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5.1 HEAT FLOW AND RELATED GEOLOGICAL AND
GEOPHYSICAL STUDIES OF THE INDIAN
LITHOSPHERE WITH SPECIAL REFERENCE TO
SINGHBHUM CRATON, NARMADA-SON
LINEAMENT AND MAHANADI GRABEN

Missing granitic crust (?) in the Godavari graben of
South East India

The Indian shield  contains  number of Archaean - early
Proterozoic cratons composed of diversified geological units.
These cratonic blocks are separated by sutures, shears, mega
lineaments and rift valleys. Godavari graben, situated in
southeastern  part of Indian  shield is one such prominent
feature sandwiched between Bastar craton in the north and
Dharwar craton in the south . It is basically a narrow and long
intracratonic basin, situated between lat. 17-20° N and long.
79-82° E. It is roughly about 400 km in length and about 50 km
in width, containing 3 to 4 km thick Gondwana sediments of
Permian - Cretaceous age. This graben is bifurcated by
Bhadrachalam ridge into two major parts, i.e. Pranhita -
Godavari basin in the north and Chintalpudi sub-basin in the
south.

DSS studies in the Chintalpudi sub-basin indicate  higher
seismic velocities inside the graben  coinciding with  a broad
domal upwarped along the axis of the graben. In this upwarped
region, P-wave velocities are as high as 6.3 km/s at the
intrabasement level of about 3 km only. This would mean that
in all likelihood, granitic –gneissic crust in the Chintalpudi sub-
basin is altogether missing in the central part of the graben
coinciding with the domal upwarp where the Gondwana
sediments appear to lie directly over the granulite facies of rocks.
Our conjecture is well supported  by the plot of P-wave crustal
velocity , as observed in Godavari graben, against  to that
obtained in  Southern Granulite Terrain ( SGT) (Fig.5.1). A close
look at this figure would reveal unambiguously that starting
from the intrabasement depth  to about 30 km depth , measured
velocities in the  Chintalpudi sub-basin of the Godavari graben
are  higher than observed in  SGT. It  appears that the upper
and middle crustal rocks in this part of the graben are more
mafic than the granulitic rocks exposed in SGT.

Quite likely, the granitic crust may possibly be almost missing
from the entire Godavari graben,( specially in the axial part)
as the Prahnita-Godavari basin is  bounded on either sides  by
Karimnagar and  Bhopalpatnam granulitic belts  which are about
20-40 km in width and 150-300 km in length It is then, but
natural, to expect that such granulitic belt would also form the
basement in the Pranhita - Godavari  basin also.  This inference
is not surprising as granitic _ gneissic crust has become quite

thin (less than a km to ~8 km thick ) in many segments of
Eastern Dharwar Craton of south India  due to several
tectonothermal episodes and consequent uplift and erosion .

(OP Pandey, VK Somvanshi,  V  Subrahmanyam and
Narasimha)

5.2 GENESIS AND EVOLUTIONARY PROCESSES
OF THE CONDUCTORS IN THE INDIAN SHIELD
REGIONS

Eastern Indian array electrical conductivity data have been re-
interpreted as the region is an active one. Data show
conductivity anomalies which seem to represent linear
conductors and are coincident with high heat-flow zones.

 The mean values of heat flow  (85mWm–2) has been taken for
each region to roughly estimate the postulated depths of these
conductors which fall in the range of 5 – 10 km.   Further, it has
been found that the Curie depths and lithospheric depths both
are of lower orders than that to be expected in cratonic regions,
thus signifying that the above regions are thermally active.
Mahandi graben which is of Permo-Carboniferous age has been
intruded by dykes and thermal overprinting took place at around
120 Ma. This time period is approximately similar to the rift
episode of break up eastern Gondwanaland. Therefore, it can
be anticipated that other rifts could have also witnessed the
thermal reactivation during the same period.

Fig.5.1 Comparison of velocity -depth relationship between Godavari
graben and   Southern Granulite Terrain  ( SGT).
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It seems that the closeness of the Damodar graben ( also
Permo-Carbiniferous age) and very shallow lithospheric
thickness ( 50-80 km ) in   shield region of  Singhbhum, is
anomalous from the viewpoint of other shield regions, existing
worldwide, which is  ~ 150 km. Lithoshpheric thickness have
been estimated to be 75 km, based on heat flow for the
Singhbhum craton. It seems that the rifting of the Damodar
graben and shallow thickness of the lithosphere are linked
together, which   have activated this region. Many faults in this
region are clearly indicated by steep gradients of magnetic
anomaly.  Resulting rifting in this region could have facilitated
the entrapment of magma coming from deeper below in the
crustal region following some mechanism. Rehological
mechanism suggests that the rising magma may be trapped
beneath strong mid-crustal rocks.   The trapped magma must
have changed to some hydrous rocks because of high heat
flow existing in this region. This hydrous rock could be
serpentinites at mid crustal depths, releasing fluids. In such a
situation, the magma may get converted to serpentinites in the
pockets of mantle derived magma in the crustal column. It has
also been reported that crust below Damodar graben is
attenuated and ruptured and shows thicker cum denser crust
with upliftment in Tertiary due to collisional forces of Himalaya.
The region around Bokaro station also provides the signatures
of tectonic activity from repeated tomographic results.  The
crustal thickness below Bokaro as reported is abnormally high
to the tune of 54 km, which can be assigned to be a weaker
crust with implied neo tectonic activity in the region. In this
region moderate seismic activity has also been reported with
the presence of several hot springs.

It has also been reasoned that the closeness of the Damodar
graben (Permo-Carboniferous) and shallow lithospheric
thickness in the region could be the possible causes for the
genesis of the conductors. It is proposed in this study that the
magma trapped due to the rifting processes has resulted in
the graben formation. The magma as evidenced geologically
can get transformed under certain favorable conditions into
serpentinites, thus supporting fluid entrapment in high heat
flow region.

(SN Prasad)

5.3 HEAT AND MASS TRANSPORT MODELING AND
SUB-SURFACE STRUCTURE MAPPING OF
INDIAN LITHOSPHERE

Crustal thermal structure of southern Indian shield

Physical properties such as elasticity, density, thermal/electrical
conductivity of subsurface rocks are affected by variation in

the subsurface temperature which in turn affects most of the
geological phenomena such as surface heat flow,  earthquake
genesis which may lead to lithospheric deformation, crustal
magnetization etc.  Therefore, a knowledge of subsurface
temperature field is essential to understand these phenomena
of a region.

The South Indian Precambrian shield is a mosaic of Archaean
and Proterozoic terrains. The Archaean blocks are comprised
of the granite-greenstone Dharwar Craton (DC) and the
Southern Granulite Terrain (SGT). The SGT is dominantly
composed of late-Archaean granulites in the northern part whilst
Proterozoic granulites in the southern part. These two major
geological blocks, i.e. DC and SGT, are separated by ortho-
pyroxene isograd. The DC is divided by Closepet granite (CG)
into two main blocks, namely, the Western Dharwar Craton
(WDC) (3400-2700 Ma) and the eastern Dharwar craton (EDC)
(2700 Ma). Both, the WDC and EDC gradually underwent some
metamorphic events resulting in formation of greenschist,
amphibolite, metasomatized granulite and depleted granulite
facies rocks, exposed from north to south, as upper-, middle-,
and lower continental crust. In this region 1023 radiogenic heat
production values of surface rocks are available which shows
decrease in the value of crustal radiogenic heat production
from north to south. But, surprisingly, the observed surface
heat flow values are not decreasing in the same fashion. The
available surface heat flow values in DC and SGT varies from
29 to 55 mW/m2. Continental shield regions are normally
characterized by low-to-moderate mantle heat flow.  Archaean
Dharwar craton of the Indian continental shield also follows
the similar global pattern.  2-D thermal modeling along the
Kuppam - Palani geo-transect in SGT and along Kavali – Udipi
DSS profile in DC have been carried out.

Southern granulite terrain

2-D thermal modeling along the 90 km long Kuppam – Bommidi
profile, a northern segment of Kuppam-Palani geo-transect in
the Southern Granulite Terrain (SGT), indicates that the Moho
temperature varies between 470 to 600oC.  The mantle heat
flow varies between 12 - 17 mW/m2. The surface heat flow
value varies between 31 to 36 mW/m2.  Numerical results of 2-
D thermal modeling along the 150 km long Kolatur-Palani, the
southern segment of Kuppam – Palani geo-transect in the SGT,
indicates that the Moho temperature varies between 380oC to
400oC.    The mantle heat flow is 17 mW/m2 in the northern
block of the SGT.  The surface heat flow value varies between
28 to 32 mW/m2.

Dharwar craton

2-D thermal modeling along a segment of Udipi - Kavali DSS
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profile covering only Western Dharwar Craton(WDC) and
Eastern Dharwar Craton (EDC) in southern India have been
carried out.  Numerical results reveal that the Moho temperature
varies between 300 to 3500 C.  The estimated surface heat
flow varies between 29 to 43 mW/m2 out of which 12 mW/m2 is
the contribution from mantle and remaining is from the crust.
These calculated surface heat flow values at Ingaldhal and
Dharmavaram are found in close agreement with the values
measured at these sites located in WDC an EDC, respectively.

Stress modeling along Hirapur – Mandla DSS profile

Stress modeling was carried out for the Hirapur-Mandla Deep
Seismic Sounding profile which passes through the Jabalpur
region of 1997 and 2000 earthquakes with the view to analyse
any correlation between the deep crustal seismicity and stress
concentration due to density heterogeneities and plate
boundary forces.  The concentration of stress has been found
near the region of Jabalpur earthquake.

Mapping of shear wave velocity structure of the crust
and upper mantle

Indian Ocean

The broadband digital data of Rayleigh wave for more than
1500 propagation paths in the Indian Ocean (Fig.5.2) are used
to estimate the 3-D shear wave velocity variations from 25 to
400 km depth. Rayleigh wave inversion using the Nolet’s method

is used for the broadband digital data of earthquakes occurring
in the Indian Ocean and recorded by the IRIS seismic stations
of the Indian Ocean and its vicinity region. The distribution of
shear wave velocity anomalies at the depths of
25,100,175,250,325 and 400 km is estimated.  The cross-
sections of the shear wave velocity distribution across the
various profiles in the Indian Ocean show the interaction of the
Capricorn and Australian plates. The lithosphere of the
Capricorn plate is characterized by the low shear wave velocity
anomaly, while the lithosphere of the Australian plate shows
the high shear wave velocity anomaly. A higher shear wave
velocity anomaly is underlain by a lower shear wave velocity
anomaly, which represents the asthenosphere of about 300
km thickness. Another high shear wave velocity anomaly is
intruded in the asthenosphere, which may be the remnant of
the oceanic lithospheric slab that have sunk into the mantle
during the journey of India after the breakup from Antarctica to
the  present position in the  past geological time. Sunda arc
region shows the plate interaction with high and low shear wave
velocity anomalies sandwiched together. The interaction of the
high and low shear wave velocity anomalies across the 85oE
and 90oE ridge shows their extension up to 20oN latitude.

Inversion of Rayleigh wave group velocity across the Ninetyeast
Ridge shows the shear wave velocity of 4.19-4.73 km/s up to
80 km depth from the water surface, below which lies the LVZ.
The other parts of the Indian Ocean away from the Ninetyeast
Ridge show the shear wave velocity in the range of 4.11 - 4.36
km/s up to 44 km from the water surface, below which lies the
LVZ.  The high shear wave velocity (4.19-4.73 km/s) beneath
the Ninetyeast Ridge indicates the presence of colder and
denser lithosphere compare to the rest part of the Indian Ocean
under investigation.  The inversion of Rayleigh wave group
velocity data has shown 22 km thick crust beneath the
Ninetyeast Ridge.

Antarctica

Partitioned wave form inversion (PWI) technique is applied for
about 500 Rayleigh waves recorded at IRIS, GEOSCOPE,
GEOFON, GTSN, MEDNET, SEPA and SAPSE network of
seismic stations.  Fig.5.3 shows Earthquake epicenters (square)
and seismic stations (triangle) for the surface wave tomography
studies for about 500 propagation paths covering Antarctica.
Blue lines and red lines denote the plate boundary and hot
spot, respectively.A cellular inversion is performed with grid of
200 km horizontal and 75 km vertical grid spacing. The 3-D
tomographic images at a depth of 25, 100, 175, 250, 325 and
400 km were obtained. The cross-sections across different
profiles in Antarctica region show various deep low shear wave

Fig.5.2 Earthquake epicenters (square) and seismic stations (triangle)
are shown for the surface wave tomography studies for more
than 1500 propagation paths of the Indian Ocean. Blue line
denotes the plate boundary.
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velocity anomalies extending from 25 km to 400 km depth
beneath Ross Sea hot spot, northwest of Marie Byrd Land
near Alexander Island and Smyley Island, Bentley subglacial
trench of west Antarctica, Ederby land, American highland,
Coats land regions of east Antarctica. These deep low velocity
anomalies in the asthenosphere may favour the existence of
several distinct mantle plumes, instead of a single large one,
as the origin of volcanism in and around west Antarctica. These
deep plumes may be responsible for feeding large regions of
low seismic velocities in the asthenosphere. A high shear wave
velocity anomalies is found at a depth of 25 to 200 km beneath
the Queen Maud land, the Weddell Sea, the  Marie Byrd land,
the Getz Ice shelf  and Trinity Island regions, which show the
cratonic type structure with higher shear wave velocity.

Fluid flow in porous media

Dynamic behaviour of water table is influenced by mainly
recharging and/or withdrawal of ground water. Therefore, an
accurate estimation of water table variations in response to
operational or proposed schemes of recharging and/or
withdrawal is essential for the proper management of
groundwater resources without disturbing the regional water
balance.  An analytical mathematical model has been
developed to predict water table fluctuations in homogeneous

and isotropic unconfined aquifer systems characterized by two
types of boundary conditions and induced by time varying
recharge and/or withdrawal for any number of cycles of these
operations from any numbers of recharge basins and/or wells
of different size.  The rates of recharge and/or withdrawal are
approximated by a set of line elements of different slopes and
length. The number, size and slope of line elements depend
on the nature of variation and duration of recharge and pumping
rates. An application of the model has been illustrated with the
help of numerical example considering time varying recharge
and anisotropic hydraulic conductivity values. Numerical results
reveal that variations in the recharge rate and anisotropic
character of the aquifer have significant effects on the pattern
and magnitude of water table fluctuations.  These results
suggest that variation in the rate of recharge and anisotropic
properties of the aquifer should be taken into consideration in
study of real field problems.

(SN  Rai, DD Singh, A Manglik, and S Thiagarajan)

5.4 PALAEOMAGNETIC STUDY OF SOME
MAGMATIC PROCESSES

Palaeomagnetism of the great dyke of Peninsular
India.

In general dykes extend from few tens of centimeters to one or
two kilometers. But some dykes are named as Great Dykes
that extend for several hundreds of kilometers in length. The
Great Dyke of Zimbabwe in South Africa and the Abitibi Great
Dyke in the Canadian shield extend for about 550 – 600
kilometers. Similarly a gabbroic to dolerite dyke in Peninsular
India extending for nearly 450 kilometers in a NNW direction in
the state of Karnataka has been assigned the status of Great
Dyke of Peninsular India. With a view to understand its tectonics
and evolutionary history 98 oriented block samples were
collected from 20 sites and subjected to detailed
palaeomagnetic study using Thermal and AF demagnetization
techniques in the laboratory. Remanent intensity of the
specimens varies over a large range of 0.17-165.02 A/m.
Magnetic susceptibility varies between 5.28 and 64.34 x 10-3

SI units. Natural Remanent Magnetic (NRM) vectors of these
samples reveal highly scattered directions of magnetization.
These gabbroic to dolerite dyke samples with medium to high
blocking temperatures (TB) and median destructive field (mdf)
values resulted in Characteristic Remanent Magnetic (ChRM)
vectors as shown in Figure 5.4. These ChRM vectors indicate
at least two phases of emplacement of dyke activity in this
Great Dyke similar to that of Great Dyke of South Africa.

Fig.5.3 Earthquake epicenters (square) and seismic stations (triangle).
Blue line denotes the plate boundary. The red triangle denotes
the hot spot.
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Fig.5.5     Typical thermal and AF demagnetization characteristics of Ratangarh Shale Formation, Rewa Group.

Palaeomagnetism of Ratangarh Shale Formation,
Rewa Group.

No Vindhyan shale formations are subjected to palaeomagnetic
study so far. Shales are highly friable for sampling either by
field drilling or by block sampling. Successfully  sampled the
Ratangarh Shale Formation from the Rewa Group of the
Vindhyan Supergroup from Rajasthan part of the Vindhyan
Basin for palaeomagnetic study for the first time. The Ratangarh
Shale is well correlated with Jhiri Shale formation across the
Vindhyan Basin. Natural Remanent Magnetic (NRM) vectors
from these samples reveal very good grouping with steep
downward inclinations. The samples were subjected to detailed
thermal and AF demagnetization studies in the laboratory that
resulted in a Characteristic Remanent Magnetic (ChRM) vector.
Typical thermal and AF demagnetization characteristics of these
samples are shown in Figure 5.5. The Ratangarh Shale
Formation revealed a ChRM vector of Dm = 347, Im = +59 ( K
= 23.3, á95 = 12.1o) with a Virtual Geomagnetic Pole (VGP)
position at λp = 71.5o E, Lp = 42.0o N. This VGP coincides well
with highly constrained palaeomagnetic vector and radiometric
date of Malani Rhyolite dated at 750 + 10 Ma. Therefore, the
palaeomagnetic vector of the Ratangarh Shale Formation can

Fig.5.4 Site mean Characteristic Remanent Magnetic (ChRM) of
Great Dyke of Peninsular India.
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be used as a very good marker horizon for correlating shale
formations across the Vindhyan Basin.

Modeling of magnetic data of offshore Mahanadi
basin

The published magnetic data are taken up in the present study
for a comprehensive study, which has brought out a wedge-
shaped volcanics in the offshore Mahanadi Basin bordering
the hinge zone. The volcanics are similar to the seaward dipping
reflectors (SDRs) that usually occur at the passive margins. It
is inferred in the present study that this zone of volcanics
manifests a Continent-Ocean-Transition (COT) zone. The
geologically demarcated probable limit of the continental crust
on the ECMI, the linear gravity high in the offshore Mahanadi
Basin, the prominent hinge zone on the ECMI and the inner
edge of the inferred COT zone conform to each other and show
that the ECMI is a volcanic rifted margin while demonstrating
the efficacy of the magnetic method.

(GVS Poornachandra Rao, J Mallikharjuna Rao,
BSP Sarma, NP Rajendra Prasad, M Venkateswarlu and
B Srinivasa Rao)

5.5 SPECTROSCOPIC  AND THERMAL STUDIES ON
MINERALS FROM DECCAN TRAP AND
SUBDUCTION ZONES

Thermal diffusivity measurements on mineral/rocks

Using modified apparatus (design and developed at NGRI )
thermal diffusivity of standard samples (Fused Silica, and
Corundum) was measured at room temperature all the time
for calibration of the system before starting measurements on
other samples. Thermal diffusivity of 30 samples of different
rock formations from six locations of East  Antarctica range
from 5.10 to 37.46 x 10-7m2/s due to variation in mineralogy.
Measured Thermal diffusivity of 20 samples of Deccan basalts
from Latur area ranges from 4.17 to 8.25x10-7m2/s thereby
indicating uniform mineralogy.

(SR Sharma, B Vijay Gopal, NP Rajendra Prasad  and  KPC
Kaladhar Rao)

Physical properties on basalts from Subduction
zones

Physical properties like bulk density, crystalline density and
porosity of  10 samples  of basaltic rocks from Andaman
subduction zone were measured . Bulk density and porosity
ranges from 2.52 to 2.82g/cc  and 0.63 to 2.19 % respectively.
Comparison with the physical properties of Deccan basalts

indicates that Andaman basalts are less dense and less porous
than the Deccan basalts.  Bulk density and porosity on 45
samples of basalts collected  from Wazeho area (25o 39’ N,
94o 44’ E) of Phek district of Nagaland.  This area is a part of
Naga-Hills Ophiolite (NHO) belt, which consists of a typical
ophiolite suite, including oceanic pelagic sediments with the
constituents tectonised and dismembered.  Bulk density of
these samples varies from 2.60 to 3.20 g/cc and the porosity
from .002 to 2.79%.  These results are compared with the
density-porosity values of flood basalts from Latur and
Saurashtra area of Deccan Trap region. This study indicates
that these subduction zone basalts have higher density and
less porosity as compared to flood basalts.  This in turn indicates
the compositional variation in source magma.  The origin of
source magma may be deeper for North Eastern region basalts.
Less porosity of NHO basalts indicates that the source magma
has either less volatile or cooled at faster rate as compared to
Deccan trap magma.

(SR.Sharma and KPC Kaladhar Rao).

Physical properties on rocks from East Antarctica

The exposed Precambrian basement crystalline rocks from
Schirmacher Oasis (Lat: 70047’ to 71044’ S; Long: 11022’ to
11055’E) , East Antarctica consist of both acid and basic. The
acid rocks consist predominantly of garnet-biotite gneiss
(cordierite, sillimanite, graphite), augen gneiss, quartzo-
feldspathic gneiss and minor permatites. The basic rocks are
mainly pyroxene granulites, amphibolite, lamprophyre, gabbro
and its equivalents  which occur mostly as intrusives.

Measurements of density and porosity  were carried out on  30
rock samples collected from six different sites of Schirmacher
Oasis.  Bulk density and porosity ranges from 2.48 to 3.37 g/cc
and 0.002 to 0.61% indicating different mineral composition of
rocks at different sites.

(SR Sharma and KPC Kaladhar Rao)

Heat flow, curie depth and composition of lower crust
beneath the Indian shield

The available surface heat flow and Curie depth data from
different geological provinces of varying ages from Upper
Cretaceous to Precambrian of Indian shield have been analysed
to understand the composition of lower crust. Surface heat flow
varies from 36 to 55 mWm-2 in Archaeans Dharwar Craton (DC),
Southern Granulite Terrain( SGT), Aravalli-Bundelkhand
craton(AB) and parts of Deccan Traps (DT) and 54 to
107 mWm-2 in Proterozoic mobile belts and Gondwana rifts/
grabens. Curie depths derived from magnetic satellite
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(MAGSAT) data in Indian shield vary from 30 km under mobile
belts/rifts/grabens to 40 km under Aravallis and 42 km under
Singhbhum and Dharwar cratons. Curie depth depends upon
the Curie temperature that shows variation between 325 and
680 0C in magnetic minerals in the lower crust. However, Curie
point is usually referred to a temperature of 550 - 600 0C at
which Fe- Ti oxide minerals loose their ferromagnetic property.
Magnetic crust is the part of the crust, which shows significant
magnetization and the lower boundary up to which the
magnetization existing the crust, is Curie point isotherm We
have estimated the depth of the magnetic crust using available
surface heat flow data and 1- D exponential geothermal model
beneath the Indian shield. It varies from around 21 to 35 km
beneath mobile belts/rifts/grabens and around 56 to 68 km
beneath Dharwar craton, southern granulite terrain, Aravalli-
Bundelkhand and parts of Deccan Trap province (Fig.5.6).
Comparing the results of the estimated depths of magnetic

crust using MAGSAT and heat flow data, it can be inferred that
the mismatch could be due to the variation in magnetic mineral
composition in the lower.

(SR. Sharma,  GVS  Poornachand Rao and VK Rao).

5.6 HELIUM EMANOMETRY AND GEOTHERMAL
STUDIES

Soil-gas helium surveys in search of hydrocarbons
in Jamnagar basin (Saurashtra)
In continuation of the studies of Helium response observed

during the year 2003 over the Jamnagar basin, soil-gas helium
investigations were undertaken  again in 2006 over a  larger
area covering  (30 x 30 km) 900 Sq. km. in and around Kalavad,
Jamnagar basin to detect a possible hydro-carbon occurrence
beneath the Deccan basalts. During the current year soil-gas
sampling at 220 stations in different locations has been
completed in addition to the 90 stations already covered in the
year 2003.  In totality, about 300 soil-gas samples have been
collected from a depth of ~1.5 m by drilling 1" dia holes.  The
samples have been analyzed for their helium content by the
existing Helium Mass Spectrometer which has the precision of
20 ppb at 5000 ppb level. The helium concentrations over and
above the atmospheric background value of 5240 ppb have
been presented in the form of a contour map. We consider 140
ppb above the atmospheric abundance as soil-gas regional
background and any value above this could be considered as
anomalous. The helium anomalies ranging from 140 to 300
ppb are found to occur to the north, northwest and south of
Kalavad town (Fig 5.7).  One interesting   outcome of the results
is that the helium anomalies are in close conjunction with the
geochemical anomalies observed by another Group of NGRI
involved in the research of Hydrocarbon exploration. The results
of the helium surveys show positive indications that the
Mesozoic sedimentary rocks underlying the Deccan basalts,
are in all probability a potential source of hydrocarbons.

(GK Reddy, Rajeev Menon, G Ramacharyulu and C
Shankar)

Fig.5.7 Helium anomaly in Jamnagar basin

Fig.5.6 Temperature – depth profile and curie depth beneath Indian
shield.
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Soil-gas helium studies over the fault zones in
Wailapally watershed, Nalgonda district

Soil-gas helium studies were undertaken in Wailapally
watershed to locate the shear zones/faults in the shallow granite
basement covered with alluvium. Three sites were chosen on
the basis of geomorphic and structural analysis, for laying
traverses for collection of gas samples. More than 300 soil-gas
samples were collected from a depth of ~1.5 m, with a station
interval of 1 m. The soil-gas helium abundances along the three
profiles are shown in Fig. 5.8, which clearly pinpoints the
significant anomalies. The magnitude of anomaly is ~200 ppb
above the atmospheric abundance of 5240 ppb. The regional
soil-gas helium background is ~100 ppb above the atmospheric
abundance. It is interesting to note that the location of the soil-

gas helium anomalies coincide with the fault delineated by
Seismic straicy.

(GK Reddy, Rajeev Menon, P Senthil Kumar,
G Ramacharyulu and C  Shankar)

Helium anomaly over the shear zones/fracture
systems, Gandipet area, Hyderabad (A.P)

Gandipet area, Hyderabad in the recent past, has recorded
mild seismic activity. In 1982 Gandipet area experienced an
earthquake measuring 3.2 on the Richter scale. Moreover no
detailed study has been done about the existent fractures.
Structural and geological studies by the Engineering
Geophysics Group have led to the delineation of shear zones
and fractures.  A Helium survey was conducted over these shear
zones with an aim to find out whether any helium signature
was associated with these shear zones/fractures. A profile of
length 300m was laid over the zone and soil-gas samples were
collected from a depth of ~1.5 m at station width of 4.8 m. The
results from this survey are shown in Fig. 5.9, which reveals
that the significantly high concentrations reaching about 1000
ppb are confined primarily to the fault zone delineated by
structural and geological studies. Therefore, integrating
structural and geological studies with helium survey will facilitate
identifying the permeable segments of the fault.

(GK Reddy, Rajeev Menon, P Senthil Kumar,
G Ramacharyulu and C Shankar)

The link between crustal radiogenic heat and the
formation of inverted metamorphism: The Eastern
Ghats belt, Indian Shield

The contact between the Proterozoic Eastern Ghats belt and

Fig.5. 8 Soil-gas helium traverses across the fault zones near (a)
Dubbagadda Tanda, (b) Botimeda Tanda, and (c) Palagatta
Tanda areas of Wailapally Watershed, Nalgonda District,
Andhra Pradesh.

Fig.5.9 Soil-gas helium studies in Gandipet Earthquake area

(a)

(b)

(c)
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5.6.1 HEAT FLOW, HEAT PRODUCTION AND
CRUSTAL THERMAL STRUCTURE OF  THE
INDIAN SHIELD

Thermal conductivity of higher Himalayan crystalline
rocks

Uncertainties in predicting the subsurface temperature
distribution in studies of thermal structure of the lithosphere as
well as in numerous engineering applications often arise from
inadequate representation of thermal conductivity of the
constituent rock formations. In the case of the Indian Himalaya,
thermal modeling studies are severely affected due to lack of
conductivity data on rocks comprising the terrain. This limitation
has led to assumption of a uniform conductivity for the different
rock formations comprising the crust by several workers.

Thermal conductivity data on seventy-three rock samples
including gneiss, metabasic rock and quartzite from Uttarkashi
and Joshimath areas of Uttaranchal were used to characterize
the Higher Himalayan Crystalline (HHC) rocks. Measurements
were carried out using a steady-state, comparative, divided-
bar apparatus. The rock samples are in the form of cylindrical
discs, 25.4 mm diameter and 10-11 mm thick, cut out from drill
cores. Gneissic rocks exhibit a wide range in conductivity (1.5-

the Archaean cratons (Dharwar, Bastar and Singhbhum) is
characterized by a thrust zone with an imprint of inverted
metamorphic isograds, pointing to thermal processes
associated with Eastern Ghats orogeny in Neo-Proterozoic.
For example, in southern Eastern Ghats boundary, the foot-
wall Bastar craton shows evidence for prograde metamorphism,
from greenschist-facies at the bottom to granulite-facies at the
top, through amphibolite-facies in the middle. The temperature
of peak metamorphism in the footwall increases from 350oC to
700oC, within a few hundred meters, toward the thrust zone, at
a palaeo-crustal depth level of 6.5 kbar (~20 km depth). In
addition, the footwall cratonic rocks also exhibit progressive
ductile deformation towards the thrust zone. In the hanging-
wall Eastern Ghats, the granulites record the peak metamorphic
temperatures of >900 oC at 9.5 kbar followed by cooling and
decompression to 7 kbar with 800-850oC (retrograde
metamorphism). It appears that temperature of the Eastern
Ghats crust at the depth of 20-23 km, could be 800-850oC
(retrograde condition), when the inverted metamorphism took
place along its boundary. Based on metamorphic P-T estimates,
tectonic fabric, and thermal modeling, the previous authors
suggest that the thrusting of hot Eastern Ghats granulites over
a cold craton could have caused the development of inverted
metamorphic gradients, at ~550 Myr ago. In this study, we
attempt to understand the role of radiogenic heat of southern
Eastern Ghats crust to the above process, as in the several
cases, radiogenic heat has been found to drive crustal
metamorphic processes. When radiogenic heat production of
southern Eastern Ghats granulites is corrected for radioactive
decay at 550 Myr ago, heat production of charnockites,
gneisses, khondalites, intermediate and mafic granulites is 2.96,
2.67, 2.96, 0.62 and 0.28 mW m-3, respectively, which are higher
than the present-day rates. Using reconstructed crustal
petrologic models, decay-corrected heat production rates, and
assuming different Moho heat flow values, we model plausible
crustal geotherms of the southern Eastern Ghats crust. Among
various possibilities, the model that assumes Moho heat flow
of 10 mW m-2, and the generic upper crustal composition of
Rudnick and Gao (2003) for the reconstructed eroded crust
that is underlain by the present-day southern Eastern Ghats
rocks, likely to yield the crustal geotherm similar to those defined
by the metamorphic P-T data of the granulites. Therefore, we
suggest that, at 550 Myr ago, the crustal radiogenic heat of
Eastern Ghats was high enough to cause the inverted
metamorphism without much contribution from any magmatic
heat sources beneath Eastern Ghats crust, Fig. 5.10.

(P Senthil Kumar, Rajeev Menon and GK Reddy)

Fig.5.10 Crustal geotherm of the southern Eastern Ghats crust at 550
Myr ago. Note that the crustal model (Y) can effectively explain
the metamorphic P-T data of the granulites.
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3.6 Wm-1K-1 for individual samples, and 2.1-2.7 Wm-1K-1 for the
means). Among these, augen gneisses and banded gneisses
show the largest variability. Of all the rock types, quartzites
(range: 4.1-6.8 Wm-1K-1; mean: 5.4 ±0.4 (s.e.) Wm-1K-1) and
metabasic rocks (range: 1.8-2.4 Wm-1K-1; mean: 2.1±0.1 (s.e.)
Wm-1K-1) represents the highest and lowest values respectively.
Data are presented in Fig 5.11. Besides variations in
mineralogical composition, the heterogeneous banding as well
as intercalations with metabasic rocks and quartz veins appears
to cause such large variations in conductivity. Additionally, the
gneisses show varying degrees of anisotropy depending on
the constituent minerals such as quartz, muscovite and biotite,
and the nature of banding in them.

(Labani Ray, Anurup Bhattacharya, Sukanta Roy)

Thermal conductivity and anisotropy in granulite
facies rocks using state-of-the-art optical scanning
technique

Thermal conductivity for the major rock formations of the
Southern Indian Granulite Province has been measured using
an optical scanning technique. This method is superior to the
earlier methods of thermal conductivity measurement because

it (a) facilitates measurement of samples of any dimension,
(b) records spatial distribution of thermal conductivity in a
heterogeneous matter, (c) characterizes two- and three-
dimensional anisotropy by scanning in different directions, (d)
facilitates rapid measurements. Surface of the studied sample
is scanned with a focussed, mobile and continuously operated
constant infrared heat source with infrared temperature sensor.
The source and sensor are at a constant distance and move
with a constant speed.

Measurements have been carried out on 40 samples along 3
to 4 scanning lines to arrive at accurate thermal conductivity
value for each rock sample. To characterize anisotropy,
measurements have been carried out parallel and
perpendicular to the direction of foliation. Major rock formations
in this area consist of granulites (felsic, intermediate and mafic
granulites), amphibolite facies gneisses (orthogneiss and
paragneiss), igneous intrusives (granite-gneiss, syenite and
anorthosite). Thermal conductivity of the charnockites ranges
between 2.0 and 3.0 Wm-1 K-1, enderbites between 2.3 and 3.6
Wm-1 K-1, mafic granulites between 2.2 and 2.6 Wm-1 K-1.
Thermal conductivity of gneisses (orthogneiss and paragneiss)
also varies in a wide range between 2.0 and 3.0 Wm-1K-1.
Thermal conductivity values for anorthosite, syenite and granite-
gneiss have values between 2.2 and 2.7 Wm-1 K-1.  Anisotropy
in the different rocks have been plotted in Fig 5.12. All rock

Fig.5.11 Plot showing the distribution of thermal conductivity data
for Higher Himalayan Crystalline rocks from Joshimath (filled
symbols) and Uttarkashi (open symbols) areas, Garhwal
Himalaya

Fig.5.12 Plot showing anisotropy in thermal conductivity data for
different rock types of the Southern Indian Granulite Province
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samples exhibit very feeble anisotropy ranging between 1.01
and 1.08. Interpretation of data and their implications on
lithospheric modeling studies are in progress.

(Labani Ray, A. Förster*, H.-J. Förster*)

Thermal diffusivity of felsic to mafic granulite rocks
at higher temperatures

Temperature dependence of thermal transport properties
(thermal conductivity and thermal diffusivity) are important
parameters to constrain the thermal structure of the crust
accurately. A new apparatus developed by F R Schilling based
on transient technique has been used for measuring thermal
diffusivity on felsic to mafic granulites and amphibolite facies
gneisses of southern India at elevated temperatures (25oC to
550oC). Measurements were carried out at Geo Forschungs
Zentrum Potsdam, Germany. Temperature vs. thermal diffusivity
data is shown in Fig 5.13. At room temperature, the thermal
diffusivity of different rocks ranges between 1.2 to 2.2 mm2s-1.
Effects due to radiative heat transfer appear at temperatures
exceeding 450oC for most rock samples. Because crack can

influence thermal transport property in the same way as it
influences elastic properties of the rock, corrections have been
made to thermal diffusivity data for cracks. The temperature
dependence of the thermal diffusivity is directly correlated with
the thermal diffusivity at room temperature, i.e., the higher the
thermal diffusivity at room temperature, the greater is its
temperature dependence. Thermal diffusivity at higher
temperature can be expressed by an imperical equation and
dependent on room temperature thermal diffusivity only. Both,
the room-temperature thermal diffusivity and its temperature
dependence are mainly dependent on the major mineralogy of
the rock.

(Labani Ray, H.-J. Förster*, F.R. Schilling*, A. Förster*)

Petrophysical properties of granulite facies rocks

Petrophysical properties of major rock formations of the
Southern Indian Granulite Province (felsic to mafic granulites,
amphibolite facies gneisses, granites, syenites) have been
measured for constraining crustal thermal structure of the
lithosphere accurately.

Seismic velocity

Seismic P and S wave velocities on granulites and gneisses
have been measured at room temperature and atmospheric
pressure using the ultrasonic pulse-transmission technique at
dry as well as saturated conditions. The granulites show similar
velocities at dry and saturated condition, whereas the gneisses
have significantly higher velocities at saturated condition due
to higher porosity as well as crack density.  Average P and S
wave velocities for mafic granulites are 7.2 ± 0.2 (s.e) kms-1

and 3.9 ± 0.1 (s.e) kms-1; enderbites are 6.7 ± 0.2 (s.e) kms-1

and 3.7 ± 0.03 (s.e) kms-1; charnockites are 6.3 ± 0.02 (s.e)
kms-1  and 3.6 ± 0.02 (s.e) kms-1; gneisses are 6.1 ± 0.1 (s.e)
kms-1  and 3.3 ± 0.1 (s.e) kms-1, respectively.

Density and Porosity

Density of the samples has been determined by Archimedes
Principle. Samples have been weighed in dry and water-
saturated conditions to calculate density and porosity. Density
of granulites and gneisses ranges between 2640 to 3100 kg
m-3 and porosity ranges between 0.3 and 1.7%.

Crack density

Crack density has been modeled using O’Connell and
Budianski’s theory for self-consistent cracks. Crack density has
been estimated by measuring P- and S-wave velocity in the
laboratory at dry and saturated condition. Crack density for

Fig.5.13 Temperature dependence of thermal diffusivity of (a)
charnockites, (b) enderbites, (c) mafic granulites, (d) mafic
orthogneiss and paragneiss from the Southern Indian
Granulite Province. Symbols reflect the average thermal
diffusivity for each temperature. The solid line represents the
least-square regression line for the each sample.
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granulites are lower (0.001 to 0.06) than gneisses (0.09 to 0.28).
Interpretation of data is in progress.

(Labani Ray, FR Schilling*, A Förster*, HJ Förster*)

*GeoForschungsZentrum Potsdam, Germany

5.7 STRUCTURAL AND GEOCHEMICAL
CONSTRAINTS OF HIGH - GRADE GNEISSES
OF SOUTHERN GRANULITE TERRAIN, SOUTH
INDIA: IMPLICATIONS FOR THE
RECONSTRUCTION OF GONDWANA
SUPERCONTINENT

Structural and tectonic perspectives of kimberlites
and related rocks in the India Peninsula

Critical data such as the structural architecture, geology, remote
sensing, aerial photos and the spatial distribution of kimberlites
and related rocks from the Indian shield, has been examined,
integrated and analysed. The occurrences of kimberlites have
been evaluated in terms of their relationships with structural
features at continental, regional and local scales. Accordingly,
our results are described here in a hierarchial pattern, which
include the Indian diamond Corridor (IDC), Trans-Dharwar
Shear System, intersection of lineaments and block-rotation
tectonics.

Indian diamond corridor

The major known kimberlite provinces in India (Anantapur,
Mahabubnagar, Bastar, Raipur) are restricted to Archean
Dharwar and Bastar cratons, which are separated by
Precambrian rift systems of Godavari and Mahanadi. All the
kimberlite provinces occur in a linear fashion along NE-SW,
for a distance of over 1000 km with a considered width of ~
200 km. This corridor of kimberlite is here termed as Indian
Diamond Corridor (IDC). The geological framework, tectonic
features, intense dyke activity and geochronology indicate that
these kimberlites could be genetically related to a superplume.
In the assembled Supercontinent Rodinia at ~ 1Ga, the IDC
follows a regional arc (plume track).

Trans-Dharwar shear system

The tectonic architecture compiled for the Eastern Dharwar
Craton (EDC) involving remote sensing, field observations and
published geological maps (quadrangle) reveals the presence
of NW-SE trending Trans-Dharwar Shear Systems. These shear
systems occur between the Greenstone belts and plutonic
complexes spaced at ~ 20km and are often interconnected by
numerous relatively narrow sigmoidal shear belts, consistent

with strike-slip deformation. A few N-S trending dextral shear
zones are also common at some places. Imbricate shear zones
and duplex structures are well evident. The plot of known
kimberlite fields suggest that there is a preferential
emplacement of kimberlites and related rocks along these
trans-shear systems. The spatial association emphasizes
multiple crustal reactivation, that originated from reactivation
of trans-shear system, that originated during the late Archean-
Midproterozoic to Neoproterozoic. Proterozoic reactivation, in
the form of sinistral strike-slip shear systems and magma
generation at recurrent intervals appear to be important factor
in controlling kimberlite locations.

Intersection of lineaments

Detailed structural interpretation of Landsat-TM data around
Ramagiri-Penakacherla schist belt followed by field
observations delineate major litho-units and important
orthogonal systems of lineaments. The NW-SE lineaments are
associated with the greenstone belts, while NE-SW trending
lineaments are conspicuous often filled with mafic dyke
systems. While the former represent numerous parallel shears
and fractures filled by mafic dykes and quartz reefs, the latter
are marked by silicified fault zones and fractures. A simplified
picture of these lineaments shows their intersections might have
acted as favourable locations for kimberlite emplacement,
though not precisely at the intersections, but along the splay
faults in their vicinity.

Block-rotation tectonics

Aerial photo interpretation of a small part around Wajrakarur
kimberlite province brings out a mosaic of block structure.
Following “block rotation’ concept, a significant mode of
continental deformation and in-situ rotation of crustal fragments
about vertical axis, some of the known kimberlites of Wajrakarur
province seem to have been emplaced along the diagonally
opposite corners of localized extensions of the block structure.
The block rotation must have been a dominant tectonic feature
in the region accommodating most of the continuing strike-slip
deformation and cause several other geological episodes as
well.

It is emphasized that there has been a strong control of
structural features over the emplacement of kimberlites in the
upper crustal levels. The spatial correlation suggests that the
controlling parameters vary at all scales, that are originated as
a result of the same tectonic process operative at their time of
formation by inherited earlier trends and crustal processes.
Broadly, our assessment of the known kimberlite occurrences
together with the integrated structural architecture of the
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Dharwar craton supports the hypothesis that there is a
pronounced structural control on the distribution of kimberlites
and related rocks. The distribution of kimberlite clusters appears
to be governed by Trans-Dharwar Shear System, which extend
to deep lithospheric mantle, which is perhaps related to the
global plate reorganization during the assemblage of Rodinia
Supercontinent. The assembly of Supercontinent might have
influenced the kimberlite fluids to ascend through the shear
zones/faults and other openings created by strain variation
within near-surface structures. The ascent and emplacement
of kimberlites has been restricted to the time window of 1100
Ma, during which crust and mantle lithosphere are fully coupled
to allow rapid ascent through the lithosphere along the shear
systems and related fracture patterns.

(TRK Chetty)

GPS application in the large-scale geological
mapping of a mafic pluton, Eastern Ghats Belt, India

In the present study, GPS has been used for a precise and
quicker geological and structural mapping of a gabbro pluton,
emplaced along the Terrane Boundary Shear Zone (TBSZ)
situated between the Eastern Ghats Belt and the East Dharwar
craton, India. The study of pluton can throw light on the
emplacement of magma in the context of regional tectonics.

The Pasupugallu pluton was mapped on 1:30,000 scale by
on-foot survey and a hand-held GPS (Garmin eTrex Vista) was
employed to record the accurate locations of several hundreds
of structural measurements made in the field. The GPS has
additionally aided in lithological and boundary zone mapping,
locating the extensions of anorthosite lenses, dolerite, syenite,
pegmatite dykes within the pluton, and marginal shear zones.
The data is transferred to the computer using GPS software
(Mapsource). Different symbols were assigned to the waypoints
for different rock types to produce a real-time preliminary
geological map in the Mapsource itself, apart from storing the
aspatial data.  This preliminary map has been conveniently
used for plotting the voluminous structural data and reduced a
large amount of time and manual work. These results helped
in understanding the emplacement history of the pluton and
the tectonomagmatic evolution of the Eastern Ghats.

(TRK  Chetty and J Nagaraju.)

Some structural observations in Prakasam Alkaline
province, Andhra Pradesh, India

The Marginal Transitional Zone, sandwiched between
Proterozoic Eastern Ghats Mobile Belt and the East Dharwar
craton, is a distinct tectonic zone by sharing both the
characteristics of adjacent terrains, apart from being perforated

by recurrent activity of mafic-ultramafic, syenitic and granitic
magmatism (Prakasam Alkaline Province, ~1400-800 Ma). It
is exposed over a length of ~90km with a width of 15-30km in
parts of Khammam, Prakasam and Nellore districts of Andhra
Pradesh. This zone has been surmised as a cryptic suture or
an easterly dipping thrust zone between the two adjacent
terrains and is also considered as southern extension of Terrane
Boundary Shear Zone, flanking the western margin of Eastern
Ghats in the north of Godavari graben. This zone is comprised
of migmatites amphibolites, granitic gneisses, mylonites, low-
grade schists sporadic high-grade gneisses.

Several geotraverses conducted across the transition zone from
the Cuddapah basin in the west to the Eastern Ghats in the
east reveal the terrane boundary relations with the Mobile Belt
and the craton exhibiting the relationship between magmatism
and regional tectonics. These studies suggest that this zone
consists of highly reworked and deformed supracrustal rocks,
gneisses and cratonic units. All the major contacts of transition
zone, wherever exposed, are highly sheared and marked by
quartz reefs and pegmatites. The Eastern Ghats rocks in the
region are characterized by charnockites, khondalites with
intercalations of charnockite and BIF quartzites. They show a
regional trend of NNE-SSW gneissosity dipping steeply to east
with local deflections from NW-SE near Maruturu to ESE-WNW
at Medarametla. Preliminary studies show two possible
generations of folding, i.e. (1) F1 – upright isoclinal folds with
axial planes trending N-S and NE-SW with gentle plunges,
could be the result of regional compression in E-W to NW-SE
directions, (2) F2 – open cross folds with axes plunging gently
towards SE near Pernamitta, conformable with the regional
bend of the Eastern Ghats near Ongole. The contact zone
between the Eastern Ghats and the transitional zone lies near
Dehenuvukona-Perayapalem outcrops, where the migmatised
charnockites along with BIF quartzites trending NW-trending
gneissosity with steep to moderate easterly dips. At Ilapavulur,
the adjacent sheared granitic gneisses show conformable
trends and dip 45º to east with gentle stretching lineations (35º)
plunging toward N 125º. The transition zone extends from the
western margin of the EGMB to the western margin of Nellore
Schist Belt with a regional trend of NNE-SSW dipping steeply
to east. Amphibolites and granitic gneisses have also been
subjected to open isoclinal folds trending N-S to NE-SW. Several
mesoscopic to mega shear zones traverse the zone parallel to
the regional trend (with subhorizontal stretching lineations and
dextral S-C fabrics) and are mostly situated at the contacts
between chlorite-sericite schists, granitic gneisses, and
amphibolites. These high-strain zones are marked by
phyllonites, quartz reefs and boudinaged quartz veins (Field
photographs). The zone hosts several elliptical to linear gabbro-
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anorthosite, nepheline syenite and granitic plutons, which are
aligned in a NNE-SSW trend with highly deformed margins. A
NE (N 50º) trending shear zone runs throughout the linear
ferrosyenite body in contact with the western margin of the
elliptical Chimakurthy mafic-ultramafic layered complex, which
also coincides with the sheared cordierite-sillimanite-gneiss at
the eastern margin of the Pasupugallu pluton. This mylonitic
syenite dips steeply to east (45º) with moderate stretching
lineations (45º) towards ENE (N 65º). The regional foliation
trajectory map shows that the gneissosity in this zone is
swerving around the plutonic complexes, which indicate that
some of these plutons are probably passively, filled tectonic
voids provided by a combination of compression and strike-
slip regime.

(J Nagaraju and TRK Chetty)

Geochemistry of the Pasupugallu gabbro pluton,
Eastern Ghats Mobile Belt, India.

The tectonic setting of the western margin of the Proterozoic
Eastern Ghats Mobile Belt (EGMB), India, juxtaposed against
the Archaean Dharwar craton, is considered as Terrane
Boundary Shear Zone (TBSZ) of possible suture origin. This
western margin is perforated by various mafic, alkaline, and
granitic plutons ranging in age from 1400-800 Ma throughout
its length and breadth. The elliptical Pasupugallu gabbro pluton
(13x7 km) is one of such intrusive bodies in the southern part
of the EGMB, which consists of gabbro, leucogabbro and
anorthosite units in the order of abundance. The lithounits show
rhythmic magmatic layering, with enclaves of olivine-
clinopyroxene cumulates. The intensity of layering increases
towards the pluton margins, with a continuous transition from
viscous (characterized by the coarse grained euhedral grains,
and the preservation of cumulate textures) to solid-state fabrics
(characterized by the fine grained nature, bent, kinked and
erased twin lamellae in plagioclases, etc.). Several dolerite,
pegmatite, and a few syenitic dykes traverse the pluton in
variable directions, but dominantly in N-S. The country rocks
include cordierite-sillimanite quartzofeldspathic gneisses and
migmatised amphibolites, with well-developed mylonitic
foliations, stretching lineations, and sigmoidal porphyroclasts.

The gabbros consist essentially of plagioclase and
clinopyroxene (augite) with olivine, biotite, spinel and opaques
as accessories. These are coarse grained and show
hypidiomorphic, cumulate and subophitic textures.  Plagioclase
grains are subhedral and display albite and Carlsbad-albite
twinning, which are deformed in places. Augite is subhedral
with exsolution lamellae of orthopyroxene and inclusions of

ilmenite needles. Grain boundaries are lobate, sometimes
straight and deformed. The alignment of lattice preferred
orientation of plagioclases and clinopyroxenes in magmatic
stage is observed. The gabbros at the marginal parts of the
pluton are relatively fine-grained and more deformed, showing
peripheral granulation, bent, and erased twin lamellae.
Anorthosites are very coarse-grained and generally massive.
Plagioclase is the dominant mineral with minor clinopyroxene,
olivine and biotite. Triple junctions can be observed among
subhedral plagioclase crystals indicating the equilibrium
conditions for the crystallization of the grain.

The plutonic units are normative quartz- and nepheline- free
with moderate SiO2 levels (46.2 to 49.1 wt%). They show high
Fe2O3 (7.11 to 14.2 wt%) and Al2O3 (10.97 to 26.51 wt%), but
variations can be seen in MgO content (3.42 to 10.91 wt%).
These gabbroic rocks are also enriched in CaO content (8.48
to 13.28 wt%), which promoted the increased proportion of
clinopyroxene and plagioclase. These are moderate in alkalies
(Na2O: 2.02-2.96 wt% and K2O: 0.31 to 2.51 wt%). High values
(>0.4) of Fe*/(Fe*+Mg), which vary between 0.5 to 0.69 for
most members indicate crystallization from fractionated melts
with CaO/ (CaO+Na2O+K2O) remains within a range from 0.73
to 0.82. In the silica vs alkali diagram of Irvine and Baragar
(1971), all the lithounits fall within the sub-alkaline field. The
AFM plot suggests the tholeiitic, while the Al2O3-MgO-
(FeO*+TiO2) relationship suggests high Fe-tholeiitic basaltic
nature.

The gabbroic rocks of the pluton are also characterised by
enriched LREE and depleted HREE patterns with a positive
Eu anomaly. These are the indications for the derivation of the
melt from the enriched mantle source. The geochemical
characteristics of the lithological assemblages of the pluton
suggest that the rocks are low potassium island arc tholeiites.
The overall field, petrographic and geochemical signatures
support the possible subduction or collision related magmatic
origin for the Pasupugallu pluton.

(J Nagaraju and TRK Chetty)

5.7.1ELECTRICAL RESISTIVITY BEHAVIOUR OF
HYDROUS AND ANHYDROUS MINERALS  AT
MANTLE PRESSURES

Nano-crystalline manganates perovskite under high-
pressures

Pressure dependence of the electrical resistivity of vacancy
doped Nanocrystalline manganites was investigated up to 1.6
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GPa at room temperature. The  nano-crystalline vacancy doped
at La- and Mn sites respectively were synthesized by sol- gel
technique and particle size was determined by width in the x-
ray diffraction peaks. The pressure dependent electrical
resistivity measurements on La -deficient system
(La0.9Mn0.8Fe0.2O3+”) and Mn – deficient system
(La0.86Sr0.14Mn0.80Fe0.16O3)  show a similar trend by having a
sudden change in the resistivity at 0.3 GPa . Further increase
in pressure reduces the resistivity monotonically for La-deficient
system up to 1.6GPa while Mn- deficient system undergoes
another sudden change in the resistivity at 0.8GPa. The
behaviour of the vacancy doped systems were compared with
stoichiometric system (La-0.8Sr0.2Mn0.8Fe0.2-O3 ) which showed
a similar phase transition at 0.5 GPa .The cross over of localized
–electron to band magnetism  could be seen clearly. The
observed pressure-induced phase transition has significant
bearing in understanding the electronic properties of the post-
perovskite phase in mantle silicate perovskite.

( G Parthasarathy, *Usha Chandra)

* Rajasthan University, Jaipur)

Spectroscopic studies on graphite
from Neoproterozoic psammitic gneiss, Inanalo
Mountain, southern Madagascar

Powder X-ray diffraction, and laser-Raman spectroscopic
studies were carried out on the graphite samples from Inanalo
mountain (S24Ú24’31. 2’’ E45Ú23’18. 3’’), 20 km east of the
Ampanihy shear zone of the southern Madagascar . The
experimental results show that the graphite is highly crystalline,
and syngenetic with the degree of graphitisation varying from
148 to 180, yielding the peak metamorphic temperatures of
750 to 850 0C. Laser Raman spectroscopic studies show only
ordered peak at around 1580 cm-1 in the frequency range from
1000 to 2000 cm –1. The commonly observed disordered peak
in natural graphite is found to be absent in the studied sample,
indicating high-temperature metamorphism. There is no fluid
deposited graphite (epigenetic graphite) in the sample. The peak
metamorphic temperature obtained in the present study is found
to be in good agreement with that obtained from the
conventional geothermometry studies on the sample from the
Beraketa shear zone or the Betroka tectonic belt.

(G  Parthasarathy,* Alan S Collins, TR K Chetty

*The University of Adelaide, Adelaide,  Australia)

Cavansite, a novel zeolite from the Deccan traps,
India
Detailed studies were carried on cavansite, a very rare

vanadium zeolite from the Deccan Trap, by using powder X-
ray diffraction, thermal analyses, Laser-Raman, solid-state
nuclear magnetic resonance and X-ray photoelectron
spectroscopic methods. Cavansite, Ca (VO) Si

4O10. 4 H2O,
occurs in cavities in tholeitic basalts of the Deccan Volcanic
Province, and in pores of altered basalt breccia and tuffaceous
andesite. Cavansite was originally described as a blue associate
of zeolites from Owyhee Dam, Owyhee Co, Oregon ,USA by
Staples et al. (1973). The second ocuurence of this rare mineral
is found in vesicular basalt in the bottom of Chavan Quarry,
Wagholi, 20 km east of Pune, India. Cavansite is found to be
associated with stilbite, heulandite, mordenite, chalcocite and
calcite. 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.  FT-IR, XPS, Laser Raman and solid state
NMR Spectroscopic studies indicate that the cavansite is
composed of SiO4 tetrahedra, each with three corners shared
with other tetrahedra, and fourth corner coordinated to one V
atom and one Ca atom; VO2+ groups coordinated to apices of
4 SiO4 tetrahedra so that V is in square-pyramidal coordination
with O. H2O molecules in the structure is loosely bound.
In summary, from NMR studies of cavansite, it is evident that
Si atoms in tetrahedral coordination with O atoms, whereas V
atoms exist in highly distorted environment of O atoms.  These
findings are in agreement with the X-ray and Laser Raman
studies. The 51V –NMR studies show that  vanadium atom is in
the square-pyramidal coordination typical of the 4- and 5- valent
states. High-temperature studies show that cavansite
undergoes a partial dehydration reaction at about 210-230 0C
with a loss of 3 water molecules. The fourth water molecule is
removed at about 400 0C, where there is a complete break
down of the zeolite structure. It is observed  that the content of
vanadium in Deccan Basalt (200 to 400 ppm) is much more
than world wide average of vanadium in basalt (250 ppm), and
lunar high K basalt (70 ppm). The present study of thermal
stability of Deccan cavansite may be useful in determining the
origin of vanadium in basalts as well as the thermodynamic
conditions for the paragenesis of the vanadium silicates in the
Deccan Traps.

(G Parthasarathy, Aditi Mookherjee1, B Jagadeesh2,
B Sreedhar2, AC Kunwar2, KV Subbarao3, AK Arora4)

1Department of Geology, University of Pune, 2Indian
Institute of Chemical Technology, Hyderabad, 3Centre for
Earth and Space Sciences, University of Hyderabad,
4IGCAR, Kalpakkam)
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Planetary geo- sciences

Bhawad meteorite

Under the Planetary and Exploration program of Department
of space,  mineralogical work on the Bhawad meteorite has
been carried out. The studied meteorite has chondrules made
up of mostly olivine, pyroxene, and troilite. The iron content of
olivine and the composition of the pyroxenes indicate that the
sample belong to LL6 group of chondrites.

(N Bhandari1, SVS Murty1 and G Parthasarathy

1  Physical Research Laboratory, Ahmedabad)

Studies on St. Severin Meteorite

St.Severin meteorite fall occurred near Saint Severin, Charente,
France on 27 June 1966. Sample of St.Severin meteorite has
been kindly given by Professor D. Lal, FRS. Detailed
geochemical and mineralogical studies by using X-ray
fluorescence, optical microscopy, ICP-MS analyses, and
scanning electron microscopic techniques.  Petrographic and
SEM studies show that the sample contains chondrules with
presence of olivine, orthopyroxene, and maskelynite indicating
the shock pressures of 50-60 GPa.  The fayalite content of
olivine is about 25 to 30 mol % and the orthopyroxene contains
about 25 mol % of ferrosilite.  The mineralogical studies are
very useful in estimating peak temperatures and shocked
pressures during metamorphism, which in turn is very critical
for understanding the shock and thermal histories of ordinary
chondrite parent bodies.

(G  Parthasarathy)

5.8 LABORATORY ROCK MECHANICS STUDIES
AND IN SITU STRESS   MEASUREMENTS

Tri axial compressive strength and frictional
properties of charnockites (sponsored work of L&T
Chennai )

A large number of laboratory rock mechanics tests involving
triaxial compression experiments on dry and water-saturated
rock samples of  Tamilnadu were carried out. The triaxial
compressive strength data of rocks at different confining
pressures were processed, analysed and the results were
communicated to the L & T, Chennai. A comprehensive technical
report entitled “ Triaxial compressive strength and frictional
properties of charnockites at low confining pressures’’ was
prepared and submitted to the L & T.

(KB Chary, Syed Ali, NA Vijay Kumar and MVMS  Rao)

Physico-mechnical properties of granulite rocks of
the SGT

(DST grant-in-aid project work )
The laboratory work under the project “Laboratory studies on
some physical properties of charnockites and other granulite
rocks of the Southern Granulite Terrain” was started during
this reporting period. The data obtained on velocities and
attenuation of Kalpakkam charnockites was processed,
analysed and interpreted. A research paper was also
communicated to the Journal of Earth System Science.

(MVMS Rao, LP Sarma, KB Chary, and KJP Lakshmi)

Laboratory mechanics investigations on some
crustal rocks
(DST grant-in-aid project work )

Following the approval of the DST, the project entitled
“ Laboratory investigations on the effects of confining pressure
and fluid-saturation on velocities, Poisson’s ratio and attenuation
in crustal rocks” was started during this reporting period. Indents
were floated for different equipments as listed in the project.
Few laboratory rock mechanics tests on crustal rocks have
also progressed. (Fund received: Rs. 19. 86 lakhs).

(MVMS Rao, LP Sarma, KB Chary, and KJP Lakshmi)

Engineering properties of singareni sandstones

Knowledge of engineering properties of rocks is essential for
the design and development of underground mines, repositories
and tunnels etc.  But it is very difficult to carryout the laboratory
tests on rocks for the determination of their engineering
properties. In fact most important engineering properties such
as brittleness, hardness etc. are index properties. These are
related to the mechanical properties such as compressive
strength (σc), tensile strength (σT) and shear strength (τ) etc. of
rocks. In the recent past, empirical relationships have also been
established among the engineering and mechanical properties
of rocks. Using the mechanical property data base that we have
obtained in the laboratory on the sandstone samples of the
Singareni Coal Fields, we have evaluated brittleness, fracture
toughness (k1c), hardness (H) and drillability Index. Analysis of
the results shows that the sandstones of the Kothagudem area
are much harder and more brittle than the sandstone samples
of Bellam pally and Ramagundam areas (Fig. 5.14 a & 5.14 b).
Regression analysis showed remarkable correlation among the
data studied. Hence the above mentioned engineering
properties are good indicators of brittleness and hardness for
mining engineering applications and modeling of rock behavior
under stress.
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(KB Chary, MVMS Rao, KJ Prasanna Lakshmi and K
Raghava Reddy)

Mechanical properties of schists and quartzites

The data obtained on mechanical properties of schists and
quartzites of Khetri copper complex have been processed and
analysed. .

(KB Chary and  MVMS Rao)

Laboratory rock mechanics tests on Neyveli rocks

Carried out laboratory measurements of physical properties
(density, porosity, ultrasonic P-wave and S-wave velocities) and
Mechanical properties (Uniaxial Compressive Strength (UCS),
Young’s modulus (E) and Poisson’s ratio (n)) of some of the
sandstone samples collected from two sites of a mine (Mine-I)
of the Neyveli Lignite Corporation (NLC), Tamilnadu. The
samples consisted of clayey sandstone, hard sandstone and
very hard sandstone varieties as per the lithology given by the
NLC. The dynamic and static elastic moduli were calculated
using velocity and stress-strain data respectively. The inter
relationships among the data of physical and mechanical
properties were obtained using the method of least-square
regression. Furthermore, data on some engineering properties
such as brittleness, hardness, fracture toughness and drillability
index of these sandstone samples could be obtained using
established empirical relationships among the mechanical and
engineering properties. The P-wave velocity (VP) which is an
important property and which can be determined accurately is
also found to be strongly correlated with the engineering
properties of these rocks. The UCS is an important mechanical

property from which the engineering properties can be
estimated. However, the UCS is relatively difficult to measure
than the room temperature velocity measurements in rock
samples. Hence, the relationship between UCS and laboratory
velocity data of NLC sandstones has been analyzed and
obtained a good relationship between UCS and P-wave velocity
(Fig. 5.15).

Fig.5.14 (a) Plots showing the brittleness-uniaxial compressive strength
relationship of the sandstone samples of Singareni Coal Fields,
Andhra Pradesh.

Fig.5.14 (b) Plots showing the hardness-uniaxial compressive strength
relationship of the sandstone samples of Singareni Coal Fields,
Andhra Pradesh.

Fig.5.15 Plots showing the uniaxial compressive strength-P-wave
velocity  relationship of the sandstone samples of Mine-I, NLC,
Tamilnadu.

(Prasanna Lakshmi KJ, Chary KB, Vijay Kumar NA, Rao
MVMS and Verma SK)

Analysis of b-value and improved b-value of AEThe acoustic
emission (AE) data obtained during the compressive fracture
of brittle rock was subjected to detailed analysis using Mistras
software. A comprehensive study was also carried out  to
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ascertain the utility of improved b-value of AE for a better
evaluation of rock fracture.

(MVMS Rao and KJP Lakshmi)

5.9 RECONSTRUCTION OF PALAEOMONSOON
AND PALAEO-OCEANOGRAPHY IN THE NORTH
INDIAN OCEAN DURING THE QUATERNARY
PERIOD.: ISOTOPIC AND TRACE ELEMENTAL
PROXIES FROM CORALS AND OCEAN
SEDIMENTS

Sr, Nd isotopic investigations in a deep-sea sediment
core from the Bay of Bengal : implications of
monsoons during the last ~34,000 years

Strontium and neodymium isotopic compositions of a deep-
sea core from the Bay of Bengal were used to constrain the
provenance and transport pathways of terrigenous sediments.
The Gravity core (SK-157-14) was retrieved from the Ninetyeast
Ridge (5o12’N and 90o97’E) from a water-depth of 3306 m.
Radiocarbon dating was carried out using low-level liquid
scintillation counter.  Error in age estimates (except for one
bottom sample) ranges from +80 to +865 years. Stratigraphy
was established using nine radiocarbon dates of the bulk
sediment samples and the age model was developed by linearly
interpolating the control points. This core provides a continuous
sedimentary record for the last 34, 000 14C yr BP years with an
average sedimentation rate of 5.6 cm/ kyr.

Sr and Nd isotopic measurements were performed using
Thermal Ionization Mass Spectrometer (VG 354E). Abrupt
changes of less radiogenic Sr, more radiogenic Nd and high
silt content are observed at an interval of 5.4 to 6.8 ka. These
high-amplitude oscillations in all the three proxies indicate a
distinctly different source for the detrital fluxes on the Ninetyeast
Ridge from that of distal and western Fan sediments (Figure
5.16). There is a systematic pattern of climate-related variability
in 87Sr/86Sr and eNd values at this location of Ninetyeast Ridge.
Pulses of low 87Sr/86Sr, higher radiogenic Nd and high silt
content occurring at 5-7 kyr intervals suggest significant
changes in the detrital source. The relative contribution from
Irrawaddy sediments increased significantly during these
intervals. These results support the hypothesis that rapid cold
events of North Atlantic (Heinrich events) are characterized by
the intensified Northeast monsoon, probably through an
atmospheric teleconnection.

(S  Masood Ahmad, G  Anil Babu, VM  Padmakumari,
AM Dayal, BS  Sukhija and N Nagabhushanam)

5.10 CHARACTERIZATION OF EARTH SYSTEM TO
STUDY ITS NON-LINEAR DYNAMICS
EMPLOYING SEISMIC, POTENTIAL,
ELECTRICAL AND THERMAL PROPERTIES BY
FRACTAL APPROACH

Gravity studies along 850 E ridge

The 850E ridge is an enigmatic buried aseismic ridge having
the peculiar negative gravity anomaly in the north and the
positive anomaly in the south. Different theories are proposed
for the negative anomaly over the 850E ridge. High-resolution
two-dimensional satellite gravity data over 850E ridge is
interpreted using the spectral analysis method covering the
area from 50S to 180N (Fig 5.17).The area consists of the Afansy
Nikitin Seamount, partially buried hills and the 850E ridge.
Twelve overlapping blocks of 30x30are selected to calculate the
depth of anomalous sources. The two layers of anomalous
sources are observed for all blocks. The different depth values
of causative sources are found for different portion of the 850E

Fig.5.16(a)silt percent vs age (14C kyr BP),
(b)87Sr/86Sr vs age, and
(c)epsilon Nd vs age of the detrital fraction of core SK-157-14.
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ridge. The deeper depth values of each block are representing
the crustal thickness. The maximum thickness of 25.6 km is
found for block10 covering the area between latitude 120N to
150N.The reason of negative free air gravity anomaly below
the 850E may be due to depression in the Moho.

for computation of Geotherms  was redefined. Further, the study
suggests the fractal distribution of radiogenic heat production
rate inside the Earth, against the popularly used exponential
and step models, which needs to be incorporated in the heat
conduction equation.

Fractal modeling of complex subsurface geological
structures
The essential component of gravity modeling is an initial model
with arbitrary shape having regular geometry. This regular
geometry approximates causative body of irregular geometry.
For best approximation of causative bodies using regular
geometry one requires several polygons represented by many
vertices, which are perturbed during global optimization to
achieve best model that fits the anomaly. We have circumvented
the choice of multi-face regular polygonal initial model by using
LP norm modified Voronoi tessellation. This tessellation scheme
provides realistic irregular (fractal) geometry of the causative
body using a few parameters known as Voronoi centers, which
makes inversion algorithm faster as well as provides an irregular
realistic final model for the causative body.

Wavelet and rescaled range approach for the Hurst
coefficient for short and long time series
The calculation of Hurst coefficient (H) by different techniques
is sensitive to the length of the profile and noise. H values are
calculated by wavelet transform (WT), power spectrum (PS),
roughness length (RL), semi-variogram (SV), and rescaled
range   (R/S) methods. On the basis of the error estimates two
methods: rescaled range analysis and wavelet transform are
suggested for calculation of H for short/long datasets. Further,
WT method is applied to geophysical data of the Bay of Bengal.
The gravity, magnetic and bathymetry data indicate the self-
affine nature with H = 0.8, 0.8 and 0.9 respectively.

Fig.5.17 Location of 850E ridge

Fig.5.18 Rescaled Range analysis of radiogenic heat production data
with depth from Soultz borehole.

Stochastic hydrology

The effect of highly -fluctuating stream stage on the adjacent
alluvial valley ground water flow equation subject to stochastic
conductivity and time varying boundary conditions. A random
conductivity field with known correlation structure represents
uncertain heterogeneity. The resulting non-linear stochastic
Boussinesq equation is solved with the decomposition method.
New expression for the mean of the the hydraulic head and its
variance distribution are given. The solution is verified via an
application to the Seioto River aquifer in Ohio, which suffers
from periodic fluctuations in river stage from seasonal flooding.

Scaling evidences of thermal properties in Earth’s
crust and its implications

Analyzed thermal properties of the Earth’s crust(Fig 5.18) to
detect the inherent fractal behaviour in the data. Using the fractal
thermal -conductivity the traditional heat conduction equation
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Source depth characterization of potential field data
of Bay of Bengal by continuous wavelet transform

The continuous wavelet transform is used to locate and
characterize the source of the potential field by transferring
the data into an auxiliary space. Using free air gravity and
magnetic data the mean depth to causative sources indicates

Fig.5.19 (a) Wavelet transform of free air gravity anomaly along MAN-03 profile (lat. ~13.060 N) across 850 E ridge using poisson wavelet. The
curve joining intersection of modulus maxima lines gives the mean depth to the causative source.

presence of lithospheric flexure at the central part of profile
across 850E ridge (Fig 5.19). Using free air gravity data, it is
inferred that mean depth to causative sources decreases from
west to east across 900E ridge along MAN-01 profile (Fig 5.20)
which indicates the increase of sediment thickness from east
to west.

Fig.5.19 (b) Free air gravity anomaly along MAN-03 profile (lat. ~13.060 N) across 850 E ridge.
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Fig.5.20 (a) Wavelet transform of free air gravity anomaly along MAN-01 profile (lat. ~ 14.640N) across
900 E ridge. The analyzing wavelet is shown in Figure 5.17. The curve joining intersection of
modulus maxima lines gives the mean depth to the causative source.

Fig.5.20 (c) Least square fit showing depth values decreasing toward east.

Fig.5.20 (b) Free air gravity anomaly along MAN-01 profile (lat. ~ 14.640N) across 900 E ridge.
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Seismicity and tectonics of NW Himalaya

Fractal Dimensional analysis is carried out to understand the
seismicity of the Doon valley, NW Himalaya (India) from the
spatial distribution of earthquake of the region and from the
LANDSAT imageries of active lineaments and drainage pattern
of the area. A relationship between fractal dimension and the
b-value (D2=2b) has been observed for the study area. The
above relationship holds for seismically locked regions.

Field investigation including the mapping of tectono-geomorphic
expressions and trenching across active structure in the
Himalayan front of NW Himalayan especially in the region
around Dehradhun have been carried out.

The fig 5.21 shown below  shows the evidences of Late

Quaternary active deformation partitioning observed through
mapping of tectono-geomorphic expression sand trenching
across active structures in the Himalayan front of NW Himalaya.
Note the active structures within MBT-HFT wedge and their
geomorphic expression as observed in Indian Remote Sensing
imagery of the region around Dehradun.

( VP Dimri,  JB Selvaraj,  M Ravi Prakash, Kirti Sirvastava
AR  Bansal,  Anand K Pandey,  Nimisha Vedanti,  Ravi
Prakash Srivastava and Ashutosh Chamoli)

5.11 TIME SERIES ANALYSIS AND MODELING OF
PALAEO-GEO-ENVIRONMENTAL DYNAMICS

Signature of ENSO and NAO signals in the Indian
subcontinent monsoon system

South Asian monsoon is believed to be one of the possible
drivers of global climate system. We spectrally analyzed here
different sets of recently published climate indicator time series
to search for statistically significant modes and teleconnection
among ENSO, NAO and Indian subcontinent. In particular we
examine: (1) updated Indian Rainfall (IRF) time series of the
whole country (2) coral growth rate time series from the Arabian
sea, and (iii) NINO3 temperature record to investigate the
signature of ENSO response in the Indian monsoon. Multiple
spectral analyses (e.g. multi-taper method (MTM), maximum
entropy method (MEM), Wavelet and cross spectra reveal
coherent cyclic and non-stationary modes in these records.
MTM analysis of IRF time series resolves statistically significant
variability (>90% C.I) (i) at multi-decadal (66-70 year) scales
related to the well-known global temperature variability of
internal atmospheric-ocean origin (ii) relatively weak signals
at 13 and 22 years (solar cycles) and (iii) the 2.5 to 7.5 year
cycles associated with ENSO frequency band.  The MTM
spectra of coral growth rate record also reveal statistically
significant periodicities (>90% C.I.) within 1.8-4.2 ENSO
frequency band, and a relatively weak signal at 12.8 years.
MEM analysis confirms the stability of above spectral peaks.
Wavelet spectral analyses of the above time series reveal non-
stationary “localized modes” of ENSO evolution corresponding
to 2-7 years and higher, order terms. Similar spectra longer
climate indicator records also reveal higher order cyclic pattern
seemingly related to the persistent solar cycles. Although
matching periodicities are present in these records, coherency
analysis exhibits statistically significant spectral peaks  (>80%
CI) only at some selected periods suggesting possible role of
ENSO and NAO dynamics in organizing the subtle Indian
monsoon at these frequencies. These results may provide
significant implication for the modeling of Indian monsoon.

Fig.5.21 Showing the evidences of Late Quaternary active deformation
partitioning observed through mapping of tectono-geomorphic
expression sand trenching across active structures in the
Himalayan front of NW Himalaya. Note the active structures
within MBT-HFT wedge and their geomorphic expression as
observed in  IRS imagery of the region around Dehradun
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Artificial neural network strategy for prediction of
Indian rainfall index (IRF) using the ENSO variability
and sunspot cycles

Prediction of climate variability is one of the main concerns of
geoscientists. The Indian rainfall variability is the end product
of a series of complex interactions between the ocean and
atmospheric processes, so any effect in this process will be
reflected in the expected rainfall. Recent studies have indicated
the possible role of solar and greenhouse radiative forcing in
earth-ocean-atmospheric phenomenon. In order to achieve the
goal of forecasting of Indian rainfall variability, it is necessary
to have a global data of the oceanic and atmospheric
phenomena in conjunction with external forcing indices such
as sunspot time series. We have applied the artificial neural
networks (ANN) based back propagation scheme to forecast
the Indian summer monsoon rainfall (IRF) using the records of
ENSO variability and sunspot cycle. The analyses reveal a
considerable degree of link among Solar/Sunspot cycle, ENSO
related temperature variability (NINO3 time series) and Indian
rainfall index suggesting some possible role of exogenic-
triggering in reorganizing the tropical ocean-atmospheric
system. The analysis may provides some useful constraints
for modeling teleconnected tropical pacific climatic variability
and Indian rainfall.

Also, earthquake data from Himalayan and Northeast India,
consisting data set of different intervals and magnitudes, has
been analyzed in detail using the nonlinear techniques.

(RK  Tiwari, S  Sri Lakshmi and Smita Biswas)

5.12 INNOVATIVE TECHNIQUES FOR PROCESSING
AND MODELLING OF EXPLORATION
GEOPHYSICAL DATA

Non extendibility of Snell’s law into complex domain
and a new result in analysis

Both offset and traveltime as defined in seismic reflection
studies over a horizontally layered earth can each be described
as a sum of a set of functions of the ray parameter. While each
of the summands can be shown to be an analytic function of
the ray parameter, the sum as a whole is shown to be non-
analytic. While an individual summand has no onus on it to
obey the Snell’s law the sum as whole has. This additional
constraint on the sum precipitates the non-analyticity, implying
thereby that Snell’s law is not consistent with an analytic offset
or traveltime function. The inevitable conclusion is that Snell’s
law has no natural extension into complex domain. The instance
constitutes a somewhat bizarre example in complex analysis
in which a sum of analytic functions is itself not analytic.

Extraction of zero-phase, symmetric and
antisymmetric signals from Gaussian white noise

First a technique is developed for locating the centre of
symmetry / antisymmetry of the given symmetric (zero phase
or otherwise) / antisymmetric signal. The location enables
getting rid of odd / even part of the noise in the given noisy
time series containing an even / odd signal. Further steps
include finding time and band limits of the signal. Next step is
to estimate the signal and noise spectrum. The last step yields
an estimate of the signal in time domain.

General harmonic transform and extraction of a
signal of known phase from the Gaussian white noise

The General harmonic transform reduces a signal of a given
phase to an equivalent zero phase signal. It can be shown that
the same transform converts a sample of Gaussian white noise
to another sample of Gaussian white noise. Therefore, under
this transform a noisy trace containing a signal of a given phase
changes to a sum of a zero phase signal and a sample of a
Gaussian white noise sequence. From then onwards the
problem reduces to the location and extraction of a zero phase
signal from Gaussian white noise, for which the procedure has
been already outlined above. An estimate of the original signal
is made after the known phase is compounded with the
estimated zero phase signal.

Electromagnetic modelling

Krishna-Godavari  (KG) basin in coastal region of Andhra
Pradesh, has gained significance due to recent oil and gas
discoveries. Although reflection seismics has been the major
tool in search for  hydrocarbon, there have been attempts to
employ alternative cheaper methods –magnetic, electrical,
electromagnetic(EM) and magnetotelluric(MT) methods, under
suitable geological conditions. MT method  is  now  finding
wide  application  in  oil  and  gas  exploration .

The  K-G  basin  consists  of  different  geological  sub  surface
layers. A thin cover of   basalt  overlies the  sediments
comprising  of  red bed , Gollapalli  sandstone, Raghavapur
shales  and Tirupati  sandstone. The  basement  is  granite.

An attempt is made in this project to develop Microsoft.Net
Graphic Interface and Object Oriented program with C#
language for    2-D EM  Modelling along a few sections covered
earlier by  seismics, of  the K-G  basin  , using  finite difference
technique,  to  examine  the  response  pattern, and  resolution
of different  subsurface  layers.  The two EM resistivity image
maps along two sections, are shown in Fig. 5.22 and Fig  5.23.
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The different layers  in the  geological  sections  are  well
resolved  by  the EM modelling.

Here, Graphics, menus , menu items, database, Filestreams
and other toolbox items are  included  in the above software
package , to view different graphs, contour and image maps .

Gravity  modelling

The regional-residual separation in gravity data processing is
the important step for interpretation. We have used the finite
element approach for regional-residual separation and achieved
higher accuracies by keeping the number of assumptions to a
minimum and by using exact weighting coefficients. During
2005-2006, we have processed gravity data of a few surveys
to identify the potential zones for minerals, delineate basin
structures from the viewpoint of hydrocarbon exploration and
tectonics.

A  brief description of these studies is given below:

The study over Kaladgi-Badami basin attempts to know the

size, shape, depth and its possible continuation below the
Deccan Trap.  The gravity effect of the overlying basalt is
removed from the observed Bouguer gravity field and then
regional-residual separation has been carried out. The resulting
residual anomaly is interpreted in terms of basement depths.
The maximum depth of the basin is of the order of 3.6 kilometers
which is well comparable to the estimates by geological
observations.

A Discussion article on the paper ‘New standards for reducing
gravity data: The North American gravity database’ by twenty-
two authors from fifteen institutes led by Prof. William Hinze
(Hinze et al., 2005) by us had been accepted in Geophysics.
The discussion article highlights the missing link and suggest
to use finite element approach for accurate computation of
isostatic residual anomaly.

The Mahanadi basin on the east coast of India is well known
for coal deposits. Besides thick sediments in delta region, the
discovery of gas off Paradip coast has shown hydrocarbon
prospects in Mahanadi basin. Previous geophysical studies to

Fig.5.23 Resistivity  image map for three layers of  the  geological section of  the K-G basin. The  section  comprises sequence of sedimentary  beds,
Baptla  and Tanuku  horsts.

Fig.5.22 Resistivity  image map for three layers of  the  geological section of  the K-G basin. The  section is located  at the south end  of the  Krishna
basin and  comprises  of Baptla  and  Pennar  ridge , Tirupathi  sandstone, Gollapally and  Ragavapur  beds.
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estimate the sediment thickness were inconclusive.  The drilling
upto a depth exceeding 3000 m had not encountered the
basement structure. The modelling of FEM residual gravity
anomalies indicated that the depth of the basement to be more
than 4000 m.

The gravity and aeromagnetic data of Panna and Pondicherry
regions has been interpreted.

Results of gravity studies over Kaladgi-Badami basin

The Cuddapah, Kaladgi and Bhima basins have generated
renewed interest in the recent past among the petroleum
geologists for possible hydrocarbons in Proterozoic
environment. As regards the Kaladgi basin, besides favorable
structural settings such as a series of plunging anticlines and
synclines, buried domal structures and thick columns of
sedimentary formations, optimism for possible success stems
from the surface gas seepage and gas shows in drilled wells in
coeval Vindhyan Basin in Rewa and recent discovery in Shahdol
near Jabalpur in the Narmada basin in India and oil fields in
equivalent formations in Amadeus basin of Australia, Sichauan
and Bohai bay of China and Lena-Tunguska basin of Siberia. It
is therefore tempting to apply the new finite element technique
to compute the regional and residual gravity fields of the
Kaladgi-Badami basin, and to model the residual anomalies in
order to know the basin geometry and its northward extension.

Bouguer gravity data used in the present investigation have
been obtained by digitizing the 5 mGal Bouguer gravity map
(NGRI, 1978) along 32 equidistant N-S profiles at an interval
of 7.2 km.  The gravity values have been picked up at 500
intersection points between the profiles and the 5 mGal gravity
contours.

In Kaladgi Basin, the overlying Deccan Trap covers and
conceals almost all the older sedimentary formations in different
areas causing hindrance to understand the structure and
tectonics of the basin. Therefore, we have removed the gravity
effect of Deccan Trap from the Bouguer gravity values before
the regional-residual separation. The residual contour image
is illustrated in Fig. 5.24. It has resolved the residual lows over
Kaladgi and Badami regions as well as zones surrounding
Kolhapur on northwest and south of Belgaum. Based on the
scattered exposures of the sedimentary rocks near Kolhapur
and Sangli, it appears that the Kaladgi formations extend
northwards below the Deccan volcanics. The residual gravity
highs are resolved into a number of localised pockets showing
NE and northward convexity most likely corresponding to the
presence of older granitoids, gneisses and younger Deccan
volcanics.

One of the geological interests of the gravity method is to find
out the thickness of the sedimentary formation over the
basement. As per the geological observations, the younger
Badami formations have a thickness of  ~ 290 m, whereas the
underlying Kaladgi group of rocks are relatively thicker
(~3360m).

In the present study, the 3-D modelling scheme is adopted to
model the residual gravity anomalies for basin geometry.  The
resulted basement depths are presented in the form of colour
image shown in Fig. 5.25. The depth of basement varies
between 0.5 and 3.6 km. While the deepest parts are in and
around Kaladgi, Badami and to the south of Belgaum, there
are small scattered deeper pockets in northwest part of the
map extending beyond Kolhapur. It is to be noted that the depth

Fig.5.24 Residual gravity anomaly map of the Kaladgi-Badami basin.
Residual lows are present over Kaladgi and Badami regions
as well as zones surrounding Kolhapur and Belgaum.

Fig.5.25 The depth image of basement geometry in the Kaladgi-Badami
basin. The maximum depth of the basin is ~3.6 km which is
comparable with the estimates by geological observations.
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estimates obtained in the present study are matching well with
the estimates obtained by geological mapping, thereby
substantiating the modelling results.

(SK Ghosh, D Indira Nagubai, K Prabhakar Rao,Ch
Venkateswarlu, A Vasanthi)

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

Charnockite genesis in the Southern Granulite
Terrain: constraints from major-trace element
geochemistry and Sr-Nd isotopic systematics

A new dataset of major, trace element compositions and Sr-
Nd isotopic characteristics of charnockitic gneisses offer
insights and important constraints on conditions of charnockite
formation and crust evolution in the central and southern parts
of Southern Granulite Terrain (SGT), South India. The study
region (Fig 5.26) encompasses the central segment of the
Cauvery Shear Zone system (CSZ) and regions within the
Madurai Block (MB) immediately south of it (designated as the
CSZ/MB and MB domains). Available geological and
geophysical results across the Pa-Ca characterise it as the
Archaean - Neoproterozoic terrane boundary in the SGT
although record of Archaean ages far south of this boundary
suggest the contrary. The charnockitic rocks in the different
domains sampled here have had distinct magmatic and
metamorphic histories. Whereas the protoliths of the CSZ
charnockitic rocks were emplaced and metamorphosed toward
the Late Archaean (ca. 2.52 Ga), those in the CSZ/MB and MB
regions can be related to Mesoproterozoic and Neoproterozoic
magmatic events (1.8-1.7 Ga and 0.8-0.7 Ga). The three
domains of the study area were also affected by Neoproterozoic
(ca. 550 Ma) tectonometamorphic events to a variable degree.

Several lines of evidence emphasise the importance of igneous
protoliths and processes in generation of the charnockitic rocks
in the study area. These include: a) field and petrographic
criteria at places such as the nature of enclaves, observation
of sharp contacts and crosscutting hypersthene bearing
pegmatoidal veins and rare preservation of igneous textures
and b) essentially linear trends in Harker diagrams, distributions
in the AFM, K-Na-Ca, Ab-An-Or diagrams, and consistent
depletion of high field strength and strongly incompatible
elements such as Nb, Ta, Zr, Hf, Ti, Y and Yb.  A common
characteristic feature of the charnockitic rocks from the three
domains of the study region is the prominent Nb-depletion in

all samples apart from consistent depletions of other HFSE
and strongly incompatible elements. The La/Nb ratios are
generally greater than 0.94, the chondritic value. Because Nb-
depletion is not likely to be produced by infracrustal melting, it
must be an inherited character of the source. We therefore
emphasise on a source that is related to an earlier subduction
process. Apart from this, clear differences are noted in the
compositions and source characteristics between charnockitic
rocks of the CSZ vis-à-vis those of the CSZ/MB and MB regions
(eg., Fig. 5.27).  A further constraint on the source character of
the charnockitic rocks in the study comes from their Nd and Sr
isotopic signatures interpreted in the light of two or three
component mixing models involving mantle derived magmas
and pre-existing crustal components.  The samples from the
CSZ domain have high- (near chondritic) Nd and low-initial
87Sr/86Sr (Fig.5.28). Their source could therefore be dominated

Fig.5.26 Simplified geological sketch of the Southern Granulite Terrain,
South India (modified from GSI-ISRO, 1994) showing major
geological domains:  Archaean and Neoproterozoic granulite
blocks, the latter comprising  Madurai Block (MB) and
Trivandrum Block (TB). Also shown is the study region
consisting of three sub-domains: part of the Cauvery Shear
Zone  system (CSZ), the CSZ/MB and MB with distribution
of charnockite samples studied.
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by a mantle component produced by subduction processes
with relatively less involvement of crustal components or the
involvement of a granulitic lower crust typically with low-87Sr/
86Sr. On the other hand, the sources of CSZ/MB and MB suites
show greater involvement of crustal components characterised
by higher-initial 87Sr/86Sr. The MB region also includes some
charnockites that require incorporation of an ancient lower
crustal (mafic) component characterised by low- initial 87Sr/
86Sr and markedly low - ΣNd.  The charnockites and enderbites
of the CSZ show highly fractionated REE patterns with positive
Eu-anomalies, depleted HREE (Fig. 5.27) Y and near chondritic
ΣNd0 and initial-87Sr/86Sr at ca. 2.5 Ga, consistent with hydrous
partial melting of amphibolitic crust with residual garnet and
hornblende for the parental melts.  By contrast, modeled at ca.
1.8 Ga and 0.8 Ga, the CSZ/MB and MB charnockitic rocks,
which show a wider range of Ti and P, relatively lower degree

Fig.5.28 Plots of initial Sr isotopic composition vs epsilon
Nd for the charnockitic rocks of the study region
calculated to different ages.

Fig.5.27 Primitive mantle normalized spider grams for representative samples of
thecharnockitic gneisses from the three sub domains of the study area (a-
c) and chondrite normalized REE patterns for the same samples (d-f).

of HREE depletion, commonly negative Eu-anomalies and
undepleted Y, present clear evidence for involvement of
Archaean crustal components in sources of their magmatic
protoliths. There is also evidence for significant intracrustal
melting processes within a thickened crust at elevated
temperatures between 800 and 1000° C (Fig 5.27).

Our results emphasizing differences in source and conditions
of generation of the charnockite protoliths across the Palghat-
Cuavery Shear Zone system, not only ascribe fur ther
fundamental importance to this crustal scale structure, but also
help rationalize the evidence for Archaean remnants south of
Pa-Ca, as such components play an important role (as integral
source-components) in the Proterozoic crustal accretion
processes of the CSZ/MB and MB regions.

(YJ Bhaskar Rao, JK Tomson, T Vijaya Kumar)



NGRI

102

Patterns and processes of first atmospheric oxygen
Increase during the Paleoproterozoic

The oxygenation of atmosphere has produced some irreversible
changes in the Earth history including evolution of higher
biological forms. Several aspects of this important process such
as timing and causes have still remained debatable. A review
on issues related to the Precambrian atmospheric oxygen
evolution has been carried out. It is generally believed that the
atmospheric oxygen increased during the Paleoproterozoic
despite the fact that the photosynthesis originated much earlier
in the Earth history. The pattern of iron retention in paleosols
and the record of mass independent fractionation in sulfur
isotopes confirm that the transition to more oxidizing conditions
took place during the Paleoproterozoic (Fig. 5.29).

Various mechanisms ranging from an increase in sources of
oxygen to diminishing of its sink have been envisaged as causal
processes of oxygen rise during the Paleoproterozoic.
Conventionally, it is believed that the burial photosynthetic
carbon has established the oxygen. However, the transition in
mantle oxidation states and the escape of hydrogen during
biogenic methane breakdown have also been suggested to
have played an important role in the establishment of free
molecular oxygen in the atmosphere-hydrosphere system. The
coincidence of timing of the oxygen rise and the positive
excursions in carbon isotope compositions of carbonate rocks
during the Paleoproterozoic suggests the important role of
carbon cycle in atmospheric oxygen evolution.

Better quantitative modeling of atmospheric oxygen levels may
be essential for fully comprehending the timing, causes and
consequences of the oxygen rise in the Earth history.
Quantitative modeling is imperative as it can lead to unraveling

the coevolutionary nature of the surface environment and
biosphere on the Earth.

(Bulusu Sreenivas, Takashi Murakami*)

*The University of Tokyo, Japan

Geochronlogy of Aravalli paleosol

Metamorphosed and metasomatised Precambrian paleosols
occur at the base of the Paleoproterozoic Aravalli Supergroup,
NW India. These paleosols have developed on granitic, gneissic
and amphibolitic parent rocks constituting the 3.3 to 2.5 Ga
basement gneissic complex. The paleosols have probably
developed between 2.5 and 2.2 Ga.

Rb-Sr isotopic analysis on wholerock and mineral separate
samples have been carried out to delineate the timing of alkali
metasomatism and to assess its effects on rare earth element
(REE) and Th, U elemental compositions. The Rb-Sr isotopic
data of paleosol samples yielded an age of 1399±26 Ma with a
very high Sri of 0.75145±0.00063. The 87Sr/86Sr data show a
good correlation with 1/Sr values indicating that the observed
straight line between Rb-Sr isotope compositions may be a
result of mixing. However, the overlying metasomatically altered
basaltic rocks also yielded Rb-Sr age of 1397±53 Ma, indicating
that the age obtained on paleosols may represent the timing of
alkali metasomatism. Several Precambrian paleosols have also
yielded Rb-Sr ages younger than their stratigraphic ages
emphasizing the usefulness of paleosols as indicators of timing
of alkali metasomatism.

Importantly, it has been noticed that Th, U and REE contents
of the Aravalli paleosols are correlated with 87Sr/86Sr ratios
indicating that they might have mobilized during alkali

Fig.5.29 Summary of evidences for reducing (bottom half) and oxidizing(upper half) conditions during the Precambrian. Note polarization of all
the reducing evidences to the Archean and vice versa.
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metasomatism. However, the Ce and Eu anomalies, which are
more impor tant for assessing the redox state of the
Precambrian atmosphere appears to have been not correlated
with the Sr isotope ratios.

(Bulusu Sreenivas, VM  Padmakumari)

5.14 CRUSTAL STRUCTURE ACROSS WESTERN
HIMALAYA AND LADAKH

Rayleigh wave group velocity dispersion and seismic
heterogeneity of the Indian crust and uppermost
mantle

Group velocity dispersion results from a study of regional
fundamental mode Rayleigh waves propagating across the
Indian region were presented. 1-D, path-averaged dispersion
measurements have been made for 1001 source–receiver
paths and these combined to produce tomographic images
between 15 and 45 s period. Because of the dense station
coverage in peninsular India, these images have substantially
higher lateral resolution for this region than is currently available
from global and regional group velocity studies. Testing of the
group velocity model shows that the average resolution across
the region is about 7.5° for the periods used in this study. The
tomographic maps (Fig.5.30) demonstrate that while the Indian
shield is characterized by high crustal and uppermost-mantle
group velocities, comparatively lower velocities exist beneath
the Himalaya due to the thickened crust and beneath the
Gangetic plains caused by the mollasse sediments and recent
alluvium cover in the Himalayan foredeep. Northeastern India
north of the Shillong Plateau also displays higher velocities,
similar to the south Indian shield, indicative of colder crust
beneath the region. The northern Bay of Bengal shows
extremely low velocities due to the thick sediment blanket of

Fig.5.30 A comparative plot of (a) the geological map of India with (b)
the tomographic image at 15 s period.

the Bengal fan. Likewise, the Katawaz basin in southern
Pakistan shows lower velocities that resemble those seen in
the Bay of Bengal. The geometry of the velocity contours south
of the Katawaz Basin closely matches the prograding Indus
fan in the Arabian Sea. Finally, the Tibetan Plateau has lower
group velocities compared to the Indian shield at all periods as
a result of the thick crust beneath southern Tibet.

Broadband seismic experiment across Kumaon
Himalaya

A dense seismic network comprising of 25 broadband Guralp
CMG-3T seismometers and REFTEK’s RT130 data loggers
(Fig.5.31) recording earthquakes in continuous mode at 50
samples/s is operating in Kumaon Himalaya. The seismographs
are placed mostly along a 150 km long SW -NE profile (29.80N,
78.54 E to 30.65N, 79.81E ) from Himalayan Frontal Thrust
(HFT) in south to Southern Tibetan Detachment (STD) in the
north at an average spacing of 10 km. Between MBT and MCT
the stations are also deployed off the profile for better
earthquake location and velocity imaging in the region. The
experiment started in April 2005 and would continue for 24
months. Based on analysis of regional earthquakes Pn and Sn
velocity of 8.4 and 4.7 km/s has been inferred. Using teleseismic
receiver functions  the Moho depth was modeled, increasing
from 40 km beneath HFT to 50km below MCT. Signature of
underthrusted Indian crust is clearly visible in the receiver
function as positive conversion. The differential time of this
conversion increases from less than 1s in south to more than
2 s in the north of MCT.

Fig.5.31 Location of Broadband seismic stations in Uttaranchal
Himalaya.
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Broadband seismic survey over Laccadive Ridge

We investigate the crust and uppermost mantle velocity
structure beneath Laccadive Island has been investigated
through teleseismic receiver function modelling. The velocity
structure suggests 16 km thick oceanic crust underplated by
10 km high velocity layer (Vp ~7.6 km/s). Mantle of velocity 8.3
km/s follows this. The layer between 58-97 km has characteristic
low velocity with Vp varying from 6.7 to 7.7 km/s. The Moho at
26 km is formed due to underplating of mantle-derived picritic
melt at the base of oceanic crust. The melt was produced from
a depth of 58-97 km during the interaction of Indian plate with
the Reunion hotspot. Continuity of crustal underplated material
beneath Laccadive could be traced to Laxmi Ridge in the north
and to Reunion Island in the south (Fig.5.32), suggesting this
to be trace of the hotspot. This result along with measurements
over other hotspot linked oceanic islands reinforces that crustal
underplating is their common heritage.

(SS Rai, KS Prakasam, K Sivaram, Sandeep Kumar Gupta,
PVSSR Sarma, Y Satyanarayana, S Jagdeesh and Ashish)

5.15 MESOPROTEROZOIC KIMBERLITES IN SOUTH
INDIA

New age information for Proterozoic kimberlites from two
distinct clusters at Wajrakarur (Pipe-6) and from the recently
discovered SK-1 kimberlite pipe at Siddanpalli. A total of nine
kimberlites from three different fields covering an area of over
30,000 km2 from south of Wajrakarur to north of Narayanpet
(~200 km of strike length), have similar emplacement ages
between 1124 and 1085 Ma. Since these age determinations
represent at least one pipe from most kimberlite clusters in the
EDC, it is likely that many of the kimberlites in this province
have been emplaced close to 1.1 Ga. If true, this could be one
of the largest known Mesoproterozoic kimberlite provinces with
more than 50 pipes.

(Anil Kumar, A M Dayal, V M Padma Kumari, C Manikyamba)

Fig.5.32 Average P- velocity for the crust from Reunion Island [Gallart
et al., 1999], Laxmi Ridge [Naini and Talwani, 1982] and
Laccadive [present study]. Presence of crustal underplating
(marked in gray) is common to three regions and possibly the
trace of Reunion hotspot.

Fig.5.33 Large Mesoproterozoic diamondiferous kimberlite/lamproite
province in South India
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