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LITHOSPHERIC STUDIES

2.0 STRUCTURAL INFERENCES FROM TOTAL
MAGNETIC INTENSITIES IN THE GADAG REGION:
A CASE STUDY

2-D total field intensity magnetic observations were made over
an area of approximately 2750 Sq Km with maximum N-S
and E-W extents of 55 and 50 Km respectively in the
geologically and tectonically interesting Gadag region with a
view to obtain a clearer perception of the structural
configuration of the region. From qualitative analysis of the
total magnetic intensity data, several tecto nic features –
deep seated faults and magnetic linears in the region were
identified. Eleven profiles were digitized from the low pass
filtered output of the magnetic data and modeled for the
regional magnetic interface.  The computed depths to this
interface along each profile were digitized and contoured to
obtain its subsurface topography.  This magnetic interface was
found to vary between depths of less than 1 km to 8 km.
Further, from results of forward modeling of the anomalous
body within the schistose zone in the region, it was found that
the banded iron formation (BIF) occurred at depths ranging
from 300 to 1300 meters.

(B Veeraiah, D Himabindu1 and G Ramadass1)

1 Department of Geophysics, Osmania University, Hyderabad.

2.1 EFFECTS OF CLIMATIC AND MONSOONAL
CHANGES ON THE WEATHERING OF DECCAN
TRAPS   DURING THE LATE QUATERNARY
PERIOD-A 20th CENTURY SEA SURFACE
TEMPERATURE (SST) RECORD FROM EASTERN
ARABIAN SEA AS INFERRED FROM
SCLERACTINIAN CORALS OF LAKSHADWEEP
ISLAND

Stable oxygen isotopic records are generated from two
scleractinian corals of Kavaratti island (Lakshadweep) to infer
monthly-scale sea surface temperature (SST) changes. These
monthly-scale changes in SST were derived using underwater
corals (genus Porites) from the lagoon of Kavaratti
(Lakshadweep) island. The X-radiographs of these coral cores
shows alternating high-density (monsoon) and low-density
(non-monsoon) bands (Figure-2.1). The oxygen isotope (d18O)
record presented here is based on the annual mean d18O
values from high-precision measurements in 1200-coral
samples.  High-density (monsoon) bands are characterized
by enriched d18O values and low-density (non-monsoon) bands
by depleted d18O values. The high-density bands were formed
during the southwest monsoon (June-September) because
of increased turbidity and cloud cover, whereas low-density
bands were deposited during the non-monsoon months
(October-May). The d18O values in monsoon and non-
monsoon bands are mainly controlled by sea surface

Fig.  2.1 : X-radiograph of Kavaratti (Lakshadweep) corals

temperature (SST) changes, which are influenced mainly by
the monsoon-induced upwelling and insolation changes.

The oxygen isotope data suggest an average SST increase
of ~ 0.8oC between 1920 and 2003 AD (Figure 2.2). The SST
increase during summer months is relatively more compared
to the monsoon months. A pronounced increase in SST is
seen between 1995 and 2003. Abnormal warming events are
observed during the 1998, 1981, 1977, 1961, 1951, 1941-
42, 1931 and 1920 AD. These warming events suggest inter-
decadal and decadal climate variability. Seasonal changes
in photosynthetic activity are also displayed in the carbon
isotope record.

(S. Masood Ahmad, V.M. Padmakumari, Netramani Harijan,
Waseem Raza, K. Venkatesham and G. Suseela)

2.2 LEGAL CONTINENTAL SHELF PROJECT
DETERMINING THE OUTER LIMITS OF INDIAN
CONTINENTAL SHELF AS PER THE UNCLOS
GUIDELINES

Coastal states having continental shelves that exceed 200
nautical miles (M) from their territorial sea baselines are entitled

Fig 2.2 Annual average sea surface  temperature(SST)for 1920 to 2003 AD
derived from coral skeletal oxygen  isotopic composition.
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to submit claims to determine the outer limits of their continental
shelves to an international commission. The objectives of the
project are to meet the requirements of Article 76/Annexure II
of the Commission on the Limits of the Continental Shelf
(CLCS) under the United Nations Convention on the Law of
the Sea (UNCLOS), in order to prepare a supporting document
based on scientific data for claiming additional maritime areas.

2.2.1 Indian Legal Continental Shelf Program :

Under this national project,  marine surveys covering over
32,000 lkm  were carried out to acquire MCS reflection, OBS
refraction and wide-angle reflection, magnetic and gravity
data and also  participated in data processing and
interpretation of seismic sections of Bay of Bengal and
Andaman Offshore regions. Preliminary supporting
documents along with interpreted seismic sections(Fig 2.3)
have been prepared based on these data and submitted to
MoES. Depth-sections of seismic stack sections are
generatedfor all the seismic lines in Bay of Bengal and
Andaman offshore regions at the  request of MoES to fulfil
the requirement of submission of  final reports to UNCLOS.

Fig 2.3 Map showing  profiles of multichannel seismic data used for
generating the database required for determining the outer limits of
the Indian continental shelf in the Bay of Bengal region

2.2.2 Myanmar Legal Continental Shelf Program :

The Myanmar Continental Shelf project work which involves
processing and interpretation of multi-channel seismic
reflection data of Myanmar Continental Shelf was taken up  at
the behest of MoEA and MoES and successfully completed
the assigned task of processing and interpretation of seismic
lines in the northeast part of Bay of Bengal. (Fig 2.4)

Fig 2.4 Map showing  profiles of multichannel seismic data processed and
interpreted at  NGRI under the Myanmar Continental Shelf Project
sponsored by MoE.

(B.Ashalatha, P. Prasada Rao, and M. Simhadri Naidu)

2.3 ALKALINE COMPLEXES OF NORTHEASTERN
INDIA : EXTENSION OF RAJMAHAL TRAP
PROVINCE

Previous studies showed Kerguelen plume was responsible
for the formation of the Rajmahal-Sylhet-Bengal (RSB) Large
Igneous Province (117±2 Ma) in northeastern India. In order to
establish the total aerial extent of this LIP and its impact on the
climate at the time of its emplacement, age, paleomagnetism
and isotope geochemistry of alkaline intrusions in the Gondwana
basins and large carbonatite complexes occurring to the west
and east of the basaltic province respectively, were studied.
Our results together with published data suggest that several
alkaline intrusions in the Gondwana basins are not only
temporally (116±2 Ma) and spatially but also genetically related
(with similar Sr, Nd and Pb) to the RSB and Kerguelen basalts.
On the other hand, carbonatite complexes to the east of the
province, previously reported to be coeval with them, have
distinctly different age (younger by ~ 10 Ma, Fig. 2.5), isotopic
and paleomagnetic signature compared to either the RSB or
the Kerguelen basalts,and hence, are unrelated to the RSB
large igneous province.

Fig.2.5 Probability density plots of Ar-Ar, U-Pb and Rb-Sr ages.
a) Carbonatite  complexes, b) RSB basalts.

(Anil Kumar, E. Nagaraju, N. Ramesh Babu)
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2.4 PLANETARY GEOLOGY OF THE INNER SOLAR
SYSTEM

2.4.1 Study of a possible impact site : Ramgarh
structure, Rajasthan

Ramgarh structure is a 4 km wide and 0.3 km deep circular
structure emplaced in the Vindhayan clastic sedimentary rocks
of southeastern Rajasthan (Fig. 2.6). It appears to be a possible
meteorite impact structure, and its link to a meteorite impact
origin is yet to be established. Based on the structural
geological observations at the confirmed meterotite impact
craters such as Lonar Crater, India and Meteor Crater, Arizona,
it has been proposed to use impact deformation features as a
guide to recognize the impact origin of the Ramgarh structure.
Structural analysis shows that the crater rim has a circular
uplift pattern, in which the sedimentary rocks gently dip
outward, whereas the rocks have horizontal bedding planes
outside the crater. Like many other impact craters, the
Ramgarh crater rim preserves radial, concentric and conical
fracture patterns. Some of the radial fractures commonly
exhibit branching fracture, typical of high velocity fracture
growth. Faulting in the southwestern crater rim has lead to
right-lateral displacement with a significant vertical
displacement, probably indicating the trajectory of impact.

Fig. 2.6 The Ramgarh structure, Rajasthan.

2.4.2 Geological mapping of Venus

Large-scale crustal extension and volcanism are common to
Earth and Venus. The east African rift system is one of the
best examples for such belt on Earth. Similarly, we show an
example for a complex network of several thousand
kilometers long and a few hundred kilometers wide
extensional belts from Venus, which are associated with

volcanism, by undertaking geological mapping of V-56 Lada
Terra quadrangle in the southern hemisphere of Venus, under
the NASA-USGS map publishing program. The geological
map (Fig. 2.7) reveals various tectonic and volcanic
processes in Lada Terra that consist of tesserae, regional
extensional belts, coronae, volcanic plains and impact craters.
This map also reveals various deformational features or
lineament patterns that are associated with coronae and
regional extensional belts. In addition, we establish the
relative age relationships (e.g., overlapping or cross-cutting
relationship) between them, in order to reconstruct the past
geologic history. Basically, this quadrangle addresses how
coronae evolved in association with regional extensional
belts, in addition to evolution of tesserae, regional plains and
impact craters, which are also significant geological units of
Lada Terra. Further mapping is in progress. This study is a
continuation of the research carried out under BOYSCOST
program in collaboration with Prof. James W. Head at Brown
University.

Figure 2.7: Geologic map of Lada Terra Quadrangle, Venus

2.4.3 Structural analysis of Valles Marineris, Mars :

The Valles Marineris is the largest tectonic geomorphic
features that covers about one-fourth of the equatorial region
of Mars. Previous studies have shown that it is a rift zone
formed in response to mantle upwelling in the Thaumasia
plateau. Also, a left-lateral strike-slip motion was inferred for
its initial stage development. An analysis of the recent HiRISE
and HRSC images indicates that it is an oblique extensional
belt with a right-lateral strike-slip component. The new
analysis provides an alternative kinematic interpretation for
the Valles Marineris region.

(P. Senthil Kumar, James W. Head1)

1Brown University, Providence, USA
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2.5 GEODYNAMIC EVOLUTION, LITHOSPHERIC
STRUCTURE AND THERMAL REGIME OF DECCAN
VOLCANIC PROVINCE AND EASTERN DHARWAR
AND SINGHBHUM CRATONS.

2.5.1 Upwarped high velocity mafic crust, subsurface
tectonics and causes of intraplate Latur-Killari
(M 6.2) and Koyna (M 6.3) earthquakes, India

The Deccan Volcanic Province, covered by a thick suite of
volcanic rocks erupted 65 Ma ago, is one of the largest flood
basaltic eruptions on the surface of the earth.  These volcanics
directly overlie 2.57 Ga old crystalline basement belonging to
eastern part of Dharwar craton (Southern Indian shield). This
region has been experiencing moderate seismic activity since
historical times.  Many of the earthquakes, which occurred
over this terrain, were destructive in nature, leading to heavy
loss of human life and property. Some of the prominent events
include, Koyna earthquake of December 10, 1967 (M 6.3) and
Latur-Killari earthquake of September 29, 1993 (M 6.2).

The present study is an attempt to examine and compare the
prevailing geologic and tectonic structure of the two well
studied seismogenic regions of Latur and Koyna , based on
recently  available deep geological and geophysical findings
which includes detailed borehole geological and geochemical
studies apart from broadband seismics/seismological, gravity,
heat flow and magentotellurics.

Our detailed study has indicated presence of relatively high
velocity/ density intermediate granulite(and amphibolites)facies
rocks  immediately below Deccan volcanic cover, caused
mainly due to  a continuous geodynamic process of uplift and
erosion since Precambrian times. These findings have been
independently confirmed by geological, geochemical and
mineralogical investigations. The basement is found to contain
2 wt% of carbon-di-oxide fluid components.  Here, mantle heat
flow is quite high ( 29-36  mW/m2 ) It is suggested that the
stresses caused by ongoing uplift  and a high mantle heat
flow may be concentrating  in this denser and rheological
stronger mafic crust within which earthquake tend to nucleate.
These stresses appear to dominate  over and above those
generated by India - Eurasea  collision. The role of  fluids in
stress generation, as advocated through earlier studies,
appears limited.

2.5.2 Active Tectonics in Nw Himalaya: Soft-Sediment
Deformation in Contemporary Reservoir
Sediments:

The soft sediment deformation in late-Quaternary glacio-fluvial
and fluvial deposits in Himalaya are attributed to pre-historic
earthquakes  owing to the region being an active center of
recurrent seismicity with three great earthquakes, several

moderate and innumerable micro-earthquakes observed
during last century. Our investigations on a fluvio-lacustrine
sand bar in Asan reservoir, NW Sub-Himalaya for soft sediment
deformation studies has indicated that the bar has
uninterrupted deposition since 1975 AD with the presence of
two zones of soft sediment deformation (SSD) structures.
These zones are identified as SSD-I and SSD-II and are
conspicuously underlain and overlain by horizontal,
undeformed beds (fig 2.8).The lower, 20-cm-thick SSD-I zone
consists of >5 cm of medium to coarse sand, which is
segregated into a series of drops and pseudonodules over
the fine-sand and silt bed (fig.2.8a,2.8b). The individual drops
and pseudonodules are 10–20 cm or more in length and have
concave-up geometry (fig.2.8a,2.8b), with the internal
laminations following the external saucer-shaped geometry
(fig. 2.8c). These are synformal structures that sink into
underlying fine-grained sediments and represent a special
case of load structures. The underlying fine-grained sediments
are also deformed as sagging loads, flames, complex
convolution structures, and folds (fig. 2.8b). The sagging loads
largely follow the geometry of the overlying drops, and the
flames occupy the zones between them. The drops and
pseudonodules have three-dimensional dispositions, with
uniform internal deformation structure and dimension
(fig. 2.8c). In the adjoining bar toward the north, ball-and-pillows
are observed at a comparable stratigraphic level of the SSD-
I zone, though fewer in number and larger in size. SSD II is
marked by the presence of pseudonodules, ball and pillows
and asymmetric wavy cusps (fig. 2.8 d).The depositional and
deformational pattern, boundary condition and sedimentation
rate suggests that these SSD were triggered by
1991-Uttarkashi and 1999-Chamoli earthquakes that occurred
within 100-150 km from the reservoir. The age of deformed
sediments, using average sedimentation rate, and stress
dissipation for producing liquefaction points to the possibility of
1991- Uttarkashi and 1999-Chamoli earthquakes as triggering
agents. Probably this is the first systematic study demonstrating
the viability of contemporary sedimentary record as repository
to the seismic events in the region from the Indian subcontinent.

(a.) Disposition and thicknesses of the SSD-I
and SSD-II zones bonded by undeformed
horizontal beds in the sediment column. The
degree of deformation decreases toward the bar
margins in SSD-II.. (b.) Saucershaped
pseudonodules with concave-up morphology
and internal lamination underlain by highly
deformed fine-grained sand and silt in SSD-I
zone. The fine-grained layer shows a complex
combination of synformal drops, convolutions,
and flame structures.(c.) These structures have
three-dimensionalgeometry.  (d.) The SSD-II
zone shows intensive folding in thinly layered
sand-mud beds, segregation of the lower sand
bed into saucer-shaped pseudonodules and the
upper sand bed into kidney shaped ball-and-
pillows with varying degree of deformation,
resembling the face of a clown in the zone of
maximum deformation (inset).

Fig 2.8
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2.5.3 Seismogenesis of  the continued aftershock
activity in the 2001 Bhuj Earthquake Region

Good quality data recorded during 1st April 2008 – 31st March
2009 by the local seismic network comprising 20
accelerographs and 12 seismographs have been used to
model the seismogenic processes involved in generating the
continued aftershock activity for more than eight years in the
Kachchh seismic zone, Gujarat, India. Inversion of teleseismic
radial receiver functions, detailed seismic velocity tomography
and HYPODD relocations of aftershocks clearly delineate the
geologically explicit south-dipping north Wagad fault (NWF),
a 4-7 km crustal thinning, mafic crustal intrusives, and a 7-km
change in the seismogenic base beneath the central aftershock
zone, which are inferred to be the causal factors responsible
for generating the 2001-mainshock in the lower crust.  These
studies also delineate a high velocity anomaly (gabbroic
intrusive) associated with the almost vertical Gedi fault (GF)
extending from surface to 15 km depth, which is inferred to be
responsible for generating the 2006 Mw5.6 event on GF at 3
km depth. The estimated focal mechanisms for 444
aftershocks of Mw 3.0-5.6 suggest a remarkable diversity
including right-lateral, left-lateral, oblique reverse, reverse,
oblique normal, and normal faulting on planes sub-parallel or
transverse to the south dipping NWF and left-lateral strike-
slip movement on GF. The stress inversions using the P- and
T-axes data of these focal mechanisms reveal a 7-32o rotation
in the s1 orientation across the rupture zone of the 2001-
mainshock, which has been attributed to the sizable local
horizontal stress component induced by the crustal intrusive
bodies in the rupture zone, as revealed by the tomographic
study. The modeling of Coulomb failure stress changes (DCFS)
considering three tectonic faults (i.e. NWF, GF and Allah bund
fault (ABF)) and the slip distribution of the 2001 mainshock
on NWF has successfully explained the occurrences of
moderate size events (during 2006-08) in terms of increase in
positive DCFS on GF and ABF. The source parameters and
site response have also been estimated using the generalized
inversion of the S-wave spectra from the horizontal component
seismograms. The source parameter estimates suggest that
seismic moment (Mo) and source radius (r) range from 3.9x1013

to 2.0x1017 N-m and 252 to 1052 m, respectively, while stress
drops (Ds) vary from 0.62 to 75.0 MPa.

2.6 STRUCTURAL AND REMOTE SENSING STUDIES
OF HIGH-GRADE TERRAINS, SOUTHERN INDIA.
PROTEROZOIC OROGENS AND TRANS-
PRESSIONAL TECTONIC REGIMES IN SOUTHERN
INDIA :

The Precambrian southern Indian shield is central to all
discussions on the formation and breakup history of
supercontinents. The Proterozoic high grade metamorphic

orogens occurring at the southern and eastern margins of the
southern Indian shield, skirting the 3.4 Ga old Dharwar craton,
are of paramount significance. They provide not only better
understanding of the lower crustal processes and lithospheric
geodynamics, but also contribute to the reconstruction models
of Rodinia and Gondwana tectonics. These Proterozoic
orogens are well described as Southern Granulite Terrane
(SGT) in the south and the Eastern Ghats Mobile Belt (EGMB)
in the east coast. The continuity of these orogens is broken
for a distance of ~400km and disappears in the Bay of Bengal.
These orogens expose windows of middle to lower crust with
well preserved rock records displaying multiple tectonothermal
events and multiphase exhumation paths. They consist of
Archean to Neoproterozoic complexly deformed high grade
metamorphic and magmatic assemblages

Recent studies in these orogens   have led to the recognition
of discrete crustal blocks or terranes separated by major shear
zone systems. The geological characteristics   such as fold-
thrust tectonics, regional granulite facies metamorphism with
isolated UHT characteristics, multitude P-T history,
development of lithoshpheric shear zones, emplacement of
granitoids, presence of alkaline and anorthositic complexes,
development of crustal scale “flower structures”,
trnaspressional strains, reactivation tectonics, are common
in both the orogens. These features indicate that these
orogens represent a single contiguous orogen, which can be
described here as ‘Proterozoic orogen of southern India’
(POSI), which has been subjected to common orogenesis.
In recent years, several multidisciplinary studies led to
establish that the POSI is  an important collisional belt  in
East Gondwana supercontinent  exposing a unique window
of a wide range of structural levels of orogenic belt marked
by   large tracts of reworked linear belts ranging in scale ,
intensity, and age (2.5 to 0.5Ga) . The intermediate orogenic
event (1.0 Ga) is pronounced in the EGMB and it is rarely
reported from the SGT. The POSI is characterized by
heterogeneous distribution of different metamorphic and
magmatic assemblages with distinct spatial and temporal
strain variations in shaping the fabric elements in different
blocks of the larger orogen. However, the entire orogen
shares a common transpressional deformation history during
the Neoproterozoic.

Oblique collision and long lived transpressional tectonic
regimes during Gondwana amalgamation seem to be
responsible for the present disposition, geometry, reactivation
tectonics of these orogens. Long lived transpressional
tectonic regime was also responsible for steepening the initial
low angle crustal scale structures establishing a sub-vertical
grain conducive to reactivation.

(T.R.K.Chetty)
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2.6.1 Structural studies in Palghat-Cauvery shear zone,
southern granulite terrain, Southern India.

Palghat Cauvery Shear Zone (PCSZ) is an east-west trending
major shear zone in Southern Granulite Terrain (SGT),
extending from east coast to the west cost of India and occurs
at the southern margin of the Cauvery Shear zone system.
Geological mapping and field observations have been carried
out in the western part of the shear zone around Coimbatore
to understand deformational history, shear zone kinematics
and emplacement history of granite plutons. The important
rock types in the area include hornblende gneisses,
migmatites, charnockites, amphibolites, pyroxenite dykes and
granites which are highly deformed. Several granite plutons
are emplaced with in the shear zone. The granites are
leucocratic, medium to coarse grained with quartz and feldspar
rich and minor biotites. These granites are in general poorly
foliated with the exception of the margins. Often,
quartzofeldspathic rocks are transformed in to phyllonites with
well developed mylonitic fabrics. The foliation trends are
generally E-W to NW-SE with steep dips. Some oriented and
unoriented representative rock samples have been collected
from hornblende gneiss, granite plutons and mafic dykes for
Anisotropy of Magnetic susceptibility study, petrography and
geochemical analysis. Further work is under progress.

(T. Yellpppa and T.R.K. Chetty)

2.6.2   Petrography and geochemical study of ultramafic
bodies, northern margin of  Indravati basin, Bastar
craton, central India :

Bastar craton in central India is one of the oldest cratons in
the Indian shield and is  bounded by major orogenic belts:
Eastern Ghats Mobile Belt  in the east,  Satpura mobile belt
in north west, the Palaeoproterozoic Mahandi graben in north
east and the  Godavari graben in south west. The Bastar
craton comprises several supracrustal belts and proterozoic
sedimentary basins. Two ultramafic dykes have been
mapped, for the first time, intruding the basement granite
gneiss at the northern margin of the Indravati basin.
Combined field, petrography, whole-rock geochemical
analysis, and XRD studies reveal that these ultramafics were
subjected to high degree of hydrothermal alteration as well
as possible metamorphism. However, relicts of their original
textures are well-preserved thereby providing important clues
as to the nature of the protolith. Quartz, carbonate, chlorite,
and phlogopite constitute the common mineralogy. These
ultamafic dykes also display high abundances of compatible
elements such as Ni (238-396 ppm), Cr (484-892 ppm), and
V (160-200 ppm) as well as high-field strength elements such
as Zr (719-2057 ppm) and Nb (92-126 ppm) and  have high
whole-rock REE abundances (ΣREE up to 1260 ppm) and

display fractionated chondrite-normalized REE patterns
(La/Yb= 113-237) which together with their average
compatible and incompatible trace elemental ratios (e.g. Nb/
Zr, Nb/La, Ba/Rb). These characteristics are correlatable with
those of lamproites reported from the north eastern margin
of Cuddapah Basin.

(T.Yellappa and T.R.K. Chetty)

2.6.3 Tectonothermal evolution of Gondwana suture
zone

Under the scheme of INSA-JSPS collaborative program a
joint filed work has been carried out along a few regional
traverses: Madurai-Trichy; Trichy-Karur, and Karur-
Chennimalai-Salem. Migmatitic gneisses, charnockites,
pyroxenite bands along with highly folded quartzite horizons,
calcsilicate bands with variable trends are common along
Madurai-Trichy traverse. The Trichy-Karur traverse is
dominated by granitoids and ophiolitic complex outcrops,
surrounded by the migmatitc gneisses. Many UHT localities
are also associated with gem mineralization. The Karur-
Chennimalai-Salem traverse comprises Charnockites,
hornblende gneiss, mafic-ultramafic rocks, Calc-silicate
gneiss and a linear distribution of banded iron formations.
The garnet bearing pyroxene granulites are spectacularly
exposed at several places like Perundarai, Kanajamalai hills
etc. Field structural measurements were made and
representative rock samples have been collected for further
laboratory studies.

(T.R.K. Chetty, E.V.S.S.K. Babu and T.Yellapppa)

2.7 GRAVITY-MAGNETIC (G-M) STUDIES FOR THE
GEODYNAMICS OF THE INDIAN LITHOSPHER

2.7.1 Structural fabric of the Southern Indian Shield as
defined by gravity trends

Southern Indian shield represents a mosaic of several
structural domains separated by discrete shear zones. The
gravity gradient image is derived from the bouguer anomaly
map prepared from 7862 newly collected observations
combined with earlier gravity data at 6359 stations. The
horizontal gravity gradient map of the area south of 140N
reveals a continental mosaic of gravity trends akin to structural
domains such as the Eastern Dharwar Craton, the Eastern
Ghats Mobile Belt, the extended Eastern Ghats Mobile Belt,
the Southern Granulite Terrain, and the Western Dharwar
Craton (Fig.2.9). Other belts of significant gravity gradient are
found associated with the Eastern and the Western coasts.
The Loci of Closepet granite and Kolar schist belts do not
manifest themselves as boundary zones between two distinct
gravity domains of the Eastern Dharwar Craton. Lack of a
gravity gradient across Karur-Oddanchatram-Kodaikanal and
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2.7.3 Collision and extension tectonics of Southern
Granulite Terrain

The Bouguer anomaly map of Southern Granulite Terrain
(SGT) provide paired gravity anomalies with gravity highs north
of Moyar Shear, Transition Zone and Palghat Cauvery Shear
Zone (PCSZ) and lows south of them.  Airborne total intensity
magnetic map also reveals bands of paired magnetic
anomalies along Moyar-Bhavani Shear Zone (MBSZ) and
PCSZ.

Fig 2.11 Gravity and magnetic fields along Kolattur-patani Profile and
computed crustal  method

Karur-Kambam-Painavu-Trichur Shear Zones may be
attributed to
sparse gravity data
due to logistic
problems. The
subdued gravity
gradient across the
Palghat-Cauvery
Shear Zone and a
weak gradient
across the
Achankovil Shear
Zone indicate a
lithological and / or
m o r p h o l o g i c a l
boundary rather than
a terrane boundary.

Alternatively, structural domains encompassing Palghat-
Cauvery and Achankovil Shear Zones  may have been in a
neighbouring position during the Gondwana assembly, when
Pan-African thermal perturbation reactivated the structures
and reworked partly or totally obliterated earlier crustal fabric.

(Niraj Kumar, D.V.Chandrasekhar,Bijendra Singh
A.P.Singh, M.R.K.P.Rao)

2.7.2 Gravity-magnetic signatures of Sonakhan Schist
belt, Raipur District, Chhattisgarh

The NW-SE trending Sonakhan Schist belt of Archaean to
upper Proterozoic age, the only one occurring in Bastar craton
has not been studied in detail by geophysical methods in spite
of its large potential for base metal and precious metals..
Gravity and magnetic survey was conducted over this schist
belt and the adjoining areas at a grid interval of 2-3 kms. The
most significant feature of the Bouguer anomaly map is the
NW-SE trending prominent gravity high associated with the
schist belt (Fig.2.10a).  Power spectrum of the gravity data
(Fig.2.10b) reveals causative source at a depth of 7.0 km and
2.5 km probably reflecting the bottom of the schist belt and
depth to the top of intrusives, respectively. Gravity data along
a SW-NE profile (Fig.2.10c) traversing the Sonakhan schist
belt at the center and Chhattisgarh sediments at both the ends
is modeled. The bouguer anomaly along the profile varies from
-27 and -45 milligals with gravity high over schistose rocks
and intervening gravity low associated with granites. After
removing the regional, the residual anomaly varies between -
5 and +30 mGal which was modeled and shown in Fig. 2c.
The magnetic anomaly along the profile shows variations of
the order of 480 gammas and the magnetic highs around the

contacts appear to reflect the banded iron formation associated
with the Sonakhan schist belt. 2-D depth density model reveals
configuration and geology of Chhattisgarh sediments, granites
of younger phases and schist belt formations.

Fig 2.10 (a)    Bouguer anomaly map of part o Chhastisgarh basin

Fig. 2.9: Graphical representation of the maxima of
the horizontal gravity gradient in SGT

(B. Nageswara Rao,  A.P.Singh, M.R.K.P.Rao,  Niraj Kumar,
D. A.Bhaskara Rao, Bijendra Singh)
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Joint modeling of gravity and airborne magnetic data along a
profile constrained from seismic studies suggest high density,
high susceptibility and high velocity layer between    10-20 km
depth and low density and low velocity layer between 20-30
km in the crust with maximum crustal thickness of 45-46 km
(Fig.2.11).  The former represents lower crustal mafic granulite
rocks, while the latter may be a ductile layer with shallow Curie
point geotherm at a depth of about 22-23 km caused by high
upper mantle heat flow.  These studies also suggest a thin
crust of 38-40 km and a thick high density (2.8 g/cm3) and
high susceptibility layer (3.5 X 10-3 CGS units) between 7-22
km under Palghat gap bounded by MBSZ and PCSZ compared
to adjoining blocks. These results are supported by high
conductivity rocks reported by magnetotelluric studies in this
section.

(V.Vijaya Kumar and D.C. Mishra)

2.7.4 A 3D Lithospheric Density Model of Andaman –
Sumatra Subduction Zone (880-980 E and 50- 120 N)
from Satellite Gravity & Geoid Data

The   Andaman – Sumatra subduction zone is one of the most
tectonically active features on the earth’s surface, marked by
several events of large earthquakes in the recent past. The
seismic activities are the result of the subduction of the Indo-
Australian plate under the Southeast Asian plate starting from
Myanmar in the north to Indonesia in the south. Lithospheric
structures of the subduction zones provide vital information in
the understanding of earthquakes processes. A 3D lithospheric
density model of the southern part of the Andaman-Sumatra
subduction zone (Fig.2.12), is build from joint modeling of
satellite derived gravity and geoid data. The joint modeling of
gravity and geoid is chosen to take advantage of their response
sensitivity for shallow and deeper features respectively.
Thirteen parallel E-W profiles have been utilized for the
construction of the 3D density model with the incorporation of
constraints from seismic and seismological data. The following
observations are made from 3 D model:  (a) subducting late is
segmented and curvature of down going plate decreases from
the south to the north b) subducting plate penetrates upto
160 – 185 km, which also coincide with the foci of earthquakes
(c) lithospheric thickness of the subducting and overriding
oceanic vary  70-80 km and 50 - 80 km respectively. Presence
of Ninety East Ridge in the subducting plate changes the
crustal structure considerably.

Fig.2.12 : Free air anomaly map of the region. East-west red lines, along
which vertical sections of 3D model is generated. Fault plane
solutions of the earthquakes are lso plotted from USGS.

( D.A.Bhaskara Rao,V.M.Tiwari, B.Singh)

2.8 CRUSTAL DYNAMICS OF UTTARANCHAL
HIMALAYA

2.8.1 Mantle transition maping of the Indian sub-
continent from 8-36o N

The mantle transition zone discontinuities across India, the
western Himalaya and western Tibet, along the 80ºE, from
8º-36ºN are imaged by using P-to-S converted phases
abstracted from 5764 teleseismic waveforms recorded by 99
broadband seismographs deployed in the region between
1999-2008 (Figure – 2.13a). The 410 km discontinuity is clearly
defined throughout but varies in depth from 405±5 km beneath
the Indian shield to 392±5 km beneath the western Himalaya
and south-western Tibet. Further north of the Bangong suture,
beyond 33º N, the 410 is diffused and marginally depressed
by ~5 km. The 660 km discontinuity is mapped at 660±10 km
beneath the Indian shield and closely follows the 410
discontinuity, rising to ~650± 5 and ~640 ± 5 km respectively,
beneath the western Himalaya and Tibet (Figure – 2.13b).
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Additionally, a short high velocity interface is mapped at a
depth of ~475 km beneath the western Tibet. The thickness
of the mantle transition zone, 252±10 km, is uniform along
the entire profile, equal to the global average.  These
observations suggest (i) a progressive cooling or thickening
of the lithosphere from south India towards the northern margin

of the Indian plate right up to the Bangong suture; and (ii) a
nearly uniform mantle transition zone underneath, from
southern India to the western Tibet, suggesting the absence
of any detectable high velocity anomaly in the transition zone
to reflect the anticipated existence, somewhere in the regional
mantle, of the sinking Tethyan slab..

Fig2.13a     Important geological terrains of India, Himalaya and western Tibet along  with the location of broadband seismographs.

Fig2.13b    The stacked receiver functions  along  800 E showing variation in 410 and   660 discontinuity.
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2.8.2 Melts/fluids in the mid-crust of the northwest Indian
Himalaya revealed by Rayleigh wave dispersion

Seismic shear-wave velocities are sensitive to the partial melts
that should be present in the Himalayan orogen if low-viscosity
channel flow is active at the present day. We analyzed regional
earthquakes in the western Himalaya and Tibet recorded on
16 broadband seismometers deployed across the NW Indian
Himalaya, from the Indian platform to the Karakoram Range.
A multiple filter technique was used to calculate the group
velocity dispersion of fundamental-mode Rayleigh waves, and
then inverted the dispersion records to obtain separate one-
dimensional shear-wave velocity models for five geologic
provinces: the Tibetan plateau, Ladakh arc complex, Indus
Tsangpo suture zone, Tethyan Himalaya, and Himalayan thrust
belt. Our velocity models show a low-velocity layer (LVL) with
7–17% velocity reduction centered at ~ 30 km depth and
apparently continuous from the Tethyan Himalaya to the
Tibetan plateau (Figure – 2.14). This LVL shows good spatial
correspondence with observations of low resistivity from
magnetotelluric studies along the same profile. Of the possible
explanations for low velocity and low resistivity in the mid-
crust, only the presence of melts or aqueous fluids (or both)
satisfactorily explains both sets of observations. Elevated heat
flow observed in the NW Himalaya implies that if aqueous
fluids are present in the mid-crust, then the mid-crust is well
above its solidus. Comparison of our results with laboratory
measurements and theoretical models suggests 3–7% melt
is present in a channel in the upper-middle crust of the NW
Himalaya at the present day, and the physical conditions to
enable active channel flow may be present.

Fig. 2.14 Seismic stations and velocity models projected onto the MT profile
of Arora et al. (2007). The low-velocity layer (LVL) in our models
shows good spatial correspondence with the low-resistivity layer
inferred from the MT data. Downward-pointing triangles: MT stations
of Arora et al. (2007). Upward-pointing triangles: our seismic
stations. Both sets of stations were deployed along the same roads,
with the exception of seismic stations MTH and HNL, 100 km
southeast along strike. MHT and Indian Moho locations are the
interpretations of Arora et al. (2007) and Rai et al. (2006),
respectively

 2.8.3 Estimation of Site Characteristics using Ambient
Noise

The site response characteristics of Kumaon- Garhwal

Himalayan region are investigated through the application of
the empirical H/V method (Nakamura 1989) to the ambient
noise recorded over 40 broadband seismograph locations.
Uttaranchal, having complex topography and geology is a
region of high seismicity and has experienced devastating
earthquakes (e.g., Uttarkashi, 1992 and Chamoli 1999) in past.
Also the region is highly prone to Landslides. The geological
characteristics of a site plays an important role in altering the
intensity of seismic motion and thereby its damage potential.
Figure – 2.15 shows H/V curve for one site (i.e., KSP –
Kailaspur) in Uttaranchal.  Sites on ‘soft’ ground are subject to
more ground shaking and damage. Although it is assumed
that rock sites and mountain-tops are least affected and H/V
spectral curve is flat with ordinate value near one, we show
that the site amplification at  rock sites, stiff soil sites on
mountaintops and slopes can be considerably different and
large due to topography , weathering and erosion . The derived
parameters like H/V amplitude, site frequency do not show
any seasonal variability. These results have been validated
using earthquake waveform data also.

Fig 2.15 Sample H/V curve for KSP (Kailashpur) site in Uttaranchal. Dark
Line corresponds to mean H/V, and the dashed lines correspond to
 +/- 1ó. The grey vertical band corresponds to site response
frequency band

2.8.4 Crustal stress patterns: Analysis of Ps splitting for
seismic anisotropy

Broadband seismograms from seismic stations located on
various geologic terranes of the south Indian shield, were
analysed to determine the anisotropy characteristics of the
underlying crust: orientation of the axes of symmetry and the
degree of anisotropy. Analysis of the split measured in the
deconvolved radial and transverse P-to-S converted
components from the Moho indicates that the anisotropic axis
lies approximately E–W in the high-grade Granulite stations
and almost N–S in the adjoining low-grade Dharwar Craton,
with an average split-time of about 0.34 ± 0.10 s (Fig. – 2.16).
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Fig 2.16. Average azimuths and split times of vertically averaged crustal
anisotropy at the South Indian and Sri Lankan stations. Stations
located on the southern Granulite terrane show an almost E–W
direction for crustal anisotropy, while the dominant direction of the
azimuth of crustal anisotropy for stations on the Dharwar craton is
directed almost along N–S. The line lengths correspond to split
times.

Observed directions of the vertically averaged anisotropy are
in reasonably good agreement with the geologic expressions
of the region, though not necessarily conforming with the plate
velocity, indicating that their sources lie in the stress/strain
fields accumulated in the crust.

2.8.5 Seismic signatures of the Pan-African orogeny:
implications for southern Indian high-grade
terranes

The present results of a study designed to investigate and
compare the seismic characteristics of the once contiguous
terranes of eastern Gondwanaland, now incorporated in five
separated continental masses, which, during the
Neoproterozoic (<“600 Ma) Pan-African orogeny, suffered a
high degree of thermal stress and deformation. Receiver
functions and surface wave data from stations located in East
Antarctica, Sri Lanka, the southern-Indian high-grade terranes,
Madagascar and the Tanzania–Mozambique belt, were used
to determine the shear-wave velocity structure, Moho depth
and VP/VS values of the respective crustal segments. This study
provides an additional dimension to the otherwise well-
documented characteristic petrology of their surface exposures
and other geological signatures such as their extensive
granulitization and gem formation during the Pan-African

Fig 2.17(a) Shear velocity structure beneath Pan-African seismic stations.
Most of the seismic stations show major upper- to mid- crustal
features and variable structures at Moho (marked by arrows).

Fig 2.17(b) VP/VS and crustal thickness (H) for Pan-African seismic stations
and  reconstruction of the East Gondwana fragments suggested
on the basis of this study. Dashed circles indicate the regions
which has been most affected by the Pan-African orogeny. ASZ,
Ampanihy shear zone; VSZ, Vorokafotra shear zone; DC,
Dharwar Craton; PCS, Palghat-Cauvery shear zone; AK,
Achankovil shear zone; SGT, south Indian Granulite terrane;
LHC, Lutzow-Holm Complex; RC, Rayner Complex; NC, Napier
Complex.

event. Analysis of the receiver functions and surface wave
data for these seismic stations located on their present day
widely distributed continental fragments have been made. It
is observed that with the exception of KOD (at Kodaikanal
hill), situated on the southern Indian granulites having the
thickest crust (<“43.5 km), most of the Pan-African granulitic
terranes have a crustal thicknesses of <“37 ± 0.8 km, with a
transition to higher velocity at mid-crustal depths, and that
their bulk composition is felsic (Figure – 2.17a). Average crustal
VP/VS values (1.704±0.03) and thicknesses (37.8 ± 0.8 km),
for four stations (SYO, PALK, TRV and ABPO) (Figure – 2.17b),
now located in East Antarctica, Sri Lanka, India and
Madagascar, respectively, show remarkable similarity,
indicating that the Pan-African orogeny was extensive enough
to reorder the crustal structure of a wide region with a broadly
similar stamp  (Figure – 2.17b).
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 2.8.7 Seismic imaging of the mantle under the Erebus
hotspot in Antarctica

P-wave velocity images are determined under the Mount
Erebus hotspot, Antarctica by using teleseismic tomography.
Our results show a prominent low-velocity (low-V) anomaly of
nearly circular symmetry (about 250-300 km in diameter) to
about 200 km depth under the Mount Erebus volcanic region,
which further extends down to ~ 400 km as a narrow tilted
column (Figure – 2.19). The observed low-V anomaly beneath
the Mount Erebus volcano can be expression of a thermal
anomaly of deep origin. Combining the seismically imaged
thermal anomaly with geochemical observation of rift-related
volcanism in the region, we consider that the Mount Erebus is
a hotspot due to West Antarctic Rift System linked with a mantle
plume. In addition, high-velocity anomalies are imaged
beneath the East Antarctic craton, being consistent with the
previous studies.

Fig 2.18(a) General geological and tectonic map of Andaman region.
Earthquakes used in the study are plotted by circle, and triangles
represent the recording stations.

2.8.6 Coda Q Estimates in the Andaman Islands Using
Local Earthquakes

The attenuation property of Andaman Island has been
investigated analyzing coda waves from 57 local earthquakes
in the magnitude range of 2.0–4.9, using the single
backscattering model. These earthquakes waveforms,
recorded on five broadband seismographs sited over the
island from north to south during Nov. 2003 to March 2004
(Figure – 2.18a), have been used to calculate the frequency
dependent Coda Q (Qc) applying the time domain coda-decay
method. The Coda Q, computed at central frequencies from
(0.5–12) Hz and five-lapse time windows from 40 to 80 s,
progressively increases from 105f 0.88 in the north Andaman
to 135f 0.79 in the south Andaman with an average of 119f 0.80.
The average Qc values vary from 75 ± 42 at 0.5 Hz to 697 ±
54 at 12 Hz central frequency for 40 s lapse time window,
while for 80 s lapse time window its variation is from 117 ± 38
at 0.5 Hz to 1256 ± 115 at 12 Hz. The Qc estimated at different
lapse times manifests a significant variation from 122f 0.75 to
174f 0.73, corresponding to lapse time window lengths of 40
and 80 s, respectively (Figure – 2.18b). The variation of Qc
with frequency, lapse time and also with the location of
seismograph reflects the marked structural and compositional
inhomogeneity with depth along the Andaman Islands. These
observations are well correlated with the seismicity pattern
and distinct high angle subduction beneath the island.

Fig 2.18(b) Plot of average Qc with central frequency for lapse times from
   40 to 80 sec
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Fig 2.19. Vertical cross-sections of P-wave velocity images along two nearly
perpendicular profiles AA’ (a) and BB’ (b) as shown in (c).  Red and
blue colors denote slow and fast velocities, respectively. The
velocity perturbation (in %) scale is shown at the bottom. The two
dashed lines denote the 410 and 660 km discontinuities. The red
triangle shows the Mount Erebus volcano.

Fig 2.20 Plane views of P-wave velocity tomography obtained by using the
first P-wave data (a), both P and PmP data (b). The layer depth is
shown on the upper-left corner of each map. Red and blue colors
denote slow and fast velocities, respectively. The velocity
perturbation (in %) scale is shown at the bottom. White dots and
pink stars show the small earthquakes during 2003-2007 and large
historical earthquakes (1925-2000, M > 4.5), respectively, that
occurred within 2 km of each depth slice. The red triangles show the
active and Quaternary volcanoes.

(S.S.Rai,K.Suryaprakasam,K.Sivaram,.Sandeep
Gupta,P.V.S.S.Rajagopala Sarma, Y. Satyanarayana,
G. Singh, Mr. S. Jagadeesh, Ashish, P. Mahesh, V. Pavan
Kumar).

2.8.8 Crustal tomography under the Median Tectonic
Line in Southwest Japan using P and PmP data

The Median Tectonic Line (MTL) is the largest active fault
system on the Japan Islands and underlies many densely
populated areas. To understand the seismotectonics and to
reduce seismic hazard in the MTL region, we determined a
detailed 3-D crustal structure under the region using a large
number of arrival times of the first P-waves and Moho-reflected
waves (PmP). Results of detailed resolution tests show that
the addition of PmP data can significantly improve the
resolution of the lower crustal structure and the entire crustal
structure can be imaged better than that by using P-wave data
alone. The obtained tomographic images show that prominent
low-velocity (low-V) anomalies are visible in the upper crust
along the MTL (Figure – 2.20). In addition, some low-V
anomalies are visible in the lower crust on either side of the
MTL. These low-V anomalies can be the weaker sections of
the seismogenic crust and can be imprint of the existence

and migration of aqueous fluids released by the dehydration
process of the subducting Philippine Sea plate under
Southwest Japan.
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2.9 ANALYSIS OF THE BOUGUER GRAVITY AND
MARINE MAGNETIC DATA OF CAUVERY BASIN

The Cauvery Basin (Lat. 8º 30' to 12º 30' N and Long. 78º 30'
to 80º 20' E) on the east coast of India, extends from
Pondicherry on the north to Tuticorin in south.  The central
part swings westward giving the shape of a hat. However, the
basin has large offshore extension in the east and a part of it
appears to merge with the Dharwar Craton to the north.

The present investigation, based on the analysis of gravity,
marine magnetic and bathymetry data, addres ses a few
new geologic features hitherto unreported with regard to the
mosaic of Cauvery Basin, zone of subsidence, and especially,
the focal region of the 2001 Pondicherry earthquake. The
residual gravity and magnetic anomalies, derived by a
relatively new finite element approach, reveal a good
correspondence between the geophysical data and the
distribution of sedimentary rocks in the basin. The presence
of positive residual gravity anomaly shows that the entire
Cauvery Basin is subsiding.

Based on the bathymetric and marine magnetic data an
anomalous offshore geologic structure has been demarcated
in the form of a sub-canyon about 1.5 km deep at its centre
that has accentuated the degree of the damage due to the
tsunami caused by the December 25, 2004 Sumatra mega
earthquake (M 9.1) in Nagapatnam coastal belt.

Figure 2.21(a) shows the bathymetry map of the offshore
Cauvery Basin. On the land portion of the basin some

important faults and earthquake epicenters have also been
shown. Except in the offshore Cauvery Basin the isobaths
both on the north and south are more or less parallel to the
coast. These isobaths take a coastward swing in the offshore
Cauvery Basin indicating anomalous deepening of the
seafloor giving rise to a sub-canyon structure.  The coast in
this part, too, is convex towards west.

In order to highlight the bathymetric anomaly, the general
trend of the isobaths is graphically removed, through a
process analogous to separation of residual component in
potential field, to produce Figure 2.21(b). The residual
isobaths delineate the “bath-tub” structure, the deepest region
having a depth close to 1500 m. The 2001 Pondicherry
earthquake, shown by a star, had occurred in a region where
the steep bathymetric gradient started to get gentler.

After identifying the sub-canyon structure off Pondicherry
coast, attempts were made to study its reflection in the marine
magnetic data acquired by NIO in the coastal regions upto a
distance of about 200 km in the Bay of Bengal. There is an
interesting correspondence between the magnetic regional
anomaly and the sub-canyon structure. In Figure 2.21(c), the
regional magnetic anomaly has been superposed on the
depth contour map of the sub-canyon structure. The lowest
magnetic anomalies correspond to the deepest part of this
structure. Most likely, the sub-canyon structure is formed after
the collapse of the top of the seamount thereby creating a
crater. The presence of non-magnetic sediments in the crater
has given rise to low magnetic anomalies.

Fig. 2.21 (a)  Bathymetry map of offshore Cauvery Basin, (b)  Bathymetric residual anomaly (sea-bed depth)  and
(c)  Marine  magnetic regional contour map superposed by sea-bed depth contours.

(a) (b) (c)

(S.K. Gosh,  D. Indira Nagubai, K. prabhakar Rao, A.Vasnthi)
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2.10 RIGIDITY AND KINEMATICS OF THE INDIAN
PLATE AND ITS MARGINS BY SPACE-GEODESY

Techniques using GPS, GLONASS, GALILEO
satellite systems and VLBI

The upgraded NGRI’s Permanent GPS station (IGS 05 site)
continues to be one of the important GPS data-contributing
agencies to IGS and IERS for realizing ITRF Reference
frames. To be on par with global data contributing agencies,
NGRI’s Permanent GPS station has been upgraded with Leica
GNSS Geodetic receiver with the blue-tooth technology and
remote login facility. This receives signals from both GPS and
GLONASS satellite systems as of now and would receive
signals from GALILEO also once it is operational. The new
GNSS geodetic antenna is as shown in Figure2.22. The state-
of-the-art GNSS receiver and the GPS and GLONASS signals
are shown in Figure2.23. The data transmission to IGS Global
Data Centre has now been automated. Now both hourly and
daily data are being sent to the IGS Global Data Centre. The
data processing has been updated to the latest ITRF 2005
Reference Frame and the Time Series of HYDE is as shown
in Figure2.24. The Indian plate motion is continuously being
revalidated in ITRF 2005 Reference Frame and the Indian
plate motion as corroborated by IERS is as shown in
Figure2.25. The second permanent GNSS station of NGRI at
Mahendragiri, Nagercoil, Tamil Nadu is continuously
operational.

Fig 2.22 The upgraded NGRI’s Permanent GPS Station (IGS-05 site) with
the new Leica GNSS geodetic antenna.

Fig. 2.23 The upgraded new state-of-the-art GNSS receiver with the blue-
tooth technology that can track both GPS and GLONASS signals.
Blue colour indicates GPS signals and orange indicates the
GLONASS signals

Fig.2.24    Time Series of HYDE in ITRF-2005 Reference Frame

(E.C.Malaimani, N.Ravi Kumar, A.Akilan and K.Abilash)

Fig.2.25 The Indian plate motion in ITRF 2005 Reference Frame as
corroborated by IERS

2.11 PETROPHYSICAL EVOLUTION OF STRATIFIED
LITHOSPHERIC MANTLE : A UNIFIED APPROACH

An attempt was made to understand the Earth’s mantle, the
nature and origin of shallow level upper mantle discontinuities
and the behavior of mantle transition zone in response to
thermal anomalies. The significant outcomes of this study are:

(a)   A novel approach is adopted to evaluate the nature and
origin of upper mantle shallow level discontinuities in the depth
range of ~ 200-250 km (termed as Lehmann discontinuity)
and ~ 250-330 km (known as X discontinuity). Our results
preferentially points to a unique mechanism as the causal
mechanism for the origin of both L and X discontinuities. This
is the first report where such comprehensive attempt to
address the origin of L and X discontinuities is made. However,
the actual mechanism needs to be worked out in future. We
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further infer from our results that the different depth disposition
of L and X interfaces merely indicates ambient conditions
prevailing within the mantle rather than their association with
any known mineral phase transition.

(b)  In an attempt to understand the response of mantle
transition zone thickness to the strength of plumes as
represented by their buoyancy flux (B), we find that the MTZ
excursions are related to buoyancy flux (B) and follow a power
law. We also find that the strongest hotspots, which are
located in the Pacific, are indeed plumes originating at the
MTZ or deeper. This study thus provides an alternative and
competitive approach when compared to the recently
developed finite frequency tomographic imaging technique
of mantle plumes for their depth localization. We further
integrate our geophysical results on MTZ thickness with
isotopic results obtained on U-series disequilibria published
by other workers on selected hotspots across the globe
(Fig.2.26). Such integration gave us better insight to
comprehend the interrelationship among physical parameters
such as plume excess temperature through mineralogical and
seismological Clapeyron slopes, the depth disposition of
plumes by way of tMTZ thinning, the buoyancy flux of hotspots
in conjunction with the isotopic results on 230Th/238U activity
ratios that led to their detection and depth of origin.

Fig. 2.26 Plot integrating geophysical parameter P660s-P410s and U-series
disequilibria related activity ratio (230Th/238U). Of the hotspot stations
studied by us, basalts from 8 hotspot locations have been recently
analysed for their uranium-series geochemistry. A high positive
correlation of R2=0.64 is obtained between P660s-P410s and
reported activity ratios 230Th/238U. This plot therefore integrates
geophysical parameter that argues in favour of deep mantle plume
with geochemical parameter (230Th/238U) through increasing melt
fraction.

2.12 STUDIES OF HYDROUS MINERALS AT MANTLE
PRESSURES

2.12.1 Electrical Resistivity of Clinochlore at high-
pressures.

Chlorite is an important constituent of the oceanic crust and

one of the most water-rich of the major silicate minerals. Mg-
rich chlorite is likely to be important in the transport and storage
of water in cold-old subduction zones. Hence the study of
physical, thermal and structural properties of Mg-rich chlorite
from the plate-boundary fault is of fundamental interest in
understanding the role of dehydration as a response to
subduction processes at convergent plate boundaries and also
in determining the temperature of metamorphic processes. A
natural sample of  Clinochlore from the Longitudinal Valley
area of Northeastern Taiwan has been characterized by using
the powder X-ray diffraction, (XRD), and Differential Thermal
Analyses (DTA) and thermogravimetry techniques.The lattice
parameters of the monoclinic (IIb) clinochlore with the
composition (Mg2.988 Al1.196 Fe1.6845 Mn0.026)5.8945 (Si2.559 Al1.441)4

O10 (OH)8 , have been calculated from the powder XRD data
and are found to be a = 5.347 Å, b = 9.223 Å, c = 14.250 Å,
b = 97.20

 and Z = 2.[1] The thermal behaviour of the sample
showed the typical behaviour of clinochlore with a hydroxyl
content of 12.5 wt%. The hydrous components were also
charcetrized by Fourier transform infrared spectroscopic
technique. High-pressure electrical resistivity measurements
were carried out on the clinochlore up to 8 GPa at room
temperature., bu using the standard Brigman opposed anvil
cell technique.The electrical resistivity of the clinchlore sample
show an abrupt increase at about 6 GPa, indicating a pressure-
induced phase transition. The hydrous component of high-
pressure phase was found to be much less than the starting
sample, indicating the pressure-induced dehydration of the
clinochlore.

( G.Parthasarathy, G.N. H. Kumar1 and J.L. Rao1)

1S.V. University, Tirupati

2.12.2 Naturally occurring Chamosite- a marine clay for
Pharmaceutical application.

Chamosite,  (chlorite group mineral) a naturally occurring clay
used in this study as a reusable catalyst, was collected from
the quaternary marine sediments deposited near Kudiamozhi,
Tuticorin District, Tamil Nadu. The structure of this clay consists
of alternate layers of tetrahedral-octahedral-tetrahedral silicate
layer (sometimes called the 2:1 silicate layer, talc layer). The
interlayer and the t-o-t layer are bound together by electrostatic
and hydrogen–bonding forces. The natural clay catalyst, has
been well characterized by various techniques such as FT-
IR, XPS, TEM, XRD, TPD, TGA/DTG and BET surface area.
Acylation of alcohols and amines is of enormous interest in
organic synthesis as it provides a useful and efficient protection
protocol in a multistep synthetic process and has biological
significance because of the presence of alcoholic hydroxyl
and amino groups in a variety of biologically active compounds
that necessitates the manipulation of the chemical reactivity

(S. Das Sharma and D. S. Ramesh)
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of these functional groups during the synthesis of
multifunctional synthetic targets possessing one or more of
these groups. Acylation is usually carried out by treatment of
an alcohol or amine with acetyl chloride or acetic anhydride in
the presence of an acid or a base catalyst in a suitable organic
solvent, although acetic anhydride is the most commonly used
as it is less toxic. In continuation of our studies on sonochemical
reactions, we herein report conventional as well as ultrasound
accelerated time and energy saving protocol for O, N-acylation
of alcohols and amines, respectively with acetic acid using
natural clay, a reusable and economic solid catalyst.

( B. Sreedhar1  and G.Parthasarathy )

1IICT, Hyderabad

2.12.3 Cavansite at high-pressures

Pressure dependence of the electrical resistivity of Cavansite,
a rare zeolites from the Deccan Trap, India has been studied
at room temperature. The cavansite sample has been
characterized by powder X-ray diffraction, thermal analyses,
solid-state nuclear magnetic resonance and X-ray
photoelectron spectroscopic methods.  The Deccan Traps,
famous as a prolific source of zeolites specimens, currently
covers an area of approximately 500, 000 square km in western
India, but probably used to cover at least 1.2 million square
ilometers after deposition in the late Cretaceous. Cavansite,
Ca (VO) Si4O10. 4 H2O, occurs in cavities in tholeitic basalts of
the Deccan Volcanic Province, and in pores of altered basalt
breccias and tuffaceous andesite. XRD studies show the
presence of seven distinct lines all of them could be indexed
to a orthorhombic cell with a= 0.979nm, b= 1.364nm, and c=
0.963 nm. The calculated density is 2.33 g/cc.  NMR studies
of cavansite, show that Si atoms in tetrahedral coordination
with O atoms, whereas V atoms exist in highly distorted
environment of O atoms. The 51V –NMR studies show that
vanadium atom is in the square-pyramidal coordination typical
of the 4- and 5- valent states. High-pressure electrical resistivity
studies show that Cavansite undergoes pressure-induced
amorphization at about 6.5 Gpa. The pressurized sample show
partial dehydration of the Cavansite sample.

( G. Parthasarathy, Aditi Mookherjee1  A.C. Kunwar2 )

1University of Pune,Pune 2IICT, Hyderabad

2.12.4 Planetary Materials science Mineralogical Studies
on Kaprada (L5/6) meteorite

A stone weighing about 1.6 kg fell in the farm of Kashiram
Bhikabhai Diva in  Nandgam village of Kaprada  Taluka  of
Valsad district in South Gujarat, India at about 16:30 hours
IST  on 28th October, 2004 . The stone has  approximately
conical shape, the convex face containing apex having been

smoothened due to ablation whereas the concave base
appears rough. The major minerals in the meteorite are
olivines, clino and ortho pyroxenes, plagioclase feldspar and
some opaques. Some glass and quartz is also present. The
quartz grain are identified by the low relief as well as by wavy
extinction. The meteorite shows a melt crystallization texture
and veins. Two types of grains are present. The coarse grains
which are having two set of planar fractures consist of
pyroxenes and olivines.. The fine grained matrix is made up
of  pyroxenes, olivines and feldspar. Some  chondrule
structures  with indistinct  boundaries  can be visualised. These
objects size vary with 0.6 mm to1.5mm. The olivine
composition is determined by EPMA analysis to be  Fo75.7 Fa

23.7Tp0.55.  Pyroxenes are Wo39.92En43.3Fs16.79.

( N. Bhandari1, S.V. S. Murty1, and G. Parthasarathy)

1Physical Research Laboratory, Ahmedabad

2.12.5 Fourier Transform Infrared Spectroscopic
Characterization of Dergaon H5  Chondrite:
Evidence of Aliphatic Organic Compound

The elemental composition of Dergaon H5 chondrite was
determined by X-ray fluorescence (XRF) using the Dhajala
(H3) meteorite as a standard. The classification, petrological
and chemical characteristics of the Dergaon H5 chondrite has
been reported by Shukla et al (2005). The compositional result
of this study shows good agreements with the results of Shukla
et al. The fosterite and fayalite compositions are Fo80 and Fa19.33

respectively. Pyroxene composition of is approximately
Enstatite, En80 Wo3  Fs16.9.  The infrared spectrum of the
meteorite reveals a number of absorption bands in the 10ìm
(800-1150cm-1) and 20ìm (400-700cm-1) and it indicates the
presence of silicates in the sample. The free SiO4 ion has
exhibit four fundamental vibrational modes: a symmetric stretch
(v1); a symmetric bend (v2); an asymmetric stretch (v3) and an
asymmetric bend (v4). The strong bands in the 10ìm (800-
1150cm-1) region is identified as Si-O stretching and the bands
present in the 20ìm (400-700cm-1) region is assigned as Si-
O-Si bending vibrations. The bands found in the decreasing
intensities in the Si-O stretching region and the Si-O-Si bending
vibrations at  1057, 1006, 982, and 507 cm-1 is identical to the
bands of fayalite (Fe2SiO4) (Fa19.33), the bands found at 469,
507, and 1006 cm-1 is identical to the bands of forsterite
(Mg2SiO4) and the bands found at 507, 537, 723, 982, 1006,
1057 and 1126 cm-1 are identical to the bands of enstatite
(Mg2SiO3) (Gadsden,1975). The band found at 504 cm-1 can
be interpreted as Si-O and Mg-O vibration modes in enstatite
(MgSiO3) with slight shifts in the matrix (Nakamoto 1978). The
petrologic type-5 chondrites have two strong peaks at 982cm–

1 and 537 cm–1 which may be related to Fe-O and Mg-O
stretching modes (Nyquist et al 1971). In the infrared spectrum,
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the Si-O asymmetric stretching vibration (TO2-T2O5) is
observed in between the peaks 1006-1126 cm-1. In between
the peak position 982 cm-1 and 890 cm-1 we observed the  Si-
O asymmetric vibration (TO3) and (T2O7- -TO4) respectively.
In the bending vibration region, the symmetrical bending
vibration of O-Si (Al)-O is observed at the peak position 687
cm-1. Another peak is observed at 469 cm-1 which is due to
Si-O-Si bending vibration. We observed some trace around
3600-3700 cm-1 region which may be due to O-H stretching of
structural hydroxyl features of phyllosilicates. Generally,
OH groups reside at the octahedral surface of the layers and
forms weak hydrogen bonds with the oxygen of the Si-O-Si
bonds on the lower surface of the octahedral plane (Madejova
et al 2001). The presence of very week band at 1650 cm 1 is
attributed to H-O-H bending vibration.   Another strong peak
at 3430 cm-1 is arising due to the dissolved volatile species.
We observed presence of trace of organic compound in the
meteorite, which is characterized in the  spectral region around
2800-3000cm-1, which is generally not observed in the
meteorites of this type. The FTIR approach shows the organic
material present in Dergaon is aliphatic functional groups
CH2 and CH3.

 (Bhaskar J. Saikia1,  G. Parthasarathy and  N. C. Sarmah1)

1Department of Physics, Dibrugarh University, Dibrugarh-786 004

2.13 AGE CONSTRAINTS ON THE ARCHAEAN TO
NEOPROTEROZOIC CRUSTAL EVOLUTION IN THE
EASTERN DHARWAR CRATON, SOUTHERN INDIA

2.13.1 Feisotope compositions of 1.85 Ga Flin Flon
paleosol, Canada

Paleosols yield important information regarding atmospheric
oxygen evolution during the early history of the earth. In order
to understand the implications of Fe mobilization during the
changing redox conditions in the Precambrian, Fe isotope
compsotions of Precambrina paleosols have been taken up
at our MC-ICP-MS laboratory. The ~ 1.85 Ga old Flin Flon
paleosols – youngest among the Paleoproterozoic preserve
evidences such as Ce anomalies   and complete Fe, Mn
retention   indicating high atmospheric oxygen levels. In this
work, we carried out Fe isotope analysis on Nu (HR) MC-ICP-
MS at LAM-MC-ICP-MS laboratory, NGRI to look for evidences
of Fe mobilization. We have analzyed paleosol samples along
with those overlying as well as underlying the profile (Fig.2.27).
The samples have been analyzed in sample-standard
bracketing mode using IRMM-014 as the standard. The internal
precision obtained on standard IRMM-014
is  ±0.07  ‰ (2ó).

The paleosol samples from the top of Flin Flon profile yield
d56Fe values close to 0 ‰ IRMM-014, while the sample

Fig.2.27  Lithological profile across the Flin Flon paleosol

overlying the paleosol profile and those underlying it are
enriched in heavier Fe isotope (δ56 Fe > 0.2 ‰). Significantly,
no fractionation in Fe isotopes is observed within the paleosol
profile. It may be noted here that all the pre-1.85 Ga paleosols
such as Mt. Roe (~2.7 Ga), Cooper Lake (~2.45 Ga) and
Gaborone (~2.25 Ga) show enrichment of heavier Fe isotopes
towards the top of the profile resulting in δ56Fe values of ~ 1
‰ due to the preferential loss of 54Fe during anoxic weathering.
Such absence of fractionation in Flin Flon paleosols indicates
complete oxidation of iron corroborating with other
geochemical evidences. Further detailed Fe isotope analysis
in the entire paleosol profile is under progress.

(Bulusu sreenivas, Takashi Murakami1, Y.J. Bhaskar Rao,
B. Vijaya Gopal )

1 Dept. of EPS, The University of Tokyo.

2.13.2 Rare minerals and PGM’s in Chromitite of Bangur
Gabbro, Orissa

Samples collected from the Bangur chrome mine of the (Orissa
Mining Corporation) in the Baula Nuasahi complex were
studied for their mineralogy, including platinum group minerals
(PGMs). Field Emission Scanning electron microscopy
(FESEM) and Electron Micro Probe (EPMA) studies on
chromite show, the presence of exotic and rare mineral
inclusions of: zircon, galena (Fig. 2.28), and antimonides.
Platinum group minerals, PGMs: laurite, ruarasite, omeiite and
isoferroplatinum. The mineral inclusions are polygonal to
circular with radial cracks that project into the enclosing
chromite. They vary from few microns upto 20 microns. The
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PGMs contain Ru, Os, and Ir and are concentrated in chromite
and at the grain boundaries of base metal sulphides. These
inclusions are always associated with chromite. Here we
summarize the findings of these rare exotic minerals from
Bangur, Orissa. It is envisaged that only a detailed study can
lead to the understanding of this exotic minerals and in future
studies for unravelling the tectonometamorphic history.

(PV Sunder Raju, EVSSK Babu and YJ Bhaskar Rao)

2.13.3 Mantle xenoliths from the Kodamali kimberlite
pipe, Bastar Craton, Central India: Evidence for
decompression melting and crustal contamination
in the mantle source

Rare features of decompression melting of garnet lherzolite
xenoliths from the Kodamali kimerlite pipe, Mainpur Kimberlite
field (MKF) of the Bastar Craton, Central India were observed
(Fig.2.29). MKF has several diamondiferous kimberlites of
which the Kodamali kimberlite pipe sampled several suites of
mantle-derived mafic and ultramafic xenoliths. The garnet-
lherozlite xenoliths have a mode of 15% garnet (8% Cr2O3),
30% olivine (Fo91), 25% cpx (2-4% Na2O), 12% opx
( Mg # 0.89) with 15% melt and 3% secondary Cr-spinel. Most
of the garnet grains in the host lherzolite show extreme
resorption textures with atleast two glassy zoned rims with
increasing K2O and decreasing MgO content from internal to
external zones suggesting metasomatic changes during the
ascent in the kimberlite magma. Such glassy zones are also
dusted with minute (20-200 micron) Cr-spinel grains.

Application of the equilibrium thermodynamics with the core
composition of the different phases indicate P-T range of
1140-1270°C and 4.3-4.7 GPa suggesting their deep origin.
The melt pockets show glassy matrix with crystallites of olivine,
clinopyroxene and phlogopite and secondary Cr-spinel. The
formation of Cr-spinel within the glass pockets (Fig2.30)
suggest the melting of the xenoliths in a rising kimberlite
column close to the garnet spinel transition in the sub-
continental lithospheric mantle. Presence of high Ba (4-9%)
apatites and phosphatic glass (Fig.2.30) slivers interstitial to
large pyroxene grains in some of the garnet-free lherzolites
from the Kodamali kimberlites further indicates assimilation
of the crustal components in the subcontinental lithospheric

Fig. 2.28 BSE image of chromite showing inclusions of zircon, galena and
PGM.

Fig. 2.29  False colour BSE image of the recrystallised melt pockets in the
garnet-lherzolite xenolith from the Kodamali kimberlite pipe, Bastar
Craton, Central India.

Fig. 2.30 BSE image of the phosphatic glasses (light grey) interstitial to the
large clinopyroxene grains (dark grey) from the garnet-lherzolite
xenolith from the Kodamali kimberlite pipe, Bastar Craton, Central
India.
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mantle (SCLM) of the Bastar Craton. Our data suggest that
the Central Indian SCLM sampled by the Kimberlite magma
were enriched with ancient crustal components prior to melting.

(E.V.S.S.K. Babu, Y.J. Bhaskar Rao, D. Mainkar1,
J.K. Pashine1 and R. Shrikant Rao1 )

1Directorate of Geology and Mines, Raipur .

2.13.4 Widespread intracrustal melting and the
generation of charnockites in the Neoproterozoic
Madurai Block, South India

The Precambrian Southern Granulite Terrain (SGT) of South
India is a collage of discrete crustal blocks that are divisible
broadly into Archaean and Proterozoic terrains based on
regional granulite facies metamorphism at ca. 2.5 Ga and ca.
0.5 Ga. The Madurai Block (MB) represents the largest
Neoproterozoic terrain across the crustal-scale Palghat-
Cauvery shear zone system (PCSZ) with widespread
calcalkaline felsic magmatism between ca. 0.75 - 0.56 Ga.
The crustal history of the MB region is directly relevant to the
elucidation of the Neoproterozoic assembly of the Eastern
Gondwana Supercontinent. Here, we present a large data set
of major and trace element geochemical data for charnockite
orthogneiss samples from across the MB, together with Sr-
Nd isotopic compositions in an attempt to constrain the magma
genesis and emplacement conditions.  The Neoproterozoic
charnockites of the MB range from quartz monzonite to
monzogranite with minor tonalite and granodiorite. The suites
are calc-alkaline, metaluminous to weakly peraluminous and
show a similar range of enrichment and fractionation of LREE
and HREE. Fe-Ti oxide and apatite saturation temperatures
at 7.5 kbar suggest high-melting temperatures (800-1080°C).
Interestingly however, charnockites along an ~10 km-wide belt
straddling the Karur-Oddanchattram-Kodaikanal Shear Zone
(KOKSZ) yield Middle Archaean Nd-model ages (3.2.3.0 Ga)
and show either negative or no Eu-anomaly, while elsewhere
throughout the MB, the charnockites show prominent negative
Eu anomaly and relatively younger model ages (2.8-1.8 Ga).
The Sr and Nd isotopic correlations present consistent
hyperbolic mixing trends between two end-members; a juvenile
mantle material and ancient contiental crust characterised by
low eNd and highly radiogenic 87Sr/86Sr. This supports tectonic
processes invoving arc magmatism and intra-crustal melting
that can be linked to the broad picture of the Neoproterozoic
terrane accretion in Eastern Gondwana across the Pan-African
Orogen. Thus, the MB could represent the deep-section of a
collisional orogen, where the PCSZ as well as the less known

KOKSZ could represent Palaeo sutures or manifestations
thereof. (Fig. 2.31a)

(J.K. Tomson, Y.J. Bhaskar Rao, T. Vijaya Kumar and
A.K. Choudhary1)

1Institute Instrumentation Centre, IIT-Roorkee, India

2.13.5 Role of deep crustal contamination in the genesis
of Perinthatta anorthosite massif, South India

The southern granulite terrain (SGT), south India, is an
ensamble of Precambrian granulite terrains separated by
Neoproterozoic shear systems. The Perinthatta anorthosite
massif (PAM, Fig. 2.31b) is a ~ 60 sq. km elliptical body,
emplaced within the Archaean granulite domain of the SGT
along the Bavali-Moyar shear zone system. Spatially, the PAM
is associated with Archaean charnockites, pyroxene granulites
and presumably Archaean metasediments-the Wynad schist
belt. Previous studies suggest that the PAM could be broadly
coeval with several small discrete bodies of gabbro,
granophyre and syenite localised along the Bavali fault, but
their precise age and genetic linkage remain ambiguous.
Within the PAM, the lithology comprises a gradation from
anorthosite to gabbroic (noritic) anorthosite and anorthositic
gabbro, with variable proportion of plagioclase (An50-65),
interstitial high- and low- Ca-pyroxenes, Fe-Ti oxides, apatite,
olivine, biotite and hornblende. The rocks exhibit relict primary
high-T exsolution and reequilibration textures suggesting initial
crystallisation at deep crustal levels (~30 km, 9-10 kbar),
emplacement at shallow crustal levels (~15 km, 5-6 kbar)
followed by granulite facies metamorphism (ca. 700-800°C
and 7-10 kbar). An Sm-Nd isochron for nine whole rocks (wr)-
two pyroxene-two plagioclase separates yields an age of
635±40 Ma (2ó), (MSWD=2.1), 143Nd/144Ndi = 0.51146±
0.00003 (åNd = -7.0±1). Additionally, 3 point (wr-pyroxene-
plagioclase) regressions for two other samples yield distinct
ages and Ndi: 705±75 Ma, åNd = -5.5 ±1.9 and 558±62 Ma,
åNd = - 3.55±1.6.

We interpret the 635 Ma wr-mineral isochron age as the time
of emplacement of the massif, while the 558 Ma age
corresponds to its metamorphism. The 635 Ma age is in
agreement with the 750-560 Ma ages for several pre-collision
calc-alkaline and alkaline mafic-felsic intrusions in the SGT
and some anorthosite complexes elsewhere in the E.
Gondwana (e.g. 660±60 Ma Saririaky anorthosite,
Madagascar). The consistency of low åNd of all the samples
and the corresponding TDM ages between 1.6 to 1.8 Ga suggest
significant contamination of mantle melts by ancient crust at a
lower crustal regime.
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Fig.2.31 (a) Simplified geology of Southern Granulite Terrain, highlighting
major outcrop of charnockite gneisses. (b) Geological sketch of
Perinthatta anorthosite massif (PAM) also located on Fig. 2.31a.

(T. Vijaya Kumar, Y.J. Bhaskar Rao, J.K. Tomson,
A.K. Choudhary1 and Anil Kumar)

1Institute Instrumentation Centre, IIT-Roorkee, India

2.14 PETROLOGY, TRACE, REE AND ISOTOPE
GEOCHEMISTRY  OF INTERPOLATE MAFIC-
ULTRAMAFIC MAGMATIC ROCKS  INDIFFERENT
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 .

2.14.1 PGE Geochemistry of Kimberlites from
Anantapur area, Dharawar Craton, Southern India

With the modified method developed for the determination of
PGEs  in kimberlites at low concentrations, 17 samples of
kimberlites from different clusters in Aanatapur area were
analysed for the determination of Ru, Rh, Pd, Os, Ir, Pt and
Au together for the first time to understand the PGE
geochemistry of Southern Indian Kimberlites. The average
SPGE in Southern Indian kimberlites is found to be 47 hg/g
(Wajrakarur Cluster, Lattavaram Cluster, Chigicherla Cluster,
Kalyandurg Cluster and Timmasamudrum Cluster), which is
higher compared to South African kimberlites. From the
present study, it has been observed that small (yet significant)
correlations exist in between inter-element noble metals in
kimberlites. Southern Indian kimberlites show relatively high
concentrations of HTPGE and PGE patterns which are not
strongly fractionated in most of the pipes. The chondrite-
normalised PGE patterns obtained from different clusters of
kimberlites from Anantapur area reveal consistent shapes and
features: negative Ir anomaly and positive Rh anomalies in
most samples, accompanied by slight to pronounced negative
Pt anomalies. Pd/Ir ratios, a measure of the overall pattern
slope, range from almost chondritic (1.32) to slightly
fractionated relative to chondrite (7.12) in most of the kimberlite
samples, with little higher values upto 11 in Pipe 2 and KL-4,
but CC-3 shows exceptionally high ratio (Fig.2.32). The PGE
ratios of the kimberlites compared with other upper-mantle-
derived rocks using a Pd/Ir vs. Ni/Cu plot Ni/Cu ratios in all
the kimberlites fall in the same range as komatiites. HTPGE
concentrations in kimberlites significantly exceed the
concentrations found in oceanic and continental basalts and
overlap the range of concentrations found in komatiites and
also mantle peridotites (Fig. 2.33).

The most important constraints drawn from this study on PGE
behaviour during the generation of kimberlitic magmas is that:
(i) kimberlites contain relatively high concentrations of HTPGE
and primitive signatures relative to other mantle melts, (ii)
Cratonic Group I kimberlites in particular show high
concentrations of PGE in comparison with other rocks with
elevated Cu/Pd values(e.g., MORB), and (iii) kimberlites (such
as the cratonic Group I intrusions) display consistent signatures
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which show little variation, even with changes in the major
element chemistry. From these observations, it can be stated
that the PGE signatures of cratonic kimberlites intruded in the
Eastern Dharwar Craton are depleted, PGE poor and primitive
in nature and resemble similarity with the PGE signatures of
South African cratonic kimberlites (Fig.2.32). Compared to the
South African Kimberlites, South Indian kimberlites show
slightly higher absolute concentrations of PGE. Primitive PGE
component has been retained in most of the pipes and can be
related to the presence of a primitive component concentrated
in the old (predominantly Achaean) lithospheric mantle.

2.14.2 Basic and andesitic volcanism in Barren and
Narcondam Islands :

The eastern margin of the Indian plate is marked by the
Andaman-Nicobar group of islands, which is an integral part
of the Sunda-Burmese double chain arc system in the Bay of
Bengal, of which the inner volcanic arc is characterized by
Barren and Narcondam islands.  In collaboration with IIT,
Mumbai, a visit to Barren and Narcondam islands was made
possible through the Indian Coast Guard for geological studies
and collection of rock samples. The Barren island is composed
of basic volcanics of different ages erupted in recent times. In
this island, basic volcanics of two different ages are abundant
(a) the ancient volcanics which are mostly confined to the
periphery of the island and (b) a later one erupted in 2005
which is exposed in the western part of the island (Fig. 2.34).
Both of these lava flows are porphyritic in nature showing
plagioclase and pyroxene  phenocrysts/microphenocrysts of
varying sizes in a fine-grained groundmass.

Microscopically, these lavas are composed of plagioclase,
clinopyroxene and olivine microphenocrysts set in fine-grained
groundmass. Plagioclases are euhedral to subhedral in shape
and show zoning (Fig. 2.35) and polysynthetic twinning. The
grain boundaries of plagioclase and pyroxene often show
resorbed boundaries   (Fig. 3.36). Olivine microphenocrysts
occur as subrounded grains. The groundmass is composed
of glass, microlites of plagioclase, minute crystals of
clinopyroxene and opaques. The major element composition
of these lavas suggests that they are basalt and basaltic
andesite in nature, as the silica concentration ranges from
49.80 to 55.13 wt %. These lavas are also characterized by
high Al2O3 (16.53 to 19.68 wt %), low TiO2 (0.74 to 1.02 wt %)
and total iron (7.43 to 8.55 wt %) suggesting their affinity with
island arc lavas.  Further, the elemental abundance in these
lavas is almost similar to those basalts and andesites reported
to have erupted in recent times in this island, thus suggesting
their derivation from a similar magma source.

Fig 2.32 Rock/chondrite normalised PGE pattern of kimberlites from the
present study. (Data for South African kimberlite from McDonald et
al., 1995. Chondrite values from Sun and McDonough, 1989.)

Fig 2.33 Metal ratio diagram of Pd/Ir vs. Ni/Cu for kimberlites and other
mantle-derived melts (after Barnes et al., 1988). Some kimberlites
lie below the field for komatiites and show very primitive Pd/Ir ratios.
The mantle and podiform chromitite fields are taken from Barnes et
al. (1988). Data for the mantle melts as follows: komatiites (Crocket
and MacRae 1986; Briigmann et al., 1987; Dowling and Hill, 1992);
kimberlites (This work).

Fig 2.34 Field photo showing ancient volcanics And 2005 lavas in Barrens
Island

2005 Erruption

Ancient volcanics
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2.14.3 Igneous Complex of Phenai mata :

The igneous complex of   the Phenai mata hill of Gujarat in
the basaltic terrain of the Deccan Volcanic Province (DVP),
which is nearly 1200 ft high, is considered to be composite
metamorphosed plug. It is successively filled by basalt, gabbro,
granophyre and nephelene syenite of successively of younger
age. The gabbro is layered in nature, which is possibly due to

Fig. 2.35 Photo micrograph showing zoned plagioclase phenocrysts in the
2005 lava.

Fig. 2.36 Photo micrograph showing Plagioclase, Cpx and olivine-
microphenocrysts with resorbed boundaries in 2005 lava

(S.H. Jafri, D. Srinivasa Sarma, T. Gnaneswar Rao,
S.L. Ramesh, A. Keshav Krishna and J.N. Akther)

the rythmic layering of gabbroic anorthesite layers. Field
studies were carried out on these lithologies and suitable
samples for petrographic and laboratory studies were
collected. Emphasis is placed on gabbroic rocks to ascertain
the petrogenetic aspects and PGE geochemistry. The gabbros
are medium to coarse grained showing cumulate textures and
consist of olivine, CPX, OPX, plagioclase. The main accessory
phase is biotite, locally replacing CPX.  Modal abundance of
biotite may not exceed 1% and shows brown pleochroism.
Some gabbroic rocks donot contain opaque minerals. The
modal abundance of olivine and biotite is variable among
different gabbroic rocks (Fig-2.37,2.38)

Fig.  2.37 Photomicrograph of gabbro from the  Phenaimata igneous
complex showing cumulous textures

(M.V.Subba Rao and K.Suresh)

Fig.2.38 Ternary diagram depicting the “mafic cumulates” nature of the
gabbros.
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2.14.4 Nature of Intrusive Magmatic activity associated
with Deccan Continental Flood Basalt sequences
of Southern Saurashtra region in Western DVP

Ultramafic dykes (coarse-grained porphyritic Ol-Cpx-Amp-Plag
bearing (Ankaramite dykes) (Fig. 2.39B), Olivine dolerites and
Olivine bearing pyroxenites 2) Fine-grained basaltic dykes
(massive/glassy type) 3) Fine-grained leucocratic
microporphyritic monzodolerite (Fig. 2.39.D) 4) Normal
dolerite-gabbro dykes,  5) Olivine bearing leucogabbro/
essexite pluton (Fig. 2.39C)  6)  Alkaline lamprophyric/
nepheline. Syenite dykes associated with Girnar Layered
Igneous Complex (GLIC) occur in Saurashtra region in WDVP.
The ultramafic dyke swarms occurring to the east of Girnar
Massif show consistent E-W trends and are emplaced into
the Deccan basaltic flows. These ultramafic dykes exhibit
abundant olivine, cpx, calcic plagioclase and opaques such
as minor chromite and magnetite (Fig 2.39A). Olivine shows
mostly forsterite compositions (XMg= 0.91). Plagioclases are
calcic in nature and show bytownite compositions (XAn= 84 to
88). These dykes are characterized by the presence of high
MgO (9.5 wt % to 13.5 wt %); Cr (1996 ppm) and Ni

(185 ppm). REE patterns of these rocks exhibit slight LREE
enrichment and flat HREE patterns indicating their derivation
from enriched mantle sources (Fig. 2.40). The alkaline
magmatic activity in Girnar complex is represented by number
of very thin lamprophyric and basaltic dykes emplaced in the
GLIC. In lamprophyric dykes, cpx occurs as small rounded to
prismatic crystals which show characteristic oscillatory zoing
(XMg= 0.65-0.77). Amphiboles are calcic variety and show XMg

values in the range of 0.48 to 0.65. XAn in plagioclase varies
from 25 to 96. These lamprophyric dykes have higher
concentrations of alkalies (Na2O + K2O= ~8 wt 5); Al2O3

(16.9 wt %) and Ba (1622 ppm), Sr (1487 ppm) and total REE.
The characteristic presence of several intrusive magmatic rocks
such as essexite pluton, ankaramite variety of dykes, olivine
bearing ultramafic layered sills coupled with the presence of
characteristic positive gravity anomalies in Atkot-Jasdan region
in southern Saurashtra (north of Amreli) indicate the prevalence
of underlying subsurface high density upwelling mantle which
is very significant in the regional tectonic framework of western
India. This observation is also substantiated by the geochemistry
of these unusual ultramafic intrusives which show characteristic
plume-type magmatic signatures.

Fig 2.39: Photomicrographs of a variety of ultramafic to intermediate dykes in Jasdan area.

(A)  Olivine dolerities

(C) Essexite

(B) Ankaramite dykes

(D) Monzodolerites
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(D. V. Subba Rao, V. Balaram, T. Gnaneshwara Rao,
E. V. S. S. K. Babu, Rajeev Menon, A. Keshavakrishna,
Himanshu P.A. Topnov and B. Madhu Kumar)

2.14.5 Geology, Petrology and Geochemistry of Picrite
Basalts from Igatpuri area in Western Deccan
Volcanic Province

Mg-rich, silica poor picrite basalts have limited occurrence
when compared to the voluminous occurrence of basaltic flows
within the Deccan Volcanic Province (DVP). An attempt has
been made to study these picrite bodies in terms of their
mineralogical and geochemical characteristics with special
emphasis on PGE metallogeny. In Igatpuri area in the western
lava pile of DVP, five formations covering the older to younger

stratigraphic sequences (viz., Jawhar, Igatpuri, Thakurvadi,
Bhimshankar and Khandala) are exposed. The picrite basalt
lava flows studied form part of the Thakurvadi formation and
are located in Warangushi area in the Igatpuri- Kalusubai
section in western DVP. These picrite basalts are mostly
altered, medium to coarse grained, compact and porphyritic
in nature. Petrographically this flow is characterized by the
presence of phenocrysts of olivine, cpx and plagioclase which
are set in the mafic rich groundmass (Fig.2.41). Chemically
this flow is characterized by high MgO (12.2 to 14.8 %), Fe2O3

(T) (14.7 to16.8 %) and low K2O (0.3 to 0.5 %), TiO2 (1.2 to 1.5
%) and P2O5 (0.16 to 0.19 %). Some of the trace elements like
Rb, Ba and Zr are also low, with concentrations ranging
between 3.7 to 9.3 μg/g, 70 to 90 μg/g and 68 to 81 μg/g
respectively. The concentrations of Cr and Ni range from 285
to 417 μg/g and 76 to 156 μg/g respectively. “REE in these
picrites range from 55.7 to 89.9 μg/g. The noble metal
geochemistry of these picrites, studied for the first time, shows
“PGE upto 50 ng/g. Chondrite normalized REE patterns show
slight LREE enrichment and sloping HREE with absence of
significant Eu anomaly (Fig. 2.42a). The fractionated REE
patterns exhibited by these picrites are in contrast to those of
normal tholeiitic basalts which generally show flat REE
patterns. Similarly, the primitive mantle normalized PGE
patterns also show fractionation of PGE (Fig.2.42b), which is
also reflected by the high Pd/Ir ratios (13 to 33). The field,
petrological and multi-element geochemical data presented
above suggests that these rocks are favourable targets for
PGE mineralization studies. Detailed follow up mineralogical
and geochemical studies of these picrites are in progress.

Fig 2.40: REE patterns of the ultramafic olivine bearing high MgO dykes.

   Porphyritic Olivine and Plagioclase. Porphyritic Olivine and Cpx..

Megacrystic Cpx. Megacrystic Plagioclase

Fig. 2.41
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(Ramavati Mathur, V. Balaram, D.V. Subba Rao,
S.N. Charan, T.G. Rao, S.S. Sawant and S.F.R. Khadri1).

1PG Dept. of Geology, Amaravati University, Maharashtra.

2.14.6 Geological and geochemical studies in Kadiri
greenstone belt, eastern Dharwar craton, India

Recent geochemical studies have documented several new
rock types from few Neoarchean greenstone belts of Dharwar
Craton that were not recognized earlier due to lack of high
precision analytical data.  Different types of basalts with specific
trace element signatures resembling to those of basalts
generated in island arc environment were considered to have
been accounted for the interaction of mantle wedge and
subducting slab.  The existence of Archean suits that resemble
with Phanerozoic analogues demonstrate that similar type of
petrogenetic processes have produced these basalts which
inturn reflect on plate tectonic processes operated during
Archean. Recent geochemical studies carried out on selected
mafic and felsic rocks from Kadiri greenstone belt have
documented the existence of arc basalt-Nb-enriched basalt-

Fig. 2.42 (b)

adakite & andesites-Mg-andesites association in this belt
(Fig. 2.43).  Basalts are of two types that are Mg-tholeiitic to
Fe-Tholeiitic in composition (MgO= 5.7 – 6.9 wt%, low TiO2

(<1 wt%), Fe2O3 (8 – 18.2 wt%) and high TiO2 (>1wt%), and
variable Nb (3 –15 ppm) characterized by fractionated REE
patterns and negligible HFSE depletion and negative Zr-Hf
anomalies on primitive mantle normalized plots.  Although Nb-
enriched basalts have many compositional similarities with
other basalt group of this belt, they are distinguished by high
(Nb/Th)pm and Nb/La)pm and are consistent with greater
incompatibility of Zr over Hf and Nb relative to Ta during the
melting of upper mantle,  and the depletion of HFSE relative
to LILE and LREE in subduction magmas is attributed to their
removal from mantle wedge due to prior melt extraction events.
The intermediate volcanic rocks of this belt are compositionally
similar to the Cenozoic adakites and Archean high Al-TTG
and posses high Al, La/Yb and low Yb, Y and Zr/Sm. The
Neoarchean adakites-Nb enriched basalt-arc basalt
association implies Cenozoic type of convergent margin
processes in Kadiri greenstone belt of Dharwar craton. The
andesites and Mg-andesites of Kadiri belt display variable
MgO, and uniform Fe2O3, Al2O3, TiO2, Nb at moderate
concentrations of SiO2 (58-61 wt%), K2O (1.5-4.0 wt%), Na2O
(1.9-3.9 wt%),  fractionated REE patterns  with negative Nb,
Zr, Ti and V anomalies on Primitive mantle normalized plots.
The volumetrical rarity of These Mg-andesites in the modern
Earth is considered to have been contributed greatly to the
formation of continental crust.

    They are generated by the hydrous partial melting of
peridotite in the upper mantle fluxed by the slab derived fluids.
It is suggested that the dynamic interaction between
subductiong young plates or spreading centres and island arc
in convergent margins generated these rock types.

(C. Manikyamba, Tarun C. Khanna, V. Balaram,
T. Gnaneswar Rao, K. Raju., P.K. Prachiti and     A. Kesava
Krishna)

 Fig 2.43

Fig. 2.42 (a)
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2.14.7 Geological studies of the mafic and ultramafic
rocks from the Mauranipur – Babina section of
the Bundelkhand craton

The Bundelkhand craton occurs as a semicircular massif
overlain by the metasedimentary rocks of the Bijawar and
the Gwalior group in the south and the north respectively.
Field work was carried out in the Babina and Mauranipur
sectors with an objective to study the PGE enrichment of the
mafic and ultramafic exposures in this belt.  The highly
metamorphosed mafic and ultramafic rocks of the Mauranipur
and Babina sections have been encountered at the contact
of high grade metamorphites of the Bundelkhand Gneissic
complex and in the lower part of the banded magnetite
quartzite in the Bundelkhand metasedimentary and
metavolcanic zone. Rock samples for geochemical analysis
/ PGE analysis were collected from outcrops that were least
weathered. The supracrustal rocks occur along the shear
zones in younger granitoids near Babina. This Archaean
supracrustal belt is basically composed of low grade
metasediments represented by Banded Magnetite Quartzite,
felsic volcanics, quartzites, schists, amphibolites etc. The
ultramafic sequences are highly weathered and appear
exposed as lensoidal bodies. These outcrops have been
invaded by the Bundelkhand pink granitoids at some places.
Geochemical analysis and petrographic studies to
characterize the ultramafics and quantify the PGE enrichment
are in progress.(Fig 2.44)

2.14.8 Boron and Arsenic in highly evolved Archean
felsic rocks: Implications for Archean subduction
processes.

Systematic database for concentrations of fluid mobile
elements (Li, Be, B, and As) in 60 Archean granitoids, spanning
~3.8 to ~2.5 Ga in age is generated. The behavior of the very
fluid mobile B and As relative to the similarly incompatible Be
and Pr, demonstrates that two end-member types of Archean
felsic magmas existed. Those with low fluid mobile element
abundances have the steepest La/Yb, lowest W/Th and highest
Nb/Ta and Sc concentrations, features compatible with an
origin as direct slab melts that ascended through the mantle

(Rajeev Menon, M.Satyanarayanan, V.Balaram and
Anjaiah.K.V.)

Ultramafic Exposures Banded Iron Formations Invasive pink Granite

(Western Dharwar Craton, Greenland and Wyoming TTG).
On the other end of the spectrum are TTG with strong B and
As enrichment, which cannot be distinguished from modern
arc melts (TTG from Abitibi and Eastern Dharwar Craton
(EDC); felsic volcanic rocks from EDC) except for their high
La/Yb. In between these extremes are TTG that share some
characteristics with each end-member. These could have
formed by melting of underplated basaltic eclogite at the base
of the crust, in mantle above (hot) subduction zones where B
and As were lost at too shallow depth, or they could represent
differentiates from very hydrous basaltic precursors in which
garnet and plagioclase replace olivine and pyroxene as the
earliest crystallizing phases.

(M. Ram Mohan, Balz, S. Kamber1 and Stephen,
J. Piercey1)

1Dept. of Earth Sciences, Laurentian University, Sudbury,

Canada.

2.14.9 Timing of gold mineralization at Hutti gold
deposit, Karnataka, 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 facies.
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 2-10 m thick, boudinaged
veins have been mined to a depth of over 810 m. There is free
gold in the veins, alteration haloes and gold is also spatially
and temporally associated with quartz veins and disseminated
pyrite and arsenopyrite which, in turn, show a close association
with hydrothermal monazite and xenotime in the biotite-
plagioclase wallrock alteration around veins.

The history of volcanism, granitic magmatism and gold
mineralization is defined by U-Pb geochronology of magmatic
zircons and hydrothermal monazite and xenotime. The felsic
volcanic host rocks have a U-Pb zircon age of 2587 ± 7 Ma,
about 40 million years older than the age of gold mineralization
at 2547 ± 10 Ma (Fig. 2.45) determined from hydrothermal
monazite (Fig. 2.46). The syn-tectonic Kavital granitoid has a
U-Pb zircon age of 2545 ± 7 Ma, indistinguishable from that of
gold deposition, consistent with structural interpretations. As
the Ramagiri and Kolar gold deposits elsewhere in the Dharwar
Craton are considered to have a similar structural timing, the
Hutti geochronology suggests that Dharwar orogenic gold
mineralization occurred some 80-120 million years later than
widespread world-class orogenic gold mineralization and
postdated cratonization in most other cratons.

Fig 2.44
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Fig. 2.45 Concordia diagram for hydrothermal monazite from Hutti gold
deposit. Shaded ellipses: highly discordant or high common Pb data
not included in age

Fig. 2.46 Backscattered SEM image of monazite grain after SHRIMP
analysis, circles shows the SHRIMP analytical pits.

(D. Srinivasa Sarma, Neal J. McNaughton1, Ian R. Fletcher1,
David I. Groves1, M. Ram Mohan and V. Balaram).
1University of Western Australia, Australia.

2.14.10 Geochemical studies in Gadwal greenstone belt,
eastern Dharwar craton, India.

Gadwal belt consists of a wide spectrum of island arc volcanic
rocks such as boninites, Mg-andesites, Nb-enriched basalt
and adakites along with, basalt, andesite, dacite, rhyodacite
and rhyolite. On the basis of major, trace and rare earth
element (REE) the andesites of this belt have been classified
into 1) high Mg-andesites with MgO 5-7 wt%, SiO2 ~59 wt%,

fractionated REE (La/Yb)N ~9 and sub chondritic Nb/Ta ~5; 2)
Mg-andesites including transitional type adakites with 3-5 wt%
MgO at SiO2 ~ 62 wt%, fractionated REE (La/Yb)N ~9-20 and
super chondritic Nb/Ta ~36; and 3) normal calc-alkaline
andesites with 2-4 wt% MgO at ~ 64 wt % SiO2, fractionated
REE (La/Yb)N ~14 and near but, sub chondritic Nb/Ta ~12.
These three distinct groups of andesites collectively exhibit
Mg# > 0.5 and super chondritic Zr/Hf > 40.  Petrographically
these andesites exhibit porphyritic texture and are essentially
composed of amphibole, plagioclase, K- feldspar, biotite and
quartz with, titanite + zircon + apatite and opaques as
accessory minerals. These andesites have higher contents of
both fluid-mobile (Cs, Rb, Ba, K, Sr, Th, U) and relatively fluid-
immobile (Ti, Nb, Ta, Zr, Hf, Y and REE) incompatible elements
and the geochemical observations favor slab dehydration
rather than sediment melting (if any) overlying the subducted
slab. The geochemical characteristics of these magnesian
andesites resemble with Mg-andesites from late Archean
Wawa greenstone belt, Superior Province, Canada. It is
proposed that these magnesian andesites have been derived
by the partial melting, at a shallow depth, of a metasomatized
mantle source (possibly boninitic) hybridized by the adakitic
slab melts, and normal calc-alkaline andesites by the partial
melting of fluid fluxed mantle wedge in the sub-arc mantle
(Fig. 2.47). The geochemical compositions of GGB andesites
are similar to the Bulk estimates of the continental crust, and
these observations endorse the emergence of complex style
of arc magmatism, possibly triggered by ridge subduction,
consequently higher geothermal gradients conducive for the
generation of arc magmas eventually leading to subduction-
accretion processes that  significantly contributed to  the growth
of continental crust in the eastern Dharwar craton during the
Neoarchean. Fig 2.47

Fig 2.47

(Tarun C. Khanna, C. Manikyamba,V. Balaram,
P.K. Prachiti and K. Raju)
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2.14.11 Preliminary geochemical studies on sedimentary
horizons of the lower Gondwana from the
Sattupalli coal field, Godavari Valley, India.

Detailed major, trace, rare earth, gold and platinum group
element (PGE) studies have been conducted on sandstone-
carbonaceous clay- coal samples collected from Sattupalli
opencast mine. Carboneceous shale and coal constitute the
coal seams in this area. The Sattupualli coal bearing horizons
is a part of Barakar formation present within Godavari graben.
These economically significant coal seams constitute an areal
extent of ~100 sq km near Sattupalli. According to GSI drill
cores, the coal seams are intersected at a depth of 325 m and
the coal is of class III and IV type. There are two types of
faults observed by previous workers 1) NW – SE trending
longitudinal fault (basin marginal faults) 2) NE – SW trending
(transverse faults). These transverse faults are post Gondwana
and have affected all the Gondwana Formations of the sub-
basin. Within the mine area, ~4mm thick Sulphur coatings are
in the form of elongated veins, disseminations and
segregations. This show lateral spreading in the sandstone
due to permeability whereas, it in confined to narrow fracture
planes in the coal.  On the basis of fluvial assemblages, earlier
workers have assigned Permian age to these sandstone where
as the fractures through which mineralization has been
observed is of Cretaceous in age. The SO3 content of these
rocks varies from 8 -42 wt%. Due to predominance of quartz,
sandstones have highest SiO2 (~78-80 wt%). In the mine area,
shale/clay and coal portions are intercalated with sandstone.
These sandstone have high TiO2 (0.48 – 1.02 wt%), Al2O3

(0.42 – 6.2 wt.%) MgO (0.13 – 1.21 %) and are cratonic type.
Enrichment in mafic elements like Ni (25-360 ppm), Cr (55-
134) and Co (3-131 ppm) reflect on mafic source of these
elements. Au values range from 9-109 ppb and total PGE range
from 5-18 ppb. The tectonic history of the basin involves the
initiation of the basin through general downwraping of the basin
floor. As the sedimentation in basin proceeded, it has become
a narrow graben bounded on both sides by NW – SE trending
faults with the basement. During the upliftment of the Eastern
Ghats, NE – SW trending post depositional transverse faults
have developed that are affected all the Gondwana formations.
The mafic rocks present within the basement could have been
the source of mafic elements. All the trace & REE
characteristics of these rocks indicate the Achaeans upper
continental crust nature of these rocks (Fig. 2.48). In view of
the bulk rock geochemical observations and it’s proximity to
the basin, basement rocks of Archeans and EGMB appears
to have played a significant role for the deposition of these
rocks.

Fig 2.48

(P.K. Prachiti, V. Balaram, C. Manikyamba, Tarun
C Khanna,T. Gnaneswar  Rao,  K. Raju)

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

2.15.1 Magnetic field generation in the presence of
double diffusive convection

Some recent dynamo models for Mercury assume that the
top part of the fluid core is stably stratified because of a sub-
adiabatic temperature gradient at the core-mantle boundary.
In these models, the dynamo is maintained by the vigorous
convection in the deep parts of the core. These models have
been successful in producing the observed weak large-scale
magnetic field at the surface of the planet. However, they have
been based on the concept of co-density, which combines
the buoyancy effects of temperature and composition into a
single variable and assumes equal diffusivities for the both
components. To overcome this limitation, we have solved two
separate transport equations to model the evolution of
temperature and light constituents in the outer core. To analyse
the potential effects of double diffusive convection (DDC) on
Mercury’s dynamo we have explored a model where the two
diffusivities differ by an order of magnitude and the outer core
is partly stable. The results, computed for an Ekman number
of 4100.3 −×  and 2 wght% sulphur concentration, show a
significant difference in the nature and amplitude of the
magnetic fields between the DDC and co-density models. For
the DDC case, we find a strong toroidal magnetic field within
the stably stratified layer of the core fluid (Fig. 2.49a) which is
missing in the co-density model (Fig. 2.49b). Also, magnetic
field at the planetary surface is much stronger in the more
realistic DDC model (Fig. 2.50a) compared to the co-density
model (Fig. 2.50b). A weak surface magnetic field, similar to
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Fig 2.49 Time averaged toroidal and poloidal magnetic field generation in the
case of (a) double    diffusive convection, and (b) convection based
on the concept of co-density.

Fig 2.50 Normalized magnetic field at planetary surface for (a) double
diffusive case with 2 wght%  light elements, (b) co-density case, and
(c) double diffusive case with 0.2 wght% light elements

(A. Manglik, J. Wicht1, and U.R. Christensen1)

1Max-Planck Institute for Solar System Research, Katlenburg-

Lindau, Germany

that observed at Mercury, is produced in DDC models for a
very small fraction of light constituents (Figure 2.50c). These
results imply that the core of Mercury may be poor in sulphur
and other light constituents.
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Fig 2.51 Location of MT stations in Sikkim.

Fig. 2.52 (a) Reduced temperature profiles for 74 borehole sites located in the
latitude band 8o-15o N, south India. These profiles exhibit
predominantly positive anomalous temperatures relative to the
background thermal regime beginning at depths of 50-200 m and
increasing towards the surface. This pattern is consistent with
warming over the past century or so. Only 12 profiles indicate
cooling. (b) Amplitudes of ground temperature change (ÄT) obtained
by inverting the reduced temperature profiles.

(Sukanta Roy)

2.15.2 MT Survey for Electrical Resistivity Structure of
the Sikkim Himalaya

Himalayan tectonics poses many challenging problems for
the geoscientists world-wide to understand the complexities
of tectonic forces and associated natural disasters. Unlike the
western Himalaya, very little work, especially geophysical, has
been carried out in the Sikkim Himalaya. Further north,
intensive geophysical work has been carried out under
INDEPTH program to gain insight into the evolution of the
Himalaya and the Tibet Plateau.  Hence, wide-band MT survey
along an approximately N-S profile, cutting across MCT, Sikkim
Dome, and MBT were taken up  with the objective to map the
electrical resistivity structure of the crust and lithosphere of
the Sikkim Himalaya to understand the tectonics of the region.
During this year, we have carried out MT field survey along
the middle segment of the profile (Figure 2.51) for the duration
of 11 weeks and have completed data acquisition at 16 sites.
Wide-band data with induction coils was recorded for one week
at every site. At one site, we have also acquired fluxgate
magnetometer data for two weeks duration to test the
compatibility of fluxgate and induction coil data in the
overlapping frequency range of (0.01 – 0.001 Hz).

(A. Manglik, S. Thiagarajan, Tanvi Arora, G. Pavan Kumar,
P. Bindu, S.K. Verma)

2.16 GEOTHERMICS OF CLIMATE CHANGE

2.16.1  Geothermal Record of Climate Change in India

A set of 76 borehole temperature-depth (T-z) profiles,
distributed in the latitude band 8o-15o N in southern India, was
analyzed for evidence of past Surface Ground Temperature
(SGT) variations. The present data set, together with the set
of 52 T-z profiles from south India analyzed previously,
constitute an extensive data set for the low latitude band

0o-30o N. Reduced temperature profiles, obtained after
removing the background thermal gradient at each site, are
plotted in Fig. 2.52 a. To quantify estimates of recent ground
warming, reduced temperature profiles were inverted for
surface ground temperature history, in terms of a linear change
in surface temperature. The amplitudes of ground temperature
change at individual sites vary considerably from +3 oC to –4
oC (Fig. 2.52 b). Only 12 of the sites show cooling and most of
them are concentrated in one region. The mean amplitude of
the sites is 0.9 oC.  Onset times for individual sites show even
greater variation than amplitudes, from a decade or two at the
short time scale to a few centuries at the long time scale.
Overall, the geothermal records indicate an average surface
ground warming of 0.9 oC over the past 125 years.
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2.16.2   Analysis of Surface Air Temperature data in India

Meteorological surface air temperature (SAT) records for the
period 1901-2006 from 46 stations distributed in five major
climatic provinces of India have been analysed. The analysis
includes (i) filling in data for missing months and years in
individual station records using data from nearby stations, (ii)
computation of trends, (iii) averaging by climatic provinces,
etc. A procedure for filling in missing data was evolved and
applied to the datasets. The average SAT anomalies (w.r.t.
1961-1990 mean) obtained from 28 station records in south
India are plotted in Fig. 2.53. The average anomalies for the
East Coast, West Coast and Interior Peninsula climatic
provinces are also shown. The data indicate significantly higher
warming trends in the coastal provinces relative to the Interior
Peninsula. The SAT datasets would be useful for combined
analysis with borehole temperature-depth records for gleaning
past climate change.

Fig. 2.53. SAT time series for climatic provinces in south India. The SAT data
are shown as annual departures from the 1961-1990 mean
temperature (dashed line). Solid line shows best linear fit to the data.
The number of stations (N) and the average rates of increase of SAT
(in oC/100 y) are indicated.

(A.V. Vyasulu, Sukanta Roy and David S. Chapman)

2.17 ELECTRICAL AND ELECTROMAGNETIC (EM)
FIELD AND PHYSICAL MODELING FOR SHALLOW
SUB SURFACE (SSS) STUDIES

2.17.1 Electrical Resistivity Imaging (ERI) Studies in
Brahmaputra Plains, Assam.

To understand the nature of the subsurface formations in a
precise and reliable way , it is necessary to drill bore hole for
drawing the core samples from different formations. Electrical
Resistivity Imaging (ERI) Studies  are carried out in some
selected zones of North Brahmaputra Plains, Assam. To
recommend a site for bore well Multi-core cables and Multi

electrode systems are used with SYSCAL Pro-96 equipment
using.different electrode configurations like Wenner-
Schlumberger, and Dipole-Dipole. Self potential (SP) and
Magnetic methods have also been applied for structural
studies around Tejpur and its surroundings. Drilling locations
have been recommended from Electrical Resistivity Imaging.
A good corroboration is observed between lithologs and
Resistivity images.Figs.2.54&2.55 illustrate the Electrical
Resistivity Images from Tejpur. It is found that top layer is a
high resistivity one followed by a low resistive zone.Borehole
locations have been identified.The slicer images with Dipole-
Dipole array over the 3D structure near Tejpur are presented
in Fig 2.56

Location : University (NBP 1)
Direction of the profile : N65E
Configuration : Dipole-Dipole

Fig 2.54. Dipole-Dipole 2D images over in Brahmaputra plains near Tejpur
area.

Location : Bihaguri kalitagaon (NBP 5)
Direction of the first line : N65E
Configuration : 3D-Dipole-Dipole

Fig. 2.55 Dipole-Dipole 3D images over in Brahmaputra plains near Tejpur
area.
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Fig 2.56

( V.S.Sarma, R.Rajesh, Ch.R.K.Sarma )

Fig 2.57

Fig 2.58

(B. Rajendra Prasad, G. Kesava Rao, S. Raju, ASSSRS.
Prasad, L. Behera, GSP. Rao, M.S. Reddy, T. Sateesh and
B. Shankaraiah)

2.18 SEISMIC STUDIES OVER SOUTHERN GRANULITE
TERRAIN ALONG PERUMANALLUR -
DHARAPURAM - ODDANCHATRAM-PALLAPATTI
PROFILE

Deep seismic reflection and refraction studies have been
carried out over SGT along the profile, Perumanallur-
Dharapuram-Oddanchatram-Pallapatti (140 km, NW-SE) to
delineate crustal and sub-crustal structures during the year
2008-‘09. This data set effectively fills up the gap between
Kuppam-Palani (1997-’98) and subsequent seismic studies
across Vattalkundu-Kanyakumari (2001-2003) profiles (Fig
2.57). Once all these three data sets are integrated, the longest
multi parametric geo-transect in India will emerge. Both seismic
refraction and reflection data were acquired using 24 bit- Radio
Frequency Telemetry System (Eagle-88) and ground
electronics.

A split spread geometry with 90 channel either side of acquiring
deep seismic reflection data set in CMP mode technique with
symmetric was used while recording 2 D reflection data. A 10
phase geophone strings of 4.5 Hz frequency was used at each
receiver station interval of 100 m along the 18 km long spread.
The nitro compound mixture of chemical explosive (50 / 100
kg) is loaded in 25 m deep shot holes. A shot interval of 100/
200 m had provided enough signal strength and a moderate
foldage of 40. A sample of reflection shot domain data is shown
in Fig 2.58.

For acquiring refraction data, a total number of 4 shot points
with SP interval of 30-40 km were operated along the line.
The northern most shot, SP 2576 is located south of
Perumanallur, SP2985 is located north of Dharapuram, SP
3323 is a little north of Oddanchatram and SP 3798 is located
north of Pallapatti. Due to logistic constraints, populated areas,
charge sizes above 1500 Kg could not be blasted. Hence, a
maximum off set 70 Km could be covered on either side of
each shot point to register the refracted arrivals and wide angle
reflections.

The data was recorded in standard SEG-D format at 2 or 4
ms sampling interval. The processing of data is being carried
out using ProMax and RAYINVR software packages and is in
progress.
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2.18.1 Deep Seismic Reflection Profiling and its
implications to Metallogeny

The NW Indian shield with 3300 Ma old Archean basement is
cratonised at 2500 Ma. The region had a long complex history
of crustal evolution involving repeated rifting,  collision and
associated magmatism. It is represented by the Archean
Banded Gneissic Complex, Paleoproterozoic Aravalli and
Mesoproterozoic Delhi fold belts, intruded by various granitoids
ranging in age from 3000-750 Ma.  These tectonic activities
developed a large number of dislocation zones / mega-
lineaments along which major metallogenic activity is
observed. They left several imprints which are analysed using
seismic reflection profiling. Seismic images of the deep crustal
reflection study delineated a number of thrust faults which
are used to understand the metallogenesis of the Aravalli-
Delhi fold belt region. The seismic study constrained by
geological and other geophysical data suggests that the
subduction, arc formation and collision are responsible for
the crustal evolution of the fold belt region. Two prominent
and distinct Pb-Zn mineralized zones formed at ~1800 Ma
and ~1000 Ma seem to be closely related to the crustal
evolution. The metallogenic periods of ADFB coincide with
the global metallogenic activity and formation of
supercontinents Columbia and Rodinia. The study suggests
a correlation between the subsurface structure, orogeny and
metallogey in a plate tectonic framework.

(B.Rajendra Prasad and V.Vijaya Rao)

2.18.2 Migration velocity analysis and imaging for tilted
transversely isotropic media

Tilted transversely isotropic formations cause serious imaging
distortions in active tectonic areas (e.g., fold-and-thrust belts)
and in sub-salt exploration. Here, we introduce a methodology
for P-wave prestack depth imaging in tilted transversely
isotropic media that properly accounts for the tilt of the
symmetry axis as well as for spatial velocity variations.

For purposes of migration velocity analysis, the model is
divided into blocks with constant values of the anisotropy
parameters _ and ä and linearly varying symmetry direction
velocity VP0 controlled by the vertical (kz) and lateral (kx)
gradients. Since determination of tilt from P-wave data is
generally unstable, the symmetry axis is kept orthogonal to
the reflectors in all trial velocity models. It is also assumed
that the velocity VP0 is either known at the top of each block
or remains continuous in the vertical direction. The velocity
analysis algorithm estimates the velocity gradients kz and kx
and the anisotropy parameters _ and ä in the layer-stripping
mode using a generalized version of the method introduced
by Sarkar and Tsvankin for factorized transverse isotropy with
a vertical symmetry axis.

Synthetic tests for several models typical in exploration
(a syncline, up tilted shale layers near a salt dome and a
bending shale layer) confirm that if the symmetry axis direction
is fixed and VP0 is known, the parameters kz, kx, _ and ä can
be resolved from reflection data. It should be emphasized that
estimation of _ in tilted transversely isotropic media requires
using nonhyperbolic move out for long offsets reaching at least
twice the reflector depth. We also demonstrate that application
of processing algorithms designed for a vertical symmetry axis
to data from tilted transversely isotropic media may lead to
significant misfocusing of reflectors and errors in parameter
estimation, even when the tilt is moderate (30æ%). The ability
of our velocity analysis algorithm to separate the anisotropy
parameters from the velocity gradients can be also used in
lithology discrimination and geologic interpretation of seismic
data in complex areas.

(Laxmidhar Behera and Ilya Tsvankin)

2.18.3 Seismic reflection / refraction investigations
along Vattalkundu-Kalugumalai-Kanyakumari
over Southern Granulite Terrain (SGT)

Under DST sponsored programme, seismic reflection data
acquisition in the region of South Indian Granulite Terrain along
the profiles viz, Vattalakundu - Kalugumalai–Kanyakumari
(260 Km) and Shanmuganallur-Alangulam-Ambasamudram
(45 Km) and refraction data along Vattalakundu- Kalugumalai-
Kanyakumari (260 Km) were obtained, using 24-bit Radio
Frequency Telemetry System (Eagle-88) and its accessories.
The basic aim of the study is to delineate crustal formation in
the area, analyze the nature and tectonic implications of
different neo-proterozoic blocks/ shear zones, viz Madhurai
Block, Kerala-Kondalite Belt and Achankovil Shear Zone.etc.
Seismic stack sections for the reflection data acquired over
SGT along Vattalakundu-Kalugumalai-Kanyakumari and
Shanmuganallur-Alangulam-Ambasamudram were prepared
using Promax software. Line drawings were obtained for the
corresponding stack sections to interpret the implications of
shear zones and reflectivity of region. Modeling of gravity
anomalies show some dips and signature of faults along the
profile. To map the faults controlling the Bouguer gravity data
along the profile was modeled. The basement is dipping from
north to south along the profile. Gravity high is identified near
north of Sivakasi. The model computed by gravity data and
corresponding density of different layers and a detailed
structure of the have been mapped using Saki  program.

(B. Rajendra Prasad, P. Koteswara Rao, G. Kesava Rao,
D.M.Mall, L. Behera, S. Raju, A.S.N. Murthy, M.S. Reddy,
G.S.P. Rao, ASSSRS Prasad, V. Sridher, and T. Sateesh)
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2.18.4 Deep Crustal seismic reflection study over the
Cenozoic NW sub - Himalaya:

Deep Crustal seismic reflection study is carried out along 35
km long Barsar-Bhota-Sandhera and 65 km long
Nangal-Bhota-Nerchowk profiles in the Nw sub-Himalaya,
using 150 channels RF telemetry system. These profiles
traverse the important thrust faults of the sub-Himalayan
foreland basin. Processing of seismic field data shows
prominent reflection bands from 1.5 to 8.0 sec and bright
reflectivity from 10-15 sec. The reflection band observed
around 5.0-6.5 sec may represent the crystalline basement
indicating huge thickness of sediments in the region. The
reflection fabric in the deeper part of the crust represents the
Moho.

(B. Rajendra Prasad, V.Vijaya Rao, Prakash Khare, S.Raju,
B.Mandal, ASSSRS Prasad, V.Sridher)

2.19 LABORATORY STUDIES ON ROCK PROPERTIES
AND ROCK FRACTURE AND IN-SITU STRESS
MEASUREMENTS IN DEEP BOREHOLES.

2.19.1 Elastic Properties of charnockites and associated
granitoid gneisses of Kudankulam

Laboratory data of velocity and quality factor (Q) of a large
number of charnockites and associated granitoid gneisses of
Kudankulam have been obtained. The observed large southern
part of the Southern Granulitic terrain. This is a DST grant-in-
aid project.

Ultrasonic compressional and shear wave velocity
measurements on granulite samples under dry and water-
saturated conditions.

Ultrasonic velocity and quality factor and attenuation
measurements in a large number of ganulite samples have
been carried out under dry as well as water-saturated
conditions under the DST project entitled “Laboratory
investigations on the effects of confining pressure and fluid-
crustal rocks”. Data processing, analysis and documentation
of results are in progress.

2.19.2 Stress-induced micro-crack damage in Latur
basement granite

Uniaxial compression tests were carried out on Latur granites
to monitor concurrently the deformation and brittle failure using
acoustic emission (AE) and PC based stress-strain monitor.
The results have revealed that the Latur granite which is rich
in amphibole with UCS of 190 MPa begins to dilate at 64%
failure stress and it shows unstable cracking and crack
coalescence only at >95% failure stress.

2.19.3 Physico-mechanical properties of basalts from
Khadakpurna link canal project site :

A sponsored project was taken up to determine the physico-
mechanical properties (elastic wave velocities, quality factor,
attenuation and uni-axial compressive strength) of basalts from
Khadakpurna Link canal Project site, Maharashtra for
characterization of petrophysical properties. The results reveal
that the interrelationships between the rock properties are quite
satisfactory. Weathered amygdoloidal basalts have shown
higher attenuation of the order of 1.79 to 4.06 dB/cm and lower
compressive strength (ranges: 11.46 to 45.63 MPa) and lower
rigidity modulus  (G=<9.4GPa) implying a low cohesive
strength of these samples compared to those of the compact
basalts.

2.19.4 Scaling of AE energy and its application in the
investigation of brittle fracture  of rock :

We have carried out cumulative frequency distribution analysis
of amplitude (A), energy (E) and true or absolute energy (TE)
of a large population of Acoustic Emission (AE) data which
were obtained during the deformation and brittle fracture of a
quartz-monzonite rock (borehole sample) from 1993 Latur
earthquake zone, Maharashtra. The test samples were
subjected to fracture under unconfined compression in the
laboratory using a servo-controlled testing machine. The AE
and stress-strain data were recorded concurrently using PC-
based systems. The distribution plots of the above three AE
parameters have been obtained using Mistras software with
suitably designed INI files, and the data have been evaluated
for a large number of subsets. Few plots of such distribution
are shown presented inFig2.59. The results show that the
distribution data of AE follows a power law, N (S) a to (S)–b,
where N is the number of events (or hits), S is their size
(represented by either A, or E or TE) and b is a constant,
which is a characteristic exponent of the power law
relationship. The results show that measurement of AE energy
can be very helpful to elucidate the fracture behaviour of solids
in general and rocks in particular.
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Fig. 2.59 Hard copies of AE distribution plots of a) amplitude, b) energy and  c) true energy, obtained for three stress ranges during the deformation and failure of quartz-
monzonite rock sample of Latur under uniaxial compression.

(KB Chary, KJ Prasanna Lakshmi, MVMS Rao, K. Vijayakumar, GM Nagaraja Rao1, NA Vijayakumar,  S Udaya Kumar)
1NIRM, Kolar
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