK5

4 20
4 00
3 80
3 60
3 40
3 20
3 00
2 80
2 60

0

2 40
2 20
2 00
1 80
1 60
1 40
1 20
1 00
8 0
6 0
4 0
2 0
0
-2 0
-4 0

Resistivity
in Ohm.m

100

100

20

62 5
62 0
61 5
61 0
60 5
60 0
59 5
59 0
58 5
58 0
57 5
57 0
56 5
56 0
55 5
55 0
54 5

0

54 0
53 5
53 0
52 5
52 0
51 5
51 0
50 5
50 0
49 5
49 0
48 5
48 0
47 5
47 0
46 5
46 0
45 5
45 0
44 5
44 0

-20

-20

43 5
43 0
42 5

MK5

-6 0

42 0
41 5
41 0
40 5
40 0
39 5
39 0
38 5
38 0
37 5

-8 0
-1 0 0

37 0
36 5
36 0
35 5

-1 2 0
-1 4 0
-1 6 0

35 0
34 5
34 0

-1 8 0
-2 0 0
-2 2 0

-2 6 0
-2 8 0
-3 0 0
-3 2 0
-3 4 0

33 5
33 0
32 5
32 0

-40

-2 4 0

-40

31 5
31 0
30 5
30 0
29 5
29 0
28 5
28 0
27 5
27 0

-3 6 0
-3 8 0

26 5
26 0
25 5

-4 0 0
-4 2 0

25 0
24 5
24 0
23 5

-4 4 0
-4 6 0
-4 8 0

23 0
22 5
22 0

-5 0 0

-60

-5 2 0
-5 4 0
-5 6 0
-5 8 0
-6 0 0
-6 2 0

-60

21 5
21 0
20 5
20 0
19 5
19 0
18 5
18 0
17 5
17 0
16 5

-6 4 0
-6 6 0

16 0
15 5
15 0

-6 8 0
-7 0 0

14 5
14 0
13 5

-7 2 0
-7 4 0

13 0
12 5
12 0
11 5

-7 6 0
-7 8 0
-8 0 0

-8 4 0
-8 6 0
-8 8 0
-9 0 0

11 0
10 5
10 0

-80

-8 2 0

-80

95
90
85
80
75
70
65

-9 2 0

60
55
50
45

-9 4 0
-9 6 0
-9 8 0

(a) Magnetic (VF)

-1 0 2 0

25
20
15

-1 0 4 0
-1 0 6 0

10
5
0
-5

-1 0 8 0

-100
-60
-40
-20
0
20
40
Inferred boundary STATIONS (m)
of Kimberlite (MK5)

60

80

-100
-60
100
SCALE
0

20

-40

-20

0

20

40

60

80

100

STATIONS (m)

40m

Fig. 9 (a) Magnetic (VF) and (b) Resistivity Images over Kimberlite Pipe (MK5), Pedripadu area,

Fig.9. (a) Magnetic (VF) and (b) Resistivity Images over
Kimberlite Pipe (MKS), Pedripadu area, Narayanpet
Kimberlite Field, South Indian Diamond Province

50

120
110
100
90
80
70
60
50
40
30
20
10
0
-10
-20
-30
-40
-50
-60
-70
-80
-90
-100
-110
-120

100

-1 9 8
-2 0 0
- 02
2
-2 0 4
-2 0 6
-2 0 8
-2 1 0
-2 1 2
-2 1 4
-2 1 6
-2 1 8
-2 2 0
-2 2 2
-2 2 4
-2 2 6
-2 2 8
-2 3 0
- 32
2
-2 3 4
-2 3 6
-2 3 8
-2 4 0
-2 4 2
-2 4 4
-2 4 6
-2 4 8
-2 5 0
-2 5 2
-2 5 4
-2 5 6
-2 5 8

MK7

-2 6 0
-2 6 2
-2 6 4
-2 6 6
-2 6 8
- 70
2
-2 7 2
-2 7 4
-2 7 6
-2 7 8
-2 8 0
-2 8 2
-2 8 4
-2 8 6
-2 8 8
-2 9 0
-2 9 2
-2 9 4
-2 9 6
-2 9 8
- 00
3
-3 0 2
-3 0 4
-3 0 6
-3 0 8
-3 1 0
-3 1 2
-3 1 4
-3 1 6
-3 1 8
-3 2 0
-3 2 2
-3 2 4
-3 2 6
-3 2 8
- 30
3
-3 3 2
-3 3 4
-3 3 6
- 38
3
-3 4 0
-3 4 2
-3 4 4
-3 4 6
-3 4 8
-3 5 0
-3 5 2
-3 5 4
-3 5 6
-3 5 8
-3 6 0
-3 6 2
-3 6 4
-3 6 6
- 68
3
-3 7 0
-3 7 2
-3 7 4
-3 7 6
-3 7 8
-3 8 0
-3 8 2
-3 8 4
-3 8 6
-3 8 8
-3 9 0
-3 9 2
-3 9 4
-3 9 6
- 98
3
-4 0 0
-4 0 2
-4 0 4
-4 0 6
-4 0 8
-4 1 0
-4 1 2
-4 1 4
-4 1 6
-4 1 8
-4 2 0
-4 2 2
-4 2 4

-140 -120 -100 -80

-60

-40

(b) Resistivity
130
120
110
100
90
80
70
60
50
40
30
20
10
0
-10
-20
-30
-40
-50
-60
-70
-80
-90
-100
-110
-120
-130

-20
0
20
40
T RAVERSES (m)

60

80

100 120 140

4 00
3 95
3 90
3 85
3 80
3 75
3 70
3 65
3 60
3 55

MK7

3 50
3 45
3 40
3 35
3 30
3 25
3 20
3 15
3 10
3 05

well

3 00
2 95
2 90
2 85
2 80
2 75
2 70
2 65
2 60
2 55
2 50
2 45
2 40
2 35
2 30
2 25
2 20
2 15
2 10
2 05
2 00
1 95
1 90
1 85
1 80
1 75
1 70
1 65
1 60
1 55
1 50
1 45
1 40
1 35
1 30
1 25
1 20
1 15
1 10

-140 -120 -100 -80

40
35
30

-1 0 0 0

SCALE
0

Magn etic
in nT

80

0

Hig h

60

Lo w

40

Resistivity
in Ohm.m

20

Low

-80
-90
-100
-110
-120
-130
-140
-150
100
-100
S CALE

TRAVERSE (m)

WELL

H igh

0

MK4

Resistivity surveys with a traverse interval of 20 m and
station interval of 5 m over MK7 pipe has brought out a
prominent resistivity low zone of the order of 110 to 130
Ohm.m (Fig.10b) trending in NNE-SSW direction. Where
as, magnetic anomaly map has brought out a high dominant
magnetic anomaly of 200 nT noticed over highly weathered
MK7 pipe (Fig.10a), may indicates that the lower portion
of the pipe may be un-weathered in nature. Based on the
magnetic and resistivity signatures, the shape of the pipe is
linear, narrow and elongated, having a dimensions of 100 x
30 m, trending in N-S direction and emplaced at the
intersection of N-S and E-W magnetic linears.
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Fig.10 (a). Magnetic (VF) and (b). Resistivity Images over
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10. (a). Magnatic (VF) and (b). Resistivity Images
over Kimberlite Pipe (MK7), Duppatigattu area,
Narayanpet Kimberlite Field, SIDP

MK8 Kimberlite Pipe (Khazipur)

MK7 Kimberlite Pipe (Duppatigattu)
Highly weathered kimberlite pipe MK7 in the form of
yellow ground with calcrete exposed in a well section, which
is about 2.5 km NE of Bhunid village. The pipe is trending
in N-S direction and emplaced in biotite granite at the

Highly weathered kimberlite pipe MK8 exposed in a well
section, in the form of yellow ground with calcrete, contains
xenoliths of pink granite, located about 1 km SSE of Kazipur
village near Maddur, emplaced in biotite granite between
two NE-SW faults, trending in NE-SW direction. The
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magnetic susceptibility of MK8 pipe is about 10 x 10-6 CGS
units, when compared with the surrounding granites of 170
x 10-6 CGS units.
Detailed magnetic and resistivity surveys over MK8 pipe
shown in Fig.11 has brought out a low dominant magnetic
anomaly of <300 nT noticed over MK8 pipe (Fig.11a),
corroborating well with resistivity low zone of 40 Ohm.m
(Fig.11b). Based on the magnetic and resistivity signatures,
the linear, narrow and elongated pipe is emplaced in a shear
zone indicated by resistivity and magnetic lows trending in
NE-SW direction. The inferred dimensions of the pipe is
about 250 x 300 m (approx.).
(b) Resistivity
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Kimberlite pipe MK-9 is highly weathered and is
exposed in a well section in the form of yellow ground with
calcrete, which is about 1.5 km east of Monapuram village.
The pipe is emplaced in biotite granite at the intersection
of ENE-WSW and NNW-SE faults. Detailed magnetic and
resistivity surveys over MK9 pipe shown in Figs.12a & b.
Diagnostic magnetic response noticed over kimberlite pipe
MK9 correlating well with a prominent resistivity low zone
of 30 Ohm.m. Based on the magnetic and resistivity
signatures, the pipe is trending in NE-SW direction and
emplaced at the intersection of E-W and NE-SW linears,
having a dimensions of 70 x 40 m.
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Fig.13. Gravity, Magnetic (Vertical & Total Field), Resistivity and Electro-Magnetic profiles over

Fig.13. Gravity, Magnetic (Vertical & Total Field),
Resistivity and Elecgtro-Magnetic profiles over concealed
Kimberlite pipe (MK11). Kamusanpalli block, Narayanpet
Kimberlite Field, South India Diamond Provimce
Gravity, Magnetic, Resistivity and EM signatures
(Ananda Reddy, 2012) over concealed MK11 pipe indicates
its geometrical disposition, nature and dimensions of the
body shown in Fig. 14. High intensity magnetic anomalies
associated with gravity highs recorded over dolerite dyke
trending in ENE-WSW direction (Fig. 14a & b).
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Fig.11. (a). Magnetic and (b). Resistivity Images over
Kimberlite Pipe (MK8), Kazipur, Maddur area,
Narayanpet Kimberlite Field (NKF), SIDP
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Detailed gravity, magnetic, resistivity and electromagnetic profiles over MK11 pipe are shown in Fig.13, has
brought out a high dominant magnetic anomaly of +400 to
+640 nT, corroborating well with gravity low of 0.1 mGal,
resistivity low of 100 Ohm.m and EM Quadrature
Component (Out of Phase, High Frequency) of 8 – 10%
testifying the fractured zone, indicates that the pipe is semiweathered in nature, emplaced in a shear zone, adjacent to a
basic dyke, trending in ENE-WSW direction.
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The concealed kimberlite pipe (MK11) was located about
1.5 km ESE of Kamusanpalli village by geophysical surveys
based on the intersection of NW-SE and ENE_WSW
regional gravity and magnetic lineaments (Sreerama Murty
et al, 1999). No outcrops exposed, weathered yellowish
brown kimberlite exposed in the pits. The pipe is trending
in ENE-WSW direction and emplaced in biotite granite.
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Fig.12 (a). Magnetic (VF) and (b). Resistivity Images over
Kimberlite Pipe (MK9), Mominapuram area,
Narayanpet Kimberlite Field (NKF), SIDP.

Fig.12. (a). Magnetic (VF) and (b). Resistivity Images
over Kimberlite Pipe (MK9), Mominapuram area.
Narayanpet Kimberlite Field (NKF), SIDP

Moderate magnetic signatures obtained over concealed
kimberlite pipe (MK11) just adjacent to dolerite dyke
trending in east-west direction associated with a gravity
low of the order of 0.05 to 0.1 mGal (Fig.14a & b), resistivity
low (Fig.14c) and Electro-magnetic (high frequency outof-phase component) signatures (Fig.15d), indicating that
the concealed kimberlite pipe is emplaced in close vicinity
of a dolerite dyke, and both are emplaced within a shear
zone trending in ENE-WSW direction. Moderate magnetic
anomaly over the pipe may indicating the semi-weathered
nature of the pipe. Based on the above signatures, the
dimensions of the pipe (MK11) may be around 60 x 20 m.

22

Ananda Reddy
SCALE

(a) Gravity

(b) Magnetic
100
90
80

80
70
60

sstatins (m)

50
30
20
10
0

MK11

-10
-20
-30

Gr anite G neiss

-40
-50
-140

-120

-100

-80

-60

-40

-20

0

20

40

60

80

MK11

Granite Gneiss
-120

-100

-80

-60

-40

-20

70
60
50
40

20
10
0

MK11

-10
-20
-30

Low

-40

Granite Gneiss

-60
-140

-120

60

80

-100

-80

EM Contour O P - HF +ve

-60

-40

-20

0

TR AVER SES (m)

High

30

-160

40

EM-OP-HF in %

80

100
Granite Gneiss
90
Granite Gneiss
80
70
60
50
MK-11
40
30
20
10
M-11
0
MK11
-10
-20
-30
-40
-50
-60
20
40
60
80
-80 -60 -40 -20
EM Contour O P - HF -ve

Stations (m)

High

90

-50

20

(d) Electro-Magnetic

100

STATIONS ( m)

Resistivity (Ohm.m)

(c) Resistivity

0

Low

40

Low

Granite Gneiss

70
60
50
40
30
20
10
0
-10
-20
-30
-40
-50
-140

High

G r anite G neiss

Granite Gneiss
0

20

40

60

80

Traverse (m)

Low

(Gravity
in mGal)

High

90

Magnetic
in nT

m

100

100 120 140 160
Inferred boundary of
Kimberlite pipe (MK11)

Fig.14 (a). Gravity, (b) Magnetic, (c) Resistivity and (d). Electro-Magnetic (High Frequency - Out of Phase) Images
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Kotakonda Cluster (NKF)

granodiorite along a NW-SE fracture. The magnetic
susceptibility and density of KK3 pipe is about 10x10-6
CGS units and 2.30 gm/cc when compared with the
surrounding granites of 170x10-6 CGS units and 2.68 gm/cc
respectively.

Six kimberlite pipes (KK1 to 6) have been discovered
from Kotakonda cluster of NKF by GSI, of which 3 pipes
are highly weathered and exposed in well sections, and 3
pipes are un-weathered, hard, massive and dyke like bodies.
The geophysical signatures obtained over four kimberlite
pipes (KK3,4,5 and 6) from Kotakonda cluster have been
discussed in detail.

Magnetic and resistivity images over KK-3 pipe has
brought out a low dominant magnetic anomaly of -100 nT
noticed over KK3 pipe (Fig.15a), corroborating well with
resistivity low zone (Fig.15b) of 100 Ohm.m correlating
well with gravity low of the order of 0.1 to 0.15 mGals (not
shown), trending in NW-SE direction. Based on the magnetic
and resistivity signatures, the pipe is emplaced along a NWSE fracture zone indicated by resistivity and magnetic
signatures. The shape of the pipe is linear, narrow and
elongated, having a dimensions of 120 x 20 m, (approx.).

KK3 Kimberlite pipe (Ramanapalli Tanda)
A NW-SE trending highly weathered kimberlite pipe
(KK3) exposed in an abandoned well section, in the form of
yellow ground, without any calcrete and no outcrop, located
about 2 km NW of Vinjamur village, emplaced in
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An eat-west trending highly weathered kimberlite pipe
(KK4) exposed in an abandoned well section, in the form of
yellow ground with calcrete, located about 1.5 km east of
Abhangapur village, emplaced in granodiorite at the
intersection of NW-SE and NE-SW faults. The magnetic
susceptibility and density of KK4 pipe is about 10 x 10-6
CGS units and 2.45 gm/cc. Detailed magnetic and resistivity
surveys has brought out a low dominant magnetic anomaly
of -40 nT noticed over KK4 pipe (Fig.16a), corroborating
well with resistivity low zone of 120 Ohm.m (Fig.16b)
associated with a gravity low of the order of 0.1 to 0.15
mGals (not shown), trending almost in E-W direction. Based
on the magnetic and resistivity signatures, the shape of the
pipe is linear, narrow and elongated, having a dimensions
of 100 x 30 m (approx.), emplaced along a NW-SE fracture
zone.

respectively. Moderate magnetic anomaly of the order of
150 – 200 nT (Fig.17a) associated with a prominent low
resistivity zone of the order of 40 to 140 Ohm.m (Fig.17b)
and a gravity low anomaly of the order of 0.1 to 0.15 mGal
(not shown) recorded over KK5 pipe, trending in NNWSSE direction. Based on the resistivity signatures, the
inferred dimensions of the pipe is about 40 x 20 m.
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Good exposures of hard, massive, un-weathered, dark
green and extremely fine grained inequigranular kimberlite
pipe (KK6) located about 500 m east of Ammereddipalle
village, trending in WNW-ESE direction, emplaced in
granodiorite at the contact with granite gneiss along NWSE fracture. The magnetic susceptibility of pipe rock is
about 1470 x 10-6 CGS units and surrounding granite having
only 20 x 10-6 CGS units.
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Fig. 16. (a). Magnetic and (b). Resistivity Images over
Kimberlite Pipe (KK4), Abhangapur, Narayanpet
Kimberlite Field (NKF), SIDP

KK5 Kimberlite Pipe (Bommanapadu)
A highly weathered kimberlite pipe KK5 in the form of
yellow ground with calcrete exposed in a well section, which
is about 1.5 km SW of Bommanapadu village. The pipe is
trending in WNW-ESE direction and emplaced in
granodiorite along a NNW-SSE fracture. The magnetic
susceptibility and density of KK5 pipe is about 550 x 10-6
CGS units and 2.20 gm/cc when compared with the
surrounding granites of 170x10-6 CGS units and 2.70 gm/cc

Magnetic and resistivity images over kimberlite pipe
KK6 has brought out a high dominant magnetic anomaly of
+750 nT (Fig.18a) associated with moderate resistivity
anomaly of 150 Ohm.m (Fig.18b) falls over a WNW-ESE
trending low resistivity zone. Based on the magnetic and
resistivity signatures, the shape of the pipe is slightly
elongated, trending in NW-SE direction having inferred
dimensions of 25 x 15 m. The KK6 pipe falls close proximity
of intersection of N-S and NW-SE trending dolerite dykes,
reflected in the form of high intensity magnetic anomalies
associated with gravity (not shown) and resistivity highs.

Narayanpet Cluster (NKF)
About 10 kimberlite pipes (NK-1 to NK-10) have been
located from Narayanept cluster by GSI. The magnetic and
resistivity signatures obtained over five kimberlite pipes
(NK-1 to NK-5) from Narayanpet cluster have been
discussed in detail.
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Kimberlite Field, SIDP

NK1 Kimberlite Pipe (Narayanpet)
Good outcrop of hard, massive and steel grey kimberlite
pipe (NK1) exposed on the road cutting between Narayanpet
and Damarigidda villages, whose top portion is semiweathered in nature having a density of 2.45 gm/cc and
bottom portion is highly weathered, located about 2 km north
of Narayanpet, emplaced within granite gneiss along NNWSSE fracture. The magnetic susceptibility of NK1 pipe is
about 900x10 -6 CGS units when compared with the
surrounding granites having 20 x 10-6 CGS units. Detailed
SCALE
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Good outcrop of hard, massive and steel grey kimberlite
pipe (NK2) having a density of 2.85 gm/cc, exposed about
2 km west of Perapalle village and 1 km east of NK1,
trending in NNE-SSW direction and emplaced into NNWSSE fracture within the granite gneiss, closely associated
with dolerite dyke. The magnetic susceptibility of NK2 pipe
is about 390 x 10-6 CGS units when compared with the
surrounding granites of 125 x 10-6 CGS units, and magnetic
susceptibility of near by dolerite dyke is about 1670 x 10-6
CGS units. Magnetic image indicates the NK2 pipe falls
over steep north-south trending magnetic gradients
(Fig.20a) associated with moderate to high resistivities
(Fig.20b). Based on magnetic and resistivity signatures, the
shape of the pipe is slightly elongated, trending in
NNE-SSW direction, having a dimensions of the 30 x 10 m.
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magnetic and resistivity surveys has brought out a strong
magnetic anomaly of the order of -100 to +350 nT (Fig.19a),
associated with low resisitivity zone of 200 Ohm.m
(Fig.19b). Based on the magnetic and resistivity signatures,
the shape of the pipe is slightly elongated, trending in N-S
direction having a dimensions of 40 x 20 m.
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Fig. 20. (a). Magnetic (VF) and (b). Resistivity Images
over Kimberlite Pipe (NK2). Narayanpet Kimberlite
Field,(NKF), SIDP
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Fig. 19. (a). Magnetic and (b). Resistivity Images over
Kimberlite Pipe (NK1). Narayanpet Kimberlite
Field,(NKF), SIDP

Highly weathered kimberlite pipe (NK3) having a density
of 2.58 gm/cc, in the form of yellow ground with calcrete
exposed in a well section, which is about 1.5 km east of
Mudalabid village, emplaced into NW-SE fault following
the contact of TT gneiss with TGA granitoids. The magnetic
susceptibility of NK3 pipe is about 380 x 10-6 CGS units
when compared with the surrounding granites of 690 x 10-6
CGS units. Detailed magnetic and resistivity surveys over
NK3 pipe indicates a moderate bipolar magnetic anomaly
(Fig.21a) associated with a prominent low resistivity zone
of the order of 50 Ohm.m (Fig.22b), falls over a shear zone
trending in N-S direction in the form of steep resistivity
gradients. Based on the magnetic and resistivity signatures,
the NK3 pipe is having dimensions of 50 x 30 m.
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Fig. 21. (a). Masgnetic and (b). Resistivity Images over Kimberlite Pipe (NK3). Narayanpet Kimberlite
Field,(NKF), SIDP

NK4 Kimberlite Pipe (Damarigidda)

NK5 Kimberlite Pipe (Sajanapur)
Outcrops of small pipe with fine in-equigranular dark
green harde bank of kimberlite (NK5) with a density of
2.57 gm/cc, located about 1km east of Sajanapur and has
its bottom portion highly weathered. The pipe is emplaced
into NW-SE fault following the contact of TT gneiss and
TGA granitoids. The magnetic susceptibility recorded is
1000 x10-6 CGS units over this pipe and the surrounding
granites exhibited 980 x 10-6 CGS units.

Weathered kimberlite pipe NK4 in the form of yellow
ground exposed in a well section, trending in NNW-SSE
direction, which is about 1.5 km south-east of Damarigidda
village, emplaced into NW-SE fault following the contact
of TT gneiss with TGA granitoids.
Magnetic susceptibility of 90 x 10 -6 CGS units is
measured over this pipe. Magnetic image over NK4 pipe
have not brought out any diagnostic magnetic anomaly may
due to its small dimension, falls over a steep magnetic
gradients (Fig.22a) trending in E-W direction. However, a
moderate resistivity anomaly in the form of nosing (Fig.22b)
noticed over NK4 pipe, located at the contact of weathered
and fresh granite.

A feeble magnetic high anomaly of the order of 300 nT
is recorded over this pipe (Fig.23a). The feeble magnetic
response is explained by almost negligible susceptibility
contrast between the granites and kimberlite pipe rock.
Further the NK5 pipe falling over the prominent low resistivity
zone of 60 Ohm.m (Fig.23b) trending in east-west direction.
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Fig. 22 (a). Magnetic and (b). Resistivity Images over Kimberlite Pipe (NK4), Narayanpet Kimberlite Field,
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Wajrakarur Kimberlite Field (WKF)
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Fig. 23. (a). Masgnetic and (b). Resistivity Images over
Kimberlite Pipe (NK5). Narayanpet Kimberlite
Field,(NKF), SIDP

Gravity image of Wajrakaru Kimberlite Field (Kailasam
et al., 1973) have clearly brought out the disposition of schist
belts in the form of narrow and linear gravity high zones
(24b). Structural features viz., steep gradients,
discontinuities, dilated zones and contact zones are reflected
as nosings, linear closures, truncations and offsets of the
contours. Saddle portions, peripheries of younger granite
diapirs, proximity of dyke activity, fault / fracture / shear
zones and their intersections are seen in the form gravity
(b). Bouguer Gravity Anomaly Map

(a). Geological Map
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The geological map of Wajrakarur Kimberlite Field
(Nayak and Kudari, 1999) shown in Fig. 24a, measuring
120 km x 60 km encompasses the area adjoining the western
margin of the Cuddapah Basin. The study area belongs to
PGC exposing Archaean age granitic gneiss, migmatites and
granitoids. Within this terrain a narrow and linear schist belt
(Penackacherla–Ramgiri schist belt) consist of metavolcanics, biotite – chlorite schist, amphibolite, hornblende
schist, banded ferruginous quartzite, agglomerate and
ultramafics. Potash rich granites of Closepet equivalent
intrudes both gneissic terrain and schist belts. The granitegreenstone terrain hosting the Wajrakarur-Lattavaram,
Chigicherla, Kalyandurg and Timmasamudram clusters
constitute the Wajrakarur Kimberlite Field (WKF), shows a
series of culminations and depressions, prominent of which
are the Marutla dome, Katrimala dome and the Charlopale
dome (Fig.24a). The kimberlite pipes were emplaced along
a ENE-WSW trending faults passing through the northern
closures of Marutla, Katrimala and Charlopale domes.
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Low
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Fig. 24. (a). Geological Map and (b). Bouguer Gravity Anomaly Map of Wajrakarur Kimberlite Field (WKF), SIDP
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linears assume importance, the known kimberlite pipes falls
at the intersection of the NW-SE to NNW-SSE linears with
the E-W to ENE-WSW trending fault / fracture / shears.
Study and compilation of geophysical responses over 18
known kimberlite pipes from Wajrakarur Kimberlite Field
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are dealt in detail from the available and published
literature. Physical properties viz., density and magnetic
susceptibility of various kimberlites from WKF, its
emplacement control and inferred dimensions from detailed
geophysical surveys are shown in Table-2.

Table-2. Physical properties of Kimberlite pipes, Wajrakarur Kimberlite Field, SIDP.
P
I
P
E

Location
and
Nature of pipe

Density
(g/cc)

Suscep
tibility
-6
(Kx10
CGS units)

Geophysical Signatures
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Resistivity

Emplacement controls
& Intersections

Inferred
dimensions
from GP
surveys
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Wajrakarur Pipe (Semiweathered outcrops)

2.86 to
3.07

10 - 20

High

Moderate

High

ENE-WSW fault and
contact of TT gneiss and 1080 x 180 m
TGA granitoids

P2

Wajrakarur Pipe (hardebank steel
grey
outcrops).

3.0
3.2

2100 4290

High

Bipolar

High

ENE-WSW fracture and
contact TGA granitoids
with TT gneiss

380 x 70 m

2.65 to
2.73

40 - 420

Mode
rate

Low

Low

Emplaced into TGA
granitoids close to an
ENE-WSW trend faul t

Semi-circular
120 x 40 m

2.78 to
2.92

1100 1520

High

Bipolar

High

TGA rocks nearer to the
ENE-WSW fault

Semicircular
265 x 130m

2.81 to
2.92

620 - 2130

High

Bipolar

High

TGA granitoids along an
ENE-WSW sinistral
fault.

240 x 45 m

2.28 to
2.37

--

Low

Low

Low

Contact of the TT gneiss
and TGA rocks along
NE-SW fault.

2.52 to
2.54

80 - 130

Low

Bipolar

Low

Emplaced into Schist
belt & granitoids along a
NE-SW fault.

2.65
to 2.73

140 - 420

Mode
rate

High

Low

TGA granitoids close to
an ENE-WSW fault

2.65 to
2.73

240 - 420

Feeble
high

Feeble
high

Low

TGA granitoids close to
an ENE-WSW fault

3.03 to
3.13

1110 2800

Low

Feeble
high

Low

ENE-WSW fracture with
Singanamala
fault - NW-SE

Pod shaped,
1200 x 1000
m

ENE-WSW fracture with
a NW-SE shear

Pear-shaped
315 x 185 m

ENE-WSW
fractures
with NW-SE shear

200 x 175 m

ENE-WSW fault with
NNW-SSE fracture
ENE-WSW fault with
NNW-SSE fracture
ENE-WSW fault with
NNW-SSE fracture
along an ENE-WSW
parallel fracture

elongated
30 x 50 m
oval –
25 x 45 m
elongated
30 x 50 m
semicircular
20 x 20 m

Lattavaram Pipe
P3 (a (Highly weathered
Kimberlite)
P4

P5

P6

P7

P8

P9

P10

Lattavaram Pipe
(Scattered boulders
of harde bank)
Muligiripalli Pipe
(Dyke like, trending
O
o
N 85 E – S 85 W)
Wajrakarur Pipe
(highly weathered,
circular and
concealed pipe)
Venkatampalle Pipe
(Dyke like feature,
No outcrops)
Lattavaram Pipe
No outcrops
Lattavaram Pipe,
Diamondiferous,
No outcrops
Anumpalle Pipe,
Diamondiferous,
No outcrops

to

CC1

Chigicherla Pipe Isolated outcrops

2.91

2320

CC2

Chigicherla Pipe Isolated outcrops

2.93

2440

TK1

Timmasamudram Pipe,
No outcrops
Timmasamudram pi pe No outcrops Timmasamudram pi pe No outcrops Timmasamudram Pipe No outcrops Timmasamudram pi pe No outcrops Timmasamudram Pipe No outcrops - Capped
by 1 m soil

--

792

TK2
TK3
TK4
TK5
TK6

CHIGICHERLA CLUSTER
High
High
High
High

High

High

2.44

TIMMASAMUDRUM CLUSTER
-Bi-polar
10
Low
Low
Low

2.52

600

Low

--

--

Low

--

323

2.56

740

Low

Moderate
Feeble
high
Moderate

Low

Moderate

Low
Low

260 x 240 m

900 x 25 m

Semi-circular
110 x 55 m
Semicircular
37 x 21 m

Low

--

--

Low

--

40 x 18m

28

Ananda Reddy

0

Magnetic (Gamma)

100

(b)

41600
41200

W400

Soil Cover
W200

PIPE-2

E200

41200
40800 (d)
40400

Soil Cover
W400

W200

PIPE-4
0

Soil Cover
E200

40800

(f)
Soil Cover
W400

PIPE-6
W200

0

Soil Cover
E200

200m

41600

(a)

41200
40800

E400

PIPE-1

Soil Cover
W400

W200

0

Soil Cover
E200

E400

41200

(c)

40800
40400

Soil Cover
W400

E400

41600
41200

100

E400

Magnetic (Gamma)

Soil Cover

40800

Magnetic (Gamma)

Magnetic (Gamma)

Magnetic (Gamma)

Magnetic (Gamma)

SCALE
200

PIPE-3

Soil Cover

0

E200

W200

40400

E400

(e)

41200
41000

Soil Cover
W400

PIPE-5

Soil Cover

W200

0

E200

E400

(after Krishna Murthy, 1981)

Fig. 25. Magnetic response over Kimberlite Pipes (F-1,P-2, P-3, P-4, P-5 and P-6).
Wajrakarur-Lattavaram area, Wajrakarur Kimberlite Field (WKF), SIDP

P-1 Kimberlite Pipe (Wajrakarur)
Outcrops of hard and semi-weathered kimberlite pipe
(P-1) located about 0.5 km north of Wajrakarur village,
trending in N60 OE–S60 oW direction, emplaced along
ENE-WSW trending fault following the contact of TT
gneisses and TGA granitoids. Yellow ground starts beneath
the 3 m thick soil cover. The magnetic susceptibility of pipe
rock is 50-100 X 10-6 CGS units when compared with the
surrounding granites having 10-20 X 10-6 CGS units, with
a density variation of 2.86 to 3.07 gm/cc, having a
dimensions of 1080 x 180 m. Magnetic profile over pipe
P-1 (Krishna Murthy, 1981) indicates a moderate magnetic
anomaly with a relief of 200 gamma (Fig.25a). The moderate
response is explained by little susceptibility contrast between
the granites and kimberlite pipe rock.

P-2 Kimberlite Pipe (Wajrakarur)
Three bodies of hardebank and steel grey outcrops of
massive and un-weathered kimberlite (P-2) is located about
2.5 km east of Wajrakarur village, trending in NW-SE
veering to N75OE–S75oW, having a dimensions of (i) 300 x
70 m, (ii) 580 x 160 m and (iii) 500 x 120 m, emplaced into
TGA granitoids close to the contact with TT gneisses along
a NE-SW to ENE-WSW veering fracture. Magnetic profile
indicates a high intensity magnetic anomaly with a relief of
1200 gammas (Fig.25b). The pipe is highly resistant, hard
and massive and it is somewhat elongated and gave rise to
a dominant low in the north and is associated high to the
south. It has shown a gravity high of about 0.3 mGal and a
resistivity high of about 500 Ohm.m (not shown in figure),
due to its hard and compact nature. The magnetic
susceptibility of pipe P-2 of the order of 2100 - 4290 X 106
CGS units than the surrounding granites of 50 X 10-6 CGS
units and the density variation of 3.0 – 3.2 gm/cc.
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Fig.26. Resistivity profiles over Kimberlite Pipe (P3),
Lattavaram area, Wajrakarur Kimberlite Field (WKF),
SIDP

P-3 Kimberlite Pipe (Lattavaram)
A semi-circular, N 47O W – S 47O E trending highly
weathered kimberlite (P-3) located about 1.0 km east of
Lattavaram village, which was covered by 1.5 m thick
calcrete, emplaced into TGA granitoids, close to an ENEWSW trending fault that passes through closure of the
Marutla dome (Fig.24a). The magnetic susceptibility of
kimberlite pipe is about 40 – 420 X 10-6 CG units than the
surrounding granites having magnetic susceptibility of 50
X 10-6 CGS units and density of 2.65-2.73 gm/cc.
Magnetic profile (Fig.25c) indicates a feeble magnetic
low observed over P-3 pipe. Where as, resistivity profiles
with (Wenner array of a=10 to 70 m) over P-3 kimberlite
pipe (Fig.26) indicate a prominent resistivity low of the order
of 10 to 30 Ohm.m.
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Fig.27 (a). Magnetic and (b). Gravity Anomaly maps over Kimberlite Pipes P3 & P9, Lattavaram area,

Fig. 27. (a). Magnetic and (b). Gravity Anomaly
area Kimberlite Pipes P3 & P9, Lattavaram Area.
Wajrakarur Kimberlite Field (WKF), SIDP
Further, semi-detailed magnetic and gravity surveys in
Lattavaram area (Subba Rao et al., 1989) has brought a low
dominant magnetic anomaly over P-3 pipe associated with
feeble gravity closure of 0.1 mGal corroborating with
resistivity lows suggests its highly weathered nature
(Figs.27a & b). Detailed gravity surveys (Chayanulu et al,
1989) indicates that the P-3 pipe falls close to the
intersection of NW-SE trending steep gravity gradients and
E-W trending contiguous fault system (Fig.28a & b)
associated with saddle portion near gravity low
(Ramachandran et al., 1999). This pipe also falls at close
vicinity of a dolerite dyke trending in E-W direction,
indicating that the magnetic trends has a significant bearing
on structural control in the emplacement of kimberlite pipes.
Based on the geophysical anomalies, the pipe having a
dimensions of 70 x 35 m in size.

Scattered boulders of harde bank and melanocratic
kimberlite pipe (P-4) in semi-circular shape, trending in
N65OE, underlain by yellow ground, located 1.75 km east
of Latavaram village, emplaced into TGA rocks nearer to
the ENE-WSW fault passing through the closure parts of
the Marutla domal structure (Fig.24a). The magnetic
susceptibility of pipe P-4 of the order of 1100 - 1520 X 106
CGS units than the surrounding granites of 50 X 10-6 CGS
units and the density variation of 2.78 – 2.92 gm/cc. Total
field magnetic profile (Fig.25d) and magnetic image (Fig.29)
indicates a strong bipolar magnetic anomaly with a relief of
1000 nT noticed over P-4 pipe (Chayanulu et al., 1984).
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Fig. 29. Magnetic Anomaly Map over
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Area. Wajrakarur Kimberlite Field, SIDP
Detailed gravity surveys (Chayanulu et al, 1989)
indicates that the P-4 pipe falls at fault jog area (Fig.28a &
b), at the intersection of NW-SE trending steep gravity
gradients and E-W trending contiguous fault system
(Ramachandran et al., 1999) and also falls at close vicinity
of dolerite dyke trending in E-W direction, indicating that
the magnetic trends has a significant bearing on structural
control in the emplacement of the pipe. Based on the
geophysical signatures, the pipe (P-4) may be hard and
massive in nature, having a dimensions of 265 x 130 m
(approx.,).

P-5 Kimberlite Pipe (Mulugiripalli)
Fig.28 (a). Gravity Anomaly Map showing (b). inferred structures,

Fig.28. (a). Gravity Anomaly Map showing (b). Inferred
Structures, Lattavaram area, Wajrakarur Kimberlite Field
(WKF), SIDP

An east-west trending hard kimberite pipe (P-5) capped
by 1 m thick calcrete located about 1 km east of
Mulugiripalli village, having a dimensions of 150 x 15 m,
emplaced into TGA granitoids along an ENE-WSW sinistral
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The concealed and highly weathered kimberlite pipe (P6) is the first geophysical find by the GSI (Kailasam et al,
1972), discovered based on resistivity and gravity signatures.
The pipe P-6 was located about 2 km WSW of Wajrakrur
village and pipe is in circular in shape
(Fig. 24a). The
concealed, highly weathered and altered kimberlite pipe
capped by 3 m thick black soil. It has a 42 m thick yellow
ground (drill hole data) below which it passes into blue
ground emplaced at the contact of the TT gneisses and TGA
rocks along NNE-SSW fault.
From critical examination of the location of kimberlites
from Gravity anomaly map (Figs. 24b & 30) of Kamalapadu
area, (Kailasam, 1972) vis-a-vis the corresponding gravity
signatures, it is clear that their emplacement is close to the
margins of litho contacts / fault / fracture zones in the form
of gradients or intrusive bodies. The cluster of gravity high
and low closures along NNE-SSW axis passing close to pipe
(P-1), numbered as I to VIII gravity anomalies, tested by
pitting. Anomaly-VII proved to be concealed kimberlite pipe
(P-6) and falls in the fractured zone, reflected as saddle
portion within a gravity low.
The highly weathered kimberlite pipe (P-6) shows three
distinct zones. The top zone, yellow ground is highly
weathered, the middle zone, blue ground is semi-weathered,
and the bottom zone harde bank is least weathered. The
SCALE
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The Time Domain EM (TEM) method was most effective
over soil covered areas suggested that in locating a highly
weathered kimberlite pipe rock (P-6). The TEM response
over P-6 (Babu Rao et al., 1992) shows strong and persistent
anomalies over the kimberlite body and notice their
remarkable freedom from noise away from it (Fig.31c).
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physical properties of these zones vary considerably. 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). Feeble magnetic highs
recorded (Fig.31b) over the P-6 pipe (Krishna Murty, 1981).
Resistivity profiling (Wenner) carried out with different
separations (Fig.31a) brought out a well defined ‘low’
(conductive zone, 15-20 Ohm.m) which proved to be a
weathered kimberlite buried at shallow depth of 5m with
an elliptical outline of dimensions 270 x 150 m.

Resistivity in Ohm.m

fault that displaces Marutla dome, at the contact with an
east-west dyke. The magnetic susceptibility of pipe P-5 of
the order of 620 - 2130 x 10-6 CGS units than the surrounding
granites of 50 X 10-6 CGS units and the density variation of
2.81 – 2.92 gm/cc. Magnetic profile (Fig.25e) indicates a
high dominant anomaly with a relief of 300 gammas. Based
on the magnetic signatures, the pipe may be hard and massive
in nature.
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Fig. 31. a). Resistivity, b). Magnetic and c).
Electro-Magnetic profiles (TD) over Kimberlite
Pipe-6, Wajrakarur Kimberlite Field, SIDP
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Fig. 30. Gravity Map of Kamalapadu area,
Wajrakarur Kimberlite Field, SIDP
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No outcrops are located over Kimberlite pipe-7, which
was capped by calcrete, identified by Gupta Sharma et al,
(1986) based on stream sediment analysis. The pipe was
located about 500 m south-east of Venkatampalle village,
emplaced into Penakacherla Schist belt and associated
younger granitoids along a NE-SW fault (Fig.24a). Pipe-7
trends in N500E–S400W, having a maximum weathering zone
thickness of 14 m and dips towards south-east.

An Atlas of Geophysical Signatures over Various Kimberlite
Fig. 32. shows the digitized total intensity magnetic
image generated over P-7 pipe (after Babu Rao et al., 1992),
indicating moderate magnetic anomalies trending NE-SW
direction with steep dips towards south-east. Minor
perturbations in the magnetic anomaly map 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). Strong ENE-WSW trending
magnetic anomaly in the south is due to presence of
concealed dolerite dyke emplaced along a parallel fracture.
Electro-magnetic (Slingram) measurements indicated a
significant negative quadrature anomaly of the order of 6%
to 10% over the pipe, found to be effective in delineating
the disposition of the kimberlite pipe-7 (Fig.33) in the form
of ‘poor conductor’ indications by seven segments (A, B,
C, D, E, F and G). The longer axes of all the segments are
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 750 m. Within this
zone, a negative 10% contour suggest the areas of grey,
massive and thick kimberlite as evidenced by the borehole
data. Based on EM indications a borehole was put and struck
15 cm of kimberlite rock at a depth of 44 m suggesting further
extension towards NE (Subba Rao et al, 1990).
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coinciding well with the 6% EM poor conductor indications.
Where as, green coloured pipe exposed in the segments A
to F coinciding with 7 to 8% EM poor conductor indications
appears to be the 2nd phase, and 3rd phase is grey coloured
pipe coinciding with 8 to 10% EM poor conductor
indications is relatively harder kimberlite. Incidence of
diamonds and presence of xenoliths of crustal origin are
abundant and few autoliths are also noticed within the pipe.
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Kimberlite Pipe-7 exposed as
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Fig. 33. Geology and Electro-magnetic (Slingram)
Quadrature response over Kimberlite Pipe-7.
Venkatampalli area, Wajrakarur Kimberlite Field. SIDP

P-8 Kimberlite Pipe (Lattavaram)

(Babu Rao et al., 1992)

Fig.32. Magnetic (TF) anomaly map over Kimberlite Pipe-7,

Fig. 32. Magnetic (TF) anomaly map over
Kimberlite Pipe-7. Venkatampalli area, Wajrakarur
Kimberlite Field, SIDP
The Pipe-7 in Venkatampalli area probably indicating
three different pulses / phases of kimberlite emplacement
based on the relation between EM poor conductor
indications Vs weathering characteristic and colour variation
within the pipe. Yellow and highly weathered part appears
to be the 1st phase of emplacement found in all the segments

A semi-circular and semi-weathered kimberlite pipe
(P-8) was located about 2km ENE of Lattavaram village,
which was covered by 1.5 m thick calcrete, emplaced into
TGA granitoids, close to an ENE-WSW trending fault that
passes through closure of the Marutla dome (Fig.24a). The
magnetic susceptibility of kimberlite pipe is about 140-420
x 10 -6 CGS units than the surrounding granites having
magnetic susceptibility of 50 x 10-6 CGS units and density
of 2.65 - 2.73 gm/cc. Keeping the geophysical strategy and
anomalies obtained over P-3 and P-4 pipes, detailed gravity,
magnetic and resistivity surveys (Chayanulu et al., 1986)
suggested over another gravity closure, which is
approximately 500 m east of Pipe-4, led to the discovery of
volcanic Pipe No.8 in Lattavaram Thanda. Detailed
geophysical surveys along the major and minor axis of the
kimberlite pipe P-8 (Fig.34), indicates a minor gravity high
of 0.15 mGal, associated with a high dominant magnetic
anomaly with a relief of 500 nT and prominent resistivity
low of 50 – 100 Ohm.m (Wenner array a=10, 20, 30 and 40
m separations) suggests that the pipe may be of
semi-weathered in nature. Magnetic image over pipe-8 (Fig.
30) also indicates a high dominant magnetic anomaly falling
very close proximity of ENE-WSW trending dolerite dyke.
Based on the geophysical signatures, the inferred dimensions
of P-8 is about 110 x 55 m (Subba Rao et.al, 1989).

P-9 Kimberlite Pipe (Lattavaram)
A semi-circular and weathered kimberlite (P-9) was
located about 1.5 km NE of Lattavaram village, covered by
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P-10 Kimberlite Pipe (Anumpalle)
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Pod shaped, N60OW – S60oE trending kimberlite pipe
(P-10) located about 0.75 km west of Anumpalle village,
emplaced into the younger granitoids at the intersection of
an ENE-WSW fracture with NW-SE Singanamala fault
(Fig.24a). No outcrop is exposed over P-10 pipe, and capped
by 1.5m thick calcrete and two linear disconnected satellite
bodies occur to the west of the main body. The magnetic
susceptibility of the hard and massive kimberlite is about
1110 – 2800 x 10-6 CGS units and having a density of 3.03
to 3.13 gm/cc. 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 (Fig.24b).

NW150

(after Chayanulu, 1986)

Fig. 34. Gravity, Magnetic and Resistivity profiles over the
Kimberlite Pipe-8, Lattavaram Tanda area, WKF, SIDP
1 m thick calcrete, emplaced into TGA granitoids, close to
an ENE-WSW trending fault that passes through closure of
the Marutla dome (Fig.24a). The magnetic susceptibility of
kimberlite pipe is about 240-420 x 10-6 CGS units than the
surrounding granites having magnetic susceptibility of 50 x
10-6 CGS units and density of 2.65-2.73 gm/cc.
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The resistivity profiles (Subba Rao, et al., 1989) along
the major axis of the kimberlite pipe P-9 (Fig.35), indicates
a prominent resistivity low of 50 – 200 Ohm.m (Wenner
array a=10, 20, 30, 40 & 50 m separations). Further, magnetic
and gravity images (Subba Rao et al., 1989) over kimberlite
pipe P-9 (Figs.27a & b) indicates a moderate magnetic and
gravity highs suggests the semi-weathered nature of the pipe
at depth. The pipes (P-3 and P-9) also falling close vicinity
(northern side) of a dolerite dyke trending in ENE-WSW
direction, indicating that the magnetic and gravity trends
has a significant bearing on structural control in the
emplacement of volcanic pipes. Based on the geophysical
anomalies, the pipe having a dimensions of 40 x 20 m in size.

(after JAVRK SUbba Rao
et al., 1989)
BEARING EAST-WEST

( ALONG THE MAJOR AXIS OF THE PIPE ROCK )

Fig. 35. Resistivity profiles over Kimberlite Pipe (P9).
Lattavaram Tanda. Wajrakarur Kimberlite Field, SIDP
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Fig. 36. Structural features inferred from Gravity map,
Wajrakarur Kimberlite Field, showing locations of
Pipes P7,10,11 & 12, SIDP
A cross structural features trending NE-SW cutting across
Singanmalai fault could be seen between Wajrakarur and
Pamidi, resulting in a radial fault / fracture zone
(Venkateswarlu et al., 2001). Incidentally kimberlite pipes
P-7, P-10, P-11 and P-12 fall in this zone (Fig.36). Detailed
magnetic (Fig.37) and gravity images (Fig.38), south-east
of Wajrakarur area has brought out linear magnetic and
gravity signatures trending in NE-SW and NNW-SSE
directions. Kimberlite pipes P-10 and P-11 are falls close
to the intersection of these NE-SW and NNW-SSE linears.
Geophysical profiles (Fig.39) consisting of gravity,
magnetic, resistivity, potash and EM profiles across the
inferred less contaminated portions as well as contaminated
portions of the P-10. Gravity profile has brought out a
prominent low over kimberlite pipe. Resistivity pseudo-
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The geometrical disposition of P-10 is inferred from the
gravity image (Fig.40). It is an irregular body with three
distinct zones (Zones-I, II & III) in the form of less contaminated portions, which are brought out as gravity lows.
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Fig.43 a). Magnetic (VF) and (b) Gravity Images,

Figs. 37. & 38. Magnetic and Gravity images showing
locations of Kimberlite pipes (P10 & 11), SE of
Wajrakarur, WKF, SIDP
section prepared with 2 electrode array for n = 20, 40, 80,
120 and 160 m, clearly brought out sub-surface disposition
of the pipe in a funnel shaped form and its depth continuity.
Low resistivity values noticed over less contamination part
and high values over more contamination portions. Potash
lows observed over kimberlite pipe-10. Electro-magnetic
(HF) IP and OP profiles indicate a EM low to moderate
conductor response over a plug like body (Fig.39).
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The zone-1 appears to be a main feeder 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 low closures on the
periphery of inferred pipe (S-1 to S-6) may be due to
presence of satellite kimberlite bodies (Fig. 41), connected
with the main pipe at depths. The inferred dimensions from
geophysical signatures indicates that the pipe having
dimensions of about 1200 x 1000 m.
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Fig. 39. Gravity Magnetic, Electro-magnetic, Potash
and Resistivity Profiles over Anumpalli Kimberlite
Pipe-10, Wajrakarur kimberlite Field, SIDP

Fig.41. Inferred boundary of Anumpally Kimberlite
Pipe-10 from Gravity surveys, Wajrakarur
Kimberlite Field, SIDP
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Chigicherla Cluster

CC-1 Kimberlite Pipe (Chigicherla)

The kimberlite pipes in Chigicherla cluster in the southeastern part of the WKF, are located along a ENE-WSW fault
zone passing through the northern closure of Cherlopalle
dome. A major NW-SE trending dolerite dyke passing
through this closure of the Cherlapalle dome is displaced
along the ENE-WSW fault. Total intensity aero-magnetic
image (RSAS, GSI) and gravity image (Kesava Mani et al,
1996) of Chigicherla and adjoining area indicates two
prominent high intensity linear aero-magnetic (Fig.41a)
anomalies trending in NW-SE direction corroborating well
with linear gravity features (Fig.46b) in the form of steep
gravity gradients. Kimberlite pipes CC-1 and CC-2 falls over
aero-magnetic and gravity lows in the central portion, where
as CC-3 and CC-4 pipes falls over steep gravity gradients
associated with high intensity linear aero-magnetic features
trending in NW-SE direction, in the south-western part
of the area. Geophysical signatures obtained over
kimberlite pipes CC-1 and CC-2 are described in detail.

Pear-shaped, isolated melanocratic outcrops of
kimberlite pipe (CC-1) peeping through 1.5 m thick soil
cover located about 1km north-east of Chigicherla village,
trending in NNW-SSE direction, emplaced into TGA
granitoids close to the intersection of an ENE-WSW fracture
with a NW-SE shear.
Magnetic susceptibility of CC-1 pipe is 2320 X 10-6
CGS units when compared with the surrounding granites
having 10-20 x10-6 CGS units, having a density of 2.91
gm/cc. Gravity, magnetic and resistivity profiles over
kimberlite pipe CC-1 (Fig. 43a) has brought out a prominent
high intensity magnetic anomaly associated with gravity and
resistivity highs indicates its hard, massive and un-weathered
nature of the pipe. Resistivity contours overlay on gravity
and magnetic anomaly zones (Fig.44a) over kimberlite pipe
(CC-1) has indicated the dimensions of the pipe is about
315 x 185 m (Sreerama murty et al., 1993).

Fig. 42 (a). Aero-Magnetic and (b). Gravity images of Chigicherla area, showing location of
Kimberlite pipes CC1,CC2,CC3 & CC4, Wajrakarur Kimberlite Field. SIDP

CC-2 Kimberlite Pipe (Chigicherla)

Fig. 43. Gravity, Magnetic and Resistivity profiles
over Kimberlite Pipes (a) CC1 and (b) CC2
Chigicherla area, Wajrakarur Kimberlite Field,
South india Diamond Province

Pear-shaped, isolated melanocratic outcrops of
kimberlite pipe (CC-2) peeping through 1.5 m thick soil
cover located about 2 km north-east of Chigicherla village,
trending in NNW-SSE direction, emplaced into TGA
granitoids close to the intersection of an ENE-WSW fracture
with a NW-SE shear. Magnetic susceptibility of CC-2 pipe
is 2440 x 10 -6 CGS units when compared with the
surrounding granites having 10-20 x 10-6 CGS units, having
a density of 2.93 gm/cc. Detailed gravity, magnetic and
resistivity profiles over kimberlite pipe CC-2 (Fig. 43b) has
brought out a prominent bipolar magnetic anomaly
associated with gravity and resistivity highs indicates its hard,
massive and un-weathered nature of the pipe (Kesava Mani
et al., 1992). Resistivity contours overlay on gravity and
magnetic anomaly zones (Fig.44b) over kimberlite pipe (CC2) has indicated the dimensions of the pipe is about 200 x
175 m (Sreerama murty et al, 1993).
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Fig. 44. Resistivity contours overlay on Magnetic and Gravity Anomaly Zones over Kimberlite pipes
(a) CC1 and (b) CC2, Chigicherla Area,

Timmasamudrum Cluster

with NNW-SSE trending basic dykes.

Six kimberlites (TK-1 & 5, TK-2,TK-3, TK-4 and
TK-6) were discovered in Timmasamudram area (Srinivasa
Choudary et al., 2007 and Srinivas, 2008), south of
Wajrakarur Kimberlite Field, Anantapur district, A.P 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. Timmasamudram cluster
(Fig.24a) is situated on the left bank of the Penner River at
about 1.5 km WSW of Timmasamudram village between
Chigicherla cluster and Kalyandurg clusters, emplaced in
Tonalite-Trondjhamite Gneisses (TTG) of PGC along a
major ENE-WSW trending sinistral fault at its intersection

The Magnetic (TF) image (Fig.45) of Timmasamudrum
-Mauktikapuram area (Srinivas, 2008) has brought out the
disposition of various geological features. The Magnetic
(TF) map showing ENE-WSW set of fractures dominantly
controlling emplacement of a majority of kimberlite bodies,
orthogonal to the regional trend, whereas, the NNW-SSE
set of fractures are parallel. Kimberlite pipes, viz., TK-1,2,3
and 5, occur in a row over a distance of 1 km and TK-4 is
located in a parallel fracture at about 0.6 km SE of TK-2.
They are totally concealed under thick soil cover (0.5 - 1.0
m thick) devoid of perceptible spread of calcrete. Moreover,
these bodies do not display any physiographic depression
exhibited usually by kimberlite bodies.

Fig.45. Magnetic (Total Field) Image of Timmasamudrum - Mauktikapuram area,
Wajrakarur Kimberlite Field, SIDP
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A critical examination of the magnetic contour map
(Fig.44) of the area around the point of intersection of two
linears ENE-WSW linear located to the north of the known
kimbelrite pipes TK-1, TK-2, TK-3, TK-4 and TK-5, and
the NW-SE linear east of Mauktikapuram in the central part,
indicates a NNW-SSE trend with anomaly varying from 618 to +350 nT (Fig.44). Pitting has revealed a zone of
calcrete (~1 m thick) beneath the soil cover, followed
downward by highly weathered greenish kimberlite breccia
(TK-6) rich in country rock xenoliths (granite).

Magnetic response varies from +175 to +265 nT over the
pipe (Fig.46), which is emplaced within the amphibolites.
The pipe is located at the intersection of divergent trends of
magnetic contours. A gentle magnetic gradient in a radial
form over a length of 20 m and width of 10 m corresponds
to TK-2 pipe rock.

TK-1 and TK-5 Timmasamudram Kimberlite Pipes
TK1 pipe is located about 2.5 km WSW of
Timmasamudrum village and emplaced in TTG granitoids
at the intersection of ENE-WSW fault with NNW-SSE
fractures. No out crop is seen over this pipe, capped by 1 m
thick soil cover, oval in shape and elongated northerly
(Fig.44). Where as TK-5 is located about 120m east of TK1
pipe. Strong bipolar magnetic anomaly of -638 to +1022
nT is observed over TK1 pipe, over a length of 200 m and a
width of 40 m (Fig.45). The kimberlite pipe TK1 (30 x 50
m) trending in NE-SW direction is at the contact of dyke
and granite gneiss with enclaves of amphibolites. Another
pipe TK5 (20 x 20 m) is reflected in the form of extension
of the negative anomaly with feeble east-west swerve
sandwiched between dolerite dyke in the east and gneiss in
the west. The magnetic susceptibility of dolerite dyke (K =
792 x 10-6 CGS units) and kimberlite pipe TK5 (K = 323 x
10-6 CGS units) are comparable.

TK-2 Timmasamudram Kimberlite
Timmasamudrum Kimberlite Pipe TK-2 was located
about 1.5 km WSW of Timmasamudrum village. No out
crop of TK-2 was seen, capped by 1 m thick soil cover,
oval in shape, trending in north-south direction and emplaced
in TTG granitoids at the intersection of ENE-WSW fault
with NNW-SSE fracture. The magnetic susceptibility of TK2 pipe is 10 x 10-6 CGS units and density of 2.44 gm/cc.

Fig. 47. Magnetic response over Kimberlite Pipe (TK2).
Timmasamudram area, Wajrakarur Kimberlite Field, SIDP

TK-3 Timmasamudram Kimberlite
TK-3 pipe is located about 1 km ENE of TK-1 pipe,
emplaced in TTA granitoids at the intersection of ENE-WSW
fault with NNW-SSE fracture. No outcrop is seen over the
pipe and capped by 1 m thick soil cover. A strong east-west
trending bipolar magnetic anomaly varying from -452 to
+540 nT (Fig,47) corresponds to a dolerite dyke near the
pipe. The pipe rock TK-3 of 20 x 10 m dimension is
associated with the gradients of the magnetic anomaly. The
magnetic susceptibility of the pipe rock TK-3 is 600 x 10-6
CGS units and a density of 2.52 gm/cc.

Fig.46. Magnetic response over Kimberlite Pipes (TK1 and TK5), Timmasamudrum area,
Wajrakarur Kimberlite Field, SIDP
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TK-6 Timmasamudram Kimberlite

Fig. 48. Magnetic response over Kimberlite Pipe (TK3).
Timmasamudram area, Wajrakarur Kimberlite Field, SIDP

TK-4 Timmasamudram Kimberlite

A critical examination of the magnetic contour map of
the area (Fig.45) around the point of intersection of two
linears ENE-WSW linear (located to the north of the known
kimbelrite pipes TK-1 to 5), and the NW-SE linear (east of
Mauktikapuram) in the western part, indicates a NNW-SSE
trend with anomaly varying from -618 to +350 nT. The
magnetic contour map reflects two low zones and a high
zone. 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 618 nT in the north (Fig.50) was tested by pitting and the
petrological analysis of the weathered rock samples collected
over this zone confirmed the rock as Kimberlite and is
numbered as Pipe TK-6 (Srinivas, 2008, which is about 1.5
km WSW of TK-1. 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. The dimensions of the pipe rock is about 40 x 18 m.

The TK-4 pipe was located about 0.6 km SE of TK-2
pipe, semicircular in shape, emplaced in TTG granitoids
rich in amphibolite enclavial bands along an ENE-WSW
parallel fracture. No outcrop is seen over the pipe and capped
by 1 m thick soil cover. The NNW-SSE trending
diamondiferous kimberlite pipe is associated with
amphibolites and recorded feeble high values of +100 to
+250 nT (Fig.53). The areal extent of the pipe is about 20 x
20 m. An overall magnetic anomaly of -200 nT to +400 nT
around the pipe with a number of low and high closures
corresponding to amphibolites in the area, thus exact
delineation of pipe could not be done.

Fig. 50. Magnetic response over Kimberlite (TK6).
Timmasamudram, Wajrakarur Kimberlite Field, SIDP

Tungabhadra Kimberlite Field (TKF)

Fig. 49. Magnetic response over Kimberlite Pipe (TK4).
Timmasamudram area, Wajrakarur Kimberlite Field, SIDP

Both Tungabhadra and Raichur Kimberlite Fields are
falling in between Wajrakarur Kimberlite Field in the south
and Narayanpet Kimbelrite Field in the north, in parts of
PGC which comprises mainly Tonalite-GranodioriteAdamelite (TGA) suite of rocks, consisting of thin
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discontinuous bands of amphibolite schist (Raichur schist
belt) as xenoliths within EDC (Fig.51a). Linear and narrow
Raichur schist belt reflected in the form of gravity highs
and high gradients trending in NW-SE direction (Fig.51b).
Dolerite and quartz reefs occur as intrusives.
TKF comprising of Mantralayam Cluster and
Chagapuram Clusters. The Mantralayam Cluster consists of
4 kimberlite pipes. Kimberlite pipe (MNK-1) was discovered
near Nagaladinne village, just south of Tungabhadra River
bank by AMSE Wing, GSI, during 2003, which is about 15
km east of Mantralayam. Concealed kimberlite pipe (MNK2) was reported in the northern bank of Tungabhadra river
course, about 5 km east of Mantralayam near
Nadigaddamalkapur, (Ravi et al., 2007) by stream sediment
analysis. Turkandoni kimberlite TK-1 is exposed in a well
section reported about 20km north-west of Mantralayam near
Turkandoni village, and TK-2 (blind pipe ?) was exposed in
a tube well, which is about 300 m west of TK-1 (Basavaraja
et al., 2011) falls close to the intersection of NW-SE steep
gravity gradients with ENE-WSW linears (Fig.51b).
Chagapuram cluster consists of two kimberlite pipes
(CGK-1 and CGK-2) located about 35 to 40km east of

Mantralayam cluster (Ravi and Satyanarayana, 2007) located
close to Chagapuram village in 56H/I6 at the contact of the
Peninsular Gneissic Complex (PGC) with the Gadwal Schist
Belt (GSB). Of these two bodies, CGK -1 is exposed in a
well section with 6 m thick calcrete . The CGK-2 is not
exposed but capped by thick kimberlitic calcrete. The
kimberlites are highly weathered and carbonated. Physical
properties viz., density and magnetic susceptibility of
kimberlites, its emplacement control and dimensions inferred
from detailed geophysical surveys are shown in Table-3.

Mantralayam Cluster
MNK-1 Kimberlite Pipe (Nagaldinne)
Detailed gravity, magnetic, electromagnetic and resistivity
methods were conducted over MNK-1 Kimberlite pipe (H V
Rao et al, 2007) to know its nature, size and geometrical
disposition of the pipe. Gravity profile clearly indicated the
inferred kimberlite pipe in the form of a prominent gravity
low closure of the order of 0.6 mGal (Fig.52). The EM
(Horizontal Dipole) map has fairly deciphered the outline of
the kimberlite body in the form of conductivity high, associated
with resistivity low and low dominant magnetic anomaly.

Fig. 51. a). Geological map and b). Bouguer Gravity image of Tungabhadra Kimberlite Field (TKF) and
Raichur Kimberlite Field, South indian Dimond Province

Fig. 52. Gravity Magnetic, Resistivity and EM profiles over Kimberlite Pipe (MNK-1),
Nagaldinne area, Mantralayam, Tungabhadra Kimberlite Field, SIDP
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Table-3. Physical properties of Kimberlite pipes, Tungabhadra Kimberlite Field (TKF)
Sl.
No

P
I
P
E

MNK-1

26

MNK-2

27

TK1

29

TK2

31

CGK-2

30

CGK-1

28

Location
and
Nature of pipe

SuscepGeophysical Signatures
tibility
GraMagResis(Kx10-6
vity
netic
tivity
CGS
units)
TUNGABHADRA KIMBERLITE FIELD (TKF)

Density
(g/cc)

Emplacement
controls &
Intersections

Inferred
dimensions
from GP
surveys

contact
between
amphibolites/
schist and
tonalite/diorite
fault / fracture
trending NW-SE
direction
adjacent to a
dyke
shear zone,
trending in NESW direction
--

elongated oval NW - SE
500x 100 m.

MANTRALAYAM CLUSTER
-Low
Low

Low

2.47 –
2.79

06 – 27

Low

Bi-polar

Low

Turkandoni Pipe-1 Highly weathered pipe
exposed in a well
Turkandoni Pipe-2
Pieces of kimberlite
exposed in a dug well
(blind pipe ?)

2.07 –
2.12

7.8 - 34

Low

High

Low

--

--

Low

feeble
magnetic

Low

Chagapuram Pipe1,
Highly weathered pipe,
exposed in a well,
carbonated and capped
by calcrete
Chagapuram Pipe-2,
Highly weathered pipe,
exposed in a well,
carbonated and capped
by calcrete.

2.37

CHAGAPURAM CLUSTER
12
Low
Low

Low

Contact of PGC
with Gadwal
Schist belt

210 x 125 m

01 - 16

Low

Contact of PGC
with Gadwal
Schist belt

200 x 50 m

Gangavaram –
Nagaldinne Pipe (Highly weathered)

--

Nadigadda
Malkapur
Pipe - concealed under
thick soil cover.

2.43 to
2.51

Gravity image over MNK-1 pipe has brought out a
prominent gravity low closure of the order of 0.6 mGal
(Fig.53a) associated with EM high conductivity anomaly
(Fig.53b) indicates its highly weathered nature and
deciphered the outline of the kimberlite body. No diagnostic
magnetic anomaly (Fig.53c) noticed over MNK-1 pipe.
Based on the geophysical signatures obtained the dimensions
of the kimberlite pipe could be inferred to be 150 x 200 m in size.

Low

Low

Oval NNW - SSE
300X 200 m

130 x 70m

(blind
pipe ?),

MNK-2 Kimberlite Pipe (Nadigaddamalkapur)
The magnetic susceptibility and density of MNK-2 pipe
is about 6 – 27 x 10-6 CGS units and 2.47 – 2.79 gm/cc
when compared with the surrounding granite gneiss of 4.5 –
5.5 x 10-6 CGS units and 2.65 – 2.77 gm/cc respectively.
Geophysical profiles (Ananda Reddy et al., 2014) consisting
of magnetic, gravity, electro-magnetic and resistivity over

Fig. 53. Gravity, (b). Electro-Magnetic (Horizonta Dipole) and (c). magnetic Images over Kimberlite pipe
(MNK-1), Nagaldinne area. Tungabhadra kimberlite Field, SIDP

40

Ananda Reddy

concealed kimberlite pipe (MNK-2) indicates a high
intensity magnetic anomaly of the order of +140 to-160 nT
corroborating well with a prominent gravity low of 0.7 mGal,
resistivity low of 60 Ohm.m and high conductivity
electromagnetic (horizontal dipole) anomaly of 50 ms/s,
indicated its geometrical disposition and sub-surface nature
(Fig.54).
Gravity image over concealed MNK-2 pipe has brought
out a prominent gravity low (Ananda Reddy et al., 2014)
associated with high conductivity electromagnetic signatures
and resistivity lows with steep gradients on either side,
indicating the presence of fault / fracture / shear zone, trending
in NW-SE direction (Figs. 55a,b and c). As this pipe is located
in low magnetic latitudes, magnetic image has brought out
a prominent bipolar magnetic anomaly, give rises to a
dominant low in the north and is associated high to the

south (Fig.56a). The inferred dimensions of the concealed
kimberlite (MNK-2) pipe was brought out from magnetic
analytical signal map (Fig. 56b) having 300 x 200 m
(approx.) and the pipe may be emplaced within the NW-SE
trending fault / fracture / shear zone. In addition, another
small magnetic anomaly of the order of +50 to -30 nT noticed
just north-east of MNK-2 pipe (Figs. 56a & b) may be due to
the presence of a small concealed pipe at depth or an offshoot
(satellite body), needs further geological ground follow-up.
Vertical Electrical Soundings (Fig.57) carried out over
MNK-2 pipe to study the sub-surface nature of the kimberlite
pipe. Based on the interpretation of resistivity sounding
curve, a highly weathered kimberlite noticed up to a depth
of 29 m below the soil cover, hard, massive and
un-weathered kimberlite may be expected at a depth of 29
m and beyond over MNK-2.

Fig.54. Geophysical profiles over the kimberlite pipe (MNK-2) at Nadigaddamalkapur,
Tungabhadra Kimberlite Field, South Indian Diamond Province

Fig. 55. (a). Electro-magnetic. (b). Resistivity and (c). Gravity Images over Concealed Kimberlite Pipe
(MNK2). Nadigaddamalkapur area, Tungabhadra Kimberlite Field. SIDP
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Fig. 56. (a). Magnetic (TF) and (b) Magnetic Analytical Signal Maps over Concealed
Kimberlite Pipe (MNK-2), Nadugaddamalkapur area. Tungabhadra Kimberlite Field. SIDP

Fig.57. Resistivity Soundings Curva over Kimberlite
Pipe (MNK-2). Nadigaddamalkapur area,
Tungabhadra Kimberlite Field, SIDP

TK1 & TK2 Kimberlite Pipes (Turkandoni)
Highly weathered TK1 kimberlite pipe is exposed in a
abandoned well near Turkandoni village, where as, a
concealed TK2 pipe (blind pipe?) is exposed in a tube well
drilled for ground water, which is about 300m west of TKI
pipe. The magnetic susceptibility and density of TK1 pipe
is about 8 – 34 x 10-6 CGS units and 2.07 – 2.12 gm/cc

when compared with the surrounding granite gneiss of 5.0 x
10-6 CGS units and 2.71 gm/cc respectively. Magnetic,
electromagentic and resistiity images (Ananda Reddy, 2014)
over TK1 kimberite pipe has brought a prominent high
dominant magnetic anomaly (Fig. 58a), trending in NE-SW
direction, falls over a low resistivity zone associated with
steep resistivity gradients (Fig.58b) and high conductivity
EM (horizontal dipole) anomaly zone (Fig. 58c) indicates
the pipe may be emplaced along a NE-SW trending fault /
fracture / shear zone. Based on the above signatures, the
inferred dimensions of the TK1 pipe is around 130 x 70 m.
Vertical Electrical Sounding (not shown) carried out over
TK1 pipe indicates the presence of a highly weathered
kimberlite pipe noticed up to a depth of 20 m below the soil
cover. Hard, massive and un-weathered kimberlite is
expected from 21 m depth and beyond.
No significant magnetic anomaly is recorded over TK2
pipe in Turkandoni area exposed in a tube well, however, a
feeble high dominant magnetic anomaly noticed in the
analytical signal map (not shown in figure), corroborating
well with low resistivity and feeble high conductive EM
anomaly (Figs. 58a,b & c) trending in NE-SW direction.

Fig. 58. (a). Magnetic, (b) Electro-Magnetic and (c) Resistivity Images over Kimberlite Pipes TK1 & TK2,
Turkandoni area. Tungabhadra Kimberlite Field, SIDP
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Raichur Kimberlite Field (RKF)
The Raichur Kimberlite Field is located about 75 km
south of the NKF and 100 km north of the WKF located in
the eastern block of the Dharwar Craton exposing the granitic
gneisses and granites of the PGC, of which the massive
granitoids are the dominant rock type with narrow linear
enclavial bands of schistose rocks of the Raichur Schist Belt.
The major E-W trending faults control the emplacement of
the kimberlite intrusions. A total of six pipes are reported in
this field, of which 3 pipes are located around Siddannapalli
area (SK-1,2 & 3) in the northern part and 3 pipes are
identified in the northwestern part (RK-1,2 and 3) between
Raichur and Undralladoddi area (Shivanna et al., 2000).

RK-1 Kimberlite pipe (Undralladoddi)
The Undralladoddi kimberlite pipe (RK-1) is emplaced
at the contact between grey and pink biotite gneiss in the
vicinity of a NNE-SSW lineament, concealed under 1 to
1.5 m thick brown soil with calcrete nodules caps weathered
kimberlite at depth. The weathered pipe is characterized by
the presence of rounded to elliptical autoliths of precursor
kimberlite, which are fine and hard.
Semi-detailed gravity surveys with a traverse interval of
250 m and station interval of 50 m were carried out over
RK-1 pipe has brought a prominent gravity low of 1.0 mGal
trending in almost east-west direction (Fig.59) between
Tr: W250 and E250 and stations N350 and S100 within the
granite gneiss indicating its highly weathered nature
(Acharya R.S, et al., 2003). An elliptical isolated gravity
high closure in the north-eastern part of the pipe may
probably be attributed to the presence of an autolith within
the pipe. Few isolated gravity low closures were also noticed
around Tr: W500 / stn. N450, Tr: W750 / stn.N400 and
Tr: E1000 / stn.N450 may be due to the presence of offshoots
from the main feeder, needs ground follow-up. In addition,
isolated gravity high closure around Tr: W750 / stn. N300,
may be due to presence of offshoots of un-weathered pipe
or autolith, which may be the NW extension of the main
kimberlite body (RK-1) needs ground follow-up. Based on
the above, the inferred dimensions of the weathered
kimberlite pipe (RK-1) is around 500m x 450 m. Further,
gravity high closures around station N500 in all the traverses
may probably due to the presence of basic dyke, trending in
NW-SE direction.

Conclusions
Synthesis of geophysical signatures obtained over
various kimberlite pipes from SIDP verses variation in
physical property contrast with degree of weathering in
kimberlites and surrounding host rock revealed significant
results.

Fig. 59. Gravity anomaly map over Undralladoddi
Kimberlite Pipe (RK1), Raicuur Kimberlite Field, SIDP
Geophysical exploration for kimberlites depends on the
variation in optimum physical property contrast between the
target, neighbourhood and geological environment.
Wide range of physical properties of kimberlites and
complexity of geophysical signatures usually attributed to
in-homogeneities within the pipe.
Geophysical anomalies over 44 known kimberlite pipes
from SIDP, besides setting forth certain criteria for
identifying nature of the kimberlite pipes, also been helpful
in delineating the lateral extensions of the pipes, when they
are under soil cover.
Highly weathered kimberlite pipes may give rises to
low dominant magnetic anomalies associated with low
gravity, low resistivity and high conductivity signatures. In
contrast, hard, massive and un-weathered kimberlite pipes
give rise to strong bipolar magnetic anomalies associated
with gravity, resistivity highs and low conductivities.
Whereas, kimberlite pipes giving rise to low gravity, low
resistivity signatures associated with high dominant magnetic
anomaly and high conductivity may indicate its semiweathered nature with depth.
Three distinct zones viz., yellow ground, blue ground
and hardebank over weathered kimberlite pipes can be
inferred precisely by resistivity soundings.
Magnetic anomalies over kimberlitic pipes for different
magnetic latitudes vary because the shape of the anomaly
may change with latitude. A low dominant magnetic anomaly
noticed over equatorial regions and a combination of low
and highs at intermediate latitudes. In the regions of
intermediate latitudes, the ‘’low’’ will be towards the north
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in the northern hemisphere and it will be towards ‘’south’’
in the southern hemisphere.
It is evident that, most of the kimberlite pipes from
Wajrakarur–Lattavaram, Chigicherla, Timmasamudrum and
Kalyandurg clusters from WKF, Maddur, Kotakonda,
Narayanpet and Bewanahalli clusters from NKF,
Mantralayam and Chagapuram clusters from TKF and
kimberilte pipes from RKF are seen emplaced at the contact
or at close proximity with basic dyke activity, indicating
that magnetic trends has a significant bearing on structural
control in emplacement of kimberlites.
Based on the qualitative analysis and geophysical
signatures obtained over various kimberlite pipes, helpful
in delineating the structures associated with possible
emplacement of pipes, its geometrical disposition, surface
configuration, sub-surface nature, its strike and depth
continuity / rootzone,, presence of xenoliths / autoliths /
offshoots / satellite bodies / pulses and contaminated
portions if any within the pipe.
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Abstract
Geophysical logs are ideal tools to interpret the geological features such as fault intersections and sedimentary
features. The fluvial controls on coal seam development follow systematic patterns like coal seam splitting, thinning and
washout along specific directions. The depositional pattern also produces certain marker beds of local to regional
extents. These marker beds and coal seams having unique signatures on geophysical logs provide a means to effectively
correlate them. Another significant feature is the platform modes of deposition of Permian sequences of Godavari
Valley maintain uniform partings between the coal seams and any variation in a particular pattern is indicative of
structural/depositional disturbances.
The electrolithofacies map constructed using geophysical logs of Shanthikhani and Sravanapalli dip side blocks to
delineate the above said latero-vertical variations along strike section. The map indicates that the Salarjung Seam (SJ)
persisting along the NW-SE section can be resolved in to two units of SJ (Top) and SJ (Bot) seams. The SJ (Top)
seam is mostly made up of inter-bedded coal and shale of less than one meter thick and resting on 3 to 4m thick coal bed
forming the SJ (Bot). The Salarjung Seam started splitting from the central portion of the section and the diverged seams
are thinned out towards SE portion.
Thus, the washout phenomena on a local scale could indicate variations in the rates of sedimentation and subsidence.
The washout of the seam has been inferred by sudden increase in the thickness of the sandstone overlying the coal seam.
The increase in thickness happens due to the sudden development of parting sandstone between SJ Top and SJ Bottom
seams (SS-40B) of about 18m thickness.
Keywords: Coal Seams, Geophysical logs, Electrosequential analysis

Introduction
Energy demand for India is rising at a pace of 10-12%
per annum. At present coal sector is contributing more than
55% of the energy demand for the country. This everincreasing demand for coal and depleting shallow coal
resources necessitated the need for exploiting deep seated
coals. Singareni’s projection of coal reserves and production
reveals an urgent need to take up longwall mining on a large
scale to meet the ever-increasing demand for coal and
balance the fast depleting shallow coal deposits (Ramesh
Kumar et. al., 2015). This leads to an onerous responsibility
on the shoulders of the geoscientific community to provide
a precise definition of the resource with high level of
accuracy. This is because the lay and disposition of coal
seam established at the exploration stage has a direct bearing
on the production schedules and cost. Successful
implementation of machine mining depends on how well
the basic inputs of geological (structural/sedimentary
features like seam splits, rolls, faults etc.) and geotechnical

parameters (fractures/joints, rock strength etc.) of coal seams
and their interburden strata are determined either during
exploration or exploitation (Uday Bhaskar & Shanmukha
Rao, 2016). Geophysical logs are now considered effective
in providing all the above requirements (Turvey and Hanna,
1998). Electrosequential analysis of geophysical logs across
the mine blocks gives 1) accurate seam and interburden
stratigraphy, 2) Details of coal seam coalescence, splitting
and subsequent washout along certain directions, 3)
geotechnical risks in the interburden strata. The geophysical
logs precisely correlated coals on local scales to basin wide
scales and solved several stratigraphic complexities and
paradoxes. Rao et al. (1989, 1992 & 1996) applied single
point resistance and gamma logs to identify and correlate
coal seams of Godavari Valley and detect geological faults
within the sedimentary strata. Rao et al. (1996), Uday
Bhaskar (2006) and Uday Bhaskar et al. (2002 & 2011)
resolved the 100m to 250m thick Upper Barakar into Lower
and Upper sequences and established regional extent and
correlation of coals from one sub-basin to the other of the
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valley (Figure 1b). Serra and Abbot (1980), and Serra (1989)
extended the concept of lithofacies to electrofacies by taking
each geophysical log as a descriptor of the particular facies
type. Galloway and Hobday (1983) used geophysical logs
to interpret the depositional models. Fisher (1969), Allen
(1975), Pirson (1983) and Serra (1989) also made similar
studies in several parts of the world. These workers analysed
geomorphologic and sedimentary characteristics of bed load,
mixed load and suspended load stream channel segments
from the sand isolith maps and the SP curves. The massive
sand bodies having sharp contacts with the underlying and
overlying shale beds exhibiting cylindrical shapes on log
curves are interpreted as the sediments of braided (bed-load)
channels. Studies conducted in various coal basins all over
the world (Wier, 1976; Reeves, 1976; Hoffman et al., 1982;
Hamilton and Tadros,1994) show that the coal seams
manifest signatures called ‘finger prints’ or ‘kicks’ on the
logs, which enable their easy identification. The
development of signature of a coal seam is due to the
variations in the coal quality or dirt partings, which are a
function of the original peat forming plants, the physical
and chemical conditions imposed during peat swamp
evolution. Studies conducted at Canada, USA (Hoffman et
al., 1982), Sumatra (Lavers and Smits, 1976) and India (Rao
et al., 1989 and 1992) indicate that the single electrode
resistivity or single point resistance (SPR) logs are useful to
identify and correlate the coal seams. The present paper
describes details of one such study carried out in
Shanthikhani and Sravanapalli blocks of Singareni Collieries
Company Limited (SCCL) located in the state of Telangana,
India.

Geological Setting
The Singareni Collieries Company Limited (SCCL)
explores and extracts the coal deposits of Early Permian

Barakar Formation of 350km long NNW-SSE trending
Pranhita Godavari Valley located in the state of Telangana,
India (Figure 1a). This valley considered the largest single
Gondwana basin in India containing a thick pile of fluviatile
sediments of Early Permian to Early Cretaceous. Based on
geological and geophysical data the valley is divided into
four sub-basins from north to south as Godavari,
Kothagudem, Chintalpudi and Krishna-Godavari (Ramana
Murthy and Parthasarathy, 1988). The Early Permian
Barakar Formation contains seven to ten correlatable coals
of 1m to 22m thickness (Figure 1b). The Late Permian
Raniganj Formation contains intercalated carbonaceous
horizons that are yet to be extracted. The Shanthikhani and
Sravanapalli Dipside Blocks are located in the Northern part
of the Godavari sub-basin. The Shanthikhani block is
bounded by Latitude: N19 0 01’ 00" to 19 0 05’ 05" and
Longitude: E790 30’ 29" to 790 33' 31" and covered in Survey
of India Topo-sheet No: 56M/12. The Sravanapalli block is
bounded by Latitude: N18 0 58’ 58" to 19 0 01’ 44" and
Longitude: E790 32’ 55" to 790 35' 03"and covered in Survey
of India Topo-sheet No: 56M/12 & 56N/9. Few exposures
of Barren Measure and Raniganj Formations are present in
the block. The area is mostly covered by soil followed by
Middle Permian Barren Measure and Late Permian Raniganj
formations.
The geophysical logs of six boreholes located along the
NNW-SSE strike section are considered for the present study
(Fig. 2).The stratigraphic succession of the block as worked
out mostly from the subsurface data is furnished in Table-1.
Ten regionally persistent coal seams viz. IA, I, II, LB1,
IIIB, IIIA, SJ (Top), SJ (Bot) and LB2 occur within the Early
Permian Barakar Formation of 300m thickness, comprising
white to greyish white, coarse to medium grained feldspathic
sandstones inter-bedded with shale and coal horizons. The
thickness of these coals ranges from 1m to 6m with Seam-II

Fig. 1. (a) Outline of Pranhita-Godavari Valley, (b) Nomenclature and Correlation of
Coals using Single Point Resistance logs. Queen Seam (QS) is the datum of section
(locations in figure 1a, modified after Uday Bhaskar et al., 2002 and 2011).

Electro-Sequential Analysis from Geophysical
having a maximum thickness of 6m. The coal bearing
Barakar Formation is overlain by 450m of Barren Measure
sediments; comprising green to greenish grey, medium to
very coarse grained feldspathic sandstones intercalated with
shales and variegated clays. The Raniganj Formation of
about 200m thickness in this block is made up of medium to
coarse grained white to greenish grey white calcareous
sandstone and buff to greenish grey clays.
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Method of Study
Borehole geophysical logs record the physical
parameters with reference to depth to define the sediment
and differentiate them from surrounding sediments (figures
3 and 4). SCCL uses digital geophysical logging units of
M/s Robertson Geologging, UK to interpret the basic
lithologies and elastic properties and geotechnical properties

Table-1 Stratigraphic Succession of Shanthikhani-Sravanapalli DS Blocks
Age

Group Formation

LOWER
GONDWANA

PERMIAN

Recen
t
Middle
Kamthi
Lower
Kamthi/
Raniganj
Barren
Measures

Barakar

Talchir

General Lithology

Thickness (m)

Soil cover/Alluvium

3.00

Shale/clays with subordinate sandstone .

20.00+

Sandstone with subordinate shale and coal seams

200.00

Coarse to pebbly feldspathic sandstones with
variegated shales & clays
Upper-Member: The sandstones are medium to
coarse grained grey to greyish white in color with
10 correlatable coal seams.
Lower Member : Predominantly fine to medium
grained white sandstone with thin coal bands.
Fine to medium grained greyish white to green
colored sandstone and shale.

330.00+
160.00
107.00+
-
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of sediments intersected in the boreholes. Set of four to
five probes are utilised to acquire single point resistance
(SPR), neutron (NEUT), density (DENS), natural gamma
(NGAM), short normal resistivity (SNR), self-potential
(SP)), caliper (CALP), mono-pole sonic and acoustic logs.
The geophysical logs were interpreted using the standard
procedures and the various modules of WellCad software.
The geophysical logs of six boreholes located along the
NNW-SSE strike section are considered for the present study
(Fig. 4). The interpretation of geophysical logs was also
reviewed and correlated with the available core data. Fig. 3
shows the basis of interpretation of geophysical logs.
In comparison to the other rocks typically found in
sedimentary basins coal has significantly different
petrophysical parameters. Coals are identified by high
resistance/resistivity, low density of 1.40 to 1.70g/cc, low
neutron and natural gamma values of about 50cps and 30cps
to 50 cps respectively (Fig. 3). The Vp of coals are around
2300m/s. Coals and clays are characterised by the absence
of propagation of shear waves (Vs). Vp and Vs of very
coarse to medium grained grey-white sandstones of Barakar
are around 3500m/ s to 3750m/s and 1500m/s to 2000m/s
respectively and bulk density of 2.30g/cc to 2.50g/cc. Vp

of overburden strata of coals of Seam II and Seam I are
around 4000m/s to 5000m/s. Fine grained silicified
sandstones are characterised by high resistance/resistivity,
neutron (400cps to 700cps), density of 2.65g/cc to 2.80g/cc
and Vp of 4500m/s to 6000m/s. Fine grained sandstones,
sandy shales, shales and clays show low neutron (50cps to
125cps) and high gamma (200cps to 300cps) values and
densities of 2.20g/cc to 2.50g/cc. Some of the clays and
shales are prone to caving as observed from the increase in
borehole diameter on caliper logs and are considered very
weak beds. The neutron and Vp logs being easy to quantify
give a basis to classify various lithounits on the basis of
count rates and Vp values. The density and natural gamma
values of coal increase with the increasing ash content, while
resistance and resistivity of coals decrease with ash contents.
The density and arrival times of P and S waves are used to
calculate the dynamic modulus such as Bulk Modulus, Shear
Modulus, Young’s Modulus and Poisson’s Ratio along with
Vp/Vs to analyze the competency of various lithounits. The
acoustic amplitude images indicate fine grained sandstones,
shales and coals as high amplitude bright colour features
and the medium to coarse grained sandstones as medium
amplitude light brown colour features. The clay beds prone
to easy caving appear low amplitude dark shade features.

Fig.3.Geophysical log data of Barakar Formation obtained by lowering
four probes, BH.NoBPA_297.
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Electrosequential analysis of Geophysical logs
The electrosequential analysis has been taken up by
mostly considering the SPR and neutron logs to understand
the grain size variations of sandstones and identify the nature
of sandstones based on the shapes of the log curves. The
natural gamma log is considered a supportive log because
the sandstones are feldspathic and micaceous and could
produce relatively high gamma counts within the sandstones.
The variations in the diameter of the borehole and caving of
clays can as well decrease the gamma count. Hence, the
gamma log should be used as supportive log to assess the
clay content and grain size variations. The shapes of the
sandstone beds are mostly bell shaped (fining upward)
comparable to the point bars and cylindrical shaped
comparable to the longitudinal bars, transverse bars, channel
fill and chute bars of meandering system. The sandstone
sequences as shown Fig.4 (blue colour) occupying the lower
portions of the section have a net thickness of 40 m-50 m.
The sequences contain several hard and silicified sandstones
(HS) of limited extent and are usually replaced by
sandstones. The various sandstone sequences persist
throughout the section and are separated by clay beds
persisting all through out the section.
The log data of closely spaced wells were correlated to
establish the latero-vertical sequences of the successive
stratigraphic units and depicted in the form of electrolithofacies sections and stratigraphic maps. These sections
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and maps help to view the basin at different stages of
development and narrow down the periods of deformation.
The spatial distribution of these sediments in the depositional
sites invariably depends upon on the rates of sedimentation
and subsidence and periods of erosion. Krumbein and Sloss
(1963) provide an exhaustive review of influences of these
syn-sedimentary tectonic conditions and the basin/valley
development.
The electrolithofacies section (Fig.4) indicates that the
sandstones are punctuated by hard and silicified sandstones
(HS) at places and some of the beds persist throughout
section and some of them have limited extension and are
confined to specific portions and parts of the interburden
strata. The HS beds have very high NEUT (400-700 cps),and
SPR (200-400 Ohm) having limited extension and are
conspicuous by replacement with sandstones.The SS-50
forming the interburden strata of Seam-IIIA and Seam-IIIB
indicate the development of thin beds of shale and hard
sandstone of limited extent. These beds are usually replaced
by coarse grained sandstones indicating changes in sub
environment of the fluvial system through space and time.
Similarly the interburden strata of SJ, IIIA, IIIB, LB1 contain
thin shale beds, which are mostly replaced by sandstone
some portions of the sections. Thus these beds showing
gradational changes from one end to the other of the section
brings in a sort of laterovertical variations in lithofacies and
can influence the overall performance and competency of
the interburden strata of SJ seam during mining operations

Fig. 4. Electrosequential Analysis of Barakar Formation, The strike section passes through boreholes BPA-287, 288,
283, SBS-203, 190, 232A and 275. The black logs are SPR logs and the blue logs are Neutron log
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Discussion of Results
The multiwell section constructed by plotting the
boreholes with SJ (Top) Seam as the datum indicates that
the density and gamma logs establish the seam signatures,
also resolves the coals into distinct thin layers and their
persistence from one borehole to the other (Fig-5). The
stratigraphic column of coal bearing Barakar Formation has
a thickness of 120-170m and contains coal seams called
Seam LB2, SJ (Bot), SJ (Top), IIIA, IIIB, LB1, II (Bot), II
(Top), I (Bot), I (Top) and IA in ascending order. The coal
seams are separated by medium to coarse grain sandstones
punctuated by hard and silicified sandstones (HS), shales
and clays at places. Based on the subtle to distinct differences
in physical properties, the sandstones constituting the
interburden strata of the coal seams are further classified.
The coal bearing Barakar Formation can be resolved into
Lower (90m) and Upper (80m) Sequences with the base of
Seam-LB1 as the interface.
The Lower Sequence comprises relatively compact and
massive sandstones SS-30 and SS-40B show increasing
trends towards SSE’ indicating that the channel was active
along these portions of depositional sites. The wash out of
coals LB2 and SJ (Bot) and their replacement by surrounding
sandstones is a common phenomenon. Thus these coals go
through facies change from coals to sandstone through finer
clastics. The net increase in the thickness of Barakar from
120m in the NNW to 170m in the SSE is mostly due to the
increase in the thickness of SS-30 and SS-40B. The
sedimentation during the various episodes is almost uniform
indicating stable conditions of syn-sedimentary tectonics.

The electrolithofacies map indicates that Salarjung(SJ)
seam persisting along the section can be resolved into two
units. The upper portion of the seam SJ (Top) is mostly
made up of interbedded coal and shale of less than one meter
thick and resting on 3m to 4 m thick coal bed forming the SJ
(Bot). The Seam SJ (Top) though having a better persistency
shows variation in its thickness from 2.84m to 1.24m with
a decreasing trend towards SSE. The SJ (Bot) seam is
showing its development towards NNW side of boreholes
BPA-287 and BPA-288 whereas it grades to surrounding
sandstones towards SSE. The wash out of SJ (Bot) and LB2
at different parts indicates channel encroachment during
former coal.Thus the increase in thickness happens due to
the sudden development of SS-40B of about 0.64m to
18.00m. Table-II and III give the thickness details of coals
and their overburden strata respectively.Similarly Seam-LB2
and Seam-IIIA are showing variation in thickness of about
0.35m to 0.70m and 1.04m to 0.30m respectively. Seam IIIB
is mostly washed out along the SSE direction.This is because
of replacement of coals by shales. IIIB is developed only in
Borehole BPA-287.
The Upper Sequence extending from the base of LB1 to
the BM/B contact of about 80m thickness shows near
uniform thickness of overburden strata of various coals
indicating uniform and stable conditions of deposition. The
sandstones which are mostly medium to coarse grained are
relatively less compact and less hard those of sandstones of
Lower Sequence. The coals LB1 Bot, Seam-II, Seam-I and
Seam-IA show uniform thickness. The interesting feature
along this section is that the Seam LB1Bot thickness
increased form 0.63m at NNW to 1.37 m at SSE.

Fig. 5. Geophysical log data of Barakar Formation of interbuden strata of Coal Seams of
Shanthikhani and Sravanapalli DS blocks.
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Clays, shales and other such weak beds form the
immediate roof rocks of these coals of Upper Sequence
thereby making it difficult to mine them. The less thickness
(1.10m to 1.50m) of Seam-I and presence of 1.00m to 1.50m
thick clay along the roof can make it difficult to mine
Seam-I.
The Seam-II of 6m thickness is one of the important coals
which can be considered for mining by leaving coal along
the roof and has a uniform thickness of around 6m. Uday
Bhaskar et al(2016) indicates that the development of SeamII of 6m thickness took place in coal swamp spread over the
entire Godavari sub-basin. Inundation of coal swamps by
flood basin produced higher amounts of ash of 25% to 40%.
The 0.30m to 0.60m dirt band in the form clay, shale and
carbonaceous shale resolves the Seam-II into Top and

Bottom sections. Top section of Seam-II contains lesser
amounts of ash of 25% to 30%. The bulk density as obtained
from the density logs indicates that the Top and Bottom
sections have a density of 1.50g/cc to 1.55g/cc and 1.55g/
cc to 1.60g/cc respectively. The Seam-II can be mined by
considering the experiences of Adriyala block noticed by
Uday Bhaskar et al (2016)
The overburden strata of all these coals contain l.00m to
2.00m thick fine grained to very fine sandstones, hard and
compact and often silicified sand stones.The impact of
these beds in terms of periodic weighing or differential
compaction needs analysis using appropriate techniques. The
seam-wise o ver b urd en map s in ter ms o f var io us
petrophysical properties gives further scope of taking
up bed-wise analysis as shown in Fig.5.

Table-II Interbuden or parting strata of Coal Seam of Shanthikhani Sravanapalli DS-Block
BH.No

SS-90 SS-80T I BOTRF

SS-80

SS-70

SS-65 SS-60

SS-50

SS-40

SS-40B SS-30

BM/B
to LB2

(m)

(m)

(m)

(m)

(m)

(m)

(m)

(m)

(m)

(m)

(m)

(m)

BPA-287

7.60

16.62

1.54

24.40

14.50

5.00

14.39

20.00

11.67

0.64

7.58

139.03

BPA-288

5.60

17.48

1.48

25.56

14.70

3.70

14.00

20.00

12.12

0.76

7.44

137.52

BPA-283

5.44

16.16

1.52

30.64

14.70

4.00

22.00

12.00

11.64

10.48

12.00

150.02

SBS-203

5.16

15.20

1.48

31.12

11.40

4.20

18.00

12.00

10.44

11.20

9.12

145.64

SBS-190

5.44

18.88

1.40

30.20

11.50

3.80

16.40

15.40

12.08

10.32

11.20

149.28

SBS-232

6.42

14.59

2.83

31.25

11.90

3.60

15.00

15.00

12.28

15.00

12.00

155.03

SBS-275

5.77

15.09

3.39

28.38

14.70

3.10

14.00

16.00

10.99

18.72

13.59

155.07

Table-III Coal Seams Thickness along the Strike Section of Shanthikhani Sravanapalli-II DS-Block
BH.No

IA

I-TOP

I-BOT

II

LB1
TOP

LB1
BOT

IIIB

IIIA

SJ
TOP

SJ
BOT

LB2

(m)

(m)

(m)

(m)

(m)

(m)

(m)

(m)

(m)

(m)

(m)

BPA-287

0.93

0.39

1.09

4.94

0.35

0.63

0.35

0.49

2.33

4.49

0.35

BPA-288

0.32

0.20

1.20

5.24

0.28

0.56

0.00

0.68

2.84

1.85

0.72

BPA-283

0.52

0.28

1.20

5.28

0.88

0.76

0.00

1.04

2.60

2.24

0.00

SBS-203

0.32

0.40

1.00

5.16

0.00

1.12

0.00

0.52

2.52

2.24

0.48

SBS-190

0.60

0.36

1.28

5.88

0.00

1.36

0.00

0.64

2.20

1.72

0.80

SBS-232

0.33

0.47

1.07

5.39

0.18

1.27

0.00

0.48

1.40

0.00

0.00

SBS-275

0.41

0.42

1.20

5.40

0.26

1.37

0.00

0.31

1.24

0.00

0.70

Fig. 6 (a) SJ (Bot) aerial thickness of Shanthikhani Sravanapalli DS-Blocks
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Fig. 6 (b) SS-40B Net thicknes of Shanthikhani Sravanapalli DS-Blocks

Fig.6 (c) Net Barkar thicknes of Shanthikhani Sravanapalli DS-Blocks
The aerial distribution of net thickness of seam-SJ(Bot), to design proper roof support systems and caving behavior.
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Therefore, it is very important to analyze the behavior
of the various sequences making up the interburden strata

from well logs, in George. V. Chilingarian and Karl, H.
Wolf, eds., Compaction of coarse-grained sediments,
Developments in sedimentology, Elsevier, New York,
18 A, 349-402.
Dutta, P.K., 1996, The nineteenth century stratigraphic
p ar a d ig m a n d t h e p r o b l e m o f t h e G o n d wan a
stratigraphy in peninsular India, in P. K.S. Guha, S.
Sengupta, K. Ayyasami, and R. N. Ghosh, eds.,
Gondwana Nine, Oxford & IBH Publishing Co. Pvt.
Ltd., New Delhi, 1, 165-178, (Proceedings of the 9th
International Gondwana Symposium, Hyderabad,
India, 1994).
Fisher, W. L., 1969, Facies characterisation of Gulf Coast
basin delta systems, with some Holocene analogues,
Gulf Coast Assoc. Geol. Soc. Trans.,v.19, pp. 239-261.
Galloway, W.E. & Hobday, D. K., 1983, Terrigenous clastic
depositional systems, Springer, New York., pp 55-79
Hamilton, D. S., 1993, Stratigraphy and distribution of coal
in the Upper Cretaceous Mesaverde Group, Sand Wash

Electro-Sequential Analysis from Geophysical

55

Basin, Colorado and Wyomin, Proceedings of the
1993 International Coalbed Methane Symposium.,
Birminham, Alabama, No. 9324, pp. 589-598.

San Francisco, USA, p. 112-128, (Proceedings of the
1st International Coal Exploration Symposium,
London, England., 1976).

Hoffman, G. L., Jordan, G.R. and Wallis, G.R., 1982, Hand
book of coal exploration, Coal Mining Research Centre,
Alberta, Canada. Horne, J. C., Ferm, J. C., Caruccio,
F. T. and Baganz, B .P., 1978, Depositional models in
coal exploration and mine planning in Appalachian
region, AAPG Bulletin, v. 62, No. 12, p. 2379-2411.

Reeves, D. R., 1979, Some improvements and developments
in coal wireline logging techniques, in George O.
Argall, Jr, ed., Coal Exploration, Miller Freeman
Publcns. Inc., San Francisco, USA, v. 2, pp. 468-489,
(Proceedings of the 2nd International Coal Exploration
Symposium, 1978, Denver, Colorado, USA).

Krumbein, W. C. and Sloss, L. L., 1963, Stratigraphy and
sedimentation, 2nd ed., Freeman and Co., San
Francisco, USA.

Serra, O., 1989, Sedimentary environments from wireline
logs, 2nd ed., Schlumberger. Serra, O. and Abbot, H.
T., 19 8 0 , T he co ntr ib utio n o f lo gging d ata to
sedimentology and stratigraphy, AIME Fall Meeting
(SPE 9270).

Lavers, B. A. and Smits, L. J. M., 1976, Recent developments
in coal petrophysics, in William L.G. Muir, ed., Coal
Exploration, Miller Freeman Publcns. Inc., San
Francisco, USA, pp. 129-152, (Proceedings of the 1st
International Coal Exploration Symposium, London,
England). 154
Pirson, Sylvain, J., 1983, Geologic well log analysis, 3rd
ed., Gulf Publishing Co., Houston.
Ramana Murty, B.V. and Parthasarathy, E.V.R., 1988, On
the evolution of the Godavari Gondwana graben based
on LANDSAT imagery interpretation, Journal of
Geological Society of India, 32(5): 417-425.
Ramesh Kumar, B., Chandra Shekar,B.,and Veera Reddy,
B.2015.Need to think on step ahesd:High Capacity
Longwalls in India-SCCL Experience,Proceedings of
the international mining conference on technological
innovations,interventions and collaborations for the
d evelo p ment o f mines a nd miner als ind ustr y,
Hyderabad,19-22 November,2015,pp.113-124.
Rao, K. V., Venkatappaiah, A., Basava Chary, M. and Prasad,
G. V. S., 1989, Practical application of geophysical well
logging in a coal mine, production support drilling and
economic case studies from Godavari Valley Coalfield,
I nd ia, in R. K. Ver ma, ed ., Ad vances in Co al
Geophysics, AEG, Hyderabad, India, pp. 105-118.
Rao, K. V., Srinivasa Rao, A. and Prasad, G. V. S., 1992,
Identification and correlation of 156 coal seams in
Godavari Valley: an approach with geophysical logs,
P r o c e e d i n g s o f N a t i o n a l Wo r k s h o p o n C o a l
Exploration, SCCL, Kothagudem, India, pp. 631-634.
Rao, K. V., Uday Bhaskar, G., Prasad, K. A. V. L. and Durga
Prasad, G. D. V., 1996, Solutions to the stratigraphic
paradoxes of Chintalpudi sub-basin from electrologs,
Extended Ab stracts of Proceedings of the 2nd
International Seminar & Exhibition, Geophysics
beyond 2000, AEG, Hyderabad, pp. 263-266.
Reeves, D. R., 1976, Application of wireline logging
techniques to coal exploration, in William L.G. Muir,
ed., Coal Exploration, Miller Freeman Publcns. Inc.,

Uday Bhaskar, G., 2006, Electro lithofacies analysis for
depositional history and stratigraphy of Manuguru
Coalfield using geophysical logs, Journal of Indian
Geophysical Union, V 10(3): pp. 241-254.
Uday Bhaskar, G., Srinivasa Rao, A., and Shanmukha Rao,
M., 2002, Coal seams correlation and Permian
Stratigraphy of Kothagudem and Godavari sub-basins
of Pranhita-Godavari Valley-An example from
geophysical logs, Journal of Indian Association of
Sedimentologists, 21 (1 and 2), pp.15-29.
Uday Bhaskar, G. and Shanmukh Rao,M., “Sub-surface
Exploration Methodology for high capacity Longwall
mining- Experiences of Singareni Collieries’’,
Telangana, India, Journal of Geophysics, 2016, Vol.37,
No.3,145-164
Uday Bhaskar, G., Srinivasa Rao, A., G. V. S. Prasad, K. A.
V. L. Prasad and Shanmukha Rao, M., 2011, Sondilla
Seam and its implications on Permian stratigraphy of
Pranhita Godavari Valley, Review based on geophysical
logs. proceedings of Proterozoic and Phanerozoic
Evolutionary trends and Coal Exploration and
Exploitation, Geological Survey of India and Singareni
Collieries Company Limited, Kothagudem, India,
Abstracts volume, pp. 29-30.
Uday Bhaskar, G., Srinivasa Rao, A., Prasad, G. V. S. and
Prasad, K.A.V.L., “Geomining conditions of Seam-I
of Godavari sub-basin-A geophysical study”, Journal
of Indian Geophysical Union, 2016,V 20, No 2, 178190.
Wier, C. E., 1976, Exploring coal deposits for surface
mining, in William L. G. Muir, ed.,Coal Exploration,
Miller Freeman Publcns. Inc., San Francisco, USA, p.
540-561,(Proceedings of the 1st International Coal
Exploration Symposium, London, ngland., 1976).Xing,
H., Fan, P., Jiang, K. and Li, A., 2013. Review on
Failure Mechanism and StressCondition of Rock Core
Discing, EJGE, 18, pp. 4201-4216.

Jour. of Geophysics
January 2017, Vol. XXXVIII No.1
pp 57 to 61

Band Limited Impedance Inversion of Blackfoot Field, Alberta, Canada
S. P. Maurya and K. H. Singh
Department of Earth Sciences, Indian Institute of Technology, Bombay, Powai, Mumbai
Email: spmaurya@iitb.ac.in

Abstract
Poststack inversion transforms a single seismic data volume into acoustic impedance through integration of seismic
data and well data. The benefits of acoustic impedance obtained after inversion are well established for stratigraphic
interpretation in comparison to conventional seismic data analysis. This paper describes a seismic inversion method
which has been carried out in Hampson Russell software (version 9.0) named, BLIMP (Band Limited Impedance).
Band limited post stack seismic inversion are carried out with a 3D seismic data to derive the stratigraphic information.
The methodology of inversion includes statistical analysis of log derived acoustic impedance with P-wave velocity,
density and spectral analysis of seismic data, wavelet estimation, seismic to well tie, generation of initial 3-D geological
model. Use of band limited inversion has validated inverted impedance results. Present study is based on data from
Blackfoot field, Alberta, Canada. Band limited inversion results have helped in delineating the stratigraphic prospect in
the study area. This study demonstrates the effectiveness of using acoustic impedance volume for performing stratigraphic
interpretation and reservoir characterization. From this study, it is noticed that near vertical reflection two way time
1060 ms to 1065 ms have low acoustic impedance and low density, which is interpreted as potential hydrocarbon
saturated zone.
Keywards: Band limited inversion, Seismic Parameters, Stratigraphy of reservoir

Introduction
Seismic inversion is a technique which extract subsurface
models of the physical characteristics of rocks and fluids.
This techniques often uses seismic data with the integration
of well log data to compute the physical properties of the
subsurface (Pendrel et al.,2006). The physical parameters
of interest are the P-impedance, S-impedance, velocity,
density and porosity. Interpretation of seismic section alone
is very difficult, so attributes based on seismic inversion are
utilized to improve the interpretation (Chen and Sidney,
1997). The acoustic impedance (AI) inversion methods of
post stack seismic data became popular when algorithms of
wavelet amplitude and phase spectra extraction became
available (Lindseth, 1979). Seismic inversions generate
high-resolution images of the subsurface which enhanced
the interpretation of seismic data and significantly reduced
the drilling risk and cost (Pendrel, 2006).
Seismic acoustic impedance inversion has several
limitations, (1) the seismic frequency band is limited to about
12-80Hz, below 12Hz and above 80Hz frequencies are not
available and therefore, the low- and high- frequency input
data for inversion methods are missing (Russell, 1999). (2)
The non-uniqueness of the seismic inversion results can lead
to multiple possible geologic models which are consistent
with observations (Latimar et al., 2000). (3) The seismic
inversion method suffers from multiple issues like multiple
reflections, transmission losses, geometric spreading and
frequency dependent absorptions (Carrazzone et al., 1996).
For reducing these uncertainties, additional information
needed which comes from well log data. These well log data

contains both the low and the high frequency component,
are usually employed to constrain the deviation of the
solution from the initial-guess model. The final inversion
results therefore relies on the seismic data along with the
additional information (well data) but are also dependent
on the inversion methods (Ferguson and Margrave, 1996).
The study area is Blackfoot field located southeast of
Strathmore in Alberta, Canada. The 3C-3D seismic dataset
was recorded in two patches in October 1996 by CREWES
(Dufour et al., 1998). The first patch covers the clastic
Glauconitic channel of the Lower Cretaceous which
represents sediment filled incised valley; and the second is
over the reef-prone Beaverhill lake carbonates (Simin et al.,
1996). Here the 3Dseismic data related to the Glauconitic
channel and thirteen well logs are used for analysis.

Methodology
Bandlimited impedance inversion (BLIMP) is a type of
post stack inversion techniques which utilised post stack
seismic data to transform it into impedance, density and Pwave velocity. The bandlimited impedance method begins
with specifying the relationship between the seismic trace
and seismic impedance (Ferguson and Margrav, 1996). Thus,
define the normal incidence reflection coefficient as:

rj =

Zj + 1 - Zj
Zj + 1 + Zj

(1)

where Zj is seismic impedance of Jth layer, and rj is seismic
reflectivity of Jth and (J + 1)th interface.
Solve avove equation for impedance of (j+1)th layer.
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Z j + 1 = Z j (1 +

2 rj
1 + rj
) Zj (
),
1 - rj
1 - rj

(2)

Impedance of nth layer if we know impedance of
1st layer is:

Z n = Z 1(

1 + r1 1 + r 2
1 + rn - 1
)(
)...(
)
1 - r1 1 - r 2
1 - rn - 1

(3)

The acoustic impedance for the first layer needs to be
estimated from a continuous layer above the target area. In
this method, the impedance for the jth layer can thus be
calculated as follows:
j
1 + rk
Zj + 1 = Z 1 Õ (
).
1 - rk
k =1

(4)

Divide above equation (4) by impedance of 1st layer that is
Z1 and take the logarithm on both side,

In(

j
j
Zj + 1
1 + rk
) + å In(
) » 2å rk
Z1
1 - rk
k =1
k =1

(5)

The last step follows from an approximation for ln which is
valid only for small r. Now on solving equation (5) for Zj+1
we have:

Zj + 1 = Z 1exp(2å rk )
j

k =1

Model the seismic trace as scaled reflectivity: Sk
then above equation becomes:

Zj + 1 = Z 1exp(γ å Sk )

(6)

= 2r ,
k

γ

Results and Discussion
Band-limited impedance inversion technique is applied to
the Blackfoot post stack seismic data. Figure 1 shows initial
impedance model which was built by interpolating the
acoustic impedance from well locations into the all inlines
and cross-lines. Two interpreted seismic horizons were used
as guide for the interpolation. To construct the impedance
model A 12- Hz low-pass filter was applied to the model for
two reasons. First, the low frequency impedance trend is
required in order to recover the low frequencies which is
missing from the stacked seismic data. The second is the
impedances above 12-Hz frequencies should be only
obtained from seismic data (Brown et al., 2004), and
therefore this frequency band should be removed from the
well-log data while building the starting impedance model
(Carrazzone et al., 1996). One composit trace is extracted
from seismic data and inverted it into impedance, density
and P-wave velocity using band-limited impedance inversion
techniques. The inverted result at the well location was
compared to the original log value at well 01-17 as shown
in Figure 2 respectivily. Correlation coefficient and RMS
Error were calculated between seismic and well log data.
The correlation coefficient and RMS Error are shown in
figure 3 and figure 4 for all available wells.
.

j

k =1

(7)

The above equation thus integrates the seismic trace and
then exponentiates the result to provide an impedance trace.
Band-limited impedance method uses this equation to invert
the seismic trace in the same manner as Waters (1978), with
some modifications related to the pre-conditioning of the
required impedance estimate and the scaling of the seismic
trace. (Ferguson and Margrave, 1996)
Seismic Band-limited inversion technique is limited to
the same frequency range as the seismic data (Ferguson and
Margrave, 1996). Thatswhy, a low frequency initial model
is added to seismic inversion.
1) The initial model is derived by filtering the impedance
log from the wells. Interpolation is used to obtain a
3-D initial model using wells and seismic horizons.
2) Apply iterative equation to seismic traces to obtain
band- limited seismic inversion.
3) Final iterative inversion product is a combination of
the initial model with the bandlimited seismic AI.
A very important limitation of the band-limited
impedance inversion is that seismic data must be in zero
phase. The seismic pre-stack data could be transformed to
zero phase by using extracted wavelet (Maurya and Singh,
2015b)

(a)
Fig. 1. P-Impedance model generated using high cut
filter of 12Hz frequency.
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A cross section of the inverted impedance is shown in Figure
5. The low impedances between 1060ms and 1065ms level
are clearly visible in this Figure which is highlighted by
ellipse. Inverted density and P-wave velocity were also
shown in figure 6 and figure 7 respectivily.

(a)

(b)

(c)

Fig. 2. Comparision of (a) inverted impedance (Red
Curve), (b) density (Red Curve) and (c) P-wave
velocity (Red Curve) with original values from
well log data (Blue curve).

The low density and P-wave velocity between 1060ms
and 1065ms are marked and highlightedby ellipse.

Fig. 5. Cross-section of inverted impedance. The low
impedance zone is highlighted by the ellipse. Well log
impedance are shown along the column in the seismic
section for well 01-17 and 09-17.

Fig. 3. Variation of correlation coefficient
with all boreholes.

Fig. 4. Variation of root mean square error
with all boreholes.

Fig. 6. Cross-section of inverted density. The low density
zone is highlighted by the ellipse. Well log density are
shown along the column in the seismic section for well
01-17 and 09-17.
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Fig. 9. Crossplot of inverted and original
(well log) density.

Fig. 7. Cross-section of inverted P-wave velocity. The low
Pwavevelocity zone is highlighted by the ellipse. P-wave
velocity from well log are shown along the column in the
seismic section for well 01-17 and 09-17.
Figure 8 shows the cross-plot of original impedance and
inverted impedance. The scatter data lies near to best fitt
line which shows the inverted results is agrees with the
original results. Figure 9 shows cross-plot of original density
and inverted density whereas figure 10 shows cross-plot of
original P-wave velocity and inverted P-wave velocity. The
scatter data lies near to best fit line in both the crossplots
which shows the inverted results is agrees with the original
results.

Fig. 8. Crossplot of inverted and original (well log)
Pimpedance.

Fig. 10. Crossplot of inverted and original (well log)
P-wave velocity.

Conclusion
The present study used the Blackfoot 3D seismic data
for analysis of Band-limited impedance inversion techniques.
Post stack PP seismic gathers are utilized to perform seismic
inversion methods for estimation of impedance, density and
P-wave velocity volume. These inverted volume used for
characterisation of sand channel. The final inverted sections
showed good images within the time-depth ranges of 800ms
to 1300ms, where the target Glauconitic channel is located.
The inverted result shows variation of impedance, density
and P-wave velocity along with the seismic section. A low
impedance zone is estimated between 1060ms and 1065ms.
At the same time interval low density and low P- wave
velocity is found which confirm the presence of sand channel
in this zone. The average synthethetic correlation for all
thirteen wells availabe in the study area is 0.887 which shows
good correlation between attributes calculated from seismic
data and well log data. The average RMS Error for all thirteen
wells is 963.842(m/s)*(g/cc). Crossplot between inverted
attributes estimated from seismic data and attributes
estimated directly from well log data shows most of data
points lies near to best fit line which shows inverted results
are good and comparable with the well log data.
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Abstract
Dams in the country represent a major investment and huge benefits to population in terms of irrigation, power and
flood control. Most of the big dams are very old and regular monitoring and maintenance of these dams is of utmost
importance for continuing benefits. Unlike soil investigations, critical nature of dams, does not permit traditional invasive
inspections by means of drilling, and such inspections are best avoided unless extremely important, and are done only
when problem is too grave.
Although long recognized that dams need periodic inspection and monitoring, it has only been recently recognized
that geophysical surveys can supplement the results of standard inspection and monitoring techniques. Geophysical
surveys have been performed on a number of dams around the world, including India, and have yielded extremely useful
insight into dam conditions. Seismic refraction surveys have been performed to provide a cross-section of the dam
embankment and foundation materials in terms of strength characteristics. Self Potential (SP) surveys have been performed
to investigate seepage conditions within dam embankment and foundation materials, and abutment materials. Electrical
Resistivity Tomography is also routinely performed on dams to determine internal saturation conditions in dams. ReMi
is effectively used to determine shear wave velocities (Vs) in dams.
Present paper discusses various geophysical techniques with emphasis on their integration to provide unique solutions
to subsurface challenges. The paper also presents few case studies where integration of two or more geophysical techniques
helped resolve complex problems. The purpose of this paper is to demonstrate as to how these geophysical techniques
are applicable to solve various issues related to health check of existing dams. These geophysical surveys may find
future use as monitoring tools applied to various dams.
Keywords: Dam health, Electrical resistivity imaging, Streaming potential, Refraction micro tremor.

Introduction
In the event of a dam failure, the economic loss as well
as the potential hazard to life and property could be
enormous. Typical dam safety surveillance consists of visual
inspections supported by limited instrumentation. However,
the problems in dams can become quite advanced before
the problem is detected via these means. Recently, interest
has grown regarding the use of non-intrusive geophysical
techniques to facilitate early detection of anomalous seepage,
piping, internal erosion and other degradation issues.
Geophysical methods are sensitive to contrast in the
physical properties in the subsurface. Different methods
respond to different physical properties, like material
strength, material conductivity (linked to water saturation),
fluid movement (seepage), change in density etc. The
application of geophysical methods to dams enables
detection of problems in early stages and hence can become
part of dam safety surveillance program.
Geophysical techniques, by virtue of their non-invasive
and non-destructive nature, offer an excellent solution for
investigation or regular monitoring of dams, and detection
of anomalous conditions which might snowball into major
problems if left untreated.

Various geophysical methods are available to investigate
the problems of earthen, masonry, concrete or composite
dams:
•
•
•
•
•

Leak path detection
Internal Erosion
Identification of zone of water accumulation
Cavity/ sinkhole
Concrete degradation

No single geophysical technique can uniquely solve the
problem due to a large overlapping of physical properties
in various subsurface materials. To date, the use of
geophysical methods to investigate dams has produced
mixed results, partly because the application of these
methods is not well-understood and partly because false
positives cannot be tolerated. That is the reason why it
becomes important to use a combination of geophysical
methods to uniquely resolve the problem. Following table
presents a range of choices available to address to various
issues and concerns:

Electrical Resistivity Imaging
The direct current resistivity method has well-established
data acquisition and interpretation techniques for standard
survey configurations. The method uses pairs of electrodes
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ISSUES AND CONCERNS

GEOPHYSICAL
METHODS

CONCRETE DAM
Cracks

Degradation

EARTH EMBANKMENT DAMS
Water
Leaks

Land Slide

Sink
Holes

MASONRY DAMS
Water
Leaks

Strength

Electrical
Resistivity
Streaming
Potential
Georadar
Radar
Tomography
Seismic
Tomography
Seismic
Refraction
ReMi

Table 1. Geophysical Methods for Common Dam Problems
to inject current into the ground and measure the resulting
electrical potential distribution. Its application to dam
seepage investigations is two-fold. The method may be used
to monitor spatial and/or temporal variations in electrical
resistivity in response to changing soil conditions caused
by internal erosion and anomalous seepage. The method also
may be used to characterize the electrical resistivity of the
subsurface for the purposes of interpreting SP data.
The method can also be used to detect changes in
resistivity with time, which may be linked to the development
of internal erosion in the core of the embankment.
The results of electrical surveys carried out on the crest
of a dam are presented as vertical sections showing the
electrical properties of the dam materials. Electrical currents
travel along preferential pathways in the most conductive
materials such as dam core composed on fine grained
materials. The method provides picture of internal resistivity
distribution of the dam structure, identifying areas of water
saturation in the dam body, and thus identifying the zones
of water accumulation and wetting.
2D Resistivity Imaging uses an array of electrodes
(typically 64) connected by multicore cable to provide a
linear depth profile, or pseudosection, of the variation in
resistivity both along the survey line and with depth.
Switching of the current and potential electrode pairs is done
automatically using a relay box. The computer initially keeps

the spacing between the electrodes fixed and moves the pairs
along the line until the last electrode is reached. The spacing
is then increased and the process repeated in order to provide
an increased depth of investigation. In this way a profile of
resistivity against depth (‘pseudosection’) is built up along
the survey line.
The modelled results are displayed as scaled resistivitydepth pseudosection as illustrated below in Fig. 1. Blues
represent areas of low resistivity whilst reds are relatively
higher. The wedge shape of the plot illustrates the gradual
reduction in the amount of data acquired as the current and
potential electrode spacing are increased.
The method can be applied in two ways.
Resistivity investigations as a onetime survey may detect
spatially anomalous zones along the dam, and can be used
to investigate suspected structural weaknesses.
Long-term resistivity monitoring make use of the
seepage-induced seasonal variation inside the embankment
to detect anomalies not only in space, but more importantly
in time, by studying deviations from the time-variation
pattern. The second approach is more powerful as repetition
of measurements provides additional evaluation possibilities
for seepage analysis. However, the monitoring approach is
also more demanding as installations are necessary as well
as long-term instrumentation.

Integrated Geophysical Approach
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Fig. 1. Electrical Resistivity Section Showing Zone of Saturation (Blue)

Streaming Potential Survey
The streaming potential method consists of measuring
the electrical potential by flowing water within a structure
or subsurface. Self-potential (SP) is a passive technique that
measures naturally occurring electrical potentials in the
ground. This is the only one of these geophysical techniques
that responds directly to fluid flow. Water flowing through
the pore space of soil generates electrical current flow. This
electrokinetic phenomenon is called streaming potential and
gives rise to SP signals that are of primary interest in dam
seepage studies.
SP is measured by determining the voltage across a pair
of non-polarizing electrodes using a high-impedance

voltmeter. This inexpensive and deceptively simple data
acquisition procedure requires special care and attention in
order to reliably interpret and correct for sources of electrical
noise that can mask the signal of interest. All noise sources
- including time-varying telluric currents associated with
solar and atmospheric activity, stray currents, and the
corrosion of buried metal- must be recognized and measured.
These noise sources can mask the relatively small signals
associated with seepage anomalies. For this reason, telluric
measurements and magnetic surveys should be carried out
to assist in interpreting the SP data. Typically, SP anomalies
on the order of tens of millivolts are associated with seepage
anomalies of interest, although anomaly amplitudes largely
depend on site-specific conditions.

Fig. 2. SP Results along with Resistivity Section
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Interpretation of SP measurements to infer seepage
patterns and concentrated seepage flows ranges from simple
qualitative to more advanced quantitative numerical
modelling approaches.
Most common application of SP study is to identify the
zones in the dam body through which seepage is taking place.
The results are correlated with resistivity sections. An
example of such correlation is shown below in Fig. 2 wherein
zone of saturation in dam body, as noted in electrical
resistivity imaging section, shows a profound negative SP
development.

Seismic Refraction Tomography
The seismic refraction method detects changes in lateralseismic velocity and/or layer thickness. Seismic techniques
are extremely useful since seismic velocity is generally the
most sensitive to slight changes in density and saturation in
the types of materials commonly used in dams.
The common seismic technique used for dam
investigation is seismic refraction method. A standard
seismic refraction line is laid out using 24 geophones at 5m
intervals. Energy is input into the ground at various points
located along the seismic line, resulting in a 2D velocity
model of the subsurface.
A minimum of seven shot points are used for each spread.
These include two far shots on either side of the spread, to
provide the true seismic velocity of the “sound” rock, two
end shots to obtain reciprocal times, and three mid shots
within the profile to obtain lateral velocity variation in the
top layer(s) (overburden).
The length of geophone spread depends upon the
required depth of investigation and the dimensions of any
subsurface features that are to be mapped. A length of approx.
three to four times the depth of investigation is used. A
geophone spacing of 5 m with 24 channels spread is
adequate for detailed mapping of subsurface conditions to
a depth of approx. 30m. The geophone spacing can be further
increased for greater depth of investigation, if required.
The compressional wave velocity is affected by many
conditions. However, in sediments (or compacted soil) the
primary factors affecting the compressional wave velocity
are density, porosity and saturation. In lithified materials
(rock), factors such as cementation, fracturing, alteration

and stress generally have a greater effect on the velocity.
Fig. 3 hereunder show typical results obtained from Seismic
Refraction Tomography, with blue to red representing
increasing seismic velocity, and red line representing the
bedrock topography.

Refraction Micro Tremor (ReMi)
Innovative technique of ReMi (Refraction Micro-tremor)
has distinct edge over MASW and SASW in terms of
logistics, execution and results. ReMi can be performed
under the same layout as used for seismic refraction, to obtain
excellent shear wave velocity profiles of subsurface.
ReMi is a new, proven seismic method for measuring
in-situ shear-wave (S-wave) velocity profiles. It is economic
both in terms of cost and time. Testing is performed at the
surface using the same conventional seismograph and
vertical P-wave geophones used for refraction studies. The
seismic source consists of ambient seismic “noise”, or microtremors, which are constantly being generated by cultural
and natural noise. Because conventional seismic equipment
is used to record data, and ambient noise is used as a seismic
source, the ReMi method is less costly, faster and more
convenient than borehole methods and other surface seismic
methods, such as SASW and MASW used to determine
shear-wave profiles. Depending on the material properties
of the subsurface, ReMi can determine shear wave velocities
down to a minimum of 40 meters (130 feet) and a maximum
of 100 meters (300 feet) depth.
The ReMi method offers significant advantages. In
contrast to borehole measurements. ReMi tests a much larger
volume of the subsurface. The results represent the average
shear wave velocity over distances as far as 200 meters (600
feet). Because ReMi is non-invasive and nondestructive, and
uses only ambient noise as a seismic source, no permits are
required for its use. ReMi seismic lines can be deployed
within road medians, at active construction sites, or along
highways, without having to disturb work or traffic flow.
Unlike other seismic methods for determining shear wave
velocity, ReMi will use these ongoing activities as seismic
sources. There is no need to close a street or shut down
work for the purpose of data acquisition. And a ReMi survey
usually takes less than two hours, from setup through
breakdown. These advantages sum to substantial savings in
time and cost. Moreover the method provides more accurate
results compared to conventional effort of picking up shear
waves from records which more often than not lead to errors.

Fig. 3. Geophysical Methods for Common Dam Problems

Integrated Geophysical Approach

Ground Penetrating Radar - Brief
GPR survey is conducted to identify shallow cracks, cavities
and voids in the dam body. The survey also might reveal the
stratigraphy in the dam body based on contrast in dielectric
constant.
The method can be used to obtain high resolution
subsurface images showing buried objects, cables, pipes and
cavities. Following example shows a cavity detected by GPR.

Sesimic Tomography - Brief
Unlike other methods discussed till here, used from the
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surface of Dam or Ground, Seismic Tomography is
conducted between a pair of boreholes or between upstream
and downstream face of the Dam, to provide high resolution
details of internal structure. The resulting tomogram shown
physical property of each unit cell of dam body. In a
concrete dam the information can be interpreted in terms of
fractures, weathered concrete etc., as shown in Fig.4
hereunder:

Conclusions
Geophysical methods can be used in order to obtain data
on internal conditions of dams very quickly. Currently these
methods have been used to investigate a number of large
dams. Indian experience of using these methods in various
dams has also been very encouraging, resulting in effective
treatment of associated problems. The key benefits can be
summarized as under:

• Geophysical Techniques- Quick assessment of
subsurface conditions of Dams in non-destructive
manner

• Geophysical Techniques- Detailed and continuous
information as against drilling

• Geophysical Techniques- Important tool for health
check of dams, regular monitoring and pre & post
rehabilitation inspections.
These methods may also find use in the future as
monitoring tools by establishing a baseline data file
immediately after dam construction. Subsequent surveys can
be run after initial filling and after an event such as rapid
drawdown or an earthquake to determine if any significant
changes have occurred in the internal conditions of dams.
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Report on

AEG’s 38th Annual Convention, Seminar and Exhibition on Exploration Geophysics
20-22 October, 2016 at Hyderabad. India
The 38th Annual Convention and seminar on Exploration
Geophysics was organized by Association of Exploration
Geophysicists (AEG) with a special theme on Innovative
geophysical techniques in the Exploration of Mineral
Resources: Trends and Developments during 20-22 nd
October, 2016 at GSI Training Institute, Bandlaguda,
Hyderabad, India. The seminar witnessed a wider
participation from major geosciences Organizations from
India and abroad. The Indian delegates from Oil India
Limited (OIL), Geological Survey of India, National
Geophysical Research Institute, Tata Steel, Department of
Atomic Energy, Indian Institute of Geomagnetism, SCCL,
CMPDI and Hindustan Zinc (HZL) participated in the
seminar. The foreign delegates include those from Geosoft
Inc., U.K; Geotech Ltd, Canada; Canada; McPhar
International and AGCOS, Canada. The seminar also
witnessed participation from major educational and research
Institutions in India. Final year M.Sc.Tech students from
ISM, Dhanbad; IIT, Khargpur; Andhra University,
Visakhapatnam and Osmania University, Hyderabad also
attended the seminar. The TA/DA expenses for the
participating students were sponsored by AEG. The seminar
was sponsored by national and international institutions viz.,
Geotech Airborne Limited, Hindustan Zinc (HZL), Oil India
Limited (OIL), National Geophysical Research Institute
(NGRI)-CSIR, McPhar International, Geosoft, Datacode,
Atomic Minerals Directorate for Exploration and Research
(AMD) and Geological survey of India (GSI).
On 20th October, 2016 a Workshop on “Exploration Data
management: Challenges and Opportunities” was organized
with Ash Johnson, Vice President, Geosoft Inc., UK as the
convener. The workshop was well attended by about 50
delegates from various scientific, research and academic
institutions who actively participated in the technical
deliberations. In the workshop Dr.Ash Johnson and
Shri.Karunakar of Datacode explained the participating
delegates regarding the various aspects of Exploration
data management and the effective software tools available
for dealing with the Big data management. The topics dealt
in the workshop were very informative and proved to be of
immense help to the young professionals, research scholars
and students who attended the workshop.
Seminar was inaugurated by the Chief Guest of the
Inaugural function, Prof.Bimalendu B Battacharya, INAE
Distinguished Professor, S.N.Bose National Centre for
Basic Sciences. The other dignitaries who shared the dias
with the chief guest during the inaugural function include
Dr.V.P.Dimri, Shri.M.Raju, Dr.V.M.Tiwari, Dr.L.K.Das,

Dr. A.K.Chaturvedi and Dr.R.K.Tiwari. After the traditional
lightning of the lamp, Dr. A.K.Chaturvedi, Secretary, AEG
welcomed the dignitaries seated on and off the dias as
well as all the delegates to the annual convention and
presented a brief report on the activities of AEG. He gave a
glimpse of the present activities of the association including
its publication of the quarterly Journal of Geophysics.
He informed the audience the efforts put by AEG in bringing
quality publications in the Journal and thanked all the authors
who contributed to the Journal. He informed the audience
regarding the reinstating the Best Thesis Award, awarded
during the previous annual conference at Jaipur during
October 2015. He announced that in concurrence with the
decision taken during the General body meeting at Jaipur,
another award named Sriram Srinivasan Award is being
awarded jointly by AEG and Datacode from 2016 onwards
for outstanding work, professional excellence and significant
contributions in Exploration Geophysics. Also he announced
that AEG will start few more awards to encourage the
geoscientists. He also added that AEG will continue to
support the participation of students in AEG seminars and
workshops and other activities. He expressed his gratitude
for the support received by AEG over the period of years
and thanked all the members from the industry, various
organizations and previous Presidents and Executive
committee Members of the Association and hoped to receive
the same in all the future endeavours of the association.
Dr.V.P.Dimri, President AEG in his presidential address
emphasized how the accurate imaging of complex geological
structure is challenging for the exploration geophysicist.
He indicated that the advances in data acquisition should
focus on delivering data suited for quantitative interpretation.
He briefly stated about the rapid advances in data acquisition
of various geophysical techniques mainly Seismic and
Airborne geophysics. In data processing, he briefly
mentioned the advances in seismic as well as the 3D
modelling and inversion algorithms. He stated that the
volume, velocity and value, the three V’s are important
factors to be considered in today’s exploration scenario.
He indicated that the geoscience organizations and
industry should focus on the challenges of Big Data
management to produce reliable and repeatable results. Also
he mentioned briefly about the importance of various
interpretation techniques viz., Global optimization
techniques, Simulated Annealing, Monte-Carlo method
and genetic algorithms. Dr.V.M.Tiwary, Director, National
Geophysical Research Institute (NGRI), CSIR in his address
indicated that in times of fastly dwindling resources
the geophysical data should interpreted and integrated to

meet the growing needs of mineral industry. He indicated
that with the vast improvements in technology geoscientists
are facing a challenging task of converting the large volume
of data to geologically favourable targets. He appealed to
the professors and mentors from academic institutions to
design the curriculum of the under graduate and post
graduate geophysics syllabi to suit the needs of the
industry. Shri.M.Raju, Director General, Geological Survey
of India (GSI) lauded the efforts of AEG for conducting
annual seminars with tropical interest and bringing the
geoscientists, academicians and industry to a common
platform. He stated that GSI is always supportive of the
activities of AEG and expressed that the seminar being
conducted at the GSI training institute will benefit the
geoscientists of GSI. He stated that keeping in view of the
importance of Geophysics in adding vital subsurface
information, GSI has given equal importance to Geophysics
and felt that the geoscientists from Geology and
Geophysics should work together for attaining the desired
goals. He informed the audience that GSI is involved in
important national geophysical mapping programs of the
country both ground and airborne and also in the deep ocean
using the vessel RV Samudra Ratnakar for mapping the
marine resources. He emphasized the geoscientists today
need to focus more on adopting latest the interpretation
techniques and gain the necessary expertise.
Prof. Bimalendu B Battacharya, Chief Guest after
releasing the souvenir volume delivered his inaugural
address. In his opening remark, he emphasized the
importance of the seminar theme on Innovative geophysical
techniques in the exploration of Mineral resources. In his
brief talk on Exploration Geophysics: Problems and
Prospects, he outlined the importance of understanding
the noise component of a geophysical signal to effectively
delineate a target. The noise component which he termed as
terrain noise comprises geologic noise due to various surface
geological inhomogeneties and topography noise. In tropical
countries like India weathered layer and overburden also
adds to the noise component. He indicated that with the
advanced technologies, there are means and methods to
achieve better signal to noise ratio during acquisition and
processing as well. He suggested that the huge volume of
data being generated by airborne geophysical surveys by
various national organizations like AMD, CSIR-NGRI and
GSI, could be better dealt with if it is made available to
students and researchers without providing the location
details. He also emphasized the need for creating awareness
amongst the various agencies involved in smart city planning
about the application of Exploration Geophysics in near
surface investigations. He further elaborated that the earth
scientists have a greater role to play in smart city planning
for providing subsurface information for shallow depths of
0- 30m. He indicated that a wide variety of state of art
shallow subsurface geophysical techniques are presently
available for solving majority of geoenvironmental,

geotechnical, mineral exploration and geohydrological
problems. He opined that the application of Earthsciences
in smart city planning would be challenging and will go a
long way in expanding the work space of Exploration
geophysics.
Dr.Hari Naraian Memorial lecture was delivered by Dr.
L.K.Das on “Innovations in Geophysical Exploration:
The Need & Examples”. In his lecture he discussed in detail
the challenges faced by exploration geophysicist and the
innovation in the field of instrumentation, survey
techniques, processing and interpretation. He described the
challenges in Exploration Geophysics as basic or inherent
ambiguities and secondary ambiguities. The inherent
ambiguities are classified as Non-linearity, Non-uniqueness,
Non-resolution of thickness and depth, multiple ore bodies
one below the other and unknown structural disposition
and ambiguities in mathematical modelling of physical
property models. He explained the secondary ambiguities
in terms of inherent geologic noise, genetic sources of
mineral commodities, Lack of continuity, deceptive thickness
and sudden change in grade of ore bodies, indifferent
ore-gangue mineralogy, mineralization associated with wide
variety of host rocks, petrophysics and structural style. He
briefly explained the innovations in instrumentation, survey
methodologies, processing and interpretation of various
geophysical techniques. He presented the audience with
illustrative case histories of successful application of
geophysical techniques. The case histories include structural
mapping of greenstone belt of Jharkhand and Odisha and
Aravalli fold belt; mapping of Mahakoshal metavolcanics
below the Vindhyan sediments in Son valley and basement
depth estimation; mapping of deep crustal faults and Moho
upwraps in the Aravalli region; monitoring volcanism of
Barren and Narcondum islands, 3D mapping of kimberlite
body in Indravati basin; upwelling of CONRAD
discontinuity of Singhbhum shear zone and crustal resistivity
distribution of Singhbhum craton.
During the two day technical sessions which commenced
on 21st October, 2016 about 67 research articles and case
histories were presented, which include 33 Oral
presentations and 34 poster presentations. The themes for
oral presentations include Geoexploration : Present trends
and Future technologies; Geophysical Exploration for
Mineral Resources;
Hydrocarbons; Trends in
Geoexploration; Developments in Geoexploration and
Processing Techniques; Coal and Engineering Geophysics;
Groundwater, Marine and Environmental Geophysics
and Integrated Geophysical Exploration. Apart from the
Indian scientists from OIL, IIG-Mumbai, NGRI, SCCL,
ISM, BHU, HZL, AMD and GSI; geoscientists from
AGCOS, Canada and Geotech, Canada also presented their
research articles. The technical sessions are chaired by
eminent geoscientists from India and abroad. The brain
storming technical deliberations held during the two day oral

and poster presentations greatly benefited the entire
geosciences fraternity. This year also, a separate session
was allotted to “Geophysics Industry and service providers”.
During this session, representatives from various national
and international geophysics industry viz., McPhar
International, Geotech Airborne Limited, Geosoft and
AGCOS presented the products and services offered by them
which are of immense help to the participating geosciences
fraternity. An exhibition of Geophysical instruments and state
of art practices was organised coinciding with the seminar.
Geophysical service providers, geophysical instrument
suppliers, software vendors, public and private agencies
involved in exploration, engineering and environmental
geophysics participated in the exhibition. The participated
companies include Geotech Airborne Limited, McPhar
International, Parsan, Datacode-Geosoft, Electroteck,
Sowar, Aimil, Himalayan Heli services, National Remote
Sensing Centre (NRSC), Geological Survey of India (GSI)
and Atomic Minerals Directorate (AMD).
The valedictory function of the annual convention was
organized on 22nd October, 2016 with Shri.B.D.Thappa,
ADG & HOD, SR, GSI as the chief guest. Dr.V.P.Dimri,
Dr.V.M.Tiwari, Dr.A.K.Chaturvedi and Dr.P.R.Golani also
graced the valedictory function. Dr.V.P.Dimri in his
valedictory address congratulated the organizers for
successfully organizing the seminar with presentations
covering the innovative trends in data acquisition,
processing and interpretation. He thanked the Chief Guests
and Guests of honour of Inaugural and valedictory
function and also Dr.L.K.Das for delivering the Dr.Hari
Narain memorial lecture. He also expressed his sincere
thanks to all the sponsors, exhibitors, delegates and the Jury
members who are involved in selecting the awardees under
various categories. He appealed to the audience for making
all efforts to bring more members into AEG to make it more
vibrant by increasing the membership. Dr.A.K.Chaturvedi
in his address thanked all the delegates and invitees for
actively participating in the technical sessions of the
seminar and announced the winners of the Best Thesis Award

and Sriram Srinivasan Award. Dr. Sriram Gullapalli from
National Institute of Oceanography (NIO), Goa, who was
presented with the best thesis award for his work on
“Seismic Signatures of fracture filled Gas Hydrate deposits”
made a brief presentation of his thesis work. This was
followed by a presentation by Sriram Srinivasan Awardee,
Dr. B.Venkateswara Rao of Jawaharlal Nehru Technological
University, Hyderabad (JNTUH), on characterizing the
aquifers and development of novel methodology for
identification of potential aquifers in the Khondalitic
Terrain of Eastern Ghats. Shri.B.D.Thappa, felicitated the
winners of the AEG Best Thesis Award and Sriram
Srinivasan Award. The best exhibitor award was awarded
to M/s Aimil and to Datacode-Geosoft by Shri. P.S.Golani.
Dr.V.N.Tiwari, Director, NGRI presented the best poster
award to Mr.Deepak Kumar, AMD, Jaipur and Mr.Amaresh
Kumar of BARC Training School, AMD campus.
Shri.P.R.Golani lauded the efforts of AEG and reiterated
that the seminar was one of the best event organized at
GSI Training Institute. He opined that Exploration
Geophysics has attained greater significance in the present
day Exploration activities and emphasized on the integration
of the earth sciences. Dr.V.M.Tiwari complimented the
organizers for successfully organizing the seminar with the
participation of geoscientists from different organizations
in the country and abroad, industry, academia and students.
He opined that the seminar was successful in addressing
the most relevant issues of Exploration Geophysics from
data acquisition to processing and interpretation.
Shri.B.D.Thappa in his valedictory address reiterated the
importance of geophysical techniques for the exploration
of deep seated mineral resources. He briefly mentioned
about the national ground and airborne geophysical
mapping programs of GSI and assured the students of
improved job prospects due to the growing importance of
geophysics in exploration of natural resources.
Shri.A.Markandeyulu, Organizing Secretary proposed the
vote of thanks and thanked all the dignitaries, guests,
delegates, exhibitors and sponsors for making the event a
grand success.

A. K. Chaturvedi, R. K. Tiwari and
A. Markandeyulu
Association of Exploration Geophysicists

PHOTOGRAPHS OF AEG’S 38th ANNUAL CONVENTION AND SEMINAR

Inauguration of the Exhibition by the Chief
Guest, Prof. Bimalendu B Bhattacharya,
INAE Distinguished Professor. Also seen in
the picture are Shri M. Raju, DG GSI, Shri.
V. P. Dimri, President AEG, Dr. A.K.
Chaturvedi, Secretary,AEG and other
dignitaries

Prof. Bimalendu B Bhattacharya, Dr. V. P.
Dimri, Dr. B.K.Rastogi and other dignitaries
visting the stalls and having discussions with
the exhibitors.

Dr. Ash Johnson Vice President, AEG,
Geosoft, UK conducting the Workshop on
Exploration Data management: Challenges
and Opportunities

Prof. Bimalendu B Bhattacharya, Shri. M.
Raju and other dignitaries visting the
exhibition stalls

AEG Delegates during the registration for
the Seminar

Lamp lighting by Dr. V.M. Tiwari, Director
NGRI. Also seen in the picture are Prof.
Bimalendu B Bhattacharya, Shri M. Raju,
Dr.V. P. Dimri,Dr. A.K. Chaturvedi, Dr.
R.K.Tiwari, and Dr. L. K. Das during the
Inaugural function of the seminar

Release of the Souvenir volume during the
Inaugural function of AEG’s 38th Annual
convention From L to R: Shri. A.
Markandeyulu, Dr. R. K. Tiwari, Dr. A.K.
Chaturvedi, Shri. M. Raju, Prof. Bimalendu
B Bhattacharya, Dr. V.P. Dimri, Dr. V.M.
Tiwari and Dr. L.K. Das

Delegates are visiting the Exhibition stalls

Dignitaries and delegates during the
inaugural function of the seminar.

Dr. V.P. Dimri President, AEG felicitating
Shri. M. Raju

Prof. B.Venkateswara Rao, JNTUH,
Hyderabad receiving Sriram Srinivasan
Award from Shri. V.B. Thappa, ADG &
HOD, SR, GSI, Hyderabad

Dr. Sriram Gullapalli, Scientist, National
Institute of Oceanography, Goa, receiving
AEG’s Best Thesis Award from Shri. V.B.
Thappa, ADG, HOD, SR, GSI, Hyderabad
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Prof. David M Boyd
(1926-2016)
Professor David M Boyd, an internationally renowned Geophysicist passed away at Adelaide, South Australia on
November 2, 2016,at the age of 90 years succumbing to the head injury he sustained when he fell while walking. He
leaves behind his wife Jenny Boyd, two sons James and Hugh and a daughter Sarah, besides scores of his students and
admirers the world over.
David was born in Scotland on June 26, 1926. He entered Glasgow University (UK) in 1943, after a mildly disrupted
secondary education during World War II, and obtained double Honours in Natural Philosophy (Physics) and Geology - a
first for Glasgow University. After graduation in 1947, he served as a Lecturer in the new science of Geophysics and spent
9 years teaching and conducting exploration field work in the UK, Iceland, and the Rift Valley in Uganda. After spending
2 years with John Taylor and Sons working on many mines in the UK and also in Cyprus he secured a position of a Chief
Geophysicist at Hunting Geology and Geophysics (London) in 1956 and thus began 12 very busy, productive and happy
years working predominantly on large airborne magnetic projects worldwide, including Ghana and Uganda. During this
period, working directly with the field geologists, he developed the methodology, which may be classed as a pioneering
work, for integrating aeromagnetics with geology, that culminated in his classic paper “The contribution of airborne
magnetic surveys to geological mapping” presented at the Canadian Centennial Mineral and Ground Water Conference in
Niagara, 1967, and has helped in training and creating generations of competent interpreters of Aeromagnetic data.
Passion for teaching, imbibed during his Glasgow university years, prompted David Boyd to return to academic life
joining as inaugural Chairman of Geophysics in the Department of Economic Geology at the University of Adelaide,
South Australia in 1969. He retired in 1992. His main focus was nurturing honours graduates who would be sought after by
the mining industry. This has resulted in a very competent ‘breed’ of geophysicists who have become leaders and achievers
in the exploration industry in Australia. While best known for his passion for aeromagnetics and the accompanying emphasis
on ‘hard-rock’ geology, many of his graduates have made their mark in the Oil & Gas industry, in seismic research, well
logging and as founders and operators of successful exploration companies.
Besides being a Professor of Geophysics, he held positions of Dean of the Faculty of Science; Chairman of the
University’s Education Committee and further served as Acting Vice-Chancellor in 1982-83. Outside of geosciences,
David was Chairman of the Animal Ethics Committee of the Waite Institute (1983-92) and Chairman of the organising
committees for ANZAAS congress in 1991 and 1997. His zealous campaign for the Government airborne survey
programmes, contributed to the innovations by the South Australian government in launching the ‘South Australian
Exploration Initiative (SAEI)’ and airborne survey funding during 1992-1996 thereby raising exploration profile of South
Australia within Australia as well as internationally and becoming a model for other countries to follow. He nurtured
relationships with the airborne geophysics industries in Finland, India, China and Africa and was a frequent visitor to these
countries, as guest lecturer and counsel. He was key person in initiating courses on ‘Geophysics for Geologists’ at the
Australian Mineral Foundation (AMF) and presented them with zest and zeal, until 1994. From 1997 until his recent
passing, he was the key geophysics advisor to ‘Archimedes Consulting’ and actively working on projects on every inhabited
continent of the Earth.

His earliest connection with the Aeromagnetic Survey projects in India goes back to the mid sixties. Interestingly his
first contact with Indian programs, as I far as I know, was with the NGRI when, Dr. P.V.Sanker Narayan met him in 1966
at the Hunting Geophysics office in London in connection with the acquiring of a Proton Precision Magnetometer for
NGRI’s Aeromagnetic Survey Facility project just being started. In 1968 he was associated with the airborne survey in
Tamil Nadu by M/s Hunting’s (UNDP project) and later in 1972 -73, in his association with the Mineral Development
Teams in Australia and the government geologists from India visiting under a Colombo Plan programme. He was instrumental
in setting up the ‘India-Australia scientific and technology co-operation program (1975)’, which helped finance Indian
scientists to come to Australia and vice-versa.
Interactions further strengthened and continued with my going to University of Adelaide on a Colombo Plan Fellowship
spending the years from 1974 to 1976 and conducting Post-Doctoral Research on the Broken Hill, the Middleback and
Hamersley Aeromagnetic data interpretation projects in Australia. The Broken Hill Aeromagnetic data interpretation
project was a project close to his heart, in which besides me (Indian), David Isles (Australian), Koya Suto (Japanese) and
D.M.Khan (Pakistani), really an international team, participated and successfully completed under his able and inspiring
guidance. Later Shanti Rajagopalan, a brilliant student from Osmania University, who did her Ph.D under Prof Boyd’s
guidance, settled in Australia and played a significant role in the field of Airborne Geophysics and made invaluable
contributions in the development of new interpretation techniques. Even after her premature demise, the Australian
geophysical community gratefully remembers her and acknowledges her contributions.
Prof Boyd’s keen interest in espousing the need for development of skilled manpower in the effective interpretation of
Aeromagnetic data in the developing countries took him on several visits to India, particularly to the government institutions
like NGRI, Geological Survey of India centers in Calcutta, Hyderabad and Bangalore, Atomic Minerals Division and,
NRSA in Hyderabad, and Universities like the Osmania University, Hyderabad and Andhra University, Visakhapatnam.
His lectures and practical demonstrations especially using the Indian data were of particular value and inspiration to the
geologists and geophysicists at these institutions. This has encouraged the authorities of some of these institutions to
depute their officers for further intensive training to the University of Adelaide! Armed with the command over the
subject and with humane approach and personal rapport, he won the hearts of every one whom he met in India and they all
look at him with admiration and reverence.
He is a Foreign Fellow of the Indian Geophysical Union, Fellow of the Geological Society of India and Association of
Exploration Geophysicists (India). He was the President of the Geological Society of Australia (1986-87). He was awarded
Honorary Membership of the ASEG in 1997. For his achievements in developing a special breed of geophysics graduates
and for his successes in promoting the effective integration of aeromagnetics in geological mapping and exploration, the
ASEG, at its 25th Conference, honored him with the presentation of the Society’s Gold Medal on August 21, 2016,
coinciding with his 90th birth day celebrations.
This was the auspicious occasion when nearly 60 of his students, including me, from world over, gathered in Adelaide
in the celebration and paid respects and conveyed gratitude to their teacher. Prof. Boyd was full of energy, enthusiasm and
was extremely happy to be with his students who made him proud, but at the same time he was an embodiment of humility
and grace when he said “ Learning is a two way business. Learning goes through both for the student and from the student.
I am indebted to all of you, although I cannot be specific on what I learnt from you, but I know each one of you have taught
me something all the time I have been teaching you. I am greatly honoured. Thank you very much.”
After the celebrations every one left with joy, hope and wish that we all would be meeting again on his 100th birth day.
But, alas, fate had a different plan and we had to bear the shocking news of his passing away so soon. He lived a full life,
inspiring one and all who came in contact with him, a life to be cherished, emulated and celebrated. We are all very sure,
wherever he is; he’ll be smiling and will make others smile

Dasu Atchuta Rao

ASSOCIATION OF EXPLORATION GEOPHYSICISTS
AEG Award for the best Ph.D. Thesis in Geophysics
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 awarde
doctoral degrees in the period under consideration January, 2015 - December, 2016 by an Indian
University/deemed university are eligible for these awards.
Application/Nominations are invited by 31st July, 2017 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, 2017.
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 Award for the best Ph.D. Thesis in Geophysics
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
# 12-13-266, Street No.15, Tarnaka, Hyderabad - 500 017, India.
Phone: (040) 40259557
Email: aegindiageophysics@yahoo.com
www.aegind.org

ASSOCIATION OF EXPLORATION GEOPHYSICISTS

Sriram Srinivasan Award
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 , 2017 and the name of the awardee will be
announced by 30th September, 2017.
The award will be conferred at the AEG’s Annual convention scheduled in October,2017.
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
This annual “AEG Best Paper Award” to be given to an outstanding paper, published in
the preceding calendar year in AEG’s Journal of Geophysics. This annual award deemed
by the editorial board to be most deserving for its contribution to the pure and applied
geophysics, based on both the scientific importance and potential impact of the paper and
quality and clarity of presentation. Papers with original 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 (or not) for this award.
• The current editorial board members and editors are not eligible.

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

Nomination procedure
• When submitting a manuscript, the author shall indicate whether she/he wishes the
submission to be considered for the award nomination
• Nominations shall be made by the Editorial board based on the papers published in the
four issues of the preceding year.

Association of Exploration Geophysicists
# 12-13-266, Street No. 15, Tarnaka, Hyderabad – 500 017
Telefax: +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. 100/- 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 Hyderabad, Osmania University Branch, Hyderabad
c. Bank Account of Number: 52198268342
d. MICR Code: 500004044
e. Indian Financial System Code (IFSC) : SBHY0020071
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

