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EDITOR’S PAGE
With great pleasure and satisfaction, Association of Exploration Geophysicists (AEG) forwards the
Vol.XXXV No.1 January-March, 2014 issue of the Journal of Geophysics (JOG) to all its members and
patrons. This issue of the journal includes research articles on hydrocarbon and mineral exploration presented
by the authors during the 35th Annual Convention of AEG in October 2013 at New Delhi.
A brief summary on the research contributions in this volume of the journal is given below.
Regional gravity and magnetic surveys are effective exploration tools for identifying deep –seated fault/
fracture systems. R.Ananda Reddy et al., in their article “Search for Ultramafics in KKC Tetonic Zone
Based on Interpretation of Gravity and Magnetic Data in Southern Granulite Terrain” highlighted
the effectiveness of regional gravity and magnetic surveys in identifying the favorable environs for the occurrence
of mafic/ultramafic intrusives in soil covered areas in parts of Central Tamilnadu. Based on the results of
Gravity and Magnetic surveys they successfully inferred the regional disposition and ultramafic emplacement
within the Kinattukadavu - Kangeyam sector of Kinattukadavu-Kangeyam-Chinna Dharapuram (KKC)
Tectonic Zone.
Aeromagnetic data are successfully utilized worldwide for deciphering the regional structural fabric of
subsurface geology. In the technical paper “Delineation of structure from aeromagnetic data: A case
study from Mahakoshal fold belt in Son Valley area, Sonbadhra district, Uttar Pradesh”, M.Sridhar
et al., discusses in detail the structural elements of Mahakoshal fold belt as revealed by the interpretation of
aeromagnetic data. The boundary faults of Mahakoshal fold belt viz., the Son-Narmada North Fault (SNNF)
and Son-Narmada South Fault (SNSF), and the continuity of the Mahakoshal Group beneath the Vindhyan
sediments are clearly demarcated from their study.
The Shillong Plateau and adjoining Mikir hills region In the North-East India, assume significance as the
area exposes the Archean-Proterozoic rocks. Syiem et al., in their article “Systematic Gravity-Magnetic
Studies in East Khasi Hills of Shillong Plateau” documents several prominent geological structures
brought out by gravity and magnetic surveys. They indicate that the valuable subsurface geological information
assumes significance due to the seismicity in the region. Their study brought out the structural fabric of Shillong
Group of rock and a possible zone of interest for base metal mineralization near Pynursula.
In the technical paper on “Long Offset High Resolution 2D Seismic Data with MEMS-based
Accelerometers for Shallow Gas Reservoirs”, G.K.Batta et al., indicated the effectiveness of long offset
high resolution MEMS accelerometers seismic data in minimizing the risk associated with the characterization
of shallow gas reservoirs. The case study from seismic profiles of Oil India Limited’s operational area of upper
Assam indicated that the MEMS accelerometers seismic data provided a consistent AVO response over the
whole offset range and produce clear bright spot compared to the data acquired with the conventional sensors.
Ganesh Karri et al., in their article “Three Dimensional Multicomponent Seismic (3C) Data Acquisition:
A Case Study from OIL Operational Area in Upper Assam Basin”, demonstrated the efficacy of three
dimensional multicomponent (3D-3C) seismic surveys in improved imaging, direct hydrocarbon and lithology
indication and attenuation of multiples over the conventional P-Wave seismic. The results from the 3D-3C seismic
data acquired from Jorajan area, Upper Assam Shelf Basin indicate that the PP component from raw data and
the resulting PP stacks shows higher frequency content than the conventional single component stack.
A.K.Chaturvedi
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Search for Ultramafics in KKC Tetonic Zone Based on Interpretation of Gravity and
Magnetic Data in Southern Granulite Trrrain
R. Ananda Reddy*, J.V. Rama Rao** and B. Balakrishna*
* Geological Survey of India, Southern Region, Hyderabad
** Geological Survey of India, Eastern Region, Kolkata

Abstract
At regional scales, gravity and magnetic surveys help in elucidating the geological framework, mainly by defining
major compositional boundaries and structural zones that may be favorable environs for possible emplacement of
mafic / ultramafics particularly in covered areas. The regional disposition and ultramafic emplacement within the
Kinattukadavu - Kangeyam sector of Kinattukadavu-Kangeyam-Chinna Dharapuram Tectonic Zone (KKC tectonic
zone) are well brought out by Gravity and Magnetic surveys in parts of Central Tamil Nadu. Density and magnetic
susceptibility measurements of different rock samples collected from the KKC tectonic zone have helped in understanding
and evaluating the geophysical responses.
The KKC Tectonic Zone displaying gravity highs and high nosings, trending ENE-WSW and passing through
Vadachittur in the west, Kettanur, Tuttaripalaiyam in the centre and Vellakkovil in the east probably represents the
presence of concealed / isolated mafic / ultramafic bodies. The gravity high closures near Vellakkovil, Olapalaiyam and
Kambaliampatti are corroborated well with the presence of pyroxenite bodies and over Tuttaripalaiyam is corroborated
well with meta-dunite and their strike continuity in NE-SW direction, and appears to continue further ENE-WSW
direction with increased amplitude, indicates the continuity of the KKC tectonic zone. The Magnetic (Total Field)
anomaly map showing a number of isolated closures of highs and lows supports the inference drawn from the gravity
interpretation of presence of ultramafic bodies with limited strike length. The radially averaged power spectrum of the
GM data of KKC tectonic zone has brought out two to three interfaces, which helped in understanding the sub-surface
lithology. Gravity and magnetic low pass filter maps obtained from KKC tectonic zone, which indicates the layer
responses corresponding to deeper depths are described in detail.

Introduction
Regional gravity and magnetic surveys are helpful in
identifying (i). deep-seated fault / fracture system at both
regional and local scales which can control emplacement of
mafic / ultramafic bodies, (ii). The fault systems are
susceptible to repeated reactivation through geological time
and (iii). intersecting fault systems are especially favorable
for emplacement of mafic / ultramafic intrusives.
The Southern Granulite Terrain (SGT) has an
evolutionary history from early Archaean to late
Neoproterozoic (3500 to 550 Ma) with repeated multiple
deformations, intrusions and polyphase metamorphism
(Bhaskara Rao et al., 2003). SGT is mosaic of crustal blocks
consisting of highlands of charnockite massifs Biligirirangan hills and Shevaroy hills (>1600m) in the north
and Palani - Cardamom hill (>2500m) ranges in the south
separated from each other by a network of low-lying shear
zones in NE-SW, E-W and NW-SE within Palghat gap . The
most important shear zones of the region are Mettur, MoyarBhavani, Salem-Attur, Chennimalai-Noyil, Dharapuram,
Devattur-Kalimandyam and Kodaikanal-Oddanchatram
(Chetty et al., 2006). These shear zones are intruded by the
Manuscript received on: 9.7.2013.Accepted after revision:24.1.2014
Paper presented at 35th Annual Convention and Seminar on
Exploration Geophysics held during 3-5 Oct.2013 at New Delhi

late Neoproterozoic (750-550 Ma) granites and alkaline
plutons. Some of these shear zones are associated with
layered anorthosites and mafic / ultramafic complexes.
An integrated geological, geophysical and
geochronological study was carried out over the northern
part of SGT along a 300 km long north-south Kuppam-Palani
geotransect for evolutionary history of the region (Vijaya
Rao et al., 2006) employing seismic reflection/refraction,
magneto-telluric, gravity and magnetic surveys. These
studies suggest that the present day crustal structure is the
result of late Archaean collision and suturing of Dharwar
Craton with another crustal block to the south of Moyar Bhavani shear zone (MBSZ) and subsequent rifting of
collision zone during Neoproterozoic period. The area
between Moyar-Bhavani and Karur-Oddanchattaram shear
zones, occupying low elevation area, associated with a broad
gravity high zone, a thick high conductivity zone and with a
Moho up warp. This large wavelength E-W trending gravity
high over the Palghat gap coincides with the high density
iron ore deposits, mafic-alkaline complexes and anorthosite
bodies exposed on the surface, possibly associated with
thinning of the crust (Singh, et al, 2003).
Magneto-telluric data of the area shows high conductivity
of the order of 2,000 Ώm to depth of 12 km indicating presence
of shear zones, in contrast to the high resistivity of 20,000 to
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50,000 Ώm to the north of Moyar-Bhavani shear zone and
south of Karur-Oddanchatram shear zone. This clearly
indicated that the Kangeyam-Dharapuram area within the
Dharapuram domain is a major tectonic zone with emplacement
of mafic / ultramafic intrusives from deeper levels. The
ultramafic bodies occur within a ENE-WSW trending
Kinattukkadavu-Kangeyam-Chinna Dharapuram (KKC)
Tectonic Zone, bound by shears on both the sides. KKC
tectonic zone comprises sub parallel system of ENE trending
shears with the emplacement of number of ultramafic intrusive
of deep seated origin, un-deformed and unaltered with
original igneous structure are geologically mapped, which
are favourable loci for possible occurrence of Ni, Cr and PGE
mineralization.
Regional Gravity and Magnetic (TF) surveys in the
adjoining area between Velliyankadu and Satyamangalam
mapped by Murali et.al.,(1994) has brought out the
disposition of mafic / ultramafic bands favourable for
mineralization. Balakrishna Rao, et. al., (2010) has resolved
the disposition of Sittampundi ultramafic complex in terms
of residual gravity high zones. Prasad et.al., (2010) has
delineated the disposition of KKC tectonic zone characterized
by residual gravity high zones correlating with ultramafic
bands. Murty et al., (2010) has suggested the possibility of
ultramafic bands that may host mineralization in the SE part
of the area with high gravity gradient zones.
With an objective to bring out the tectonic frame work
and possible emplacement of ultramafic rocks, regional
gravity and magnetic (TF) surveys were carried out in
Kinattukadavu-Kangeyam sector of KinattukadavuKangeyam-Chinna Dharapuram Tectonic Zone (KKC
tectonic zone), Coimbatore and Erode Districts, Central Tamil
Nadu. An area of about 2,000 sq.km in parts of Southern
Granulite Terrain is studied with an average station density
of 1 station per 2.5 sq.km area on 1 : 50,000 scale.

Geology
The area represents the Kinattukadavu-Kangeyam sector
of Kinattukadavu-Kangeyam-Chinna Dharapuram Tectonic
Zone (KKC tectonic zone) falls with in the northern part of
central Dharapuram domain trending in ENE-WSW direction.
The area comprises amphibolite, gabbro, pyroxene granulite,
charnockite, ultramafics, banded magnetite quartzite,
hornblende-biotite-gneiss, granite and pink migmatite
(Srivastava, 1976). Dolerite dykes, quartz and pegmatite veins
are the later intrusives. Geologically major part of the area is
mapped as hornblende biotite gneisses with charnockite
bands (Fig.1). Number of ultramafic bodies are emplaced
within the KKC tectonic zone, trending in ENE-WSW
direction, which are undeformed, unaltered and retain their
original structures, favourable loci for Ni, Cr and PGE
mineralization.
The rocks are divided into two major groups, pre-tectonic
and post-tectonic basic and acid intrusives based on the
mode of occurrence, structure and inter-relationship.
Charnockite, meta-pyroxenite, pyroxene granulite,
granodiorite, diorite and granite gneiss are grouped under
pre-tectonic basic and acid rocks. The ultramafic rocks are
grouped under post-tectonic basic intrusives represented
by peridotite and pyroxenites and acid rocks represented by
granite, pegmatoidal granite, pegmatite and quartz veins.
The rocks in general, show high-grade metamorphism.
Ultramafic samples of the eastern part of the KKC Tectonic
zone have registered Pt values ranging from 6 to 84 ppb, Pd
values ranging from 8 to 75 ppb, and a few samples have
recorded Cr values ranging from 1,628 to 5,145 ppm, Cu values
ranging from 251 to 1,093 ppm and Ni values ranging from
224 to 315 ppm.

Physical Properties of Rock Samples
A total of 42 rock samples were collected from different

Fig.1. Geological map – Kinnattukadavu – Kangeyam - Chinna Dharapuram (KKC) Tectonic
Zone, parts of Southern Granulite Terrain.
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litho units such as gneiss, gabbro, amphibolite, ultramafics,
pink migmatite, banded magnetite quartzite for physical
property measurements such as density and magnetic
susceptibilities (Table-1). The magnetic susceptibilities were
measured with MS-2 Magnetic Susceptibility meter,
Bartington, UK and the density was measured with Electronic
Balance, Fx-400, Afcoset, India.
Density and magnetic susceptibility measurements of
different rock samples collected from the KKC tectonic zone
helped in understanding and evaluating the geophysical
responses. Basic and ultramafic rocks show higher densities
and low magnetic susceptibilities of the order of 2.97 to 3.05
g/cc and 0.9 to 15.3 x 10-6 CGS units (Table-1). Banded
Magnetite Quartzite shows higher density and higher
magnetic susceptibility values of 3.22 g/cc and 53.9 x 10-6
CGS units. Where as, charnockites, granites, gneisses and
migmatites show low density and low magnetic
susceptibilities.
Table-1
Sl.No

Litho-unit

No. of Density
Magnetic
Samples (g/cc) susceptibility
(X 10-6 CGS)

1

Quartz vein

2

2.54

0.4

2

Pink migmatite

1

2.64

0.2

3

Granite

8

2.64

3.9

4

Granite gneiss

6

2.61

1.2

5

Charnockite

2

2.65

5.5

6

Gabbro

7

2.97

15.3

7

Amphibolite

11

3.05

12.4

8

Ultramafics

2

2.98

0.9

9

Banded magnetite
quartzite

2

3.22

53.9

favourable hosts for PGE, Ni and Cr mineralization. The
gravity and magnetic surveys also helped in understanding
the disposition of the ultramafic bodies and associated
structures such as shear / fracture / faults within the tectonic
zone.
The gravity data is reduced to the IGSN base established
in Kettanur and Vellakkovil area connected from the IGSN71 Base at Perundarai. The International Gravity Formula,
1980 is used for the gravity data reduction by assuming an
average crustal density of 2.67 g/cc and the Mean Sea Level
was taken as datum elevation. CG-5 Autograv Gravimeter
(Scintrex, Canada) was used for the gravity surveys with an
accuracy of 0.001 mGal. Total field Magnetometer (Terra
science, Hyderabad, India) was used for the magnetic
surveys with an absolute accuracy of 1 nT.
The elevation contour map of the study area (Fig.2), is
generated with the elevations obtained from the gravity
surveys. The area forms an undulating terrain and clearly
depicts the small hills in the western and central part, show
the relief of 445, 413 and 389m. The remaining area is
essentially a plain terrain, show a low relief of 185m towards
east with poor drainage.

Bouguer Gravity Anomaly Map

Geophysical Surveys
The ultramafic rocks are characterized by higher density
and contrasting susceptibility in comparison with the
surrounding rocks, regional gravity and magnetic surveys
were carried out to delineate these rocks, which are

The Bouguer gravity image of the study area (Fig.3) with
1mGal contour interval has indicated an overall variation of
30mGals with a maximum value of -64mGal is observed over
KKC Tectonic Zone, east of Avanashipalaiyam and the
minimum value of -90 mGal over migmatite gneiss towards
west. The general trend of the gravity contours is an ENEWSW direction over KKC Tectonic Zone. The Bouguer
gravity contour map has brought out a gravity high of
12-14mGal trending in ENE-WSW direction indicating the
disposition of the KKC tectonic zone, passing through
Vadachittur, Sultanpettai, Kettanur, Tuttaripalaiyam,
Pongalur, Avanashipalaiyam, Olapalaiyam and Vellakkovil.
The contour pattern over gravity high is narrow and linear
with limited strike length, probably indicates the presence of
ultrabasic bodies within the KKC Tectonic zone are discrete
and are persisting over limited strike length. It is also
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observed that the linear gravity anomaly contour pattern
with number of high nosings probably indicates the presence
of small isolated ultrabasic bodies. The gravity high closures
observed near Vellakkovil, Olapalaiyam and Kambaliampatti
are well corroborated with pyroxenite bodies and also
indicated their strike continuity towards northeast, west and
southwest directions. The gravity high over Tuttaripalaiyam
is corroborated with meta-dunite outcrop exposed in the
stream and the strike continuity of the contour pattern in
northeast-southwest direction probably indicates the
continuity of the ultrabasic bodies. The trend of the gravity
high zone appears to be continued further ENE direction
with increased amplitude indicates the continuity of the KKC
tectonic zone. The steep gradient of the gravity contours
towards west and southwest of the covered area passing
through south of Vadachittur, Mantripalaiyam and Jellipatti
indicates faulted gneissic contact of the KKC tectonic zone.
Bouguer gravity map has brought out oval shaped, anomalies
with dilated portions indicating the intrusive nature of the
regions. It can be observed from this map that majority of
the area is occupied by a major gravity high zone of about
14mGal and the nature of this feature indicates that, the source
of this anomaly may be deeper. The gravity high zone has
also indicated the distinct gravity high nosings from Kettanur
towards Pappampatti in WNW direction and towards
Kinattukkadavu in WSW direction. The broad gravity high

zone with significant nosings indicates that the discrete
ultrabasic bodies on the surface level may be having continuity
at deeper level.

Residual Gravity Map
Over the regional gravity feature, subtle gravity responses
are noticed corresponding with the disposition of shear zones.
As the mafic / ultramafic bands are of limited extent in this
portion, their individual responses are not discernible.
Residual gravity map has clearly demarcated the sheared
portions with distinct contour pattern.The residual gravity
map with 4 point average for 2 grid cells (Fig.4) has brought
out distinct linear gravity highs north of Kinattukkadavu, east
of Vadachittur, east of Jellipatti and around Tuttaripalaiyam
trending NE-SW direction. These linear gravity anomalies are
well resolved from linear gravity highs with number of high
nosings in gravity map and are indicative of individual
ultrabasic bodies (meta-dunite) with probable strike length.
Similarly, another set of linear gravity high zones are observed
north of Udiyur in NW-SE and NE-SW directions, north of
Olappalaiyam in NW-SE direction, around Kambaliyampatti in
NNE-SSW direction, around Vellakkovil in NE-SW direction
are corroborated with small outcrops of pyroxenite near
Kambiliyampatti and Olappalaiyam. The complete disposition
and trend of these linear gravity high anomalies indicates the
probable disposition of the ultrabasic bodies.
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anomalies around north of Kambaliampatti in the eastern part
of the area, and north of Vadachittur in the western part of the
area. It can be summarized that, the near surface geological
variation to be causative source. The BMQ bands exposed
around Olapalaiyam and Avanashipalaiyam have not indicated
by magnetic signatures probably due to their smaller
dimensions, but samples indicate higher density and
susceptibility values. Total intensity magnetic image, indicates
that the magnetic anomalies seems to be controlled by the
structural trends. The magnetic anomaly over the KKC tectonic
zone is characterized by large magnetic low and small highs
suggesting the association of mafic intrusive rocks within the
shear zone.

Magnetic (Total Field) Anomaly Map
The magnetic method, one of the oldest geophysical
technique, is based on mapping the subsurface distribution
of magnetic minerals containing iron oxides and iron sulfide
minerals. The magnetic method continues to be a viable
approach to directly focus mineral exploration efforts.
Magnetic measurements also contribute indirectly to unravel
the geological setting for emplacement of basic / ultramafic
intrusive / ore deposits.
The Total Field Magnetic image (Fig.5) with contour
interval of 100nT shows a total variation of 800nT, with a
maximum anomaly of the order of +200 to +600nT over
granites and hornblende biotite gneiss in the northwest,
northeast and southern parts, minimum anomaly of the order
of -400nT to -1400nT over migmatites, charnockites,
ultramafics and banded magnttite qurtzites (BMQ) in the
western, central and eastern parts of the study area. The
general trend of magnetic contours is almost in the ENEWSW direction. On the basis of the intensity of magnetic
anomaly, three major domains, viz., domain ‘I’, ‘II’ and ‘III’
are identified are shown in Fig.6. Domain ‘I’ is characterized
by high intensity isolated anomalies trending ENE-WSW to
E-W direction in the NW, NE and southern parts of the area.
The magnetic anomaly contour pattern shows number of
isolated closures of highs and lows supporting the inference
drawn in gravity interpretation of ultrabasic bodies as isolated
bodies with limited strike length and also corroborated with
geological observations. Within domain ‘I’, strong magnetic
high dominant anomalies north of Vellakkovil, near Olapalaiyam
and north of Kambaliampatti over pyroxenite bodies are
corroborated by gravity highs. Domain ‘II’ is characterized by
moderate anomalies in the central, eastern and western parts.
The moderate magnetic anomalies over meta-dunite bands
near Tuttaripalaiyam are corroborated with gravity high and
the strike continuity of these bands such as north-east, west
and south-west are established from the magnetic signatures.
where as, Domain ‘III’ is characterized by low intensity

Radial Power Spectrum and Filtered Maps
The radially averaged power spectrum of the gravity data
(Fig. 6a) of KKC tectonic zone has brought out three
interfaces at depths of 1.2km, 2.7km and 13.7km, and magnetic
data (Fig. 6b) has brought out two interfaces at depths of
0.9km and 2.7km, there exists a contrast in densities and
magnetic susceptibilities at these depths respectively. Low
pass gravity and magnetic filter maps with a cutoff
wavelength of 7km, obtained from KKC tectonic zone (Figs.
7 and 8), helped in understanding the sub-surface lithology.
As the study area falls in Palghat gap, between Moyar–
Bhavani shear zone (E-W) in the north and Karur–
Oddanchattaram shear zone (E-W) in the south (key map,
Fig.1,), occupying the low elevation area with an average
elevation of 325m, associated with a broad gravity high
zone of the order of 14 mGal, trending in ENE-WSW to E-W
direction. This large wavelength gravity high between west
of Kettanur and east of Kangayam (Fig.8) area coincides
well with the low dominant magnetic feature, may be due to
the presence of high density mafic / ultramafic intrusives
and possibly associated with thinning of the crust (Moho
upwarp). These inferences are correlating well with the
depths obtained from radially averaged gravity and magnetic
power spectrum.
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A - A' & B - B' Gophysical Profiles

0

SINGANALLUR

8

12 Km

B'
KANGAYAM

PALLADAM

I
Pappampatti

4

Pongalur
Avanashipalaiyam

Karadibavi

III

Tuttaripalaiyam

I

II

KETTANUR

Chettipalaiyam

(Mag.
i n nT)

I
Olappalaiyam
VELLAKKOVIL

III

Udiyur Kambaliyampatti

III

Sultanpettai

Vadachittur
Kinattukkadavu
Kodavadi

I

II

Jellipatti
Mantripalaiyam

High intensity magnetic anomaly

Puduppai

I
I
Peramiyam

II

Jakkarpalaiyam

MULANUR

Bellampatti

II
Periyapatti

I

Kundadam

A

I

II Moderate intensity anomaly

B

I

III Low intensity magnetic anomaly

Fig.5. Total Field Magneti c Anomaly Map (IGRF Corrected), Kinattukadavu-Kangayam-Chinna Dharapuram

Fig.5. Magnetic (Total Field) Anomaly map (IGRF corrected), Kinnattukadavu – Kangeyam - Chinna
Dharapuram (KKC) Tectonic Zone, parts of Southern Granulite Terrain.

8

Anand Reddy et.al.,

Fig.6. Radially averaged power spectrum of (a). Gravity and (b). Magnetic data, KKC Tectonic
zone, parts of Southern Granulite Terrain.

Typical Geophysical Profiles
The typical geophysical profiles are prepared along
sections A-A’ and B-B’ in ENE-WSW direction which are
marked in Figs. 3, 4, 5 and 7) The typical geophysical profiles
in Fig. 9 and 10 are prepared for the Bouguer gravity, residual
gravity, magnetic (TF) and regional gravity profiles over the
geological section with elevation profile.

A - A' & B - B' G ophysical Profiles

Section A-A’ (Fig.9) is selected through Bellampatti and
Tuttaripalaiyam in the central part of the area. The criteria in
selecting the section is small outcrops of meta-dunite exposed
around Tuttaripalaiyam. It has brought out strong gravity
anomaly associated with moderate magnetic anomaly which
is corroborated with the meta-dunite body near
Tuttaripalaiyam and it is also well resolved as distinct gravity
high in residual gravity profile. Similar type of distinct residual
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Fig.7. Bouguer Gravity Low-pass Filter map, Kinnattukadavu – Kangeyam - Chinna Dharapuram (KKC)
Tectonic Zone, parts of Southern Granulite Terrain.
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gravity high anomalies are also observed between
Tuttaripalaiyam and Bellampatti interpreted as concealed
ultrabasic bodies, which are reflected as feeble gravity highs
in gravity profile. The residual gravity highs which are
indicative of ultrabasic bodies corroborated with low to
moderate magnetic anomalies with variable amplitude. The
granite bodies NNW of Bellampatti and Tuttaripalaiyam are
manifested by feeble gravity lows and are resolved well in
residual gravity profile as distinct lows.
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Fig.10. Geophysical profiles along section B – B’,
between Perimiyam and Kangeyam area, KKC Tectonic
Zone, parts of Southern Granulite Terrain.
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Fig.9. Geophysical profiles along section A – A’, between
Bellampatti and Tuttaripalaiyam area, KKC Tectonic
Zone, parts of Southern Granulite Terrain.
Section B-B’ (Fig.10) is selected through Peramiyam,
Kambaliyampatti and Kangeyam in the eastern part of the
area. It has brought out broad gravity high around
Kambaliyampatti and resolved as distinct gravity highs in
residual gravity profile indicates ultrabaisc bodies and it is
also evident that the small outcrop of pyroxenite exposed
SW of Kambaliyampatti, which is corroborated with the
southwestern part of the same anomaly in residual gravity
anomaly map (Fig.4) supports the inference. It is
corroborated with strong magnetic high anomaly. Similar type
of gravity, residual gravity and magnetic signatures are
observed towards southern side of the profile indicate the
presence of concealed ultrabasic bodies.

Conclusions
Ø The Bouguer gravity map has brought out the disposition
of the KKC Tectonic Zone in the form of linear gravity
highs with a number of high nosings probably indicate
number of small isolated ultrabasic bodies.

Ø The gravity map has indicated its continuity towards
ENE with increased amplitude. The steep gradient of the

gravity contours towards west and southwest of the
covered area indicates faulted neissic contact of the KKC
tectonic zone.

Ø The residual gravity map has brought out distinct linear
gravity highs north of Kinattukkad avu, east of
Vadachittur, east of Jellipatti and around Tuttaripalaiyam
which are well resolved from linear gravity highs with
number of high nosings in gravity map and are indicative
of individual ultrabasic bodies (meta-dunite) with
probable strike length.

Ø Similarly the gravity high zones north of Udiyur, north of
Olappalaiyam, around Kambaliyampatti, around
Vellakkovil are corroborated with small outcrops of
pyroxenite indicates the probable disposition of the
pyroxenite bands.

Ø The regional gravity map has brought out a broad gravity
high with distinct high nosings from Kettanur towards
Pappampatti and Kinattukkadavu indicates that the
discrete ultrabasic bodies on the surface level which are
inferred from residual gravity map may be having single
root zone at deeper level.

Ø The magnetic anomaly contour pattern shows number of
isolated closures of highs and lows, and supports the
inference drawn in gravity interpretation of ultrabasic
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bodies. The moderate magnetic anomalies over meta-dunite
bands near Tuttaripalaiyam and strong magnetic high
dominant anomalies over pyroxenite bodies near
Vellakkovil, Olapalaiyam and Kambaliampatti are
corroborated by gravity highs.

Tectonics of Southern Granulite Terrain, KuppamPalani Geotransect. Geological Society of India Memoir,
vol.50, pp-297-317

Ø The geophysical profiles along sections A-A’ and B-B’

Chetty, T.R.K., Bhaskara Rao, Y.J., (2006): The Cauvery Shear
Zone, Southern Granulite Terrain, India: A crustal-scale
flower structure: Gondwana Research 10 (2006) pp 77-85.

have helped and enhanced in analysing the individual
ultrabasic bodies from the gravity and magnetic
signatures and also indicated concealed ultrabasic bodies
and their strike continuity.

Srivatsava. S.K, (1976): Geology of parts of Palladam,
Dharapuram and Udumulapet taluks, Coimbatore Dist,
Tamil Nadu. GSI unpublished report for the field
season: 1975-1976.
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Belt in Son Valley Area, Sonbadhra District, Uttar Pradesh
M. Sridhar, V. Ramesh Babu, A .K. Chaturvedi and A. K. Rai
Atomic Minerals Directorate for Exploration and Research,
Deptt of Atomic Energy, Begumpet, Hyderabad
E-mail : sridharmuthyala.amd@gov.in

Abstract
The Mahakoshal fold belt (MFB) is a part of Central Indian Tectonic Zone (CITZ) and occurs as ENE-WSW
trending linear belt from Narsinghpur in Madhya Pradesh to Palamau of Jharkhand. This belt is bounded by two
ENE-WSW trending crustal scale faults / ductile shear zones viz. Son-Narmada North Fault (SNNF) and SonNarmada South Fault (SNSF) which have experienced repeated reactivations. Aeromagnetic data facilitated in
structural interpretation and by integrating with other data sets resulted in developing relations between local and
regional structural fabrics. Interpretation of aeromagnetic data of Mahakoshal fold belt is aimed at outlining the
regional structural framework of Son valley area. The data is subjected to various enhancement and transformation
routines for geological interpretation which include reduced to the pole grid and derivative grids. These enhanced
aeromagnetic grid images aided in delineating lithostructural boundaries, magnetic lineaments, faults and shear
zones.
In the study area three major structural features exist along litho-tectonic boundaries i) Son Narmada North
Fault (SNNF) ii) Son Narmada South Fault (SNSF) and iii) Amsi Jiyawan Fault (AJF). The SNNF is marked by
a linear steep gradient with high amplitudes (~ 4000nT) and moderate frequency signatures to the north. This
ENE-WSW trend marks the tectonic contact between the Vindhyan Supergroup and Mahakoshal Supracrustals.
Towards the eastern side, this fault is known as Jamual Markundi Fault (JMF) and it is observed that the JMF
extends further NE-SW along Ramgarh-Pipri tract beneath Kaimur range. The SNSF forms the contact of Mahakoshal
with basement Chhotanagpur Granite Gneissic Complex (CGGC) and is characterized by a linear anomaly trend
along the boundary of relatively magnetic smooth texture of Parsoi Formation of MFB. The basement CGGC
shows linear trends of moderate amplitudes and frequency signatures with mottled texture. The high amplitude
linear to curvilinear trends are attributed to ductile deformation zones as a result of tectonic deformation within
the CGGC. The SNNF is marked by younger granite intrusives which shows flat texture with moderate amplitudes
and low frequency signatures. The syn-depositional AJF is marked along the northern boundary of relatively
magnetic smooth texture of Parsoi Formation. The Jungel Group volcanics comprising of ultramafic and basic
rocks are clearly picked up by their high amplitudes with smooth magnetic texture.
The Vindhyan cover sediments are mostly non magnetic and show flat and quite texture. They show few
trends which are basement signature in the shallower parts of basin. In the Son valley across the JMF, around
Khatai – Saraiwah tract magnetic anomaly signature of MFB are dampened suggesting a thick succession of
Vindhyan sediments, whereas towards Chopan the magnetic anomaly signatures are persistent due to shallow
basement. It is observed that the trends of Mahakoshal Group continued beneath the Vindhyan sediments and
abuts at a major NW-SE fault extending from CGGC in the southeast to Vindhyan sediments in the northwest. The
linear magnetic high zone trending ENE-WSW swings towards NW-SE at Gumra village and pass down to Semri
village. Finally, the N-S magnetic break observed east of Agori khas parallel to the Son river suggest a fault which
resulted in down thrown displacement of Mahakoshal supracrustals and it is manifested as smooth signature of
the magnetic and absence of the linear trends of Sleemanabad Fm (BIF & volcanics) in Chopan area.
Key Words: Aeromagnetic, Mahakoshal Supracrustals, Structure, Chhotanagpur Granite Gneissic Complex,
Vindhyan Supergroup
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Introduction
The Precambrians of Central India are distributed in two
crustal provinces, namely Northern crustal Province (NCP)
and Southern crustal Province (SCP). A substantial part of
Central Indian Tectonic Zone (CITZ) forms the transition
zone between NCP and SCP and consists of two ENE-WSW
trending lithotectonic assemblage i.e. Son-Narmada terrain
(SONA) and Sausar Mobile belt (SMB) with associated
basement gneisses and granulites (Acharyya, S.K. and Roy,
A. 2000). The Mahakoshal supracrustal belt is major part of
SONA and occurs in an ENE-WSW trending linear belt from
Narsinghpur in Madhya Pradesh to Palamau District of
Jharkhand over a length of 500km with 20km width (Figure
1). The study area exposes middle to upper Proterozoic
sediments of Vindhyan Supergroup in contact with lower
Proterozoic metamorphosed volcano-sedimentary sequence
of Mahakoshal and juxtaposed with basement gneisses of
Chotanagpur granite and gneissic complex (CGGC).

basement (igneous and/or metamorphic) rocks or by igneous
features such as intrusive plugs, dykes, sills, lava flows and
volcanic centers when magnetic anomalies are observed over
sedimentary terrain (Gunn, 1997).
Large-scale aeromagnetic surveys have been used to
locate faults, shear zones and fractures. Linear features are
clearly discernible on aeromagnetic maps and often indicate
the form and position of individual folds, faults, joints, veins,
lithologic contacts, and other geologic features. They often
indicate general geometry of subsurface structures of an
area thereby providing a regional structural pattern. Magnetic
surveys can readily outline banded iron formations in
greenstone belts (Prevec and Morris, 2001), magnetite-rich
granitoids (Wennerstro¨m and Airo, 1998), and structural
features such as large-scale folds, faults, and dykes (Betts
et al., 2003; Grauch, 2002). This article highlights the structural
interpretation of MFB in Son valley area, Sonbhadra district,
Uttar Pradesh based on aeromagnetic data.

Geology of the Area

Study Area

Fig. 1. Geological map of central sector,
CITZ showing Mahakoshal Fold belt (Modified
after Roy Abhinaba et al., 2002)
Extensive geological and geophysical studies have been
carried out in Mahakoshal Fold Belt (MFB) for understanding
the structure, tectonics, and its evolution (Nair, K.K.K., Jain,
S.C., Yedekar, D.B., 1995; Acharyya, S.K. and Roy, A. 2000).
Of geophysical methods, the magnetic method gives a good
description and is often solely sufficient for investigation of
crustal structure, provided that the geological history and
the main features of the basement structure are known to
some extent. Aeromagnetic data usually reflect variations in
the earth’s magnetic field resulting from the underlying rocks.
Sedimentary rocks have the lowest magnetic susceptibility,
whereas metamorphic and acidic igneous rocks, intermediate
and basic igneous rocks have the highest magnetic
susceptibility (Kearey et al., 2002). The largest proportion of
a magnetic signal or anomaly is thus generated at crystalline
(igneous or metamorphic) basement level. Magnetic
anomalies are caused by magnetic minerals contained in
rocks; such anomalies are usually caused by underlying

The volcano-sedimentary rocks along Narmada and Son
valleys are referred as Bijawars by Middelicott (1859) and
later Oldham (1901) has assigned them as Transition Series.
This was later modified by Nair et al (1995) to formations in
ascending order as Chitrangi Formation, Agori Formation
and Parsoi Formation and in the eastern part a younger group
of clastic sediments, overlying the Mahakoshal supracrustals
has been referred to Jungel Group. Later detailed studies
and remapping the whole area i.e. the western and eastern
parts the general stratigraphic schema is revised by Roy and
Devarajan (2000). After basin wide correlations of litho units,
they suggested that the western part is dominated by
chemogenic vs clastic where as the eastern part it is reverse
and proposed a sequence having three formations in
ascending order namely Sleemanabad, Parsoi and
Dudhamaniya Formations. The lithostructural map of the
study area is prepared by utilizing satellite data and
radiometric data (Figure 2). The revised stratigraphy by Roy
and Devarajan (2000) is followed in surface mapping and the
same is utilized in present study.
Sleemanabad Formation is represented by lithological
association dominated by carbonates with bands of chert,
Banded Iron Formations (BIF), quartzites, argillites and
metavolcanics. Stromatolitic carbonates is dominant in the
western part i.e. around Sleemanabad area, where as the
eastern part around Chitrangi area is dominated by quartzites,
BIF, metavolcanic, chert and carbonates. The proportion of
volcanics to sediments is higher in the eastern part (Chitrangi
area) compared to the west part (Sleemanabad area).
Parsoi Formation essentially is clastic dominated,
comprising with polymictic conglomerate, cross bedded
quartzites, greywacke, carbonaceous phyllites and phyllites.
They rest unconformably over the lower Sleemanabad
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Fig. 2. Ground validated Lithostructural map of Mahakoshal Fold Belt of Son valley sector interpreted
from Satellite and radiometric data
Formation and are separated by syn-depositional fault,
i.e. Amsi-Jiyawan Fault. This fault is marked by an
intra-formational breccia with clast of Jasper and quartz. The
argillaceous sediments of Parsoi Formation are
metamorphosed to low grade phyllites and schists. The
phyllites are intensely folded and intruded by quartz veins/
reefs and basic dykes trending E-W. Dudhamaniya Formation
consists of BIF, greywacke, argillites and quartzites. They
occur in the eastern part of the basin and deposition of
chemical precipitates along with argillites suggests the
beginning of relatively quiescent period of the basin
development.
The Mahakoshal Group is reportedly witnesses three
events of folding i.e. first event produced E-W to ENE-WSW
trending small scale and large scale upright to gently inclined
folds, the second event of deformation produced vertical to
reclined folds on E-W striking and third phase produced
broad warps and small-scale folds on N-S striking axial planes
(Roy and Bandyopadhyay 1990). Syn- to post-kinematic
sheet like granitoids occupy large areas along the contact of
Mahakoshal belt in the Central Indian Tectonic Zone. These
include Barambaba granite (2.045Ga), Jhirgadandi
monzodiorite- quartz syenite (1.75Ga), Rihand-MakhroharSigrauli granodiorite (1731±36Ma) emplaced along ENEWSW to E-W trend (Sarkar et al 1998). These are inferred to
be syntectonic multipulse intrusives emplaced along the
deep seated Son Narmada South Faults (SNSF). The other
post Mahakoshal intrusives are Muirpur Granite (Rb-Sr 1709±
102 Ma), Sidhi granitoid (Rb-Sr 1850±40) and Dudhi Granite
Gneiss (Rb-Sr 1576 ± 76 ) intrusive into the Mahakoshal Belt
(Sarkar et al 1998). The syenites intrusives of Bari-Ainti in
the Mahakoshal Belt dated 1361±60 Ma (Pandey et al., 1998).

In the Jungel Valley of Sonbhadra district an outlier of
Lower Vindhyan sedimentary rocks and mafic volcanics
overlies the basement of Late Archaean–Early Proterozoic
Mahakoshal metamorphics (Narain and Thambi, 1979)
referred to as Jungel Group by Srivastava and Iqbaluddin
(1981) and Tripathi and Mishra (1994). The volcanic rocks
occupy the floor of Jungel valley occurring between
Panchperi to Jungel village. These volcanic rocks along with
dykes and plugs have been collectively described as
lamprophyres by Srivastava and Chalapati Rao (2006),
although earlier workers have considered them to be volcanic
rocks (Kumar and Agarkar, 1990; Kumar, 1992; Scott-Smith,
1989).
The Jungel sedimentaries and volcanic rocks are hardly
disturbed, showing only negligible effects of deformation
and metamorphism as a result of which their primary features
are well preserved. The contact between volcanics and the
sedimentary rocks of Jungel succession is generally faulted;
the latter appear to unconformably overlie the mafic volcanic
rocks. Since Jungel Group of sediments is considered coeval
with the Lower Vindhyan by many workers (e.g. Srivastava
and Iqbaluddin, 1981; Tripathi and Mishra, 1994) the Jungel
volcanics are considered herein to be equivalent to the
Khairmalia volcanics of southeastern Rajasthan.
Furthermore, they are considered to be about 1610 Ma old
(Nair et al., 1995) that suggest their emplacement at the time
of initiation of Vindhyan sedimentation. The geochemical
evidence reveal that the Jungel volcanics are high-Ti type
alkali basalts showing affinity with OIB and are formed in a
rift environment where the extension of the lithosphere
caused upwelling of asthenosphere leading to
decompressive melting.
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The Vindhyan Supergroup in Son valley area is
represented by Semri and Kaimur Group of rocks. The
Semri Group depicts a cyclic sedimentation of a normal
sedimentary sequence of rudaceous / arenaceous,
argillaceous and carbonate facies. At least, three major
cycles of sedimentation, each culminating in a tectanomagmatic activity have been identified. The first cycle of
sedimentation commenced with basal conglomerate litho
facies of Phaterwa Formation of Vindhyan Supergroup.
They are overlain by Arangi Shale comprising of greenish
grey and khaki siltstone, fine sandstone and silicified,
cherty, black carbonaceous shale and porcellanic shale
with coaly matter and pyrite. Arangi Formation is in turn
overlain by chemogenic sediments of Kajrahat Limestone
which comprises dolmicrite, argillaceous limestone with
inter-bedded shale and siltstone. Post Kajrahat volcanism
is evident from the presence of a thick pile of volcanogenic
sediments comprising green colored and greenish black
tuff, agglomerates, lapille, ignimbrite and associated
arkosic sandstone, conglomerates and argillites termed
as Chopan Porcellanite.
These Chopan Porcellanite are overlain by glauconitebearing sediment which represents Kheinjua olive Shale.
The stormatolite-bearing limestone unit designated as the
Bargawan Limestone overlies the Kheinjua Formation. The
siliciclastic sediments of Basuhari Formation represent
the third cycle of deposition. It comprises glauconitebearing coarse sandstone, with thinly laminated siltstone
and shale. Chemogenic sequence of Rohtas Limestone
Formation overlies the Basuhari Sandstone Formation
with a gradational contact. The close of Semri Group
sedimentation was marked by brief period of nondeposition, and subsequently the Rohtas Limestone is
overlaid by coarse gritty sandstone belonging to Ghaghar
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Formation, the basel unit of Kaimur Group. The Ghaghar
Formation is overlain by black silicified shales and
porcellanites, designated as Ghumra Shale Formation.
Autoclastic conglomerate / breccia with over 50% clast
dominated lithology representing Susnai Breccia of
Markundi Sandstone Formation overlie the Ghumra Shale
Formation. Deposition of younger formational units of
Kaimur group Viz. Bijaigarh shale, Scarp Sandstone, and
Dhandraul Sandstone took place and marked the end of
Kaimur Group of sedimentation in Son valley.

Aeromagnetic Data
Airborne magnetic survey over MFB is covered in two
parts, Bijawar (1987-88) and Vindhyan (1998-99) blocks. The
surveys were conducted at a mean terrain clearance of 120 m
along north -south flight lines spaced at 1000 m apart. Proton
precession magnetometer was used with a sampling interval
of 1Hz (60 m). Spatial locations were obtained by marking
fiducials over aeriel photos and topographic maps. These
two data sets are processed by removing spikes & noise by
applying nonlinear filters. This data has been corrected for
the regional gradient using IGRF 1985 model for Bijawar block
and IGRF 1995 model for Vindhyan block. Heading correction
was done for removing the systematic shifts in the data that
change with flight line direction and a shift of 14 nT is
determined between N-S to S-N direction, which was applied.
The leveling errors are removed by conventional techniques
and micro leveling is done by empirical method. The total
magnetic intensity (TMI) grids are prepared with a cell size
of 200 m using bi-directional gridding algorithm with linear
interpolation along the lines and akima interpolation across
flight lines. The Bijawar and Vindhyan block TMI grids are
knitted to produce a single seamless grid shown in figure 3
using appropriate GX in Geosoft Oasis Montaj 7.1.

Fig. 3. Total Magnetic Intensity grid image of Mahakoshal Fold Belt along Majhauli –Singrauli – Bhavnathpur area

Delineation of Structure from Aeromagnetic Data
In general, aeromagnetic images do have good correlation
with geological features depending on the susceptibility,
but do not necessarily reflect the surface geology. However,
various transformations can be applied to the total field
magnetic data in order to enhance geological features, which
might otherwise be overlooked. Such techniques for
qualitative interpretation include generation of horizontal &
vertical gradients (Baranov, 1957), upward continuation and
analytic signal (Bournas et al., 2003; Nabighian, 1972; Roest
et al., 1992; Valle´e et al., 2004), tilt angle and local phase
(Bournas et al., 2003; Thurston and Smith, 1997). For semiquantitative interpretation Euler deconvolution (Bournas et
al., 2003; Reid et al., 1990) and various additional modeling
techniques (Cauvin–Cayet et al., 2001) are utilized frequently.
The reduction to the pole (RTP) operation transforms
the observed magnetic anomaly in to the anomaly that would
have been measured if the magnetization and ambient field
were both vertical (Baranov and Naudy, 1964). The RTP
transform of TMI grid has considerably removed the
inclination effect and reposition the magnetic anomalies
directly over their sources, thus making the magnetic
interpretation easier and more reliable. Vertical gradients of
magnetic fields represent magnetic fields in which regional
effects and interference between adjacent anomalies have
been suppressed. To enhance the effect of near-surface
features, the first vertical derivative (1VD) of the RTP–TMI
is computed is shown in figure 4. The image provides an
excellent enhancement of subtle anomalies defining the edges
of bodies and amplifying fault trends while reducing regional
trends. The RTP grid is transformed into tilt derivative (ratio
of vertical derivative to horizontal derivative) grid image
(Salem, 2007) which enhances the lithostructural boundaries
which aid in delineating magnetic lineaments, faults and shear
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zones. The tilt derivative grids are interpreted for magnetic
breaks and linears.

Interpretation of Aeromagnetic Data
The reduced to the pole magnetic image with its first
vertical derivative image, total horizontal derivative and tilt
derivative images are utilized in the study. The magnetic
trends, patterns and breaks are marked in the first instance
and then each line is studied based on its amplitude, its
relationship with adjoining trends (cross cutting, abutting
or shift in trends etc.). These are then classified into simple
magnetic trends, inferred lithological boundaries, faults and
shear zones. The final stage of the interpretation process is
to apply geological reasoning, in the context of the area
being interpreted. Based on geological setup the rock types
causing the magnetic responses are deduced. The structural
relationships of the lithological units based on textural
characteristics are inferred, which may translate into
foliations, folds, faults, shear zones, massive rocks vs layered
rocks. They are useful to delineate felsic, silicic, or
carbonaceous rocks (often non-magnetic) vs mafic or
ultramafic rocks (may be magnetic).
The MFB forms part of Central Indian Tectonic Zone
(CITZ) witnessed intense brittle and ductile deformation.
MFB is bounded by two major ENE-WSW trending crustal
scale faults / ductile shear zones, viz., Son-Narmadha North
Fault (SNNF) in the north and Son-Narmadha South Fault
(SNSF) in the south which have experienced repeated
reactivations (Acharyya and Roy, 2000). ENE-WSW trending
steep gradient linear magnetic anomaly with high amplitudes
(~ 4000nT) and moderate wavelengths reflected in image
along SNNF marked as F1 in figure 5 and marks the tectonic
contact between the Vindhyans with Mahakoshal. Towards
the eastern side around Son valley sector, this fault is known

Fig. 4. First vertical derivative of RTP-TMI grid image of Mahakoshal Fold Belt along
Majhauli –Singrauli – Bhavnathpur area
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as Jamual-Markundi Fault (JMF) extending from Jamual to
Markundi marked as F1A in figure 5. However, it is observed
that the JMF is extending further NE of Markundi along
Ramgarh-Pipri tract beneath Kaimur range which is
conspicuous in the RTP-TMI-1VD image compared to RTPTMI image. Along the southern margin of MFB, the SNSF
forms the contact of Mahakoshal with basement CGGC. The
SNSF is characterized by a linear trend along the boundary
of relatively magnetic smooth texture of Parsoi Formation
with that of mottled texture of basement (F2 in figure 5). The
SNSF is a south dipping ductile shear zone hosting a belt of
calc-alkaline granitoid gneiss Rihand-Renusagar, Muirpur,
Tamakhan were possibly emplaced at the closure of the rift
basin. These granitoids shows dull to flat texture with low
frequency moderate amplitudes. Linear zones of secondary
silicification and ferruginization are abundant near the MFB
margins suggesting basin evolution through fault controlled
processes. Several major E-W to ENE-WSW oriented linear
to curvilinear magnetic trends have been outlined within the
basement in the southern part of the MFB. These have been
interpreted as shear zones within CGGC. The basement CGGC
with mottled magnetic textures embraces numerous linear to
curvilinear trends with moderate frequency with moderate
amplitude magnetic anomalies signifying the ductile shear
zones. These ductile deformations are the result of tectonic
deformation within the CGGC. The syn-depositional AmsiJiyawan Fault (AJF) is marked as F3 in figure 5 along the
northern boundary of relatively magnetic smooth texture of
Parsoi Fm with linear E-W to ENE-WSW trending high
amplitude linear trends representing Sleemanabad
Formation. These linear trends are attributed to highly
brecciated & silicified zone composed with angular clasts of
jasper, quartz, BIF in Sleemanabad Formation. These are
manifestation of E-W trending faults viz., Jugeal - Agori Khas
fault, Amsi – Obra fault and Agori khas – Chopan fault within

Sleemanabad Formation. The Parsoi Formation as such show
dull and smooth appearance as these phyllites are mostly non
magnetic, but the linear to curvilinear trends observed in the
Parsoi Formation are due to mafic dykes intruded along E-W
trend. There are few curvilinear trends which are conspicuous
in TMI-RTP-1VD image are interpreted as shear zone shown
in figure 5. The shear zones within Parsoi Formation host gold
mineralisation along the intrusive contact of quartz vein with
pelitic schists of Parsoi Formation (Reddy, 2001).
Empirical analysis of the magnetic grids was
accomplished by performing a multi-layer visual
interpretation of maps and images in GIS. This visual
interpretation was carried out by comparison with the rock
types and unit contacts on the geological map, facilitating a
visual assessment of correlation between geological units
and the patterns of the anomalies in the magnetic data. The
datasets were compared by superimposing multiple datasets
(i.e. geology polygons and contacts, magnetic data and
derivatives) and by applying a transparency function on
images to facilitate fusion and visualization of the data. Based
on the magnetic response a geological map is prepared
showing major lithological classification (Figure 6). Rock
types are interpreted in three ways: (1) by distinguishing
patterns of anomalous magnetic intensity and comparing
these magnetization intensities to known signatures
produced by specific geological units, (2) by determining
contacts between two contrasting patterns, regardless of
their intensity, and (3) by differentiating linear/sub-linear
versus circular/sub-circular patterns.

Discussion
The sediments of Semri Group in Vindhyan Supergroup occur
as outliers to the south of Jamal-Markundi fault (or NSNF)
unconformably overlying the Mahakoshal Group. The

Fig. 5. Shaded relief of first vertical derivative of RTP-TMI draped with RTP colour grid of Mahakoshal
Fold Belt showing interpreted structures

Delineation of Structure from Aeromagnetic Data
Jungel Group on the other hand occurs as outliers to the
north of syn-depositional Amsi-Jiyawan fault and
unconformably overly the Sleemanabad Formation of
Mahakoshal Group (Kumar, 1992). The Jungel Group
volcanics comprising of ultramafic and basic rocks are
associated with elongated smooth magnetic texture with high
amplitudes (J1 to J4 in figure 5). These are distinguished
from the Sleemanabad Formation by their lack of linear or
curvilinear trend lines which are characteristic of Mahakoshal
Group of rocks.
The Vindhyan cover sediments are mostly non magnetic
show flat and quiet texture. However, few NE-SW to ENEWSW trending high amplitude moderate wavelength
anomalies representing the basement magnetic signatures
probably MFB are observed over shallower parts of
Vindhyan basin. Poor magnetic response across the JMF
around Khatai – Saraiwah tract, suggests thick succession
of overlying Vindhyan sediments masking the basement
signatures. In the eastern side of MFB towards Chopan, the
strong basement magnetic response persists further NE. The
linear magnetic high zone trending ENE-WSW turns NW-SE
at Gumra village and pass down to Arangi (figure 5).It is
observed that the trends of Mahakoshal Group continue
beneath the Vindhyan sediments and abuts along a major
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NW-SE fault (F4 in figure 5). This NW-SE fault extends from
Semri in the south east in basement CGGC through Arangi
village in the central part and further north east. Further, the
NW-SE fault is well reflected in the Bouguer gravity anomaly
map as NE-SW gradient with NW-SE trend (Figure 6). East of
Agori khas the MFB is covered by Vindhyan sediments and
sudden abutment of linear magnetic high amplitude trends
and broaden of the magnetic high suggests a discontinuity
(Figure 5). The magnetic signature show low frequency high
amplitude suggests that the MFB is faulted with eastern block
downthrown. Based on this it is inferred that in Chopan area
the basement beneath Vindhyans are Mahakoshals. N-S
magnetic break is observed east of Agori khas suggesting a
fault which resulted in slipping of the Mahakoshals deeper.
Geomorphlogically the sudden change of course of the Son
River is corroborated with the trend of the fault. The N-S fault
explains the smooth signature of the magnetic in the east and
absence of the linear trends of Sleemanabad Fm (BIF &
volcanics) in the Chopan area. The isopach and lithofacies
map prepared in Chopan sector by GSI interpreted
Mahakoshal phyllites (?) at depth from 500m to 3200m from
west to east (Sumant Gupta, 2003). The interpretation of
isopach map corroborates with the magnetic interpretation
that the MFB continuing beneath Vindhyan sediments.

Fig. 6. Solid geology interpreted from aeromagnetic data of Mahakoshal Fold Belt along
Majhauli –Singrauli – Bhavnathpur area
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Modelling
Modelling of the aeromagnetic data facilitated in
estimating the throw of Jamual – Markundi Fault (JMF). A
profile across the JMF along Jharpiya –Jamual – Saraiwah –
Semiyan tract over a length of 15 km trending N20°W-S20°E
was extracted from the processed TMI grid. The profile show
an anomaly with peak-to-peak amplitude of 5000 nT with
steep positive in the south and broad negative in the north
(figure 7). The rocks exposed along this profile include
metabasics, BIF, phyllites, dolomites & ultramafic plugs of
Mahakoshal Group and sandstone, shales, limestones &
porcellanites of Semri Group. Laboratory magnetic
susceptibility measurements of different litho units from the
published literature are utilized in the modeling (Jain et al.,
1995). The elevation data is taken from the SRTM grid at an
interval of 100m and plotted as the surface profile.
The high amplitude of the anomaly suggests that the
causative feature is not mere fault but also due to high
magnetic susceptible body emplaced along this fault and
the signal is a cumulative of both. The modelling is carried
out by incorporating an ultramafic rock with susceptibility
of S=0.0184 (cgs) along the fault zone. The estimated throw
for the JMF by this model is approximately 2.8 km with fault
plane dipping at approximately 70° towards north. The body
parameters used in the model for this best fit as per the
information available regarding magnetic susceptibilities and
surface geology. The estimates are subjective and may vary
due to the variation of remenance in the ultramafic which is
unknown.

Regional Gravity Data
A subset of the regional Bouguer Anomaly grid of 5 mGal
is prepared from the published Bouguer gravity anomaly

A

map of India (NGRI and GSI, 2006) for the study area and
overlaid by 5 mGal contours. The interpretation of the grid is
done by marking axis of gravity breaks and gradients (Figure
8). The regional Bouguer Anomaly map is characterized by
N-E trending gravity highs bounded by sharp gradients.
These gravity highs over MFB suggest a huge volume of
high density rocks beneath the Mahakoshal belt. Even after
compensating the exposed sedimentary sequences the
gravity high persists, hence it is assumed the fairly thick
ultramafic body exists below the exposed units of
Mahakoshal greenstone belt. Deep seismic sounding studies
in this area revealed high density, high velocity
sub-horizontal layer at depth of 11-12 km down to Moho
(Rao and Reddy. 2002). This is attributed to magma underplating or to intrusion of mantle material at shallower depth.
To the northeast of the study block a broad gravity low
suggesting low density material probably pertaining to thick
sediment succession of Vindhyan Supergroup. Towards the
SW part the thick succession of Gondwana Supergroup is
manifested as gravity low.The major gravity high trending
NE-SW is displaced along a gravity break trending NNWSSE. The major gravity low in the NE part of study area
interpreted as due to thick sediments of Vindhyan
Supergroup separates from the gravity high of Mahakoshals
along a NW-SE trending break. This NW-SE gravity break
spatially correlates with the magnetic break interpreted as
the boundary fault of Mahakoshal beneath the Vindhyans
sediments. The extension of JMF fault under the Kaimur
range is corelatable with the gravity gradient along the
northern margin of gravity low.

Conclusion
The interpretation based on aeromagnetic data of MFB
has brought out structural elements such as faults, shears
and lithological contacts. The major structural grain
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Fig. 7. 2D modelling of aeromagnetic profile data across JMF along Jogail-Saraihwa tract
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Fig. 8. Bouguer anomaly map of Mahakoshal fold belt showing gravity gradients / breaks
observed in aeromagnetic data of MFB is ENE-WSW
which swerves between E-W to NE-SW. The boundary
faults of MFB in the north and south i.e. NNSF & SNSF
are clearly demarcated in the aeromagnetic image along
with many sympathetic shears. Further, it is suggested
that the Mahakoshal Group continues beneath the
Vindhyan sediments and abuts along a major NW-SE fault.
The outcropping MFB units around Agori khas are
affected by N-S fault resulted in downthrown eastern block
covered by Vindhyan sediments. The interpretations of
magnetic data are transformed into geology and prepared
a solid geological map. The folding geometry of MG
supracrustals is predominantly along E-W to ENE-WSW
axis suggests an N-S compression probably due to
converging plates of Bastar craton in the south and the
Bundelkhand Granite massif in the north. The deep
boundary faults bounding the litho succession and
occurrence of narrow linear gravity high as a consequence
of high-density material below the belt clearly favors a
rifted basin and rules out island arc proposition for these
igneous lavas in the basal part of the Mahakoshal Group.
The evolution of the MFB started with intracratonic rifting
of the continental crust.
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Abstract
The East Khasi Hills region forms the Central part of Shillong plateau and represents higher topographic landform.
This part of the Shillong plateau is not adequately attempted by geophysical studies so far except some seismological
studies focused mostly on the plateau-bounding structures. East Khasi Hills region comprising of gneisses,
metasedimentary supracrustals, granitoids, mafic dykes and Trap rocks represents a history of evolution through
different ages. The area is mostly covered by granite and granite gneisses intrusive in the basement gneisses. Precambrian
basement of the Shillong plateau is made up of high grade gneisses which are intruded by basic and ultrabasic rocks of
different ages. Systematic gravity-magnetic (GM) surveys were carried out under geophysical mapping programme of
Geological Survey of India in parts of East Khasi Hills and Ri-Bhoi area, Meghalaya falling in toposheets 78O/14 and
O/15 to delineate the deep seated and shallow subsurface structures for their bearing on potential mineral resources and
the associated tectonic activity, if any.
Gravity anomaly shows a decreasing trend towards north indicating basement sloping gently towards north. In
order to understand the gravity high anomalies with corresponding low magnetic features over the region, 2-D modeling
of gravity profile has been attempted integrating with available geophysical information. Gravity survey broadly
outlined several subsurface features that define the structural fabrics of Central part of the Shillong plateau.
Magnetic anomaly map shows an overall variation of magnetic value from -817 nT to 680 nT with increasing
magnetic trend towards north in contrast to gradual decreasing trend of gravity anomaly. The geological features are
more perceptible on analytical signal map. The aeromagnetic map of the area also revealed the undulations of the
basement. Density and magnetic susceptibility measurements of rock samples were also conducted in the laboratory
to aid the geophysical interpretation.
Key word: East Khasi Hills, Bouguer gravity, magnetic, Mylliem

Introduction
East Khasi Hills region of the Shillong plateau with
relatively high topography is dominated with Precambrian
basement made up of high grade gneisses which are intruded
by basic and ultrabasic rocks of different ages. Distribution
of earthquake pattern in north east India shows that entire
Shillong plateau in India is seismically active and associated
with thrust and shears along the plate boundaries (Kayal,
1998, Bilham and England, 2001). Geological and
seismological data shows clear evidence that the central
part of the plateau is a structurally weak and tectonically
active zone. Yin, Dubey et al (2010) suggest that the Archean
basement–Shillong Group contact is most likely tectonic.
Mazumder (1976, 1986) described the geology of Meghalaya
plateau and considered the occurrences of felsic plutons
(Mylliem, Nongpoh, Kyrdem and South Khasi) as late- to
post-tectonic, fracture-controlled diapirs resulting from
episodic thermal events caused by mantle upwelling.
Manuscript received on:15.7.2013.Accepted after revision:24.1.2014
Paper presented at 35th Annual Convention and Seminar on
Exploration Geophysics held during 3-5 Oct.2013 at New Delhi

Tectonically, Shillong plateau in the northeast India is
bounded by E-W trending Dauki fault to the south east, by
Brahmaputra fault or Oldham fault to the north, by NNESSW Indo-Myanmar belt to the to the east. The plateau is
separated from Mikir Hills in the Northeast by alluvium tract
of Kopili fault system.
The present study deals with the results of the gravitymagnetic surveys in East Khasi Hills region of the Shillong
plateau comprising mainly Shillong Group of rocks with
underlying Precambrian basement of gneissic composition.
The Shillong Plateau and adjoining Mikir hills are the only
exposures of the Archean-Proterozoic rocks in the entire NE
Indian region, covered on all sides by the Tertiary sediments
and the recent alluvium. It is believed that the rocks of the
intermediate age may exist beneath the sedimentary cover of
the Brahmaputra valley (Dasgupta & Biswas 2000). Thus
most of the information on the deep interior of this region is
hidden under the sedimentary cover. Thus gravity studies
and the interpretation of the geological features will play an
important role in this region. The interpretation of
geophysical anomaly in terms of structural features and their
importance in demarcating potential zone for mineral prospect
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and implication on seismotectonic activity is discussed herein.
Gravity-magnetic surveys were carried out under the thrust
activity programme of geophysical mapping of Geological
Survey of India in order to provide input data for National
Geophysical Mapping and to delineate subsurface geological
structures (Syiem et al 2012). A total of 1400 sq km area was
covered by gravity- magnetic surveys along with 8 nos. of
vertical electrical sounding with varying current electrode
spacing (AB/2) from 300m to 800m. Standard data reduction
and processing techniques were used for preparation of G–M
maps and advanced filtering techniques were used for
qualitative analysis of the data. This region is a highly
dissected tableland with several deep gorges. The average
elevation in the study area is 1282m from mean sea level.

deformation (Murthy et al. 1976; Barooah, 1976). The first
deformation has oriented the axes of the fold along E-W
direction; the second deformation has resulted in the
development of folds whose axes are found along NE-SW
direction. The third generation of fold is developed with the
fold axes along N-S direction. The E-W and NE-SW trending
deformations are very prominent. The Shillong group of rocks
lies unconformably over the Gneissic Complex in an intra
cratonic basin extending along NE-SW direction. The Western
contact of the basin with the Gneissic Complex is tectonic in
nature and is characterized by the shear known as Barapani
shear and has been emplaced by the younger porphyritic
granites viz. Nongpoh granites and South Khasi Batholith.
(Mazumder, 1976; Murthy et al. 1976; Mazumder, 1986).
The Khasi intusives comprising basic intusive like
epidiorite, metagabro, metadoleraite etc. occur mostly as sills,
dykes in the various sub-facies of Shillong Group. In the
study area one such exposure noticed in the North- Western
part of the area where it intruded the Basement Gneissic
Complex. The porphyritic granites of Late Proterozoic to
Palaeozoic are the post tectonic plutons, namely South Khasi
Batholith, Mylliem granites, Nongpoh granites and Kyrdem
granites intruded the gneissic complex and the Shillong group
of rocks (Ghosh et al. 1991). Mylliem Granite is represented
by porphyritic granite exposed in the central of the study
area. The distribution of the plutons are controlled by the
pre existing NE-SW and NW-SE trending tectonic contacts,
fault and fracture systems. The Sylhet Traps are of the nature
of plateau basalts exposed in a narrow E-W strip along the
southern border of the area and their anticipated thickness
is 550-680 m. The sediments belonging to the Cretaceous,
Tertiary and Quaternary times cover a large part of the
Pynursula plateau in the south. Coal bearing Sylhet
sandstone is very well exposed and rests directly over
porphyritic granite but further south it overlies.

Methodology

Geological map in parts of East Khasi Hills and
Ri-Bhoi districts, Meghalaya

Geological Setting
The area comprises of rocks of Assam-Meghalaya
Gneissic Complex of Archean to Proterozoic, Shillong Group
of Paleo-Proterozoic to Meso-proterozoic, Khasi Greenstone
of Proterozoic, Mylliem Granite of Neo-Proterozoic to Lower
Paleozoic and Jaintia Group of Paleocene to Eocene age.
Assam-Meghalaya Gneissic Complex is represented by
unclassified gneisses which include banded gneiss, biotite
gneiss, metaquartzite, Schist, Amphibolites etc., occurs in
the northwestern part of the area. The Gneissic Complex
with the non porphyritic granitoids show several phases of

Gravity and magnetic (GM) surveys were carried out with
station interval of 1-2 km along the available roads and foot
tracks connecting the villages around using Autograv (CG5) gravimeter and ENVI Total Field Magnetometer (Scintrex,
Canada). The elevation of all the gravity stations were
determined by engineering levels and connected to SOI
bench mark in PWD premises, Mairang. The assured accuracy
of elevation is ± 0.1m. The data density of gravity observation
points is evenly distributed in most part of the study area
except in the southern part bounded by Laitlyngkot,
Langkyrdem and Lynshing where it is occupied by rugged
terrain which is not feasible for leveling of gravity points.
Maximum effort has been exerted to fill these gap areas with
magnetic observation for better coverage of the study area.
The observed field gravity values were connected to
International gravity base at Airport Guwahati. Bouguer
gravity anomaly was calculated by reducing the observed
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gravity value to mean sea level assuming an average crustal
density of 2.67 gm/cc. Theoretical gravity values for all
stations were calculated according to International Gravity
Formula of 1980. Observation stations were reoccupied at
many places to verify the repeatability of gravity-magnetic
data. IGRF correction was applied to magnetic data. A total
of 691 gravity and 851 magnetic (T.F) stations were observed
along available roads and foot tracks in the study area along
with eight resistivity soundings to determine the depth to
bedrock. A Scintrex made TSQ-3 instrument was used for
resistivity soundings using Schlumberger configuration with
maximum separation of 1.0 km for AB/2. Partial curve matching
(Orellana and Mooney, 1966) and inversion technique were
used for interpretation of resistivity sounding curves.
Total 41 rock samples were collected from different Lithounits of the study area for density and magnetic
susceptibility measurements in the laboratory as an aid to
interpretation.

Discussion of Results
The results are shown in terms of contour maps of 1)
Bouguer gravity, 2) magnetic anomaly map and 3) analytical
signal map. An attempt was made to interpret the gravity
anomaly along N-S profile, cutting across the significant
anomalous features, to decipher the subsurface structure of
the area. The result of spectral analysis of gravity and
magnetic data was utilized as initial parameter for defining
the subsurface model.

Bouguer Gravity Anomaly Map
The Bouguer anomaly map of the Central part of the
Shillong plateau bounded between latitudes 250 15' N to 250
45' N and longitudes 910 45' E to 920 E is shown in figure 2.
The region encompassing the central part of Shillong plateau
is mostly characterized by high and low gravity anomalies
indicating a series of antiforms and synforms in the basement,
with a wavelength of 5–8 km (Yin, Dubey et al 2010). Broadly
the Bouguer anomaly map shows two dominant trends 1)
the northeasterly trend parallel to Shillong group of rock or
aligned to major fold axes in NE-SW direction formed during
the deformation, and 2) east west trend parallel to sylhet
Trap. This suggests that the Bouguer anomaly map probably
reflects the major structural grain of the Central part of
Shillong plateau. Superimposed on these regional trends are
found high and low gravity anomalies by anomalous masses
such as porphyritic granite pluton, basic intrusives of Khasi
Greenstone and brittle types of shallow fractures with sills
and dykes along the general trend of the Shillong group
(SG) of rocks.

Gravity anomaly with northeasterly trend:
Major portion of the area is traversed by long wavelength
contours extending in SW-NE direction with gradual decrease

Fig.2. Bouguer gravity contour map in parts of East
Khasi Hills and Ri-Bhoi districts, Meghalaya
in anomaly trend from -16 mGal near Pynursula in the south to
-52 mGal near Umnongkrem in the northwestern part
representing regional gravity trend. The gradual decrease in
regional gravity trend extends beyond the contact of the
Archean Gneiss with Shillong Group of rocks towards north
indicating a possible slope of the Archaean basement to north.
This decreasing gravity trend in the north is also reflected on
the Regional gravity map of North East India (K.Verma &
M.Mukhopadhay, 1977). Gokarn et al, 2008 also indicated a
subducting high resistivity layer of Gneissic rock towards
north by magnetotelluric studies in this region. Moreover, the
density of rock samples collected near Umroi area, in the
northern part, is around 2.60 gm/cc comparable to the Shillong
Group of rocks. Yin, Dubey et al (2010) inferred that the contact
between the basement and the Shillong Group is a northwestdipping thrust. The existence of thrust or reverse fault beneath
the Shillong plateau is also mentioned by Clark and Bilham,
2008 based on the gravity data and compressional earthquake
focal mechanism. These findings are consistent with our 2-D
gravity modeling discussed later in this text.
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A prominent linear gravity anomaly with northeasterly
trend between Mawpun and Mawthei in the northern part of
the area with minor flexure at some places reveals a major
fault / lithological contact between Shillong Group and
Archean Gneissic Complex which is correlated to Barapani Tyrsad Lineament. There, the shear zone is composed of
steeply dipping phyllite of the Shillong Group. The BarapaniTyrsad fault system has a prominent topographic expression,
and its trace follows a series of north-northeast–trending
linear valleys and ridges in the interior Shillong Plateau. Yin,
Dubey et al 2010 in their paper suspected that the BarapaniTyrsad fault is active and mentioned about the extensive
Cenozoic deformation within the plateau, mostly expressed
as active northeast-striking left-slip faults and related their
observations with the earth- quake fault-plane solutions
obtained across the Shillong Plateau and also with the recent
GPS study that implies a slip rate of ~5 mm/yr across the
Barapani-Tyrsad shear zone. It is also suggested in their
paper that the northeast striking faults may extend deep into
the mantle. Later these rocks have been intruded by the
Khasi greenstones along the general trend of Shillong group
of rocks as sills and dykes which are represented by the
minor flexures of contours.
The granite pluton around Mylliem is represented by a
moderate gravity anomaly with density of 2.6 gm/cc as
determined from physical property of rock sample. Magnetic
low is observed in this part. The contact between Mylliem
granite pluton and surrounding rocks are clearly represented
by the linear gravity trend of limited extension considered to
be weak zone. Murthy et al. 1976 also observed that the
emplacement of the granite pluton is through the pre existing
weak zone such as Barapani shear which is indicated by the
gravity lineament in NE-SW direction.

Syiem et.al.,
which is likely to represent upliftment of basement overlain
by tertiary sediments of low density value of the order of 2.3
to 2.4 gm/cc as indicated by the physical property
measurements of rock samples collected from this part the
area. This sharp high is also indicated in the 2D modeling.
Yin, Dubey, 2010 observed that south of Eocene exposure,
there are Cretaceous strata, consisting of thickly bedded
basalt, siltstone, mudstone, and sandstone.
A relatively broad gravity low zone of about 10 km long
and 25 km wide with values ranging from -44 mGal to-52
mGal, in northwestern portion of the study area around
Nongrim and Umnongkrem apparently indicates the presence
of major trough in the basement. Moreover, a high magnetic
anomaly has been observed in this area.

Magnetic (T.F) anomaly map:
Magnetic (TF) anomaly contour (IGRF corrected) and
image maps (Fig. 3) enabled to delineate three distinct
anomalous zones in the study area with magnetic value varies
from -817nT to +680nT with gradual increase of magnitude
from south to north contrary to the gravity anomaly. The
magnetic map shows that magnetic body axes and magnetic
discontinuities trend mainly in NE-SW, NW-SE, E-W
directions similar to the gravity trend.

Relatively high to moderate SW-NE trending anomalies
in and around Khrang – Laitlyngkot and Thynroit areas in
the southwestern part of the study area possibly correspond
to basic intrusives including metadolerites and metagabbros
and also intrusives of Khasi Greenstones consisting of
Amphibolites and Epidiorites as sills or dykes in Shillong
Group of Rocks. In general, a higher order density of 3 gm/cc
has been recorded for the rock samples of this area.

Gravity anomaly with easterly trend:
The most prominent high gravity anomaly attains its peak
value of -20 mGal in the south of Pynursula village over the
tertiary formation in the southern and southeast part of the
area. This high gravity anomaly is also reflected as a part of
the regional gravity high in the southern part of Meghalaya
shown on the Regional Gravity map of North East India. The
high gravity anomaly is possibly caused due to intrusion of
denser material in the basement. Gokran et al (2008) also
attributed a similar high conductivity layer emplaced in the
crust beneath Shillong Plateau. A steep rise in gravity
anomaly outlines the northern limit of the high anomaly

Fig.3 Magnetic (T.F.) anomaly contour map in parts of
East Khasi Hills and Ri-Bhoi districts, Meghalaya
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Broad magnetic high anomaly extending in the direction
of NE-SW is occupied the northern portion over Archean
Gneissic Complex and Shillong Group of rocks with several
dipolar magnetic anomalies attributed to basic intrusive,
dolerite dykes/sills of limited extent. Very high magnetic
values, at places, are possibly due to the intrusions of
younger granite plutons including magnetite granulites in
the basement. Hence, broad magnetic high anomalous zone
in the northern part is due to the cumulative effect of the
local magnetic bodies of shallow extent whereas the gravity
low in this part is mainly attributed to deep basement which
is indicated in the preceding para under gravity interpretation.
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to intrusion of mafics/ultramafics include amphibolites,
epidiorite etc., in to the contact between Shillong Group and
tertiary formation and is well corroborated with gravity high.
The rock samples collected from this zone has shown high
susceptibility values ranging from 314 to 2402 emu. This
anomalous zone is adjacent to fault/contact and is
characterized by both high gravity and magnetic signature,
corroborated by high density and susceptibility values may
suggest its importance for sulphide mineralization.

In the northern part of the area, similar to the gravity
results, magnetic closures of elliptical nature with high
magnetic anomaly are observed extending in SW- NE
direction from south of Mawmih to Umroi attributed to a
major fault/ contact and represent the well known Barapani Tyrsad shear zone. Magnetic highs all along this SW-NE
discontinuity indicate the presence of basic intrusive at
shallow depths which are represented in gravity map as small
flexure. Surface evidences also indicate the presence of basic
bodies all along the lineament. The results of detailed ground
survey over a part of this magnetic discontinuity confirm
the magnetic anomalies with NE-SW trend at places and the
presence of metabasic rocks with depth of weathering upto
50m from ground level. The inclined borehole (inclination
40°) drilled on the basis of ground geophysical results
intersected sulphide mineralisation between 44.10 m -160 m
with rather conspicuous sulphide mineralization between
92.85 m to 130.65 m (Rajendra Sharma et al, 2012).
A major magnetic discontinuity with SW-NE orientation
is seen in the central part within Shillong Group of rocks
parallel to the direction of foliation of the gneiss which is
corroborated by moderate to high gravity anomaly zone
indicating basic intrusive, sills or dykes and assumes
significance as the probable zone for mineralisation.
The bipolar anomaly around Pomlakrai in the central part
of the area is associated with gravity high and attributed to
intrusive bodies at depth. The potential zone for sulphide
mineralization is reported (T. Babu Ravendra Kumar, 2003) in
the close proximity of this magnetic zone associated with
moderate gravity high.
The southeastern part of the area is mostly covered by
E-W trending broad low magnetic anomaly zone indicating
the presence of sedimentary cover. The gravity high over
this part is attributed to basement uplift with low
concentration of magnetic element. The results of physical
properties measurement in this area shows low susceptibility
values of 3 emu which represents the sedimentary rocks
including shale, sandstone with alternate coal beds etc.,
belongs to Tertiaries. However, an isolated high magnetic
anomaly is observed around north east of Pynursula village
within this broad low magnetic zone which possibly relates

Fig.4 Analytical signal magnetic (T.F) anomaly map in
parts of East Khasi Hills and Ri-Bhoi districts,
Meghalaya
The Aeromagnetic map of Central part of Shillong plateau
(Fig.5) with contour interval of 50 nT depicts high magnetic
domain in the northern part covered by Shillong group of
rocks and Assam – Meghalaya gneissic complex. Moderate
magnetic anomaly zone is depicted over Shillong group of
rocks and Mylliem granite. A low zone is reflected at the
contact between Mylliem granite and Shillong group of rocks.
An elongated magnetic high zone trending SW-NE is
depicted from Khrang in the southwest to Thynroit in the
north east representing Khasi Greenstone and metabasalt in
SG. Magnetic low zone is reflected over tertiary formation in
the southeastern part of the study area. The known Barapani
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shear zone has been brought out distinctly in the aeromagnetic
map as SW-NE magnetic discontinuity. The magnetic
basement of the Shillong Plateau is full of undulations with
variable depths of uplifts/ downthrows indicating its
heterogeneous nature (Rajendra Sharma et al, 2012).

also depicted three susceptibility interfaces; the deeper
interface at an average depth of 2400m, the first intermediate
is at an average depth of 1600m and the shallow interface at
900m. The results show the consistence of magnetic
susceptibility at deeper level.

Some of the magnetic anomalies are more perceptible in
the Analytical Signal (AS) magnetic map (Fig.4) e.g. 1) The
anomalies east of Pynursla village became prominent in the
AS magnetic map which occurs at the contact between the
Shillong group of rocks and Tertiary formation and assumes
significance from basemetal mineralization point of view and
2) Magnetic bodies around Mawmih, Mawpun, Nongsder
and Umroi area were clearly depicted in the Barapani -Tyrsad
shear zone.

2-D Gravity model along N-S profile A-A’

Estimation of Power Spectrum
The result of spectral analysis of gravity data indicated
three density interfaces, the deeper one with an average
depth of 2800m, the first intermediate layer is at an average
of 1800m and the shallow interface at an average depth of
1000m. The analysis of power spectrum of magnetic data

The gravity modeling was performed using GM-SYS
software of Oasis Montaj. The N-S gravity profile (Fig.6)
runs through many of the significant gravity and geological
features of the area. The observed gravity shows a high in
the southern part of the profile over Tertiaries followed by a
moderate to high anomalous zone over metasediments at
the central part and a gravity low zone in the northern part
over Archean Gneissic Basement. The total length of the
profile from south to north is around 56 Km including the
regional anomaly trend. Density values of major geological
unit exposed over the surface were constrained by density
of the representative rock samples. Depth estimate obtained
from spectral analysis used as initial model parameters. A
uniform surface elevation is assumed for preparation of 2-D
model of gravity anomaly. Due to the limited extent of the
profile the subsurface thickness is extended upto a depth of
8km.The model shows the following significant features
along the profilei) The gravity high anomaly in the southern part of the
profile is interpreted due to cumulative effect of the exposed
tertiary formation with measured density of 2.3 to 2.4 gm/cc
overlying the gneissic basement which is intruded at depth
by high density metavolcanics (σ = 2.9-3.0 gm/cc). At this
place the estimated thickness of Tertiary cover varies from
900 m to 1 km consistence with the result obtained in Spectral
analysis. The lateral extension of the Tertiary is found to be
around 12 km from south to north upto Lyngyrdem. The
result of resistivity interpretation (Fig.7) in the southern part
near Nongshyrngam village reveals high resistivity values
below 200m indicating compact Tertiary formation.
ii) Another gravity high extending from 12 to 20 km
distance along the profile from south to north is attributed
to shallow basement overlain by thin metasedimentary cover
(σ = 2.5 gm/cc) belongs to Shillong Group with thickness of
about 1km. A significant gravity rise at 20 km distance around
Laitlyngkot is interpreted due to the intrusion of metabasalt
piercing through basement gneiss and metasediments. This
intrusive body is exposed on the surface and shows a density
of 2.9 to 3.0 gm/cc.

Fig.5 Aeromagnetic (T.F) contour map in parts of East
Khasi Hills and Ri-Bhoi districts,Meghalaya

iii) The moderate anomalous zone extending from 20 to
32 km distance along the profile around Mylliem is attributed
to exposed granite pluton emplaced through metasediments
and granite gneiss with depth extension of 4.8 km. Around
Shillong (32 to 37 km) a gravity high anomaly zone is
interpreted due to the cumulative effect of basement rise
with intrusion of high density metavolcanics (σ = 2.9-3.0
gm/cc) at depth. The top layer is occupied by Metasediments.
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iv) A sharp fall in gravity towards north is attributed to
well known Barapani – Tyrsad shear zone extending over
wide area. Detail analysis by Gokran et al (2008) indicates
that most of the shallow earthquakes (less than 33 km) are
clustered around the NE-SW discontinuity passing through
Barapani -Tyrsad in the north with breaks in between. Duarah
and Phukhan (2011) also observed large scale seismic activity
in the central part of the plateau which is due to NE-SW
trending weak zone defined by strong and prominent
structural fabrics. The gradual fall in gravity value in the
northern most part of the profile indicates deepening of
basement towards north as per the regional geological trend
in the area. A good matching is evident between observed
gravity and calculated gravity values along profile A-A’ with
estimated model parameter.
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Conclusions
The systematic gravity and magnetic surveys in parts of
East Khasi Hills, Meghalaya documents several prominent
geological structures and diagnostic features. The analysis and
interpretation of G-M data has helped in understanding the
regional setup in the area. The E-W, NE-SW trending
discontinuities along with NW-SE trending lineament have
helped in understanding the structural setup of the area, as
these corroborate with the known lineaments, faults and thrusts.
This includes SW- NE trend major feature indicating the
structural fabric of Shillong Group of rock including the SWNE trending Barapani shear zone in the northern part and its
association with seismicity.

Fig.6 Spectral analysis of Bouguer gravity and magnetic data in parts East Khasi Hills and Ri- Bhoi
districts, Meghalaya

Fig.7 2D Geological model along south - north gravity profile (AA’), parts of East Khasi Hills and Ri-Bhoi
districts, Meghalaya
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The study also revealed the gradual slope of the Archean
Gneiss basement to northwest. A prominent gravity high
associated with magnetic low in the southern part of the
region indicates the presence of high density material / basic
bodies possibly buried intrusives of metavolcanics overlain
by the Tertiary formation.
High gravity and magnetic anomaly zone near Pynursula
corroborated by high density and susceptibility interpreted
to be the intrusion of mafics/ultramafics include amphibolite
epidiorite etc., may be possible zone of interest from base
metal mineralization point of view.
A prominent low gravity signature associated with high
magnetic anomaly in and around Umnongkrem area in the
northwestern part over Gneissic Complex is interpreted due
to the presence of granulites and trough in the basement.
Another contact has been brought by gravity and magnetic
linear zone between the Shillong Group and Tertiaries in the
southern part.
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Abstract
The key benefits of MEMS (Micro-Electrical-Mechanical-Systems) based accelerometers in terms of full digital
transmission, increase in frequency bandwidth (0-800 Hz) of the signal and well-calibrated amplitudes suitable for
AVO and inversion studies are being utilized in the industry for better characterization of the subsurface features of
interest in hydrocarbon exploration and development initiatives worldwide. An attempt has been made to carry out an
integrated diagnostic study on amplitude preserved processed seismic stack sections for the MEMS based accelerometers
and conventional geophones on 2D seismic lines falling within OIL’s operational area of Upper Assam in North-East
part of India. The objective of the study is to illustrate the benefits accrued through utilization of the long offset high
resolution MEMS based 2D data over data acquired with conventional sensors in characterization of shallow gas
reservoirs through multiple diagnostic observations on the seismic section. The study suggests that long offset high
resolution seismic data acquired with MEMS based accelerometers is inherently rich in many of the geophysical
signatures/attributes that are generally utilized for detection of gas accumulations. It is also observed that MEMS
based accelerometers data also provide a consistent AVO response (class III AVO) over the whole range of offsets for
the target bright spot. The bright amplitude and the lateral extension of possible gas accumulation have been diagnostically
examined through various geophysical metrics. The observations, results and inferences derived through the study in
characterization of the shallow gas reservoirs are being presented in the paper.
Key words: Bright Spot, Flat spot, AVO

Introduction
An integrated diagnostic study has been carried out on
two seismic profiles in Oil India Limited (OIL) operational
areas of Upper Assam in North-East part of India. They are;
one is N-S seismic profile which has been acquired by MEMS
based accelerometers and rest is E-W seismic profile which
has been acquired by conventional geophone (see Figure1). The study involves all possible diagnostic evidences on
seismic stack sections like bright arch shaped amplitudes,
flat reflections (gas-oil/water contact), AVO response (Class
III AVO), diffractions that emanates from fluid contact,
frequency shadow below the gas accumulation, change in
polarity and seismic energy attenuation - slight delay in arrival
times of reflections below the gas accumulations that are
addressed as a case study.

Case Study
The two seismic profiles were meeting at possible gas
accumulation nearby well-X in Oil India Limited’s operational
area of upper Assam in North-East part of India where gas
seems to be produced from Upper Eocene-Oligocene (Barail)
formation at depth range of about 2380m -2410 m as shown
in Figure-1.
Manuscript received on:23.7.2013.Accepted after revision:24.1.2014
Paper presented at 35th Annual Convention and Seminar on
Exploration Geophysics held during 3-5 Oct.2013 at New Delhi

Seismic Profile

Well-X

Fig.1. Study area; Seismic profiles (North-South & EastWest)) were passing through possible gas accumulation.
Well-X (highlighted in red circle) is approximately 800 m
away from intercepting point of two seismic profiles.
2D Seismic data has been acquired with the following
recording or geometrical parameters as shown in table below.
For N-S seismic profile, vertical sensors seismic data has
been used for present study with conventional seismic data
(E-W seismic profile). Seismic data processing involves data
analysis, conditioning, statics, deconvolution, and velocity
analysis and stacking.
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Bright Spots as Indicators of Gas Accumulation
Bright spots are most common in relatively young,
unconsolidated siliciclastic sediments with large impedance
contrasts across lithologic boundaries. As the reflection
coefficient from the top or bottom surface of a sand
containing gas is greater than that from the corresponding
surface of water or oil bearing sand, the presence of the gas
sand should be indicated on the section as a bright spot.
Occasionally, a high-amplitude event is observed at levels
where it is known that no hydrocarbons are present. Other
causes, such as facies changes, geometric focusing effects,
or even the presence of high velocity contrasts not
associated with hydrocarbons ( as at a lime stone-shale
boundary) might account for the amplitude anomaly in such
cases. However, criteria to identification and confirmation of
bright spot have been carried out in the following steps.

Step-1: Identification of Relative High Amplitude
Anomaly
The processed MEMS based accelerometers seismic stack
section at in and around gas accumulation is, as shown in Figure-2
(top). The same seismic stack section was processed to bring out
relative amplitudes for clear visualization of relative high amplitude
anomaly, may be the bright spot as shown in Figure-2(bottom).
Similarly, conventional seismic stack section (East-West Seismic
Profile) at in and around gas accumulation is as shown in Figure3(top). The same seismic stack section was processed to bring out
relative amplitudes for clear visualization of relative high amplitude
anomaly, may be the bright spot as shown in Figure-3(bottom).
The strong reflection event at about time 2050 ms stands out
above the level of the rest of the record as shown in Figure 3. This
event comes at a time that would be predicted for a reflection from
possible gas saturated sand, and its lateral boundaries correspond
to that of limits of gas accumulations.

Conventional seismic stack section (E-W Seismic
Profile)

Conventional seismic stack section for relative
amplitudes (E-W Seismic Profile)

Fig. 3. Seismic stack section shows slight arc shaped
amplitude (highlighted in red color), probably form
possible gas accumulation.

Step-II: Amplitude Variation with Offset (AVO)
response in NMO corrected CDP gather
In general seismic amplitude is decreasing with
increasing offset due to spherical divergence and inelastic
attenuation in the subsurface. But, in case of gas
accumulations for class-III AVO, amplitude is increasing with
increasing offset. The NMO corrected CMP gathers
(without AGC) within the arch shaped reflections are shown
increasing amplitude with increasing offset at about 2050 ms
and a few of NMO corrected CMP gathers are as shown in
Figure-4. Since phase of acquired data is SEG normal, the
above gathers are suggested that class – III AVO for gas
sand in the subsurface. i.e., trough amplitude is increased
with increasing offset.

MEMS based accelerometer seismic stack section (N-S
Seismic Profile)

MEMS based accelerometer seismic stack section for
relative amplitudes (N-S Seismic Profile)

Fig. 4. NMO corrected CMP gather – Trough amplitude
increases with increasing offset (highlighted in red
color) shows the class-III AVO response for gas
accumulation.

Step-III: Diffractions that emanate from fluid
contacts
Fig. 2. Seismic stack section shows bright and arc
shaped amplitude (highlighted in red color), probably
form possible gas accumulation.

Whenever there is change in acoustic impedance
concentrated at a point or along a line, as in the case of
faulting in a reflecting interface, observable diffractions are
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likely to be generated. The side of a gas body which shows
a velocity contrast with respect to the formations that enclose
it should generate diffraction patterns in the same way. The
effect particularly when the centre of the diffraction is located
at the end of a high-amplitude stripe along a reflection event
should be particularly diagnostic. It is rare that this effect is
actually observed on record sections where there are
indications of gas sands. The diffraction pattern is observed
at the middle of arched reflections at nearby 2050 ms is very

probably from the anticlinal shale-gas interface on record
section is clearly noticed in zoomed view of stack section as
shown in Figure-5, probably due to the edge of gas-oil/water
interface(Flat event).

Step-IV: Flat event
Flat spot that represents a fluid (gas-oil or gas-water)
contact, which can also show the down dip limit of the
reservoir in some cases. It is clearly noticed in Figure-5.

Fig. 5. Horizontal reflections (at 2060 ms) indicative of gas-oil/ water contacts. Note arched reflections
(red in color) above flat event, presumably from top of gas sand. Diffraction pattern is noticed at
the edge of flat event towards down dip limit of reservoir.
Well -X

MEMS based accelerometer seismic stack section (N-S Seismic Profile)

Termination of arched reflector or change in polarity

Seismic energy attenuation
below the possible gas
accumulation

Slight delay in arrival times below the possible gas
accumulation

Frequency shadow below the possible gas accumulation
Well -X

Conventional seismic stack section (E-W Seismic Profile)
Seismic energy
attenuation below
the possible gas
accumulation

Termination of arched reflector or change in
polarity

Frequency shadow below the possible gas
accumulation

Seismic energy
attenuation below the
possible gas
accumulation

Slight delay in arrival times below the possible gas
accumulation

Fig.6. Seismic section shows change in phase at the lateral limits of arched reflections (gas accumulation) or
termination of arched reflector. Note slight delay in arrival times and seismic energy attenuation below the gas
accumulation. Note relative reduction of frequency (frequency shadow) below the gas accumulations.
Note tentative position of drilled well-X.
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Step-V: Change in polarity
It has been noticed at the edges of lateral limitations
of relative high amplitude anomaly.

The above all the diagnostic observations in this study
suggested that the high amplitude anomaly confirms the
bright spot for possible gas accumulation.

Step-VI: Frequency shadow

Time-Depth vs Velocity Plots

Relative reduction of frequency is possible below the
gas accumulation which is clearly noticed in Figure-6.

Time-depth vs velocity plots have been prepared from
sonic log of nearby well information in both sonic time
and seismic time are shown in Figure-7. Seismic datum is
91.44 m and derrick floor elevation of well-X is 127m.

Step-VII: Seismic energy attenuation below
the gas accumulation
Relatively more seismic energy is attenuated below
the gas accumulations as seismic energy attenuated in
gas saturated sand which is clearly noticed in Figure-6.

Step-VIII: Slight delay in arrival times of
reflections below the gas accumulation
Relatively slight delay in arrival times of reflections are
observed below the gas accumulation as seismic wave travels
slower in gas saturated sand which is clearly noticed in Figure-6.

Since the well-X is deviated well, it has been applied
all necessary corrections like deviation correction (120 m)
and shifted datum to derrick floor elevation level (123.42
m) to seismic datum level (91.44 m) to prepare the TimeDepth vs Velocity plot in seismic time scale. Observed
velocity reversal at 2 sec in seismic time scale (highlighted
in red color) in Time-Depth plot (right side of Figure-7) is
matching with observed seismic high amplitude anomaly
(bright spot) at nearby well-X in seismic stack section as
shown in Figure-8.

Fig.7. Time-Depth plot (left) in sonic time of deviated well. Time-Depth plot (right) in seismic time where deviation
correction (120 m) and datum shift from derrick floor to seismic datum have been carried out.
Well -X

Arch shaped Event: Bright Spot

2000 m sec or 2 sec

MEMS based accelerometer seismic stack section for
relative amplitudes (N-S Seismic Profile)

Fig. 8. Processed seismic stack section and Well-X: Well-X meets bright spot at 2 sec towards its structural high. The
trough of the bright spot might be for possible gas sand as polarity of seismic data is SEG normal.
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Well logs of Well-X
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Well logs of Well-X in the study area confirms the gas sand
where high resistivity and cross over of neutron-density log
is observed against low SP log is clearly noticed in Figure-9.

The authors are thankful to all concerned in Oil India
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GAS SAND

Fig. 9. Well logs of deviated Well-X (left side) from Derrick floor level (127 m above mean sea level). Computed
logs of Well –X in true vertical depth (right side) from seismic datum (91.44 m above mean sea level). Note the
log responses against gas sand (high lighted in red color box).

Conclusion
An integrated diagnostic study suggested that long offset
high resolution MEMS accelerometers seismic data provides
a consistent AVO response (class III AVO) over the whole
offset range and this produces clear bright spots and flat
spots on seismic stack section. Utilization of long offset
high resolution MEMS accelerometers 2D seismic data in
place of conventional seismic data is better for elastic
impedance inversion study to minimize the risk associated
with possible gas accumulation prior drilling and enhance
the gas production quickly under gas development projects.
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Abstract
Exploration geophysicists may believe that shear wave history began when they started using shear waves in
hydrocarbon exploration. In early days, three components (3C) data were recorded especially to determine the location
of earth quakes. From the end of nineteenth century the new era for 3C recording has been started & fully implemented
in exploration industry. In the last several years, seismic survey operations has developed rapidly allowing creation of
converted-wave or P-S images that make use of a down going P wave converting to an upgoing S wave at the deepest
point of penetration. Survey design for P-S surveys is comparable to that of P waves, but must take into account the
P-S wave’s asymmetric raypath. P-S surveys use conventional sources but have several times more recording channels.
OIL has sophisticated seismic acquition units of sercel made 428 XL and MEMS based 3C digital sensors units
DSU3 for recording three-component seismic data acquisition. Though we apply common basic principles for designing
of three dimensional multicomponent (3D-3C) seismic surveys, are considerably complicated in aspects of designing
acquisition parameters as well as planning for field operations to increase quality productivity. Since Vp/Vs ratios vary
with depth and lithology, estimating converted wave fold coverage depends strongly on knowledge of the subsurface
geology. Because of the asymmetry of converted wave ray paths, a survey design that acquires uniform P-wave (or Swave) fold coverage will result in non-uniform converted wave fold coverage.
M/s Oil India Ltd. (OIL) has several old & matured fields in Upper Assam Basin, India. As we understand
Multicomponent seismic survey can provide a variety of information for development of reservoirs, reduce the
multiresolution of predicting reservoirs and increase successful drilling rate. Considering these purposes, OIL has
conducted three dimensional multicomponent (3D-3C) seismic surveys in its main producing fields. For this area, the
designing of geometry using depth contour map for mapping close to top of the barail and ensures reasonable CCP folds
w.r.t offsets (maximum offset 3000 mts) and target depth. The previous available interpretation of the area in terms of
two way time maps & depth contour maps plays a pivotal role in understanding the geophysical imaging requirements
to ensure geologically conformable subsurface imaging.
Key words: 3C acquisition, designing, Shear wave, Depth Contour.

Introduction
Multicomponent seismic has been demonstrated to be
an effective technology for risk reduction in exploration and
development. In an exploration setting, multicomponent
measurements offer improved imaging, direct hydrocarbon
and lithology indication and attenuation of multiples over
conventional P-Wave seismic. In a development setting
multicomponent measurements facilitate improved reservoir
illumination and characterization. Successful acquisition of
meaningful multicomponent seismic data in an urban setup
can only be achieved through optimization of resources by
balancing on cost, timing, logistics and HSE but without
compromising on the data quality.
The induction of multi component seismic technology
with ability of in house data acquisition is a giant step in the
Manuscript received on:2.8.2013. Accepted after revision: 24.1.2014
Paper presented at 35th Annual Convention and Seminar on
Exploration Geophysics held during 3-5 Oct.2013 at New Delhi

exploration portfolio of Oil India Limited in general and
Geophysics department in particular. The technique is
implemented worldwide and so in OIL with objective of
mapping remnant / bypass hydrocarbon and possible gas
bearing zones within the reservoir. In the present context we
discuss how application of this novel technology provides
information about hydrocarbon presence and their extent
within the reservoir in a better way than the conventional
seismic in one of our oil fields in Upper Assam Basin.

Objective of Study
With time most of the wells over the fault bounded
structures of Naharkatia-Jorajan area started showing water
cut of even more than 80% at times with peculiar production
behavior. These issues encouraged the geophysicists at
OIL to use converted wave imaging to map the fluid front,
lithology variation and then manage the reservoir through
static and dynamic modeling. This will help to identify suitable
bypass reserves and also to place wells for IOR/EOR.
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Subsurface Geology of the Area

Fig. 01: Location map of the study area in Upper Assam Basin
The study area is located in central part of OIL’s
operational area in Upper Assam Shelf Basin, at the southern
bank of Brahmaputra River. (Figure-01)
The Jorajan area is situated within the main producing
area of OIL’s operation, on the southern flank of the Basement
High and in front of the NE–SW trending Naga Thrust in the
south. The area is located, geologically, in the early Tertiary
shelf and shelf edge of the Upper Assam Basin. The Barail
and above sequences shows that the producing structures
(viz. Zaloni, Langkasi and Kathalguri) in the study area are
controlled by NE–SW trending normal faults. The orientation
of the structures is NE–SW. The main fields are in and around
of Jorajan, Langkasi, Kathalguri, Nagajan, and Santi oilfields
are producing from both Tipam and Barail reservoirs whereas
Zaloni and Nahorkatiya oilfields are producing mainly from
Barail reservoirs.

Parameter Optimization and Operation Execution
Planning
The first and foremost requirement of any
multicomponent dataset is to be amenable for attribute based
classification of fluid and lithology with adequate spatial
and temporal resolution, zero geometry error and amplitude
fidelity. One have to design the survey in such a way that
the dataset should be able to address the issues pertaining
to spatial aliasing, preserve lateral amplitude variation.

The operational area is of semi urban setup with
crisscross network of roads, high population of personal
and vehicle and moderate presence of seismic obstacles such
as tea factories, power plants, production instillation and
water injectors (Figure-02). This also means that any large
deployment of man and ground electronics will increase the
probability of accidents, thefts and damages resulting in
further increase of survey cost with grave concern to
manpower health & safety.
Stringent implementation of the planning & acquisition
design in the field during the course of seismic data
acquisition assumes much more significance when the area
is compounded by difficult logistics besides being
environmentally sensitive. OIL presently acquiring 3D-3C
seismic data in Jorajan & adjoining areas for this utilized
efficient methodology covering all the aspects of the said
seismic operation, which includes other than technical
aspects appraisal of the challenges in the area of operation
to the entire crew. After thorough review of depth contour
maps of mapping horizon (Top Barail), existing 2D/3D
conventional data sets and also keeping in mind the logistic
challenges as well as the geophysical expectations from the
dataset it was decided to simulate and test the modeling
output within a constrained range of shot, receiver interval
and line spacing. While planning it was always kept in the
background that cost of MEMS based sensor is still quite
high and any loss of the same will be an added disadvantage

Three Dimensional Multicomponent Seismic
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Fig. 02: Satellite view of Operational Area showing Industrial and highly populated areas
not only to the data quality but also to the cost factor.
Therefore it was concluded not only to improve resolution
by minimizing the receiver spacing but to also improve the
foldage by decreasing the shot spacing after optimizing the
charge size. The geological considerations, analysis of
available data has given inputs for survey designing ensuring
optimum foldage and uniform azimuth distribution. (Figure-03)
For monitoring real time Quality control, the actions taken are:

Ø

Integrated Seismic Drilling Services Contract and
Seismic Job Service

Ø

Improvement in operational processes(The survey
planed in advance will reduce cost)

Ø
Ø

Recognition of signal and noise on field records

Ø

Management of acquisition projects and costs

Ø

Understand noise characteristics and attenuation
methods

Ø

Acquisition must be driven by specific interpretive
goals and be aligned with processing requirements.

Ø

Advanced planning & simulation with available
infrastructure.

Satellite Images are being used to calculate positioning
of shot points and recovery points well in advance at
base camp before moving to the actual locatio

Ø

Improvements in designing of 3D-3C survey geometry
Qualified & experienced manpower for regular job services

All the above steps have helped in acquiring good quality
data at higher rate of productivity.

Fig. 03: a) Depth Contour map of location area, b) P-P Fold Diagram, c) P-S Azimuth Distribution
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Operation Execution Blueprint
After successfully optimizing the geophysical parameters
(Table-01) the next most important point of concern was
how to execute the operation in such a logistically difficult
area with constraint of deploying higher channel or
manpower. After through deliberations it was decided to
divide the area into two rectangles in such a way that each
rectangle overlaps with the other and each can be finished
in one season respectively. This type of execution is also
known as zipper shooting.
Table-1. Acquisition Geometry
Acquisition Geometry
No. of Lines
RI
SI
RLI
SLI
Template
Total Layout
Salvo
Max. Inline Offset
Aspect Ratio
Nominal Fold (PP)

10 Nos
40 m
60 m
420 m
200 m
1500 (10 X 150)
1650 (10 X 165)
35 Shots
3000 m
0.63
75 (15 X5)

It was also decided to monitor the traffic activity as well as
noise profile over the area due to inhabitants and factories.
Accordingly, hourly vehicle crossing at different major
crossings were monitored for two months and the same was
analyzed along with noise profiles. It was observed that the
area becomes considerably silent between 2:00 PM to 4:00
PM during day light. It was decided to delve on this particular
time window and record the data during this period to have
higher S/N ratio with lesser random noise. Moreover,
monitoring of vehicle traffic at different sections helped to
classify probable accident prone areas and hence layout of
cables and protection of ground electronics was planned
accordingly. The instrument parameters for this survey are
shown in Table-02.
Table-2. Instrument Parameters
Instrument Parameters
Recording Inst.

Sercel 428 XL

Recording Format

SEG-D

Sampling Interval

2 m.Sec

Recording Length

12 Sec

Sensor Type

DSU 3

Sensor Orientation

True North( 0º)

Field procedure, Quality control and Crew
Management
While carrying out 3D3C survey the geophysicists
responsible for the operation should always keep in mind
that each shot and receiver template is a unique coordinate

system and at the time of processing all shot receiver
combinations are rotated to distribute the energy along
transverse and radial direction using hodograms. Accuracy
of these hodograms depends entirely on the accurate
orientation of receivers and shot-receiver navigation
correctness.
Three-component sensors attached to a telemetry cable
involve standard equipment for planting, leveling, and
properly orienting. This procedure of plantation of 3C sensor
is painful but mandatory for proper data recording. To ensure
accurate orientation of receivers, the receiver lines were
oriented N-S in confirmation to geological dip and all the
supervisors and associated manpower were trained to use
and orient DSU’s using the compass to N-S orientation.
Moreover, to have effective coupling of 3C sensors with the
ground, portable hand held drill machines were used to plant
the 3C sensors. Another important QC was tilt of the 3C
sensors and it was ensured that all the 3C sensors are within
a tilt limit of ±3º only.
Apart from the QC factors implemented while layout of
ground electronics, further QC and improvement was
achieved through constant online monitoring of data quality
and geometry through first break alignment, Power spectrum
and plotting of common shot gathers. Moreover, quality of
geodetic survey is also ensured through intersection survey
parameter deviation controls between the shot and receiver
lines. Here an example displayed (figure-04) first break
alignment which shows receivers offset because of housing
& various Installations in the area. To manage the seismic
obstacles such as drilling installations, power houses,
schools and buildings a good use of transverse connectivity
through fiber optic cables has been used. During data
acquisition it was observed that some of the digital sensors
were showing spiky signatures without following any pattern.
During normal operational day, it was not feasible to replace
100% defective digital sensor due to time constraint. The
ultimate aim was to record spike free data to improve the
quality at acquisition level. Noise monitors were recorded
with actual field condition where noise levels are more than
threshold limit for entire spread, after plantation and powering
up the sensors in the spread. Pre and post-acquisition fold
and azimuth distributions are shown in figure-05.
Instantaneously analysis of QC processing (P-wave) was
carried out and the same was shown in figure-06.

Cost Factor vs. Production Improvement
The variable cost of seismic data in geophysical
operations are under the heads of contractual payments to
shot hole drilling and Seismic Job Services contractor. Local
demands, compensation, and miscellaneous expenditure are
also paly important role in seismic data acquition. The fixed
cost consists of Explosives and detonators, security
payments depreciation overhead and pay & allowances to
employees. The quality of data is checked online by use of
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Fig. 04: First break alignment shows layout offset
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Fig. 05: full azimuth & P-P fold (Pre and post-Acquisition)

Fig. 06: Test processed P-P stack
SQC-Pro software provided in Sercel 428XL instrument. This
improvement in the operational processes have helped in
making more time available to field geophysicists to
concentrate on work related to increase in volume and quality.
The Integrated Seismic Drilling Services and Seismic Job
Services contract has further improvement in productivity.

Operational Adversity
The operational window in the study area is very
stringent in terms of working hours per day as well as total
working window duration. Apart from local cultural problems
incessant heavy rainfall is also predominant factor. On top
of this the layout is picked up every day in view of present
security concerns. The operations are also affected by water

logging of village roads and in accessibility of remote areas.
During operational time DSU sensors are leads to
malfunctioning and failure of sensors in prevailing ground
condition of North-East due to moisture or humidity. Adding
to this layout problems and shot hole drilling in tea gardens,
surface logistics like swamps, riverbed also posses a problem
beside urban and semi urban areas.

Conclusion
In the above survey, advantage of the wide azimuth 3D3C data will be detained only after the processing and
interpretation of the acquired data. Presently, we have
extracted the PP component from raw data and the resulting
PP stacks shows exciting results with higher frequency
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content than conventional single component stack. We look
forward to the further analysis of Shear wave components,
which will result in further development. It is time to consider the
use of 3D-3C acquisition even if the shear wave data will not be
used immediately. It is worth assessing the potential long-term
benefit compared to the incremental of operational costs.
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The 35th Annual Convention and seminar on Exploration
Geophysics organized by Association of Exploration
Geophysics (AEG) with a special theme on Integration of
Geosciences and Societal Development was held during
3-5 th October, 2013 at A.P. Shinde Auditorium, NASC
Complex, Pusa, New Delhi. Conveners of the seminar were
Dr. A.K.Chaturved, AMD/DAE and Shri.S.N.Singh, General
Manager, Oil India Limited. Shri.A.Markandeyulu, AMD/
DAE was the organizing secretary of the seminar. The seminar
witnessed a wider participation from major geosciences
Organizations viz., Oil and Natural Gas Commission, Oil India
Limited (OIL), Geological Survey of India, National
Geophysical Research Institute, Central Ground Water Board,
Department of Atomic Energy, Indian Institute of Remote
Sensing, Indian Institute of Geomagnetism, DGH, National
Thermal Power Corporation Ltd. (NTPC) and major
educational and research Institutions in India. Eight final
year M.Sc.Tech students, four from Kurukshetra University
and four from ISM-Dhanbad also attended the seminar. TA/
DA expenses for their participation were sponsored by AEG.
The seminar was sponsored by national and international
institutions viz., OIL, CGG, Pico Envirotec Inc, NGRI, Board
of Research in Nuclear Sciences (BRNS), Department of
Science and Technology (DST), Council of Scientific and
Industrial Research (CSIR) and Ministry of Earth Sciences
(MOES).
On day one of the annual convention and seminar, a
workshop on “Integration and interpretation of Earth
science data” was organized on the forenoon of 3rd October,
2013 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. Workshop covered topics related to advanced
processing and interpretation tools and software modules
available for integration and interpretation of Earth science
data which was very informative and useful to young
professionals, research scholars and students.
Seminar was inaugurated by Shri Rajen Habib Khwaja,
Secretary, Ministry of Mines, the Chief Guest at the Inaugural
function. The other dignitaries who shared the dias with the
chief guest during the inaugural function include Shri.
S.K.Srivastava, CMD, Oil India Limited, Prof. Mrinal K Sen,
Director, NGRI, Shri. A.Sundaramoorthy, President, AEG and
Director General, GSI, Dr.Anjan Chaki, Director, AMD (Retd.)
and Vice-President AEG, Shri. S.N. Singh, Seminar Convener
and Dr. A.K.Chaturvedi, Secretary, AEG. Shri. Sushil Gupta,

Chairman, CGWB also graced the inaugural function. Shri.
A.Sundaramoorthy, President, AEG welcomed the dignitaries
seated on and off the dias as well as all the delegates to the
annual convention. Dr. A.K.Chaturvedi, Secretary, AEG
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 that the January 2013 special issue of
the Journal of Geophysics on Airborne geophysics was
highly appreciated and the association is taking all efforts to
bring the journal on time with quality publications. He made
a special mention of the wide support received by the
geosciences community to the lecture series delivered by
renowned experts in the field of earth sciences organized by
the Association. He also mentioned briefly about the various
measures taken by the association to involve academic
institutions to benefit the student community. He briefed
the audience on the role played by AEG to bring the Geoscientists from various Geo-scientific organizations,
academic experts from Universities and IIT’s, practitioners,
geosciences service providers and industry experts to a
common platform by organizing annual conventions and
seminar. He informed that AEG has successfully conducted
34 annual conventions and seminars in different parts of the
country with special themes of relevance and national
importance. 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.
The souvenir volume was released by the chief guest
and presented to all the dignitaries on the dias. This was
followed by the address by the guests of honour Prof. Mrinal
K Sen, Director, NGRI and Shri. S.K.Srivastava, CMD, Oil
India Ltd. Both the speakers stressed the importance of
integration of geosciences for exploitation of mineral and oil
resources in the country and lauded the efforts of the
association for providing a platform for the geoscientists for
sharing their knowledge and expertise. In his inaugural
address, the Chief Guest Shri. Rajen Habib Khwaja,
emphasized on the role of geosciences and informed the
audience that geo-scientific community has a vital and greater
role to play to meet the society’s demand and the challenges
of modern life. He stressed the importance to fully integrate
the geosciences for a thorough understanding of the natural
resources which include energy resources, water resources,
soil resources, mineral, metal in addition to ecological

resources such as forests, coastal systems and the oceans.
He conveyed his wishes to the delegates and hoped that the
two day technical sessions would address the challenging
issues. Inaugural function ended on a successful note by a
vote of thanks proposed by Shri.S.N.Singh, General Manager,
OIL and Convener of the seminar.
After the inaugural function, Dr.A.K.Chaturvedi,
Secretary, AEG, gave a brief account on the Life and
Achievement of Late Dr.Hari Narain. His contributions to
the development of geosciences in the country are
highlighted in his speech wherein he has mentioned the
efforts of Dr.Hari Narain in establishing the world class
institutions Keshav Dev Malaviya Institute for Petroleum
and Exploration (KDMIPE) at Dehradun and National
Geophysical Research Institute (NGRI) at Hyderabad. He
also mentioned that Dr. Hari Narain had grand ideas for
airborne geophysical surveys, groundwater investigations
and development and production of geophysical instruments
indigenously. The audience were informed that he received
‘Padma Shree’ in 1974 and Innumerable awards received by
him include Petrotech Life Time Achievement award in 1999,
National Mineral Award of Excellence in 2002, and ISCA
General President Gold Medal in 2007. AEG is privileged to
organise a lecture in the memory of such a visionary scientist.
Dr. Hari Naraian Memorial lecture was delivered by Prof.
Mrinal K Sen, Director, NGRI on “Seismic Fracture
characterization”. He clearly elucidated the importance of
fractures for enhanced recovery and production optimization.
He briefly outlined the current techniques to extract fracture
parameters from seismic data viz., S-wave Splitting and Layer
stripping, P-wave AVO and NMO velocity analysis. He
appraised the delegates how a new approach asymmetric
AVOA could be useful in different fracture models. A case
study on estimation of fracture parameters after removing
anisotropic overburden effect from Saudi Arabia is presented
by him. He clearly elaborated the AVOA inversion of ratio
attribute technique with a sequential work flow. He concluded
that the novel and robust technique developed to remove
the overburden effect for reliable fracture characterization is
extremely valuable for managing reservoirs and optimizing
production.
On 4th October, 2013 Shri. A. Markandeyulu, Organizing
Secretary welcomed all speakers, delegates and participants
to the two day technical sessions. The technical sessions
commenced on a high note with a guest lecture by
Shri.S.N.Singh, General Manager, OIL. His lecture on
Geoscience for societal development was in tune with the
theme of the seminar. The other two guest lectures delivered
by Dr.T.Harinarayana, Director, GERMI and Shri.P.S.Parihar,
Director, AMD are widely appreciated by the delegates.

During the two day technical sessions about 48 research
articles and case histories were presented, which include 32
Oral presentations and 16 poster presentations. The themes
for oral presentations include Hydrocarbon exploration,
Airborne geophysics; Advanced modelling; Inversion and
interpretation of geophysical data; Future trends and
technologies in geosciences; Mineral exploration; and
geophysical exploration for coal, groundwater, engineering
and environmental studies. Apart from the Indian
Geoscientists from OIL, ONGC, IIG-Mumbai, NGRI, HZL,
NPL, AMD and GSI geoscientists from Geosoft, UK 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. The seminar thus
served as a platform not only for sharing the knowledge and
exchange of ideas but provided with innovative trends and
new directions for the geoscientific community to further
their exploration and research in field of earth sciences to
serve the society better.
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 CGG, Datacode-Geosoft, ElectroteckDMT, Sowar-Pico, Toshniwal, Complete Instrumentation
Solution, Parsan, AMD and GSI. The delegates associated
with various sectors of geoscience from Research,
Exploration, practitioners, acadamecia and student are highly
benefited by the exhibition.

Shri.P.S.Parihar, Director, AMD was the chief guest of
the valedictory function organized on 5th October, 2013. Shri.
Ash Johnson, Vice President, Geosoft Inc., UK also graced
the valedictory function. Shri.P.S.Parihar in his valedictory
address congratulated the organizers for successfully
organizing the seminar. He emphasized the need for organizing
the seminars annually as they provide an opportunity to the
geoscientists to get acquainted with the recent trends and
innovative practices adopted by the national and
multinational companies involved in exploration and
research. Shri.Ash Johnson was highly appreciative of the
efforts put up by the organizing committee and congratulated
the Indian geoscientific community for their excellent work
as evidenced from the two-day long technical sessions.
Dr.A.K.Chaturvedi, Secretary, AEG summed up the three day
proceedings and thanked all the delegates and sponsors.
Shri.S.N.Singh, Convener of the seminar proposed a vote of
thanks to one and all in making the event a grand success.
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Release of the Souvenir volume during the Inaugural
Function of AEG’s 35th Annual Convention, From L
to R: Dr.Anjan Chaki, Dr.A.K.Chaturvedi,
Shri.A.Sundaramoorthy, Shri.Rajen Habib Khwaja,
Shri.S.K.Srivastava, Prof.Mrinal K Sen, Shri.
S.N.Singh.

Shri.S.K.Srivastava, CMD, Oil India Limited
delivering his inaugural address.

Dr. A.K.Chaturvedi, Secretary, AEG presenting the
activities of AEG..

Ash Johnson, Vice President, Geosoft Inc., UK,
convener of the Workshop on “Integration and
interpretation of Earth science data” delivering his
key note lecture.

Shri.S.K.Srivastava, Guest of honour and other
dignitaries visiting the stalls and having discussions
with the exhibitors.

Delegates in rapt attention during the technical
session.

Shri. P.S. Parihar, Director, Atomic Minerals
Directorate for Exploration and Research delivering
the guest lecture.

Dignitaries on the dias during the valedictory
function. Seated from L to R are Dr.A.K.Chaturvedi,
Shri. Ash Johnson, Shri. P.S. Parihar and Shri.
S.N.Singh.

Dr.Anjan Chaki felicitating Prof.Mrinal K Sen,
Director, NGRI.
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