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2.1 NUMERICAL MODELLING OF DEEP EARTH
PROCESSES: GEOMAGNETIC AND
GEODYNAMIC EVOLUTION

Numerical modelling of deep earth processes

A new research project on dynamo simulation has been initiated
as a part of implementation of the recommendations made in
the 151st report of the Parliamentary Standing Committee on
S&T affairs. Dynamo simulations require advanced numerical
techniques and parallel computing environment for the solution
of three-dimensional magneto-hydrodynamic equations. During
this year  feasibility studies were carried out for the
implementation of the project through interaction with some of
the leading international groups.

(A Manglik)

Elasto-plastic stress modelling of the lower crustal
Jabalpur earthquake region

The lower crustal Jabalpur earthquake of May 21, 1997  in the
Narmada-Son Lineament is interesting for inferring the
properties of the lower continental crust because (i) it occurred
in a region away from any known plate boundaries, (ii) the
focal depth of 36 ± 2 km has been well constrained, and (iii) a
consistent average Moho depth of about 42 km in the region
has been obtained by deep crustal seismic study. Earlier work
on rheological modeling suggested that deep lower crustal focal
depth of the 1997 Jabalpur earthquake requires (i) low to
moderate mantle heat flow in this region, and (ii) the presence
of a mechanically strong lower crust. The elastic stress
modeling work carried out last year has been refined to analyse
the conditions suitable for the concentration of shear stresses
in the hypocentral region of this earthquake by computing
intraplate stresses due to crustal density heterogeneities
mapped by integrated deep crustal seismic and gravity studies
along the Hirapur-Mandla profile passing through this region
and variations in the mechanical properties of various layers.
The significant inferences drawn from this study are:

The role of mechanical properties of various crustal layers
is important in achieving the localization of stress
concentration. Density heterogeneities alone are not
sufficient to produce significant lateral variations in the
stresses.

Among a range of material parameters analysed, the
model with mechanically strong lower crust underlain by
a relatively weak sub-Moho layer is able to enhance the
maximum shear stress concentration in the hypocentral
region.

Elastic stress modelling, despite showing the stress
concentration in the hypocental region of the earthquake, could
not reproduce the correct faulting mechanism because many
factors such as role of fluids or overpressure zones could not
be account for besides the ductile/ plastic nature of the
continental crust. Therefore, this year the above study has been
extended to elasto-plastic modelling. Various models of the
Moho depth variations proposed for the Hirapur-Mandla profile
were analysed and also considered the effect of localized fluid
pressure effect, localized mass deficiency/ excess etc on the
magnitude and orientation of principal stresses in order to
achieve orientations suitable for thrust faulting.  A significant
inference of this study is:

Elasto-plastic models also support the presence of a
strong lower crust and weak upper mantle, as obtained
by elastic modelling, for the occurrence of lower crustal
seismicity. The model with a Moho - intersecting fault
and sufficient plate boundary force seems necessary to
achieve thrust faulting mechanism in the lower crust.

(A  Manglik, S Thiagarajan and Yu Rebetsky*)

*IPE, Moscow

Stress reconstruction analysis of Koyna seismic
zone

Stress reconstruction analysis has been carried out based
on earthquake focal mechanism data for the Koyna seismic
region. This analysis provides estimates of magnitude as well
as direction of stresses provided sufficiently large coherent
data set exists. Stress reconstruction analysis was performed
using 21 published focal mechanisms data. The results
indicate weak cohesive strength of rocks in the Koyna seismic
zone.

(A Manglik, Yu Rebetsky* and S Thiagarajan)

*IPE, Moscow

Long-period MT measurement

A long-period MT measurement was carried out at a location
at the outskirts of Hyderabad to test the compatibility of the
induction coil and fluxgate magnetometer data so that very
long period measurements can be carried out for deep
lithospheric investigations. Data were recorded for more than
three weeks at this site. The data quality in general was poor
due to the electrical and cultural noise. However, fairly long
time series recording enabled us to get some good stacks.
Processing of these sections revealed some discrepancy in
the apparent resistivity and phase values obtained by induction
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coil and fluxgate magnetometer in the overlapping frequency
range.

(A  Manglik, SK Verma, S Thiagarajan and Ayan Mallick)

HVDC earth electrode site investigation in NE India

A Memorandum of Understanding was signed with Power Grid
Corporation of India Ltd. (POWERGRID) during this year to
carry out magnetotelluric and multi-electrode resistivity surveys
at two potential High Voltage Direct Current (HVDC) Earth
Electrode Station sites, one near Biswanath Chariali (proposed
HVDC terminal at north-eastern region (NER), 70 km North-
East of Tezpur) and the other near Agra HVDC terminal
(northern region (NR)), to delineate the resistivity structure of
these sites and recommend suitability of these locations for
the construction of earth electrode stations. It was planned to
carry out 13 MT soundings in an area of 10 km radius from the
centre and 7 multi-electrode resisitivity profiles covering the
600m x 600m area around the centre at each site. The survey
was started at a site in Assam. The results revealed that the
site has a highly resistive basement at the depth of 1 - 1.5 km
making this site unsuitable for the HVDC station. As desired
by POWERGRID, we analyzed geological, tectonic, and
available drill-hole data of NE India and suggested two
alternative potential locations where the likelihood of getting  a
conducting zone extending to the depth of more than 3 km
was high. Subsequently, we surveyed these two sites in lieu of
Agra site with reduced survey design and obtained satisfactory
results.

(A Manglik, SK  Verma, S  Thiagarajan, Ayan Mallick, D
Muralidharan, V Ananda Rao, Rolland Andrade and U
Satyanarayana)

2.2 PETROLOGY, TRACE REE AND ISOTOPE
GEOCHEMISTRY OF INTERPLATE MAFIC-
ULTRAMAFIC MAGMATIC ROCKS IN
DIFFERENT GEOLOGICAL TERRANES OF
PENINSULAR INDIA AND ANDAMAN-NICOBAR
GROUP OF ISLANDS: IMPLICATIONS FOR
GENESIS AND EXPLORATION OF PLATINUM
GROUP OF ELEMENTS (PGE), GOLD AND
DIAMONDS

Preparation of Platinum Group Elements (PGE)
geochemical reference material

The large-scale inhomogenities in the distribution of PGE in
earth’s mantle rocks have led to difficulties in quantification of
ultra-trace levels of PGE within acceptable measurement

uncertainty. Any interpretation of PGE geochemical data
requires bias-free concentration values that are not affected
by systematic errors. In this context, reference materials are
used to compare the results for different laboratories and to
validate the analytical method for the intended purpose. Since
PGE concentrations are in ng g-1 range, matrix matched
reference materials are required to improve the data quality
and to minimize the measurement uncertainty. A geochemical
reference material for PGE was prepared from Bangur Gabbro,
which forms an oblong intrusion of gabbro-norite (~3.1 Ga),
cutting the gabbro-anorthosite unit and the southern part of
ultramafic unit in Baula-Nuasahi Complex, Orissa. The gabbro
displays large euhedral crystals of plagioclase, orthopyroxene
and clinopyroxene showing pegmatitic texture and is also called
as pegmatitic gabbro. About 300 kg of the sample were
selectively collected from an underground mine, at a depth of
~ 30 m. The material was manually chipped to ~ 6-8 cm size
sample splits and representative samples were initially
pulverized to 63mm and analyzed for trace elements including
Rare Earth Elements (REE) and PGE by ICP-MS.

The preliminary REE data (Fig.2.1) shows relatively flat LREE
and HREE patterns with slight enrichment of LREE indicating
the primary magmatic signature. These samples show both
strong positive and relatively flat anomaly showing the
differentiation trend which is also evident from the mineralogy.
The PGE content in Bangur gabbros was determined using
ICP-MS with nickel sulphide fire assay finish. The absolute
PGE abundance for all the samples are extremely low. They
display a pronounced positive slope in mantle-normalized
patterns (Fig.2.2) that highlight their slight depletion in PPGEs
and strongly depletion in IPGEs. Pd/Ir ratios (17 to 723) are
higher than that of primitive mantle. The samples show
enrichment of platinum group of elements (∑PGE 0.89- 4.11
μg/g) and show fractionation trends. It is proposed to conduct

Fig. 2.1 REE pattern of  Bangur gabbro, Baula-Nuasahi Complex



Annual Report 2006-2007

27

an International Round-Robin Test in order to arrive at reference
values for Ru, Rh, Pd, Os, Ir, Pt with minimal uncertainty and
to validate the method, by circulating the powdered sample to
national and international geochemical laboratories which have
expertise in the analysis of PGE for over a decade and have
credible record in the form of publications in reputed journals.

(V Balaram, SN Charan, NPR Prasad, SH Jafri, DV Subba
Rao, Ramavati Mathur, MV Subba Rao, T Gnaneshwar Rao,
Rajeev Menon, C Manikyamba, EVSSK Babu, PV Sunder
Raju, M Ram Mohan, DS Sarma, M Satyanarayanan, SL
Ramesh, B Govindarajulu, G Vidya Sagar, KV Lakshmi,
KV Anjaiah, B Dasaram, RS Singh, P Roy, Zahida Begum,
SS Sawant, C Chavan, Prachiti and Archana)

Geological, petrological and geochemical
characteristics of the dunites and the associated
granulites of the Salem and Nagaramalai areas in
Tamil Nadu, southern India

A variety of ultrabasic/ultramafic intrusive igneous rocks are
known to exist over a widespread area in Tamil Nadu. These
rocks host industrial minerals such as olivine, asbestos and
magnesite. These intrusives are located in the gneiss-
charnockite terrain and are confined to the intersection of two
deep-seated lineaments, which dissect the Archaean high-
grade gneiss-granulite terrain. An attempt was made to
investigate (i) the mono-mineralic rocks such as dunite and
the associated charnockites from Red Hills mine area of M/
s.Burn Standards Company, and (ii) the two pyroxene basic
granulites and plagioclase bearing amphibolites from
Nagaramalai area. Numerous representative samples of fresh
and altered dunite samples have been drawn from the Red
Hills mine area of the smaller ultramafic body occurring along
the foothills/plains of the Shevaroys and Yercaud hills in the
NW part of Salem city. Petrological studies reveal that the

olivines are mostly unaltered and magnesian. Fine
disseminations of chromite and magnetite grains are
conspicuous in these rocks. Minor amounts of antigorite,
chrysotile and lizardite serpentines are present at some places.
MgO in least altered dunites in the serpentinized variety of
dunites?? The incompatible large ion lithophile elements (LILE)
and high-field strength elements (HFSE) are in general low.
The marked abundance of alkali elements and incompatible
elements in two serpentinized dunite samples is suggestive of
a metasomatic introduction of these elements and are related
to fluid-phase metasomatic processes in these rocks.

These rocks are also characterized by low total REE contents
(∑REE = 1.45 to 1.77 ppm). REE patterns of these rocks are
similar irrespective of their MgO contents (Fig.2.3). They show
slight LREE enrichment, flat to depleted HREE and absence
of Eu anomalies. The slightly enriched REE pattern of
serpentinized dunite sample is due to serpentinization and low-
temperature re-equilibration during magnesite formation. The
REE geochemistry of the least altered dunites indicate that
they represent the mantle residue. The geochemical features
of these dunites of Chalk Hills are distinctly different to that of
the dunites associated with the classical Luobusa ophiolites of
southern Tibet and as well as the Alpine peridotites.

Very low PGE abundances are observed in the serpentinized
dunites of Salem and basic granulites of the Nagaramalai areas.
Their PGE abundances are lower than that of the dunites
associated with ophiolite complexes of the southern Tibet and
other parts of the world. The mantle-normalized Ni, PGE and
Cu patterns of these rocks are also not comparable to that of
dunites occurring in the ophiolite complexes. The basic
granulites and amphibolites of Nagaramalai areas show slightly
fractionated mantle normalized PGE patterns than that of the
dunites which show flat/unfractionated PGE patterns (Fig.2.4).
Detailed geochemical work (trace, REE and PGE) on the other
variety of ultramafic rocks (wehrlite, harzburgite and alkaline

Fig. 2.2 Primitive mantle normalized PGE pattern of  Bangur gabbro,
Baula-Nuasahi complex

Fig. 2.3 Chondrite normalized REE pattern of  dunites and basic
granulites
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rocks (shonkinites and syenites) of the adjoining larger bodies
of the NE part of Salem region has to be taken up in order to
understand the nature of (i) intrusive igneous activity (ii) mantle
heterogeneity and (iii) PGE metallogeny.

(M Satyanarayanan, DV Subba Rao, SN Charan, K
Anbarasu, A Karthikeyan, S Narsing Rao, B Dasaram, SS
Sawant and V Balaram)

Trace, Rare Earth Element (REE) and Platinum Group
Element (PGE) geochemistry of the chromitites in
layered intrusions from Karungalpatti area in
Cauvery shear zone, southern India

The late-Archaean Sittampundi and Bhavani layered meta-
anorthosite complexes occur as tectonic lenses within the
Cauvery Shear Zone (CSZ) which refers to an ~ 400 x 80 km
nearly east-west tract comprising an anastomising network of
predominantly dextral ductile shear belts dividing the

Precambrian granulite crust of South India into late Archaean
block (~ 2.5 Ga) in the north and Proterozoic (0.55 Ga) block
in the south. The Sittampundi Complex is well known for its
stratiform chromitite (chromite-rich cumulates) with calcic meta-
anorthosite (An90) similar to many Archaean layered intrusion
such as Fiskenaesset Complex in West Greenland, Messina
Complex in South Africa etc. The anorthosites of the
Sittampundi Complex have been dated at 2.9 Ga (Neoarchaean
age). In view of their tectonic significance, an attempt has been
made to study the layered ultramafic-mafic intrusions from
Karungalpatti area, which forms the southern part of the
Sittampundi Complex .

The layered series contains two main parts (i) an ultramafic
series (metapyroxenites) (ii) a mafic-felsic series (metagabbroic
anorthosites/pure anorthosite). The pyroxenites and chromitites
are interbanded with leuco-anorthosites. The width of the
chromitite layers (Fig.2.5 a, b) vary from place to place within
the complex. These chromitite layers contain predominantly
chromite as subidiomorphic grains/granular aggregates, calcic-
amphiboles, anthophyllite, tremolite and chlorite. The host rocks
and ores have been subjected to deformation and
metamorphism. The associated metapyroxenite bands are
characterized by the presence of amphibole, plagioclase, quartz
and opaques. The meta-anorthosites are whitish or pale grey
in colour with distinct gneissic fabric and also exhibit ruby
corona structures at some places. These rocks show
inequigranular and interlocking textures with plagioclase, calcic
amphibole, anthophyllite, clinozoisite, chlorite, sphene,
corundum and minor opaques. The chemical composition of
the pyroxenites, chromitites and anorthosites are very
distinctive and the transition metals such as Sc, V, Cr and Ni
concentrations are high in these rocks. They have very low

Fig. 2.4 Primitive mantle normalized PGE pattern of  dunites and basic
granulites

Fig. 2.5 (a)Outcrop of  a chromitite body, Karungalpatti near Salem, Tamil Nadu
(b) Layered Chromitite band, Karungalpatti near Salem, Tamil Nadu. (Pit made by GSI)
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incompatible element abundances (Ti, Zr, Y and LREE). The
anorthosites are typically LREE depleted and show a positive
Eu anomaly and flat HREE. These REE patterns are not
comparable to that of the LREE enriched Proterozoic massif
anorthosites of Nain Complex, Labrador. The associated
metapyroxenites show nearly flat REE patterns. The chromitites
show HREE depleted patterns with varying enrichments of
REE. The trace and REE geochemistry of the mafic-ultramafic
layered intrusions indicate their derivation from LREE depleted
mantle sources.

Platinum group of elements (PGE) and gold (Au) were
determined in selected samples by NiS fire assay with ICP-
MS technique. The total PGE content of the analyzed samples
(anorthosites, chromititites and pyroxenites) shows a wide
range from 20.2 ppb to 1.77 ppm. The chromitite samples have
yielded higher SPGE abundances of 255 to 361 ppb. One
chromite bearing metapyroxenite sample has high total PGE
content of 1.77 ppm. The anorthosites are depleted in PGE
content which varies from 20.2 to 103.2 ppb. The Au content
of the analyzed samples (2-22 ppb) is higher than primitive
mantle estimate (1.2 ppb). In all the analyzed samples, Pt is
higher than Pd. Pd/Ir ratio show large variation in these rocks.
Primitive mantle normalized PGE distribution patterns of the
both metapyroxenites and chromitites show uniform and nearly
flat PGE mantle normalized patterns, whereas the meta-
anorthosites exihibit strong positive mantle-normalised
patterns. These rocks are also characterized by positive Au
anomaly. Field, ore petrological and geochemical data on these
rocks indicate the presence of PGE bearing zones in the
chromite bearing pyroxenites and chromitite bands. Detailed
geochemical sampling along the contact zones of meta-
pyroxenites and chromitite band, and also Ni-Cu sulphide
bearing chromitites is suggested for locating PGE mineralized
zones in the present work. It is also suggested that the
chromitites occurring in Bhavani, Satyamangalam and
Mettupalayam layered complexes have to be probed for
suspected PGE mineralization zones.

(M Satyanarayanan, DV Subba Rao, V Balaram, SN
Charan, K Anbarasu, B Dasaram and Parijat  Roy)

Geological CO2 sequestration in basalt formations
of western India

The Deccan Trap Large Igneous Province (DT-LIP) is one of
the most important manifestations of Cretaceous age
continental flood basalt eruptions, encompassing nearly
500,000 Sq. Km in West-Central India. The Deccan Trap region
on an average is composed of > 10 different flow units typically
of tholeiitic composition with occasionally interlayered picrites,

rhyolites, andesites, dacites and consisting of fine to coarse
grained, massive, amygdaloidal, vesicular, tuffaceous and
brecciated types, ranging in total thickness from a few meters
in the east to over 2.5 Km in the west. Recent studies indicate
that such extrusive terrestrial basalt flows are a potential host
medium for geological sequestration of anthropogenic CO2 by
the mechanism termed “Mineral Trapping”. Most of these lava
flows have porous and permeable vesicular flow tops which
are interconnected providing an enormous capacity for storage
of CO2 initially as a free phase, allowing time for its diffusion
and dissolution in local formation waters leading to chemical
disequilibria, initiating a variety of chemical reactions at depth.
Such reactions trigger the chemical containment or trapping of
supercritical CO2 as a dissolved species and precipitation of
new Fe-, Mg- and Ca-rich carbonate minerals within the flows.
Interbedded fine grained clayey sedimentary layers and/or
dense low–permeability basalts overlying the relatively more
vesicular sequential flows act as effective seals or cap rocks,
allowing time for the formation of carbonate minerals, thus
reducing the porosity within the cap rocks and improving the
sealing and CO2 containment potential of these basalts for
geological time scales. Underground storage of large quantities
of CO2 in suitable reservoir rocks is a viable and essential option
for minimizing the climate change impacts due to ever
increasing levels of atmospheric CO2 accumulation, but
requires an assessment of the geological suitability of the
storage site, the technology of capture, separation from the
flue gases, transport and long term safety and security of
storage. Site specific field geological, petrological, geochemical,
physical property measurements, hydrological, geophysical and
laboratory simulation studies are essential to confirm the
surface and sub-surface suitability of the selected site and the
probability of long term safe and stable containment of CO2.
Studies indicate that the complex internal flow features of the
continental flood basalts, with a potential for CO2 sequestration,
have formed during the solidification of the lava flow units due
to variation in cooling rates, degassing and thermal contraction.

The Deccan Trap lava flow units studied around Rajkot in
Saurashtra region of Gujarat exhibit well formed, 6-10" thick
amygdaloidal flow tops partly filled with zeolites. These flows
of varied thickness are largely medium to coarse grained
showing sub-ophitic and porphyritic textures defined by
plagioclase feldspars, clinopyroxenes, olivines,
titanomagnetites and interstitial glass set in a intersertal
groundmass of fine grained clinopyroxene, plagioclase and
opaque minerals. The vesicular tops of the flows host well-
formed fibrous anthophyllite, natrolite, calcite and quartz. The
thicker flows in the region show discrete and zoned clusters of
porphyritic plagioclase, twinned clinopyroxene and
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serpentinised olivine grains. Geochemically these basalt flow
units are Fe-rich tholeiites to alkali basalt (Fig.2.6) and based
on their TiO2 content they are classified into low-, intermediate-
and high TiO2 types (Fig.2.7). The fine to medium grained low-
TiO2 type at varying SiO2 concentrations, is characterized by
TiO2 < 1.49 Wt%, Fe2O3

T av. 13.00 Wt%, MgO av.5.4 Wt%,
CaO av.7.70 Wt%, low Zr/Y (av. 3.03), Ti/V (av.23.12), K2O
(av.1.56 Wt%) and Nb (av.>16 ppm).  The fine to medium
grained intermediate TiO2 type with varied SiO2 saturation is
characterized by TiO2 <1.55 Wt%, Fe2O3

T av. 14.50 wt%, MgO
av. 6.60 Wt%, CaO av. 8.40 Wt%, Zr/Y (av.5.10), Ti/V
(av.26.28), low K2O (<0.50 Wt%) and Nb (av.11ppm). The
coarse grained porphyritic high TiO2 type with SiO2 varied
content is characterized by TiO2 <1.75 Wt%, Fe2O3

T av.12.50
Wt%, MgO av.7.20 Wt%, CaO av.8.50 Wt%, Zr/Y (av.4.78),

Ti/Y (av.36.93), low K2O (<0.40 Wt%) and Nb  (av.5.00ppm).
The positive correlation between Zr and Sr suggests a strong
clinopyroxene control during the evolution of these lava flow
units.

(SN Charan, T Harinarayana, Rajeev Menon, AM Dayal, PSR
Prasad, Rama Mathur, DV Subba Rao, DJ Patil, K
Veeraswamy, Chakradhar Chauhan and Archana B,
Kaotekwar)

Petrogeochemical, geochronological and
paleomagnetic study of basic dykes in the environs
of Chattisgarh basin and its bearing on mantle
characteristics

New occurrences of boninite-like rocks such as high-Ca
boninitic dykes, melanogabbros dykes, recrystallized
plagioclase bearing high MgO dykes and high-Mg norite suites
occuring in the vicinity of Meso to Neoproterozoic Chhattisgarh
sedimentary basin in the northern Bastar Craton in Central
India are identified for the first time. These rocks are formed in
an intracratonic setting, not at convergent margin, similar to
Archaean boninitic rocks reported from intracratonic settings.
The boninitic dykes  occurring in the W-C margin (outside basin)
at Lohara area are characterized by the presence of distinctive
orthopyroxene, hornblende, plagioclase, k-feldspar, granophyre
and minor carbonates and opaques and orthopyroxene breaks
down to amphiboles is noticed in these rocks (Fig.2.8 a). The
other variety of high-MgO mafic dykes such as high-Mg noritic
dykes from Raitam-Borid areas of S-C margin (outside basin)
are characterized by a typical heteradcumulus texture
comprising mainly orthopyroxene (En81-78) and distinctive
elongate Mg-rich pigeonite (W07-9 En70-68Fs22-19), cpx which are
preserved within a microcrystalline quenched groundmass
consisting of cpx of augite composition (Wo 35-36 En48-52Fs11-15)
and opaques of ilmenite (TiO2=53%; FeOt=45%), ulvospinel
(TiO2=25.3%; FeOt=65.5%) and dendritic labradorite variety
of plagioclase (An61-67) (Fig. 2.8b). These textures show striking
similarities to that of the typical heteradcumulus-textured norite
from southern west Greenland as reported by Hall and Hughes
(1986). The  high-MgO mafic dykes (Boninitic and High-Mg
Norite dykes) show a strong boninitic affinity with high SiO2

(>52%), high MgO (9-15%), low TiO2 (0.30-0.54 wt %) and
strong LILE enrichment. The presence of LILE and LREE
enrichments (positive LILE anomalies) and HFSE depletion
(negative Nb-Ta and Ti anomalies) in the primitive mantle
normalized distribution patterns of these two dyke suites.
(Fig.2.9a,b). These unusual dykes show distinct mineralogical,
petrological and geochemical characteristics and are totally
different to that of the normally occurring abundant metadoleritic
and metagabbroic dykes in Chhattisgarh region. The generationFig. 2.7 TiO
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of boninite magmatism requires unique thermal conditions such
as shallow melting, elevated geothermal gradient and
subducted slab flux. On the basis of field, geological,
petrological and geochemical inferences on these Chhattisgarh
boninitic and noritic dykes, a two-stage melting model and
derivation from a strongly depleted mantle sources, enriched
later by metasomatic events is suggested.

(DV  Subba Rao, V  Balaram, T Gnaneshwara Rao, A
Keshava Krishna, K Nagaraj, DN Sridhar and B Govinda
Rajulu)

Studies on the dolerite dykes and gabbros of the
Ambadongar region

Swarms of east-west trending dykes occur in the area between
the Tapti and Narmada rivers. Further north in the Ambadongar

area of Gujarat, the basalts are intruded by plugs and dykes of
carbonatite and other alkaline and basic rocks. The basic rocks
include dolerite dykes and plug like bodies constituting the
gabbroic rocks. Field, petrographic and geochemical
investigations (including studies related to highly siderophile
element geochemistry) have been initiated on the dyke rocks
and gabbros. Preliminary   petrographic studies on the gabbros
indicate the presence of abundant plagioclase, occasional
olivine, amphiboles and opaques  in a fine ground mass
(Fig.2.10), indicating  slow crystallization, subsequent to the
outpouring of copious basaltic magma of the deccan volcanism.
Further investigations for drawing conclusions on the
petrogenetic implications are underway, which may help in
arriving at  a  clear picture of the petrogenesis of these rocks.

(MV Subba Rao and  SL Ramesh)

Fig. 2.8 Photomicrographs of  (a) Lohara boninitic dykes (b) Raitam high - Mg norite dykes

Fig. 2.9 Primitive mantle normalized multi-element patterns for (a) Lohara Boninitic dykes and (b) Raitam high-Mg noritic dykes

 (a)  (b)
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Meatmorphic sheets in Andaman ophiolite belt

 Polyphase schistose metamorphic rocks are present near the
base of the Andaman Ophiolites. They are composed of two
distinct units ie. metasediments and amphibolites, in tectonic
contact with ultramafics- the lower most member of the
Andaman ophiolites, as observed in North and Middle Andaman
Islands. They have undergone greenschist to amphibolite facies
metamorphism.  The metasediments are about 20 meters in
thickness and extend to about 2 to 4 kms in length, comprising
of  phyllites, quartz-mica schists, diopsidic marble, chlorite-
epidote-quartz schist and quartzites. These metasediments
show evidence of sedimentary protolith, which are believed to
represent siliceous with minor calcareous sediments. They are
banded on a millimeter to centimeter scale with alternating
layers rich in carbonates and silicates. The amphibolites occur
as slightly dark-coloured bands interbedded with
metasediments (Fig.2.11) and contain deformed layers,
composed largely of hornblende, plagioclase and opaques..
These amphibolite bands range from a few cms to about 2
meters in thickness and extend upto 50 meters in length. The
amphibolites, which show clear evidence of a volcanic protolith,
are metabasaltic in composition and are suggested to represent
metamorphosed basaltic lava flows or tuffs. These
metasediments have also been suggested to be exotic blocks
derived from the continental margins when on-land
emplacement of these ophiolites took place during the Mid
Eocene to Late Oligocene subduction event, prior to the
currently active Andaman-Java subduction. Such rocks termed
as the metamorphic sole have been reported in most of the
well studied ophiolites and it has been suggested that they
represent the metamorphic products welded to the base of the
ophiolites as it was detached from its in situ position as oceanic

lithosphere. Intra-oceanic thrusting led to the deformation of
the base of that part of the oceanic lithosphere and the
metamorphic sheet was produced by the thermodynamic
alteration of the overridden oceanic crust.

(SH Jafri, D Srinivasa Sarma and SL Ramesh)

Geochemistry of adakites from Neoarchaean active
continental margin of Shimoga schist belt, western
Dharwar craton, India: Implications for the genesis
of TTG

Adakites are identified for the first time from the Neoarchaean
active continental margin (ACM) preserved in the eastern part
of the Shimoga schist belt, near Ranibennur, Western Dharwar
Craton, India. These adakites consists mainly of quartz,
plagioclase and minor amphiboles and are interlayered with
the island arc turbidites. These adakites exhibit typical adakitic
low Y (8.35 to 14.70 ppm) and Yb (0.85 to 1.47 ppm), and on
La/YbN vs YbN (Fig.2.12) and Sr/Y vs Y discrimination diagrams
Ranibennur adakites plot in the adakite field and resemble with
the Cenozoic adakites, these may be further classified as high
SiO2 and low Mg#, Ni and Cr type adakites. Other constituents
such as Na2O, K2O, Nb, Zr, LREE and HREE (Fig.2.13) and
their ratios such as Na2O/K2O, Zr/Sm, Nb/La, (La/Yb)n, (Gd/
Yb)n and Th/U also closely resemble with the high silica adakites
(HSA) of Martin et al, (2005). Sr/Y values are moderate,
generally lower than the high Sr - low silica Cenozoic adakites,
but within the range of Archaean adakites. The negative Nb,
Ta, and Ti anomalies characteristic of Cenozoic adakites are
found in Ranibennur adakites also. Zr/Zr* and Hf/Hf* ratios are
also similar to HSA. These adakites further depict compositional
similarities with Meso and Neoarchaean tonalite-trondhjemite-
granodiorites (TTGs). Such types of adakites have been

Fig. 2.10 Microphotograph of  gabbro occurring in the Ambadongar
region, showing well developed laths of  plagioclase,
amphibole and opaques

Fig. 2.11 Photograph showing amphibolite bands intercalated with
metasediments in Middle Andaman Islands
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experimentally generated by the partial melting of hydrous
basalts that are similar to adakitic glass veins (low MgO, CaO,
Cr and Ni) found in peridotite xenoliths of Kamchatka arc (Xiong
et al., 2006). These adakites characterized by distinct negative
Nb, Ta, Ti, weak Zr and Hf anomalies along with strong
depletion in Y and Yb. These anomalies substantiate the partial
melting of garnetiferous amphibolites in the garnet stability field,
where garnet and rutile were left in the residue. Since Archaean
had higher geothermal regime, subduction of the basaltic slab
was most probably shallow and significant mantle wedge was
not available to react with adakitic melt. Hence Archaean
adakites in general, and particularly from Ranibennur are
relatively depleted in the peridotiitic mantle wedge components.
Their identification from an Archaean ACM and their
compositional similarities with the Paleo-Meso Archaean TTGs
suggest the possibility of identical origin i.e. the melting of a
shallow hydrous basaltic slab. This mechanism during

Archaean was widespread and rapid, resulted in faster
continental crustal growth during the early history of the Earth.
Identification of Archaean adakites in association with island
arc turbidites from a greenstone belt sequence supports the
rapid subduction mechanism for the crustal growth that
coincides with 2.7 Ga peak (episode) of almost all geological
processes.

(SM Naqvi and JG Rana Prathap)

Occurrence of hydrothermal phosphate minerals in
Hutti gold deposit, Dharwar craton, South India

The Hutti orogenic gold deposit, in the eastern Dharwar Craton
of South India, is located in a cuspate greenstone belt which is
tectonically juxtaposed against TTG basement on its western
margin. The host rocks to gold mineralization are mafic and
felsic volcanic rocks metamorphosed to the greenschist-
amphibolite transition. Mineralization is confined to nine, broadly
parallel, quartz reefs within N-S to NNW-SSE trending shear
zones that dip approximately 70°W. Six of these 2-10m thick,
boudinaged veins have been mined to a depth of over 810m.
Gold is spatially and temporally associated with disseminated
pyrite and arsenopyrite which, in turn, show a close association
with hydrothermal monazite and xenotime in the biotite-
plagioclase wallrock alteration around veins. Gold is considered
to have been deposited during D

2 to D3 deformation, broadly
coincident with the emplacement of syntectonic granitoids, at
about 650°C and 5kb. The occurrence of hydrothermal
monazite and xenotime in alteration haloes associated with
the gold-mineralized zones of the Hutti, Gadag, Ajjanahalli gold
deposits in Dharwar Craton has been established under this
pilot project. (Fig.2.14). These minerals were identified by

Fig. 2.12 La/Ybn vs Ybn discrimination diagram for the Ranibennur
adakites.

Fig. 2.13 Chondrite normalized REE patterns for the Ranibennur
adakites.

Fig. 2.14 Backscattered SEM image showing clusters of  monazite
grains from the alteration haloes of  gold mineralized zones
from Hutti.
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(D Srinivasa Sarma,  NJ McNaughton#, I.R  Fletcher#, DI.
Groves#, M Ram Mohan, and V Balaram)
# University of Western Australia, Perth, Australia

Geological investigations carriedout at Rajahmundry
traps, K-G basin

Among the four distinct flood basalt provinces of India (Deccan,
Rajmahal, Sylhet and Rajahmundry Traps), basaltic flows of
Rajahmundry area (late Cretaceous to early Cenozoic) were
earlier considered to be coeval with the Deccan Traps of
western India. The basalt traps in Pangidi-Rajahmundry area
are exposed in arcuate line of mounds trending NE-SW trending
on both sides of Godavari River in the Krishna-Godavari Basin
(K-G Basin) along the east coast of India.

It was earlier believed that there are only two basalt flows
separated by a single Intertrappean bed and the entire
succession was described as ‘Trappean series’.  Preliminary
geological investigations by NGRI and GSI at Pangidi-Duddukur
area (west of Godavari River) brought to light the occurrence
of three distinct basaltic flows separated by two horizons of

Intertrappean beds.  Stratigraphic succession and correlation
of basalt traps along with the Intertrappean bed is shown in
figure 2.16.

Fig. 2.15 Backscattered SEM image showing monazite grains associated
with arsenopyrite from the alteration haloes of  gold
mineralized zones from Hutti

Fig. 2.16 Litho-stratigraphy of  Rajahmundry traps, K-G Basin

Description of stratigraphic units

The base of the basalt traps is Infratrappean beds’ comprising
of sandstone, greenish grey clay, light purple clay and
fossiliferous limestone in Pangidi-Duddukur area (west of
Godavari River).  The lithological and paleontological evidences
point to shallow marine continental shelf depositional setting.
It was earlier considered that there were two basaltic flows
separated by intervening fossiliferous limestone-clay horizon
of ‘Intertrappean beds’. During our recent geological
investigations three distinct basalt flows separated by two
horizons of Intertrappean beds have been identified.  The lower
trap has an unconformable, sharp contact with the underlying
fossiliferous Infratrappean bed. Infratrappean limestone do not
show baking effect and exhibit a well defined sharp contact
relationship with the lower trap. Extensive quarrying of the lower
trap has revealed the presence of several conical mounds made
of volcanic breccia. Volcanic breccia/agglomerate, columnar/
massive basalt and vesicular fissile basalt are predominant
rock types in the lower trap. The Intertrappean I is made up of
two distinct limestone beds sandwiched in between clay beds.
The top clay layer which is in contact with the overlying trap is
yellowish brown to brown and attained porcellanitic nature due
to baking effect.  The limestone is hard, indurated, crystalline,
pinkish and does not show any evidence of fossils on fresh
surfaces.  Fossil record has indicated an estuarine environment

systematic scanning of polished thin sections in an SEM using
backscattered electron and energy dispersive X-ray detectors.
Most of the grains are very small (<10 μm), although some
larger grains (30-40 μm) have also been identified.
Hydrothermal monazite and xenotime, though volumetrically
minor, have been found to be important components in many
orogenic gold deposits in Australia, Canada, Brazil and South
Africa, The occurrence of these minerals in hydrothermally
altered rocks from the Dharwar Craton gold deposits enables
us to estimate the age of gold mineralization event(s) (Fig.2.15).
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for the deposition of these Intertrappean beds.  The middle
trap is 6 – 10 m thick and made of greenish grey vesicular
basalt.  The Intertrappean II is similar to the ‘red bole’ of Deccan
volcanic province. The Intertrappean II is mainly made up of
monotonous unit of red clay/red bole. The upper basalt trap
overlies the red clay horizon of the Intertrappean II.

Physical Volcanological features

A cluster of cones with a spacing of 50 – 95 m are recorded in
Gowripatnam quarries. These cones are aligned in NE-SW
and NW-SE lines. The cones are common in the lower flow
which represent vents in the form of conduits of lava flow that
piercing through Infratrappean limestone (Fig 2.17). In the cone
portion, limestone blocks occur as caught-up blocks within the
lava material.  Away from the vents, limestone is undisturbed
and remarkably appears to have unaffected by lava flows.
Fissures are vertical planar features showing physical continuity
with one or more traps (Fig.2.18).  Trend of the fissures varies
from NE - SW to NW – SE, displaying cross cutting relationship

which appear to form a network.  Width of fissures ranges from
few cm to 5 m.  Fissure filling material varies from flow to flow.
In the lower trap, fissure filling material is volcanic breccia with
caught-up or partly digested fragments of limestone and clay.

Though there are some similarities between the flood basalts
of different parts of the world (columnar basalts, petrographic
and geochemical similarities, subaerial eruption, eruption within
a short span of time), their mode of eruption appears to be
different at few places.  The cause and mode of accumulation
of continental flood basalts remains poorly understood.  There
are different views for the generation of Rajahmundry Traps
which includes that they are the eastward continuation of the
Deccan basalts of western India; the intra-canyon flows and
the plume model and an unequivocal, temporal connection
between Rajahmundry traps and the Deccan traps of western
India and suggested an overland flow.  Contrary to this, the
local origin of these rocks and their eruption through fissures/
faults in offshore areas was also suggested.  Nevertheless,
their origin remains elusive owing to the absence of the
information on the physical volcanological features and other
relevant field information. Our recent geological studies
indicated the presence of volcanic fissures and vents that are
found along the structural trends i.e. NE-SW and NW-SE in
the Rajahmundry traps of K-G basin.

(C Manikyamba,  Tarun C   Khanna, V  Balaram and G
Lakshminarayana)

Geochemical investigations at Hutti greenstone belt,
EDC, India

The Hutti greenstone belt is a part of late Archean arc system
in the eastern Dharwar Craton predominantly comprising of
mafic volcanic rocks with subordinate felsic volcanic rocks and
shelf facies sedimentary rocks. At present, this belt is the only
gold producing greenstone belt in India. Though gold
mineralization is found in the metavolcanic rocks at different
parts of Hutti, samples collected for the present study are
absolutely devoid of gold mineralization.  South eastern part
of this greenstone belt has got amphibolites which are
interlayered with felsic volcanic rocks. The amphibolites are
predominantly made up of hornblende, plagioclase with
subordinate ilmenite, magnetite and other opaques along with
recrystallized quartz. The felsic volcanic rocks are mainly quartz
and plagioclase dominant with biotite and other opaques. All
the rocks in the Hutti belt have undergone submarine
hydrothermal alteration, polyphase deformation and
greenschist to amphibolite grade metamorphism.  Since High
Field Strength Elements (HFSE) and Rare Earth Elements
(REE) are considered to be relatively immobile, they have been
used for the interpretation of their petrogenesis and geodynamic

Fig. 2.17 Volcanic cones at the base of  the Rajahmundry traps

Fig. 2.18 A NE-SW trending fissure, which shows physical continuity
with different flows
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setting.  Based on their petrography and geochemical
characteristics, two groups have been identified within the
amphibolites.  1) MORB type and 2) Arc type.  Multielement
variation plots for MORB type amphibolites are characterized
by enrichment in Th, U and LREE with slightly fractionated
LREE patterns and flat HREE, negative Nb and Ti anomalies.
Nb/U and Nb/Th ratios are less than the primitive mantle.  Arc
type amphibolites have nearly flat REE patterns with Nb, Ti,
Zr, Hf troughs. In Zr Vs Ti/Sc, Ti/V and Ti/Zr discrimination
figures Hutti amphibolites plot in both MORB and arc field. The
felsic volcanic rocks conform to most of the compositional
criteria of Archaean and Phanerozoic adakites.  The adakites
of Hutti belt are characterized by low Y, high Sr/Y, La/Yb(n) ,
Zr/Sm, fractionated REE patterns (La/Yb = 15 – 73) with zero
to no Eu anomalies.  Their multielement variation diagram
display enrichment at Th and U, a trough at Nb and Ta and
negative Ti and V anomalies.  Hutti arc type amphibolites and
adakites have large negative Zr and Hf anomalies on N-MORB
normalized figures which appear to have resulted due to either
1) fractionation of Zr bearing phase of amphibole or 2) deeper
melting in the majorite garnet field.  The imprint of interaction
between MORB and subduction related melts is also observed
in their geochemistry.  The geochemical characteristics of these
metavolcanic rocks from Hutti greenstone belt indicate the
presence of MORB-arc-adakite association reflecting on late
Archean intraocenic arc-back arc complexes.  Intraoceanic
subduction coupled with MORB type mantle generation related
to back arc basin extension appears to have generated the
two main magmatic components (arc basalt-MORB association;
(Fig.2.19).  During the intraoceanic subduction, slab melting
generated adakites.  Mixing of MORB melts and subduction
related (slab melts) melts occurred during the extension of the

back arc basin.  The subduction-accretion processes reflected
on the closure of the back-arc basin resulted in the assemblage
of MORB-arc basalt-adakite association that has been
tectonically emplaced in an evolving magmatic arc sequence.

(C Manikyamba, Tarun C  Khanna, V Balaram  and A
Keshav Krishna)

Geochemical investigations in Gadwal greenstone
belt, eastern Dharwar craton, India.

A spectrum of petrologically and geochemically distinct
metavolcanic rock suites have been identified for the first time
from Neoarchaean Gadwal Greenstone belt (GGB) of eastern
Dharwar Craton, India. Tholeiitic basalts are characterized by
moderate SiO2 (52 - 55 Wt%), MgO (6 – 9 Wt%), low TiO2 (0.5
– 0.9 Wt%), low HFSE with flat REE patterns (La/Yb ~ 1)
resembling with Phanerozoic arc basalts and interpreted to
have been generated by the single or multiple extraction events
from basaltic mantle wedge. The boninites of GGB are high in
MgO, Cr and Ni contents and are distinguished from komatiites
on the basis of their Al2O3/TiO2 ratios, (La/Sm)N and (Gd/Yb)N

ratio, U-shaped REE patterns with MREE depletion and are
resembling with intraoceanic arc boninites found in Cenozoic
subduction complexes. The presence of transitional basalts
with slightly fractionated REE patterns indicates the influence
hotspot during their generation. Nb-enriched basalts have high
Nb content (10-26 ppm) with slightly fractionated REE patterns
are interpreted to have generated from subarc mantle that
melted at greater depth from induced convection. The arc basalt
that pooled below the base of the arc crust reacts with the
refractory (peridotitic), mantle wedge to produce magnesian
andesites with high MgO (5-7 Wt%) at 56 Wt% SiO2. The
progressive partial melting and crystal fractionation of the
basaltic mantle wedge generated the calc-alkaline andesites-
dacites- (rhyodacites)-rhyolites (Fig. 2. 20). These calc-alkaline
metavolcanics are LILE and LREE enriched and depleted in
HFSE and HREE. They do not exhibit any prominent Eu
anomalies, except rhyodacites and rhyolites where weak to
prominent negative Eu anomalies are observed. But they all
feature highly fractionated REE patterns and Nb-Ta troughs,
pronounced negative Ti and V anomalies, characteristic of
magmas generated in the subduction zone environment.
Adakites have high Sr/Y, (La/Yb)N and low (Yb)N characteristic
of almost all adakites occurring in various Phanerozoic island
arcs and Archean greenstone belts. They exhibit highly
fractionated REE patterns without any significant Eu anomalies.
The depletion in HREE reflects the presence of garnet as an
essential residual phase. These adakites were generated by
the melts of the subducting slab and their interaction with the
overlying mantle wedge during their assent to the surface. The

Fig. 2.19 Adakites and Amphibolites from Hutti Greenstone Belt,
EDC
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2.3 HIGH RESOLUTION AIRBORNE GEOPHYSICAL
SURVEYS FOR OIL AND MINERAL
EXPLORATION AND DEVELOPMENT OF NEW
INTERPRETATIONAL TECHNIQUES FOR
AIRBORNE GEOPHYSICAL DATA.

Uranium exploration
(Spoonsored by AMD)

High resolution multiparameter heliborne geophysical surveys
for uranium exploration has been carried out over parts of
Rajasthan and Haryana States. The aero geophysical surveys
comprises of magnetic, electromagnetic and radiometric
surveys to identify the structural conduits for radio active zones
favorable for uranium mineralization. The survey belt covered
the regions of albitite belt of Aravali Fold zone. The basement
may possess the uranium bearing conductors. The response
of these geological conductors and the fine structural environs
favorable for basemetal and uranium mineralization has been
recorded using the three geophysical parameters viz. magnetic
susceptibility, electromagnetic conductivity and surface/
subsurface radio-activity. The multiparameter high resolution
heliborne geophysical surveys have been carried out at a line
spacing of 200mts at a sensor height of 30mts. The
aerogeophysical data thus collected is under processing.

(HV Ram Babu, Ch Rama Rao, DJ Sivakumar Sinha,  B
Vijay Gopal, Md Zaman, R Raj Kumar, GK Nayak, M
Prasanthi Laxmi, MA Gaffar, GDPS Sinha, G Ramachandra
Rao, S Parveen Begum, S Srinivasa Rao, D Praveen, B
Butchi Babu, Ch Praveen, D Laxman, V Pradeep Kumar
and  A Venkatesh).

2.4 DEVELOPMENT OF GEOPHYSICAL METHODS
WITH SPECIAL EMPHASIS ON 3D SEISMIC
METHODOLOGY FOR SITE CHARACTERI-
ZATION OF    GEOLOGICAL FORMATIONS AT
SHALLOW DEPTHS FOR MINERAL,
ENGINEERING AND ARCHAEOLOGICAL
PROJECTS.

High resolution seismic surveys (HRSS) for coal
exploration in Jallaram  block of Godavari Khani,
Ramagundam area.

M/s Singareni Collieries Company Limited (SCCL) proposes
to introduce long-wall mining at Jallaram block of Ramagundam
area to increase the production of coal to meet the energy
demand. In this connection NGRI has agreed to take up the
HRSS on experimental basis. In total nine profiles are selected,
covering 11.675 line kilometers in E-W direction, the traverse
interval is chosen as100m. The seismic time/depth section

association of these metavolcanics indicates the Neoarchaean
subduction zone process, where melting of mantle wedge,
subducting slab and their interaction generated the continental
crust in the Dharwar Craton (Fig.2.21 ). The higher Archaean
geothermal gradient combined with rapid production and
consumption of oceanic lithosphere could have enhanced the
rate of subduction wherein young and hot oceanic lithosphere
subducted at low angle to generate these rocks. The main
conclusions drawn from these studies is that irrespective of
time and space, wherever and whenever hot and young
lithosphere has undergone shallow angle subduction during
Archaean and Phanerozoic, the assemblage of boninites-Mg
andesites-NEB-adakites is present.

Fig. 2.20 Total alkali silica diagram for entire spectrum of   metavolcanic
rocks from Gadwal Greenstone Belt

Fig. 2.21 REE and HFSE diagram for the metavolcanic rocks from
Gadwal Greenstone Belt

(Tarun C Khanna, C  Manikyamba, V Balaram, DV Subba
Rao, T Gnaneswar Rao and A Keshav Krishna)
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reflects various geological features like coal seams, fault zones.
A good correlation is observed between the existing structural
details based on bore hole information and the seismic sections.
A 3D projection based on the seismic sections resulted in better
understanding of the structure of the area. Figure 2.22 shows
a seismic section along with the interpreted structure. The Sonic
logging of a borehole drilled at Godavary coal field area, near
to HRS survey location deciphered the lithology and structural
variations in the formations. The sonic log provides the
compressional and shears wave velocities of formations below
water table in borehole. The P wave velocity in coal is around
1100m/s.

HRSS surveys in Shadol region, MP for coal
exploration.

Reliance Industries Limited, CBM Project, Ahmedabad
sponsored the project to identify coal seams up to a depth of
1000m and to establish their continuity for exploration of
methane gas at Sohagpur West Block, Shahdol district, M.P.

In Sohagpur west block the coal measures belonging
successively to the Barakar (early Permian: 250m-300m) and
Raniganj formations (Late Permian: +550m). The generation
of methane gas in these coal measures results from high

temperature and pressure due to continuous burial of organic
matter. High rank coals buried at great depths (>300–1200 m
or more) are suitable for coal bed methane exploration. The
gas content of the coal normally increases with I) rank of the
coal, (ii) depth of burial of the coal seams, provided the roof
and overburden are impervious to methane and (iii) the
thickness of the coal seams.

Considering these aspects, HRS Survey was carried out along
10 profiles in about 1sq Km area which will help for 3D
visualization, with 5m geophone interval, 10m shot increment,
150m offset, 10Hz geophone frequency and shot depth about
20(±2) m with  total surface coverage of about 9.4 LKM. Seismic
sections shows coal seams reflections at around 300–400ms
and 600-700ms.  Figure 2.23 shows a stacked seismic section
which indicats reflections at about 330ms corresponding to
Barakar coal horizon.

Development of comprehensive technology for
disaster prevention and management for Jharia coal
field

Inundation in underground mines is the main cause of disaster
in coal industry. This disaster occurs mainly due to puncture of
old waterlogged unapproachable mine through adjacent

Fig. 2.22 Seismic stack section along with interpreted structure of  Jallaram block of  Ramagundam
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working mines. Considering above conditions, different
geophysical methods are proposed to know the barrier
thickness and demarcate the water bodies. In this connection
CMRI and NGRI has been collaborating for conducting the
geophysical surveys at coalmines. As a part of this work high
resolution seismic reflection and micro gravity surveys were
conducted in different mining areas. Parallel profiles are used
at some sites in order to have 3D projection of the area.  Seismic
refraction survey demarcated barrier zones at some places.

Gravity and seismic reflection surveys were conducted at two
sites of Chalkballavpur colliery, Raniganj coal field, West Bengal
to identify the old mine workings. Profile interval of 10m for
gravity survey and 20m for seismic reflection survey were used.
Gravity data was collected with 2m station interval.  Seismic
reflection survey carried out using 60Hz frequency geophones
with 28m offset, 0.5m geophone interval at both sites. The
obtained results from gravity and seismic surveys are in the
process of correlating with the underground details.

Further, near Jamadoba, Jharia coalfields, similar studies were
conducted in two locations for identify the barrier and water
logged area in coal seams.  Gravity and seismic surveys were
carried out along 3 selected profiles over the Jitpur- Jamadoba
boundary area (Fig. 2.24).  Gravity data acquired with 2m station
interval and seismic reflection survey conducted with 60Hz
frequency geophones, 50m offset, 1m geophone and shot
interval.  A grid of 100m X100m grid has chosen at Jamadoba
mines area for seismic and gravity surveys to delineate the
water logged area.  Further processing is in progress to suggest
the borehole locations, for bore hole geophysical studies.

Fig. 2.23 A stacked seismic section along IS4 - BP4, Shahdol, MP

Fig. 2.24 Bouguer gravity anomaly map of  water logged area of  Jharia
Coal field.

Geophysical surveys at Palamaneri damsite near
Uttarkashi, Uttaranchal

Uttaranchal Jal Vidut Nigam Ltd. (UJVNL), proposes to
construct a dam across the river Bhagiradhi at a place known
as Pala by the side of Rishikesh – Gangotri road with a purpose
to reduce the power demand. Construction of a 12.7 Km long
head race tunnel is part of the project. The proposed tunnel



NGRI

40

passes through the Himalayan Central Thrust (MCT) at
Kumaltigad and two other drainages are crossing it on the
surface. The proposed tunnel level variation is 1640m at intake
point and 1582m at end point. The surface level variation along
the tunnel alignment is 1700m to 2325m. Therefore, a minimum
of about 60m thick rock cover is expected along the tunnel
alignment. UJVNL requested N.G.R.I for a high resolution
seismic survey along the alignment to confirm the presence of
MCT. After detailed discussions with the concerned officials of
UJVNL. Gravity, magnetic surveys were conducted along the
entire stretch of the tunnel alignment and seismic surveys in
limited stretches.

Results of the survey shows the gravity high zones and lows
along the profile The highs may indicate high density rocks/
thrust plane in the area. The broad gravity low along the stretch
2.5 km to 4.0 km in the profile may be due to MCT. The sharp
gravity low in the profile indicates a possible sympathetic fault
of MCT. The results of magnetic profile indicate deep seated
inhomogenity in the rocks. The results from seismic surveys
was carried out show presence of fault zones. Figure 2.25
shows a fault zone at a place called Nehargad.

Ground probing radar studies at Ernakulam, Kerala

M/S. Kerala refineries Ltd (KRL), Cochin has proposed to lay
a new underground pipeline from KRL port office to the refinery
premises. This work was awarded to M/s Bhageeratha
electricals Ltd by KRL. In this connection M/s Bhageeratha
electricals Ltd Cochin, Kerala,  requested NGRI to conduct
ground probing radar studies to locate the underground utilities

like cables, pipes etc up to a depth of 4 m if any. NGRI Ground
probing radar survey was carried out along the proposed
pipeline path with 400MHz antenna and located under ground
electrical cables, big diameter water pipes, manholes,
construction material and other underground utility objects. The
results also show that in most areas the thickness of the road
material is around 2m.

Ground probing radar studies on granites near
Siddipet and in limestones of Belum caves

Central Ground Water Board (CGWB), New Delhi requested
NGRI to take up geo radar studies in granite and limestone
areas for testing the applicability of ground penetrating radar
to locate the fractures in granites and also cavities in limestones.
After discussions with officials of CGWB, southern region,
Hyderabad, GPR survey was carried out by employing 100 M
Hz single and double antennae at the proposed sites  near
Belum caves, Kurnool district  and granite areas near Siddipet,
Andhra Pradesh.

The fractures in granites and water filled caves are reflected in
the radar images. (Fig.2.26).The radar could not pickup the
caves in Belum area as there is less difference in dielectric
constant.

Geophysical survey for bedrock depth determination
at Raidurgam, Hyderabad

M/s Divyasree Holding Pvt Ltd, Hyderabad has proposed to
construct Heavy structures at their on going project site near

Fig. 2.25 Seismic stack section showing a fault zone at Nehargad, Uttarkhasi
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Fig. 2.26 Radar image in granites at Siddipet

Raidurgam to develop IT parks. The depth to the basement is
an important parameter to design such constructions. Hence,
M/s Divyasree Holding Pvt Ltd requested NGRI to conduct
suitable geophysical surveys to determine the depth to the
bedrock. Seismic refraction, multi-channel analysis of surface
waves (MASW) and the resistivity imaging serveys wer
conducted to determine the bedrock depth in their premises.
The results indicate that the hard rock depth is around 12 m.

(T Seshunarayana, K Subrahmanyam, SVV Prasada Rao,
P Prabhakara Prasad, M Kousalya, Y Ramamohana Rao,
P Senthil Kumar, K Satish Kumar, D Mysaiah, VV Ramana
Murthy, KNSSS Srinivas, M Sri Hari Rao, V Sampath Rao,
RK Kishore, P Pavan Kishore, S Deenanath, S Trupti,
P Srinivas and  DVSS Viswaja)

2.5 ELECTRICAL AND ELECTRO MAGNETIC (EM)
FIELD AND  PHYSICAL  MODELING FOR
SHALLOW  SUBSURFACE STUDIES

Electro-Magnetic scale model studies for mineral
exploration

A frequency-domain electromagnetic prospecting moving
source device is designed to detect shallow subsurface
conductors.  Towards this, a microprocessor-based
electromagnetic modeling instrument is developed with high
degree of accuracy in measurement.  The equipment is tested
in the laboratory to check its design and performance.  In this
device, the transmitter and receiver coils are parallel but non-
coplanar.  The receiver coil is positioned strategically in such

a manner that it is not affected by the primary field and senses
only the secondary field generated by the conductor.  In dipole-
dipole set-up, it measures the amplitude in phase (IP)and out
of phase (OP) components  of the anomalous field.  The
operating frequency can be varied from 1 to 30 kHz and
separation between the transmitter and receiver coils can be
moved from 0.12 to 0.29 m.  Measurements can be made to
within ± 1% of the free-space field, though absolute accuracy
is less.  It is found that depth of exploration this moving source
system is about 40% more compared to that of a similar
conventional moving dipole EM system. Vcc response and
VPDc responses over a vertical graphite sheet are shown in
figures 2.27 and 2.28 respectively.

Fig. 2.27 Vcc response over vertical graphite model M1 for
h/l=0.6,0.7,0.8&1.0; l=0.12m.
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and Cauvery corridors was made using multi-electrode
systems.  In this way, it is possible to achieve both profiling
and sounding at a time and the final data can be presented in
the form of  images.  This is the best way to understand the
subsurface stratal  architecture with reliable precision and
resolution. Haridwar (MBT) and Rishikesh (HFT) in Ganga
corridor and Nannilam and Karaikal in Cauvery corridor. Most
of the conventional electrode configurations viz., two-electrode,
three-electrode, dipole-dipole, Wenner are applied. Where ever
clay formations are encountered, Iduced Polarisation (IP)
studies are carried out. This integrated approach has given a
scope to recommend amenable locations for drilling so that
further analysis of the corings can be carried out. The lithologs
in some locations of Cauvery corridor have corroborated  with
the recommendations. Figures 2.29 and 2.30 illustrate
subsurface images in Ganga and Cauvery corridors
respectively.

(OP Gupta, VS Sarma, S Nageswara Rao, NS
Krishnamurthy,  V Ananda Rao, MS Sarma, KP Pantulu, M
Srinivasu, M Krishna Kumar and Ch R  Sarma)

KARAIKAL-1-WS-48 (Demarcated Area)

Fig. 2.30 Image of  the subsurface structure in Karaikal of  Cauvery basin

CHIDIA FOREST-WS-72 E

Fig. 2.29 Image of  the subsurface structure in Haridwar area of  Ganga basin

High resolution electrical resistivity tomography
(HERT) studies using multi-electrodes in Ganga and
Cauvery corridors

Sub-surface scanning in different geological settings in Ganga

Fig. 2.28 VPDc response over vertical graphite model M1 for
h/L=0.6,0.8,1.0,1.2 and 1.4; L=0.147m
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