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2.1 PETROLOGY, TRACE, REE AND ISOTOPE
GEOCHEMISTRY OF THE INTRAPLATE MAFIC-
ULTRAMAFIC MAGMATIC ROCKS IN
DIFFERENT GEOLOGICAL TERRAINS OF
PENINSULAR INDIA AND ANDAMAN-NICOBAR
GROUP OF ISLANDS: IMPLICATIONS FOR
GENESIS AND EXPLORATION OF PLATINUM
GROUP OF ELEMENTS, GOLD AND DIAMONDS

Gold metallogeny: An integrated approach through
petrological-geochemical structural studies in less
known potential prospects

In this DST sponsored NGRI-Delhi university collaborative
project, fieldwork was carried out in Gadag and South Kolar
schist belts. In Gadag, samples were collected from the central
and western lodes to characterize the nature of gold bearing
fluids. In the Vadvi domain of the southern part of Gadag schist
belt, the geochemical and petrological studies on the
amphibolites were carried out. These coarse grained foliated
amphibolites, principally constituted by large tabular grains of
greenish Ca- amphiboles set in a fine grained matrix made up
largely of quartz, sericite and chlorite are interlayered with the
basic to intermediate volcanic rocks. Some samples are highly
deformed, showing crenulation cleavage and shearing resulting
in the reorientation of the porphyroblastic amphiboles along
with the matrix minerals (Fig.2.1). The SiO2 content of these
amphibolites varies between 48.88 and 53.37 wt%, and its
geochemical characteristics shows the low K series tholeiitic
basalt signatures. These rocks display coherent MORB like
flat REE patterns with weakly LREE depleted profiles, and have
REE abundance ranging from 9-18 X chondrite. (La/Sm)n varies

between 0.84-0.97, whereas the (Gd/Yb)n is between 1.07-
1.50. Ti/V and the Ce/Yb ratios confirm the intraoceanic arc
setting for the eruption of these amphibolites of Gadag.

(V Balaram, S Nirmal Charan, M Ram Mohan, D Srinivasa
Sarma and VB Raja Sekhar)

Petrology of Ramadugu lamproites

The lamproite of Ramadugu area occur as thin dykes striking
largely to NW-SE, emplaced in quartzo-feldspathic-biotite
gneiss as well as in tonalite-granodiorite in the vicinity of Halia
river in Nalgonda district, A.P.These MgO and K2O rich
ultrapotassic mantle derived rocks reported by the GSI, are
observed to be modally of two types, one being the olivine
lamproite and the other leucite-phlogopite lamproite, both
showing the dominance of Si-deficient minerals. The olivine
lamproites show two generations of pseudomorphed olivine
macrocrysts represented by the larger (> 2mm),  and altered,
slender grains and the smaller (< 1mm) euhedral to subhedral
barrel shaped grains (Fig.2.2),  set in a fine to medium grained
mesostasis made up of radiating, acicular and quenched
pseudomorphic serpentine and talc and anhedral perovskite
and brownish glass. Both these porphyritic olivine types
showing replacement by serpentine, talc and iddingsite are
largely random in orientation, with a few samples showing
primary igneous flow alignment defined by a parallelism
between the macrocrysts and the matrix minerals. The leucite-
phlogopite lamproites show medium grained aggregates
(Fig.2.3) and discrete grains of euhedral, phenocrystal (>0.05
mm) phlogopite and  trapezohedral, pseudomorphic and
carbonated leucite (>0.05-1 mm) set in a fine-grained matrix.
Rare subhedral sanidine, euhedral olivine along with perovskite

Fig.2.1 Reorientation of the porphyroblastic amphiboles along the
crenulation cleavage  (X 400)

Fig. 2.2 Euhedral and pseudomorphic olivine macrocrysts set in a
fibrous serpentine and chlorite rich groundmass (X 32)
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and bluish amphibole are present in this variety of lamproite.

(SN Charan, DV Subba Rao, V Balaram, Rajeev Menon and
VB Raja Sekhar)

Petromineralogical, geochemical and economic
mineralization studies in the Naga  Ophiolite
Complex and their bearing on the nature of deep
continental/oceanic crust

In the Naga Hills Ophiolite Belt (NHOB), besides the occurrence
of assemblages such as the ultramafic cumulates like
lherzolites, harzburgites, dunites, peridotites, pyroxenites,
serpentinites, mafic cumulates (gabbros), basalts and
plagiogranite occurrences have been reported.

Plagiogranite of Luthur area in the Naga Hills
Ophiolite Belt (NHOB)

The plagiogranite occurring at Luthur village was studied for
its field, petrographic and geochemical characteristics. The
plagiogranite has varying proportions of mafic and felsic
minerals through out the outcrop. The plagiogranite is
essentially made up of plagioclase, Cpx  + Opx, amphibole,
apatite, less quartz, secondary chlorite, muscovite,  carbonates
and opaques with plagioclase occurring largely as medium
grained laths with albite and carlsbad twinning and showing a
porphyritic texture (Fig.2.4 ). Pyroxenes alter to serpentine,
fibrous amphibole, chlorite and carbonate. The characteristic
granophyric intergrowths are largely fine grained. Opaque ore
minerals are abundant represented by magnetite, pyrite,
chalcopyrite, pyrrhotite and suspected molybdenite in the
decreasing order of abundance. The basic type of intergrowths

between ferromagnesian and opaque minerals ranges from
locking, mottled, mantled and stringer in this plagiogranite. Their
geochemistry indicates an origin similar to the ocean ridge
granite (ORG), since the granite exhibits a predominantly ORG
character (Fig. 2.5).  It is characterized by moderately
fractionated chondrite-normalized rare earth element (REE)
patterns as seen by the average LaN/YbN of 6.72, with only
slight heavy rare earth element (HREE) fractionation (Avg.
GdN/YbN= 1.78) and feeble positive Eu-anomalies (Fig. 2.6).
The granite’s close association with the gabbroic rocks of the
ophiolite belt and its intrusion into the mafic assemblages
indicate a petrogenetic link with the mafic cumulates (gabbros)
of the belt and might have been emplaced by fractional
crystallization of a mafic melt left over after the formation of
the gabbroic rocks.

Fig.2.3 Porphyritic aggregates of phlogopite around a carbonated
leucite pseudomorph ( X 32 )

Fig. 2.4  Photomicrograph of plagiogranite showing porphyritic texture
designed by plagioclase feldspars

Fig.2.5 Tectonic discrimination diagram showing the predominantly
Ocean Ridge Granite (ORG) character of the plagiogranite
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(MV Subba Rao, S Nirmal Charan, B Srikanth,   BV Rao1,  V
Balaram, Conchibeni Ezung1  and Chisoi2)

1 Department of Geology, Nagaland University, Kohima

2 Directorate of Geology & Mining, Government of  Nagaland,
Dimapur

Hyaloclastites  in south Andaman Island

Hyaloclastites and pillow-lava breccias are a characteristic
feature of submarine basaltic volcanism and occur in many
sequences of active continental-margin-oceanic settings and
in greenstone belts of the Precambrian terrains. They have been
reported  from many sites on the ocean floor during deep-sea
drilling. Several hyaloclastite bands, which are developed within
pillow basalts, are seen at Carbyns Cove  and  Brichgunj areas
in the southern part of South Andaman Island. The pillows range
in size from about 0.5 meter to as big as 1.5 meters in diameter
with characteristic ellipsoidal to subrounded nature and at
places grading to pillow breccia. The composition of these
pillows range from tholeiitic to mild alkali basalts. The
hyaloclastite bands are 3 to 5 meters in thickness, characterized
by a great range in the size of the fragments, from small to
large blocks of massive lava (Fig. 2.7), which have chilled
margins showing clear evidence that the lava has been
effectively chilled and fragmented in water. The formation of
hyaloclastites may be a fairly gentle process or highly explosive.
The shape of the lava fragments in these hyaloclastite deposits
are less vesicular with more planar surfaces suggest that they
were formed by non-explosive fragmentation of lava in sea water
as compared to the hyalotuffs having lava fragments
characterized by more vesicular with concave outer surfaces,
resulting from explosive  magma-water interaction.

(SH Jafri, SL Ramesh and V Balaram)

Geochemical studies in the Eastern Dharwar craton,
India

Gadwal greenstone belt

The intraoceanic subduction zone processes, partial melting
of mantle wedge, subducting slab and its interaction at various
stages was earlier studied from a few rock types of Gadwal
greenstone belt (GGB).  Recently, andesites and Mg-andesites
along with Fe-andesites have been identified from the above
belt along with adakites and other arc basalts.  There is a
continuous trend on the variation diagram from basalts to
andesites through Mg-andesites and adakites because Mg-
andesites have been generated by the mixing of adakite type
liquids with andesites (Fig 2.8 A &B).  These are formed by the
progressive hybridization of adakite liquids by a peridotitic
mantle wedge, which results in high MgO, Cr, Ni, Th and Ce
coupled with fractionated REE, low Yb and pronounced negative
Nb and Ti anomalies.

Fig. 2.6 Chondrite normalized REE plot of the plagiogranite with
feeble positive Eu anomaly and moderate fractionation of REE Fig. 2.7  Hand specimen of hyaloclastite from Carbyns Cove, South

Andaman Island.

Fig.2.8(A)  Outcrop of Andesite, Gadwal schist belt
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Fig.2.8(B) Folded metabasalt Gadwal schist belt

(C Manikyamba, DV Subba Rao, Tarun C Khanna, M Ram
Mohan)

Cuddapah basin

Extensive development of Proterozoic sedimentary basins like
Cuddapah-Kurnool, Kaladgi, Bhima, Godavari, Indravati,

Chattisgarh, Vindhyan etc. took place on the Indian sub-
continent after stabilization of the postarchaean crust.
Cuddapah basin is the largest Proterozoic intracratonic basin
situated in the southern Peninsular India within the Dharwar
craton.  This basin has evolved on the Archaean Dharwar craton
which consists of Kadiri, Veligallu, Gadwal, Jonnagiri and
Nellore schist belts on its north, south-east and west.  There is
extensive development of stromatolites and black shales in
Cuddapah basin indicative of elevated bioproductivity.  We have
studied the geochemical characteristics of the black shales
from Mangampeta and Markapur. There are four groups
identified on the basis of variation in major, trace and REE
content which indicate that four different processes for the
generation of the black shales of Cuddapah basin.  Among
them, the terrigeneous source appears to be the dominant
process indicated by their total REE (Fig. 2.9), K2O, and Al2O3

and the granite source is predominantly seen in SiO2/Al2O3

and K2O/Na2O ratios.  The geochemistry of sulfide nodules,
their occurrence on the bedding planes of the black shales
and the enrichment of U, Th, REE and Ba indicate hydrothermal
processes (Fig. 2.10).  The higher MgO content in these
samples is indicative of volcanogenic processes and the carbon

Fig. 2.10   Trace element variation in the black shales of Cuddapah basin

Fig. 2.9 REE patterns of black shales
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present in them, their carbon isotopic data along with Ce
anomalies indicate biogenic processes.  Therefore, different
constituents of black shales of Cuddapah basin have been
derived by these four processes among which the terriginous
is dominant.

(C Manikyamba, Robert Kerrich, SM Naqvi, Ramavati
Mathur and Tarun C Khanna)

Sandur greenstone belt

The lithological assemblages of Sandur belt have been divided
into different autochthonous and allochthonous sequences
(blocks/terranes), which include Yeswanthnagar, Deogiri,
western, central, eastern, north central, Sultanpura, and
eastern felsic volcanic terranes that are accreted along different
tectonic planes.  Present work is from the eastern felsic volcanic
terrane, which is present in the easternmost margin of Sandur
schist belt, consisting of metabasalts, felsic volcanic rocks,
conglomerates, greywackes, carbon phyllites and shales.
Nutman et al (1996) have dated the zircons from the felsic
volcanic rocks of this terrane at 2.7 Ga.

There are two types of felsic volcanic rocks recognized from
the Eastern Felsic Volcanic Terrane (EFVT) of Sandur schist
belt. The Na-rich felsic volcanic rocks have SiO2 ranging from
75-78 Wt.%, Al2O3 = 12-13.7 Wt. %, Na2O = 5-7 Wt.% and K2O
= 1-2 Wt.%.  Their Na2O/K2O = 2.7-7.2, (La/Yb) N = 43-71 and
(Gd/Yb) N = 4 – 6 suggests that these are adakites.  These
rocks have high Ni, Cr, and Co compared with typical calc-
alkaline rocks.  Defant and Drummond (1990) have defined
adakitic rocks having high Sr/Y (>40) at low Y content (<16
ppm).  Adakites of Sandur schist belt have low Sr, which is a
characteristic feature of the adakites in different greenstone
belts so far studied from Dharwar craton.  The Sr content of the
adakites from Kusthagi and Gadwal belts range from 178-300
ppm and 146-400 ppm respectively.  Sandur adakites by also
falling in the same range confirm that the adakites of Dharwar
craton are Sr depleted reflecting on plagioclase fractionation
during melting.  On La/YbN vs YbN and Sr/Y vs Y discrimination
diagram (Fig. 2.11) the Sandur adakites plot in the adakite field
and resemble with Cenozoic adakites in terms of their Ni-Cr
contents.  These adakites have fractionated chondrite
normalized REE patterns with enriched LREE and depleted
HREE and no Eu anomaly (except in one sample) along with a
pronounced negative Nb, Ta, Sr, Ti and V anomalies. The
geochemical characteristics of adakites from Sandur schist belt
indicate that they were generated by the partial melting of a
subducting slab during the subduction of a hot and young
oceanic lithosphere in late Archaean.

(C Manikyamba, Tarun C Khanna, SM Naqvi, M Ram Mohan)

Fig. 2.11 (La/Yb)N Vs Yb N discrimination figure for Sandur adakites.

Kandra Ophiolites

The Kandra Ophiolite Complex (KOC) representing the chunk
of a relict oceanic crust formed at the accretion boundary
between Eastern Dharwar Craton (EDC) and Eastern Ghats
Mobile Belt (EGMB), is situated at the southern fringes of
Nellore Schist Belt (NSB). The EGMB is presumed to be the
dismembered part of Antarctica which got transported, collided
and accreted to the Dharwar Craton (DC) of peninsular India
around 1600 Ma ago. This Ophiolitic Mélange, which represents
the Mesoproterozoic oceanic crust, consists of mafic-ultramafic
rocks, cumulus gabbros, sheeted dykes, pillowed metabasalts,
pelagic sediments and plagiogranites. The rocks of KOC were
subjected to greenschist to lower amphibolite facies
metamorphism. The KOC was earlier considered as an integral
part of the NSB, but the recent work has indicated that it is
separate from the NSB.

The petrography and geochemical characteristics of these
leucocratic plagiogranites of KOC have been studied. It mainly
consists of quartz, plagioclase, with minor amounts of
microcline, pyroxene partly altered to chlorite, hornblende,
muscovite, biotite and euhedral crystals of zircon. These
plagiogranites are characterized by the presence of high
SiO2~(65-75%), moderate Al2O3 (~14%), moderate to high
Na2O ~(2-8%), very low concentrations of Fe2O3 (t)  <2%,
MgO, CaO and TiO2 are  <1% with low to moderate K2O~(0.1-
5%). They are enriched in Nb (~12 ppm), Th(~50 ppm) and
U(~20 ppm). The mafic elements Cr, Co and Ni constitute < 10
ppm whereas the Large Ion Lithophile Elements (LILE) i.e.,
Rb, Sr, Cs and Ba are moderately high. The chondrite
normalized Rare Earth Element (REE) patterns exhibit
enrichment in their LREE compared to HREE with prominent
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negative (-ve) Europium anomalies ranging from, Eu/Eu*
=(0.23-0.7) and their LaN /YbN is sixteen times that of chondrite
(Fig 2.12).

It is proposed that the partial melting and differentiation of Mid
Ocean Ridge Basalt (MORB) resulted in the generation of these
trondhjemites, they were possibly later subjected to syn-tectonic
deformation and compression that led to the hydrous partial
melting and differentiation to plagiogranites/granophyres.
Though the petrographic studies do not reveal any granophyric
texture they do indeed show transformation of plagioclase to
microcline by potash metasomatism and it is fur ther
substantiated by the large scale variation in Na/K, K/Rb and
La/Th ratios along with strong negative Europium anomalies
(Eu/Eu*). These compositional changes were inferred to have
been brought by the addition of K-group of elements, which
were expelled during the Eastern Ghats high grade granulite
facies metamorphism.

(Tarun C Khanna, SM Naqvi, C Manikyamba)

ICP-MS National facility

Environmental samples like soils and road dust collected along
the main roads, highways, residential and industrial areas of
Hyderabad city were studied to assess the concentration of
PGE (Pt, Pd, Rh) in different polluted and un-polluted areas of
the city, as these elements are emerging as a new source of
environmental pollution and are affecting human health. Fine
fractions (< 75) of the road dust samples were analysed by
ICP-MS after preconcentration by NiS-Fire Assay. The total PGE
( Pt, Pd, Rh) varied from 8.4 ng/g to 81.2 ng/g (Fig.2.13).
Preliminary results for the anthropogenic PGE emissions to
the environment indicate a common traffic related source of
these metals that are released due to the surface abrasion of
catalytic converters used in automobiles. Data indicate that
higher PGE levels occurred in dust samples taken from traffic
junctions and signals rather than accelerating speed zones.

This suggests that the traffic flow conditions, such as erratic
stop-start flows have a greater influence on PGE particle
release in to the adjacent roadway environment than the speed
of driving. The preliminary results obtained indicate that the
concentration levels of PGE are steadily increasing and that
these metals are accumulating in the environment causing
ecosystem risk.

(Ramavati Mathur, V Balaram, M Satyanarayanan, SL
Ramesh and SS Sawant)

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

Mafic-ultramafic dykes in and around the Chattisgarh basin
present a unique opportunity to understand the nature of
intracontinental basic magmatism and Proterozoic mantle
heterogeneity. Detailed integrated studies on the mafic-
ultramafic dykes occurring inside and outside the Chattisgarh
basin (CB) have led to the identification of six distinct types.
The Type-I mafic dyke swarms are well exposed outside the
SE margin of CB and occur in association with the 1.1 to 0.478
Ga old diamondiferous kimberlite diatremes around Mainpur
and Kodamali areas. These Type-I mafic dyke swarms are
represented by four different suites such as metadolerite-
metagabbro-metapyroxenite-amphibolites with abundant augite
(XMg= 0.63 to 0.79), amphibole, calcic plagioclase (XAn= 0.47
to 0.63) with minor chlorite, epidote, ilmenite and magnetite.
These four dyke suites show  a subalkaline tholeiitic nature
with high Fe-tholeiite compositions, moderate enrichment in
LREE, nearly flat HREE and positive LILE (K, Rb, Ba)
anomalies and negative HFSE  (Nb, Ta, Ti and P) anomalies in
the mantle normalized spidergrams indicating their derivation

Fig 2.12 REE and trace element variation in plagiogranites of Kandra
ophiolites and their comparison with Tasriwine plagiogranites,
Morocco.

Fig.2.13 PGE concentration in road dust samples from Hyderabad city.
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from depleted mantle sources of lherzolite composition. In
addition, Paleoproterozoic boninite-like rocks have also been
recently found from the S-C and W-C margins of the CB. The
Type-II ultramafic dykes from outside the S-C margin (Raitam
area) are high-Mg norites with magnesian pigeonite
(XMg=0.82), opx, cpx, plagioclase, ilmenite and show slight
LREE enrichment and nearly flat HREE suggesting their
derivation from metasomatized depleted mantle/refractory
harzburgite mantle sources. The Type-III variety of ultramafic
dykes (Lohara area) from the W-C margin of CB are boninitic
in nature with high MgO (~15wt%), high SiO2 and low TiO2
(~0.32 wt%), high total REE, La/YbN and highly fractionated
REE patterns) (Fig. 2.14). Unlike the most modern and ancient
boninitic rocks that are typically associated with intraoceanic
realms, those from the Lohara area in CB are a part of an
intracontinental setting. Both Lohara (Boninitic) and Raitam
(high-Mg noritic) ultramafic dykes show compositional variations
and distinct groupings. The trace element geochemistry of these
two types of ultramafic dykes indicates their derivation from

metasomatized depleted mantle sources with varying degrees
(lower and higher) of partial melting at different depths
(shallower and deeper) of emplacement. The Type-IV
metaultramafic dykes from the E margin (Chandhrakhuri-
Saraipali areas) show high MgO, Cr, Ni and enriched LREE
and flat HREE patterns indicating their derivation from enriched
mantle sources. The Type-V variety of inside basin basaltic
dykes from the central part of CB (Raipur proper) is
unmetamorphosed in nature and consists of intermediate
pigeonite (XMg=0.40), cpx, plagioclase and titaniferous
magnetite (Fig. 2.15). They have high Fe2O3T, TiO2 and P2O5
exhibiting mineralogical, petrological and geochemical
characteristics with the Continental Flood Basalts (CFB)
indicating their derivation from enriched mantle/ mantle plume
sources. Chondrite/OIB normalized REE patterns of these rocks
shows striking similarities with the Deccan tholeiitic basaltic
flows. The trace element abundance (Ba, Sr, Rb, Zr and Nb)
and trace element ratios (Sm/Nd, Ba/Nb, Zr/Nb, Y/Nb, Th/Yb,
Ta/Yb and K/Ba) in these rocks chemically resemble the ocean
island tholeiites (OIT/OIB) as well as the least contaminated
Deccan Basalts.  The other dyke swarm Type-VI within basin
mafic dyke swarms which are well exposed to the NW of
Raigarh, are characterized by metagabbro/metadolerites,
showing high Fe-tholeiite/high Mg tholeiite compositions. REE
patterns of these two types show consistent and complimentary
patterns with enriched LREE and flat HREE and exhibit within
plate tholeiite (WPT) affinity. The available data on the
Chattisgarh mafic-ultramafic dykes suggest their derivation from
heterogeneous mantle sources with varying degrees of partial
melting at different depths and under different episodes of
emplacement.

(DV Subba Rao, V Balaram, K Naga Raju, T Gnaneshwara
Rao, A Keshava Krishna and B Govinda Rajulu)

Fig.2.14 REE patterns of the boninite-like rocks in the vicinity of
Chattisgarh Basin, Central India.

Fig.2.15 Microphenocrysts of sub-rounded intermediate pigeonite (un-metamorphosed) set in a fine-grained matrix containing plagioclase and Cpx
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2.2 HIGH RESOLUTION AIRBORNE GEOPHYSICAL
SURVEYS FOR OIL AND MINERAL
EXPLORATION AND DEVELOPMENT OF NEW
INTERPRETATIONAL TECHNIQUES FOR
AIRBORNE GEOPHYSICAL DATA

High resolution airborne geophysical surveys over
parts of Gwaliar and Shivpuri basins

High resolution multiparameter airborne geophysical data
collected during the last year's field season has been further
processed and studied to identify the finer structure and
subsurface lithological variations as reflected in the magnetic,
electromagnetic and radiometric anomalies. The identification
of basement conductors and the magnetic lineaments in the
survey area, their relation with the surface and subsurface
geology has been carried out.

High resolution multiparameter heliborne
geophysical survey over Rajasthan and Haryana

Planning and preliminary assessment survey viz. location of
the helipad etc. has been carried out in parts of Rajasthan and
Haryana states for the ensuing multiparameter high resolution
airborne geophysical survey for Uranium, in the Albitite belt of
Aravali fold belt.

Interpretation of aeromagnetic map of Meghalaya

The aeromagnetic anomalies over the Granite plutons occurring
in the Precambrians of Meghalaya (India) have been analyzed
quantitatively and the parameters like depth, width and
susceptibility contrast are determined. The depth to the top of
the plutons ranges from 70 mts to 400 mts below ground level
with varying widths of 2 to 6 kms possessing similar range of
susceptibilities and they appear to be controlled by the fractures
in the Precambrian basement. The most prominent fracture
controlled contact along the southern wall of South Khasi
Batholith has been identified as a NW trending magnetic
lineament in the Shillong Plateau.

(HV Ram Babu, Ch Rama Rao, Siva Kumar Sinha, B Vijay
Gopal, Md Zaman, R Rajkumar, Goutham Kumar Nayak,
M Prasanthi Lakshmi, M A Gaffar, Durgaprasad Sinha,
G Ramachandra Rao, S Parveen Begum, R Kishore,
B Butchi Babu, KVS Srikanth, D Praveen, D Laxman
and Ch Praveen)

Aeromagnetic Inference of Rajnagar-Paradeep
depression (Mahanidi Basin)

The National Geophysical Research Institute, Hyderabad has
carried out aeromagnetic survey over the Mahanadi basin. The

aeromagnetic map was published and was studied by several
workers. In the present work a sedimentary basin in the
Rajnagar-Paradeep region is inferred through a detailed
investigation of the aeromagnetic map of the Mahanadi basin.
The location of the inferred Rajnagar-Paradeep basin is shown
in the following figure. This inference is under copyright by the
CSIR.

(BSP Sarma)

2.3 ELECTRICAL AND ELECTROMAGNETIC (EM)
SCALE MODELLING  FOR NATURAL
RESOURCES.

EM scale model studies
An EM field version system has been designed and developed
to measure magnitude and phase components of the
anomalous field.  The system can make measurements both
in conventional coplanar Coil Configuration as well as in primary
field decoupled coil configuration.

The system operates in the frequency range 1 KHZ to 30 KHZ
and T-R coil separation can be varied from 1m to 20m.  the
transmitter unit of the system delivers 50 watt power output in
the above frequency range. Two sinusoidal signals  one in phase
with the transmitter coil current and other nearly 90º out of
phase with it  are converted into IP and OP sampling pulses.
These sampling pulses are fed to S/H amplifier to measure
phase components.

The receiver unit of the system consists of high sensitivity
receiver coil with high input impedance front-end preamplifier.

Fig.   Aeromagnetic inference of Rajnagar - Paradeep depression
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The secondary EM field picked up receiver coil, which induces
a voltage in it.  The signal is routed through analog signal
processing functional units.  The output of it is fed to S/H
amplifier for digitization.

The digital hardware of the system has been developed around
8-bit micro controller consisting of 128K flash memory, 256K
SRAM and 64 I/O lines. The data acquisition unit is developed
with high speed and high accuracy 12-bit A/D converter.

The individual functional units are tested for its design check
and measurement performance.  The computational and data
acquisition software has been developed in dynamic 'C'
language.  The integration of the hardware and software of the
system has been carried out in dynamic 'C' platform.

Field tests are being carried out with the system to check its
measurement and performance in the field.

Shallow subsurface studies using multi electrode
systems

With a view to understand the nature of the subsurface

formations, High Resolution Electrical Resistivity Tomography
(HERT) studies have been carried out in different locations
using SYSCAL Pro 96 Imaging unit.  In this unit, 96 electrodes
are used at 5m electrode spacing, so that subsurface is scanned
at successive depth levels.  Survey in horizontal direction can
be extended using 'Roll along Technique' for deeper level sub-
surface scanning.

2D and 3D Electrical Resistivity Surveys have been extensively
carried out using Multi-electrode System in various locations
with different geological settings.  The Resistivity Imaging was
successful in identifying a fault at a depth of 8m with a
displacement of  5m, striking NW-SE and dipping NE.
Especially for shallow subsurface studies, the resolution is very
significant and precision is high.  For locating Groundwater
occurrences also the Resistivity / IP imaging has been
extensively applied using Multi-electrode system.  A number
of examples have been presented for studying the subsurface
architecture. Figure 2.16 and 2.17 illustrate some of such 2D
Images using 72 electrodes with an inter-electrode spacing of
10m.

Fig.2.16  Sub-surface image using multi-electrode system.
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Resolution of resistivity anomalies over multiple
targets

Response characteristics over resistive and conductive dike-
like targets has been exhaustively carried out with different
electrode configurations.  The resistive targets are made of
ebonite material and the conductive targets are made of
aluminum.  Two targets (resistive and conductive) have been
kept in the model tank and physical model studies have been
carried out.  The targets' set are kept at different depths and
targets' separation are also varied from profile to profile.
Analysis of the observations have given interesting results.

(OP Gupta, VS Sarma, S Nageswara Rao and MS Sarma)

2.4 SHALLOW GEOPHYSICAL EXPLORATION IN
COAL FIELDS AND SITE CHARACTERIZATION
IN VARIOUS ENGINEERING PROJECTS

Gravity and Magnetic studies to delineate Chromite
ore at OMCL. lease area, Baniapank, Keonjhar
District, Orissa.

M/s Orissa Mining corporation Limited (O.M.C.L), Bhubaneswar
has selected few areas for exploring the possibility of chromite

mineralisation in Keonjhar District. In this context, M/s O.M.C.L
has requested N.G.R.I to conduct geophysical investigations
to delineate the chromite mineralisation in the Baniapank mining
lease area. The 3.1Ga old Baula mafic-ultramafic-chromite
complex in SE part of the Singhbhum craton, Orissa, has been
studied using gravity and magnetic methods to understand the
distribution of chromite bearing ultramafic rock bodies in the
gabbro-anorthosite as host rock.  An approximately 7-km by 3-
km area was selected and gravity and magnetic surveys were
conducted in a grid pattern with line interval of 100 m, station
interval of 40 m and 20 m respectively. Residual gravity and
magnetic maps provide the subsurface distribution of ultramafic
rock bodies in Gabbro  Anorthositic rocks. The positive gravity
anomalies are believed to be the expression of ultramafic bodies
containing chromite material. The bodies are distributed
randomly throughout the Gabbro, at few pockets (fig 2.18). Only
the unaltered ultramafic rocks with or with out chromite bodies
were considered as the extent of serpentinization cannot be
assessed for the rocks, which are in the subsurface
Interpretation and inverse modeling studies have shown that
the vein bodies with a variable dimensions at a depth of 20 to
60m.  Drilling studies are required to validate the modeling
results.

Fig.2.17  Scanned sub-surface structure using multi-electrode system
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Estimation of seismic coefficients for the proposed
Tail Pond Dam at Satrasala, Guntur District, Andhra
Pradesh.

APGENCO, Hyderabad, requested NGRI to carryout site-
specific seismic studies for the proposed tail pond Dam and
power house of capacity (2x25 MW), across river Krishna,
downstream of the Nagarjunasagar dam at Satrasala. The
scope of the study includes furnishing seismic coefficients
based on the geological knowledge and other related
information as required by the National committee on seismic
design parameters. A mobile seismic station was established
to record micro-tremors continuously for a period of one month
and necessary recommendations are submitted.

Classification of rock strata along the proposed
approach road to international Airport at
Shamshabad, Ranga Reddy District, Andhra
Pradesh.

The Executive Engineer, R&B division, Government of Andhra
Pradesh, Hyderabad requested N.G.R.I, Hyderabad, to carry
out the rock strata classification studies on the road cut
exposures, along the 1.2 km long four lane approach road
connecting the Hyderabad international Airport and Hyderabad-
Srisailam Road, near Shamshabad.  It has been observed that
rocks and soils exposed on the road cut section are classified
as fresh granite, weathered rocks and soils of different grade.
It is clearly indicated that on both sides of the road, soils (AS
type) dominant from the chainage '0' m to 200m.  From 200m
to 800m the exposures are composed of weathered granite
(WR), fresh granite (FG) with or without fractures. From 800m
to 1200m in the fresh granites (FG) and fractured granites (FF)
are principal rock components.

Fig.2.18 Residual gravity image of Baniapank area, Orissa.

Fig.2.19 Radar image to locate underground objects at DPL site

Crosshole seismic survey near Kalpakkam,
Tamilnadu

M/s DBM Construction Private Limited requested NGRI to carry
out Crosshole Seismic test at a power plant site near
Kalpakkam, Tamilnadu to determine the subsurface dynamic
elastic properties. Three boreholes are drilled in charnockite
rock up to 55m depth .One borehole is used as a source and
other two for recording the arrival times at different depths. P
and S wave velocities are obtained from the arrival times at
every 1.5 m interval below the casing depth of 16.5m to a total
drilled depth of 55m. The dynamic properties of the subsoil are
estimated from P & S wave velocities. A comparative study of
velocities with borehole lithology and % RQD and  %core
recovery, are in good agreement. Higher core recovery and
RQD shows higher Velocities. At deeper depths, i.e. at 50m
the P and S wave velocity of hard charnockite rock is around
4500m/sec and 2400m/sec respectively. The P and S wave
velocity variation is in the range of 3660m/sec to 4700m/sec
and 2000m/sec to 2750m/sec.

Ground penetrating studies at Durgapur DPL site,
West Bengal

Dongang Electric Corporation, Kolkata, requested NGRI to take
up geo radar studies at 1x 300 m extension unit no 7 at
Durgapur project power stations at Durgapur, West Bengal.
The object of the survey is to locate underground objects,
cavities and geological formation evaluation. NGRI took up the
task in spite of several operational constraints. Seven areas
namely, Power grid area, Boilor house area, Chemeney area,
ESP area, Oil pipe rack area, TG area and GW pipe area are
selected for conducting the survey. These areas are designated
as P, B, C, E, O, Q, and R respectively. The data is digitally
collected at a continuous rate and at a constant rate of speed
as for as possible. The radar images has located the Cables,
construction material and other underground objects (Fig.2.19).
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The weathered rock is generally around 5.5 to 8 m. There are
no cavities observed on all the radar profiles.

Ground penetrating Radar and MASW studies on dry
bed upstream appron at Prakasam Barrage,
Vijayawada.

The Prakasam Barrage was constructed on River Krishna
during the year 1954-1957 and is about 55 years old, hence
the Department of Irrigation, Govt of AP initiated suitable
measures to safeguard the structure against any possible
damages. In this regard the department needs information on
the condition of strata beneath the upstream apron and also
damages, if any, to the foundations of barrage regulation and
scouring sluices in the upstream area. The irrigation department
requested NGRI to study the upstream side apron (concrete
bed) in dry bed condition. Geo-radar and MASW methods are
used to study the concrete bed.

The radar and MASW study on dry bed indicated that the
concrete apron bed thickness is about 2m. There are several
weak zones in the concrete bed, which are seen in the MASW
images (Fig. 2.20). Low (Vs) velocity indicates that the material
in the concrete bed is loose.

Sonic logging studies at Padur, Karnataka

Ministry of Petroleum and Natural Gas, Govt. of India, has
proposed a strategic crude storage facility (Rock caverns)
project near Padur about 7.5km from 45km milestone to Udipi.
M/s Constell Consultants at this stage requested NGRI to take
up sonic logging of six boreholes as a part of the study program.
The six boreholes are designated as PB2, PB3, PB4 without

Fig.2.20  MASW study on the dry concrete bed of River Krishna, Vijayawada, 16’ away on upstream side parallel to Prakasam barrage. Low shear
wave velocity (Circled with red colour) indicate the disturbed nature of the concrete bed.

casing, PB4 with casing, PB6 and PS1. The borehole PB2 and
PB3 are inclined at 30° towards west and 30° towards south
respectively. The rest of the boreholes are vertical. The water
table level in these boreholes is from 0-5 to 5m. Geologically
the area consists of granites exposed at several places.

The Sonic logging of six boreholes drilled along the proposed
site deciphered the lithology and structural variations in the
formations. Sonic logs detect the lithological variations and
fractures in the boreholes. The sonic logs (fig 2.21) provide the
compressional and shear wave velocities of formations below
water table in boreholes. The P wave velocity in fractured
granite is less than 2500m/s and fresh granite is higher than
3500m/sec.

Seismic surveys in the Bikener District of Rajasthan
for lignite exploration

HRS Surveys were conducted along seven profiles in Bikaner
District of Rajasthan with an aim to map deeper structures 600
-1000m, which may be favorable for lignite horizons.  The HRS
data was acquired with highly portable 60-channel seismograph
with 10m group and shot interval to achieve a maximum 30
fold CDP coverage.  In total 116 LKM data was collected on
seven identified lines.   The data was processed with “ProMax
2D” software.  Time sections are prepared after subjecting the
data to various processing modules for removing the bad traces,
applying static and NMO corrections. It is observed from the
time sections that the reflectors are seen from 400ms to 700ms
at places. Dominant reflections are observed around 400ms
and deeper in most cases. The survey and processing is mainly
aimed to identify reflectors at moderate depth. Depth sections
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are not presented due to non-availability of good velocity data.
A draft report was prepared and submitted.

Development of comprehensive technology for
disaster prevention management for Jharia
Coalfields

Under the Net work project two tasks, i.e. 1) Ascertaining the
barrier zones in terms of thickness and extent of some
underground coal workings of BCCL., 2) Identification and
demarcation of water filled old mines which are likely cause
inundation and endanger present working coal mines, are taken
up.

Gravity and seismic reflection surveys were conducted at two
sites near Chalkballabhpur colliery area to identify the

underground coal workings. Five profiles each with 150 m length
and 50 m separation at site 1 and five profiles each with 100 m
length and 50 m interval at site 2 were laid to carry out the
geophysical surveys. The station interval chosen for gravity is
2m at both the sites. Seismic reflection survey was also carried
with 30/60 Hz frequency geophones keeping 14 m offset, with
1m-geophone interval. About 625 Gravity stations were covered
and in seismics 1250 shots were taken in both the sites.

Results from gravity survey indicates the presence of pillars
and galleries of the old mine workings. It is felt that the data is
insufficient to model the pillars and galleries conclusively due
to the large distance between the profiles i.e 50 m. Seismic
reflection data also shows very clearly the pillars and galleries.
It is proposed to take up the investigations at the same area by
reducing the profile interval. Seismic reflection surveys will also

Fig. 2.21   Part of sonic long inerpretation at Padur, Karnataka.
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be carried out with different offsets and with high frequency
geophones to see the reflections more clearly from pillars and
galleries of the mine workings.

Planetary geology

Meteorite impact on basalt Lonar crater, India

Deformation structures of meteorite impact on basalt have been
established for the first time from Lonar crater, India. The crater
excellently preserves the rim uplift, formation of radial, conical
and concentric fractures, and slumping throughout the crater
wall. This observation would greatly help in identifying similar
features on the surfaces of other planets and satellites, as well
as modeling the impact crater.

Tectonics and geodynamics of Venus

 Magellan radar images of the equatorial highlands (Apphrodite
Terra) of Venus show evidence for the development of
continental scale brittle-ductile shear zones, similar to those
on Earth. The study also reports for the first time the presence
of strike-slip ductile duplexes, and S-C like structures from
Venus. The results of the geometric, kinematic and dynamic
analysis of this shear zone would greatly help in understanding
the crustal level geodynamic processes of Venus.

Groundwater exploration in hard rock areas

Fault / fracture systems were characterized in basaltic terrain,
near Ghatia, Madhya Pradesh, for understanding groundwater
flow in basalts. The combined geological and geophysical
studies (multi-channel analysis of surface waves, ground
penetrating radar, and soil-gas helium analysis) have clearly
demarcated the shear zones and fracture systems at shallow
depth levels. The MASW method has been applied successfully
for the first time for groundwater applications. The above study
was conducted under the CSIR network project.

Gondwana coal fields of Godavari basin

High Resolution Seismic Surveys (HRSS) were conducted at
Jallaram block of the Godavari khani area of SCCL, Andhra
Pradesh, along 9 parallel lines with a profile interval of 100m
for identifying Gondwana coal seams at a depth range of 250-
450m.

(T Seshunarayana, K Subrahmanyam, SVV Prasada Rao,
P Prabhakara Prasad, M Kousalya,  P Senthel Kumar,
K Satish Kumar, Y Ramamohana Rao, VV Ramana Murthy,
KNSS Srinivas, PS Raju U Gowrishankar, M Sri Hari Rao,
V Sampath Rao, C Rajesh, KP Kumar, D Mysaiah, P Pavan
Kishore, EK Kishore, M Subbarao and Ch Kiran Kumar
Reddy).
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