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This has been a memorable year for the CSIR-NGRI fraternity as the institute
celebrated its golden jubilee. I was fortunate to be able to participate in the finale of
the golden jubilee  celebrations on October 11, 2011 along with former Directors
Prof. V. K. Gaur, Prof. H.K. Gupta, Dr. V.P Dimri and Dr. Y. J. Bhaskar Rao and
several other earth scientists of international repute. Following this event, I took over
as the Director of this institute on 4thJan 2012. I am honoured and proud to present
the contributions and achievements of our institute during this eventful year.

As in the past, the institute activities encompassed both basic and applied
research aspects of earth science. Some of our contributions to understanding
fundamental earth processes and history are listed below:

• The deep earth structure and evolution of the Indian subcontinent was studied
with special reference to the southern cratons, where studies on the Dharwar
craton with a seismological network of 55 stations revealed significant
variation in crustal depth ranging from 32-37 km over Eastern Dharwar craton
to 50-54 km in the Western Dharwar craton.

• Anisotropy studies in the Eastern Dharwar craton suggested that the coast
parallel splitting trends in the vicinity of the Eastern Ghat mobile belt can
be reconciled by invoking a combination of anisotropy frozen in the
lithosphere due to continental rifting along the eastern margin of the Indian
Plate and active asthenospheric anisotropy.

• Based on the mapping of earthquake distributions, we showed evidence of
an active fault in the vicinity of the Tehri Dam located in the Garhwal
Himalayas. It is opined that this fault may generate earthquake(s) contributing
to additional seismic risk.

• Receiver function analysis studies conducted in northwestern Deccan
volcanic province revealed the imprints of volcanism in the upper mantle.

• A wide range of geophysical studies were carried out across the Himalaya
region, Central Indian shear zone, Mahanadi delta (to name a few), revealing
exciting results.

• Based on the seismic data from the Antarctic stations (public domain), it
was revealed that the once contiguous regions of South East India and
East Antarctica of Precambrian antiquity are characterised by thick crusts
of felsic nature.

• Several broad band seismic network stations established in different parts
of the country revealed very interesting results. The epicentral map prepared
for the peninsular India clearly brought out the moderately active nature of
the Indian shield which is typical of stable continental regions.

FOREWORD
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• The studies carried out in the Himalayan region suggested that the
subduction of the Chagos-Laccadive-Deccan ridge and 900E ridge
contributed to the development of arcuate shape of Himalayan arc.

• The first heat flow measurements from the western part of the Vindhyan
basin and heat flow information of Bundelkhand craton were provided by
the scientists of the heat flow group.

• Studies on climate change in south India based on geothermal and
meteorological records revealed warming of 0.80c to 10c above a baseline
broadly representative of 18th and 19th century mean temperature.

• Facilities for planetary data processing are now established at the Institute
to carry out studies on planetary land forms.

During the last two decades, NGRI has been in the forefront in hydrocarbon
exploration research. Our continbutions to resource evaluation are
summarized below:

• Gravity and magnetic studies in the Krishna-Godavari basin delineated
structural faults from the vertical and horizontal gradients of gravity which
coincide with the major discontinuities in the basement.

• Promising areas of hydrocarbon occurrence were identified through surface
geochemical studies in parts of Cauvery basin, Satpura highlands,  Krishna-
Godavari and Jamnagar basins to narrow down the areas for detailed
exploration. A relation was established between the seismic velocity and
normalized resistivity for the hydrate bearing and water bearing sediments
from a well in Krishna-Godavari Basin based on which it was found that
gas hydrates vary both laterally and vertically from 5-50% in the basin.

• With a commitment towards the energy security of the country, CSIR-
NGRI has been playing a crucial role with an ambitious project of Uranium
exploration in the Singhbhum region covering nearly 6000 line kmof VTEM,
magnetic and radiometric data sets to delineate conductors, which would
provide clues to the possible locations of deposits.

• 2D seismic reflection studies around Barmer, Rajasthan revealed
encouraging results showing very good correlation with the lignite beds
from the borehole data. Integration of petrographic, mineralogical and
geochemical data sets revealed chromite bearing deposits in the
Mettupalayam ultramafic complex, Tamilnadu..

The groundwater exploration and management remains one of the primary
focus areas in our laboratory. Our scientists have made significant contributions
in this field; they are listed below:

• A flow model of Hussainsagarcatchment area, Hyderabad was prepared
using the data base of NGRI, historical data of CGWB and state
groundwater departments suggest restoration plans.
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• The experimental hydrological park set up at Choutuppal, Nalgonda has
provided information on fracture/matrix exchange which is a key parameter
to understand the crystalline aquifers.

• Solutions were provided for the arsenic contaminated regions of Bihar,
through numerical simulation of flow in the multi aquifer system. This study
is aimed at ultimately preparing the complete package of water sources
integrating discrete sources.

• In the drought affected regions of Ahmednagar district, Maharashtra, zeolite
cavities and vesicular basaltic zones were delineated using the integrated
geophysical techniques.

• Various laboratory experiments were carried out for studying the vertical
movement of beta and gamma tracers and soil moisture under simulated
condition to finally study the movement of moisture in the vadose zone
caused by rainfall or irrigation. All these studies would require to be tested
in the field conditions.

In addition to the contributions listed above, our scientists carried out many other
investigations that are of societal relevance. I feel that these do deserve special
mention.

The Nuclear Power Corporation of India has been collaborating with NGRI for studying
the microseismicity of the region in Rajasthan.NGRI scientists carried out hazard
assessment due to tsunamigenic earthquakes from Makransubductionzoneon
Tarapurand Jaitapurnuculear installations located in Maharashtra. Run-up heights
and inundation extents were computed and vulnerable areas were identified.

A  scientific deep drilling experiment for earthquake studies is planned in the Koyna-
Warna region in collaboration with Ministry of Earth Sciences, Govt. of India. The
proposed borehole observatory will enable direct and continuous monitoring of an
intraplate seismic zone at depth, leading to a better understanding of the physics
of Reservoir Triggered Seismicity. Under a preparatory phase, a suite of geophysical
investigations are being carried out at regional and fine scale and NGRI scientists
are putting a lot of efforts into this activity.

NGRI contributed to studies on Geo-environment through delineation of pollution of
toxic heavy metals around chromite mines.The studies carried out in the industrial
belt of Hyderabad revealed that a majority of the water samples exceeded the safe
limits and suggested to adopt permeable Reactive Barrier (PRB) method to mitigate
the spread of contaminants from surface water effluents.

A range of new observatories were installed in crucial locations of the
country.Magnetic observatories were installed in Port Blair and Campbell Bay in
the Andaman& Nicobar Islands and Vencode, Tamilnadu. A new digital Magnetic
Observatory was set up and put into operation at Gan Island, Addu Atoll, South of
Maldives  in April 2011 under a tripartite collaboration among Maldives  Metrological
services, Federal Institute of Technology, Zurich and CSIR-NGRI. The Geothermal
climate change observatory established at Choutuppal, Nalgonda (A.P.) has been
continuously providing different data sets useful for climate studies. Seven
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permanent GPS observatories were established in different parts of Andaman &
Nicobar region.

On the academic front, the data reveal an increase in publications both interms of
quantity and quality. 164 papers were published in SCI journals with an average
impact factor of 1.84 per paper. The “Encyclopedia of Solid Earth Geophysics 2011”
was published by Springer edited by Prof. Harsh. K. Gupta, Member, NDMA and
Pannikkar Professor, NGRI during this year and was released during the IUGG
2011 in Melbourne. More than a dozen articles have been contributed by NGRI
scientists.

NGRI scientists brought laurels to the institute through awards such as Young
Scientist Award, National Geoscience Award, IIT Distinguished  Alumini Award, to
name a few.

The NGRI has been actively engaged in shaping the AcSIR students for their Ph.D
in Earth Sciences. With a current strength of about twenty students, many  scientists
including  myself are devoting extra time for teaching to them.During the summer,
about one hundred students from different universities  pursued their  project work
under the guidance of  our scientists.

The new projects under the Twelfth  Five Year Plan were discussed at great length.
It is expected that these Projects will yield valuable results both in terms of basic
research as well as exploration of natural resources in the years to come.

During this year, many distinguished earth scientists visited NGRI. We organized
the 2011 annual convention of the International Association of Gondwana Research
on the theme “Super Continent Dynamics: India and Gondwana”.110  papers were
presented by different researchers  from  Australia, Korea, Japan, Sri Lanka, India
and Belgium. Prof. H.K.Gupta inaugurated the conference and Prof. M.Santosh,
editor in chief, Gondwana Research  coordinated the conference. During the finale
of golden jubilee celebrations, Prof. David Chapman, Prof. Vincent E.Courtillot,
Prof walter D.Mooney Prof. Mike sandiford,   former directors of NGRI   and myself
spoke on a wide range of topics. The French delegation led by Dr MinhHa Pham,
Director, International cooperation, CNRS visited the institute and expressed their
willingness to collaborate with the Institute in Groundwater research. The second
Indo -Tunisian workshop on groundwater was held at NGRI to discuss the need for
the collaborative research on the impact of climate change on groundwater resources.

On behalf of NGRI, I would like to express my sincere thanks to all who have
supported us over the year in our effort to carry out high quality research of international
standard. I do hope that our scientists and support staff will continue to excel.

Sincerely,

Mrinal K. Sen
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Exploration of gas-hydrates along the Indian continental margin

Lateral variation of gas-hydrates and underlying free-gas

A four layer 2-D shallow velocity structure  was delineated
using travel time inversion of identifiable reflected phases from
closely spaced shot gathers of MCS data along a line in the Kerala-
Konkan basin(Fig.1.1). The first layer has a velocity of 1.68-1.74
km/s and thickness of 140-190 m. The velocity of the second
layer with 110 m uniform thickness varies from 1.89 to 1.95 km/s.
The third layer, exhibiting higher velocity of 2.10-2.18 km/s, is
interpreted as the hydrate-bearing sediments, the thickness of
which varies between 100 to 150 m. The underlying low-velocity
(1.62 to 1.72 km/s) layer is attributed to the free-gas zone.

Processing of MCS data in KG and Mahanadi basins

A large volume of multi-channel seismic (MCS) data, acquired recently in the KG and Mahanadi basins,
has brought out very good seismic image of shallow sediments showing wide-spread occurrences of BSRs
(marker for gas-hydrates) over a large area in both the basins (Fig.1.2). The objectives of this project are (i)
delineating the extension of sediments containing gas-hydrates; (ii) evaluating the resource potential; and (iii)
understanding the petroleum system of gas-hydrates in these two basins. Fig.1.3 exhibits BSRs on two
representative seismic sections.

Fig.1.1: The velocity model with high-velocity
hydrate and low-velocity gas layers across the
BSR. Triangles at the top show the shot locations
along the line.

Fig.1.3 : Specimen seismic sections in (a) Mahanadi and (b) KG basins with distinct BSRs.

Fig.1.2: Locations of seismic profiles (black lines) along which MCS data were acquired along the eastern Indian margin. The
BSRs, identified on seismic lines, have been marked by white.

Exploration of  Hydrocarbons
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Physical parameters derived from a BSR in the Andaman offshore

Using the BSR and associated seismic velocity, various physical parameters (porosity, density, thermal

conductivity, geothermal gradient, heat flow, resistivity and gas-hydrates saturation) were computed for  the

Andaman fore-arc basin. This kind of computations are very useful in absence of expensive well data. In addition,

these parameters can be derived at many locations along the BSR, instead of obtaining only at the well

location(s). The present study brings out low geothermal gradient (20.0 oC/km), low thermal conductivity (0.8472

W/m/K), low heat flow (16.9mW/m2), average resistivity (1.53Ω m), medium saturation (14%) of gas hydrates

and 8.13× 108 m3 volume of gas at BSR. The low heat flow is attributed to the high effective sedimentation (5.6

cm/ky) rate that was caused by the tectonic thickening in the study region. The greater depth of BSR (600 m

below sea floor) is attributed to the low geothermal gradient.

Saturations of gas-hydrates from
resistivity logs

Since gas-hydrate bearing sediments

possess higher electrical resistivity than

that of host sediments, two levels of gas-

hydrates up to 25% saturation at depth

interval between 70 to 82 m, and less than

20% saturation at depth interval between

90 to 104 m below the sea floor  were

estimated using the resistivity log data at

site 15 of NGHP Expedition-01.

Velocity-porosity and velocity-density
relationships:

During Expedition-01 of the Indian

National Gas Hydrate Program (NGHP),

drilling and coring were done at one site

in the Kerala-Konkan basin. Downhole

logs were used and empirical relationships

(Fig.1.4) between the P-wave velocity (V
p
),

S-wave velocity (V
s
), density ( ) and

porosity (Ø) were established. The

relations between   V
p
 V

s 
  and Ø with

high R2 value (>0.73) can be used for

various studies in this region.

Fig.1.4:  The observed trends between  V
p  and V

s   (a-b),V
p  and Ø (c-d), and Ø

(e-f),V
s
 and P(g), and V

s
and P(h) are compared with existing empirical

relationships.
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Clathrate hydrate for methane storage and transportation

The concept of storage and transpiration of fuel gas as gas hydrates (clathrates) is attractive if their stable

pressure and temperature conditions are in the vicinity of ambient or in easily manageable conditions. The

Tetrahydrofuran (THF) and tert – Butylamine (t-BuNH
2
) are the thermodynamic promoters for the methane

hydrates. The mixed hydrates formed with methane and THF/t-BuNH
2
 in sII stoichiometry dissociates at much

higher temperatures (THF - 18° and t-BuNH
2 
- 12°) compared to pure methane hydrate. At intermediate mole

fractions (x = 0.033 for THF & for t-BuNH
2
) a two stage hydrate formation in both sII & sI structures are

prominently observed. However, at much lower mole fractions (x = 0.0056 for THF and t-BuNH
2
) methane

hydrates are dominated by sI structure. Noticeably the dissociation curve gets shifted to the right of pure

methane hydrate phase boundary curve by around 2° indicating the hydrate promotion affect. However, the

mixed hydrates with THF (x = 0.0056) are dominated by sII.  In summary, the dissociation behavior of methane

hydrates is essentially controlled by sII forming component (THF/ t-BuNH
2
).

Gas-hydrates in KG basin using a modified Archie’s equation:

Presence of gas-hydrates changes the seismic velocity and

normalized resistivity (formation factor). A relation  was established between

these two parameters for the hydrate-bearing and water-saturated

sediments at various depths of an well at site 10 in the KG basin, and the

saturations of gas-hydrates  were calculated using the modified Archie’s

equation. The advantage of this approach is that the Archie’s constants (a

& m), porosity (Ø) and anisotropy (due to fractures) are automatically

incorporated while calculating the formation factor. The pressure core data

was used for calibrating the saturation exponent (n), for extending the

method for estimating saturations of gas-hydrates from seismic velocities

along some lines around the well. The results show that gas-hydrates

vary both laterally and vertically from 5-50% in the study area (Fig.1.5).

 The advantage of this approach
is that the Archie’s constants (a &
m), porosity (Ø) and anisotropy
(due to fractures) are
automatically incorporated while
calculating the formation factor.
The pressure core data  was used
for calibrating the saturation
exponent (n), for extending the
method for estimating saturations
of gas-hydrates from seismic
velocities along some lines
around the well. The results show
that gas-hydrates vary both
laterally and vertically from 5-
50% in the study area

Fig.1.5: Gas-hydrates saturation along some lines around a drilling location at site 10 in the KG basin.

Exploration of  Hydrocarbons
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The results indicate that
the hydrate induction
and growth is
significantly faster
(typically 1/3 of pure
hydrates) in suspensions
of silica with 150 and 250
µm. Measured induction
time is slightly longer (~
½ of pure hydrates) for
suspensions with 50 µm
silica and natural clay
sediment. In comparison
with pure methane
hydrates, the conversion
decreased by about 20 -
30 % in silica
suspensions, while it is
comparable in clay
sample

Effect of silica particles on the stability of methane hydrates

A systematic study of methane hydrate formation and dissociation was carried

out in the suspensions of silica and natural clay. All the experiments were carried out

in a stirred reactor using 10 wt % of silica and natural sediment samples. The silica

grains have also shown considerable effect on release of methane during dissociation.

We used suspensions of silica (10 wt%) with 50, 150 and 250 µm diameter and

naturally occurring clay sediment (characterized as bentonite) from 40 mbsf in the

KG basin and compared the hydrate kinetics and conversion efficiency. The results

indicate that the hydrate induction and growth is significantly faster (typically 1/3 of

pure hydrates) in suspensions of silica with 150 and 250 µm. Measured induction

time is slightly longer (~ ½ of pure hydrates) for suspensions with 50 µm silica and

natural clay sediment. In comparison with pure methane hydrates, the conversion

decreased by about 20 - 30 % in silica suspensions, while it is comparable in clay

sample (Fig.1.6).

(Kalachand Sain, P.S.R. Prasad, Uma Shankar, N. Satyavani, Maheswar Ojha, A. Prasanti, Mohd. Rafique, Satendra
Singh, Vivekanand Pandey, V.D. Chari and D.V.S.G.K. Sharma)

Fig.1.6: Observed methane concentration (computed from

measured p & T conditions in the reactor with time. Curves

represent the methane hydrate (MH) synthesized using (a) pure

water, and suspensions of silica with (b) 50, (d) 150 and (e)

250 µm diameters, & (c) natural bentonite from KG basin. Inset

show the experimental curves for 1000 min duration.

Gravity and Magnetic studies for exploration of hydrocarbons

Bikaner-Nagaur basin

Residual gravity anomaly along various profiles in the study area are modelled using constraints from

available seismic section which quantifies the thickness variation of sedimentary columns. The derived density

model along one of the E-W profiles clearly indicates deepening of the sedimentary layers below Marh formations

(D, E, F, and G) from East to West (Fig 1.7). In contrast, the shallow sedimentary layers (A and B) are more or
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less horizontal in nature. It means that by the time of deposition of Nagaur sandstone,

the basin attained horizontal stratum and remained so till today. The small wavelength

gravity anomalies are attributed to undulations in the Marwar Supergroup of rocks.

The delineation and mapping of the geometry and nature of basement structures

is critical in understanding the influence of basement during basin evolution. Magnetic

method is particularly effective at imaging basement beneath sedimentary sections,

as magnetic sources within the basin stratigraphy are often weaker than igneous and

metamorphic rocks within the basement. Complete Bouguer gravity and IGRF corrected

total intensity magnetic anomalies are therefore modelled together to arrive at the

basement configuration along   the profiles (Fig.1.8). The geometry and density of the

sedimentary section derived on the basis of seismically constrained residual gravity

anomaly is kept fixed. Density of Neoproterozoic Malani Rhyolite and Palaeo-

Mesoproterozoic crystalline basement is fixed at 2.6 g/cm3 and 2.8 g/cm3, respectively.

The calculated gravity and magnetic response of the basement configuration was then

matched with the complete gravity anomaly. The most interesting features of the basement configuration along

profile mentioned above are a major up warp towards the east and a deep basin  towards the west which is filled

with low density rhyolite having a thickness more than 8 km. Such a large thickness of rhyolite may represent

acidic intrusion in the basement (Fig.1.8).

Fig 1.7: 2½D density model along one of  the E-W trending Profile.
The calculated response is the thin blue line and the residual
Bouguer gravity is the pink solid circle in the upper panel. The
derived density model is shown along with the seismic depth
image (provided by the GAIL) loaded as a backdrop.

Fig 1.8: Unified basement configuration along the same Profile

NE part of K-G basin

Gravity and magnetic (G-M) surveys have been carried out for the delineation of subsurface structural
features over a part of onshore Krishna Godavari basin ( Fig.1.9). The project is sponsored by M/s Oil India
Limited, Kakinada, A.P. A total of 2532 gravity and magnetic observations were recorded in and around the area.
After applying the necessary corrections to the observed data, Gravity and magnetic anomaly maps were
prepared for digital analysis and quantitative interpretation. The Bouguer gravity anomaly map of the region

Exploration of  Hydrocarbons

The most interesting
features of the
b a s e m e n t
configuration along
profile-1 are a major
up warp towards the
east and a deep basin
towards the west which
is filled with low
density rhyolite having
a thickness more than
8 km. Such a large
thickness of rhyolite
may represent acidic
intrusion in the
basement
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shows prominent NE-SW trending highs between Draksharama and Yanam due to the

basement up warps referred as “Draksharama/Yanam ridge” and lows on either sides

due to basement depressions recognized as “Polavaram and Mandapeta trough” towards

SE and NW respectively. Magnetic anomaly map shows well defined NE-SW trending

lows associated with gravity high of Yanam ridge where as the short wavelength and

large amplitude magnetic anomalies are interpreted due to presence of varying thickness

of Deccan traps overlying the Cretaceous sediments. Modeling of NE-SW trending

linear magnetic low associated with basement up warp (Yanam ridge) requires remnant

magnetization (Incl= -480 and Decl=450) in the basement rocks which is similar to

measured palaeomagnetic directions of Charnockites of Eastern Ghat terrain. Therefore,

it is inferred that Charnockite constitutes the basement in this region. While interpretation

of the short wavelength magnetic anomalies requires remnant magnetization (Incl= -

500 and Decl=3300) for the source which corresponds to the normal polarity chron

(29N) of Deccan stratigraphy which matches with the measured palaeomagnetic direction

of Deccan basalts from Rajahmundary.

Joint modelling of gravity and magnetic anomalies using constraints from available

seismic and borehole information shows significant undulations in the basement ( Fig. 1.10). It reveals basement

as shallow as 2.5km between Draksharama-Corangi and Endamuru and as deep as 6.5km in the south between

Mummidivaram and Polavaram and 6.25km in the NW corner to the north of RC Puram.  It may be emphasized

that in spite of non-uniqueness in potential field modeling, the depth section presented here appears to be more

plausible due to constraints provided from seismic section and borehole information. The structural faults derived

from vertical and horizontal gradient of gravity map coincides with the major discontinuities in the basement.

These faults are mostly aligned in the Eastern Ghat and the Pranhita-Godavari- Gondwana tectonic trends.

Fig 1.9:  Tectonic elements of KG basin showing
location of  the study area

Fig 1.10: Geological section derived from 2.5D joint modeling of G-M
anomalies along SE-NW profile. Density and susceptibility in CGS
units. M=Miocene,E=Eocene, LE= Lower Eocene, UC/MC=Upper/
Middle Cretaceous, EC+P= Early Cretaceous + Permian

( Bijendra Singh, M.R.K.P.Rao,  A.P. Singh, D.V.Chandrasekhar,  V.M. Tiwari,  D.Ch.V.Raju , V.Vijaya  Kumar,   Niraj
Kumar, Amol Eknath Meshram,  B. Nageswara Rao, Ch.Swarna Priya)

The depth section
presented here appears
to be more plausible
due to constraints
provided from seismic
section and borehole
information. The
structural faults
derived from vertical
and horizontal
gradient of gravity
map coincides with the
major discontinuities
in the basement. These
faults are mostly
aligned in the Eastern
Ghat and the Pranhita-
Godavari- Gondwana
tectonic trends.
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Geochemical studies for Hydrocarban Exploration

Regional Geochemical Surveys in Cauvery Basin

Surface geochemical studies
for hydrocarbon prospecting were
carried out in the   Cauvery basin
located in the eastern coast of
peninsular India. The basin extends
in states of Tamil Nadu and
Pondicherry and covers an area of
25,000 sq km onland and 30,000 sq
km offshore, up to depth of 200m
(Fig. 1.11). This NE-SW trending
basin is characterized by horst-and-
graben structures beneath a thick
cover of Tertiary- Quaternary
sediments. The various sub basins,
namely Ariyalur-Pondicherry,
Tanjavaur, Tranquebar,
Nagapattnam, Palk bay and Gulf of
Mannar have varying sedimentary
thickness (1 to 6 km).

Regional Geochemical Survey in
Satpura, Rewa and Damodar
basin

Three major basins in the central
India, the Satpura, Rewa and
Damodar, are not well explored for
their hydrocarbons prospects. In a DGH sponsored project, soil gas surveys were carried out in these basins to
acquire geochemical data for delineation of potential zones of hydrocarbons.

Satpura Basin:

The Satpura basin is located south of Narmada River and extends from Jabalpur to Lokartalai, Mohapani
(Fig 1.12). The entire area of the Satpura basin is about 1200 sq.km. The shape of the basin is governed by the
intersection of ENE-WSW fault parallel to the Narmada-Son lineament in the north, NW-SE trend confirming to
the Dharwar tectonic grain in the west and NE-SW trend parallel to the Eastern Ghat tectonic grain.

Fig.1.11: Sample locations plotted on the geological map of Cauvery basin.

Promising pockets for detailed
exploratory studies were identified
south of Puducherry, around
Kumbakonam, Tanjavur,
Mannargudi, Pudukottai, Kottai-
ppattinam, and south of
Ilaiyamkud.

Exploration of  Hydrocarbons
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Rewa Basin:

The south Rewa basin
is an E-W trending intracratonic
basin in the central part of the
Indian subcontinent (Fig 1.12).
The basin covering an area of
28,500 km2 is delineated to the
north by Son Narmada lineament
and to the east and southeast
by Precambrian metamorphics.
Gondwana sediments ranging in
age from Early Permian to Early
Cretaceous are exposed in the
basin. Geochemical analysis
carried out on Thiki #1 well cutting
(ONGC) indicates that both
Barakar and Raniganj formations
may be considered to have good
source rock potential (TOC = 1.11 to 6.66%, T max = 312 to 434oC) under optimum temperature and pressure
conditions in Khadda, Pather and Keshwahi.

Damodar Basin:

The Damodar sub-basin spreads over an area
of about 23,370.98 sq. km in the states of Jharkhand
and West Bengal.

A total of 425 soil samples were collected from
these basins and analysed for light hydrocarbon,

isotopic signatures and
microbial anomalies.
Integrated geochemical
studies indicate the presence
of micro-seepage of
hydrocarbons from
thermogenic / mixed source.
Based on the anomaly map of
C

1--, 
 C

2+
 & POB, the regions

of Betul,  Chindwara,
Narsimhapur and
Hoshangabad in Satpura
basin, Rewa, Shadol, and east
of Shadol area in Rewa basin
and Daltengunj, Hazaribagh,
north of Ranchi and areas around Dhanbad appear promising for future hydrocarbon
research and exploration.

Fig. 1.12: Geological map of Satpura, Rewa and Damodar basin including sample location.

Fig. 1.13: Adsorbed C2+ concentration distribution map of Deccan
Syneclise

Based on the anomaly
map of C

1--,
  C

2+
 &

POB, the regions of
Betul, Chindwara,
Narsimhapur and
Hoshangabad in
Satpura basin, Rewa,
Shadol, and east of
Shadol area in Rewa
basin and Daltengunj,
Hazaribagh, north of
Ranchi and areas
around Dhanbad
appear promising for
future hydrocarbon
research and
exploration.
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Geo-microbial and light hydrocarbon anomalies in Deccan syncline

Mesozoic sediments under the Deccan

Syneclise are considered geologically

prospective for oil and gas. Surface

geochemical prospecting studies for

hydrocarbons was carried out in the region (Fig

1.13). Integrated results on 1000 soil samples

analyzed for light hydrocarbon, isotopic

signature and propane oxidizing bacteria

suggest areas around Aurangabad,

Ahmednagar, Shirdi, Akola, Bhusaval and

Indore to be promising for future hydrocarbon

exploration.

Krishna Godavari basin

Krishna Godavari basin is a pericratonic rifted margin basin located on the east coast of Indian peninsula.

It covers an area of 28,000 sq km on land and 24,000 sq km off land up to 200 m bathymetry. 50 soil samples

were collected from parts of KG for geochemical and microbial study. Integration with geochemical and

microbial study suggests good correlation with existing oil/gas fields in KG basin (Fig.1.14).

Jamnagar area of Saurashtra region

The Saurashtra basin in western India is considered to have significant hydrocarbon potential because of

the presence of thick Mesozoic succession underlying the Deccan Traps in the region. In this study, surface

geochemical techniques were used to investigate the

hydrocarbon bearing zones in the basin. 150 soil samples

were collected in close grid of 1 km x 1km and analysed

for light and heavy hydrocarbons, soil iodine and isotopic

signatures (Fig. 1.15). Integrated study suggests the

possibility of thermogenic hydrocarbons in the

subsurface. Elevated concentrations of adsorbed

hydrocarbon gases were observed around Laloi and

around Khandera. A few point scattered anomalies were

seen south of Kalavad and Matwa.

(A M Dayal, D J Patil,  M S Kalpana, A Uppaliah, M A Rasheed, Devleena Mani Tiwari, T Madhvi,
VeenaPrassana, M Lakshmi, P L SrinivasRao, S Kavitha.)

Fig. 1.13: Microbial and light hydrocarbon (C1) anomalies in the KG basin

Fig. 1.15: An integreated model comprising of the
geochemical geological and geophysical information from
Jamnagar area, Saurashtra

Exploration of  Hydrocarbons
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Delineation of sub-trappean Mesozoic sediments in western part of Deccan Syneclise, India

Deccan Syneclise is an intracratonic sedimentary basin and is mostly covered by Deccan Traps while
Mesozoic sediments are  in the western part of Deccan Syneclise.  Seismic refraction profile data obtained
along Panoli-JunaMasda (E-W), Sinor-Valod (N-S) and Mavli-GulKumar (N-S) was analysed using travel time
analysis and inversion method (Fig 1.16). The 2-D shallow velocity structure derived along these profiles reveals
three layers above the basement. The first layer with a P-wave velocity ranging from 1.5-4.0 km s-1 represents
Tertiary sediments with a thickness of few tens of meters to 2-3 km underlain by Deccan Trap thickness of  700-
2600 metres thickness.  Amplitude decay and travel time skips in refraction data indicate presence of a low
velocity zone (LVZ) beneath the traps,which has been interpreted to be Mesozoic sediments.  Reflection phases
from top and bottom of the LVZ together with basement refraction phase are identified and modelled to derive
LVZ thickness. The low velocity sediment thickness is 100-700 m with a p-wave velocity of 3.5 km s-1.  The
basement depth varies between 2000-4000 m deepening towards southwest. Analysis of the refraction and
reflection phases reveal that in the case
of relatively thin trap and LVZ, the
reflection phase from top of the
basement is strong as well as the
basement refraction phase and in the
case of a relatively thick high velocity
trap rock and LVZ , the reflection and
refraction phases from basement are
weak (Fig 1.17).  In the western part of
Deccan Syneclise, trap thickness is
relatively less in the northern part
compared to the southern part and
Tertiary and subtrappean Mesozoic
sediments are thick in the south western
part. Delineation of Mesozoic sediments
beneath the Trap rocks is useful for
Hydrocarbon exploration.

(A.S.N. Murty, P. Koteswara Rao, M.M. Dixit, S. Raju, L. Behera, ASSSRS Prasad, V. Sridher,  G.S.P. Rao, M.S.
Reddy, and D. Sarkar)

Fig.1.16  Comparision of observed and theoretical travel times for various
reflected and refracted phases along panoli - Juna Masda profile

Fig.1.17 Shallow p wave velocity model along panoli - Juna Masda
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The prbs voltage signal, X(n), is input to the graphite current electrodes(C1,C2) on either side of the sample under observation. The
pick up from the platinum potential electrodes Y(n) (acrossP1,P2) is recorded. An estimate of the impulse response, h(n), can be
computed via the cross correlation of X(n) and Y(n).

Exploration of  Hydrocarbons

Geophysical Instrumentation

Spectral IP in the detection of hydrocarbon Soil Contamination using experimental Lab view setup

The Spectral IP response in uncontaminated and diesel oil contaminated soil samples is studied by injecting
a pseudo random binary sequence (PRBS) of constant current waveform into the soil sample and obtaining the
electrical response across a pair of electrodes. As the nature of complex resistivity is controlled by various
charge transfer and electrochemical mechanisms acting among the minerals, water and pollutant present in the
sample, the Magnitude and Phase response are monitored typically in the range of frequencies from 0.2 to
500Hz over a period of time.

A software application has been developed using National Instruments’ LabVIEW graphical programming
language to obtain the magnitude and phase lag
of the measured voltage across soil sample
relative to the input excitation current and the
application is designed to run in any portable
computer. Generation of pseudo random binary
sequence of pulses results in a flat energy
distribution over a set of closely spaced line
frequencies as decided by the clock frequency
and the sequence length of the PRBS, thus
covering a wider range of frequencies in one run
of the application, unlike in frequency domain
where in one has to record measurements at each
frequency of excitation.

The application runs in conjunction with NI USB DAQ 6211 (Data Acquisition module comprising of 16 bit
A/D Converter) that handles clock required for PRBS sequence, captures the reference and the acquired channels,
computes auto and cross correlation estimates and finally by performing FFT, the spectral response of the soil
sample under test is obtained.

Laboratory test set up is centered on a desk top computer running a LabVIEW  application. The length of
the soil sample holder is 50 cm with a cross section of 20 by 20 cm. Platinum Electrodes EP89 of VANIRA
Instrument Technologies Pvt Ltd. Hyderabad and Graphite Current Electrodes of dimension 15 cm dia and 10
mm thickness are utilized for this purpose.
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The developed application has been tested in the Lab using RC network simulating the Soil Sample and
observed that the system depicts close co-ordination between the theoretical and observed phase values. It
was further tested on a clean soil and also on a hydrocarbon contaminated (diesel oil contaminated) soil
sample after 3 months of maturation time, while maintaining the same moisture content in both the soil samples.
The soil sample under test has a major compound comprising of Quartz, good amount of Albite and Microcline
and traces of Diopside and Mica.

Curves below show Resistivity (in ohm meters) and Phase variation (in milli radians ) Vs Frequency for both
the soil samples.

It was observed that while uncontaminated soil has a fairly constant resistivity of approx 20 ohm meters the
diesel oil contaminated soil sample though initially became highly resistive to approximately 90 ohm meters,
finally stabilized at 70 ohm meters after three months of maturation. The phase characteristics show a decline
of approx 25 milli radians at lower frequencies up to about 150 Hz compared to uncontaminated / clean soil. The
results have to be analyzed for a much longer time keeping in view of the geochemical reactions associated
with the bio-degradation of hydrocarbons.

 ( M.P.Sarma , G.Vasudevan)
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Seismological and mineral physics constraints on the evolution of upper 660-km depth of
the Gondwana land with special reference to India and Antarctica

The seismic discontinuities corresponding to the mantle transition zone (MTZ),

the 410-km and 660-km depth boundaries, have been identified globally and their

petrophysical characterization is done reasonably well. In addition to these two

boundaries encompassing the MTZ, recent seismological studies from various parts of

the globe sampling tectonically diverse regimes seem to broadly indicate sporadic
presence of at least two additional seismic boundaries in the shallower mantle: the

Lehmann discontinuity in the depth range of 200-250 km and the 250-300 km deep

discontinuity that is termed as the X-discontinuity. The Lehmann (L-) discontinuity

was first recognized as the base of the low S velocity layer at a depth of ~220 km in

Western Europe. Subsequent studies by different researchers identified the presence

of this discontinuity at other locations. Based on the tectonic setting, the mid upper
mantle (~300 km) interface designated as X-discontinuity is found to vary between 250

and 330 km in its depth. This discontinuity is considered to be unrelated to the L-

discontinuity merely because of its depth disposition at deeper levels. Nevertheless, the L- and X- discontinuities

are evidently reported from diverse tectonic regimes of the globe. Presence of such shallow mantle discontinuities

has important bearing in understanding the initial architecture of the Gondwana supercontinent and its subsequent

dispersal ~135 Ma, and geophysical signatures per se are of extreme value. However, their interpretation needs
to be tempered with relevant geological, geochemical and geochronological results- an attempt that has been

followed throughout this study. Significant results that emerged from this research project are presented here.

(i)  Imaging depth disposition of a Precambrian collision zone in the Eastern Dharwar craton-Eastern
Ghats belt

Utilizing the P and S receiver function imaging technique, we delineate depth signatures of the Eastern

Ghats belt collision events and its lateral extent. Our results reveal the presence of two distinct westerly dipping

interfaces at depths centered on 150 km and 200 km in the study region covering an area >2×105 km2. These

boundaries are interpreted to represent remnant structures fashioned by the collisional processes that affected

this region. Recent geological, geochemical, and geochronological evidence from the region strongly favors
interpretation of our delineated dipping structures as possible vestiges of a Proterozoic collision event that are

preserved due to their coherent translation with the overlying lithosphere. Due to this long-lasting record of

Proterozoic tectonics the above  results add a complication to simple models of the Indian subcontinent in

which relatively thin lithosphere underwent rapid transit during the Cretaceous and instead argue for a thick SE

India lithosphere.

(ii) Information theory–based measures of similarity for imaging shallow- mantle discontinuities

Mode conversions, such as the P-to-s (Ps) converted waves, are now employed in a routine manner to

image the velocity boundaries in Earth’s interior. However, unambiguous detection and mapping of shallow

mantle discontinuities in the depth range 50-300 km is a longstanding issue confronting seismologists. This

primarily stems from overlap in the time windows of arrivals of direct converted phases from the target depth
boundaries (~100–300 km depth) and reverberations originating from shallow structures (e.g., from crust and/or

shallow lithosphere layers). Using classical approaches such as the move-out, which is essentially performed

in the measurement space, attempts have been made to address this problem with limited success. Recognizing

this, we explore generic space-related information theory measures of similarity  are explored to extract diagnostics

Presence of  shallow
m a n t l e
discontinuities has
important bearing in
understanding the
initial architecture of
the Gondwana
supercontinent and
its subsequent
dispersal ~135 Ma,
and geophysical
signatures per se are
of extreme value.
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of discrimination between the primary converted waves and the multiply reflected arrivals in Ps receiver functions.

Theoretical development related to inventive application of information-theory based measures of similarity
employing entropy statistics enabled discrimination between primary mode Ps conversions from target boundaries

and interfering multiply reflected arrivals. Various measures of similarity, such as the mutual information (MI),

and associated normalized distance measures, like the normalized variation of information (NVI) and normalized

information distance (NID), are successfully applied to receiver function data sampling regions of different

tectonic regimes of wide antiquity (e.g. Fig. 2.1) A number of  seismological stations are located in the Archean-

Proterozoic craton–mobile belt regions of SE India, Canada, and Phanerozoic United States. As Indian data are
mostly unavailable to other researchers, the choice of the stations located at Canada and United States in the

present  analyses was governed by two reasons: (i) their mapping different geological/tectonic regimes of wide

antiquity, and (ii) to enable any researcher to reconfirm/validate  the  present approach using open source data

from these stations.

Fig.2.1: Normalized information distance (NID) between different seismic phases and the reference phase. NID is a normalized
measure of similarity that uses the maximum of the marginal entropies as the normalizing factor. In addition to all other properties
being same as NVI, NID invariably measures the minimum distance between the two distributions. This additional property of NID,
often referred to as the universality property, imparts robustness, thereby making it a general purpose measurement. It is
important to note that the diagnostics observed in MI plot (not shown) for distinguishing various seismic phases are also reflected
in this plot.
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Significantly, at several locations in SE India,   unambiguous presence of
midlithospheric discontinuities (MLDs) are interpreted  for the first time. These
results in conjunction with constraints obtained from various other fields including
geological, geochemical, thermobarometric, heat flow and geochronological studies
collectively indicate that the low velocity zone at ~ 90 km depth documented at
several seismic stations beneath the eastern Dharwar and Bastar cratons represent
an MLD rather than the Lithosphere-Aesthenosphere boundary (LAB). The LAB
beneath SE India is deeper than 200 km.

This study reinforces the presence of significant velocity contrast features
related to the Lehmann discontinuity depth (Fig. 2.1) beneath the Precambrian
cratonic stations of India (Hyderabad and Cuddapah) and the Phanerozoic Pasadena
station in the United States.   Presence of midlithospheric discontinuities (MLD)
beneath stations FFC (Flin Flon) and HRV (Harvard) located in North America are
either reconfirmed or negated.  Further, multiple deep discontinuities of opposing
velocity contrasts are delineated at depths of ~275 km and ~320 km beneath
station PAS (Pasadena). The  results therefore show tremendous potential to
unambiguously detect and distinguish between direct converted seismological
phases and multiple reverberations (Fig. 2.2).

This study reinforces the
presence of significant
velocity contrast features
related to the Lehmann
discontinuity depth
beneath the Precambrian
cratonic stations of India
(Hyderabad and
Cuddapah) and the
Phanerozoic Pasadena
station in the United  States.
Presence of
m i d l i t h o s p h e r i c
discontinuities (MLD)
beneath stations FFC
(Flin Flon) and HRV
(Harvard) located in North
America are either
reconfirmed or negated.

Fig 2.2: MI plots of unknown phases (Up1 and Up2) that were identified on receiver functions (not shown). For comparison,
slopes of CUD Pms phase and PAS Pps phase are shown as references. For seismic station PAS, Up1 (26-30s) represents a
positive impedance contrast boundary, while the phase Up2 (30-34s) is characterized by a negative contrast. It is interesting
to note that MI trends of phases Up1 and Up2 corresponding to this station exhibit similar characteristics as primary phases.
Also at station FFC, phase Up1 (8.5-12s) shows the characteristics of a primary phase. However, MI trends of phase Up1 at
stations CUD (8-12s) and FRB (11-13s), as well as phases Up1 (5.5-8s) and Up2 (9-12s) at station HRV share similar

These information theory approaches discriminate the seismic phases unequivocally. This new approach
thus complements the S-to-p (Sp) receiver function technique, which is suitable for detection of shallow-mantle
discontinuities (midlithospheric discontinuities, lithosphere-asthenosphere boundary, Lehmann, etc.).
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(iii) Seismic results from SE India and Antarctica

Seismic data from a number of stations in Antarctica that are in the public domain

are extracted, analyzed for determination of crust-mantle configuration and compared

with the results from stations sited in SE India. Crustal thickness and  Poisson’s ratio

are estimated and  the underlying mantle transition zone (MTZ)  is studied through

receiver function analyses.

For comparison of crustal parameters between Indian seismic stations and those

from Antarctica, H-K stacking  was used to obtain the parameters H (Moho depth) and

Vp/Vs. Receiver functions at few sample stations in Antarctica (Fig. 2.3, top panel)

are shown to enable judge the quality of data used in this study. It is evident that the

receiver functions are simple with clear registration of Ps and corresponding crustal

multiples rendering them for simultaneous determination of H and Vp/Vs. Authenticity

of crustal parameters can also be judged from H-Vp/Vs grid search results (Fig. 2.3,

bottom panel). The  results indicate that, in general, the interior of the eastern Dharwar craton of the Indian

subcontinent is characterized by crustal depths centred on ~35 km. The thickness, however, reaches almost

up to 45 km towards the east coast of India encompassing the Eastern Ghats Mobile Belt. The Poisson ratio,

represented by Vp/Vs in the study region is more consistent, close to 1.7, indicating that the bulk crust is

dominantly of felsic nature. The seismic stations located at East Antarctica exhibit a general depth to Moho

over 35 km with Vp/Vs centred on 1.7. These results, therefore, collectively imply that the once contiguous

regions of SE India and East Antarctica of Precambrian antiquity are characterized by thick crusts of predominantly

felsic nature. Coming to the observation of low-velocity

zone (LVZ) within the upper mantle domain of SE

India that is characterized as mid-lithospheric

discontinuity (MLD), it is noted  that such deeper

lithospheric structure at about 10s (corresponding

to a depth of ~ 90 km) beneath the Russian station

Novo is also documented by other researchers.

The mantle transition zone (MTZ) thickness
beneath seismic stations located at SE India which
is measured as (P660s–P410s) differential time is
comparable to IASP91 standard earth model
differential time of ~24 s, indicating that there is no
thermal anomaly within the mantle associated with
these locations sited in the Precambrian terrain (Fig
2.4A & B). Likewise, the MTZ thickness beneath east
Antarctica stations SYO and CASY show differential
times close to ~24 s. Interestingly, these two
stations, now located at east Antarctica, were in close
proximity in the Gondwanaland configuration. These
results therefore establish that the east Antarctic
counterpart of the Gondwanaland yield MTZ thickness
similar to SE India (Fig 2.4A & C). However,

Fig:2.3: (Top panel) Examples of Ps move-out–corrected P-receiver-
function distance stack-section at Antarctic stations SYO and CASY.
Clear Moho marked as Ps in both the stations is observable in the
stack-sections. (Bottom panel) Crustal depth (Moho) and Vp/Vs
beneath these stations are estimated using grid search approach.

These results,
therefore, collectively
imply that the once
contiguous regions of
SE India and East
Antarctica of
P r e c a m b r i a n
antiquity are
characterized by thick
crusts of
predominantly felsic
nature.
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(S. Das Sharma, D. S. Ramesh, P. A. Raju and C. Bapanayya)

The Deep Structure and Evolution of the  Indian Subcontinent with Special Reference to
Cratons (SECRAT)

One dimensional reference velocity model and precise locations of earthquake hypocenters in the
Kumaon- Garhwal Himalaya

We report a well constrained velocity model of the Kumaon-Garhwal Himalaya, based on analysis of
~5,000 seismograms generated at 50 digital broadband seismic stations in the region between April 2005 and
June 2008 (Fig. 2.5a). These include data from 385 local earthquakes with azimuth gaps of <180°, each of
which had a minimum of 7 P- and 5 S- phase readings. This velocity model (Fig. 2.5b) was then used to map
locations of 1150 earthquakes (1< M < 5) that occurred in the region. A majority (~75%) of these earthquakes
occurred in the upper 20 km of the crust largely above the Main Himalayan Thrust and form a ~10 km wide band
along the surface trace of the Munsiari Thrust. However, we also find another parallel band of earthquakes about

The observed
shrinkage of MTZ in
the entire region  is
attributed to the
presence of Marie
Byrd Land hotspot.
Importantly, these
results and the
attendant inferences
are in consonance
with  the observed 550
´1000 km2 dome that
rises to greater than
2700 m above the sea
level and the
tomographic results

considerable shrinkage of MTZ thickness is noticed beneath station HOO, which is
located close to the Ross Sea area. Mt. Erebus is the only active volcano on the
Victoria Land coast of the Ross Sea and is related to active Marie Byrd Land hotspot.
The observed MTZ shrinkage beneath station HOO may therefore be associated with
the presence of such hotspot within the lower mantle (Fig 2.4A & C). Station CON is
also in close proximity to that of HOO. However, it can be noted that the P410s arrival
beneath CON is not registered very prominently as that of HOO (Fig. 2.4A). In spite of
this, the MTZ thickness beneath this station (i.e. CON) is inferred to show shrinkage.
The observed shrinkage of MTZ in the entire region  is attributed to the presence of
Marie Byrd Land hotspot.  Importantly, these  results and the attendant inferences are
in consonance with (i) the observed 550 ´ 1000 km2 dome that rises to greater than
2700 m above the sea level and (ii) the tomographic results reveal that locally, low
seismic velocities exist within the upper mantle beneath the dome.

Fig:2.4:Ps move-out–corrected P-
receiver-function sum traces and
distance stack-sections showing
P410s and P660s phases. (A) Sum
traces for seismic stations HYB and
CUD located in SE India and SYO,
HOO, CON and CASY sited in
Antarctica are shown. Station PAS
(Pasadena) in USA is shown for
comparison, where MTZ thickness
is less than the standard IASP91
differential time of 24 s (shown as
vertical bars). (B) Representative Ps
move-out–corrected P-receiver-
function distance stack-sections
showing presence of P410s and
P660s phases at stations located in
SE India. (C) Same as (B) for
Antarctic stations.
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70 km to its southwest, and a significant number (~ 15%) both in the
Tethys Himalaya and within the flexed crust of the under-thrusting Indian
plate beneath the Ganga basin (Fig. 2.5c). Furthermore, unlike the
reported absence of seismicity in the lower crust of the Nepal Himalaya,
and its reappearance in the shallow mantle, the Kumaon-Garhwal
Himalayan crust is found to be seismically active throughout, with no
event reliably recorded in the shallow mantle of this region during the
epoch of our seismic recording (Fig. 2.5d).

Fig. 2.5.d: Depth distribution of total earthquakes along an
arc-normal cross-section BB’ (Fig 2.5c).

Fig. 2.5 a: Simplified tectonic map, projected over
topography, showing seismic stations used in the study
are shown as triangles during April 2005 to June 2008.

Fig. 2.5.b: 1-D P- and S- waves velocity models
calculated for the Kumaon-Garhwal region and used
for earthquake locations in the region. The velocity
model below 25 km is not resolved.

Fig. 2.5.c: Epicentral distribution of the 1150 recorded
earthquakes (filled circles). Moderate size earthquakes
in the region are shown with different symbols (Star:
1991 Uttarkashi, M 6.6; Diamond: 1999 Chamoli, M 6.3;
Circle: 2005 Chamoli, M 5.3).

Unlike the reported absence of
seismicity in the lower crust of the
Nepal Himalaya, and its reappearance
in the shallow mantle, the Kumaon-
Garhwal Himalayan crust is found to
be seismically active throughout, with
no event reliably recorded in the
shallow mantle of this region during
the epoch of our seismic recording
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Active fault beneath the Tehri dam, Garhwal Himalaya- First seismological evidence

We present the first seismological evidence for presence of an active fault beneath
the Tehri dam based on mapping of the earthquake distribution in the Kumaon-Garhwal
Himalaya. The earthquake distribution shows a significant EW trend in the Lower
Himalaya following the Tones fault in west and the Ramgarh thrust in the east. The
Tehri dam is in the close proximity of the Tones thrust. We recorded over 20
earthquakes (mag 1.6 to 2.8) in the 20 km radius of the dam (Fig. 2.6a), which
mostly have thrust mechanism. Fig. 2.6b shows the depth variation of earthquakes
(and FPSs), within 20 km either side of the SW-NE cross-section through the Tehri
dam. These earthquakes fall either on the south dipping Tons fault or where it meets
the Main Himalayan Thrust (MHT). This is possibly the first seismological evidence
of an active fault beneath the Tehri dam. We are of the opinion that the tectonic
loading on this active fault may generate earthquake(s) and provide additional seismic
risk in this critically stressed region.

 Site Response studies in Kumaon Himalaya, using ambient noise

 To assess conditions of high seismic risk in Kumaon Himalaya arising from local site effects at populated
locations, we applied the empirical horizontal to vertical (H/V) spectral amplitude ratio method using ambient
seismic noise recorded by a network of 32 digital broadband seismographs from June 2005 to June 2008. The
data and the estimated parameters were subjected to stability tests to assess the effect of seasonal variations.
Seasonal variations in the ambient noise data seemed to show a lesser effect on fundamental frequency
estimates and a slightly greater effect on the peak H/V amplitudes. Validation of the ambient noise results was
done by complementary tests using H/V ratios of local and regional earthquakes. The ‘peak’ corresponding to
the fundamental resonance frequency is prominently present in both the ambient noise and the earthquake
datasets. The study locations show distinct H/V curve topologies (Fig. 2.7), corresponding to the effects of both

Fig 2.6.a: Distribution of earthquakes recorded by various

networks. Circle shows the 20 km radius from the Tehri dam.

AA’ shows the cross-section along which depth distribution

of earthquakes are projected in Fig 2.6b.

This is possibly the first
seismological evidence
of an active fault
beneath the Tehri dam.
We are of the opinion
that the tectonic loading
on this active fault may
generate earthquake(s)
and provide additional
seismic risk in this
critically stressed region.

Fig 2.6.b: Depth distribution of the
earthquakes occurring within 20 km along
the SW-NE cross-section   through the Tehri
dam. Fault plane solutions of earthquakes are
also projected.
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velocity contrast at well-defined frequencies and
characteristic topographic effect around a certain
frequency range. The clearly indicated ‘peaks’ in the H/V

curves possibly correspond to
velocity contrasts created by
weathered sediments
overlying hard rock basements
in rocky hills. Our study
indicates high site responses
at many populated locations
near the surface trace of the
seismically active Main
Central Thrust (MCT) and
other fault boundaries. The
fundamental resonance
frequencies estimated from
the site response studies at
the 32 locations could be
useful in preliminary site
characterization, ground
motion prediction and seismic
hazard analysis.

Seismic signatures of the sonic boom during the launch of Chandrayaan-1

We present the seismic signatures generated by the sonic boom during the launch of Chandrayaan-1 from the
Satish Dhawan Space Centre, Sriharikota on 22 October 2008. A network of six digital broadband seismographs
(Fig. 2.8a) spread over a distance of 35 km recorded the air coupled seismic waves due to the sonic boom.
These are recorded as first arriving waves on the seismogram with a velocity of about 338 m/s and frequency of
~ 5 Hz (Fig. 2.8b). Also, the amplitudes of the waveforms indicate a high attenuation of the order of 10 in the
marshy Pulicat Lake area. The lake area experienced a significant pressure of about 55 microbar due to the
impact of the sonic boom.

Fig 2.8.b: Vertical component displacement seismograms
of the P-waves and the corresponding spectrum for
the stations KTR, PND and AKT showing peak frequency
~5 Hz.

Fig 2.7: Geographical distribution of the topology of H/V
peaks across the study region of Kumaon Himalaya. Figures
in parenthesis near red triangles indicate mean site
frequencies fH/V (Hz)

Fig 2.8.a: Digital broadband seismic (red triangles) network
operated to study seismic signature during Chandrayaan-1. The
white circle represents SHAR, Sriharikota, the point of lift-off of
PSLV.

Our study indicates
high site responses at
many populated
locations near the
surface trace of the
seismically active Main
Central Thrust (MCT)
and other fault
boundaries. The
fundamental resonance
frequencies estimated
from the site response
studies at the 32
locations could be
useful in preliminary
site characterization,
ground motion
prediction and seismic
hazard analysis.
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Crustal Structure beneath the Dharwar Craton  :

A seismological network of 55 stations (Fig. 2.9a) covering various tectonic units of South Indian shield
(Dharwar craton, Southern Granulite Terrain, Cuddapah Basin, Eastern Ghat etc.) was operated to map 3-D
crust and upper mantle structure of the south Indian shield using Travel time and Noise tomography, waveform
modeling, surface wave studies, anisotrophic studies etc.

We present here the crustal structure of the Dharwar craton by using H-k stack and Neighbourhood
Algorithm. Our inversion results reveal significant variation in crustal depth : 32- 37 km in the EDC, 41- 49 km in
SGT, 38- 46 km in EG, WG and northen part of the WDC, 50- 54 km in greenstone belt of southernmost part of
the WDC. H-k results show Vp/Vs variation of 1.72-1.76 in the EDC, 1.76-1.83 in WDC, 1.8-1.84 in EG and
1.712-1.730 in SGT (Fig. 2.9b). Velocity model obtained from shear wave inversion show thick lower crust (~11-
37 km) and thin upper crust with average Vs>3.7 km/s in the WDC and SGT, while thin lower crust and thick
upper and middle crust with average Vs<3.7 km/s in the EDC. Lower crust in greenstone belt is thicker (> 35
km) with thin upper and middle crust. Average Vs in this zone is above 3.8 km/s. Low velocity is also observed
in the lower crust in this zone. Thickness of the lower crust with shear wave velocities > 4.0 km/s, varying from
~16 to 33 km in the greenstone belt indicating a thick mafic lower crust. In north- central part of the WDC,
thickness of the mafic crust is ~6-22 km. However for EDC mafic lower crust is very thin or absent. Here Vs <
4.0 km/s indicating felsic-to-intermediate lower crust.

Fig 2.9.b: Crustal thickness and Vp/Vs variation in Dharwar
craton.

Fig 2.9.a: Digital broadband seismograph network in
south India.

(S.S. Rai, K.Surya Prakasam, K. Sivaram, Sandeep Gupta, Sudesh Kumar,  Rishikesh Meena,  B.N.V. Prasad, V. Pavan
Kumar, K. Borah, K. Nagaraju, Ritima Das, Somashish Bose and  Utpal Saikia)
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Late Quaternary paleoclimatic & paleoceanographic studies using isotopic and trace el-
emental proxies from ocean sediments, corals and speleothems

Glacial to Holocene changes in hydrography of the northeast Indian Ocean

Stable carbon and oxygen isotopic investigations are

carried out on planktic and benthic

foraminifera from an AMS-dated

sediment core of the northeast Indian

Ocean (NEIO) to infer glacial to

Holocene changes in surface and

deep waters. The chronology of this

gravity core (SK157-14; water-depth

3306 m; lat. 5o11’N; long. 90o05’E)

was established using six AMS

radiocarbon ages and oxygen isotope

stratigraphy. Variations in δ18O and

δ13C values of planktic

(Globigerinoides ruber) and benthic foraminifera (Cibicidoides

spp.) are suggestive of large changes in the surface and deep

water characteristics during the last ~ 60 ka (Fig 2.10). The

δ18O
pl
 values in core SK157-14 are significantly higher compared

to the sediment cores in the northern Bay of Bengal and the

Andaman Sea because of the diminished influence of riverine

fresh water fluxes. Large variations in planktic δ18O
pl
 are noticed

during the Marine Isotopic Stage (MIS) 3.1 and 3.3. Glacial to

Holocene δ18O
pl
 amplitude (1.8%0) is consistent with other

published oxygen isotope records from the nearby locations.

Maximum enrichment in δ18O
pl
 occurs at 24-19 and the

minimum during 7-6 ka BP. Spectral analysis of planktic δ18O
pl

time series suggests a teleconnection between surface water

δ18O and North Atlantic climate oscillations.

The δ13C
ben 

values are generally higher for the Holocene foraminifera suggesting greater contribution from

the North Atlantic Deep Water (NADW). However glacial benthic foraminifera are characterized by lower δ13C
ben

values. Highly depleted  δ13C
ben 

values during the ~ 60-50, 21-17 and 13-11 ka BP intervals suggest decreased

contribution from the North Atlantic Deep Water (NADW) and increased influx from the Southern Ocean Deep

Water (SODW).

(S. Masood Ahmad, Netramani Sagar, Waseem Raza, K. Venkatesham, G. Suseela, Mahjoor Lone.  T. Raza and Sadia
Farnaaz)

Fig 2.10: (a) Top of the panel shows August
insolation at 20oN (Laskar et al., 2004), (b) d13C pl vs
VPDB record of G. ruber from core SK157-14 with
arrows indicating gradual shift in planktonic d13C
values, (c) d18Opl vs VPDB records of G. ruber from
core SK157-14 (this study) and Andaman Sea core
RC 12-344 (Rashid et al., 2007) to show glacial-to-
Holocene variations in surface water d18O of the
two locations, and (d) GRIP δ18O ice core record
plotted to show correlation of cold  (stadial) events
of North Atlantic (shaded bands) with enriched δ18Opl

of core SK157-14. AMS-radiocarbon dating points
of core SK157-14 are marked on bottom of the panel.

Highly depleted
d13C

ben 
values during

the ~ 60-50, 21-17
and 13-11 ka BP
intervals suggest
decreased contribu-
tion from the North
Atlantic Deep Water
(NADW) and
increased influx from
the Southern Ocean
Deep Water (SODW).
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Surface and deep water variations in the central Bay of Bengal during the 34-6 ka BP: evidence from
carbon and oxygen isotopes of fossil foraminifera

Carbon and oxygen isotope records are generated from planktic (Globigerinoides

ruber) and benthic foraminifera (Cibicides spp.) from a deep sea sediment core (SK157–

18) in the central Bay of Bengal. The chronology of this gravity core (11°59’N; 90°01’E;

water-depth 3069 m; core-length 230 cm) has been established using six radiocarbon

ages. Large variations in carbon and oxygen isotopes are suggestive of significant

changes in surface and deep water of the central Bay of Bengal during the 34–6 ka BP.

Planktic d18O values in core SK157–18 are significantly higher compared to cores in

the western Bay of Bengal and the Andaman Sea. A marked d18O decrease at 8–6 ka

BP is suggestive of low-salinity surface water in the central Bay of Bengal, probably

due to the intensification of the Indian southwest monsoon (ISM). An increasing d13C

trend in  G. ruber is seen during ~34–26 and 14–7 ka BP and decreasing d13C trend

between 26 and 15 ka BP intervals. However these d13C shifts in planktic foraminifera

are not coherent with the glacial-interglacial change and may have been caused by

wind-induced variability in surface water d13C.

The d18O and d13C values in benthic foraminifera show considerable variations during the Holocene and

glacial times. Last Glacial Maximum (LGM) to Holocene -d18O shift in benthic foraminifera (1.5‰) exceeds ice

volume effect by ~0.5‰, suggesting glacial deep water cooling of ~2°C, assuming no salinity change. This

glacial deep water cooling may have been caused by the introduction of cooler Southern Ocean Deep Water

(SODW). Large fluctuations in benthic d13C are due to the changes in source water characteristics during the

Holocene and last glaciations (Fig 2.11). Glacial benthic foraminifera exhibit pronounced decrease in d13C

suggesting reduced contribution from the North Atlantic Deep Water (NADW) and increased influx of SODW. In

addition, oxidation of organic matter due to the reduced ventilation of deep water masses during the LGM may

have contributed in the significant decrease in d13C.

(S. Masood Ahmad, Tabish Raza, G. Suseela, Waseem Raza,, K. Venkatesham and Mahjoor Lone)

 Fig 2.11: Benthic d18O and d13C  records from the Bay of Bengal cores (SK157–18 and SK157–14)

 plotted with a Pacific core RC13–110.

Glacial benthic
foraminifera exhibit
pronounced decrease
in d13C suggesting
reduced contribution
from the North
Atlantic Deep Water
(NADW) and
increased influx of
SODW. In addition,
oxidation of organic
matter due to the
reduced ventilation of
deep water masses
during the LGM may
have contributed in
the significant
decrease in d13C.
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Heat Flow & Heat Production Studies

Geothermal investigations in the Upper Vindhyan sedimentary rocks of Shivpuri area, central India

Heat flow has been determined by combining temperature measurements in 7
boreholes (Fig. 2.12) with
thermal conductivity
measurements (Table 1) in the
Upper Vindhyan sedimentary
rocks of Shivpuri area, central
India. The boreholes are
distributed at 5 sites within an
area of 15 x 10 km2; their
depths range from 174 to 268

m. Geothermal gradients estimated from borehole
temperature profiles vary from 8.0-12.7 mK m-1 in the
sandstone-rich formations to 25.5-27.5 mK m-1 in the
shale-rich formations, consistent with the contrast in
thermal conductivities of the two rock types. Heat flow
in the area ranges between 45 and 61 mW m-2, with a
mean of 52±6 mW m-2, which are similar to the heat flow
values observed in other parts of the northern Indian shield
(>50 mW m-2). The heat flow determinations represent
the steady-state heat flow because, the thermal
transients associated with the initial rifting, convergence
and sedimentation in the basin as well as the more recent
Deccan volcanism that affected the region to the south
of the basin would have decayed. Therefore, the heat flow is in equilibrium with the radiogenic heat production
of the crust and the heat flow from the mantle. This study reports the first heat flow measurements from the
western part of the Vindhyan basin and provides heat flow information for the Bundhelkhand craton for the first
time. Radioelement (Th, U and K) abundances have been measured both in the sedimentary rocks exposed in
the area as well as in the underlying basement granitoids/granite-gneiss of Bundelkhand massif exposed in the
adjacent area. Radioactive heat production indicates  mean values of 0.3 µW m-3 for sandstone with inter-bands
of shale and siltstone, 0.25 µW m-3 for sandstone with inter-bands siltstone, 0.6 µW m-3 for quartzose sandstone,
and 2.7 µW m-3 for the basement granitoids (Table 2). With a total sedimentary thickness below  a few hundred
metres in the area, the heat production of the sedimentary cover would be insignificant. The radioactive heat
contribution from the basement granitoids in the upper crust is expected to be large, and together with the heat
flow component from the mantle, would control the crustal thermal structure in the region.

Fig. 2.12. Temperature-depth profiles for seven boreholes
located in Shivpuri area, Vindhyan Supergroup, Central India.
The profiles are offset horizontally to avoid overlap; the
amount of offset in oC is indicated in parentheses.

This study reports the
first heat flow
measurements from
the western part of the
Vindhyan basin and
provides heat flow
information for the
Bundhelkhand craton
for the first time.

Table 1. Thermal conductivity of different sedimentary rock formations in Shivpuri area, Vindhyan basin,
central India

             Rock type N Thermal conductivity
(W m-1 K-1)

Range Mean±SD

Sandstone with thin layers of shale and siltstone 13 3.7-6.1 5.1±0.8
Sandstone with interbands of siltstone 11 5.4-5.9 5.6±0.2
Quartzose sandstone 8 3.9-5.2 4.8±0.5
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Estimation of thermal conductivity of rocks from mineralogical composition

Thermal conductivity of rocks is generally measured in the laboratory on core or hand rock samples
depending upon its availability and necessity in work. In the absence of proper samples, it become essential to
estimate the thermal conductivity of the rock by indirect methods, e.g., from its mineral composition. It was
investigated  as to whether indirect determination of thermal conductivity in rocks can be used as a substitute
for laboratory measured values and what  is the magnitude of errors expected with such an approach. To
achieve this goal,  thermal conductivity measurement  were carried out for a set of samples in the laboratory by
Thermal Conductivity Scanner as well as estimated thermal conductivity from its mineralogical composition
using different petrophysical models. The study comprises 26 samples that include charnockites, enderbites,
mafic granulites and gneisses from the Southern Granulite Province, India. Mineralogical composition has been
determined initially by modal analysis and subsequently by using EPMA and XRD analysis. Rocks are relatively
homogenous in structure reflected by a low anisotropy (1.01 to 1.08) and low inhomogeneity factor (0.1 to 0.5)
of thermal conductivity. Estimated and measured thermal conductivities of the rock samples have the following
ranking:

when λ
m
: Measured mean; λ

HM
:
 
Harmonic Mean; λ

AM
: Arithmetic Mean; λ

Geo
: Geometric Mean; λAM: Arithmatic

mean of (λ
AM

, λ
HM

); λGM: Geometric mean of (λ
AM

,λ
HM

); λ
HS

: Hashin-Shtrikman Mean; λL
HS, 

 λU
HS 

: Lower bound
and Upper bound of Hashin-Shtrikman Mean; λ

eff 
: Effective mean.

The harmonic means are best approximate to the measured thermal conductivity with deviations ranging
between 1 and 15% for different types of granulites and between 1 and 20% for gneisses.

(Labani Ray,  H.-J. Förster *
,  
R. Naumann*, A. Förster*) *GeoForsunZentrum, Potsdam, Germany

Climate change in south India inferred from geothermal and meteorological records

Meteorological data have been combined with the borehole data to extract a baseline surface temperature
prior to the existence of the observational record (often termed the pre-observational mean temperature or POM)
in south India. The average POM for south India is -0.6 oC relative to the 1961-1990 mean SAT (Fig. 2.13). The
variability of the POM among sites is much less than the variability of warming rates determined from
meteorological data alone, a result in part from the attenuated temperature effects in the subsurface. Adding the
post-1990 warming observed over south India, the total surface warming in south India from the early 1800s to

Table 2. Radioelemental abundances and heat production of sedimentary rock formations in Shivpuri area,
Vindhyan basin and the underlying basement granitoids near Karera in the Bundelkhand craton

(P. Nagaraju, Labani Ray, G. Ravi, A.V. Vyasulu, Sukanta Roy)

Sandstone with 4 0.30-2.25 1.6±0.9 0.49-1.06 0.7± 0.3 0.01-0.02 0.18±0.05 0.25-0.44 0.3±0.1

interbands of siltstone

Sandstone with 4 1.71-2.02 1.8±0.1 0.36-0.60 0.5±0.1 0.10-0.80 0.04±0.03 0.22-0.30 0.25±0.03

interbands of siltstone

Quartzose sandstone 3 2.70-2.88 2.8±0.1 1.41-2.09 1.7±0.4 0.06-0.08 0.07±0.01 0.58-0.75 0.6±0.1

Basement granite/ 24 10.1-34.20 19.2±7.1 2.07-6.43 3.8±1.2 1.72-4.27 2.90±0.63 1.56-4.07 2.7±0.8

gneiss (Karera area)

Rock Type N Th (ppm) U (ppm) K (%) HP (µW m-3)

Range Mean±SD Range Mean±SD Range Mean±SD Range Mean±SD
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south India has experienced
between 0.8 and 1 oC of warming
above a baseline broadly
representative of an 18th and 19th

Century mean temperature. This
result could not be obtained from
meteorologic information alone
given the abbreviated SAT time
series from 1901 to 2006 A.D.

Fig. 2.13: Determination of a pre-observational mean (POM)

temperature for south India. (a) Mean  SAT anomalies for

the 28 weather station ensemble in south India.  Zero

corresponds to the 1961-1990 mean. Horizontal lines

illustrate three possible choices of POM. (b) Synthetic

temperature-depth profiles for the three POM-SAT scenarios

shown in (a), along with the subsurface temperature-depth

profile obtained by averaging the set of borehole reduced

temperature profiles of the present study. The best fitting

POM-SAT scenario corresponds to a POM 0.6 oC lower than

the 1961-1990 mean SAT. (c) Plot of RMS misfit as a function

of the POM illustrating that the inferred POM is quite robust.

the early 2000s is 0.95 oC. It therefore appears that significant warming took place prior to the establishment of
widespread meteorological stations in southern India in about 1900 A.D.

This study extends the knowledge of surface temperature change obtainable from surface air temperatures

(SAT) alone. The value added in combining borehole temperature data to traditional meteorological data for

south India is illustrated in Fig. 2.14. From SAT information alone one can deduce the standard 30-year mean

datum, in this case the 1961-1990 mean illustrated by item #1 on Fig. 2.14. One can also calculate a trend for

the SAT time series; item #2 shows that trend of 0.57 oC/100 years plotted to pass through the midpoint of the

1961-1990 mean datum. The warming for the Century is thus partitioned linearly into 0.43 oC prior to 1975

(midpoint of 1961-1990) and 0.14 oC subsequent to 1975. In the case of

south India, SAT temperatures in the last decade depart significantly from

the trend and it is appropriate to show that departure by plotting the 1995-

2005 mean temperature as a separate feature (item #3).

Addition of borehole temperature data both extends and complements

this picture.  Most significantly, the hybrid SAT-POM method provides a

baseline temperature for ca 1700-1900 against which the current warming

phase can be considered.  That baseline is 0.6 oC cooler than the 1961-

1990 mean SAT (item #4 on Fig. 2.14.). Finally the borehole temperature inversion, parameterized in terms of a

simple ramp change, returned values of 0.9 oC amplitude and 127 years duration for the ramp; that result is

plotted as a borehole warming trend, item #5, originating on the baseline temperature and terminating in the

year 2000, a median time for the borehole temperature logs. Studies that use boreholes alone simply determine

a rate of ground temperature change and, because there is an offset between ground and air temperatures,

superimpose the borehole warming or cooling on a SAT plot with an arbitrary shift.

It should be mentioned that all trends and values plotted on Fig. 2.14 have uncertainties, some of them

large, which would smear the plotted data. Nonetheless, an image arises from the combined borehole and

meteorologic data in Fig. 2.14 that south India has experienced between 0.8 and 1 oC of warming above a

baseline broadly representative of an 18th and 19th Century mean temperature. This result could not be obtained

from meteorologic information alone given the abbreviated SAT time series from 1901 to 2006 A.D.
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Numerical Simulations of convection in the Earth’s Deep Interior and Lithospheric Map-
ping of the Sikkim Himalaya

Geomagnetic data assimilation in numerical dynamo models: Hypothesis testing

The observed geomagnetic field provides only a subset of the information on the state of the geodynamo
operative in the liquid outer core. Similarly, the present geodynamo models operate in a parameter regime far
from the actual earth conditions. Therefore,
assimilation of geomagnetic observations
and geodynamo models may be helpful in
improving the numerical geodynamo models
as well as the forecast of the evolution of
the geomagnetic field. Studies have been
initiated in this direction because
geomagnetic data assimilation is an
emerging field. The approach is similar to
those used in numerical weather prediction
but has settle differences. The dynamo
models are far from the earth-like
parameters regime and the high frequency
components of the main field are not
observable due to the attenuation of the field
and its masking by the crustal field. As a
first step, the effect of imposing magnetic
field, its radial derivative, and various
components of the flow field on the changes
in the field generation within the fluid outer
core has been systematically analyzed for

Fig:2.15: Correlation between the master and slave runs radial magnetic
field coefficients. Slave runs starts from a slightly different initial state but
with imposed radial field of the master run at the core-mantle boundary
(CMB). The correlation is poor except in a thin layer below the CMB.

(Sukanta Roy, David S. Chapman*)
* University of Utah, Salt Lake City, USA

Fig. 2.14: Information obtained about surface temperature change in south India by combining borehole temperatures with SAT
data.  Numbers on plot refer to: (1) mean SAT datum for the thirty-year period 1961-1990; (2)  SAT annual anomalies and trend
for the period 1901 to 2006; (3) mean SAT anomaly for the period 1995-2005; (4) POM or baseline temperature representing
a mean temperature for the 18th and 19th centuries; (5) average warming ramp determined from inversion of borehole
temperatures.
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(A. Manglik, U.R. Christensen*, J. Wicht*)
* Max-Planck Institute for Solar System Research, Katlenburg-Lindau, Germany

Crustal geoelectric structure of the Sikkim Himalaya and adjoining Ganga Basin

A broadband MT survey was carried out during 2008-
10 along an approximately N-S profile cutting across the
major tectonic regions of the Sikkim Himalaya to  delineate
the electrical  resistivity  structure for better understanding
of the complex tectonic set up of the region. The profile
starts from the Fore deep at the southern end and ends in
the High Himalayan Crystallines (HHC) at the northern end.
A total number of 48 sites were covered with induction
coils and some sites were also covered with fluxgate
magnetometer for long period data. After final data quality
check, 33 sites (Fig.2.16) have been selected for local
and regional strike analyses and 2-D joint TE-TM inversion
of the data set. The final model shows salient features
such as smooth dip of the Indian plate and the presence of
an anomalous conductivity zone beneath the foreland
basin, a ramp-type structure beneath the surface expression
of MBT, MCTZ as high-resistivity near-vertical block, and
Lesser Himalaya and High Himalaya regions having high
electrical conductivity. The anomalous phase behaviour
observed at a few sites, especially in the vicinity of major
thrust boundaries and has also been interpreted these in
terms of anisotropy and presence of local electrical
conductors. The estimated strike directions can be used
to infer about the transverse tectonics in the region as
revealed by earthquake focal mechanisms.

(A. Manglik, G. Pavankumar, S. Thiagarajan, P. Bindu)

a very simple dynamo model. The results are not encouraging at this stage. The
correlation between the master model representing observations and the
assimilation model is poor except just below the core-mantle boundary (Fig.2.15).
Next, attempts have been made to generate the forecast error covariance matrix
for use in the Kalman filter design. As the number of unobserved unknown
parameters is very large compared to the observable part, the matrix is very large
and demands extensive computing. The work carried out so far has revealed that
the forecast error covariance matrix is crucial to any assimilation exercise.
However, efforts are needed to develop some smoothing functions so that its
computing can be optimized without losing the correlation between the observed
and the unresolved parts of the magnetic field coefficients.

Fig 2.16 : Simplified geological map of the Sikkim Himalaya
and adjoining regions showing major lineaments and faults
[modified after Geological Atlas of India (GSI, 2000,
Seismotectonic Atlas of India) and Dasgupta et al., 2004, J.
Metamorphic Geol., 22:395-412]. Red stars are the MT
stations considered for analysis. Acronyms are: MCT-1
and MCT-2, Main Central Thrusts bounding MCTZ; MBT,
Main Boundary Thrust; MFT, Main Frontal Thrust; and STDS,
South Tibetan Detachment System

The present work has
revealed that the forecast
error covariance matrix is
crucial to any assimilation
exercise. However, efforts
are needed to develop some
smoothing functions so
that its computing can be
optimized without losing
the correlation between
the observed and the
unresolved parts of the
magnetic field coefficients.
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The Phanerozoic magmatism, mantle sources and tectonics: geochemical and isotopic ap-
proaches

Enrichment of Ni–Cr–IPGE at Katpal chromite mine, Sukinda chromite field, Orissa, India

The drill core number 201 (to a depth of ~140 m) was
selected for this study of PGE distribution in rocks of the
Katpal chromite mine. Altered serpentinite contains
brecciated chromitite clasts in varying sizes (typically 0.5
- 2 cm) ( Fig 2.17). The chromitite samples show Ni in the
range 800-1375 ppm and MgO from about 19 to 33 wt %.
Platinum and Pd are low (Pt < 40 to ~ 280 ppb; Pd < 10
ppb) while Ir varies between ~ 250 and ~ 1750 ppb. Element
relationships are typical for this type of rocks and imply a
magmatic concentration of the Iridium platinum gorup
elements (IPGE). The low tenor of Pt and Pd implies the
absence of sulphide concentration mechanisms, but could
be also due to the pervasive overprinting of the rocks.Our
observations are in agreement with previous investigations
of the KUB. IPGE are concentrated in chromite clasts
(Fig 2.17) and appear to be predominantly due to PGM that may have formed at magmatic conditions. The high
degree of post-magmatic overprinting makes it difficult to evaluate the exact nature of the chromitite and the role
of sulphide formation or intrinsic magmatic variation. Only a systematic study of the KUB will be able to identify
whether the presently observed distribution pattern of PGE represent the original magmatic formation or have to
be considered pattern formed by post-magmatic processes. In the latter case, enrichments of Pd (probably with
some Pt and Rh) in favorable geological environments nearby are a distinct possibility.

(Sunder Raju P.V., Babu EVSSK and Bhaskar Rao Y.J.)

Fractionation and fragmentation of glassy micrometeorites during atmospheric entry: perspectives
from LAM-ICPMS insitu-PGE analysis

Glassy micrometeorites are a sub-type of S-type micrometeorites that are almost at the end phase of
fractionation and volatilization during atmospheric entry. A focused investigation of 36 glassy micrometeorites
out of several hundred micrometeorites reveals fractionation and fragmentation phenomena. During atmospheric
entry, the glassy micrometeorites are seen to develop glass caps which are Si, Al-rich, and which provide a heat
shield leading to slower cooling of the interior of the micrometeorites and development of pyroxene normative
crystals within. The glassy micrometeorites appear to have experienced temperatures of ~1700

o
C that resulted

in vaporization of Fe and other volatile elements such as S, Na and K from the silicate spherule, resulting in the
enrichment of SiO

2
, MgO, and CaO in weight percent. The model calculation suggest the entry velocity of ~11-

16 km/sec to achieve the temperature required for glassy micrometeorite formation, under these conditions the
micrometeoroid undergoes a mass of loss of ~ 20%. Any increase in velocity will increase the mass loss
drastically and change its chemical composition. The presence of a glass cap on some of the glassy
micrometeorites leads to differential cooling within the micrometeorites and subsequently their fragmentation.
Most glassy micrometeorites beyond a certain threshold diameter of ~300μ m appear to undergo fragmentation
resulting in two different spherules, which could lead to an apparent enhancement of the percentage of glassy
spherules in unbiased collections. Siderophile and volatile element loss and subsequent development of a
platinum group element (PGE) nugget are observed in one of the spherules. This platinum group nugget (PGN)

Fig 2.17: Chromite hosted PGM ( laurite ) with in the
metamorphosed chromite grainsdark patches are due to
increase in (Fe contents
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in a glassy micrometeorite is a first such finding. The nugget has a diameter of ~ 3 μ m and contains all the six
PGE; some of the more volatile PGE seem to be depleted relative to chondritic compositions. Interestingly, the
PGE data of the nugget seem to have a trend which is similar to that of a PGE nugget from a Calcium
Aluminium rich Inclusion (CAI). Trace element data of glassy micrometeorites support CO (as most preferred)
along with CM and CV chondrites as parent bodies.

(N G Rudraswami*;  M Shyam Prasad*;  EVSSK Babu; T Vijaya Kumar;  W Feng# ; JMC Plane#.;  *CSIR-NIO,
Goa;  # Univ. of LEEDS, UK)

Fe and S isotope compositions of hydrothermal sulfides from the northern Lau Basin

Massive sulfides belonging to the extinct hydrothermal field of the North Lau Basin were studied for
their Fe and S isotope compositions. Sulfide samples belonging to pedestal slab (Fig. 2.18a), peripheral chimneys
(remnants of white smokers; Fig. 2.18b) and oxide precipitates (Fig. 2.18c) filling the hollows of pillowed basalts
(Fig. 2.18) were studied. Detailed mineralogical and geochemical studies on the same set of samples indicated
the similarites between the Lau hydrothermal field and the Trans-Atlantic Geotraverse (TAG) active mound. The
sulfides of pedetal slab mainly consisting chalcopyrites and pyrites with minor barite and sphalerite show δ 34S
values between 8.4 to 9.6 ‰ (V-CDT). The major constituent of sulfides belonging to peripheral chimney is
sphalerite, whlie pyrite and chlcopyrite being minor. The δ 34S values range from 5.5 to 8.3 ‰. These δ 34S values
are very similar to those of TAG hydrothermal sulfides. Such high δ 34S values for TAG hydrothermal sulfides
were interpreted as a result of mixing of sulfur of sulfate reduction origin and that of the hydrothermal fluids. The
high δ 34S values in case of Lau Basin also corroborate the influence of sulfate reduction. The sphalerite-rich
sulfides of the peripheral chimney have slightly depleted δ 34S values when compared to the pedestal slab
indicating increased effect of hydrothermal solutions in them.

The δ 56Fe values of samples belonging to pedestal slab show a range between -0.3 to -1.1 ‰ (IRMM-014),
while those of the peripheral chimney vary from -0.6 to -1.7 ‰. The oxide precipitates show maximum fractionation
in Fe isotope compositions having δ 56Fe values of -0.8 and -3.0 ‰.  Among the oxide precipitates, the MnO-rich
top layer is characterized by lowest δ 56Fe value indicating the influence of temperatures. Further, role of redox
conditions can be envisaged in controlling Fe isotope compositions based on the correlation between δ 56Fe and
Ce anomalies.

a B C

Fig. 2.18 : (a) Pedestal slab, (b) peripheral chimney and (c) oxide precipitates of sulfide and oxide samples from the extinct
hydrothermal field of the northern Lau Basin. The numbers indicated on the diagram represent concentrations of Cu (blue) and Zn
(grey), and ä56Fe (yellow) and ä34S (green).

(B. Sreenivas, D. Ray*, A.L. Paropkari*, A. Mazumdar*, B. Vijaya Gopal, L. Surya Prakash*, G. Balu, Y.J. Bhaskar
Rao; * CSIR-NIO, Goa)
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Effect of variation of Argide Interference on the Analysis of Fe using MC-ICPMS

We carried out an experiment to find out the effect of argide interferences on the measured Fe isotope
ratios and also to see if there is any correlation between the wide fluctuation of Fe isotope ratios and fluctuation
of argide signals during a single analytical session. To carry out this experiment we devised a method of
measuring argide signals interspersed with Fe analysis.  Analysis of IRMM 014 repeatedly over a period of one
hour indicated existence of good correlation between the 56Fe/54Fe ratio and amount of ArO interference
(Fig.2.19a). Similarly, correlation exists between the 57Fe/54Fe ratio and amount of ArN interference (Fig.2.19b).

a

(B. Vijaya Gopal, B. Sreenivas, Y.J. Bhaskar Rao)

Fig. 2.19 :(a) Correlation between ArO and 56Fe/54Fe and (b) ArN and 57Fe/54Fe

b
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Fig. 2.20: Map showing the structural
architecture around Coorg granulite
massif and the adjoining region displaying
major shear zones. BHSZ- Balehonnur
Shear Zone; KMSZ- Kasaragod Mercara
Shear Zone; MSZ- Moyar Shear Zone;
BB- Bababudan Hills.

Structural interpretation of Remote sensing data around Western Ghats, South Western Part of Dharwar
Craton

Structural interpretation of remote sensing data like SRTM-DEM
(Shuttle Radar Topographic Mission,-Digital Elevation Model), Google
Earth map and Wikimapia, has been carried out in the Western Ghats
region. A new map of structural architecture has been compiled
(Fig.2.20) for the craton-mobile belt interface in the Western Ghats
around the Coorg granulite massif revealing the occurrence of important
shear zones. The shear zones are linked to the Moyar-Bhavani Shear
Zone in Southern India. The map displays two distinct geological
domains of contrasting geologic histories: the granulitic crust to the
south and the granite-greenstone sequences overlying the migmatitic
gneisses (Peninsular Gneiss) to the north. The Coorg granulite massif
(CGM) comprises charnockites, pyroxenites, dunites, gabbros and
anorthositic rocks. Charnockites are the dominant rock type exhibiting
semicircular structural fabrics which lie subparallel to the boundaries
of the shear zones. A new major shear zone has been recognised, for
the first time, in the study region at the northern contact of the Coorg
massif. The shear zone extends from Kasaragod in the west coast,
wrapping around the massif and passing through Mercara, which would
finally converge with the Moyar shear zone in the east. This curvilinear
shear zone is termed here as Kasaragod - Mercara Shear Zone (KMSZ)
with a strike length of more than 100 km and with a width of 20-30 km
exhibiting dextral displacements. The nature, geometry and kinematics
of the shear zones in the granulitic crust and the cratonic part are
found to be distinctly different.

(TRK Chetty,  DP Mohanty, T Yellappa)

Geochemical studies of some ferruginous metacherts from the eastern part of the Palghat Cauvery
Suture Zone, Southern India

There are several east-west trending thick horizons of ferruginous metacherts occurring in the eastern part
of Palghat Cauvery Suture Zone (PCSZ) in association with the Neoproterozoic Ophiolite Complex of Manamedu
and Neoarchaean Devanur Ophiolite Complex and adjoining regions (Fig.2.20). Twenty five samples of these
ferruginous cherts from these locations have been analyzed for major, trace and rare earth elements. Major
element analysis reveals higher concentrations of Fe

2
O

3(t)
 (22-67 wt.% as total iron) and SiO

2
 (33-85 wt.%)

forming as the two essential components of these metacherts with very low concentrations of Al
2
O

3
 (0.1-0.76),

MgO (0.01-4.41wt.%), CaO (0.1-1.24 wt.%), Na
2
O (0.01-0.05 wt.%) and K

2
O (0.0-0.01wt.%).  The total REE is

also very low that ranges from 3.38-37.4ppm. However, one of the samples shows up to 74 ppm. The Chondrite
normalized patterns (Fig.2.21.) show slight +ve Eu anomaly and relatively show less fractionation of REE with
slight LREE enrichment compared to HREE. However, the PAAS (Post Archaean Average Australian Shale)
normalized REE patterns (Fig.2.22) display absence of positive Eu and Ce anomalies. The results reveal that
the Fe and Si largely supplied by low-temperature hydrothermal solutions and are related to sediments of more
oxidized oceans of Neoproterozoic period.
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Geodynamic Evolution and mapping of tectonic corridors  of the indian shield using
MT studies

Electrical and density signatures across Narmada–Son lineament zone (Central India) along the
Malkapur– Mandhata profile

Two-dimensional geoelectric cross-section obtained from the magnetotelluric (MT)
data along the Malkapur–Mandhata profile, Fig 2.23 shows a low resistive layer (10–80
Ohm m) overlying the resistive (> 300 Ohm m) basement formation in the area. The
above low resistive layer  is thicker in the central part thinning towards north and south.
This low resistive layer   reflects the Deccan trap and underlying Mesozoic sediments.
It is difficult to discern the above two formations,   due to their overlapping range of
resistivity values. A conductive (< 50 Ohm m) middle to lower-crust underlies the Archean
gneissic basement rocks in the area, which is imaged as a resistive (300 Ohm m–3000
Ohm m) feature in the resistivity model. The depth to the top of this conductive zone
shows significant variation (10–20 km) along the profile which is shallower (~ 10 km)
under the locations spatially coinciding with the known tectonic elements in the region
(Narmada south fault and Tapti fault).This gives an impression  that these conductive
zones  in trude into the resistive upper–middle crust of the region. Similar subsurface
low-resistivity zones, at about 7 km depth, near Tapti and Narmada fault zones were reported  earlier by MT
studies. Conductive zone  could be explained by  the presence of fluids in the middle and lower crustal depths
under the NSL zone. The presence of trapped fluids is possible under the area, as it experienced widespread
Deccan volcanic activity during the Cretaceous– Tertiary boundary. Large amount of hot mantle material (magma)
might have been injected into the base of the crust and underplated during the volcanism. The pre-existing weak
zones (faults) in the area may have acted as conduits for the eruption of these materials to the surface to form

Fig. 2.21: Rock/Chondrite pattern of REE of
ferruginous metacherts from eastern part of
PCSZ

Fig.2.22:  Rock/PASS pattern of REE of
ferruginous metacherts from eastern part
of PCSZ

(T Yellappa)

The presence of fluids
and the mafic rock
formations in the deep
crust together explain
the occurrence of low
resistivity and high
density under the NSL
region. The existence
of fluids may also
provide an
explanation for the
persistent weakness of
this region.
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Long Period Evolution of the Thar Desert (India) and Comparison with East Africa

Aridity has been attributed to extreme climatic changes due to variations in

atmospheric moisture circulation governed by a number of processes like tectonics,

Milankovitch cycles, Elnino southern oscillation (or Walker circulation) etc. which

generally operate at different temporal scales (100-100000 yr). However, this study

focuses on a significant correlation evidenced between the existing arid zones

(worldwide) and mantle plumes, plume paths (traces) and associated

tectonomagmatism. Though long period time scales of 10-100 m.y. are involved,

but it has been shown for the East African dry region, that the Afar plume induced

volcanism (~ 30 m.y.) and tectonics have also contributed to aridification in the

latter process. The Thar desert on the westernmost part of Indian continental

lithosphere, India has also been severely affected by the Reunion mantle plume at

~70-60 m.y. through magmatism and has led to mid-plate topographic changes, in

addition to mountain rises on its northern and western boundary due to plate tectonic

processes. The severity of the plume effect is strongly corroborated by a deepseated

(~ 90 km) seismic low velocity zone and very high gravity anomalies. Expectedly,

the magmatic process including large flood basaltic eruption like Deccan traps,

It is interesting to note
that while the East
African event began at
~30-40 Ma, western
India (or Thar region)
got affected at ~70-60
Ma and this difference of
~30-33 m.y. matches well
with a global periodicity
in magnetic reversals
(and also an oscillation
period of the solar
system). Since East
African climate change
has been suggested as a
major contributor to
evolution, could it be that
an earlier cycle would
have operated in the
Thar desert (India)

Deccan volcanic flows. For a clear understanding of the observed subsurface resistivity structures and their
relation with the observed gravity anomalies over the area, constrained modelling of the Bouguer gravity values
was carried out using the constraints   from MT studies. The presence of fluids (however small it may be) and
the mafic rock formations in the deep crust together explain the occurrence of low resistivity and high density
under the NSL region. The existence of fluids may also provide an explanation for the persistent weakness of
this region.

Fig 2.23: The 2D resistivity model obtained for the MT profile (bottom) shown along with Bouguer anomaly (top) observed along
the profile. The density structures modeled to fit the observed Bouguer gravity anomaly are sketched over the MT model

(D. Malleswari, K. K. Abdul Azeez, D. N. Murthy and T. Harinarayana)



39 Annual Report 2011-12

 Lithospheric Studies

would increase surface heatflow and evaporation rate for a significant period; further, it may largely empty the

affected crust of its water/volatile content on a local/regional scale. Large scale uplifts, subsidences/ sagging

are the tectonic effects observed in this region. Variation in the ocean-atmospheric coupling to ENSO, global

climate changes induced by orbital forces would make the affected region highly sensitive and hence short

period oscillations from dry to wet lands are superposed on the long period aridification as evidenced in case of

the East African rifts and adjoining arid zone. It is interesting to note that while the East African event began at

~30-40 Ma, western India (or Thar region) got affected at ~70-60 Ma and this difference of ~30-33 m.y. matches

well with a global periodicity in magnetic reversals (and also an oscillation period of the solar system). Since

East African climate change has been suggested as a major contributor to evolution, could it be that an earlier

cycle would have operated in the Thar desert (India)

(K. Veeraswamy and U. Raval *)

* Retired Scientist, NGRI

Mapping of tectonic corridors through hidden parts of the Greater Dharwar Terrane, Southern India

The Dharwar cratonic region is  divided into western and eastern domains separated by a tectonic boundary

between the Closepet granite and Chitradurga schist belt is noted that only the central portion of the Dharwar

craton is exposed; its northern projection is buried beneath the Deccan traps and its southern margin merges

with a high grade metamorphic transition of late Archean age. Delineation of structure and extent of the Greater

Dharwar Terrane (GDT) beneath its northern, southern and eastern ends – the Deccan traps, metamorphic

transition zone and Cuddapah basin – thus remains unsolved. Results of available deep geophysical probings

were  examined along with associated geological and tectonic information. The analysis leads to: (a) delineation

of palaeo-accretionary corridors extending under the Deccan trap cover, along which, two damaging stable

continental region earthquakes (Koyna and Latur) occurred, (b) The Latur earthquake appears to lie within an

unsuspected tectonic corridor which bifurcates the eastern Dharwar craton (EDC) into eastern Dharwar craton-

1 and eastern Dharwar craton-2 passing through the Cuddapah basin(c) possibility of the Palghat–Cauvery

shear zone connecting to the 2.5 Ga metamorphic Karimnagar granulite belt through the interface between

Napier (NC) and Rayner (RC) complexes of East Antarctica, and (d) the indication that the Bavali–Moyar,

Bhavani– Mettur and Palghat–Cauvery shear zones form the southern margins of the western Dharwar craton,

eastern Dharwar craton-1 and eastern Dharwar craton-2 respectively.

(U. Raval * and K. Veeraswamy)

* Retired Scientist, NGRI

Processing of magnetotelluric data - a comparative study with 4 and 6 element impedance tensor
elements

 The geoelectric section of Kutch sedimentary basin shows near horizontal layers at shallow depths and

anomalous high conductivity heterogeneous layers at deeper depths   which may be responsible for the large
Hz component at longer periods. This indicates that the vertical component of the magnetic field, Hz, does play

an important role in the estimation of electric field parameters in the region with large 2D/3D structures.
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Petrology, geochemistry of the mafic-ultramafic and alkaline rocks of Dharwar Craton

Geochemical data on the volcanic rocks of various greenstone belts like Hutti, Penakacherla, Kushtagi,

Gadwal from the eastern Dharwar craton have documented Phanerozoic type island arc volcanic rocks.  In

addition to this, recent geochemical data on the metabasalts of Copper Mountain region of Sandur belt have

shown the characteristics of island arc signatures.  Sandur greenstone belt is situated within the linear belt of

Closepet granite complex which is a dividing line between eastern and western sectors of Dharwar craton.

Sandur belt mainly composed of metavolcanic and subordinate metasedimentary rocks.  Volcanic sequences

are dominated by mafic flows which are variously pillowed, massive or schistose, along with intermediate and

felsic volcanic rocks.  The basalts of Copper Mountain region of Sandur belt are characterized by uniform

compositions and plot in tholeiitic basalt field of SiO
2
 <55wt.% and MgO varies from 7.5 – 12.7 wt.% with Cr =

7-33 ppm; Co = 23-54 ppm Ni = 8-24 ppm respectively. They have low Nb contents with consistent negative Nb

anomalies indicative of conservative behaviour of Nb in the slab.  These basalts have high Zr/Nb (86-191)

compared to MORB ratio of ~32 reflecting on the enrichment of mantle sources. On Ce Vs Yb these basalts are

characteristic of Tonga-Kermedec arc Fig 2.24. There are pronounced differences in the trace element and

isotopic characteristics of arcs where the subduction component is dominated by fluids from dehydration of the

In this study, the use of impedance elements with 2 × 3 matrix has been studied

and compared with conventional technique. From comparison of the response functions

from the field data of Kutch basin, Gujarat, it is observed that vertical magnetic field

component contributes significantly in a region of sharp and large variation of conductivity

structure. In the present scenario of 2D modeling, apart from comparison of MT response
functions in TE and TM mode it has become   a customary to compare the vertical

component of the magnetic field or tipper parameter as it provides greater constraints

on the derived subsurface structure. The methodology suggested in  the study reduces

the computer time in the sense that the tipper parameters need not be computed and

compared separately. The new way of computation of impedance elements have indicated more clearly with

the field data on the following.

(a) There is no variation in the response functions of apparent resistivity and phase between the conventional

way of computation using 4 impedance elements and new way of computation using 6 impedance

elements for near horizontal layered structures.

(b) Variation in the 4 and 6 element response function has been observed for the large-scale anomalous

conductivity structures.

(c) Correlation of increase in the tipper magnitude parameter with variation in the response functions

derived from 4 and 6 impedance tensor elements as shown with the real field data of Kutch region

suggests that large scale variation of conductivity anomaly at deeper depths is the main cause for

such a variation.

(d) This study clearly establishes that by the computation of MT parameters from 6 element impedance

tensor greatly helps to constrain the structure from 2D modeling.

(M. Shireesha, and T. Harinarayana)

The methodology
suggested in  the
study reduces the
computer time in the
sense that the tipper
parameters need not
be computed and
compared separately.
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(C. Manikyamba, Adrija Chatterjee, M. Rajanikanta)

subducted slab, as opposed to arcs where the mantle wedge is modified by melts of sediments on the slab.

Sectors of arcs with a contribution from sediment melting feature Th/Ce generally >0.1 dominated by slab

dehydration coupled with wedge melting.   Sandur basalts have Th/Ce < 0.1 ruling out sediment melting.

Compared to modern arcs, the main difference appears to be a mantle wedge more heterogeneous in combined

Nb and Zr–Hf anomalies, due to complex melt extraction histories.  These basalts have geochemical

characteristics of back arc basalts. The geodynamic significance is that migrating intraoceanic arcs are captured

by plumes which then jam the subduction zone. Continental mantle lithosphere (CLM) roots beneath all Archean

cratons is very thick, refractory and deep. It is generally believed that liquids from a mantle plume separate at

100–450 km, ascending rapidly and erupting to form a komatiite-basalt; ocean plateau or continental flood

basalts. The residue, which is buoyant relative to ambient mantle, rises slowly coupling to the composite,

imbricated plume-arc crust.  These features are evident from the komatiite-tholeiite-adakite sequence at the

Copper mountain region of Sandur belt which are exposed across the accretionary plane between Sultanpura

and Eastern Felsic volcanic terranes.

Fig 2.24 : Chondrite normalized REE patterns and primitive mantle normalized multi element variation figure of Sandur arc

basalts exhibiting HREE enrichment, negative Nb, Sr, Zr and positive Ti anomalies.
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Geochemistry and Tectonic Significance of the Late Cretaceous Plutonic Igneous Complexes Associated
with Deccan Traps in Saurashtra Region, Western India

The south-western and south-eastern Saurashtra region in western India hosts
a series of prominent seven volcano-plutonic complexes. These complexes consists
of mainly gabbro-diorite-granite-granophyres intrusives associated with basalt-
rhyolite-intermediate lava flows and mafic-ultramafic dyke swarms, which constitutes
one of the best Deccan Large Igneous Provinces of the world. This anorogenic
magmatism is associated in space and time with extensional tectonics, hot spots
and inter-continental rifts. The less studied plutonic complexes such as Barda and
Alec hills (in SW) and Chogat-Chamardi (in SE) are investigated in the present
work. The Barda-Alec hill complexes are characterized by mainly granite,
granophyres and rhyolites, and whereas the Chogat-Chamardi alkaline complexes
by gabbro-diorite-syenite-granite and minor anorthosite (Fig.2.25). These rocks
contain amphiboles, variety of pyroxenes, calcic plagioclase, biotite, K-feldspar
and accessory mineral phases such as apatite, zircon, sphene and opaques. In all
these complexes, granophyres are abundant and show typical and spectacular
graphic intergrowths between quartz and alkali feldspar and all rock types show a
calc-alkaline differentiation trend. These SW and SE plutonic complexes exhibit
major element (Na

2
O, K

2
O, CaO and MgO), trace elements (Zn, Yb, Zr, Nb, Ba, Cr,

Ni, Sr, Hf, Rb and Sr) and REE compositional variations within these suites. The
LREE enrichment in these suites suggest that these complexes have evolved by
olivine and pyroxene fractionation of source magmas. The felsic igneous rocks of these complexes exhibit
within plate granite (WPG) tectonic settings. The major, trace and REE geochemistry of these various plutonic
rocks indicate the important role played by the enriched sub-continental lithosphere in their generation during
the Late Cretaceous period.

(D.V.Subba Rao, M.Satyanarayanan and V.Balaram)

Fig 2.25 : Late-Cretaceous Volcano-plutonic complexes of (A) Rhyolite Breccia from Osham Complex, (B) Rhyolite Breccia from
Alec Hills, (C) Coarse-grained Gabbros from Chamardi Complex, (D) Extensive Rhyolite flows from Sihor complex.

 The LREE enrichment
in these suites suggest
that these complexes
have evolved by olivine
and pyroxene
fractionation of source
magmas. The felsic
igneous rocks of these
complexes exhibit within
plate granite (WPG)
tectonic settings. The
major, trace and REE
geochemistry of these
various plutonic rocks
indicate the important
role played by the
enriched sub-continental
lithosphere in their
generation during the
Late Cretaceous period.
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Platinum group element geochemistry of lamprophyres from Prakasam Alkaline Province Southern
India: Implication for source characteristics.

Lamprophyres are relatively uncommon alkaline, silica-undersaturated, small
volume ultrapotassic igneous rocks of great petrological and tectonomagmatic
significance like kimberlite and lamproites. They are often found as dikes or small
intrusions   in geological records. Lamprophyres are strongly porphyritic, with abundant
phenocrysts of biotite, amphiboles and pyroxene.Lamprophyres are one of the rare
mantle-derived rocks in the geological history and the PGE investigation of these
rocks play an important role both in theory and practice to discuss mantle
metasomatism, source and evolution of magma. However, no detailed study has
been taken up so far on the behaviour of noble metals like PGEs in the lamprophyres
from Prakasam alkaline province (PAP) in southern India to understand their behaviour
in deep mantle. In this study, detailed geochemical analysis(including PGEs) was carried out in lamprophyric
bodies from Elchuru, Settupalle and Pasupugallu areas in Prakasam alkaline province to understand the source
and genesis of these lamprophyric rocks in continental rift zone setting. Lamprophyres of the PAP are alkaline
to calc-alkaline and are typified by lower CaO, and K2O/Na2O ratios >1 for majority of the dykes. The compatible
trace elements (Ni, Cr etc.), are systematically higher in the lamprophyre dykes than the incompatible elements
(La, Ba etc.). The lamprophyres show characteristic fractionated REE patterns with gentle or without any Eu
anomalies (Fig. 2.26). The total PGEs except Os are characterized by a wide variation range from 8 to 19 ng/
g. The ratios of Pd/Ir (14 to 48) and Pd/Pt (2.5 to 4.1) for lamprophyres are higher than those for the primitive
mantle and chondrite. The PGE patterns normalized for chondrite values are slightly fractionated (Fig.2.27).
These rocks are enriched in Au. Presumably, it can be stated that the hot-spot like mantle became part of the
subcontinental lithospheric mantle before the subduction and rifting event that produced the lamprophyres in
the margin of the craton.

(Parijat Roy, V. Balaram, K.S.V.Subramanyam, M. Satyanarayanan and S. Sawant)

Plagioclase and pyroxene quench textures in pillow basalts from Bompoka , Nicobar group of islands.

  In Andaman-Nicobar islands, Pillow basalts are exposed in Bompoka in Nicobar group of islands and are
suggested to be the continuation of  pillow basalts occurring in South Andaman island. Although, petrological
and geochemical studies on pillow basalts from South Andaman Island have been carried out, there are no such
reports on pillow basalts from Bompoka island. The pillow basalts in Bompoka island show well preserved

Fig.2.26. Chondrite normalized  REE pattern of lamprophyres
from PAP. Fig. 2.27. Chondrite normalized PGE pattern of

lamprophyres from PAP.

It can be stated that the
hot-spot like mantle
became part of the
s u b c o n t i n e n t a l
lithospheric mantle
before the subduction
and rifting event that
produced the
lamprophyres in the
margin of the craton.
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basaltic textures, composed of plagioclase and clinopyroxene
microphenocrysts in a fine-grained ferruginous matrix. These basalts are
characterised by the occurrence of several quench morphologies of
plagioclase and clinopyroxene. Some of the plagioclase microphenocrysts
show fibrous projections at the tapering ends of the elongated laths (Fig.
2.28a), while some of the plagioclase microlites show acicular and display
H-shaped morphologies. The clinopyroxene show spherulitic texture (Fig.
2.28b). The quenched morphologies reported in this pillow basalts suggest
rapid cooling of the basaltic magma.  Further, the occurrence of plagioclase
microphenocrysts with fibrous projections at their corners suggests that these
projections were produced on pre-existing plagioclase microphenocrysts by
a 2500 C drop in magma temperature.

Fig. 2.28a Fig. 2.28b

(S.H. Jafri and J.M. Sheikh)

PLANETARY GEOLOGY

Planetary data processing facility and GIS

Planetary data processing facility has now been
established at NGRI. It includes high performance
computers with the latest image processing and GIS
softwares (example, ENVI, ERDAS and ArcGIS). Another
software ISIS 3.4 by USGS has now been installed to
process the image datasets collected by various
international space missions. These computing and
software infrastructures enable us to carryout the state-of-
the-art planetary data processing and digital mapping and
analysis of the planetary landforms.

Impact fragmentation of basalt

Impact fragmentation is a complex geologic process
that takes place in a few seconds when meteorite impacts
the planetary surface. When the meteorite comes in to          Fig 2.29 :

The quenched morphologies
reported in this pillow basalts
suggest rapid cooling of the
basaltic magma.  Further, the
occurrence of plagioclase
microphenocrysts with fibrous
projections at their corners
suggests that these projections
were produced on pre-existing
plagioclase microphenocrysts
by a 2500 C drop in magma
temperature.
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contact and compresses the surface, spallation occurs and produces fragments of the target rocks, which are
ejected from the impact point. Morphology of these spalled and ejected fragments provide insights to the impact
fragmentation. We document the morphology of impact products at Lonar crater by measuring the size, shape
and angularity of basaltic fragments present in the continuous ejecta and relate them to the characteristics of
impact fractures present in the crater wall, from where the basaltic fragments were ejected. About thousands of
axial ratio measurements were made in the field and laboratory (Fig 2.29). These data are compared with the
fragments around impact craters on the Moon, Mars and Asteroid bodies to understand how similar is the
impact process at Lonar to the other planetary impacts.

Dry granular flows on the Moon

During the geologic mapping of Schrödinger basin on the far side of the Moon, we found a 7 km diameter
fresh crater on the uplifted peak ring of
Schrödinger with fresh multiple gullies and
landslides on its interior wall.  The gullies
have an integrated alcove, channel, and fan
morphology in the size range of a few tens
to hundreds of meters (Fig 2.30).  Landslides
dominate the style of mass wasting in one
quadrant of the crater and appear to have
occurred along concentric fractures
generated by the crater-forming process.
The landslides produced a smooth-surfaced
pond of debris on the crater floor. In both
cases, the debris is optically immature and,
thus, very young.  Crater counting implies
the gullies and landslides are 16-2 Ma and
the host crater 175 Ma. Although the lunar gullies appear similar to the gullies on Mars, they occur at steeper
slopes than Mars and have poorly developed channels. The lunar gullies and landslides are dry granular flows
generated by the seismic effects of one or more younger impacts occurred in Schrödinger basin.

Deccan basalt weathering as a Mars analog

The discovery of Al-rich phyllosilicates (kaolinite, montmorillonite) on Mars advanced our understanding of
water history of Mars and astrobiology. These minerals have been found in layers overlying Fe/Mg-smectites on
Mars, and it has been suggested that this stratigraphy formed through in situ leaching at the surface, similar to
terrestrial weathering profiles. We have investigated the remotely sensed signatures of this type of weathering
using samples from a vertical section of altered Deccan basalts. Samples were analyzed with reflectance
spectroscopy from 0.28 to 25.0 µm, inductively coupled plasma atomic emission spectrometry for 10 major
element concentrations (Al, Ca, Fe, K, Mg, Mn, Na, P, Si, Ti), loss on ignition for volatiles, x-ray diffraction
(XRD) for mineralogies, and Mössbauer spectroscopy for Fe redox state. Saprolite samples were incompletely
leached, and their spectra retained none of the original mafic signatures and were dominated by complex
smectite clays. XRD and Mössbauer detected pyroxene and plagioclase not visible by reflectance spectroscopy
in some saprolite samples. Zeolites were present throughout the saprolite. The laterite was the most leached
horizon, and all analyses showed kaolinite and iron oxide assemblages. This kaolinite and hematite association
would be expected if kaolinite on Mars formed through leaching under conditions similar to those on Earth.

(P. Senthil Kumar, S. Sathish, and Sruthi Uppalapati in association with NRSC (A. Senthil Kumar, V. Keerthi), SAC
(B. Gopala Krishna, Amitabh) PRL (J.N. Goswami), LPI (D.A. Kring) and Brown University (R. Greenberger, J. F.
Mustard)

Fig 2.30
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Lithosperic structure, deformation and Tectonics  of the Eastern Himalaya and Andaman Arc
Regions.

Structure and Tectonics of the Andaman Subduction Zone from Modeling of Seismological and Gravity
Data

The 10 August 2009 Andaman earthquake of Mw 7.5 and four of its aftershocks of magnitude 4.6 to 5.8
were recorded by the broadband stations being operated by the NGRI. Whole waveforms are modeled using the
moment tensor inversion method of Kikuchi and Kanamori (1991) where the Green’s functions are obtained
using a combination of the Reflection-Transmission coefficient matrix approach (Takeo, 1987) and the discrete

Deep Resistivity Sounding (DRS) and Controlled Source Audio Magnetotelluric (CSAMT)
studies for upper crustal structure and natural resources

Deep Resistivity Sounding study along Sanivarsante- Huliadurga profile across Dharwar Craton

Deep Resistivity Sounding study was carried out along 127.5 km Sanivarsante- Huliardurga profile in
Dharwar craton at seventeen stations for mapping of basement geometry and upper crustal structure as part
Supra Institutional project (Fig 2.31). DRS measurements conducted at each station using Schlumberger array
with half current electrode spacing from 1.5m to 5000m. High power deep resistivity system of M/s. Zonge
Engineering & Research Organization, USA - consisting of 30 kW Transmitter, transmitter controller and
multifunction geophysical receiver deployed for this study. Preliminary results indicate that the the basement is
deeper along the profile, which is shallow along Chikmagalur – Bharapuram profile based on earlier observation.
The depth extent of lineaments is indicated in DRS study with low resistive zones at depth around Holenarsapur.

(G Ashok Babu, B. Veeraiah, G. Vasudevan and B Kishan Kumar )

Fig 2.31 :  Location map of DRS stations along Sanivarsante—Huliardurga profile across Dharwar craton.
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wave-number summation method (Bouchon, 1981). The earthquake waveforms are low-pass filtered, resampled,
instrument corrected and integrated to obtain the displacement seismograms which are compared with the
synthetic seismograms.  Velocity models of Curray (2005) and Kayal (2004) close to the epicentral region were
considered as the starting point and a random search was performed around these model parameters using a
Monte-Carlo approach where over 1000 velocity models comprising 5 layers were tested to simultaneously fit
waveforms of all the 5 events under consideration. The best model obtained was selected based on the criterion
of minimum misfit error between observed and synthetic seismograms of all the events.  The conclusions that
emerged from this study are

1. Joint inversion of broadband data of 5 earthquakes has provided a P wave velocity model of the

Andaman region, based on best waveform fits between all the observed and synthetic seismograms.

The model depicts a 30 km thick double oceanic crustal column corresponding to a thickness of

about 21 km of Burmese crust including a 5 km thick sedimentary column, underlain by a thinner

Indian crust with an apparent thickness of about 9 km, which is independently validated by receiver

function analysis and gravity modeling.

2. The hypocenters of the 10 August 2009 Andaman earthquake of Mw 7.5 and its aftershocks form a

peculiar vertical distribution down to about 50 km depth. This zone is interpreted as a lithospheric split

or tear in the Burma-Andaman arc, which incidentally coincides with the northern periphery of the

rupture zone of the 2004 mega-thrust earthquake of Mw 9.3.

3. The main shock as well as the aftershocks can be classified into two groups – normal fault mechanism

with shallow focal depths within 18 km, and strike slip mechanism at greater depths down to 26 km.

The two groups are interpreted as intra-plate events occurring within the Burmese crust and the Indian

crust respectively.

4. While the events with normal fault mechanism are attributed to plate relaxation in the fore-arc region

subsequent to buckling of the overriding Burmese plate during the 2004 mega-thrust earthquake, the

deep seated strike-slip fault events correspond to the crust of the Indian plate and represent a series

of left-lateral strike-slip motions that accommodate the Indo-Australian plate convergence under the
Burma-Sunda arc.

Crustal structure of the Himalayan collision zone and southern Tibet using Pnl
waveform modeling and Surface wave dispersion studies

In this study, earthquake broadband data from three seismic networks, INDEPTH-
III, HIMNT and Arunachal, are used to delineate the crustal velocity structure across
the Himalayan collision zone in 3 distinct sectors. Effective use of two techniques,
namely Pnl waveform modeling and Surface wave dispersion, is demonstrated towards
this goal. Pnl waves are the long period head waves followed by interference of multiple
crustal reflections and S to P phase conversions, usually observed in a distance range
of 2 to 16 degrees. The greatest advantage of modeling these waves is that they are
practically insensitive to the detailed crustal layering and inhomogenities, paving way
for a clear delineation of the average crustal parameters. The Discrete Wavenumber
Summation method is used for computation of the synthetic seismograms. Pnl
waveforms of the 28/03/99 Chamoli earthquake recorded at 20 broadband stations of
the INDEPTH-III network are modeled to obtain the crustal velocity structure in the

P r o g r e s s i v e l y
increasing crustal
thickness from south
to north is obtained
with 45 km in the
Assam valley, 50 km in
the Nepal-Bhutan
Himalaya and 69 km
in southern Tibet. The
study confirms the
concepts of an under-
thrusting Indian plate
beneath the
Himalayan arc and
also a double crusted
Tibetan plateau uplift.
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southern Tibet, between BNS and YZS. Next, Rayleigh wave group velocities of regional earthquakes of magnitude
greater than 5.0 recorded at the HIMNT and Arunachal networks are modeled to obtain the velocity structure in
the Himalaya between YZS and MCT, and south of MBT near Assam valley. Progressively increasing crustal
thickness from south to north is obtained with 45 km in the Assam valley, 50 km in the Nepal-Bhutan Himalaya
and 69 km in southern Tibet. The study confirms the concepts of an under-thrusting Indian plate beneath the
Himalayan arc and also a double crusted Tibetan plateau uplift.

Plate tectonic structure of the northern boundary between Tibet and Asia

The southern boundary between India and the Tibetan Plateau represents a classical case of continental
subduction, where the Indian continental lithosphere is subducted northwards beneath the Tibetan Plateau. At
the northern boundary, southward subduction of Asian lithosphere beneath the Tibetan Plateau has also been
proposed, but imaging has been hampered by inadequate data quality. Here we analyse the plate tectonic
structure of the northern boundary between Tibet and Asia using the S receiver function technique.

The present passive source seismic data build on, and extend further northwards, the existing geophysical
data from the International Deep Profiling of Tibet and the Himalaya project.  A relatively thin, but separate,
Tibetan lithosphere overriding the flat, southward subducting Asian lithosphere was detected beneath central
and northern Tibet. It is suggested that this overriding Tibetan lithosphere helps to accommodate the convergence
between India and Asia in central and northern Tibet. It is concluded that the Tibetan–Himalayan system is
composed of three major parts: the Indian, Asian and Tibetan lithospheres. In the south, the Indian lithosphere
underthrusts Tibet. In central and northern Tibet, a separate thin Tibetan lithosphere exists, which is underthrust
by the Asian lithosphere from the north.

Imprints of volcanism in the upper mantle beneath NW Deccan Volcanic Province

The transition zone discontinuities beneath north western Deccan
Volcanic Province (NWDVP) of India were investigated through  analysis  of
~1000 high quality receiver functions(RFs) abstracted from  three component
teleseismic waveforms from 428 earthquakes recorded by six  broadband
stations in NWDVP. The results reveal that the P410s and P660s  time lags
are delayed by ~ 1s relative to those predicted by the IASP91 model. A
largely unperturbed mantle transition zone, indicated by the TZ time lag
(t

P660s
 – t

P410s
)  of 23.83s, implies that the observed delays are primarily

associated with reduced shear velocities in the upper mantle above the
410km discontinuity.   The velocity reduction is  likely to be associated with
lithospheric thinning coupled with compositional and reduced thermal
variations in the shallow upper mantle. Interestingly, the present results
contrast with the normal shield like velocity structure imaged beneath south
central DVP(SCDVP) from an earlier RF study. For comparison, a revised
composite RF plot for SCDVP was constructed by employing identical RF
processing techniques presently used, on an updated high quality data set
of 1400 RFs from 11 stations, which reaffirms, with better precision, the earlier results. It is proposed that the
relative differences in the lithospheric thicknesses beneath NWDVP and SCDVP possibly govern the melting
and flow pattern of the upwelling mantle material resulting in the contrasting seismic signatures. This study
suggests that the lithospheric architecture of NWDVP coupled with the reactivation of preexisting rift systems
appears to have facilitated the eruption of Deccan basalts, whose source signatures are still retained in the
upper mantle.

It is proposed that the relative
differences in the lithospheric
thicknesses beneath NWDVP and
SCDVP possibly govern the
melting and flow pattern of the
upwelling mantle material
resulting in the contrasting
seismic signatures. This study
suggests that the lithospheric
architecture of NWDVP coupled
with the reactivation of
preexisting rift systems appears
to have facilitated the eruption
of Deccan basalts, whose source
signatures are still retained in the
upper mantle.
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Mapping the Crust and Lithosphere-Asthenosphere Boundary (LAB)

Mapping the seismic Lithosphere-Asthenosphere Boundary (LAB) or G-discontinuity that is characterized

by an abrupt drop in the wave speeds in the uppermost mantle,  is one of the key issues in current geodynamic

investigations. The most essential element of the Plate tectonic theory concerned with the definition of the

lithospheric plate is not yet well established using high resolution techniques. These challenging issues were

addressed using the data from continents and oceans using  P- and S-receiver function techniques.

a) Himalayan Region:

The southern boundary between India and the Tibetan Plateau represents a classical case of continental

subduction, where the Indian continental lithosphere is subducted northwards beneath the Tibetan Plateau. At

the northern boundary, southward subduction of Asian lithosphere beneath the Tibetan Plateau has also been

proposed, but never imaged due to paucity of data. Analysis of large amounts of data accrued from INDEPTH-

II, III, PASSCAL, LSA, SF-North and SF-South and additionally INDEPTH IV using P- and S- receiver functions

reveals the existence of a relatively thin, shallow (100–120 km) but separate, Tibetan lithosphere overriding the

flat, southward subducting Asian lithosphere (Fig 2.32).

Fig 2.32: Top: Topographic map and location of seismic profiles
along which the data have been analysed (Zhao et al., 2011).
blue = India, green = Asia, red = Tibet plates. BT=Main Boundary
Thrust, MCT = Main Central Thrust, BNS = Banggong Nujiang
Suture, JRS = Jinsha River Suture, NKTS = North Kunlun Thrust
System, QB = Qaidam basin. Bottom: Cartoon of resulting model
showing the Indin, Tibetan and Asian plates as derived from P-
and S-receiver function analysis.

b) North-east Indian Himalayan region:

Detailed imaging of the NE Himalayan region using the converted wave technique reveals that the Indian

lithosphere is only 90 km thick beneath the plume affected Shillong plateau deepening to 135 km on either side

suggestive of a lithospheric upwarp related to the plateau uplift. The trend of the LAB north of the foredeep region



50Annual Report 2011-12

indicates that the Indian plate subducts at an angle of ~20° beneath the eastern Himalaya. The consistent

northward dipping character of the Indian plate is in agreement with thickening of the lithosphere in response to

compressive forces due to the continental collision of India with Asia. The topographic elevation and the depth

to LAB seem to be correlated especially in the Himalayan region.

c) Thickness of Oceanic Plate Vs Age

Since it’s birth at the mid-oceanic ridges, the key issue of chronological

thickening of an oceanic plate with age,  remains contentious. Reports of plate

thickness beneath normal oceanic regions are scarce due to paucity of seismic

data. In this study, a systematic survey of the oceanic LAB was conducted

using S-to-p converted seismic waves along three margins of oceanic plates

with their crustal age ranging from ~10 My to ~130 My.  The oceanic LAB in

these regions is imaged as a laterally continuous feature with the thickness of

oceanic plate generally increasing with the plate age (Fig 2.33). The results

suggest that the evolution of oceanic lithosphere is predominantly governed by

temperature and that the oceanic seismic LAB represents a boundary that

grows with age.

(M. Ravi Kumar, N. Purnachandra Rao, Kalpna Gahalaut, Prakash Kumar, M. Murali Kumari, Arun Singh,
D. Shashidhar, M. Uma Anuradha, K. Mallika, Narendra Kumar, G. Srijayanthi,  K. Dipankar Saikia, Pinki Hazarika,
K. Sushini, G.Sri Hari Prasad, Sunil Rohilla, Ashu Kapil, Abhishek Mishra, Amrita Yadav,  B.Mahesh,
B.D.R.P. Sarma.)

 The oceanic LAB in these
regions is imaged as a
laterally continuous
feature with the thickness
of oceanic plate generally
increasing with the plate
age. The results suggest
that the evolution of
oceanic lithosphere is
predominantly governed
by temperature and that
the oceanic seismic LAB
represents a boundary that
grows with age.

Fig 2.33:  Observed plate thicknesses of oceanic lithospheres are plotted against their age. Different color symbols
denote data from different geographical regions, and symbols are slightly displaced horizontally when they overlap to
make them more visible in the plot. Isotherms (gray contour lines with a 100° interval) and the estimated top of partial
melting region (red dashed contour line) are taken from Kawakatsu et al. [Science, 2009]. Dashed circles enclosing data
belong to the region where subducting seamounts are seen in the bathymetry and thus may not be representative of the
normal oceanic lithosphere
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Crustal density structure across the Central Indian Shear Zone

The Central Indian Shear Zone is a distinct tectonic feature in the central part of
India that separates the Central Indian Tectonic Zone from the Bastar Craton. (Fig
2.34a) The complete Bouguer anomaly map of the region encompassing Central
Indian Shear Zone is characterized by a broad relative gravity high over Central Indian
Tectonic Zone as compared to the Bastar Craton. The paired gravity anomaly across
the two crustal domains (Fig 2.34b) signifies that the Central Indian Shear Zone is a
locus of density discontinuity along which the two crustal domains accreted. Horizontal
gravity gradient analysis further demonstrates the northward subduction of the Bastar
Craton beneath the Bundelkhand Craton. 2½D gravity modelling along Mungwani-
Rajnandgaon profile, constrained by Seoni-Kalimati seismic section, delineates a
thick crust beneath the Bastar Craton as compared to the Central Indian Tectonic
Zone. Northward dipping contact of the two crustal domains when projected on the
surface coincides with the Central Indian Shear Zone. With a well defined Moho
offset and crustal scale  density discontinuity, Central Indian Shear Zone represents
a suture zone that separates the Bastar Craton from the Central Indian Tectonic
Zone. A low- velocity (6.4 km/s)/density (2.90 g/cm3) layer at the base of the crust
and relatively lower density (3.21 g/cm3) subcrustal mantle may be the imprint of
thermal remobilization beneath the Central Indian Tectonic Zone.  A mechanically strong lower crust and relatively
weak sub-crustal lithosphere is postulated to understand the cause and effect of the crust-mantle interaction
beneath the Mungwani-Katangi region.

G-M studies in the western India and parts of Ganga basin

 Crustal density model along a NE-SW trending profile (Fig.2.35) extending from Ganganagar- Chandigarh
up to MCT and beyond has been obtained based on 2D joint modelling of gravity and magnetic data.  Deep
lithospheric structure  ( Fig.2.36) shows crustal thickness varying from ~ 38 km in the west  to ~ 45 km under
the MBT that sharply increases to ~56 km under the MCT towards east. It shows a crustal bulge of ~4 km
between Chandigarh and Ganganagar that is related to lithospheric flexure of the Indian plate along the Himalayan
Front. Lower most part of the crust shows anomalous densities of 3.1 and 3.25 g/cm3  which indicate partial

Fig.2.34b : Gravity model derived by introducing small scale
bodies (coinciding with exposed geology) to the model
derived from seismic constraints.

Fig 2.34a : Simplified geology and tectonics of the Central
India including the old cratons and mobile belt.
Abbreviations used are AMB: Aravalli Mobile Belt, CITZ:
Central India Tectonic Zone; EGMB: Eastern Ghat Mobile
Belt, NSL: Narmada-Son Lineament.

 A low- velocity (6.4 km/
s)/density (2.90 g/cm3)
layer at the base of the
crust and relatively
lower density (3.21 g/
cm3) subcrustal mantle
may be the imprint of
thermal remobilization
beneath the Central
Indian Tectonic Zone.  A
mechanically strong
lower crust and
relatively weak sub-
crustal lithosphere is
postulated to
understand the cause
and effect of the crust-
mantle interaction
beneath the Mungwani-
Katangi region.
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Fig 2.37: Modeling of shallow sources based on the residual anomaly along Ganganagar-Chandigarh profile extended up
to the MCT and beyond. It shows basement ridges that are also magnetic in nature. The top layer (2.22 g/cm3) represent
recent and Tertiary sediments while the layer of density 2.5 g/cm3 represents Proterozoic metasediments underlain by
basement of bulk density 2.72 g/cm3. Layers of bulk density 2.36, 2.61, 2.47 and 2.7 g/cm3 are Siwalik sediments,
Proterozoic metasediments and younger sediments with crystalline (granitoid) intrusive.

Fig 2.35: Elevation map of NW India and adjoining region
showing location of GM profile along which  shallow and
deep crustal model has been  obtained.

Fig 2.36:  Modeling of regional gravity field from Ganganagar
– Chandigarh extended to the NW Himalayan front up to the
MCT and beyond. D is the bulk density in g/cm3.

eclogitization and serpentinization of rocks, respectively in these sections. Shallow density structures ( Fig.2.37)
reveals that the Main Boundary Thrust (MBT) and the Main Central Thrust (MCT) merge into the  Himalayan
MainThrust (HMT ). The body with a density of 2.80 g/cm3 and higher susceptibility (.0062) indicates  mafic
rocks forming the basement that may represent the extension of the ADFB under the HMT
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Fig 2.38 : Regional gravity Anomaly derived from low
Pass filtering of Bouguer anomaly with cutoff
wavelength =175km

Fig 2.39 : Moho undulations obtained from inversion of
regional gravity anomalies with density contrast at crust
mantle interface as -0.28 g/cm3

( Bijendra Singh, M.R.K.P. Rao,  A.P. Singh, D.V. Chandrasekhar,  V.M. Tiwari,  D.Ch.V.Raju , V.Vijaya  Kumar,   Niraj
Kumar, Amol Eknath Meshram,  B. Nageswara Rao, Ch.Swarna Priya, Chandra Prakash Dubey,M. Ravi Kumar, P.
Jagadeesh, S.Purushotham, N.Sreenivasa Rao K.Chinnababu, Rajeev Ranjan Prasad , Jyoti Singh, Dileep,
Radheshyam )

G-M studies over Dharwar Craton

A new Bouguer anomaly map of Dharwar craton has been prepared using a total of 7800 gravity data which
includes 3890 new gravity observation acquired in the gap area of eastern and western Dharwar craton. The new
anomaly map has brought out a number of short wavelength linear anomalies apart from large wavelength
gravity low over the western Dharwar craton which appears to be caused due to isostatic compensation of
regional topographic load.  With the assumption that compensation  takes place at Moho level, large wavelength
regional gravity anomalies obtained from low pass filter having a cutoff wavelength of 175 km ( Fig.2.38) were
inverted  to provide Moho undulations for the interface density contrast of -0.28 g/cm3 ( Fig. 2.39). It shows Moho

depth varying from 50km below the western Dharwar craton to 38km below the eastern Dharwar craton.

Controlled Source Seismic Studies Along Selected Profiles In Different Sedimentary Ba-
sins In India

Deep Seismic Reflection profiling along (i) Vellal Halli – Magadi (Dharwar Craton) & (ii) across Palghat–
Cauvery and  Gangavalli Shear Zones  (SGT)

(i) Vellal Halli – Magadi profile in the Dharwar Craton

Deep seismic reflection profiling (DRP) was carried out along a 160 km long Vellal Halli – Hole Narsipur-
Bommana Halli – Huliyur Durga – Amruthur - Magadi profile (DHARSEIS-II) in the Dharwar craton during 2011-
12 field season (Fig. 2.40). This study is an extension of the earlier work carried out further north along the Perur
– Hiriyur – Chikmagalur profile across the Neoarchean Dharwar craton during 2009-2010.
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Fig.2.40 :  DHARSEIS-II
seismic profiles along Vellal
Halli – Hole Narsipur -
Bommana Halli – Huliyur
Durga – Amruthur - Magadi
segments

The main objectives of this study are to understand the deep crustal structure of the Mesoarchean (3.4Ga)
Dharwar Craton by delineating crustal and sub-crustal lithospheric reflectivity structure along the profile, and to

compare the seismic structure with the Neoarchean part of the Dharwar craton, and thereby understanding the

major part of the Archean tectonics. A preliminary brute stack of a (22 km eastwards from Amrutur) part of the

profile shows the position of the Moho, in terms of termination of the crustal reflectivity at about 13 s TWT

(Fig.2.41). The shallower features need further tuning; the work is in progress.

Fig.2.41:  A preliminary stack section of a 22 km long;  segment towards east
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(Prakash Khare, V.Vijaya Rao, S.Raju, B.Mandal, ASSSRS Prasad, V.Sridher, GSP Rao, M.S. Reddy, P.Karuppannan,
N.Premkumar, M.M.Peeran, SP Panigrahi, N.Venkat Rao, P. Koteswara Rao and Dipankar Sarkar)

Fig.2.42 : DRP lines across Palghat–Cauvery and Gangavalli
Shear Zones.

(ii) Palghat–Cauvery and Gangavalli Shear Zones in SGT

Among various shear zones of the Cauvery
shear zone system (CSZ), the Palghat-Cauvery
shear zone (PCSZ) is the most prominent one and

plays an important role in understanding the late

Archean and late Neoproterozoic granulite terrains

of the SGT. It is relatively well studied compared

with other shear zones of the region. However, the

high-resolution seismic images extending from the

surface to greater depth are not available. In this

context a deep crustal seismic reflection study is

carried out along a 65 km long N-S Pavithram-

Kulittalai-Desimangalam profile across it.

The Gangavalli shear zone (GSZ) is another

important shear zone of the CSZ, which is poorly

studied. The NE-SW trending Gangavalli shear zone

is believed to be connected with the Cuddapah

eastern boundary thrust. No systematic geophysical

study has been carried out to understand the

significance and depth extension of this shear zone. In our experiment, a 55 km long NE-SW trending

Namagiripettai-Gangavalli-Kugaiyur seismic profile is carried out across it to understand its structure and tectonics

(Fig. 2.42).

Deep crustal seismic reflection data were acquired using the ION fiber-optics Line Telemetry recording

system with distributed remote units. The seismic recording equipment was deployed in a symmetric split-

spread configuration using 240 channels. The data were acquired using 100 m shot and 50 m geophone

intervals with 2 ms sampling interval. A 10- phone geophone string of 4.5 Hz natural frequency was used at every

receiver location along the 12 km long recording spread. The seismic data were acquired for 24 sec duration. A

60-75 kg explosives made up of a mixture of nitro-compounds was loaded in 25 m deep shot hole  to generate

seismic waves. The data were recorded in standard SEG-D format. Data processing is in progress.

Coincident seismic reflection and refraction experiment in the Dharwar craton

Deep seismic reflection and refraction / wide-angle reflection data were acquired along the Perur-
Chikamagalore transect across the Chitradurga Boundary fault sampling parts of the Eastern and Western
Dharwar Cratons.  Seismic data were generated with 75 kg of explosives loaded in a shot hole drilled to a depth
of 28 m.  Multifold seismic reflection data were acquired with a spread length of 15 km using 100 m receiver and
200 m shot intervals. Seismic reflection data were also collected along a 66 km long Parasurampura-Sira
cross-profile, which is located orthogonal to the main profile.  Seismic reflection data were processed using the
ProMax software.  The initial stack section indicates prominent reflections from upper crust to lower crust.  A
domal type feature representing the Closepet granites is seen in the stack section.  The Moho depths inferred
from main profile and cross-profile are consistent with each other.  Travel time inversion of the refraction and
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(V.Vijaya Rao, Prakash Khare, S. Raju, A.S.N. Murty, G.S.P. Rao, A.S.S.S.R.S. Prasad, V. Sridher, B. Mandal,
P. Karupanan, N. Prem Kumar, Dipankar Sarkar, and Mrinal K. Sen)

Fig 2.43 Velacity - depth model along perur-chikmagalore profile in the Dharwar craton

NW Himalaya

The first deep multi-fold reflection profiling in the Sub-Himalayan Siwalik fold belt region was carried out
along a 100-km long profile  in two segments: HIMPROBE -1 runs SW-NE for 35 km from Barsar to Sandhera
(crossing the Barsar and Jawalamukhi thrusts), and HIMPROBE 2
runs W-E for 65 km from Farsi to Nerchowk (across the Barsar
thrust to the MBT). Nominal 18-fold reflection coverage was in
places achieved using repeated shots at the same site, recorded
at increasingly long source-receiver offsets.  New seismic
reflection profiling places the Himalayan décollement at 6–8 km
depth. The time section (Fig. 2.44) is converted into depth using
the average velocity of 6.4 km/s. Below the decollement, seismic
reflection data shows a west-southwest-dipping reflective fabric
spanning a 30 km-crustal thickness, which we infer to correspond
to a widespread “Ulleri-Wangtu” orogenic event at c. 1850 Ma
affecting a pre-Tethyan Indian continental margin. The deepest
10 km of this ~50 km-thick crust shows a more horizontal,
arguably younger, reflectivity, though the Moho is not clearly
marked by strong reflectors.

(V.Vijaya Rao, Prakash Khare and D. Sarkar)

Fig 2.44 : Line drawing of the important reflection events
in the seismic stack  section int the NW Himalaya

reflection data indicates a five layered crustal velocity structure above Moho.  The crustal thickness is about 41
km in the eastern Dharwar craton that deepens sharply near Chitradurga boundary fault and increases to about
45 km towards the western Dharwar craton.  Deepening of the Moho  near the Chitradurga fault might be
evidenced as a boundary fault between EDC and WDC (Fig.2.43).
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Tomographic imaging of large volcanic province due to intense magmatism in the Mahanadi delta of
eastern India.

We have derived a 2D tomographic P-wave velocity image of the shallow upper-crust (8.0 km depth) using
first-arrival seismic refraction data along the 120 km E-W trending profile in the Mahanadi delta of eastern India.
The tomographic image depicts smooth velocity variations of Quaternary (1.8-2.0 km/s) and Gondwana sediments
(3.5-4.5 km/s) lying above the basement (5.9-6.1 km/s), which is highly distorted due to the presence of deep
basinal faults. These faults extended to a maximum depth of 6.0 km forming the Cuttack depression (Gondwana
graben) in which thick (3.0 km) column of Gondwana sediments are deposited. The basement was uplifted
forming Chandikhol ridge in the west and Bhubaneswar ridge in the east of the profile with anomalous high-
velocity (5.5 km/s) dyke intrusions imaged on either side of the graben having high-velocity (6.5 km/s) magmatic
intrusives lying below the basement. These dykes are volcanic in nature and fed by the large volcanic activity
during Early Cretaceous period due to rifting of the Indian Plate from East Gondwana. This event is followed by
the formation of an Early Cretaceous Volcanic Province (ECVP) in the rift zones of the Mahanadi and Lambert
grabens, which were conjugate to each other before breakup of India and Antarctica. The signature of ECVP is
imaged as magmatic intrusives below the basement and intruded to shallow depths through the conduits and
deep basinal faults. The results of the tomographic imaging in the Mahanadi Delta are shown in Fig. 2.45 (a)
along with interpreted final tectonic model shown in Fig. 2.45 (b)

Fig. 2.45 (a) Tomographic velocity image in the
Mahanadi delta showing Chandikhol and
Bhubaneswar ridges as basement uplifts and
Cuttack depression as Gondwana graben having
thick (3.0 km) low velocity Gondwana sediments.
Red dots represent shots (SP’s) with label and
color scale with contours indicate variation of model
parameters in each plot. Regions not sampled by
rays are left blank.

(Laxmidhar Behera and D. Sarkar)

Fig 2.45 (b) : Schematic cartoon showing various tectonic features imaged from the tomographic inversion of refraction
seismic data in the Mahanadi delta. The Gondwana graben formed due to rifting and drifting of the Indian plate from East
Antarctica has thick sequences of upper Gondwana (UG) and lower Gondwana (LG) sediments. It is bounded by deep
basement faults called Cuttack Fault (CF) and Kendrapara fault (KF), surrounded by horsts called Chandikhol ridge and
Bhubaneswar ridge. The maximum basement depth attained below the graben is 6.0 km and becomes very shallow to less
than 0.5 km towards west of the delta with exposed granites/gneisses as basement rocks. The basement is overlain by
thick high-velocity Early Cretaceous Volcanic Province (ECVP) fed by dyke intrusions and magmatic intrusives through the
deep basinal faults or conduits (dotted lines) due to intense Early Cretaceous volcanic activity during the breakup of India
from Antarctica.
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Anisotropic P-wave velocity analysis and seismic imaging in onshore Kutch sedimentary basin

The long-offset P-wave seismic reflection data has observable non-hyperbolic moveout, which depends on
two parameters such as normal moveout velocity (V

nmo
) and the anisotropy parameter(η). Anisotropy (e.g.,

directional dependence of velocity at a fixed spatial location in a medium) plays an important role in seismic
imaging. It is difficult to know the presence of anisotropy in the subsurface geological formations only from P-
wave seismic data and special analysis is required for this. The presence of anisotropy causes two major
distortions of moveout in P-wave seismic reflection data. First, in contrast to isotropic media, normal-moveout
(NMO) velocity differs from the vertical velocity; and the second is substantial increase of deviations in hyperbolic
moveout in an anisotropic layer. Hence, with the help of conventional velocity analysis based on short-spread
moveout (stacking) velocities do not provide enough information to determine the true vertical velocity in a
transversely isotropic media with vertical symmetry axis (VTI media). Therefore, it is essential to estimate the
single anisotropic parameter (η) from the long-offset P-wave seismic data. It has been demonstrated here as a
case study with long-offset P-wave seismic data acquired in onshore Kutch sedimentary basin of western India
that suitable velocity analysis using V

nmo
  and η can improve the stacking image obtained from conventional

velocity analysis.

(L .Behera, P. Khare and D.Sarkar)

Preparatory studies for the proposed deep drilling programme in Koyna-Warna region

The Koyna region located close to the west coast of India is the most outstanding example of Reservoir
Triggered Seismicity (RTS), where triggered earthquakes have been occurring in a restricted area of 20x30 sq
km since the impoundment of Shivajisagar Lake in 1962. These include the largest
triggered earthquake of M~6.3 on 10 December, 1967, 22 earthquakes of M>5,
about 200 earthquakes of M~4, and several thousand smaller earthquakes since
1962. The RTS was further enhanced by impoundment of the nearby located
Warna reservoir in 1985. There is no other source of seismic activity within 50 km
of the Koyna Dam. The continuing seismicity at Koyna for the past 49 years,
therefore, provides a unique opportunity to directly measure the physical and
mechanical properties of rocks, pore fluid pressure, hydrology, temperature and
other parameters of an intra-plate, active, fault zone in the “near-field” of
earthquakes – before, during and after their occurrence. Also, the focal depths
especially near Warna are mostly within 7 km that can be accessed by drilling
with available expertise.

In view of the above a scientific deep drilling experiment for earthquake studies
is planned in the Koyna-Warna region. The proposed borehole observatory in this
active zone will enable direct and continuous monitoring of an intra-plate seismic
zone at depth, leading to a better understanding of the mechanics of faulting,
physics of reservoir triggered earthquakes, and will contribute appreciably to
earthquake hazard assessment and forecasting. However, prior to undertaking a
deep borehole drilling experiment it is necessary to precisely delineate the sub-surface structure beneath the
most prospective drilling site and the probable fault zone of investigation. Hence, under a preparatory phase, a
suite of geophysical investigations are being carried out at regional and fine scale, like Seismic tomography,
Broadband Magneto-Tellurics (MT), Controlled Source Audio-frequency Magnetotellurics (CSAMT), Deep
Resistivity sounding (DRS), land-based and airborne gravity-gradiometry and magnetic surveys, Hydrological

The continuing seismicity at
Koyna for the past 49 years
provides a unique
opportunity to directly
measure the physical and
mechanical properties of
rocks, pore fluid pressure,
hydrology, temperature and
other parameters of an
intra-plate, active, fault zone
in the “near-field” of
earthquakes – before,
during and after their
occurrence. Also, the focal
depths especially near
Warna are mostly within 7
km that can be accessed by
drilling with available
expertise.



59 Annual Report 2011-12

 Lithospheric Studies

monitoring and LIDAR survey. Geological and structural mapping in addition to procurement of satellite imagery
data is being carried out to supplement these studies. Further, soil gas radon and helium survey is being
undertaken for detection of fracture / fault zones. The above studies in conjunction with the ongoing earthquake
studies are expected to provide high resolution structural information including delineation of the faults down to
at least 7 km in a typical cratonic basement rock overlain by complex lava flows of the Deccan trap, with a thin
or no sedimentary layer in between. Also accurate seismological data including hypocentral trends and fault
plane solutions will help in further constraining the fault zone, enabling a decision on the optimal drilling site.  In
addition to the above studies it is also planned to drill exploratory boreholes down to ~1 km depth that can
provide first hand information about the exact physical properties of the underlying rock type, including the
Deccan trap cover and the cratonic basement. The present study would form a vital knowledge base essential
for subsequent planning of the deep borehole experiment.

(N. Purnachandra Rao, Sukanta Roy, Y. J. Bhaskar Rao, Dipankar Sarkar, Prakash Khare, M.M. Dixit, H. V. S.
Satyanarayana, D. Venkat Reddy, G. Ashok Babu, Kalachand Sain, V. M. Tiwari,  L. Behera, BPK Patro, Kalpna
Gahalaut, Kusumita Arora, S.P. Panigrahi, B.Veeraiah, B. Srinivas, Vijay Kumar, N. Satyavani, D. Shashidhar, Sanjai
Kumar, M. Ojha, K. Mallika, Uma Anuradha, Amol Meshram)
Prof. Mrinal K Sen serves as the mentor
Prof. Harsh Gupta  (Member, National Disaster Management Authority) is the project advisor

Age and Paleomagnetic studies on a 2.21 Ga dyke swarm from south India: Constraints on
Paleoproterozoic reconstruction

Proterozoic Large Igneous Provinces are generally deeply eroded to expose giant dyke swarms, several of
them being of continental dimensions. Recognition of coeval giant dyke swarms on different continents could be
extremely useful for continental reconstructions.

A N-S striking dyke swarm appears to extend for over 450 km and straddle nearly the entire length of the
Dharwar craton. Geochemical, paleomagnetic and Sm-Nd whole rock-mineral isochron age determination on
this dyke has enabled comparison of coeval poles from the Slave, Superior and Rae provinces and allows a
Paleoproterozoic reconstruction of these cratons. Our reconstruction at ~2210 Ma (fig 2.46) shows that all
these cratons could have been located within about 30o  of each other, with Slave and Dharwar being remarkably
closer (<10o ). However, lack of reliable Neoarchean paleomagnetic data from the Dharwar inhibits tracing its
ancestry to either of the Neoarchean Supercratons: Sclavia or Superia.

(Anil Kumar, N. Ramesh Babu, V. Parashu Ramulu, E. Nagaraju and Y.J. Bhaskar Rao)

Fig 2.46. Mollweide projection showing paleopositions of
the North American cratons Superior (in blue), Slave
(green), Rae (purple), and the Dharwar craton ( in brown)
at ~ 2210 Ma.
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High Resolution Multi Parameter Helicopter Borne Geophysical Surveys

Multi parameter  high resolution helicopter borne geophysical surveys  comprising the Time Domain EM,
Magnetic and Radiometric  have been carried out over parts of the North Singhbhum shear Zone(NSSZ),South
Singhbhum Shear Zone(SSZ) and southern part of Chattisgharah Basin. During this year,  the south eastern
part of NSSZ was covered and data was acquired on 4800 line kms. The geological formations in this area
encompass the Dalbhum formation of the North Singhbhum Mobile Belt, the ChotaNagapur Granite-Gneiss(CGGC)
and a  part of the South Purulia Shear Zone. This shear zone in this part of the survey belt hosts apatite, and
apatite-magnetite and abounds with hydrothermally altered rocks of meta sedimentary and meta volcanic suits
of NSMB.

Data has been collected over 5600 line kms in the Singhbhum  Shear Zone(SSZ) area covering areas of
Jaduguda, Rajagoan,Turamdih, Mosabani, Narwarpahar and surroundings where  occurrences of  uranium and
copper mineralization were reported. The geological formations in the area of survey comprise deformed
amygdaloidal basalts, chlorite- biotite schists,  and feldspathic schist rocks.

5800 line kms of VTEM, Magnetic and Radiometric data was collected in the same field season
(October,2011- February,2012) after finishing the parts of NSSZ and SSZ in the southern part of Chattisgharah
Basin.

Modeling of Regional Aero Magnetic Anomalies in a part of EDC:

The regional aero magnetic anomaly data over the granite green stone terrain,
constituting a part of  Eastern Dharwar Craton(EDC)  located adjacent to the
Western boundary of the Proterozoic Cuddapah basin has been analyzed to
understand the upper crustal configuration. Four regional aeromagnetic anomalies
located at
Atmakuru, Amidyal,
L a t t a v a r a m ,
Wajrakuru and
Gooty areas were
modeled.   Spectral
Analysis of the total
i n t e n s i t y
a e r o m a g n e t i c
anomaly  data of this
region  yielded a
depth of about 9km.
to a definite
magnetic horizon
with in the upper crust. Modeling of the aeromagnetic anomalies  from  the above

mentioned locales indicated depths of 9.0km,,8.0,7.6 and 8.8 km respectively.(Fig.3.1). This intra crustal magnetic
in-homogeneity with in the upper crustal levels can be inferred as a possible boundary between the upper crust
and the middle crust. The gradual up doming of this horizon from 9.0 to 7.5 km  at Lattavaram-Wajrakurur area
seems to be an interesting feature which coincides with a number of reported Kimberlite intrusions.

(Ch.Rama Rao, B.Vijayagopal, R..Rajkumar, M.Prasantilakshmi, R.K.Kishore, N.Srikanth, M.A.Gaffar, GDPSitaram
Sinha, D.Praveen)

Fig. 3.1: Intra crustal Magnetic  horizon in a part of EDC derived from
Modeling of regional aero magnetic anomalies.

Modeling of the
aeromagnetic anomalies
indicated depths of
9.0km,,8.0,7.6 and 8.8 km
respectively. (Fig.3.1). This
intra crustal magnetic in-
homogeneity with in the
upper crustal levels can be
inferred as a possible
boundary between the upper
crust and the middle crust.
The gradual up doming of
this horizon from 9.0 to 7.5
km  at Lattavaram-
Wajrakurur area  seems to
be an interesting feature
which coincides with a
number of reported
Kimberlite intrusions.
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2D/3D Seismic Studies in various Coal basins of India, Site characterization and shallow
geophysical Studies for mineral exploration, Engineering and Archaeological projects

Seismotectonic studies for Nuclear Power Plant sites:

Geological and Geophysical studies were carried out at the Nuclear Power plant sites i.e. (1) Chayya Mithi
Virdhi at Bhavnagar, Gujurat, (2) Chutka, MP, (3) Gorakhpur, Haryana and (4) Kovvada, AP to evaluate the NPP
sites against earthquake hazards.

The scope of the work includes i) identification of  the faults and lineaments from satellite imageries &
ground truth verification, ii) The field Geophysical studies MASW and site response data (H/V spectra) were
acquired to understand the shallow geological layers & structural features around plant sites, and iii) Arriving at
the earthquake ground motion for the site.  The integrated results of image interpretation, field geological &
geophysical studies and obtained ground motion parameters will help to create a map of identifiable critical
zones regarding their significance in the seismic design of the civil engineering constructions, the mechanical,
electrical and instrumentation & control equipment of the nuclear power plant.

The following are the objectives of the studies to generate the seismotectonic map of the NPP site and
identification of the critical zones towards seismic design of the engineering structures:

1. Identification of major lineaments/faults based on the available data and their projection on the map.

2. Study of the lineaments/faults activity based on the historical seismic data and categorizing them.

3. Tectonic elements of the study region and historical earthquakes of the region.

4. Probabilistic estimation of returns period, Maximum Credible Earthquakes (MCE), Design Basis
Earthquakes (DBE).

5. Characterizing the lineaments based on the above parameters.

6. Estimation of Shear wave velocities at selected locations in the study region and computation of their
V

S
30 and stiffness which will describe the shallow subsurface condition.

7. Site response studies (H/V spectrum) at selected locations in the study region.

8. The simulation accelerogram using semi-empirical green’s function approach for the study region.

9. Estimation of Response Spectra for the study region and for different damping in frequency domain.

10. Study of attenuation and PGA based on available data.

11. Study of intensity and estimation of PGV of the study region.

Engineering of Structures against Natural and Other Disasters:

The objective of the studies is to determine the Geotechnical parameters such as V
S

30, Stiffness, N values,
depth to bed rock using Vp & Vs values, evaluation of site specific response data i.e. predominant frequency &
amplification, computation of ground motion parameters such as PGA, PGV, MCE & response spectra which
will be used as basic inputs towards microzonation.

Geophysical studies (MASW, Refraction and Site response) were carried out at Chennai (206 locations)
and Ongole (74 locations) during different field seasons to prepare geotechnical and site classification maps.
The methodology developed from the present studies was used for several other projects in various parts of the
country.
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In the event of an earthquake, its impact at a particular location depends on three important factors,
namely 1) Magnitude, 2) distance from the source and 3) local site characteristics. The study is aimed at
estimating the third factor “local site characterization” as the other two factors are not in human control which
plays a vital role understanding the local seismic hazard. Determining site response (dominant frequency and
amplification), depth to bedrock, V

p
, V

S
, water table fluctuation and soil type are important steps in estimating

the effects of an earthquake, since local ground conditions
substantially affect the incoming seismic waves during an
earthquake.

The tectonic features played a significant role in destruction
caused by earthquakes during recent past at Pondicherry,
Chennai, Nanded & Ongole areas. Hence, these locations were
selected for site characterization studies using surface
Geophysical studies and the seismicity pattern is shown in Fig
3.2

Computation of VS
30, Stiffness, N values, Predominant

frequency, AHSA and Depth to Bed rock:

MASW, Refraction & Site response studies have been
carried out at Chennai (206 locations), Ongole (74 locations)
and Nanded (60 locations) in different field seasons. Based on
the geophysical results the Seismic zonation maps were
prepared with six zones i.e. Zone-1 to Zone-6.  Zone wise risk
assessment has been made i.e. Zone:1 - Risk free,     Zone:2 – Very Low risk, Zone:3 – Low risk, Zone:4 –
moderate risk, Zone:5 – High risk and Zone:6 – Very high risk.

Results at Ongole

The Surface wave seismic data shows V
S

< 300m/s in the alluvium deposits along coastal
and NW parts (Motumala, Pernamitta and
Rudravaram areas) and Vs 600-750m/s in the
Gneissic and Granulites formations towards
Ongole town, Western and few northern parts
(Konijedu, T-Agraharam areas).    Low stiffness
(<300Kpa) & ‘N’ values (<15) indicates the
presence of loose soils in Motumala,
Pernamitta, Rudravaram and coastal zones.
Whereas, other parts consists of higher stiffness
(3200Kpa) and N values (N-130).  Low
amplification values in the range of 0.5 to 1
observed in the western part as well as northern
part of the study area in the high grade gneiss
granulite formations. Moderate amplifications
are seen in the unclassified gneissic complex.
The high amplification values are observed at

Fig: 3.2.  Seismicity of the study areas – Chennai,
Ongole & Pondicherry

Fig. 3.3. Seismic zonation map of Ongole region based on the Geophysical
study results.
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SE part of the region in the alluvial covered areas. Depth to bed rock map reveals that the moderate bed rock
(20m) is noticed throughout Ongole area. Based on the results, the Ongole area is divided in to  4 zones, i.e.
Zone -2 to Zone -5. Seismic microzonation map of Ongole region based on the geophysical study results
showing four zones at 70 locations (Fig 3.3).

2D Seismic reflection studies for Coal / Lignite exploration:

2D seismic surveys were carried out to delineate sub surface geological layers and associated structural
features in and around Barmer and Merta cities in Rajasthan for identification of Lignite seams / deposits and
faults. In total about 18 LKM data was acquired on 3 lines in the Merta region. In Barmer, Rajasthan, the data
was acquired along 76 LKM.  At Merta, Seismic reflections are observed at a travel time range of 0.05s to 0.35s.
The reflections at 0.05 to 0.1s may represent the contact between quaternary sediments and tertiary formations.
The reflections at 0.2s may correspond to the lignite horizon as shown in Fig: 3.4. From the GSI borehole data
lignite beds are noticed at a depth of 180m in and around the study area.  The reflections observed in the
seismic section at 0.2s showed good correlations with the identified lignite beds from borehole data.

(T.Seshunarayana, P. Prabhakara Prasad, V.V.Ramana Murthy, K. Ratnamala. G.S. Srinivas, K.Satish
Kumar, D.Mysaiah, KNSSS. Srinivas, P.Pavan Kishore and M.Srihari Rao)

Laboratory Studies On Rock Properties And Rock Fracture And   In-situ Stress Measurements In Deep
Boreholes

Physical properties of continental basalts from two sites in Maharashtra:

Field work was undertaken to collect rock samples representing the Basalt  of Mahabaleswar and surrounding
areas (Panchagani, Poladpur, Varandha, and Wai etc).  A total of 56 block samples were collected from the
above mentioned areas. Preparation of cylindrical samples for the laboratory testing is under process and the
results will provide insights to geophysical stratigraphy of Koyna earthquake area.

Interrelationships among the physical, mechanical and engineering properties of Deccan traps :

The physical and mechanical properties of Deccan basalts from Maharashtra, NW Andhra Pradesh and
the southern parts of Gujarat were determined to characterize and evaluate these rocks for various engineering
applications and geophysical research. The density, porosity, elastic wave velocities, uniaxial compressive
strength (UCS) tests were carried out on these basalts obtained from Koyna & Khadkhpurna, Maharashtra; at
and around Vikarabad and Mailawaram Andhra Pradesh and Bhavnagar & Pavgadh Gujarat.

Fig.3.4: Interpreted 2D Seismic Section of line MR-3 at Merta area, Rajasthan.
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Deep Resistivity Sounding (DRS) and Controlled Source Audio Magnetotelluric (CSAMT)
studies for upper crustal structure and natural resources

Controlled Source Audio-frequency Magnetotelluric (CSAMT) studies for identification of basemetal
associated structural features around Thanewasna copper deposit, Mul Tehsil, Chadrapur Dist, Maharashtra
State.

Controlled Source Audio-frequency Magneto-telluric (CSAMT) study was carried out for mapping of basemetal
deposit and associated structural features around Thanewasna copper deposit, Mul Tehsil, Chandrapur District,
Maharashtra State. A total of eighteen CSAMT soundings were conducted along three E-W lines of 500 m
length namely S09, S10 and S12 cutting across the mineralized zone with station interval of 100m in the study
area (Fig.3.5).

The vector CSAMT data is acquired using orthogonal pairs of electric and magnetic fields (Ex, Hy and Ey,
Hx) using 50m electric dipoles and magnetic antenna (Zonge-ANT/6). Measurements are made at frequencies
ranging from 4 Hz to 8192 Hz in binary steps. CSAMT transmitter (Zonge-GGT30) of a grounded dipole
configuration is used for this survey. The qualitative interpretation indicates that the data from 512 Hz to 8192
Hz is in the far field region, which is further used for modeling. The data along line S12 shows static shift at two
stations. Corrections for this data set were made using trimmed moving average (TMA) filter algorithm to
estimate the average resistivity at each station at a selected reference frequency (in this case 4096 Hz). Each
station data is independently
modeled using CSAMT 1D smooth-
model inversion before attempting
for 2D inversion. This is an
advantage with controlled source
data because it can estimate the
deep basement resistivity from low
frequency, near field data which is
not otherwise used during far-field
2D smooth model inversion.
Geoelectrical sections along three
lines were prepared based on 2D
modeling. The CSAMT results
indicate conductive bodies at
stations S095, S120 and S123 at
a depth of around 100 - 120m below
ground level.

Among the samples tested the basalts from Koyna and Khadkhpurna are found to be massive and showed
narrow ranges Density: 2.401 – 2.996 g/cc, Velocity: 5617 - 5748 m/sec, UCS: 49 –156 MPa. Whereas the
basalts from A.P show a wide range of the values of Density: 2.46 - 3.01 g/cc, Velocity:  5000 – 6290 m/sec,
Porosity: 5.0 – 18%. However the basalts from Khadhkpurna, Maharashtra were found to be highly weathered
and exhibited very low values of Density:   2.048 - 2.896 g/cc;   Porosity:  2.13 - 22.62% and   uniaxial
compressive strength   (UCS): 10 – 151 MPa. Similarly among the basalts from Gujarat, Pavgadh basalts are
more dense (2.987-3.103g/cc) and showed higher velocity values (Vp: 6316-6826 m/sec). Whereas, the basalts
from Bhavnagar,   Gujarat are found to be partially weathered and showed lower values compared to Pavgadh
basalts. (Density:    2.691 – 2.986 g/cc), (UCS:  63 - 280 MPa).

(KJ Prasanna Lakshmi, K Vijay Kumar, S Ravinder, A. Sham)

Fig 3.5.  Location map of CSAMT observations around Thanewasna copper
deposit, Chandrapur District, Maharastra
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Chromitite layers which are
suspected to be enriched in
platinum group minerals
(PGM) as micro-nuggets,
contain predominantly
chromite as
subidiomorphic grains/
granular aggregates,
c a l c i c - a m p h i b o l e s ,
anthophyllite, tremolite and
chlorite. Petrographic,
mineralogic and
geochemical data suggests
that the early magmatic
processes have controlled
the distribution of PGEs in
Mettupalayam ultramafic
complex.

Platinum Group Elements Mineralization from Mettupalayam Mafic/Ultramafic Complex,
Southern India

The Late Archean Mettupalayam mafic/ultramafic complex occurs as intrusives
along the Bhavani shear/suture zone at the southern margin of the Dharwar Craton
in southern India.  The lithounits within the complex occur as concordant lenses/
sheets and are composed of pyroxenite, gabbro, amphibolites and thin chromite-
veined anorthosites. Platinum group elements (PGE) mineralization was reported
in the mafic/ultramafic complex, and the current study deals with such occurrences
near Solavanur, Odhimalai, Punjampuliyampatti, Marayapalayam and Karappadi,
all within a radius of ~45 km between Mettupalayam in the west and
Gobichettipalayam in the east. The host rock (granulites) has been subjected to
ultra high temperature metamorphism. However, the magmatic signatures are
preserved in most of the lithologies found in this area, which is evident from
petrological and geochemical studies. About 25 mafic and 20 ultramafic samples
collected from these area were analyzed for PGE by NiS Fire Assay/ICP-MS and
summary data of data presented in Table 1. Micro-nuggets of PGMs in chromites
are suspected to be the source for PGE. SEM-EDS studies also indicate presence
of ~ 2-40 mm sulfides (PGM carriers) cited upon large chromite grains. Of particular

Section based on 2D modeling is presented (Fig .3.6) for line S12. The maximum depth of around 220m
below the surface is modeled along this line. Shallow semi-weathered layer (100-200 Ohm.m) below S120 to
S122 and alluvium / weathered layer (~20 Ohm.m) over resistive basement below S124 and 125 is observed. A
conductive zone inclined towards west is observed below S122 and S123 at a depth of around 150 m, which
may be the ore body at depth. The results revealed a good correlation with the available borehole information in
the study area.

(G Ashok Babu, B Veeraiah, P. Senthil Kumar, B Kishan Kumar, T Seshunarayana and P Prabhakara
Prasad)

Fig 3:6D Model along line S09 based on CSAMT Thanewasna copper deposit, Chandrapur District, Maharastra
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Mineral Exploration and  Engineering Geophysics

(M.Satyanarayanan, D.V.Subba Rao, V.Balaram, K.Anbarasu* and Ali Mohammed Dar*)
(*Periyar University, Salem, Tamil Nadu)

interest is Karappadi, where chromitites, chromiferous meta-pyroxenites and gabbro occurs as E-W trending
lenses steeply dipping towards south and are well exposed to about 4 km length and ~25m width. These
chromitite layers which are suspected to be enriched in platinum group minerals (PGM) as micro-nuggets,
contain predominantly chromite as subidiomorphic grains/granular aggregates, calcic-amphiboles, anthophyllite,
tremolite and chlorite. The Cr

2
O

3
 varies from 14.1 to 31.1% and are enriched in Al

2
O

3
 (5.3 to 12.0%), Fe

2
O

3
 (10.2

to 13.2%) and MgO (26 to 35.4%). Total PGE in chromitites vary from 72 to 1468 ng/g in which the contribution
of Platinum-PGEs (67 to 1009 ng/g) is more than that of Iridium-PGE (the huge range is due to selection of
chromitite samples with textural variation, alteration?). Petrographic, mineralogic and geochemical data suggests
that the early magmatic processes have controlled the distribution of PGEs in Mettupalayam ultramafic complex.

Table 1: Preliminary analytical data of Ru, Rh, Pd, Ir, Pt and Au (in ng/g or ppb) in mafic/ultramafic rocks
from Mettupalayam Complex, Tamil Nadu.
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Coastal  fresh water studies

Fresh water dynamics in coastal sand dune aquifer of Ongole coast (A.P), India

The sand dune area of about 50 km2 is the only source of fresh water in the coastal zone of Ongole,Prakasam
district, Andhra Pradesh, India.The aquifer has a maximum depth of 25
m. It is bounded by saline sediments in the west and Bay-of-Bengal in
the east, and  is being exploited mainly for agriculture and domestic
purposes. Eleven observation bore wells (depth: 6 to 15 m) monitored
for groundwater level and electrical conductivity on hourly basis facilitated
identification of the aquifer response to drought (low rainfall) and intense
cyclonic storms. Before the 2010 monsoon, the groundwater remained
fresh despite the levels dipping  to 2 – 5 m bmsl (below mean sea
level), signifying no saline water ingression (Fig. 4.1) only fresh water

with no
measurable
bromide).I t
appears that
the studied
aquifer  is not
following  the Ghyben-Herzberg saline-fresh water
relation, due to the probable existence of impermeable
strata limiting saline water  intrusion. Consequently,
during pumping fresh water from the permeable strata
(sand) flows laterally towards the pumping well,
resulting in reduction of electrical conductivity as well
as drop in water levels. Thus, the Ongole coastal sand
dune fresh water is being safe-guarded by the existing
hydrogeological conditions against saline water
ingression.

Turnover time of Rajwadi and Tural hot spring waters, Maharashtra, India

Sixty hot springs are spread over 18 locations in the Deccan basaltic
terrain  along  the west coast of Maharashtra, India. Periodic water
sampling, for more than 5 years are made from Tural and Rajwadi hot
springs along with other deep wells for hydrochemical and isotopic
analyses. The study was aimed at investigating the relation between
seismicity and hydrochemistry and estimation of turn over time of
groundwater. Though the studied hot springs are located in an active
seismic region, their hydrochemical, isotopic and temperature
signatures did not indicate any major change during the experimental
period and also no long term change (in comparison with GSI data,GSI
Records 115, 1987), over the last four-and-a-half decades. Lack of long-
term change in hydrochemistry reveals no major effect of seismicity on the studied geothermal waters.
Radiocarbon dating of these two hot spring waters indicates relatively more turnover time for Tural spring
(3080±40 yr BP) than the Rajwadi (1720±45 yr BP). The measured turnover time provided here is the first of its

It appears that the aquifer  is not
following  the Ghyben-Herzberg
saline-fresh water relation, due to the
probable existence of impermeable
strata limiting saline water  intrusion.
Consequently, during pumping fresh
water from the permeable strata (sand)
flows laterally towards the pumping
well, resulting in reduction of
electrical conductivity as well as drop
in water levels. Thus, the Ongole
coastal sand dune fresh water is being
safe-guarded by the existing
hydrogeological conditions against
saline water ingression.

The measured turnover time provided
here is the first of its kind from  any
geothermal fields  of  India in general
and from west coast in particular. The
trace element characteristics of these
spring waters are close to those of
granitic waters, thus indicating the
circulation of meteoric water through
the granitic basement, before its
expulsion in the form of thermal
springs

Fig. 4.1. Change in groundwater levels bmsl (below mean sea
level) in Traverse 1 (wells 1 to 5) and Traverse 3 (wells 1, 2, 4
and 5) during three hydrologic extreme conditions and the EC in
respective wells. Even though groundwater levels dropped down
to 5 m bmsl, still fresh water exists in the aquifer.



74Annual Report 2011-12

kind from  any  geothermal fields  of  India in general and from west
coast in particular. The trace element characteristics of these spring
waters are close to those of granitic waters, thus indicating the
circulation of meteoric water through the granitic basement, before
its expulsion in the form of thermal springs (Fig. 4.2).

Chronic kidney disease in Uddanam region of
Srikakulam district and Chimakurthy mandal of
Prakasam district of Andhra Pradesh State, India: Role
of drinking water

Prevalence of chronic kidney disease (CKD) has been
reported in a few coastal regions of Srikakulam district, and
Chimakurthy mandal (~30 to 40 km away from the coast) in
the Prakasam district of Andhra Pradesh, India. Some of the
medical experts and the local population have the apprehension
that drinking water is the sole reason for this disease in these
areas. As the source of drinking water for these two regions is only groundwater, major ions and trace elements
were measured on waters from different sources to identify the causative element(s), if any. Comparison of
hydrochemical data of both the areas indicate that groundwater in Srikakulam coastal region is less mineralised
than that of the Prakasam region, which may be due to geological, hydrological and climatic reasons. However,
the concentration of various inorganic chemicals are within the permissible limits of drinking water, hence for the
inorganic chemicals to cause ill health, including CKD, is unlikely or is ruled out in the study areas.

Long-term system evolution of the Krishna-Godavari Basin and its hinterland

Denudation history of crystalline Eastern Indian Peninsula from apatite fission track analysis:

A major part of the drainage basins of Krishna and Godavari rivers covering the
Late Archaean-Early Proterozoic (~2.5 Ga)  Dharwar Craton (EDC), southern peninsular
India,  has undergone an erosionally controlled evolution since the Pan African event
(~500-550 Ma). This evolution was  responsible for the sedimentation and overall
development of the Krishna-Godavari (KG) sedimentary basin. Reconstruction of the
denudation chronology of the EDC, forming the hinterland to the petroliferous KG
basin, using apatite fission track thermochronology (AFTT) from 41 samples suggests
that little denudation occurred before Mid-Cretaceous time. However, during the Late
Cretaceous, accelerated cooling commenced from a temperature range of 60-75°C.
Assuming a low paleogeothermal gradient of 10°C/km, similar to that of the present
day, cooling of the EDC translates to ~0.5-2 km of denudation during the Late
Cretaceous and a total of ~4 km since that time. The denudation history is closely
related to the sedimentary record in the KG basin. The episode of accelerated cooling
in the Late Cretaceous is interpreted as the geomorphic response to the  domal uplift
of the Indian peninsula resulting from an ascending mantle plume which produced the
voluminous Deccan Traps at the K-T boundary. The denudational history coupled
with previous paleocurrent studies in the KG basin suggest that the Krishna-Godavari
drainage system might have  been established in Late Cretaceous time.

(D.V.Reddy, P. Nagabhushanam, Devender Kumar, B. Kiran Kumar,
M.S. Bhagyavati, T.Madhav, M. Anita, G. Ramesh, K.B.N.S.R. Swamy,
P. Chandrakala)

Fig. 4.2. Hypothesised geological cross-section (east-
west) associated with real topographic section indicating
the possible mechanism of origin of hot springs with
different circulation times covering tural Rajwadi hot
spring area

 The episode of
accelerated cooling in
the Late Cretaceous is
interpreted as the
geomorphic response to
the  domal uplift of the
Indian peninsula
resulting from an
ascending mantle plume
which produced the
voluminous Deccan
Traps at the K-T
boundary. The
denudational history
coupled with previous
paleocurrent studies in
the KG basin suggest
that the Krishna-
Godavari drainage
system might have  been
established in Late
Cretaceous time.
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Delineation of groundwater potential zones in Deccan traps covered Pranhita-Godavari
rift zone  and  Chandrabhaga river basin and development of groundwater flow models
Delineation of groundwater potential zones

Chandrabhaga river basin is a part of Pranhita-Godavari rift zone and is located  at 25 km distance  towards
NW of Nagpur city between 78o42’ to 79o east longitudes and 21o11’ to 21o19’ north Latitudes. The entire basin
is occupied by Deccan traps below a thin cover of soil. Exploration of ground water in this region is mostly
confined to weathered zones at shallower depths which  is inadequate to meet the increasing demands of water
supply. Therefore, Electrical Resistivity Tomography (ERT), was carried at twenty four sites for delineation of
ground water potential zones at deeper levels in the form of intertrappeans, faults and fracture zones within the
Deccan traps and Gondwana formations below the traps. (Fig 4.3 & 4.4).

2-D Electrical resistivity images (ERI) obtained from inverse modeling of measured apparent resisitivity
data have indicated potential groundwater zones in the form of intertrappeans and fracture zones within the
traps and Gondwana formations below traps.  2-D resisitivity images for sites P28, P30, P34, P37, P41 and P43
(Fig. 4.5) reveal geological formation with resistivity value in the range of 15-30 Ohm m representing good
aquifer, formations with resistivity values in the range of 30 to 40 ohm m represent moderately saturated aquifer.
Formations with >70 Ohm m resistivity value represent dry massive basalts.  ERI at site P30 near Budhla
indicates two potential zones of groundwater, the first zone between 195m to 285 m distances and  the second
zone after 405 m distance. The interpreted litho units at this site are  in close agreement with the litho units
obtained from bore well. ERI’s of sites P28 near Ramgiri and P34 near Sasundri indicates a layer of water
bearing formation in the depth range of 40m to 100 m along the entire length of the profile.  This layer is overlain
by massive basalt layer. ERI of site P37near Kohali indicates water bearing layer up to a depth of ~50 m all
along the profile. ERI of site  P41 near Kohli indicates a water bearing formation bounded by two units of
massive basalts exposed on the ground surface between 180m and 290 m. This zone could be recharge site.
At site P43, ERI indicates water bearing formation underneath a ~30-50 m thick layer of massive basalt.
Thickness of the massive basalt is maximum around central points and is minimum towards eastern side.

Fig 4.4.  Location map of study area with  ERI sites
(P39-P44)

Fig 4.3.  Location map of the investigated area with
VES sites (Sn) and ERI sites (Pn).
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Fig.4.5.: Inverse resistivity models for P28, P30, P34, P37, P41 and P43 sites
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Mathematical model to predict water able fluctuation:

Artificial recharging of aquifer is practiced to maintain the regional
water balance which is one of the objectives of the groundwater
resources management. Mathematical models play a key role in
assessing the future behavior of a groundwater system in response to
various schemes of ground water resources development such as
artificial recharging and in selecting an appropriate one out of many
proposed schemes for its sustainable development.  An analytical
solution of 2-D Boussinesq equation is developed to predict water
table fluctuation in anisotropic aquifer receiving intermittently applied
time varying recharge from multiple basins of different dimensions in
rectangular shapes. The time varying recharge rate is approximated
by a series of line elements of different lengths and slopes depending
on the nature of variation of recharge rate. The solution is obtained by
using extended finite Fourier sine transform.  Application of the solution
is demonstrated with the help of a numerical example. Numerical
results of the analytical solutions are verified by comparison with the
results obtained from MODFLOW. Numerical results indicate significant effect of aquifer’s anisotropy property
on the nature of water table variation.

(S.N.Rai, S.Thiagarajan, Dewashish Kumar, and V.Ratna Kumari)

Groundwater Flow Model of Hussainsagar Catchment area

Groundwater simulation was carried out for
the Hussainsagar catchment area using the data
base of NGRI and the historical data of CGWB
and State Groundwater Dept. The permeability of
the saturated weathered and fractured granites
rocks  is varying from 3 to 3.5 m/day and in the
major part of the area the permeability is 3 m/day
and along stream channels 4 - 5 m/day was
assumed. The permeability was assumed to be
one tenth of the horizontal permeability in the
vertical direction. Constant head boundary
condition was assigned to the stream at the
confluence of the Musi river near Amberpet. The
river boundary condition for the Kothacheruvu and
the Hussainsagar lake  with appropriate lake water
levels  and  lake bed hydraulic conductance were
simulated. Kukatpally & Jeedimetla, Yusufguda,
Banjarahills, Picket nalas in the upstream and
down stream channel from Hussainsagar up to
Musi river course have also been simulated with
river boundary condition in the flow model.

Groundwater Flow & Mass transport Modeling in
Hussainsagar Catchment Area. Grater Hyderabad

Fig. 4.6. Computed Groundwater level contours m (amsl) in
Hussainsagar Catchment

An analytical solution of 2-D
Boussinesq equation is developed to
predict water table fluctuation in
anisotropic aquifer receiving
intermittently applied time varying
recharge from multiple basins of
different dimensions in rectangular
shapes. Application of the solution is
demonstrated with the help of a
numerical example. Numerical
results of the analytical solutions are
verified by comparison with the
results obtained from MODFLOW.
Numerical results indicate significant
effect of aquifer’s anisotropy property
on the nature of water table variation.
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The virgin catchment areas in the northern part have been assigned a groundwater recharge @ 95 mm/yr
whereas moderate groundwater recharge was considered for paved areas around the Hussainsagar.  The average
groundwater pumping   @ 50 m3/day was assigned at major pumping centers in the catchment. The computed
groundwater levels during June 2010 shows good match with observed ones (Fig. 4.6). The groundwater flow
model has computed groundwater balance for the entire catchment area of Hussainsagar.  Significantly the lake
water – groundwater interaction in  the Hussainsagar  was computed from the groundwater flow model.   The
zone budget indicated that the  seepage from the lake bed would be ~ 10 MLD  and  surface water evaporation
from the lake would be @ 6mm/day.  The withdrawal for horticulture from the lake was ~ 10 MLD.   Thus the
Hussainsagar would require inflows of ~ 50 MLD for maintaining FTL. HMDA has already made renovation of the
existing 20 MLD tertiary treatment plant of  HMWS&SB  and initiated  construction of two  STPs (Tertiary
Treatment Plants) one on Kukatpally nala and another one on Picket nala with a combined capacity of 30 MLD
under Hussainsagar  restoration project. The following restoration plans were suggested.

• Stopping clandestine discharges in streams flowing through industrial areas

• Operation of Tertiary Treatment plants for removal of Phosphates and nitrates

• Dredging of the lake bed sediments and sending them to TSDF as they are holding toxic heavy
metals

• Construction of contour drains to divert the excess storm water flows through the Lake to minimize
flooding in the adjacent areas of the Hussainsagar

• Clearing of stream channel for allowing surplus flows freely to the downstream region till it joins the
Musi river.

• Reduce the amount of impervious surface area, thereby reducing runoff and Utilize the landscape to
naturally filter and infiltrate runoff before it leaves the development site. Construction of Rain gardens in
open spaces on the granitic terrain is ideal for enhancing infiltration rate. The use of permeable paving
blocks is a recommended alternative for low traffic parking areas, emergency access roads, and
driveways to reduce runoff volumes and pollutant loads.

Assessment of groundwater availability & its sustainability  in and around Vizag Steel Plant

Geophysical, hydrogeological and water quality investigations were carried out in the watershed covering the
Vizag Steel Plant, Vishakapatnam, A.P. for identification of suitable locations for groundwater sourcing  for suggesting
strategies for sustainable water management  and
construction of  water harvesting  structures.  Vizag
Steel Plant  premises is spread over  an area of about
10,000 acres  and  the VSP township covers about
12,000 acres in VIsakhapatnam district.   Groundwater
level and water quality monitoring was carried out in 38
observation wells  during June 2010 and depth to
groundwater  in the township ranged from 4-16m (bgl)
during June 2010.  Groundwater quality analyses during
pre-monsoon (June 2010) indicated that the water
quality is good  in majority of wells.

Geophysical investigations mainly Vertical
Electrical Soundings (VES) and were carried out at
94 locations for selection of suitable sites for drilling
of pumping wells. Ground Penetrating Radar (GPR)
survey was carried out at 64 locations in VSP plant
and township areas to decipher aquifer geometry and
for identifying suitable locations for drilling of wells. In general, the areas with Resistivity ranging between 20-80

Fig. 4.7. Comparison of  bore well litholog with VES & GPR  results
in  Visakhaptnam Steel Plant, Visakhapatnam
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Ohm-m were selected for drilling of wells for tapping groundwater potential in the VSP.   A total of 64 sites were
identified for drilling of wells based on the interpretation of VES and GPR. The drilling results in the plant area
(Fig. 4.7) showed good correlation with the interpreted VES and GPR. The yield of this bore well was estimated
to be 13,000 lph.

Based on the hydrogeology and hydrological conditions of the total area, suitable sites were identified for
construction of water harvesting structures.  Desilting of the existing water tank at Indira Gandhi Park spreading
over 7 acres was suggested for enhancing groundwater recharge from the harvested water during rainy season.
Surplus overflows from the tank may be harvested in the existing stream course, which is flowing from the tank
by constructing  a check dam across this stream.  Another stream
traversing  from the northern part of  KB Reservoir, which has a
catchment area of  about 2336 acres near Narava reserve forest
was identified for construction of another  water harvesting
structure in the township. Further, it is suggested to achieve
zero surface runoff from the township through construction of a
check dam/storage tank near 9 MLD Raw water treatment Plant.
It is also recommended that storm water flows in the stream
may be harvested near the compound wall inside plant with a
suitable scheme designed for pumping it to the nearby Raw Water
treatment plant.  The surplus flows & catchment generated runoff
water in the stream may be diverted to the existing recovery
scheme at Balacheruvu in the downstream.

Geophysical  & Hydrogeological  Investigations in RRCAT Campus, Indore, M.P.

Geophysical, hydrogeological and hydrological investigations were carried out for selection of suitable
sites for water harvesting structures in RRCAT campus, Indore. Based on hydrogeological and hydrological
data, a groundwater flow model was conceptualized and constructed. The groundwater flow model was calibrated
for groundwater conditions of May 2011.  Later, groundwater flow model was used for assessment of impact of
proposed water harvesting structures on the groundwater regime.  Computed groundwater balance under natural
conditions was compared with computed groundwater balance after construction of water harvesting structures
in the flow model.   Predicted Groundwater Level contours in m (amsl) after construction of Water Harvesting
Structures  show increase in  groundwater levels in the campus (Fig. 4.8). The check dams would contribute
about 20-48% to the  groundwater recharge
from impounded water depending on the
location of lineaments from the proposed
structures leading to a net enhancement of
groundwater recharge of 0.11 mcm/year
from all the proposed water harvesting
structures in the RRCAT campus. The
contribution of the lake through lake water
and groundwater interaction would be about
20% of its storage.  It was suggested to
divert storm water runoff in the campus to
the lake as it is contributing a significant
amount to the groundwater regime through
lake water groundwater interaction in the
campus.

Fig.4.8. Predicted Groundwater Level contours in m (amsl) after completion of
Water Harvesting Structures in RRCAT campus, Indore

It is suggested to achieve zero surface runoff
from the township through construction of a
check dam/storage tank near 9 MLD Raw
water treatment Plant. It is also recommended
that storm water flows in the stream may be
harvested near the compound wall inside
plant with a suitable scheme designed for
pumping it to the nearby Raw Water treatment
plant.  The surplus flows & catchment
generated runoff water in the stream may be
diverted to the existing recovery scheme at
Balacheruvu in the downstream.



80Annual Report 2011-12

• Assessment of groundwater and surface water quality in two watersheds covering RMP-BARC.

• Development of geohydrological data base and aquifer geometry.

• Use of remote sensing for identification of lineaments in the watersheds.

• Assessment of resource potential as well as risk to the natural resources in terms of
leachability to the in-situ soil, if any (Tracer Injection).

• Estimation of aquifer parameters viz., permeability & Storage.

• Identification suitable sites for groundwater sourcing in both watersheds.

• Identification of suitable locations for artificial recharge.

• Establishment of  network of observation wells for long term groundwater monitoring.

The area is composed of granitic-gneissic rock formation.  This area is situated 15 km from the Challakere
town in the North-East part of the Survey of India Toposheet No. 57 B/11 with Latitude N 140 20’ to 140 25’ and
Longitude E 760 40’ to 760 45’. Ullarthi Kaval  and Kudapura is spread over 1800 acres and 400 acres land
respectively with undulating topography.  The drainage pattern shows the sub-dentric and flowing towards north
and east directions and joins to a water body near Ullarthi Kaval and Kudapura villages. Multi Electrode Resistivity
Imaging (MERI) (Fig 4.9) and Vertical Electrical Soundings (VES) (Fig 4.10) were carried out in the two watersheds
for deciphering the aquifer geometry and basement depth for planning various activities as mentioned above.

Hydrogeological and Groundwater Quality Investigations in the watershed covering Piramal Health
Care Unit, Digwal, Medak Dsitrict, A.P.

The watershed covering the Piramal Health Care Digwal Unit, Kohir Mandal, Medak District, A.P.  Monitoring
of groundwater levels and quality were carried out on 19  selected  observation wells in the watershed. Depth to

Assessment of Groundwater conditions around Rare Material Project of BARC

Rare Material Project, Bhabha Atomic Research Centre (RMP-BARC), Mysore is going to setup a plant in
Ullarthi Kaval village and a township in Kudapura Kaval village, Challakere Taluk, Chitradurga District, Karnataka.
The above project was assigned to CSIR-NGRI with the following objectives.

Fig. 4.9. Location of Multi Electrictrode Resistivity Imaging (MERI) &
Vertical Electrical Soundings (VES) in  Ullarthi Kaval Watershed,
Chalikere Taluk, Karnataka Fig.4.10.  Vertical Electrical Soundings (VES)

carried out in Kudupura Kaval  Watershed
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groundwater  level varied from 17.8 to 27.2 m (bgl)  5.2 to 16.5 m
(bgl) for pre-monsoon and post-monsoon period. The groundwater
level contours drawn for both pre monsoon and post monsoon
seasons of 2010 with reduced level data indicated that the
predominant groundwater flow direction is from East to West.
Hydraulic gradients are not favorable for groundwater movement
from the Piramal Health Care Unit towards the Digwal village.
The hydraulic gradient does not indicate/support possibility of
contamination moving from the Piramal Health care Unit  towards
the Digwal village. The groundwater quality analyses of major
ions indicate that the TDS concentration is within limits. Low
concentration of Sulphate indicates that there no industrial
effluent mixing with groundwater.  Most of the water quality
parameters are found to be within the limits of drinking water
standard (WHO) except TDS and Chloride at two locations.The
elevated concentrations in groundwater may be attributed to local
conditions only as no elevated concentrations were reported in
the upstream areas around PHC.Hydraulic gradients established
from the groundwater level measurements also support the view (Fig.4.11).

(S. Sankaran, VVS. Gurunadha Rao, Ratnakar Dhakate, N.C. Mondal, A.K. Mohanty, D.P. Seth, N. Sattaiah,
Saheb Rao, Amarendar Botla, V. Satish Kumar, B. Manga. Raja Rao, B. Anandagajapati Raju, S.T. Mallikharjuna
Rao, M. Linga Swamy, M. Durga Prasad, E. Satyanarayana, K. Kamal Das, K. Rajkumar and G. Shankar)

Ground Penetrating Radar for Groundwater Exploration in Granitic Terrains:

GPR was deployed for characterizing a potential groundwater lineament near Gajularamaram in the
Hyderabad granitic terrain, where groundwater is controlled by weathered zone and lineaments. The lineament
is 2 km long and 50-100 m wide, and oriented in WNW-ESE direction. It is characterized by many closely
spaced sub-vertical fractures and faults, majority of which are parallel to the lineament. On either sides of the
lineament, sub-horizontal sheet joints are abundant. The lineament is saturated with groundwater that discharges
as springs at some locations. About 700 m long, 100-400 MHz GPR data (30 m depth) was acquired along six
profiles across the lineament. Along the lineament, soil thickness varies from ~0.5 m to 5 m, and is underlain by
weathered granite. In the WNW part, a thick weathered zone (~15 m) and a 10 m wide vertical anomaly zone
(lineament) are present; the presence of shallow reflectors at 1 m depth along the lineament is attributed to the
groundwater table. The GPR images reveal many sub-horizontals to gently dipping reflectors, which are interpreted
to be the sheet joints. The GPR data revealed the water bearing lineament, from which groundwater may
migrate laterally through the sheet joints. Fig 4.12 shows the GPR sections of profile1 and Profile 2, which
clearly show the 15m thick weathering profile and the lineament (L). Radar reflectors in the near surface of
lineament indicate the groundwater table.

The present study establishes GPR as a successful tool of rapid groundwater exploration in hard rock
terrains. It has shown the presence of granite bedrock, weathering zone, soil cover, and the lineament zone.
Demarcation of these structures is essential for the groundwater assessment. The GPR also indicates whether
the lineament is saturated with groundwater. Therefore, this technique can be widely used to detect new
groundwater resources in hard rock terrains to meet the increasing water demand of the growing population.

Fig. 4.11 Ground Water Levels in m (amsl) in the
watershed covering PHC,  Digwal Unit, -October-2010
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(T.Seshunarayana, P. Prabhakara Prasad, V.V.Ramana Murthy, K. Ratnamala, G.S. Srinivas, K.Satish Kumar,
D.Mysaiah, KNSSS. Srinivas, P.Pavan Kishore and M.Srihari Rao)

Compartmentation of weathered-fractured crystalline aquifer

The prediction of flow and contaminant transfer in heterogeneous media such as weathered fractured
crystalline aquifer is of prime importance for aquifer management. In order to have a better understanding of
those complex aquifers in semi-arid region, various hydraulic tests were carried out on the Experimental
Hydrogeological Park at Choutuppal (Andhra Pradesh, South India). This site is equipped with twenty-one
observation boreholes of different depths. The aquifer is composed by fractured granite which is overlain by a
saprolite layer 15 meters thick. Long-duration pumping tests coupled with temperature logging to locate productive
fractured zones enable to estimate the aquifer hydraulic properties. The location of boreholes, i.e. covering all
the area, allows defining the geometry and the boundary conditions of the aquifer. It appears that most of the
hydraulically active fractures are localized between 15 and 30 meters depths. Moreover, pumping tests carried
out under different hydrological conditions (post- and pre-monsoon) show contrasted hydraulic behaviour as a
function of water levels. Estimation of hydraulic conductivities ranges between 10-4 and 10-7 m.s-1.

This implies an important dependence of these systems on water level conditions, in terms of geometry
and hydraulic properties due to connectivity. Indeed, it appears that the aquifer is compartmented and the size
of these connected clusters varies depending on the water level. It is consistent with previous studies which
demonstrate that hydraulic conductivity decreases with depth in such weathered-fractured crystalline aquifer,
due to a progressive decrease in the degree of fractures. In addition, pumping tests show an aquifer highly
anisotropic in the North-South direction, probably as a result of spatial irregularities of weathering profiles and-
or geology

Recent work focuses on solute transport properties in those aquifers. Field experiments which include
tracer tests, push pull tests, packer tests have been conducted. Results of the tests provide information on
fracture/matrix exchange, which is a key parameter in understanding solute retention and release in those
aquifers. Those tests are also completed along with geophysical works (MALM; ERT) to develop new methodology
for tracer tests monitoring (4.13).

Fig.4.12 100 MHz GPR sections of the profiles 1 and 2.

They clearly show the 15m thick weathered zone and the

lineament (L). Radar reflectors in the near surface of

lineament indicate the groundwater table.
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(N. Guihéneuf*, J. Perrin*, M. Viossanges*, A. Dausse*, M. Wajiddudin*, S. Chandra*, J.C. Maréchal*, B.
Dewandel*, O. Bour*, A. Boisson*, S. Ahmed)

Effects of pumping on vadose zone response of a granitic aquifer through resistivity measurements at

EHP,  Choutuppal

The electrical conductivities of rocks and soils are highly dependent of the water saturation. Variations in

electrical resistivity are monitored by time lapse electrical resistivity tomography (TLERT) during a long time

pumping test. This experiment is carried out in the Experimental Hydrogeological Park (EHP) located in

Choutuppal, 45 km south-east of Hyderabad. Vadose zone of EHP comprises an uppermost thin layer of red

soil (<1m), sandy regolith (1m-3m), saprolite (10 m – 15 m), and then a fissured layer until the bedrock (42 m).

The pumping test lasts for 5 days and the piezometric variations are between 12 m and 18 m during pumping in

CH03 borehole. This layer (fissured layer, 15 m – 20 m thickness) is characterized by an important horizontal

fracture density controlling the flow.

The TLERT data set provides an excellent opportunity to verify our current understanding of physical

processes during the pumping of the aquifer. An East West profile was laid with 48 electrodes and 3 m spacing

interval. CH03, pumping well, was in the centre of the profile covering 8 observation wells in both directions. 27

time-lapse datasets were inverted using Res2Dinv adopting least square inversions. The inverted resistivity

datasets successfully correlates with the hydraulic head data measured at the water table at the same timings.

The variations of resistivity are more important close to CH03 and decreases with distance away from it. This

behavior is coherent with the depression cone created by the pumping. Moreover, resistivity variations in the

vadose zone highlight an influence of the pumping on the water content evolution of this zone (Fig 4.14). The

observed heterogeneous response correlates with the geological media heterogeneity. TLERT method is reliable

to observe water table fluctuations even in zones were few boreholes are available but also appears to be able

to record variations of water content in the vadose zone. Finally, TLERT appears to be a powerful tool to follow

dynamic behavior of both saturated level and vadose zone for a given event.

Fig: 4.13 EHP conceptual model and (b) drawdown during pumping in High water level and low water level periods

* Indo French Centre for Ground Research, BRGM
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(Tanvi Arora, P. Raghavender, Nicolas Guihéneuf*, Alexandre Boisson* and Shakeel Ahmed)
* Indo French Centre for Ground Research, BRGM

Numerical Simulation of flow in the multilayered aquifer system in Arsenic contaminated areas of
Western Bihar

A four layered numerical model was fabricated
taking first layer as unsaturated zone, 2nd layer as the
first and shallow aquifer, 3rd layer as aquitard consisting
of clay and the 4th layer as the second and deeper
aquifer consist of medium to coarse sand. The model
domain is bound by River Ganga, Son and Thora (taken
as a River Boundary) on its northern, eastern and south
western side. South eastern side is bounded by road.

The model, after calibration for a period of ten years
was used for predicting the multi-layer groundwater levels
for a further period of 10 to 20 years i.e. up to 2031 for a
number of expected scenarios (Fig. 4.15). The principal
indicator for the safe withdrawal of Arsenic free
groundwater has been the reversal of leakage between the two aquifers. Hydraulic
head of the second aquifer (Arsenic free confined aquifer) is higher than the
groundwater table in the first (Arsenic contaminated) aquifer in the entire region
and upward leakage exist wherever the intervening clay layer is thin. However,
heavy and indiscriminate pumping from the second aquifer will create the reversal
in the leakage and will contaminate the second aquifer also.

Thus, with the expected/projected scenarios, the groundwater levels in
both the aquifers were predicted and difference between the two aquifer levels
are drawn that predict the upward leakages shown in red colour (Fig. 4.16
and 4.17)

Scenario 1: Domestic water utilized from second aquifer

Scenario 2: Domestic and irrigation water utilization from second aquifer

Scenario 3: If projected irrigation water utilization pump in monsoon
season from 1st aquifer and during non-monsoonal season
from 2nd aquifer

Fig. 4.15: The conceptual model. Green, white, blue and red
cells are inactive, active, river boundary and recharge well
cells respectively.

Fig 4.14 showing influence of the pumping on the water content

evolution over tim

The principal indicator for the
safe withdrawal of Arsenic free
groundwater has been the
reversal of leakage between the
two aquifers. Hydraulic head of
the second aquifer (Arsenic free
confined aquifer) is higher than
the groundwater table in the first
(Arsenic contaminated) aquifer
in the entire region and upward
leakage exist wherever the
intervening clay layer is thin.
However, heavy and
indiscriminate pumping from
the second aquifer will create
the reversal in the leakage and
will contaminate the second
aquifer also.
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Broad Strategy And Sustainable Solution

Although alluvium are well known for stratified setup, but the inter-fingering of the aquifer system takes
place due to pinching out of the intermediate clay layers at places. Fine scale inter-fingering is seen close to
the river due to its meandering. Therefore, a sustainable solution requires following measures:

• It is important to analyze the small scale variability in lithological set up in the arsenic affected region
to delineate the zones that are free from As contamination in 3-dimension and design some in-situ
remediation. Although, the As contamination may be confined to small patches, but the lithological
mapping needs to be done on larger area to locate helpful settings such as thick clay cover over the As
free confined aquifer on a regional scale.

• Characterizing the groundwater flow and optimisation of pumping such that the general hydrodynamics
are not disturbed, thus ensuring leakages between aquifers are minimized in terms of cross-
contamination of Arsenic and Fluoride.

• Installation of appropriate treatment plants (~ one plant 40-45 KLD capacity for 1000 population) for
purifying the contaminated groundwater and supply of potable water. In this case two bore wells have
to be drilled. The first one in the shallow aquifer, where As contaminated water will be pumped and
treated by the Membrane filter. Whereas the second bore well will be drilled to pump water from the
lower aquifer free from As contamination. The treated water from the first aquifer and uncontaminated
water from second aquifer can be mixed and supplied to the villagers.  In this case pumping from both
the aquifers need to be done judiciously, so that hydrodynamics is maintained. Thus we can avoid the
induced leakage by dual pumping, but the extension of the As contamination in the shallow aquifer
due to increase in the zone of aeration cannot be avoided.

• Involvement of the villagers and stakeholders in the O&M of the water supply system through appropriate
awareness and training programs for continued O&M.

• Ultimately preparing a complete package of water sources integrating discrete sources such as treated
groundwater, groundwater from Arsenic-free aquifer as well as treated surface water.

(Subash Chandra, E.Nagaiah, P. Raghavender, Tarun Gaud, FakreAlam, M. Ahmeduddin and Shakeel
Ahmed)

Fig. 4.17 : Head Difference scenario 3 for the year 2031Fig. 4.16 :  Head Difference scenario 2 for the year 2031
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High-resolution geophysical investigations to delineate zeolite cavities and vesicular basaltic zones

Zeolites are the hydrated aluminosilicate minerals which form in cavities, vugs and along the secondary
openings in volcanic rocks.  These zeolites are contributing sources for the accumulation of groundwater; they
also contribute to a cleaner, safer environment in a great number of ways. In fact nearly every application of
zeolites has been driven by environmental concerns, or plays a significant role in reducing toxic waste and
energy consumption Fig 4.18.  These have been found interestingly; in wells dug for water for agricultural use or
rock excavations occur, such as quarries, canal excavations, diggings for dams and their foundations in Deccan
volcanic province.  Identification of these zones itself is a challenging task.

Fig.4.18 Shows the ERT, IP and Magnetic

anomalies over the zeolite cavity in open well at

Miri village, Ahemednagar

Field survey with integrated geophysical techniques using multi-electrode, SP and ground magnetic approach
a High-resolution data is acquired at 11 sites in Mominwadi watershed, Ahmednagar region. Wenner-Schlumberger
ERT (Electrical Resistivity Tomography), IP (Induced Polarization) surveys and magnetic methods   clearly
scanned the subsurface layers. The inverted resistivity data has clearly indicated the presence of shallow and
deeper zeolite cavity zones at Miri village is shown in above fig.  Further exploratory drilling was conducted to
confirm the presence of these zones. The observed results are as given below

1. Zeolite cavities resistivity varying from 20 - 300 Ohm-m depending on their degree of saturation. The
shallow water filled cavities resistivity ranging from 20-70 Ohm-m, dry cavities shows in the range of
120-300 Ohm-m. The dimension of cavities varying from few centimetres to tens of meters.

2. The observed relation between magnetic, SP and ERT surveys is as given below
Low magnetic, low SP and high resistivity indicates dry cavity
Low magnetic, low SP and low resistivity indicates water filled cavity or aquifer or high siliceous
area

3. The inferred resistivity values for weathered and massive basalts are 70-120 Ohm-m & >120 Ohm-m.

4. The aquifer resistivity ranges form 20-70 Ohm-m and in most of the areas aquifer is available in contact
zones of flows, cavities, horizontal-vertical fractures, joints and weathered portions of basalt. The high
potential and good quality of Ground water is available in vesicular zeolitic basaltic region than non-
zeolitic massive basalts.

(E.Nagaiah, P. Raghavender, Ahmeduddin and Shakeel Ahmed)

(c)

(b)(a)
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Recharge and Evaporation Process, its Evaluation and Quantification

Integrated studies involving hydrological, hydrogeological, hydrogeochemical, geophysical, isotope and
tracer techniques have been applied in Indo-Gangetic alluvial areas in Punjab Agricultural University (PAU)
campus at Ludhiana for understanding mechanism and quantification of irrigation return and solute movement
for sustainable agriculture. The Indo Gangetic alluvial areas are experiencing declining groundwater level due to
intensive pumping for cultivation of rice and wheat.

Important findings and conclusions

The lithological data of six bore holes sites in PAU campus, Ludhiana to the depth of 50 m within the
area of 5 km2 shows variation in depth and thickness of sandy and silt zones. This indicates that the layers /
zones are non uniform and discontinuous in nature at short lateral distances.

i) The reduced water level contour maps indicate that the groundwater is dynamic throughout the year
and the predominant movement is towards ENE and E, which is towards Ludhiana city.

ii) The  continuous water level  monitored for three consecutive years at  6 bore wells drilled up to the
maximum depth of 50 m in PAU campus indicates that water level is declining at the average rate of
about 0.8 m/ year. Assuming 20 % as effective porosity, the loss of water in PAU campus (5 km2) is
estimated as 160 mm or 0.8 million cubic meters, which is mainly due to intensive cultivation (Fig.4.19).

iii) The depth variation of tritium and moisture obtained at tritium injected sites are used for calculation of
moisture influx caused by rainfall and / or irrigation. The moisture influx caused by seasonal rainfall at
rain fed site is 51 mm (8 % of rainfall), while at paddy irrigated sites, it is 438 mm (25 % of irrigated
input). The shallow moisture influx caused by irrigation finds a pathway to the first aquifer zone through
sandy and discontinuous silt zones.

iv) Depth variation of tritium and moisture data also indicates clear tritium peak signal within the depth of
6 m at sites where shallow silt zones are thicker. In the areas of thin shallow silt zones, the tritium
tracer peak signal could not be deciphered. This is probably due to faster migration of moisture flux in
the sandy zones (Fig.4.20).

v) Chemical analysis of groundwater samples shows that most of the ground water is suitable for irrigation
while Magnesium Hazard is also found to persist in the waters.

Fig. 4.19 Groundwater level behaviour with declining trend line at PAU campus
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Suggestions for arresting the degradation of groundwater resources

i) Decline of groundwater level is clearly related to groundwater pumping for irrigation. Shifting the
transplanting date to periods of low evapo-transpiration can provide a means to minimize the declining
rate. Also Puddled Transplantation Rice can be replaced by Dry Seeded Rice.

ii) Groundwater declining rate can be reduced by growing paddy only during alternate years. Alternatively,
crops requiring low water  should be encouraged in the over exploited regions.

iii) Large scale Rainwater harvesting and artificial recharge through different techniques is to be adopted
for improving the quality and quantity of groundwater. Farmers holding more than 5 acres of agricultural
land should exclusively have recharge basin in their field.

• A field experiment was done at a site within the campus area to compare water balance components and
water productivity of dry seeded rice (DSR) and puddle transplanted rice (PTR). Four irrigation schedules
based on soil water tension (SWT) ranging from saturation (daily irrigation) to alternate wetting drying
(AWD) with irrigation thresholds of 20, 40 and 70 kPa at 18–20cm soil depth. There were large and significant
declines in irrigation water input with AWD compared to daily irrigation in both methods. The irrigation water
savings in PTR were mainly due to reduced deep drainage, seepage and runoff, and reduction in ET at
DSR. Within each irrigation treatment, deep drainage was much higher in DSR than in PTR (Fig. 4.21). It
shows that adaptation of DSR may facilitate in recharging the aquifer.

  Fig. 4.20 Tritium profiles at different depths of tritium tracer injection (1m, 2m 3m bgl)
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Fabrication of column for laboratory experiments on moisture and tracer transport

A laboratory column fitted in angle steel frame is fabricated for studying the vertical movement of beta
(tritium) and gamma (cobalt-60) tracers and soil moisture under simulated conditions. The study was initiated
for identifying alternate tracer for studying movement of moisture in the vadoze zone caused by rainfall or
irrigation. Provision is made for filling experimental area soils, measuring repeated depth moisture measurements
using neutron moisture probe, collecting infiltrated and percolated water from the bottom of the column etc.

Laboratory Experiment for comparative movement of tritium and gamma tracer and moisture transport
under simulated condition in sandy soils

Tritium in the form of tritiated water and cobalt-60 in the form of Cobalt chloride tracers were introduced at
5 cm below soil surface within the column. About 100 ml of 10 microcurie / ml tritium activity and 400 ml of 0.007
microcurie / ml Cobalt-60 gamma activity was injected. Double distilled demineralized water was added at
regular interval of time over the soil column (space between the surface of soil and top of casing). The experiment
was continued for a period of 10 days. Water samples percolated from the sand column was measured for
tritium activity. Depth moisture measurements using neutron moisture probe and gamma concentration using
gamma detector were taken for every 5 cm depth section at regular interval of time during the period of experiment.

Results:
The breakthrough curves in the laboratory column study indicate;
a) arrival of peak tritium activity after input of 475 mm of water
b) no appreciable vertical migration of gamma tracer from the injected depth as indicated by gamma

detector
c) increase in volume moisture percentage in the sand column detected by neutron moisture probe

during the period of experiment

 (R.Rangarajan, G.B.K. Shankar, Rolland Andrade, Kamle Anand, A.Mohan Reddy, B.Sathiah, D.
Muralidharan (Retd scientist), K. Rajeshwar, T. Mathews, T. Sireesha, D.N.V. Lakshmi Devi)

Fig. 4.21  Tritium profiles at dry seeded rice and puddle transplantation rice field sites
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Study of the Indian plate geodynamics through intense  seismic and GPS campaign mode
monitoring

Seismically active zones in Indian Peninsular shield

The 10 stations of the  broadband seismic network operated
by NGRI and connected to a central recording station at NGRI
through VSAT  for online data  analysis, recorded 410 earthquakes
with Md 4.5 during 2009-2012 period. Several of the events were
located using three or more stations data and a few of them are
based on single station data, being very localized (Fig.5.1).

Data from Andhra Pradesh network which include Srisailam,
Nagarjunsagar and Sriramsagar stations located around these
reservoirs was also used.  The epicentral map prepared for the
Peinunsular India clearly brings out the moderatively active nature of
the Indian shield which is typical of (SCR) Stable Continental
Regions.The earthquakes are confined to well known tectonic regimes
like the Godavari graben, Cuddapah basin, eastern margin near Ongole,
north of Moyar-Bhavani shear, Koyna, the southern margin of Aravallis,
Kutch and around Rewa along the Narmada-Son Lineament.  Further,
no indications of reservoir triggered earthquakes were observed around
the three reservoirs in Andhra Pradesh during this period.

(R.K.Chadha, C.Satyamurthy, N.Kumar, M.Shekar,
A.P.Shanker, D.Srinagesh, R.Vijayaraghavan, and ANS

Sarma)

First order crustal structure across the Indo-Gangetic plains

An array of 10 broadband seismic stations across the Indo-
Gangetic plains was operated by NGRI starting from Bundelkhand
in the Indian shield to foot hills of Himalaya (Fig.5.2).

The Indo-Gangetic basin has formed as a consequence of
lithospheric flexing due to the continued northward push of the Indian
plate and loading of the Himalayan orogen. The thick sedimentary
cover obliterates the underlying geology and acts as an impediment
in understanding the tectonic evolution of the continents. The
quantification of the sediment thickness is as important as mapping

Fig.5.1 : Epicenters of earthquakes recorded by the Broadband seismic
network in the Peninsular shield of India during January 2009 to March
2012.  Triangles are locations of broadband seismic stations.
Seismically active regions are clearly seen along Godavari graben,
Cuddapah, eastern margin near Ongole, Koyna, Arravali and Rewa
along the Narmada-Son Lineament.

Fig.5.2. Array of broadband seismic stations from
Bundelkhand in the Indian shield to Bisalpur in the
foothills of Himalaya

 The epicentral map prepared for the
Peinunsular India clearly brings out the
moderatively active nature of the Indian
shield which is typical of (SCR) Stable
Continental Regions.The earthquakes
are confined to well known tectonic
regimes like the Godavari graben,
Cuddapah basin, eastern margin near
Ongole, north of Moyar-Bhavani shear,
Koyna, the southern margin of Aravallis,
Kutch and around Rewa along the
Narmada-Son Lineament.
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(R.K.Chadha, D.Srinagesh, ANS Sarma, D.Srinivas, M.Shekar, K.Basha, Suresh)

Attenuation studies in the Kumaun Himalaya

Twenty three well
located local
earthquakes of Kumaun
Himalaya region
recorded at nine
stations containing four
three-component short
period seismometers
and five strong motion
accelerographs during

2004–2008 were used for attenuation studies. Fig.5.4
shows the epicenters of selected earthquakes along
with the digital stations.

The signal-to-noise ratio for the selected events
is greater than two for P and S waves and coda wave
windows at all frequency bands. The local
magnitudes of these events are less than 4.5 and
the hypocentral distances are within 90 km.  All the
earthquakes have crustal origin with focal depths less than 40 km.  The frequency-dependent attenuation of P
and S waves are estimated using the extended coda-normalization method for the frequency range of 1.5, 3, 6,
8 and 12 Hz. The values of Q

P 
and Q

S
 show a ubiquitous observation of frequency dependence for the studied

frequencies. We obtained Q
P
=(22±5)f(1.35±0.04) and Q

S
=(104±10)f(1.3±0.03) by fitting a power-law frequency dependence

model with the estimated values over the whole region. Both Q values indicate a strong attenuation in the crust
of Kumaun Himalaya. The ratio of Q

S
/Q

P
>1 obtained for the entire analyzed frequency range suggests that the

crust is characterized by a high degree of heterogeneity

 (R K Chadha, Chandrani Singh, Arun Singh, M.Shekar, K.V.Srinivasa Bharathi, A.R.Bansal)

the underlying crustal structure. Teleseismic earthquakes recorded by NGRI array were used for obtaining the
sedimentary thickness and the crustal configuration. The results from the migrated section of the receiver
function and the receiver modelling studies indicate the sedimentary thickness  varying between few hundred
meters to about 3.5 km in the Indo Gangetic plains and crustal thickness from 33 km at Hirapur to about 45 km
beneath Bisalpur the northernmost station. Other seismic stations from KDM to KTG in the southern part of the
array were also used in our analysis Fig.5.3.

Fig. 5.3 : Migrated section of P-receiver functions.
A clear dipping of the Moho is seen from south to
north.

 Fig.5.4 : Tectonic map of Kumaun region with distribution of
epicenters of selected events (circles) and nine stations (inverted
triangles). Small square in the inset represents the study area.

Q values indicate a strong
attenuation in the crust of
Kumaun Himalaya. The
ratio of Q

S
/Q

P
>1 obtained

for the entire analyzed
frequency range suggests
that the crust is
characterized by a high
degree of heterogeneity
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Analysis of GPS measurements over six years of across  the Godavari failed rift (GFR) of stable Indian
plate suggest very localized deformation (Fig.5.6). Elsewhere, all along the GFR, the deformation is very low
(<1.5 mm/year). Localized deformation (up to 3.3±0.5 mm/year) at least at two sites (KLRM and BPPL),
implying compression on steep faults located on the southern margin of the GFR, is coincident with the region

characterized by high level low-magnitude seismicity of past
six years and implies strain accumulation for future moderate
to strong magnitude earthquake in the region. The localized
deformation is consistent with the view about deformation in
such regions where seismicity migrates and deformation
rate changes with time.

 Fig. 5.6 Velocity at GPS sites in Indian reference frame in the Godavari
failed rift (GFR). IGS site HYDE is located near the bottom left corner
of the map and show insignificant deformation. The seismicity in the
region since 1960 is also shown. The seismicity cluster in region II
corresponds to the 1969 Bhadrachalam earthquake (Mw 5.7) for
which two estimates of focal mechanism are shown. In past six
years the earthquakes in region I are clustered near the KF and
KGF. Inset shows seismicity of peninsular India from ISC catalogue
during the year 1960-2011. Focal mechanisms of earthquakes in the
Kachcch, Narmada Son and Godavari failed rift regions are also
shown. The direction of SHmax in the stable India region is shown by
the arrows. KF- Kaddam fault, KGF- Kinnersani-Godavari fault, KLF-
Koleru Lake fault, GVF- Godavari valley fault, NSFR- Narmada Son
failed rift, KR- Kachchh rift.

GPS studies
Indian  plate motion

GPS data from 26 sites located on the Indian plate and along its boundary was analysed. The large spatial
coverage of the Indian plate by these sites and longer data duration helped us in refining the earlier estimates of
the Euler pole for the Indian plate rotation. Our analysis suggests that the internal deformation of the Indian
plate is very low (<1-2 mm/year) and the entire plate interior region largely behaves as a rigid plate (Fig.5.5).
Specifically, we did not infer any significant difference in motion on sites located north and south of the Narmada
Son failed rift region, the most prominent tectonic feature within the Indian plate and a major source of earthquakes.

Fig.5.5. GPS site velocities in Indian reference frame.

Relatively larger error ellipse at a few sites (e.g. at Delhi,

DELH) is due to less duration of the data. Note very low

deformation within the plate interiors. NSFR- Narmada Son

failed rift, PGFR- Pranhita Godavari failed rift, SP- Shillong

Plateau, KF- Kopili fault, IBW- Indo-Burmese wedge.

Earthquakes (Me”4) are shown with pink circles from the

USGS catalogue
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Understanding earthquake occurrence processes in the Indo-Burmese arc

Earthquakes in the Indo-Burmese wedge and Sagaing fault regions occur in response to the partitioning of
the India-Sunda motion along these two distinct boundaries. Under the accretionary wedge of the Indo-Burmese
arc, majority of the earthquakes occur in the depth range of 30-60 km and define an eastward gently dipping
seismicity trend surface that coincides with the Indian slab (Fig.5.7).

The dip of the slab steepens in the east direction and earthquakes occur down to a depth of 150 km,
though the slab can be traced up to the 660 km discontinuity (Fig.5.8). Although these features are similar to a
subduction zone, the nature of the earthquakes and our analysis of their focal mechanisms suggest that these
earthquakes are of intra-slab type which occur on steep plane within the Indian plate and the sense of motion
implies a northward relative motion with respect to the Sunda plate. Thus, these earthquakes and the stress

Fig.5.7 General tectonics, seismicity and earthquake focal mechanisms in the Indo-Burmese wedge and the Sagaing fault. (a) First
panel shows seismicity of the region. Filled circles with different colours, denoting focal depths, are the earthquakes from EHB
catalogue for the period from 1964 to 2008. Small squares with four numerals indicate epicenters of major earthquakes with their
year of occurrence that have occurred in past 250 years. Approximate locations of the 1762 Arakan and 1839 Sagaing Fault
earthquakes are also indicated. Locations of 1897 Shillong Plateau and 1950 Assam earthquakes which occurred in the Shillong
Plateau and Eastern Himalayan regions, are also shown. Imphal is located in the Manipur valley. (b) Second panel shows
earthquake focal mechanisms. Black and gray colour focal mechanisms denote shallow (<75 km) and intermediate (75-150 km)
depth earthquakes. Dashed lines in the Bay of Bengal region represent the oceanic fracture zones or the geologic fabric trend
(Desa et al., 2006). CMF- Churachandpur Mao Fault, EHS- Eastern Himalayan Syntaxis, KDF- Kaladan Fault, KF- Kabaw Fault,
MCB-Myanmar Central Basin.
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state do not support active subduction across the Indo-Burmese arc which is
also consistent with the relative motion of India-Sunda plates. The absence of
inter-plate earthquakes, lack of evidence of the occurrence of great earthquakes
in the historical records and non-seismogenic nature of the plate interface under
the accretionary wedge suggest that seismic hazard due to earthquakes along
the plate boundary may be relatively low. However, major intra-slab earthquakes
at shallow and intermediate depth may still cause damage in the sediments
filled valley regions of Manipur and Cachar in India and Chittagong and Sylhet
regions of Bangladesh. In the Sagaing fault region, earthquakes occur through
dextral strike slip motion along the north-south oriented plane and the stress
state is consistent with the plate motion across the Sagaing fault.

Influence of subducting ridges on the Himalayan arc and on the ruptures of great and major Himalayan
earthquakes

Subduction of bathymetric features, e.g., ridges, seamounts, fractures
etc., on the subducting plate influences the subduction arc morphology and
earthquake ruptures. We analyse their effect on the development of arcuate
shape of Himalayan arc and on the ruptures of great and major Himalayan
earthquakes. Besides the two most prominent ridges in the Indian Ocean,
namely, the Chagos-Laccadive-Deccan ridge and 90°E ridge which are assumed
to extend up to the Himalayan arc, at least three major subsurface ridges have
been mapped on the underthrusting Indian plate under the Indo-Gangetic plains.
We propose that the subduction of the two most prominent ridges contributed
to  the development of the arcuate shape of Himalayan arc. The interaction

Fig.5.8  . A depth section across
the Indo-Burmese wedge and
Sagaing fault showing the
seismicity, earthquake focal
mechanisms (east-west vertical
cross sectional projections) and
topography. Note the steep nodal
planes of the earthquake focal
mechanisms which are not
consistent with the gentle dip of the
seismicity trend under the Indo-
Burmese arc accretionary wedge.
The lower panel shows a
composite field photograph of the
Churachandpur Mao Fault (CMF)
zone from a region 60 km
southwest of Imphal. The winding
road is shown by the yellow dash
line.

The absence of inter-plate
earthquakes, lack of
evidence of the occurrence
of great earthquakes in the
historical records and non-
seismogenic nature of the
plate interface under the
accretionary wedge
suggest that seismic
hazard due to earthquakes
along the plate boundary
may be relatively low.

We propose that the subduction
of the two most prominent
ridges contributed  to  the
development of the arcuate
shape of Himalayan arc. These
ridges acted as barriers to the
ruptures of the major and great
Himalayan earthquakes and in
no case the rupture propagated
through these ridges
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The coast parallel splitting
trends in the vicinity of the
Eastern Ghat mobile belt can
be reconciled by invoking a
combination of anisotropy
frozen in the lithosphere due
to continental rifting along
the eastern margin of the
Indian plate and active
asthenospheric anisotropy.

Fig.5.9 Seismicity of the Himalayan arc, general geology rifts in the Tibetan plateau and subsurface ridges in the Indo-Gangetic
plains. (a) Earthquakes are from the ISC catalogue which also includes smaller magnitude earthquakes (M<3) from local
networks run by the India Meteorological Department (IMD), India and Department of Mines and Geology (DMG), Nepal. The
ruptures of earthquakes of M>7.5 of past 200 years in the Himalayan arc are shown by red rounded rectangles and ellipses.
The 1897 Shillong Plateau (SP) earthquake is also shown for reference. The motion of India plate in global reference frame and
with respect to Eurasia is shown by the arrows. The inset shows a north-south vertical cross section across the Himalayan
arc. (b) Variation of seismicity (M>4.5) of the Himalayan Seismic Belt (HSB) in an overlapping and sliding 50 km window. Here
the seismicity of the HSB is defined as the seismicity within 150 km north of the Main Frontal Thrust (MFT). The mean and 1ó
standard deviation of the seismicity of the HSB are marked with dashed line. Ruptures of great and major earthquakes (rounded
red rectangles) and the subsurface ridges are also shown. DHR- Delhi Hardwar ridge; FR- Faizabad ridge; MSR- Munger-
Saharsa ridge; MBT- Main Boundary Thrust; MCT- Main Central Thrust.

(R.K.Chadha, V.K.Gahalaut, J.K.Catherine, P Prasada Rao, Rabiya, Amit Bansal, Bhaskar Kundu, A
Ambikapthy, P Mahesh, Rajeev Kumar, Sapana Ghavari, Simhadri Naidu, Rajeshwara Rao, M
Narsaiah)

Study of seismogenic earthquake sources in SCR and Kopili Lineament, NE India for seis-
mic hazard assessment

Anistoropy studies in the Eastern Dharwar Craton

The southeastern Indian Shield, an assemblage of several Precambrian
geological terranes, carries imprints of major tectonic events, including those
related to rifting contemporaneous with India-Antarctica continental separation,
volcanism, and sedimentation in Gondwana. In  this study, we investigate the
character of seismic anisotropy underneath 14 broadband stations spanning
this region, utilizing the SK(K)S and direct S waves from earthquakes deeper
than 400 km. In total, 113 high-quality splitting measurements reveal that the
delay times (ät) between the fast and slow axes of anisotropy range from 0.32
s to 1.62 s for direct S waves and from 0.31 s to 1.80 s for SK(K)S phases.

and subduction of the other subsurface
ridges influenced the Himalayan arc
morphology by causing a localised cusp
in the frontal topography. These ridges
acted as barriers to the ruptures of the
major and great Himalayan earthquakes
and in no case the rupture propagated
through these ridges (Fig.5.9).
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The fast polarization directions at a majority of the stations (Fig 5.10) are in accordance with shear at the base
of the lithosphere, coinciding with the present-day motion of the Indian plate with respect to the fixed Eurasian
plate as defined through the NUVEL1A plate model. The coast parallel splitting trends in the vicinity of the
Eastern Ghat mobile belt can be reconciled by invoking a combination of anisotropy frozen in the lithosphere
due to continental rifting along the eastern margin of the Indian plate and active asthenospheric anisotropy.

Fig 5.10. Map showing individual splitting measurements
at the station locations. The brown and white arrows
represent the motion of the Indian plate in a no-net rotation
frame and relative to a fixed Eurasian plate, respectively,
as defined by the NUVEL-1A plate model (DeMets et al.,
1994). Black arrows represent the motion of the Indian
plate in the HS 3-NUVEL1A hotspot reference frame
(Gripp and Gordan, 2002). The orientation and length of
the lines correspond to the fast polarization azimuth and
delay time respectively. Blue lines represent SK(K)S
measurements, and green lines represent S-wave
measurements.

Micro earthquake study around Rajasthan Atomic Power Plant (RAPP)

An MOU was signed between NGRI-CSIR and Nuclear Power Corporation Limited, Mumbai to study the
micro seismicity around RAPP, Rajasthan. The broad band seismological network comprising of six stations
(Fig 5.11) have been operationalised. No significant seismic activity has been monitored.

(D Srinagesh, HVS Satyanarayana, NK Gogoi,  R Vijayaraghavan, Simanchal Padhy, R Thandan Babu Naik, Satish
Saha, NK Bora, ANS Sarma, U Gowrisankar, BC Baruah, P Solomon Raju, D Srinivas, YVVBSN Murty, N Subhadra,
S Komalamma, G Suresh, S Sunitha, Ch Swethamber, A Satish, T Anand, NS Pawankumar, Sunilkumar Roy, G.
Suresh, PR Jitendar)

Fig. 5.11. Location of broadband seismological stations
around Rajasthan Atomic Power Plant (RAPP)
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Space-Geodesy for kinematics of Indian Ocean Basin, applied to Earthquake hazard, Subsidence
and Climate change studies

International GNSS station (IGS) at NGRI is continuously operational by actively contributing hourly and
daily GPS data to the IGS data center. The crustal dynamics, strain distribution and the cause and effect of the
geological processes in the equatorial Indian Ocean region were analysed using the Mahendragiri GPS data
along with the network of stations around this region.

The GPS data was processed using the Bernese 5.0 software.The Mahendragiri GPS station is in the
southern tip of the Indian Peninsula and
forms a shorter baseline length with
other nearby GPS stations which
shows greater accuracy and lesser
errors. This analysis revealed that the
baseline length changes from station
Mahendragiri (MADG) to stations such
as Maldives (MALD), Diego Garcia
(DGAR), Seychells (SEY1), Cocos
(COCO) are 0.0028±0.0009 m/yr,
0.0050±0.0008 m/yr, 0.0352±0.0019 m/
yr and -0.0086±0.0.0020 m/yr
respectively and the corresponding
strain rates per year are 4.41102 x 10-

9, 2.76637 x 10-9, 1.25036 x 10-9 and -
2.79168 x 10-9 respectively Fig 5.12.
Further, the horizontal velocity of the
MADG station is 0.0418 m/yr, moving
towards N53°E.

Fig 5.12. Geographical distribution and Baseline between the stations MADG,
SEY1, MALD, DGAR and COCO.

Table 1. Estimated baseline length changes between NGRI’s Mahendragiri stations in the equatorial
Indian ocean region.

Between the Baseline Baseline length
Stations length(m) Changes  (m/yr) ERROR(m)

MADG-MALD 634773.827 0.0028 0.0009

MADG-DGAR 1807422.505 0.0050 0.0008

MADG-SEY1 2815178.922 0.0352 0.0019

MADG-COCO 3080576.927 -0.0086 0.0020

SEY1-MALD 2222088.428 0.0224 0.0019

DGAR-MALD 1271386.113 0.0048 0.0009

COCO-MALD 3119499.875 -0.0056 0.0018

COCO-DGAR 2716504.223 -0.0052 0.0036

SEY1-DGAR 1884954.713 0.0196 0.0020

(E.C.Malaimani, N.Ravikumar, S.V.R.Ramachandra rao and A. Akilan)
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Role of fluids in the earthquake occurrence around Aswan reservoir, Egypt

Sustained seismicity for about 30 years around a large western embayment of
the Lake Nasser, about 50 km from the Aswan High Dam in Egypt, has led to a debate
about the possibility of its relation with the reservoir impoundment. The largest event in
the region occurred on November 14, 1981 (M 5.3), 20 km beneath the Wadi Kalabsha
embayment, a westward extension of the Lake Aswan. Since then, continuous
monitoring of seismic activity has provided an excellent opportunity to study the spatio-
temporal distribution of seismicity in the area. Most of the immediate aftershocks of
the 1981 mainshock were located in the Gebel Marawa area at depths between 15 and
30 km. Depth of almost all earthquakes away from this zone were shallower than 12
km. To quantify the effect of the reservoir impoundment on the seismicity of the Aswan
area, changes in stress and pore pressure due to the reservoir impoundment were
calculated using Green’s function approach. The change in Coulomb stress (ΔS) is
calculated on the fault planes responsible for majority of the seismicity of the region. It
is found that for all the seismogenic faults, ΔS is negative, i.e., stabilizing, when the
effect of the reservoir load only was considered, whereas it is positive, i.e., destabilizing,
when pore pressure is included. Hence the seismicity in the Aswan lake region is
found to be driven by the pore pressure due to reservoir impoundment.

Temporal Variation of b-value associated with  M~4 earthquakes in the reservoir
triggered seismic environment of the Koyna-Warna region.

The temporal and spatial variation of b-values in the Koyna-Warna region is
investigated using a catalogue of 3000 earthquakes from August 2005 through December
2010. The region constitutes an isolated zone of seismicity where earthquakes of up
to M~5 are found to occur during phases of loading and unloading of the Koyna and Warna reservoirs. For the
Warna region, it is found that low b-values of 0.6-0.9 are associated with earthquakes of M~4 during the loading
phase. The percentage correlation of the occurrence of an Me>4 earthquake with a low b value outside the 1σ
or 2σ level is as high as 78%. A drastic drop in the b-value of about 50% being reported for an RTS site may be
an important precursory parameter for short term earthquake forecast in future.

In addition, the temporal variation of the b-value was examined, particularly with respect to occurrence of
the M~4 earthquakes in the Warna region. A moving average window approach is used to calculate the variation
of b-values as a function of time using a window length of 30 days and a time shift of 5 days. b-values are
computed for each window and plotted as a function of time, along with the time of occurrence of the M ~4.0

Fig 5.13. Temporal variation of b-values in the Warna region during the period August 2005 to December 2010 using a moving
average window of 1 month shifted by steps of 5 days. The error bars for each value are also indicated. The numbers indicate

the Me>4.0 earthquakes listed in Table 2. The mean b-value and the standard deviation (1σ and2σ  ranges) are represented as
dashed lines.

The change in
Coulomb stress is
calculated on the fault
planes responsible for
majority of the
seismicity of the
region. It is found that
for all the
seismogenic faults,
change in Coulomb
stressis negative, i.e.,
stabilizing, when the
effect of the reservoir
load only was
considered, whereas
it is positive, i.e.,
destabilizing, when
pore pressure is
included. Hence the
seismicity in the
Aswan lake region is
found to be driven by
the pore pressure due
to reservoir
impoundment.
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earthquakes. It can be seen that a low b-value precedes the occurrence of each of these earthquakes. The
observed low b-values are in the range 0.6 to 0.9 for all the earthquakes associated with the loading phase of the
reservoirs during the months of July to December. Events 6 and 7 show higher b-values (1.30 and 1.34) but
these are associated with the unloading phase from January to June.  The errors in the b-value estimation using
MLM are plotted as bars in Fig 5.13. Also, the statistical significance of the low b-values has been verified by
calculating the mean b value and standard deviation (1σ and2σ ranges). It is found that out of 14 earthquakes
that indicated low b values associated with the loading phase, 12 are outside the 2ó range while only 2 are
outside 1ó range strengthening the present inference. To assess the predictive capability of the decreasing b
value, a month-wise assessment has been made to find any correlation between the lowest b value in each
month with occurrence of an earthquake of M>4. It can be
seen that 7 out of 9 cases are correlating table with the
occurrence of an M>4 eathquake.

Tectonic implications of the September 2011 Sikkim
earthquake and its aftershocks

Spatial patterns of 292 aftershocks of the Mw 6.9 Sikkim
earthquake of September 2011 are studied by accurately locating
them through analysis of three component waveforms registered
by a five station broadband network operated immediately after
the occurrence of the quake. Refined hypocentral parameters
achieved through application of the hypoDD relocation scheme
reveal tight clustering of events along a NW–SE trend (Fig
5.14) with focal depths reaching ~60 km. These trends viewed
in conjunction with the strike–slip mechanisms of past
earthquakes in Sikkim, including the main shock, affirm the
predominance of transverse tectonics in this segment of the
Himalaya where the Indian plate convergence seems to be
accommodated by dextral motion along steeply dipping fault
systems.

Seismicity and source parameters of moderate
earthquakes in Sikkim Himalaya

A total of 360 earthquakes were
accurately located in the Sikkim
Himalaya through application of
double-difference algorithm to four years of data accrued from a eleven-station broadband
seismic network. The analysis brings out two major clusters of seismicity—one located
in between the main central thrust (MCT) and the main boundary thrust (MBT) and the
other in the northwest region of Sikkim which was host to the devastating Mw6.9
earthquake of September 18, 2011. Keeping in view the limitations imposed by the
Nyquist frequency of our data (10 Hz), 9 moderate size earthquakes in the magnitude
(Ml) range of 4 and 5.3 were selected for the estimation of source parameters. Analysis
of shear wave spectra of these earthquakes yields seismic moments in the range of
7.95x1021 dyne-cm to 6.31x1023 dyne-cm and corner frequencies in the range of 1.8–
6.25 Hz. Smaller seismic moments obtained in Sikkim when compared with the rest
of the Himalaya vindicates the lower seismicity levels in the region. Interestingly, it is
observed that most of the events having larger seismic moment occur between MBT
and MCT lending credence to the observation that this is the most active portion of
Sikkim Himalaya. The estimates of stress drop and source radius range from 48 to
389 bar and 0.225 to 0.781 km, respectively. Stress drops do not seem to correlate
with the scalar seismic moments affirming the view that stress drop is independent

The continental
collision scenario can
be invoked as a reason
to explain a
predominance of low
stress drops in the
Himalayan region,
those with relatively
higher stress drops in
Sikkim Himalaya
could be attributed to
their affinity with
strike-slip source
mechanisms.The study
gives  useful inputs for
the assessment of
earthquake hazard in
this seismically active
region of Himalaya.

Fig 5.14 Locations of the seismic stations (triangles)
of the NGRI seismic network and epicentres of all
the aftershocks recorded by at least three stations.
USGS locations of the main shock (red star) and the
aftershocks (green stars). Legend indicates the
magnitude of the events.
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Location Enhancement and Passive Tomography of the Koyna-Warna Seismic zone, Western India

In India, first time we have deployed movable 97
seismic stations which covered the entire seismic zone
of Koyna-Warna region. Each station occupied with a
digital seismograph (Taurus a 32 bits digital
seismograph) coupled with three components 4.5 Hz
geophone. The duration of data recording was only five
months, starting from 6th January-2010 to 28th May-2010.
The study area is situated near the western margin of
India about 225 km south of Mumbai, lie in between
latitude 16.750-17.70 and longitude 73.450-74.250E (Fig
5.15).   The entire study region is covered by Deccan
trap consists rocks of upper cretaceous lower tertiary
age.

Location enhancement

Initially, a total of 356 earthquakes were located
by SEISAN software Fig 5.16. The epicenters of
earthquakes are scattered and sparse around the
Warna reservoir. The earthquakes  relocated  by
adopting hypoDD technique  mostly tighten the

Fig 5.16 : Shows the earthquakes epicenters (black dots)
located by SEISAN software All the earthquakes epicenters
scattered around the Warna reservoir. Data were recorded
during January 2010 to May 2010.

Fig 5.17 : Shows Earthquakes  epicenters relocated by using
hypoDD program. All earthquakes epicenters aline in NNW-
SSE direction & form three individual clusters w1, w2, and
w3 near to Warna reservoir.

Fig 5.15. Location of stations (triangle) deployed in the Koyna-
Warna region. Each station occupied by a Taurus (32 bits
digital seismograph) operating at 100 sample s-1 coupled with
three component 4.5 Hz geophones. Map shows rays path
coverage from all sources (blue dots) to all stations.

over a wide moment range. While the continental collision scenario can be invoked as a reason to explain a
predominance of low stress drops in the Himalayan region, those with relatively higher stress drops in Sikkim
Himalaya could be attributed to their affinity with strike-slip source mechanisms. Least square regression of the
scalar seismic moment (M0) and local magnitude (Ml) results in a relation LogM0 = (1.56 ± 0.05)Ml + (8.55 ±
0.12) while that between moment magnitude (Mw) and local magnitude as Mw = (0.92 ± 0.04)Ml + (0.14 ± 0.06).
These relations could serve as useful inputs for the assessment of earthquake hazard in this seismically active
region of Himalaya.

(M. Ravi Kumar, N. Purnachandra Rao, Kalpna Gahalaut, Prakash Kumar, M. Murali Kumari, Arun Singh,  D.
Shashidhar, M. Uma Anuradha, K. Mallika, Narendra Kumar,   G. Srijayanthi, K. Dipankar Saikia, Pinki Hazarika,
K. Sushini, G. SriHari Prasad, Sunil Rohilla, Ashu Kapil, Abhishek Mishra, Amrita Yadav,  B.Mahesh, B.D.R.P.
Sarma.)
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Passive tomography

In order to understand the
seismotectonic structure beneath the Warna
region, we have divided the region into fine
grids approximately 1km×1km and
constructed 3-D P-wave  velocity models
across the delineated seismicity trends by
using tomoDD program.  Fig 5.19 depicting
finer lateral and vertical P- wave velocity
variation, are in conformity with the upper
crustal P velocity model proposed earlier. The
average model show about 0.5-1.0 km (E-W)
thick trap (velocity 4.5-5.3km/s) overlying a
granitic/gneissic basement, where velocity
increases gradually with depth from 5.9 km/
s to 6.4 km/s at about 15 km). Notably,
distinguishable lateral changes in material
properties in the hypocentral region in terms
of P-waves velocities can be observed

earthquake epicenters closer to southwest of Warna
Reservoir in an area of about 5x10km2. (Fig 5.17) revealing
the three seismicity trends in the NNW-SSE direction,
referred as cluster w1, w2 and w3 (Fig 5.18(b). Fig 5.18(a)
1-D P-wave velocity model developed by Kaila at el., (1979)
used as a reference model to run the SEISAN software.
Seismicity-depth section that was resulted from relocated
earthquakes is being utilized for the possible pattern of
faults/fractures present beneath the study area. All
relocated earthquakes exhibit vertical orientation of
hypocenters which shows the maximum frequencies of
occurrences of earthquakes are confined in the depth range
between 3 to 7 km.

Fig 5.18(a). 1-D P-wave velocity model Kaila et al., (1979)
(b) Hypocenters shows three individual clusters along the
profile  NNE-SSW as shown in fig 5.20.

Fig 5.19. (a) Vertical cross sections of the Vp

model at Y = 5, 4, 2, 1, 0, -1, 2, 0, -1,- 2, -3, -4, and

-5across-fault SW-NE using P - phases catalog.

The hypocenters are indicated by filled black

boxes.
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Resolution Tests

Our interpretation of the velocity structures in the Koyna-Warna area is affected by the resolution of data.
Recovered model (Figs. 5.20b) generally compare well with the starting model (Fig.5.20a).  It is clear from the
recovered P- wave velocity models that velocities anomalies are well resolved within 2 km within the depth
ranges (~2 to 10 km) of the seismic events.  We also developed a restoration resolution test, which estimates
the ability of our data to recover the model obtained from the original inversion. The input P velocity model, which
is true inverted models, is shown in Fig 5.20c and the corresponding restored velocity model are shown in
Fig5.20 d. Both the vertical and lateral variations in the velocity model are reproduced in the test model.  Finally,
to determine if the artifacts are apparent within the model, we developed test input model consisting of the same
vertical velocity variations as our tomoDD-derived velocity model but no lateral velocity anomalies (Fig. 5.20e),
and we compared the test model to recovered velocity model (Fig. 5.20f). The comparison shows that vertical
velocity variations are reproduced and no lateral velocity anomalies (high/low) were generated, suggesting that
our tomoDD-derived model do not contain significant artifacts.

(M. M. Dixit, Sanjay Kumar and K.Suman)

Fig 5.20. Checker -board test (A) First arbitrary model used for the computation of synthetic data. A pattern of alternate high

and low attenuation elementary square 2×2 km. (B) Inverted model obtained from synthetic data corresponding to the

model A. (C) Restoration resolution test: true inverted model (D) Restored velocity model corresponding to the model C. (E)

Test the artifact with  no lateral velocity anomalies (F) Derived models do not contain significant artifacts. Hypocenters are

shown as black dots.
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Hazard Assessment at Tarapur and Jaitapur nuclear installations due to tsunamigenic earth-
quakes from Makran Subduction Zone

On 27th November 1945, a tsunami occurred in the Makran subduction zone which brought large scale
devastation and destruction in cities and villages lying along the west coast of India. Keeping in view the
tsunamigenic earthquake and other past tsunamis from the Makran subduction zone a possible scenarios of
tsunamigenic earthquakes has been modelled to quantify the tsunami hazard and its impact at Tarapur and
Jaitapur Nuclear Power Plant along the Maharashtra coast on the west coast of India.

Study area: Tarapur

In India, Tarapur Atomic Power Station (T.A.P.S.)
is located in Tarapur, Maharashtra (Coordinates
19°492 44.333 N latitude, 72°392 40.343 E longitude).
It is the largest power station in India. As the
probability of tsunami on the Arabian sea coast is
low the probable damage due to tsunamis from the
Makran subduction zone was not considered during
the time of its construction of the TAPS. To avoid
hazard due to tsunamis at Nuclear installations it is
very important to carry out tsunami studies for the
safety of the Atomic Power Plant.

S.No PARAMETERS VALUES
1 EPICENTRE 25o09’N;63o28’48’’E)

(coordinates)

2 LENTH&WIDTH 200km,100km
OF THE FAULT

3 STRIKE ANGLE 270Ú

4 DIP ANGLE 14o

5 SLIP ANGLE 90Ú
6 SLIP MAGNITUDE 15m

7 FOCAL DEPTH 10km

Table 1. Fault parameters for a given sunamigenic earthquake in
Makran region

For the given information on the source
characteristics (Table 1) of a possible tsunamigenic
earthquake the tsunami model is executed. The tsunami
generation at the source location along with the wave
profile is plotted and is shown in Fig. 5.21.

The estimated wave amplitudes at the tide gauges
located at Mumbai, Tarapur and Jaitapur are around
0.725m, 0.736 and 0.992m respectively. Wave height
at Kudankulam in the southernmost tip of India is around
1.075m. For inundation studies at Tarapur eight
locations I1 to I8 have been considered (Fig. 5.22). The
run-up heights and inundation extents at these locations
in Tarapur region have been computed. It is estimated
that the run-up heights are ranging from 0.736m to 1.030
and the results are given (Table 2). However we have
not got inundation extents because of the wide self at
Tarapur region. At some places we do observe negligible
values.

 Fig. 5.21. Tsunami generation at the source
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S.NO LOCATIONS Longitude Latitude RUN-UP Shelf

(DD)  (DD) HEIGHT (m) Width(km)

1 I-1 72.676240 19.907830 I.030 365

2 I-2 72.678400 19.900490 0.743 363

3 I-3 72.681720 19.884170 0.963 365

4 I-4 72.675460 19.860520 0.917 362

5 I-5 72.653790 19.839180 0.750 360

6 I-6 72.656240 19.830520 0.736 361

7 I-7 72.673620 19.814650 1.018 364

8 I-8 72.685570 19.760900 0.865 362

Table 2: Run-up height prediction at different locations at Tarapur site

Study area: Jaitapur region

 The Jaitapur Nuclear Power Project is located at 16.58°N 73.32°E. Jaitapur is located at Madban village of
Ratnagiri district in the southwestern part of Maharashtra, India. Feasibility studies for the installation of Nuclear
reactors at this location has been carried out for the past several years. Technical and Scientific norms needed
for the setting up the Nuclear Power Plant have been fulfilled. At Jaitapur there is no issue regarding the plant
location because the proposed plant location is more than 1km away from the coast and is around 27m above
mean sea level. The tsunami wave speed depends upon the depth of the sea, if the continental shelf is very wide
then the wave slow down too much and the impact of tsunami at the costal location would be reduced. Also
depend on coastal morphological features play an important role in analyzing the hazard. Flooding in Jaitapur
during a tsunami can cause damage to low lying areas as there are several back waters and bay regions in
Jaitapur region.

Fig.5. 22 Location map of different Run-up locations at
Tarapur
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Using the above fault parameters the run ups and inundation distances due to this tsunami from the
Makran subduction zone has been computed based on the available bathymetry and topography data. Fig. 5.23
shows the run-up and inundation locations considered by us to estimate the run-ups and inundation extents.
The continental shelf at Jaitapur is narrow as compared to Tarapur region.

The run-up heights and inundation extents at
Jaitapur region is computed. It is estimated that the
run-up heights are ranging from 1.390m to 1.790 and
the inundation extents estimated at I-1 to I-6 locations
are between 222m to 555.50m (Table 3). Thus
computations reveal that the run-ups at Jaitapur are
around approximately 2 meters and inundation
extents are up to 600 meters. These detailed
analysis near the Nuclear installations site would help
in evaluating the hazard associated due to a tsunami.

( Kirti Srivastava, Farveen Begum)

S.NO LONGITUDE LATITUDE LOCATIONS RUN-UP (m) INUNDATION
(degree) (degree) HEIGHT EXTENT (m)

1 73.3183 16.6414 I-1 1.436 277.75

2 73.3351 16.6312 I-2 1.790 555.50

3 73.3350 16.6126 I-3 1.696 499.95

4 73.3165 16.6033 I-4 1.390 440.00

5 73.3161 16.5864 I-5 1.621 444.40

6 73.3147 16.5622 I-6 1.395 222.00

Fig.5.23.  Location map of different Run-up locations at Jaitapur
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Assessment of impact of groundwater contamination around Ghaziabad Industrial Area,
U.P.

Unique baseline database of water level and groundwater quality has been generated
around industrial areas of Ghaziabad city, U.P., and Gazipur Municipal Solid Waste
Dump site to assess anthropogenic/natural groundwater contamination if any.  Total
Dissolved solids (TDS) concentration (mg/l) in 62 observation wells  around Ghaziabad
city and 22 observation wells around Ghazipur Municipal Solid Waste Dump site (mostly
hand pumps) observed during pre monsoon (July-2011) found to vary between 500-
1900 mg/l with higher concentration in industrial area compared to the surroundings.
The database was used as input to the groundwater flow and Mass Transport Models
for understanding the impact of pollution on the groundwater regime.  Further the impact
of Ghazipur Municipal Solid Waste Dump site on groundwater quality in the area was
also assessed.   Identified major chemical pollutants released through leachate from
the dump site for effective control to protect   groundwater regime.  The IITR, a Network
partner in this project developed an analytical method for simultaneous determination of Sulfonamides in water
and wastewater with minimum detection limits of 10 µg/ml and recoveries reported vary between 76-100%.
Wastewater samples were collected from the Ghaziabad drains and analyzed for assessing presence of
Sulphonamides, Pesticides and Toxic elements. The results suggest that the urban wastewater contains
alarmingly high levels of Sulphonamides, Pesticides and Toxic elements of which may pose risk of contamination
to the surface and groundwater in the region. A database on concentrations of 34 selected Sulphonamides,
Pesticides and Toxic elements in wastewater of Ghaziabad was developed (Fig.6.1).

Fig. 6.1 Total Dissolved Solids (TDS) concentration mg/l around Ghaziabad Industrial Area-July 2011

(S. Sankaran, VVS. Gurunadha Rao, Ratnakar Dhakate, N.C. Mondal, A.K. Mohanty, D.P. Seth, N. Sattaiah, Saheb

Rao, Amarendar Botla, V. Satish Kumar, B. Manga. Raja Rao, B. Anandagajapati Raju, S.T. Mallikharjuna Rao,

M. Linga Swamy, M. Durga Prasad, E. Satyanarayana, K. Kamal Das, K. Rajkumar and G. Shankar)

The results suggest
that the urban
wastewater contains
alarmingly high levels
of Sulphonamides,
Pesticides and Toxic
elements which may
pose risk of
contamination to the
surface and
groundwater in the
region.

Geo- Environment
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Studies on pollution load of toxic heavy metals around chromite mines

Toxic heavy metals represent one of the possible environmental hazards from mine lands, which affect
many countries having historic mining industries. The aim of the study is to investigate the degree of soil,
sediment and water (surface and groundwater) pollution in the vicinity of chromite mines. This study presents
the pollution load of toxic heavy metals (As, Ba, Co, Cr, Cu, Fe, Mo, Ni, Pb etc.) in soil, sediment, surface and
ground water samples collected from different active and abandoned chromite mining sites as well residential
zones in part of Nuggihalli Schist Belt, Karnataka, India.

Soil and sediment samples were analyzed for heavy metals by using Wavelength dispersive X-ray
fluorescence spectrometry. Water samples were analyzed for trace elements and major ions using inductively
coupled plasma-Optical emission spectrometry (ICP-OES) and Ion chromatography (IC) respectively.

Results indicated that elevated concentrations of Co, Cr and Ni in soils of the study area exceed the Soil
Quality Guideline limits (SQGL) (Fig.6.2).

The toxic metals data of soils and sediments was also treated to study the geoaccumulation index (I
geo

),
pollution index (PI) enrichment factor (EF) and spatial distribution of toxic elements. The high enrichment factor
for Co, Cr, Ni, obtained in the soil samples show that there is a steady increase of
toxic heavy metals risk in this area, which could be correlated with the past mining
activity and post abandoned mining in the area. Nevertheless, the EFs for Co, Cr and
Ni obtained for sediment samples are 6.2, 0.29 and 1.75 in the study area indicated
only Co is very highly enriched.

Surface water samples had higher concentration of Cr, Fe and Ni compared to
standard guideline values. The ground water samples from the study area are analyzed
for arsenic and other quality parameters (pH, TDS, Ca, Mg, Na, K, Cl, HCO

3
, NO

3
,

SO
4
, B, Fe, and Mn). (Fig.6.3). The elevated levels of arsenic concentrations are found

in the range from 0.002 to 0.51 mg/L, which demonstrated that almost 79% of examined
water samples exhibit arsenic concentration higher than the maximum concentration

The high enrichment
factor for Co, Cr, Ni,
obtained in the soil
samples show that there
is a steady increase of
toxic heavy metals risk
in this area, which
could be correlated
with the past mining
activity and post
abandoned mining in
the area.

Fig. 6.2 Spatial distribution maps for Co, Cr and Ni in soil samples in part of Nuggihalli chist Belt, Karnataka
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limit of WHO specifications (0.01mg/L) for drinking. The groundwater of the study area is characterized by the
dominance of alkaline earth (Ca2+, Mg2+) over alkalies (Na+, K+) in pre monsoon whereas alkalies (Na+, K+) over
alkaline earth (Ca2+, Mg2+) in post monsoon and weak acids (HCO

3
", CO

3
") over strong acids (Cl”, SO

4
") during

both post-monsoon and pre-monsoon seasons of the year 2010, based on the hydrochemical facies.

Elevated concentrations of studied toxic elements are observed in soil, sediment, surface and groundwater
samples in Nuggihalli and its surrounding areas. However, as an elevated concentration of chromium was found
in sediments and surface water wherein speciation could help for risk characterization on groundwater regime.
Stringent monitoring and control measures in the regions of low groundwater quality are necessary to ensure
sustainable safe use of the resource.

Environmental Impact Assessment and Remediation of Contaminated Industrial area

Rapid industrialization, urbanization and intensive agriculture in India cause increasing contamination of
heavy metals in the environment has become a major concern. The major objectives of the investigations are to
characterize inorganic pollutants (e.g. Heavy metals, Major ions) and organic pollutants (e.g. Pesticides) in
various environmental matrices as well to suggest the suitable remedial measures for removal of toxic metals.
This study reveals that the contamination is due to either natural or anthropogenic contribution. The studies
were taken up at two industrially contaminated sites viz.  Kazipalli industrial development area (KIDA), Hyderabad
and Gajulamandyam industrial development area (GIDA), Tirupati

The rock, soil, sediment, surface and groundwater samples were collected in the entire watersheds to
cover industrial as well as residential zones. Results reveal that the metals in soils around the Kazipalli IDA
were found to be significantly higher, than their normal distribution in soil such as 4.4- 796 mg/kg for As, 9.7-598
mg/kg for Cr, 7.9-183 mg/kg for Cu, 10.2-129 mg/kg for Ni, 25.3- 1830 mg/kg for Pb and 23.8-879 mg/kg for Zn.
Soils of Gajulamandyam IDA showed As (0.1 to 14.0 mg/kg ), Cr (15.4 -142 mg/kg), Pb (2-39 mg/kg ) and Zn
(27-117 mg/kg). Among the heavy metals investigated in sediments from KIDA, As (961 mg/kg), Cd (117 mg/
kg), Cr (1879 mg/kg), and Pb (2043 mg/kg) were found in higher concentrations than their permissible levels
(Fig.6.4).  Distribution and correlation of heavy metals are discussed in both the study areas.

Fig. 6.3 Groundwater quality based on TDS (a) Pre Monsoon (b) Post Monsoon

Geo- Environment
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A reliable gas chromatography-mass spectrometry
method has been developed for the determination of
persistent organochlorine pesticides (OCPs) in surface
and groundwater samples. Selected organochlorine
pesticides in water samples of KIDA and GIDA was
determined using Gas chromatograph couples with Mass
spectrometer (GC-MS) was reported. The concentration
and distribution patterns of the selected organochlorine
pesticides (OCPs = p,p2 -DDT, p,p2 -DDE, p,p2 -DDD
and á-, â-, ã-, ä-HCH) in surface and ground water from
Gajulamndyam second study area were also studied.
The results reveal that About 63% samples for DDT and
72% samples for HCH exceeded the USEPA
recommended drinking water limits (Fig.6.5) which is a
serious threat to aquatic ecosystem and human health.

P e r m e a b l e
Reactive Barrier
(PRB) remedial
method  is suggested
to mitigate the spread of contaminants from surface water/effluents. In order
to optimize the suitable reactive media such as limestone, charcoal, Iron
filings and zero valent iron were tested.  Significant removal efficiency (>95%)

(K. Rama Mohan, A. Keshav Krishna, K. Manohar, G. Bipin Kumar, V. Periasamy,   N. N. Murthy )

Fig 6.4: Spatial distribution maps for As, Cd, Cr, Pb (mg/kg) in
sediments around Kazipalli Industrial Development Area
(KIDA)

Fig 6.5 (b) Groundwater

Fig 6.5 (a) Surface water

Fig. 6.5 Distribution of Organochlorine pesticides in surface and
groundwater around Gajulamandyam Industrial Development Area (GIDA)

The results reveal that About
63% samples for DDT and 72%
samples for HCH exceeded the
USEPA recommended drinking
water limits (Fig.6.5) which is a
serious threat to aquatic
ecosystem and human health.

Permeable Reactive
Barrier (PRB) remedial method
is suggested to mitigate the
spread of contaminants from
surface water/effluents.

of toxic metals such As, Cr, Pb, Cd etc. with
iron based materials particularly with zero valent
iron.

The studies emphasized to mitigate the
toxic metals from surface/effluent water, which
will benefit the communities living close to
industrial sites via protecting their groundwater
resources and health.
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Innovative techniques for modelling of   geophysical data

Impulse response of a Acoustic Reflector at zero offset due to point source

U.S. and Mexico patents were earned for an exact algebraic formula for the impulse
response of a plane acoustic reflector at zero offset due to a point acoustic source
(Fig.7.1).  The exact formula would become a standard against which the performance
of seismic numerical modeling algorithms can be judged.  Another utility of the formula
would be in determining the efficacy of ray theoretical solution for a given wavefront
curvature.  If adequate, the ray theoretical solution can result in considerable savings
in computational cost.  A third utility would be in generating seismic sections for
simple earth models like a dipping reflector.  The seismic sections, in turn, can be
input for testing and validating migration/inversion algorithms.

The novelty of the invention lies in the following. The invented formula provides an
exact algebraic expression for the impulse response of a planar reflector at zero offset
due to   a point   acoustic source.   Such a simple formula did not exist prior to the present invention.  By merely
varying the parameters  c, Dc, R, h,  one can compute the impulse response for a wide range of cases.  It is
impossible to arrive at a result of such exactitude by means of seismic numerical modeling algorithms, which
compute reflection response only for smooth source-time functions and not for an impulse function.  An extension
of the formula depicts reflection response for a source-time function s(t) of a given description.  The precision of
the computation according to the extended formula is limited only by the precision of the digital description of
s(t) provided.  To accomplish a similar accuracy, even the best numerical modeling algorithm would incur a
substantial computational cost.  Further, unlike in numerical modeling, the exact formul and its extension
separately contain the ray theoretical and non-ray theoretical part of the reflection response.

The invented formula
provides an exact
algebraic expression
for the impulse
response of a planar
reflector at zero offset
due to   a point
acoustic source.
Such a simple formula
did not exist prior to
the present invention.

Point source/receiver

Fig 7.1 A  plane acoustic reflector consisting of an interface of two half-spaces, respectively possessing sound speeds c
(upper half-space) and c+Dc(lower half space) resulting in a reflection coefficient  of            an impulsive  point source is
exploded at time t = 0 at a height  h  above the reflector.  The source location coincides with the receiver location.

Mathematical Modelling and  Non Linear Time Series Analyses
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Fig 7.2 Sequential display of a signal with a given phase, signal plus noise,
extracted signal, and superposition of the extracted signal on the original signal.

General Harmonic Transform and extraction of a signal of known phase from the Gaussian white
noise

A mathematical transform called General Harmonic Transform (GHT) was formulated. The transform spilts
a time series into two parts, one possessing a given phase and the other bearing a phase that is at quadrature
to the former phase.

The General Harmonic transform reduces a signal of a given phase to a  zero phase signal possessing an
amplitude spectrum identical to the original. 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 one can employ the procedure outlined in the next paragraph. An estimate
of the original signal is made after the known phase is compounded with the estimated zero phase signal. An
example of such reconstruction is provided in Fig (7.2).

For the extraction of Zero-phase, signals from Gaussian white noise, the following method is adopted. First
a technique is developed for locating the centre of symmetry of the given symmetric signal. The location
enables filtering out the odd part of the noise in the given noisy time series containing an even 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.
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Analysis of potential field data over the Cauvery Basin

The Cauvery Basin, extending from Pondicherry on the north to Tuticorin on the south, occupies a special

place in Indian geology.  The present investigation, based on the analysis of gravity, marine magnetic and

bathymetry data, addresses a few new geologic features hitherto unreported with regard to the mosaic of

Cauvery Basin, zone of subsidence, and especially, the focal region of the 2001 Pondicherry earthquake.  The

residual gravity and magnetic anomalies, derived by a relatively new finite element approach, reveal a good

correspondence between the geophysical data and the distribution of sedimentary rocks in the basin.  The

presence of positive residual gravity anomaly shows that the entire Cauvery Basin is subsiding.

Isostatic Anomaly and vertical crustal movements

Isostatic anomaly, in essence, is a measure of the degree of compensation. Depending on   the theory, one

chooses either Airy-Heiskanen or Pratt-Hayford or Vening Meinsz for the computation of the isostatic anomaly.

The newly developed Finite Element Approach (FEA) plays an important role to determine the isostatic

anomaly without explicitly invoking isostatic models - Airy-Heiskanen, Pratt-Hayford or Vening Meinsz; thereby

eliminating the numerous assumptions and with that overcoming to a great degree the inherent inaccuracies

and the ambiguities.

The elevation of the younger high mountain chain and the thickness of low-density root zone of crustal

material at their bases form a cause-and-effect system. The mountains are subject to erosion, a continuous

process that changes their elevation. There is corresponding isostatic readjustment in the root zone too. However,

the erosion being controlled by external processes is likely to be faster than the internal geodynamic processes.

Therefore, there is isostatic imbalances. When the root zone of the mountain is too large in proportional to its

ground elevation, there is isostatic overcompensation. The buoyancy force in this case causes uplift. In contrast,

when the root zone is too small, there is undercompensation. In such dynamic situation, the process is reverse.

The isostatic equillibrium is achieved by subsidence of the elevated region.

The presence of the thick low density

root-zone of crustal material at the base of

high mountains gives rise to large negative

Bouguer anomalies. It is natural that any

changes in the root-zone due to the isostatic

readjustments caused by topographic erosion

will give rise to both vertical movement and

isostatic gravity anomalies. The isostatic

anomalies will, therefore, serve as good

indicators of the prevailing isostatic conditions

as well as the crustal movements.

Fig 7.3 shows the rates of the vertical

crustal motion in Switzerland obtained from

repeated precise levelling conducted since

early 1900s. The uplifts and the subsidence

are relative to a base station at Aarburg. The
Fig.7.3 Vertical crustal movement contour map of Switzerland

Mathematical Modelling and  Non Linear Time Series Analyses
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Jura Mountains running along the western and

northern border of Switzerland indicate subsidence

of 0.20 mm. An extensive region along the river Rhone

covering the Bermian Alps and a smaller zone on the

east near the Rhine river corresponding to the Rhatian

Alps, on the other hand, show contour closures of

uplift of the order of +1.5 mm. The crustal Molasses

Plains suggest moderate uplift in range of 0.20 to

0.40 mm.

The negative and positive isostatic anomalies

derived by FEA(Fig. 7.4) show a general

correspondence with the subsidence and uplift  (Fig.

7.3). It is observed that (i) the negative isostatic

anomaly and the uplift contour in the vicinity of the

Rhone valley show very close correspondence, (ii)

the zero-isostatic and the zero-uplift contours, specially on the northeast, run closer to each other and (iii) there

is a southward shift of the FEA isostatic anomalies with respect the uplift in the southeast corner.

(S.K.Ghosh, D.Indira Nagubai, A.Vasanthi)

Linear and non-linear time series analyses and modeling of geo- processes

Empirical orthogonal function Spectra of Extreme Temperature Variability decoded   from Tree Rings
of Western Himalayas

Attempt has been made to distinguish different natural frequency modes from a complex noisy temperature
record which is is essential for a better understanding of the climate response to internal/external forcing.   The
empirical orthogonal function (EOF) and spectra of a newly reconstructed tree ring temperature variability
record decoded from the western Himalaya  was investigated for a period spanning
over 1227 AD-2000 AD which allowed us  frequency resolution of inter-decadal and
inter-annual oscillatory modes.  The spectral analysis of first principal component
(PC

1
) with ~61.46% variance reveals the dominance of significant solar cycles

notably peaking around 81yrs, 32yrs, 22yrs and 8-14yrs. Although longer solar
cycles are dominant and statistically significant at  more than 95% confidence
level,  the average 11 year solar cycle peaking at period ranging from 8-14 years is
less significant (not > 90%) and might indicate chaotic phenomena. Similar spectral
analysis of PC

2 
(variance 26%) and PC

3
 (variance 13.05%) reveal inter-annual

oscillations peaking at period range of 2-8years, which are probably related to the
global aspect of El Nino-Southern oscillation phenomena.  The present analysis in
the light of the recent ocean-atmospheric model results suggests that even small
variation in solar output in conjunction with atmospheric–ocean system and other
related feedback processes could cause the observed abrupt temperature variability
at the time of “criticality” through the triggering mechanism.

Fig. 7.4 Isostatic residual anomaly contour map of Switzerland
derived by FEA approach. Gravity field at the solid points on the
boundary of the rectangular elements represent the regional
gravity field used in the computation.

The present analysis in
the light of the recent
ocean-atmospheric model
results suggests that even
small variation in solar
output in conjunction
with atmospheric–ocean
system and other related
feedback processes could
cause the observed abrupt
temperature variability at
the time of “criticality”
through the triggering
mechanism.
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Inversion of Schlumberger resistivity sounding data from the critically dynamic Koyna region using

the Hybrid Monte Carlo-based neural network approach

Koyna region is well-known for its triggered seismic activity since the hazardous earthquake of M=6.3

around the Koyna reservoir on 10 December 1967. Understanding the shallow distribution of resistivity pattern

in such a seismically critical area is vital for mapping faults, fractures and lineaments. However,  the data lacks

precise information due to intrinsic non-linearity in the data structures. Hence  a new technique based on the

Bayesian neural network (BNN) theory using the concept of Hybrid Monte Carlo (HMC)/Markov Chain Monte

Carlo (MCMC) simulation scheme has been developed. The new method is applied to invert one and two-

dimensional Direct Current (DC) vertical electrical sounding (VES) data acquired around the Koyna region in

India. Before applying  to  actual resistivity data, the new method was tested for simulating synthetic signal. In

this approach, the objective/cost function is optimized following the Hybrid Monte Carlo (HMC)/Markov Chain

Monte Carlo (MCMC) sampling based algorithm and each trajectory was updated by approximating the Hamiltonian

differential equations through a leapfrog discretization scheme. The stability of the new inversion technique was

tested in presence of correlated red noise and uncertainty of the result was estimated using the BNN code. The

estimated true resistivity distribution was compared with the results of singular value decomposition (SVD)-

based conventional resistivity inversion results. Comparative results based on the HMC-based Bayesian Neural

Network are in good agreement with the existing model results, however in some cases, it also provides more

details and precise results, which appear to be justified with local geological and structural details. The new

BNN approach based on HMC is faster and proved to be a promising inversion scheme to interpret complex and

non-linear resistivity problems. The HMC-based BNN results are quite useful for the interpretation of fractures

and lineaments in seismically active region.

( R.K. Tiwari,  Saumen Maiti, K.P.C. Kaladhar Rao, M. Tirupathi, M. Jemima, Krishnaveni)

Modeling of Non-linear behavior of Earth’s System using Geophysical and Geological
Properties

CO2 Sequestration for Enhanced Oil Recovery

Near the west coast of India,

Ankleshwar oil field operated

ONGC is producing since last 51

years. The oil field consists of

multi-layered Eocene sandstone

reservoirs. The main reservoir layer

was put on water flooding since

1966. The field has produced about

50% of the initial oil in place. The

oil production has substantially

declined in the field and now the
Fig. 7.5. Reservoir model with porosity distribution. Legend shows the porosity values.

Mathematical Modelling and  Non Linear Time Series Analyses
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water cut is more than 90%. The field has light oil with varying API between 45 to 470 API from bottom to top

layers of the reservoir.

To assess the EOR potential using CO
2
 injection and possibility of future CO

2 
sequestration in the same oil

field, we carried out feasibility study. To carry out the feasibility study, we have made the geometrical model of

the reservoir (Fig. 7.5) and completed the history matching. The next phase, we will study the increase in oil

recovery due to CO
2
 injection with the help of Numerical simulation being done in Eclipse software. The study

will be an important input to ONGC in order to decide if large scale CO
2
-EOR can be planned.

(R.P. Srivastava, Vendati Nimisha, V.P.Dimri *)
*CSIR Distinguished Scientist
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 Observatories

Magnetic Observatories - Generation of Definitive Data

Definitive data for the year 2010 was finalized according to internationally accepted standards to be published
at the INTERMAGNET website. This process involves very rigorous and fine scale cleaning and filtering of
variation data at the second level, to remove all signatures of anthropogenic activity. The absolute data is
processed to be consistent and continuous with international baseline values. Data reporting for the year 2010
was completed and data dispatched for reporting in INTERMAGNET CD ROM.

Data reporting for national publication has also been sent to IIG, Mumbai.

Generation of Quasi-definitive data

The process of generation of quasi-definitive data, which is a new format of INTERMAGNET in addition to
earlier ones has been initiated from December, 2011. This has to be completed on a monthly basis and this
interim data and once accepted, is also published in the INTERMAGNET site for specific near real time modeling
purposes.

Installation of Digital Secondary system

Magnetometer sensors and data loggers are susceptible to damages and interruptions due to a variety of
natural and artificial causes. Norms dictate that a primary and secondary system should be in parallel acquisition
mode in order to ensure the continuity and quality of data. During this period, the earlier analogue La Cour
system was replaced with a 3 component fluxgate sensor and logger as the secondary system after extensive
comparative studies alongside the primary system. The secondary system records 1 sec data and replacement
with this data ensures the quality of the primary, whenever there are gaps in the primary due to electrical or
electronic failure.

Initiation of re-location efforts to Choutuppal Campus

In view of the construction of the Metro line just outside NGRI Campus, the anticipated noise generation
from this activity and the subsequent running of the Metro rail in DC power is high enough to warrant a re-
location to a quieter area. The Choutuppal Campus, 65 km to the east, which had originally housed the induction
coil and calibration setup is selected to be right place for this move.

Campus with location Remote observatories

During the latter part of 2011 and early 2012, the Choutuppal campus was visited, a magnetic survey was
carried out and the re-location efforts of the magnetometers have been started (Fig 8.1 & 8.2). This involves
pillar/shelter construction for variometers, ppms and absolute magnetometers. Concurrent measurements of all
the three have been started and comparison with HYB is ongoing (Fig.8.3a,b,c). The actual re-location will
involve fairly extensive infrastructure and instrumentation efforts, which are being planned.

Fig 8.1 Layout of Choutuppal (CPL) Fig 8.2 Trial setup of CPL Mag Obs
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Data acquisition and processing of coastal and island sites

Under the Supra-Institutional Project (SIP), 3-component variation data were obtained for some intervals
during the year from Port Blair and Campbell Bay in the Andaman & Nicobar Islands and Vencode, Tamil Nadu.
Data analysis is currently ongoing, showing interesting anomalous signals from the different sites, in terms of
power of the spectral content and variations of electrojet signals, shown in Fig 8.4(a) & 8.4(b)

Figs 8.4   Daily Variability of electrojet strength at VEN and CBY for the month of Dec,10; each colour represents one day, the red
arrowed curve represents the month average.

The average strength of the electrojet for the same month Dec 2010 shows the comparison between the
strengths at VEN and CBY. Mid day average (M4) is calculated for four hours (10:00 to 13:00 LT) and modified
M3 range comprising the mid night hours (22:00 to 01:00 LT). This process (Resultant: M4-M3) reduces high
frequency disturbances and also the day-to day variability of the time of maximum at the electrojet station
Fig (8.5).

Time(UT)Min Time(UT)Min Time(UT)Min

Fig 8.3a,b,c Sample data comparison between HYB and CPL

Figs 8.4(a) Figs 8.4(b)
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 Observatories

Fig 8.7 Spectral analysis shows the anomalous power of the low-pass filtered data on 12th June-2011 and 23rd Sept, 2011
(International Quiet days) for X,Y and Z components at HYB, PBR,VEN and CBY.

Fig 8.5 Mid-day average of electrojet stations CBY-
VEN during Dec 2010; during days 7-12 and 27-29

correlations are stronger than other times.

Fig 8.6 Spectral analysis shows the anomalous power of the high-pass filtered data on 12th June-2011 and 23rd Sept, 2011
(International Quiet days) for X,Y and Z components at HYB, PBR,VEN and CBY.

The Assistance of DST, A&N, ANPWD and Forest Department Nicobar, in making the data acquisition
possible is acknowledged. The Bethany Navajeevan Vidyalaya, Vencode, has kindly provided a location for our
variometer housing on their premises and maintain the security of the installation (Fig 8.6 & 8.7).
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Induction Modeling of ocean effect

Of all geophysical parameters - seismic velocity, density, magnetization, etc. - the electrical conductivity,
is one of the most sensitive to the composition and temperature of earth materials, and is particularly sensitive
to the presence of fluids. We try to estimate conductivity variations in the subsurface by examining the induced
response of the earth to electromagnetic sources which vary in time due to the interaction of the sun-earth
environment. The ring current (days to months) or Sq (hours) are standard global sources which induce
electromagnetic response in the earth (Figs. 8.8. a,b,c).

Preliminary modeling of electromagnetic induction for 3d bathymetry and ocean sediments has been
initiated for the region of Peninsular India and adjoining islands. Modeling methodology is being implemented for
south India and surrounding oceans. Preparation of input files of conductance variations incorporating salinity,
temperature, etc. have been prepared for initial computations. The present approach (Kuvshinov 2008 and refs
therein), utilizes contemporary computational techniques, to model the magnetic response of the whole earth,
as a layered (radially varying) conductive structure, with superposed lateral variation in electrical conductivity in
the ocean, continental crust, and upper mantle. The lateral variation in ocean bathymetry, sediment thickness
and continental conductivity, is shown in Fig 8.8  for the region under study (60 -100 deg E long, 0-20 deg N lat).

Fig 8.8 a, b, c Computed induced response generated
by ring current source over 1D ocean conductivity of
1dx1d blocks over study region shows Enhanced values
in all the components in eastern part near Andaman-
Nicobar Islands.

Differences with observed data plotted at left indicate
that the need for 3D conductivity model and finer mesh
and 3D conductance structure, incorporating inferred
results from magnetotellurics and magnetovariation (thin
sheet) models
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We also calculate short period induction vectors from
sources of few min to few hours, with plane source wave
approximations from synthetic models (Fig 8.9) to make
comparisons with induction vectors from magnetic transfer
functions of the observed data at specific measurement
sites (in A&N islands and south Indian coast) and the
computed values are to be compared. Match between the
two may be achieved by iteratively changing the crustal
and mantle conductivity distribution.

Pulsation Studies

Continuing the work of the DST project ‘Characteristics of low latitude Magnetic Pulsations over 2 solar
cycles –  proxies for space climate’ (2007-2010),  further studies of spectral content with wavelet analysis using
digitized traces of  selected events from pulsation records has been carried out and archived meta-data accessed
for speedy analysis. The final report for this project is under preparation Fig. 8.10.

Fig 8.10  : Digitised trace (top) of quick-run pulsation record from Ettaiyapuram(ETT), its spectral content(below) and wavelet
transform (middle80 showing the characteristics of Pc4 and Pc5 pulsations. Wavelet technique elucidates the variation in period
and amplitude with time – as demonstrated by this example.

Fig 8.9 induction vectors at2 min fre for a synthetic
radial earth model with near surface conductance
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 Geothermal Climate Change Observatory

Continuous recording of surface meteorological parameters (surface air temperature, relative humidity,
solar radiation, precipitation, wind speed and direction) and ground temperatures up to a depth of 119 cm
continues at the Observatory that was established at Choutuppal in August 2009. There were no data gaps
during the period April 2011 to March 2012 except for 2 hours on August 24, 2011. Plots of time series recorded
for the different parameters from the start of the records until 2 February, 2012 are shown in Fig. 8.13 and Fig.
8.14 . Repeat temperature logs in the two boreholes CH-10 and CH-11 were made three times during the year.
Data acquisition is expected to continue for the next several years, which will reveal valuable long-term trends.

Commissioning a new low latitude Digital Magnetic Observatory at GAN Island- Addu Atoll, Maldives.

A new Digital Magnetic Observatory has been set up and put into operation at Gan Island, Addu Atoll south
of Maldives (Lat: 0Ú 41.673’S & Long: 73 Ú 09. 236’E) by the Maldives Meteorological Services, Maldives,
Federal Institute of Technology(ETH), Zurich and National Geophysical Research Institute, Hyderabad during

10th to 18th April 2011, under a tripartite collaboration (8.11).

The significance of this observatory lies in its location, south of the Equator, in a region of the world where
no magnetic variation data have been recorded. Mr. K. Chandra Shakar Rao, Sr.Technical Officer from the
Magnetic Observatory of NGRI was invited to conduct the series of DI measurements with modern DI-Fluxgate
magnetometer for fixing baseline values for conversion of the continuous magnetic variation data to its absolute

one, for this new GAN Magnetic Observatory, Maldives (8.12).

He also participated in the Sun dial observations for fixing Azimuth Mark correction which one is most
important in Declination measurements at each and every magnetic observatory as a basic principle for the
Global INTERMAGNET community requirements.

The GAN-Digital Magnetic Observatory started recording data continuously from 17th April. The data is
available at NGRI through dedicated links for further processing and analysis. Colleagues from the Maldives
Meteorological Services will also undergo training at our Institute, periodically till they gain the required expertise
to maintain international standards of data.

Fig. 8.11 : Digital Magnetic Observatory at Gan Island-Maldives Fig. 8.12 : Gan-Digital Magnetogram_29-04-2011



131 Annual Report 2011-12

 Observatories

(Vyasulu V. Akkiraju, G. Ravi, Sukanta Roy)

Fig.8.14 : Plots showing time series of ground
temperatures measured at 1.5 cm (T1), 9 cm
(T2), 19 cm (T3), 49 cm (T4), 99 cm (T5) and
119 cm (T6) below ground surface for the
period 5 May, 2010 to 02 February 2012. Each
panel contains daily averages computed from
data recorded at 30 minute intervals.

Establishment of permanent GPS sites across India

In the year 2011-2012, several permanent observatories have been established. In the Andaman Nicobar
region, there are 7 permanent observatories, at present,  namely Diglipur, Mayabunder, Port Blair, Havelock, Hut
Bay, Car-Nicobar and Campbellbay. Recently a permanent GPS observatory has been installed at
Vishakhapatanam. Installation of such observatories in the Koyna-Warna region, NE India region and in the
Garhwal Kumaun region is underway.

(R.K.Chadha, V.K.Gahalaut, J.K.Catherine, P Prasada Rao, Rabiya, Amit Bansal, Bhaskar Kundu, A
Ambikapthy, P Mahesh, Rajeev Kumar, Sapana Ghavari, Simhadri Naidu, Rajeshwara Rao, M
Narsaiah)

Fig. 8.13 : Plots showing the surface meteorological
data at Choutuppal Observatory for the period 25
July, 2009 to 02 Feb, 2012: (a) Surface air
temperature at 1.25 m height above the ground
surface, (b) Relative humidity, (c) Incoming solar
radiation, (d) Rainfall, (e) Wind speed, and (f) Wind
direction (degrees from North). Each panel (except
rainfall) contains daily averages calculated from
30 minute averages based on 2 second samples
of each parameter. Rainfall displayed in the panel
(d) represents the total for each day. Data gaps
are shown as breaks in the time series plots.
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Seismicity studies in Andhra Pradesh

National Geophysical
Research Institute situated in
Hyderabad, Andhra Pradesh
has been monitoring the
seismic activity in this region
by installing 17 seismological
stations (Fig 8.15). All these
stations are equipped with
the state-of-art digital data
acquisition systems, while 10
stations are linked to NGRI
Hyderabad through VSAT (for
near real time earthquake
monitoring), remaining
stations are recording in
stand-alone mode.

In the last one year
about 55 events have been
recorded by the Andhra
Pradesh Seismological
network with magnitudes
(local magnitude) varying
between 1.6-3.3. A few of the
events have been classified
as mine blasts and are shown in Fig 8.15. The notable earthquakes amongst the 55 events are the September
19, 2011 Killari earthquake of ML 3.6 occurred at a depth of 5.3, the October 19, 2011 Nagarjuna Sagar earthquake
of M

L
 3.3 has a focal depth of 12 km. This event was recorded at 15 stations and using the first motion data a

strike slip mechanism has been constrained. The Nagarjuna Sagar earthquake was felt extensively in a radius
of 50-60 km and the intensity survey had shown the maximum intensity  was III on the Modified Mercalli (MM)
scale.  On January 26, 2012 Madhira earthquake of M

L 
2.7 was located at a depth of 26 km and was felt in three

districts namely Khammam, Krishna and Guntur. The intensity studies have clearly revealed that villages located
along the Krishna river and Munneru rivulet felt the maximum. The maximum intensity was III on the MM scale.

Outreach program in south western Maharshtra

The western India schools earthquake Lab Program in the state of Maharashtra envisages installation of 85
low version seismographs in schools spread over 8 districts in Satara, Sangli, Kolhapur, Ratnagiri, Raigad,
Osmanabad, Latur and Nanded.

This project has been executed in south western and south eastern parts of Maharashtra due to protracted
earthquake activity.

The mission of the project is:

• Promote installation and effective use of seismographs and real time data for education and scientific
research.

• Disseminate, classroom materials that promote educational seismology and mitigation of Hazard

The educational seismographs have been installed at 80 schools (Fig 8.16) and teachers training program
completed (Fig 8.17).

 Fig 8.15 : Station location map with epicenters of earthquakes and mine blasts   recorded
during April 2011 to March 2012. Green inverted triangles are locations of the seismological
stations
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Fig 8.16 :  Locations of Educational Seismographs in Maharashtra

Fig 8.17. Teacher’s training program

(D Srinagesh, HVS Satyanarayana, NK Gogoi, R Vijayaraghavan, Simanchal Padhy, R Thandan Babu Naik,
Satish Saha, NK Bora, ANS Sarma, U Gowrisankar, BC Baruah, P Solomon Raju, D Srinivas, YVVBSN Murty, N
Subhadra, S Komalamma, G Suresh, S Sunitha, Ch Swethamber, A Satish, T Anand, NS Pawankumar, Sunilkumar
Roy, G Suresh, PR Jitendar)
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121st  Birthday celebrations of Dr. B.R. Ambedkar at CSIR-NGRI

The 121st birthday of Dr. B.R. Ambedkar was celebrated
at CSIR-NGRI on 20th May 2011. Prof. G. Nancharaiah,
Professor of Economics and former Vice Chancellor,
Ambedkar University, Lucknow, was the chief guest and
delivered the memorial lecture with a very appropriate title
befitting the occasion ‘Dr Ambedkar vision to Modern India
with the influence of socio economic factors”. Dr. Nanchariah
explained how the economics and caste structure are
interrelated in India and highlighted Dr B.R. Ambedkar’s vision
to the modern Indian society. Dr. Y.J. Bhaskar Rao, Acting
Director touched upon the activities and training facilities being
provided to SC/ST employees at NGRI. The function started
with the welcome address by Dr. P.V. Sunder Raju, Scientist
and ended with vote of thanks by Mr. Satish Chandrapuri.

 Technology Day Lecture

Three CSIR Laboratories of Hyderabad, NGRI , IICT & CCMB joined together to celebrate the National

Technology Day at IICT on 11th May, 2011 in collaboration with AP Academy of Sciences, Hyderabad.  Padmashri

Dr.Baldev Raj, Director, Indira Gandhi Centre for Atomic Research, Chennai was the Chief Guest and delivered
the talk entitled “Energy, Ethics and Equity” which is quite relevant in the present day scenario. During his talk,

Dr.Baldev Raj emphasized the importance of sensitizing the stakeholders and future young leaders on emerging

challenges and opportunities in the energy sector that are linked with societal responsibilities and path ways

ahead in meeting these obligations.  The talk focused on the various facets of Energy such as Technology

Facet, Economic and Cultural Facet, Ecological Facet and Business Facet which play a vital role in the Energy
Cycle.

Dr.Baldev Raj gave an account of current levels of annual species extinction rate, concentration of CO
2 
 and

nitrogen which have far exceeded the safe limits while change in land use, fresh water use and ocean acidification

are approaching towards dangerous limits by mid century.  He mentioned that the World energy requirement

would increase two-fold by 2050 and three-fold by 2100.  The CO
2 
emissions due to coal consumption for power

generation is projected to be around 850 MT by 2025 which will be a threat for the environment. He opined that

solar energy is one of the most promising carbon free technology for future but the energy storage options

should develop for its effective utilization.

The world would be facing twin energy related threats that of not having adequate, secure and accessible

supplier of energy at affordable costs and that of environmental harm caused by consuming a large quantities of
fuels.  There is a need to propagate the concept of sustainable economic development to overcome the Energy

crisis and to mitigate the adverse impact on Environment and society by the aggressive pursuit of conventional

and classic energy options in a manner that do not foster Equity and Ethics in wealth creation and human style.

Dr.Baldev Raj concluded the talk saying that Energy, Water, Health, Land and Food are to be considered in a

comprehensive and interlinked fashion for sustainable options with better quality of life to all the citizens of the

planet.

Dr. Y.J. Bhaskar Rao, Acting Director, NGRI along with
Prof. Nancharaiah
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IAGR 2011 Annual Convention and 8th International Symposium on Gondwana to Asia –
“Supercontinent Dynamics: India and Gondwana”(August 26-30, 2011)

As part  of the Golden Jubilee Celebrations, CSIR-NGRI organized the 2011 annual convention of the
International Association of Gondwana Research, and the 8th International Symposium on Gondwana to Asia
under the major theme “Super Continent Dynamics: India and Gondwana” during August 26-28. 2011. About 110
participants from 6 countries (Australia, Korea, Japan, Sri Lanka, India and Belgium) attended the conference.

 The conference was jointly sponsored by the Ministry of Earth Sciences and Department of Science and
Technology, Government of India along with the CSIR,
India and the Golden Jubilee Celebrations Committee,
CSIR-NGRI. The conference was ably organized by a team
of volunteers from the CSIR-NGRI, Hyderabad led by Y.J.
Bhaskar Rao (Convener, and Acting Director of the CSIR-
NGRI) and co-conveners, A.P. Singh and E.V.S.S.K. Babu.

The Conference was inaugurated by Prof. Harsh K.
Gupta, President, IUGG and the Geological Society of
India and Advisory Committee Member, IAGR. The

Visit of Chief Operations Officer, Global Research Alliance

Dr. Bart Follink, Chief Operations Officer, Global Research Alliance visited CSIR-NGRI on  04/8/11 as part
of his visit  of  a spectrum of CSIR laboratories  in Delhi, Lucknow, Hyderabad & Pune.

Dr. Y.J. Bhaskar Rao, Acting Director and a team of senior scientists appraised Dr. Bart Follink of the range
of research  projects at NGRI in the recent past and plans for XII Five year Plan. . He was fascinated by the
research  programs of the institute and suggested  that some programs with high socio economic impact such
as Groundwater and Mineral Exploration being pursued at the NGRI  could be highly relevant  to the programs
at the global research  alliance and NGRI’s expertise there could benefit  communities in many countries
across the world. Dr. Follink also visited a  few laboratory facilities of the institute.

Bharat Utsav –2011

Bharat Utsav was  organized by an NGO known as “RAISE”(Rural  Action for Integrity and Social Education)
in collaboration with AP  Council of Science and Technology in  OU PG College of Science, Saifabad, Hyderabad
during 18-24 August 2011.

Display of various exhibits and posters was arranged  by NGRI .A number of Scientists, technical officers
and research scholars took part in explaining various posters and exhibits to the general public and students.
The whole event was coordinated by the information Division
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technical sessions were organized into 3 regular sessions of oral presentations on the following themes 1.
Early history of the cratons: Structure, composition and dynamics, 2. Building and breaking of supercontinents
with focus on Gondwana and 3. Orogenic belts, sedimentary basins and resources. 7 keynote talks, and 37
oral and 33 poster presentations were made, which outlined the latest results from geophysical, geological,
geochemical and -geochronological studies.

GR Best Paper Award was also presented during the conference to Prof. Yukio Isozaki of Japan.  The
student poster titled “Zone of detachment at the NW margin of Kanjamalai Hills, Cauvery Suture Zone: implications
to accretion tectonics (D.P. Mohanty and T.R.K. Chetty) was adjudged the best and was presented with the
“IAGR Best Student Poster” Award. The conference ended with a plenary discussion with the interaction of all
the participants. The participants highly appreciated the merit of the conference in terms of the new data and
ideas presented and very enchanting and fruitful discussion on different themes and spurring further collaborations.

The symposium was followed by a 2-day field excursion (August 29-30, 2011) where about 30 delegates
visited a dozen interesting outcrops that represented important lithounits of the Archaean granite-greenstone
basement and its overlying Mesoproterozoic sedimentary alsong a 150 km trail across the Eastern Dhawar
Craton between Hyderabad and Nagarjunasagar. This was also an opportunity to visit Asia’s largest masonary
dam and Budhist archaeaological sites, a page from the ancient Indian culture, nearly 1000 years.

CSIR Foundation Day Celebrations

CSIR Foundation day was celebrated at NGRI on 26-
09-2011. Prof. Ramakrishna Ramaswamy, Vice Chancellor,
Hyderabad Central University  was the chief guest and
delivered the lecture entitled “The Importance of Non Linearity”
in which he narrated the applications with reference to Earth
Quakes, Climate Changes and Monsoon Variations.

Golden Jubilee Finale

The CSIR-NGRI completed fifty glorious years of its
existence on October 11, 2011. During the last 50 years,
addressing themes of societal and strategic relevance apart
from basic research in a wide range of Earth science disciplines, CSIR-NGRI has contributed significantly in
aspects of ground water exploration and management strategies, exploration for hydrocarbons and mineral
resources, earthquake hazard assessment and fundamental studies on the evolution of Earth’s crust and
lithosphere.

Since October, 2010, NGRI organized a series of National and
International Conferences and lectures by Distinguished Scientists on many
aspects of contemporary Earth Science research as a part of the year-long
Golden Jubilee celebrations. The finale was marked by a day-long grand
interaction meet between scientists, teachers, students, community and
media representatives under the theme  ‘Contribution of Earth Science to
Society’ on October 11, 2011 at NGRI with the prime objective of promoting
awareness among the younger generation about the current challenges
confronting human society on account of resource depletion, energy
sustainability, natural hazards, environmental degradation compounded by
the rising population and living standards.
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About 700 students from schools and science colleges in Hyderabad
and hundreds of Geo-scientists representing various Earth Science
organizations and Universities were audience to the following lectures by
Distinguished Scientists, who spoke on a wide range of topics of great scientific
and social relevance appropriate to the theme of the interaction meet:

• Prof. Mrinal K. Sen, USA – Challenges of computational seismology: the
fourth paradigm of subsurface imaging (Current Director,  CSIR-NGRI)

• Prof. David Chapman, USA – Climate change Past, Present and Future

• Prof. Vincent E. Courtillot, Paris – Mass extinctions and massive volcanism

• Prof. V.K. Gaur, India – Water and Planet Earth

• Prof. Harsh K. Gupta, India – Earth Science, NGRI and me

• Prof. Walter D. Mooney, USA – Mega Earthquakes and Tsunamis in the
21st Century: An Earth Science Challenge

• Prof. Mike Sandiford, Australia – Man as Geological Agent

On October 12, 2011, a panel discussion focussed on Vision for Earth
Sciences-2022, where emphasis was laid on exploration for non-conventional energy resources, mitigation of
natural hazards, understanding basic earth processes, limitations in the climate change projections and on the
need for sustaining water resources. It was emphasized that an immediate task of Earth Scientists shall involve
promotion of awareness among the masses on such issues.

Visit of the Chairman Atomic Energy Commission, Govt. of India to the NGRI Field site.

Airborne surveys group of NGRI has been conducting high resolution multi-parameter helicopter borne
geophysical exploration for Uranium deposits in the north and south Singhbhum shear zones located around
Jamshedpur, Jharkhand. During this field season (up to end of  December- 2011), the survey was completed
along 17000 line Km in spite of  the unfavourable weather conditions for a prolonged period. Dr Sreekumar
Banerjee,  Chairman,  Atomic  Energy Commission visited the  operations at the air base along  with officials of
Atomic  Minerals Directorate , Hyderabad and Eastern region.



141 Annual Report 2011-12

 Important Events

New year day lecture

New year day lecture was delivered by Dr.Sashi Keran, Director of NIN, Hyderabad

on the topic: “Role of Nutrition in Health” on January 2nd, 2012. In his talk, Dr. Sashi

Keran explained the various root causes such as the changes in food habits, and lack

of physical exercise due to present day working conditions that lead to serious health

problems. With special reference to Hyderabad, he pointed out that while 60% of the

population are taking imbalanced diet, 40% are taking food

with no nutritional values. Dr. Keran suggested to use different

edible oils for cooking not just confining to only one. Prior to

the talk, Dr. Bhaskar Rao, Acting Director, welcomed the

gathering. After the talk, the NGRI Annual Report 2010-11

was released by the chief guest.

Prof. Mrinal K. Sen takes over as Director NGRI

Prof. Mrinal K. Sen  took over charge as Director of CSIR-National Geophysical
Research Institute, Hyderabad from Dr. Y.J. Bhaskar Rao, Acting Director on 4th
January, 2012 on leave from UT Austin.

Prof. Mrinal K. Sen received his M.Sc degree from ISM, Dhanbad and Ph.D.from
University of Hawaii at Manoa, Hawaii Institute of Geophysics. He has been a
Professor and Jackson Chair in Applied Seismology, at Institute for Geophysics,
University of Texas at Austin for over 20 years. Prof.Sen is a specialist on seismic
wave propagation including anisotropy, Geophysicalinverse problems, and methods
for constructing synthetic seismograms inheterogeneous media.

Visit of CNRS, France delegation

A four member delegation from Centre Nationale de la Recherche Scientifique (CNRS) visited NGRI on 17th

January, 2012. The delegation was led by Dr. Minh-Ha Pham the Director of the International Cooperation,

CNRS, and Paris. The other members included Ms. Chamira Lessigny and Dr. Dominique Aymer de la Chevalerie

who is also the Director of CNRS, New Delhi office.

The team visited IFCGR and appreciated the work of

NGRI in collaboration with France and expressed

willingness to collaborate given an appropriate

opportunity. The delegation signed an MoU between

CSIR and CNRS at New Delhi on 13th January, 2012.

1st Dr.Hari Narain Memorial Lecture

 The first Dr. Hari Narain Memorial lecture  was
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delivered by Dr D.C.Mishra, former scientist,NGRI on 27-01-2012 on the topic:” Long wavelength satellite

gravity and geoid anomalies over Himalaya, and Tibet: lithospheric structures and seismotectonics of deep

focus earthquakes of Hindu Kush – Pamir and Burmese arc”

In his talk, Dr Mishra focussed on the spectral analysis of the Bouguer and the geoid anomaly maps and

their low  pass filtered maps and modeling along a N-S profile (90oE) constrained from various seismic studies

which revealed  low density rocks (3250 kg/m3) in the lithospheric mantle

between depths of ~ 130-320 km under Tibet. Low density rocks in the

lithospheric mantle suggest under thrusted Indian and Asian lithospheres in

the Himalayan collision zone that constitutes the thick lithosphere under

Tibet. The Moho in general lies at a depth of 50-75 km under Tibet with its

maximum depth under South Tibet. The low density rocks in the upper

mantle make this region buoyant that explains large scale uplifts.

The talk was preceded by a welcome address by Prof. Mrinal K. Sen,
Director, NGRI and a few nostalgic memories of Late Dr Hari  Narain by
Prof. V.P.Dimri, Former Director, NGRI.

2nd Indo-Tunisian Workshop on Water Science and Technology

The 2nd Indo-Tunisian Workshop on Water Science and Technology was organized at NGRI, Hyderabad
during February 1-5, 2012 An eleven member delegation from various scientific organizations of Tunisia led by
Prof. Ahmad Ghrabi of CERTE, Tunisia participated in the workshop with a matching delegation from Indian
scientific organizations and universities. Dr. Shakeel
Ahmed, Chief Scientist , CSIR-NGRI and Indian
Coordinator for Indo-Tunisian Collaboration in Water
Science and Technology organised this workshop
which was inaugurated on February 1st 2012 by Mr.
Afif Traouli, Dy Chief of Mission from the Tunisian
Embassy, New Delhi. The function was presided over
by Prof. Mrinal K Sen, Director, NGRI. The
deliberations were held in 8 sessions during three
days discussing the state-of-the-art expertise
available, common research requirements in the two
countries and the collaborative research to be taken
up in the near future. The main focus was made on
the impact of Climate Change on the water resources including managing coastal aquifers, waste water
management including water treatment technologies and water recycling as well as adaptive agriculture
management etc. The concluding session was completed with two break-out sessions when two mega multi-
agency projects were decided, one on the quantitative and the other on the  qualitative aspect. Field visits of
duration of one day each to (1) Experimental Hydrological Park at Chhotuppal and (2) Sewage Treatment Plant
of HMWWSB at Amberpet were also included in the workshop plan.

National Science Day

Prof CVR MURTHY of IIT Madras delivered the Science day lecture on “New Paradigms of Earthquake-
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Resistant Design of Built Environment : Critical Role of Earth Scientists”. His lecture mainly dealt with the
safety against earthquake effects and partnership between engineers and
earth scientists for development of formal procedures for defining three
earthquake levels such as the operating basis earthquake (OBE), safe
shutdown earthquake (SSE) especially for nuclear installations and extreme
event earthquake (EEE). He highlighted that in the case of low seismic
regions the Peak ground accelerations are higher for the extreme events
than the normally defined values such as for the Koyna and Killari
earthquakes. The observed Peak ground accelerations are 0.6 g and 0.5 g
respectively in comparison to the SSE which is 0.1 g to 0.3 g. To estimate
the deformation capacity of a structure as the present data for EEE is not
available for all locations the input can be provided by from seismo tectonics
and paleo seismological studies. He also stressed on defining the near field and far field peak ground
displacements and peak ground relative displacements especially for large earthquakes from Himalaya. Further,
Prof. Murthy mentioned that there is a need for improving the acceleration based seismic zones for India as the
maximum PGA value is 0.36 for zone V as the observed values in Zone II and III are higher by a factor of 1 in
comparison to the prescribed values for zone V. As India is going to invest heavily in the coming 5 years in
development of infra structure such as roads, bridges, dams, pipelines etc. it is necessary for developing
displacement based seismic zones on an urgent basis since huge money shall be spent on their development.
He concluded his talk by presenting a road map for a safe India as there is an urgent need from force based
thinking to displacement based thinking and conceptualising multidisciplinary research and practice related to
earthquake safety.

World Water Day

CSIR-NGRI organized a popular lecture by an eminent professor of water science, Prof.Geoff Syme, Edith
Cowan University of Western Australia on the occasion of the World Water
Day 2012 on March 22, 2012.

Prof.Geoff Syme spoke on “SOCIAL HYDROLOGY” which was quite
relevent to the occasion. In his talk, Prof. Geoff Syme emphasized that
water science has to tackled by a multidisciplinary approach involving various
disciplines right from hydrogeology to social science.

Prior to the talk, Ms.Sarah, Sr. Research Scholar at the IFCGR made
a  presentation on UN theme of WWD 2012 and also introduced the speaker.
Dr.S.Ahmed,chief Scientist proposed vote of thanks while Dr Y.J.Bhaskar
Rao, Acting Director, presented a momento to the speaker. Apart from
NGRI staff members number of scientists from various organizations attended the function.
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RESEARCH PAPERS, BOOKS, TECHNICAL REPORTS AND PATENTS

SCI PUBLICATIONS

Abdul Azeez KK, Satish Kumar T, Sharana Basava, Harinarayana T and Dayal AM 2011- Hydrocarbon
prospects across Narmada-Tapti rift in Deccan trap, central India: Inferences from integrated interpretation of
Magnetotelluric and geochemical prospecting studies. J Marine and Petroleum Geology, 28, p.1073-1082
doi:10.1016/j.marpetgeo.2011.01.003.

Achyuthan H, Shankar N, Braida  M and Ahmad SM 2012 - Geochemistry of Calcretes (Calcic Palaeosols
and Hardpan), Coimbatore, Southern India: Formation and Paleoenvironment. Quaternary International,
doi:10.1016/j.quaint. 2012.01.037.

Akhtar R. Mir, Shabber H. Alvi and Balaram V 2011- Geochemistry, petrogenesis and tectonic significance
of the Newer Dolerites from the Singhbhum Orissa craton, eastern Indian shield, International  Geology
Review, 53 ( 1) 46–60.

Akhtar R. Mir, Shabber H. Alvi and Balaram V  2011-Geochemistry of mafic dykesin parts of Singhbhum
granitoid complexes: Petrogenisis and tectonic setting, Arabian Journal Of Geosciences, 4 (5) 933- 943

Ambikapathy A and Gahalaut VK 2011- Time clustering of earthquakes in the Sumatra and Himalayan
region, Curent Science, 100, 1068-1071.

Amélie Bordage, Etienne Balan, Johan P.R. de Villiers, Robert Cromarty, Amélie Juhin, Claire Carvallo,
Georges Calasa, P.V.Sunder Raju, Pieter Glatzel  2011- V oxidation state in Fe-Ti oxides by High-Energy
Resolution Fluorescence Detected X-ray Absorption Spectroscopy in Physics and Chemistry of Minerals ;
Vol 38, 6, pp 449-458.

AnuRadha B,  Rasheed MA, Srinivasarao PL, Kalpana MS and Dayal AM. 2011 - Light hydrocarbons
geochemistry of surface sediments from Pranhita Godavari Basin, Andhra Pradesh in Jour. Geol. Soc. India,
v. 78, pp. 477-483.

Arora K, Tiwari VM, Singh B, Mishra DC and Grevemeyer I. 2012- Three Dimensional Regional Lithospheric
Structure and Tectonic Evolution of the Western Continental Margin of India’; Geophys. J. Int. doi: 10.1111/
j.1365-246X.2012.05506.x

Arundhathi R, Sreedhar B, Parthasarathy G 2011- Highly efficient heterogeneous catalyst for O-arylation of
phenols with aryl halides using natural ferrous chamosite. Applied Clay Science 51, 131-137

Balaram, V., Satyanarananan M, Avdeev* DV, Berdnikov* N. Partijat Roy, Sawant SS, Subramanyam
KVS, Anjaiah KV,  Kamala CT and Ramavathi Mathur 2012- Use of xenon as an internal standard for the
determination of trace elements in water samples by Icp-Ms Atomic Spectroscopy , 33 (2) 41-47.

Balaram V  2012 - Platinum-Group Elements in Understanding the Earth’s Processes, Journal Of Applied
Geochemistry, 14 (2) 120-133.

Bapanayya, C, Raju PA, Das Sharma, S and Ramesh DS 2011 - Information theory-based measures of
similarity for imaging shallow-mantle discontinuities. Lithosphere (Published By The Geological Society Of
America), V. 3, P. 289-303, Doi: 10.1130/L152.1
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Bhaskar Kundu and Gahalaut  VK 2012- Earthquake occurrence processes in the Indo-Burmese wedge and
Sagaing fault region, Tectonophysics, 524-525, 135-146.

Bhaskar Kundu,Gahalaut  VK and Catherine JK 2012 - Seamount subduction and rupture characteristics of
the March 11, 2011, Tohoku earthquake, Journal Geological Society of India, 79, 245-251.

Bhaskar Kundu and Gahalaut VK 2011- Slab detachment on Subducted Indo-Australian plate beneath Sunda
arc, Indonesia, Journal of Earth System Sciences, 120, 193-204.

Chandra S, Ahmed S, and Rangarajan R 2011- Lithologically constrained rainfall (LCR) method to estimate
spatio-temporal natural recharge distribution in crystalline rocks. Journal of Hydrology 402: 250–260
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analysis, and Micro Raman spectroscopic investigations on Microwave synthesized orthorhombic cubanite
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Chandra S, Ahmed S, Nagaiah E, Singh SK, and Chandra PC, 2011. Geophysical exploration for lithological
control of arsenic contamination in groundwater in Middle Ganga Plains, India. Physics and Chemistry of
Earth 36 (2011) 1353–1362.
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Chamoli A, Pandey AK, Dimri VP and Banerjee P 2011- Crustal Configuration of the Northwest Himalaya
Based on Modeling of Gravity Data, Pure and Applied Geophysics, 168(5), 827-844.

Chandrani Singh, Arun singh, Mukhopadhyay S, Shekar M and Chadha, RK 2011- Lg Attenuation
characteristics across the Indian Shield, Bull.Seismol.Soc.Am., 101 (5),   2561-2567 ,doi:10.1785/0120100239.

Chari VD, Sharma DVSGK & Prasad PSR  2012- Methane hydrate phase stability with lower mole fractions
of tetrahydrofuran (THF) and tert-butylamine (t-BuNH2), Fluid Phase Equilibia., V 315, 126 - 130

Chetty TRK, Mohanty, DP and Yellappa T 2012- Mapping of Shear Zones in the Western Ghats, South
Western Part of Dharwar Craton, Journal of Geological Society of India, V.79, 251-254.
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Conference Abstracts

Saikia BJ, Parthasarathy G, Borah RR 2011- Spectroscopic characterization of olivine due to Fe/Mg in
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Dergaon chondrite. Mineralogical Magazine, v 75, 1780

Parthasarathy G and. Venkat Reddy Ch 2011 - Spectroscopic investigations on natural stichtite and synthetic
hydrotalcites, Mineralogical Magazine, v 75, 1604

Parthasarathy G and Gorbatsevich FF 2011 - Pressure dependence of electrical resisitivity of cummingtonite
from the world’s deepest Kola superdeep borehole (KSDB-3), Russia. Mineralogical Magazine, v 75, 1604

Pandey OP, Parthasarathy G, Priyanka Tripathi V, Rajagopalan and Sreedhar B 2011 - Chlorine and
CO2 rich fluids in 2.5 Ga amphibolites- Granulite facies basement below the Killari earthquake region, India,
and seismogenesis. Mineralogical Magazine, v 75, 1593

Usha Chandra, Pooja Sharma, and Parthasarathy G 2011 - High-pressure Mossbauer spectroscopic study
of Lohawat (Howardite) meteorite up to 9 GPa. Mineralogical Magazine, v 75, 641

Proceedings

Balaram  V 2011 - Advances in Inorganic Mass Spectrometry and New Approaches for Geochemical Studies,
Proc.14th Indian Society of Mass Spectrometry Workshop, Munnar pp 37-42

Balaram V, Ramavathi Mathur  and Kamala  C T 2011 - Platinum Group Elements (PGE) in Road Dusts
and Roadside Soils and their Impact on Environment and Human Health, Proc.International Conference on
Elemental Mass Spectrometry in Health and Environment, New Delhi, pp 7-26

Barker AR, Baines G,. Collins AS, Sukanta Roy, Palmer J, Saibal Gupta, 2011- Proc., 8th International
Symposium on Gondwana to Asia Supercontinent Dynamics: India and Gondwana”, Hyderabad, August 26-
28, 2011, pp. 48.

Bhowmick D, Gupta DK, Shankar U & K Sain 2012-. A transformation from acoustic and density properties
to reservoir properties applied to KG basin, Proc. of the 7th International Conference & Exhibition on Petroleum
Geophysics held at Hyderabad, India, February 16-18, 2012, PID 439, p1-6

Chandra U, Singh N, Sharma, P, Parthasarathy G. 2011. High-Pressure Studies on Synthetic Orthorhobic

Cubanite CuFe2S3. American Institute of Physics. Proc. 1349, pp 143-144.

Chari VD, DVSGK Sharma, PSR Prasad 2011- Calorimetric studies of clathrate hydrtes with Tert-butylamine
(t-BuNH2), International conference on gas hydrates (ICGH), Edinburgh, UK, Paper ID 2011.707

Malaimani EC -Differential GPS Principles, Errors and Achievable Accuracies.”  Proceedings of National
Level training Programme on Climate Changes and Geospatial Technology, NISCAIR, New Delhi, from
12-18 March, 52-57 pp, 2012.

Nagaraju P, Labani Ray, Ravi G, Vyasulu AV, Singh SP, Sukanta Roy 2011 -Radiogenic Heat Production
in the Bundelkhand craton, Centra India: Implications on Crustal Thermal Structure. Proc., 48th Annual
Convention of the Indian Geophysical Union on Modern Trends in Geophysical Exploration of Continental
Margins of India and adjoining Seas, Visakhapatnam, 20-22 December, 2011, pp. 55.

Nagaraju P, Sukanta Roy 2011- Temperature Measurements in Boreholes: Applications to Earth Sciences.
Proc., 48th Annual Convention of the Indian Geophysical Union on Modern Trends in Geophysical
Exploration of Continental Margins of India and adjoining Seas, Visakhapatnam, 20-22 December, 2011,
pp. 61.
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Ojha M  & K Sain 2012 - Empirical trends of velocity-porosity and velocity-density in shallow sediments in
Kerala-Konkan basin on the west coast of India, Proc. of the 7th International Conference & Exhibition on
Petroleum Geophysics held at Hyderabad, India, February 16-18, 2012, PID 444, p1-5.

Prasad PSR, Sugahara T,  Sloan ED,  Sum AK,  Koh CA 2011- Structural Stability of (t-BuNH
2
-H

2
/CH

4
)

Binary Hydrates, International conference on gas hydrates (ICGH), Edinburgh, UK, Paper ID 2011.7.18-19.

Rama Mohan K  and Manohar K, 2011, Occurrence and Distribution of Polycyclic Aromatic Hydrocarbons
and Organochlorine Pesticides in Watershed Soils from an Industrial Area, Northwest of Hyderabad, India,
Proc. of International Conference on Environmental Pollution and Remediation, Ottawa, ON, Canada,
pp. 229-237

Ravikumar N, Malaimani  EC- DGPS Applications for Geo-Space Science   Proc. of  National Level training
Programme on Climate Changes and Geospatial Technology, NISCAIR, New Delhi, from 12-18 March,
58-64 pp, 2012.

Sain K  & Singh AK  2012- Seismic attenuation across a BSR in the Makran offshore, Proc. of the 7th

International Conference & Exhibition on Petroleum Geophysics held at Hyderabad, India, February 16-
18, 2012, PID 084, p1-4.

Sain K- 2011. Seismic detection and quantification of gas-hydrates - application to Indian continental margin,
Proc. of the 7th International Conference on Gas Hydrates (ICGH 2011) held at Edinburgh, UK, July 17-21,
2011, PID 646, p1-5.

Satyavani N, Wang X, Sain K & Kumar BJP 2012 -. Estimation of gas hydrate along a seismic line in the
Andaman offshore using acoustic impedance and resistivity log, Proc. of the 7th International Conference &
Exhibition on Petroleum Geophysics held at Hyderabad, India, February 16-18, 2012, PID 413, p1-4.

Shankar U, Sain K.  & Riedel, M.  2011. Assessment of heat flow and gas-hydrates in Krishna-Godavari
basin, constrained from  2D/3D seismic and well log data, Proc. of the 7th International Conference on Gas
Hydrates (ICGH 2011) held at Edinburgh, UK, July 17-21, 2011, PID 451, p1-5.

Shankar, M. Riedel & Sain K 2012 - Gas hydrate stability zone modeling in Krishna-Godavari basin, eastern
margin of India, Proc. of the 9th International Conference & Exhibition on Petroleum Geophysics held at
Hyderabad, India, February 16-18, 2012, PID 223, p1-6.

Sreedevi P.D. and Shakeel Ahmed  2011- Community involvement in measuring the rainfall in a small
watershed. In Venkatarami Reddy Y (Ed), Proceedings of National seminar on Environment Public
Participation, 1: 103-110.

Sreedevi P.D. KesavaRaju K, Srinivasulu S and Sudheer A.S., 2011- Assessment of groundwater resources
in pageru river basin: a quantitative approach. In Venkatarami Reddy Y (Ed), Proceedings of National seminar
on Environment Public Participation,  1: 111-127.

Subba Rao, D.V., Babu, E.V.S.S.K., Vidyasagar, G. and Madhukar, B. 2011 - Late-Cretaceous alkaline
continental magmatism associated with Deccan Continental Flood Basalt sequences of Saurashtra in Western
India. Proceedings of the V.M. Gold Schmidt Conference. Mineralogical Magazine. P. 1960.

Sugahara T, Prasad PSR, Taghikhani V, Tsuda T, Ohgaki K. Sloan ED, Sum A K,. Koh CA 2011- Molecular
Storage of Hydrogen in Simple and Binary Clathrate Hydrates, International conference on gas hydrates
(ICGH), Edinburgh, UK, Paper ID 2011.7.20-21.

Sukanta Roy  2012- Heat flux and crustal temperatures in the Indian shield: implications for depth of intraplate



172Annual Report 2011-12

earthquakes. Proc., Indo-US Workshop on Intraplate Seismicity, Gandhinagar, 15-18 Jan 2012, pp. 11-12.

Sukanta Roy 2011 - Insights into thermal structure of the cratonic lithosphere from five decades of observations
in the Indian shield. Proc., 8th International Symposium on Gondwana to Asia Supercontinent Dynamics:
India and Gondwana, Hyderabad, August 26-28, 2011, pp. 12-14.

Sukanta Roy 2011- Seafloor heat flow in the Indian Ocean: perspectives for future studies. Indian Ocean IODP
Workshop, Goa, 17-18 October, 2011, pp. 77

Sukanta Roy 2012- Heat flow studies: Recent advances and future challenges. Proc., National Seminar on
Recent Advances and Future Challenges in Geochemistry and Geophysics: the Indian scenario, Varanasi,
22-24 Feb, 2012, pp. 140.

Sukanta Roy, J.-C. Mareschal, 2011 - Thermal structure of the Indian shield lithosphere from heat flux, seismic
shear wave velocities and mantle xenoliths. Proc., XXV General Assembly of the IUGG, Melbourne, 28 June
to 7 July, 2011, Abstract ID 836.

Sunder Raju, P.V.  2012 - Geology and geochemistry of mafic-ultramafic enclaves in and around Antarghatte
Schist Belt, Karnataka, India: implications for Ni-Cr-Cu ± PGE mineralization, Proc Volume  in “The Geology
of Ni-PGE deposits”, Cardiff University, London Pgs 27

Sunder Raju, P.V. 2011 - First finds of Alloclasite in Ni Sulphides of Bangur Gabbro, Orissa, India . Goldschimdt
Conference Proceedings in “Mineralogical Magazine”, Vol 75, No 3 , pp 1968.

Sunder Raju, P.V., Merkle  RKW and Babu EVSSK  2011 -  Högbomite associated with V-Ti magnetite
bands at Bhaktarhalli, Nuggihalli schist belt, Western Dharwar Craton, Karnataka, India . Proceedings volume
International Congress on Applied Mineralogy, 2011, (ICAM-2011), pp 79.

Sunder Raju, P.V. 2011 - Trace Element Signature in Fe oxide as Indicator Mineral for Cr-Ni-Cu± PGE Mineral
Exploration – A Challenge to exploit in compositional layered complexes of Western Dharwar Craton , Proc.
volume  in XXV International Union of Geodesy and Geophysics,( IUGG)  Melbourne,  Australia.

Sunder Raju, P.V., R.K.W..Merkle 2011 - Unusual high enrichment of iridium in chromitite from Katphal
chromite mine, Orissa, India 23rd Colloqium of South African Geology at UJ, South Africa, Proc. Volume
pp-9.

Sunder Raju, P.V. 2011 - The Occurrence of Pillows in Ultramafic Rocks near B.G.Halli, Hassan Dt, Karnataka.
National Symposium on Recent advances in Applied Geochemistry ;Current Status and Future trends,
Proceedings Abstract vol, pp 22.

Sunder Raju P.V. 2011 - Geology and Geochemistry of mafic and ultramafic enclaves in Antarghatta Schist
Belt, Karnataka: Implications of Cr-Ni-PGE mineralization , Workshop on PreCambrian Tectonics and Related
mineralization in South India , IAGR Proceedings Vol,  pp 36.

Swetha G, Pavankumar G, and Manglik A, 2011- Intraplate Stress analysis by COMSOL Multiphysics. In:
Proc. COMSOL Multiphysics conference, Nov.4-5, Bangalore.

Verma SK, Manglik A. Krishnamurthy NS., Anand Rao V, Bhat KM., Chandra S, Tezkan B, Harinarayana
T, Scholl C, Patro BPK, and Dutta S, 2011 - Relative performance of various electrical and electromagnetic
methods in mapping shallow 3-D conductors.  Proc. of   Recent Advances in Ground and Airborne
Electromagnetic Methods, AMD, Hyderabad, p.42-45.
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TECHNICAL REPORTS 2011-12

Geological studies for groundwater depletion problem along the Gandikota Tunnel: Kadapa Dist,  NGRI-2011-

EXP-748.

Study of source processes, site response and Seismic Hazard using Local Broad Band and strong motion

databases that of the 2011 Bhuj Earthquake sequence, Gujarat India, NGRI-2011-SEISM-749

Deep seismic studies over Precambrian Southern granulites terrain NGRI-2011-EXP-750

 To study the physics of Intra plate earthquakes in the Kachcnh seismic zone: Gujarat,     India  NGRI-2011-

SEISM-751

 A Confidential report  entitled report on Geophysical Investigations at Kabul, Afghanistan  NGRI-2011-EXP-752

Establishment of Andaman & Nicobar Seismic Network  NGRI-2011-SEISM-753

 Surface Geochemical Survey for Oil & Gas Exploration of SR-ONN-2004/1 Block in South Rewa  Basin: India

NGRI-2011-EXP-754

Groundwater flow modelling in the Sub-Basin covering Srirampur open cast project area, Adilabad Dist, A.P’

NGRI-2011-ENVIRON-755

Assessment of Hexavalent Chromium migration through ground water flow and Mass Transport modelling of

Munjal Show a Limited watershed, Gorgon, Haryana’ NGRI-2011-ENVIRON-756

Earthquake monitoring around Nagarjuna Sagar, Srisailam and Sriramsagar Reservoirs in A.P for the period

from Jan 2010 to Dec-2010 NGRI-2011-SEISM-757

Study of source processes: Site Response and seismic Hazard using the local Broadband and strong motion

databases that of the 2001 Bhuj Earthquake sequence, Gujarat, india, including the available world wide data

on strong seismicity NGRI-2011-SEISM-758

Hydro geological and ground water quality investigations in the water shed covering Piramal Health care unit,

Digwal, Medak Dist, A.P.NGRI-2011-ENVIRON-759

Assessment of Seepage from Tunnel T3 Udhampur- Katara rail project, Jammu  & Kashmir NGRI-2011-ENVIRON-

760

Feasibility study for construction of a sub-surface Barrier in the Hindustan Zinc Limited- Vizag Zinc Smelter

Premises, Visakhapatnam, A.P. NGRI-2011-ENVIRON-761

Vyasulu V, Akkiraju Sukanta Roy, 2011- Geothermal Climate Change Observatory in India: First Results.
Proc., 48th Annual Convention of the Indian Geophysical Union on Modern Trends in Geophysical
Exploration of Continental Margins of India and adjoining Seas, Visakhapatnam, 20-22 December, 2011,
pp. 97.

Vyasulu V, Akkiraju, Sukanta Roy, 2011 - Geothermal Climate Change Observatory in south India: Results
from the first year of operation. Proc., XXV General Assembly of the IUGG, Melbourne, 28 June to 7 July,
2011, Abstract ID 837.
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Project Completion Report on ‘Regional Geochemical surveys in Cauvery Basin   NGRI-2011-EXP-762

Moisture influx studies over the reclaimed Alkali soils of CSSRI campus, Karnal, Haryana  NGRI-2011-GW-763

Groundwater Processes in a micro watershed influenced by waste water irrigation, Peri urban Hyderabad

NGRI-2011-GW-764

 Regional Geo-chemical survey in satpura ;  Rewa  and  Damodar Basin . NGRI-2011-GW-765

Hydrological investigation  in Tadkeshwar lignite mine Gujarath mineral development corporation(GMDC)

limited:Dist Surat,Gujarath.NGRI-2011-GW-766

Geo-physical and Hydrological investigation for selection of suitable sites for water harvesting structure in RR

CAT campus: Indore:  NGRI-2011-ENVIRON-767.

Sequestering carbon dioxide into geological environment: laboratory studies NGRI-2011-EXP-768

Hydro geological and ground water quality investigation in the watershed of the Aluminium smelter plant: Adithya

Aluminium  at  lapanga samlalpur dist, Odissa NGRI-2011-GW -ENIVIRON-769

Study on Urban Hydrology ground water quality: pollution and management of Husain Sager catchment area:

Hyderabad NGRI-2011-ENVIRON-770

Holistic approaches  for substaintivity of ground water based on Rural Drinking water supply schemes in Chitoor

district.  NGRI-2011-GW-771

Assessment of  Ground water Regime on minicol island union territory and Lakshadweep: india.NGRI-2011-

ANT-772

Seismological bulletin of Maitri station; Antarctica:2008 NGRI-2011-ANT-773

Feasibility and Assessment report on measures suggested for enhancement and sustainability of natural springs

through rain water harvesting  artificial recharge in Uttarakhand  and  Himachal Pradesh NGRI-2011-GW-774

Ground Penetrating Radar Study at coastal  area of Ongole .NGRI-2012-GW-775

Assessment of Ground water conditions and quality in the old Amritser  and Jalandhar districts, Punjab. India

NGRI-2012-ENVIRON-776

Sri Pada Yellampalli Project Site response study  NGRI-2012-SEISM-777

Selection of location for Construction of  sub-surface Barrier in Champavathi river to protect and augment the

infiltration wells sources near river-sea confluences area NGRI-2012-GW-778

Estimation of Ground motion and site effects in the Indo-Gangetic plains, Indo-Mexican Scientific technological

corporation Programme. NGRI-2012-SEISM-779

Transient  Geophysical processes in area of Strong Natural and Human Induced impacts ; field observations

and physical modelling  NGRI-2012-SEISM-780
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Establishment of Seismic network in the Palghat-cauvery shear zone   NGRI-2012-SEISM-781

Geothermics of climate change: looking for  19th century Baseline temperature scenario in India  NGRI-2012-

LITHOS-782

Gravity and magnetic studies for hydrocarbon exploration in krishna-Godavari basin (Block KG-onn-2004/1)

NGRI-2012-EXP-783

Lithosphere structure of sikkim Himalaya by long period MT Investigations    NGRI-2012-LITHOS-784

Controlled source Audio frequency magneto-telluric studies for identification of Base metal associated structural

features around thanewesna copper deposit multehsil,chadrapur dist. Maharashtra, India   NGRI-2012-EXP-785

Earthquake monitoring around Nagarjuna Sagar, Srisailam sagar Reservoir in A.P for the period January 2011 to

December 2011-April-2012.    NGRI-2012-SEISM-786

Patents granted

Dr.Santi Kumar Ghosh-  An exact algebraic formula for the impulse response of a plane acoustic  reflector at
zero offset due to a point acoustic source  . US Patent Granted Vide Patent  No. 7940601

Dr.Balbir Singh Sukhija, Dr.D.V.Reddy, DR P.Nagabhushanam, D.J.Patil, Syed Hussain- Development of
A Technique Utilizing Natural Carbon-13 Isotope For Identification Of Early Breakthrough Of Injection Water In
Oil Wells. Great Britain Patent Number GB 2457857

Dr. Santi Kumar Ghosh - An Exact Algebric Formula For The Impulse Response of A Plane Acoustic Reflector
At Zero Offset Due to A Point Acoustic Source. Mexico Patent Granted Vide Patent No. 288323

Dr. Ajai Manglik, Dr. Shivendra Nath Rai - Analytical Method And Digital Implementation For Modelling of
Groundwater Flow In An Anisotropic Unconfined Aquifer for a General Time-Varying Rate Of Recharge From
Multiple Rectangular Recharge Basins Ajai Manglik, Shivendra Nath Raianalytical Method And Digital
Implementation For Modelling Of Groundwater Flow In An Anisotropic Unconfined Aquifer For A General Time-
Varying Rate Of Recharge From Multiple Rectangular Recharge Basins. US  Patent Granted Vide Patent No.
8140309.
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73rd EAGE Conference & Exhibition  incorporating SPE EUROPEC 2011,  May 20 - 29  2011 at Vienna,
Austria

Dayal  AM, Kalpana MS and Patil  DJ -Exploration of Hydrocarbon in Bengal basin.

25th IUGG General Assembly, Melbourne, Australia  June 28th - July 7th  2011.

Abdul Azeez KK- Quest for Global Sustainability.The Role of Geophysics and Challenges Ahead.

Abdul Azeez KK, Satish Kumar T, Sharana Basava, Harinarayana T and Dayal AM- Hydrocarbon
prospects across Narmada-Tapti rift in Deccan trap, central India: Inferences from integrated interpretation of
Magnetotelluric and geochemical prospecting studies.

Bijendra Singh and  Swarna Priya Ch- Lithospheric Structure beneath the Son-Mahanadi Gondwana Rift,
India-Insight from Gravity Studies.

Chadha RK-  Ground motion prediction and crustal structure across Indo-Gangetic plains for assessing
earthquake hazard due to Himalayan earthquakes.

Kind R, Yuan X,  Kumar P,  Sodoudi F,  Heit B- Invited Seismic Receiver Functions and the Lithosphere-
Asthenosphere Boundary.

Kind R, Kumar P, Yuan X, Mechie J,  Sodoudi F and Heit B -The lithosphere-asthenosphere boundary
observed with USArray receiver functions and comparison with other regions Geophysical Research Abstracts
Vol. 14, EGU2012-4996, 2012 EGU General Assembly 2012

Kusumita Arora, Nandini Nagarajan, Alexei Kush, Phani, 2011 - induction studies in the A&N islands:
preliminary results.

Manglik A and Pavankumar G - Crustal structure of the north Sikkim Himalaya by magnetotelluric studies.

Pavankumar G and Manglik A -Electrical anisotropy in the Main Central Thrust Zone of the Sikkim Himalaya.

Raval U and  Veeraswamy K - A Major Asymmetry in the Gravity Field over India: Cratons, Mobile Belts and
Uplifts,.

Sain K  - Delineation of gas-hydrates - a viable major resource for future.

Srinagesh D, Chadha RK  and Kirti Srivastava - Crust-mantle structure beneath the broad band seismological
profile in the Indo Gangetic plains.

Srinagesh D, Suresh G and Komala S - Seismotectonic studies along the Kopili lineament, NE India.

Tiwari  VM, Wahr JM, S- Swenson Estimation of water storage variations in the major river basins of India
using GRACE satellite gravity data.

Tiwari VM,  Singh B,  Arora K, Kumar S -  The Potential of Satellite Gravity and Gravity Gradiometry in
Deciphering Structural Setting of the Himalayan Collision Zone.

APPENDIX - II

PAPERS PRESENTED IN SEMINARS / SYSMPOSIA / WORKSHOP
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Vasanthi A and Mallick K -Association of earthquake occurrences with Bouguer gravity residual and vertical
crustal movements.

Veeraswamy  K, Abdul Azeez KK and Harinarayana T- Geoelectric structure in NW Himalayas inferred
from Magnetotelluric data.

Veeraswamy K and Raval U- Long Period Evolution of the Thar Desert (India) and Comparison with East

Africa.

Annamacharaya Institute of Technology and Sciences, Hyderabad, July  20-22,  2011

Mehnaz Rashid, Mahjoor A. Lone, D. Purushotham and Shakeel Ahmed - Change detection in Kashmir
Himalayan lakes using time series Landsat data, National conference on climate change and its impact on life
and water resources.

Sarah and Shakeel Ahmed,  - Unbiased aquifer modeling is achievable using geostatistics. National Conference
Climate Change and its Impact on Life and Water Resources.

7th  International Conference on gas hydrates Edinburgh, UK  July 17-21, 2011

Sain K - Seismic detection and quantification of gas Hydrates - application to Indian continental margin.

8th  AOGS  Conference , Taipei, Taiwan , August 8-12, 2011.

Akilan A, Balaji S, Malaimani EC, Ravikumar N and Abilash K-Current Plate motion and Strain distribution
of Lakshadweep Islands from short term GPS measurement using Global Network Solution.

Koteswara Rao P - Delineation of faults and sedimentary basins using 2D Seismic Refraction and Wide-Angle
Reflection studies in the Sub-trappean region, Central India.

Manikyamba C, Robert Kerrich, Raju K, Khanna TC-, Geochemical characteristics of arc basalt-NEB-Mg-
andesite-adakite association from the Kadiri greenstone belt, Dharwar craton, India: Implications on Neoarchean
Island arc processes.

Ravi Kumar N and Malaimani, EC - GPS-Geodesy studies between India and Antarctica by geodetically
tying the two continents.

Satyavani  N - Seismic Study of Gas Hydrate Occurrence in the Andaman Offshore, India’.

Sunder Raju  PV - Adaptation of isotope dilution with HPA-ID  for thedetermination of Ru, Ir, Pt and Pd in
chromitite.

OMEGA, Geological Survey of India,  Aug 11-12, Bhubaneshwar 2011

Sunder Raju PV -  Enrichment of High Ni, Cr, Ir, PGE from the boreholedata of Katphal Chromite mine.

Goldsmith Conference 2011, August 14-19th 2011 at  Prague.

Bhaskar Rao YJ, Vijaya Kumar T, Sreenivas B, Babu EVSSK, Sukumaran NP, Vijaya Gopal B and
Abhay Mudholkar - Sr, Nd and Hf isotopic compositions of MORB from the Carlsberg Ridge northern Indian
Ocean: geodynamic implications.

Manikyamba C, Robert kerrich -  Geochemical characteristics of HIMU-EM type oceanic island basalts from
Neoarchean Penakacherla greenstone belt, Dharwar craton, India: implications on recycling of Mesoarchean
crust
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Patil  DJ, Sreenivas B , Srikarni C, Ramamurthy PB, Babu EVSSK, Vijaya Gopal B and Dayal AM -C,
O, Sr Isotope Compositions of Sediments of the Mesozoic Kutch Basin, NW India

Said N, Kerrich R, Manikyamba C -  Positive Ce anomalies and U-enrichment in Archean volcanics: implications
for oxygenated Oceans.

8th International Symposium on Gondwana to Asia Supercontinent Dynamics: India and Gondwana,
CSIR-NGRI, Hyderabad, India, August 26-28.

Kumar Sudesh, Gupta, Sandeep, Suryaprakasam, K., Sivaram, K., Meena, G., - 3-D teleseismic P wave
tomography of Dharwar craton.

Laxmidhar Behera, Dipankar Sarkar, 2011 -  Tomographic imaging of large volcanic province due to intense
magmatism in the Mahanadi delta of eastern India, presented in 8th International Association for Gondwana
Research (IAGR) Annual Convention and Symposium on Gondwana to Asia Supercontinent Dynamics: India
and Gondwana held in CSIR-NGRI, Hyderabad during August 26-28, 2011, SS03-O-12, pp. 95-96.

Manikyamba C, Robert Kerrich, Polat, A, Raju, K, Satyanarayanan M, Krishna, AK - Arc Picrite-Potassic
Adakitic-Shoshonitic Volcanic Association, and Komatiites of the Neoarchean Sigegudda Greenstone Terrane:
Implications for Accretionary Evolution of Dharwar Lithosphere.

Narendra Kumar,  Arun Singh, Ravi Kumar .M, Purnachandra Rao.N. , Srinagesh. D and D. Sarkar.
Seismic signatures of an altered crust and a normal transition zone structure beneath the Godavari Rift. -

Niraj Kumar, Zeyen H, Singh AP and Singh B- Lithospheric structure of southern Indian shield: integrated
modelling of topography, gravity, geoid and heat flow data.

Parthasarathy G. - Thermal, Crystal Structure, and Spectroscopic studies of Nano-crystalline graphite from
the Gondwanaland: Implications to peak metamorphic conditions.

Purnachandra Rao N, Ashu Kapil, Dipankar Saikia and Ravi Kumar M - Crustal structure of the Himalayn
collision zone and southern Tibet using Pnl waveform modeling and Surface wave dispersion studies.

Ravi Kumar.M., Saikia.D., Singh.A., Srijayanthi .G., Srinagesh.D.  and Chadha.R.K. Upper Mantle
Structure and nature of the Indian lithosphere

Sain K -Seismic image near the Bhuj Earthquake (M=7.7)

Sunder Raju, PV- Textural and compositional relationships of chromite and rutile in Sittampundi Anorthosite
Complex, Tamil Nadu, India .

Tiwari VM, Singh B, Banerjee P-  Lithospheric Density Structure and Flexural Strength of Lithosphere in the
NW Himalaya.

Veeraiah  B, Ashok Babu G  -Deep resistivity sounding studies in delineation of sub-trappean sediments:
Narmada-Tapati basin, central India. IAGR Conference Series No.12.

Veeraswamy K and Raval U - Role of Mantle Plumes in the Supercontinental Dynamics: The Indian perspective.
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Yellappa T, Chetty TRK, Santosh M - Precambrian Ophiolites from the Cauvery suture zone, southern India:
Implications for two phases of Wilson cycle.

International Conference on the Applications of the Mössbauer Effect , September 2011 Kobe Convention
Center, Kobe, JAPAN,, T9 .

Usha Chandra, Pooja Sharma and G.Parthasarathy - High spin to low spin Fe2+ transformation in Lohawat
meteorite under pressure up to 9 GPa.

National conference on Science of climate change and Earth’s sustainability: issues and challenges,
September 12-14, Lucknow

Kumar D, Ratnakumari Y, Thiagarajan S and Rai SN- Estimating coefficient of anisotropy using VES data-
an indicator for sub-surface geological features and structures in hard rock aquifers.

International seminar on Groundwater: Our source of security in an uncertain future, September 17-22,
Pretoria

Rai SN, Ratnakumari Y, Thiagarajan S and Kumar D - 2-D Electrical Resistivity Tomography to decipher
ground water resources in Deccan traps terrain, Nagpur district, India.

National seminar on Geodynamics and  Metallogenesis of Indan lithosphere, Sept 22-24, BHU, Varanasi
2011

Bijendra Singh and Venkateshwarlu M- Inference of palaeomagnetic results from dykes of South Rewa
Gondwana basin, India.

Murty A.S.N,  Koteswara Rao P - Delineation of sub-trappean Mesozoic sediments in western part of Deccan
Syneclise, India.

International Conference on  high-pressure Science and Technology. September 25-30, 2011, BARC,
Mumbai, India, 2011.

Parthasarathy G - Impact metamorphism at the Cretaceous- Palaeogene Boundary and High-pressure Mineral
Physics. Invited Talk at the AIRAPT-23.

Parthasarathy  G and Felix Gorbatsevich -  Electrical properties of amphiboles from the Kola Superdeep
borehole, Russia, at mantle pressure and temperature conditions.AIRAPT-23.

Ravindran TR, Arora AK, Parthasarathy G - Raman spectroscopic study of pressure induced amorphization
in Cavansite AIRAPT-23.

4th International Ground Water Conference: IGWC-2011 Madurai, India  September 27-30, 2011

Boisson. A., Perrin. J., Dausse. A., Ahmed. S.,  - Assessing water use efficiency with hydrodynamics of
paddy cultivation and return flow using tracer tests.

Chandra S., Nagaiah E., Rao A., and Ahmed S., -  Transverse Pole-Pole method exploring deep aquifer.

Chandra S and Ahmed S.,  - One-D and 2D Hydrualic conductivity estimation from electrical resistivity in hard
rocks.

Chandra, S. and Ahmed S.,  - Lithologically constrained rainfall (LCR) numerical approximation of natural
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recharge estimation in hard rock.

Guihéneuf. N., J. Perrin, M. Viossanges, A. Dausse , M. Wajiddudin , S. Chandra , J.C. Maréchal , B.
Dewandel , O. Bour , A. Boisson, S. Ahmed,  - Compartmentation of weathered-fractured crystalline aquifer
: impact of water level on fracture connectivity.

Rangarajan  R, Muralidharan D and Reddy DV- Multiple Tracer test and Streaming potential survey for
estimating velocity and direction of fracture flow deciphered through geochemical Radon survey in a granite
watershed

Rangarajan R., Shankar GBK, Rajeshwar K, Pandith Madhnure, Rao PN, Varadaraj. N.  -Quantification
of Irrigation Return Using Tritium Tracer and Neutron Moisture Measurements Technique in a Granite Watershed
in Semi Arid Region, Andhra Pradesh

“7th Int. Conf. on Asian Marine Geology” at Goa, India, October  11-14th, 2011

Ahmad, S.M., Waseem R., Netramani S., Raza, T. and Suseela, G - Impact of river borne fluxes on the
chemical characteristics of water masses and sediments of the Bay of Bengal: New results from sediment
cores.

Tsunami modeling for coastal hazard – Indian perspective” Asia, Beijing, China, October 18-22, 2011.

Chadha R.K. “East-Asia earthquake studies:  earthquakes, tsunami and volcano in northeast.

ISAG  Seminar - 2011 October 19-21, 2011, AMD, Hyderabad.

Manikyamba C. Robert Kerrich - Archean cratons: their composition, formation and preservation-Examples
from Dharwar craton.

Vasanthi A and Mallick K- New Approach to Compute Isostatic Anomaly.

Workshop on Earthquake prediction, Wadia Institute of Himalayan Geology, (WIHG), Dehra Dun,   21st
October, 2011

Tiwari VM-Gravity Changes in the Seismically Active Area, Indo- Iceland

Workshop on Earthquake Forecast Systems Based on Seismicity of Japan: Toward Constructing Base-
line Models of Earthquake Forecasting, Kyoto, Japan, Nov. 1-2

Bansal AR and Ogata Y -Seismicity activation before the mega-earthquake of 26 December 2004 based on
epidemic type aftershock sequence (ETAS) model

Andhra Pradesh Science Congress - 2011 on focal theme Science for the Society held at Visakhapatnam
during  November 14-16, 2011.

Kumar D, Rai SN, Thiagarajan S, Ratna kumari Y, and Bulliabai M,  - Sensitivity Analysis of 2D Electrical
Resistivity Data for groundwater Exploration in Deccan Basalt hard rock aquifers.

Vth World Aqua Congress, Exhibition and Conference, New Delhi, India,  November 16-18, 2011

Arora, Tanvi, P. Raghavender, and Ahmed S. - Effects of pumping on vadose zone      response of a granitic
aquifer through resistivity measurement.

Chandra, S.,  Ahmeduddin, M., Raghavendra, P., Nagaiah, E.,  Singh, SK., Gaur, TK.,Chandra, PC.,
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Diwedi, SN., Singh, RK., Saha, D., Ahmed S., and Kunar, S - High resolution geophysical signature of
lithological setup in arsenic contaminated aquifer in Middle Ganga Plains.

Chandra, S., and Ahmed S., - Spatio-temporal distribution of natural recharge in hard rock:  lithologically
constrained rainfall (LCR) method.

Mehnaz Rashid, Mahjoor Ahmad Lone, D. Purushotham and Shakeel Ahmed. Deciphering artificial
recharge sites using integrated indicator approach: A study from granitic aquifer of south India.

Mehnaz Rashid, Mahjoor Ahmad Lone, D. Purushotham, Deepa Negi Kapardar and Shakeel Ahmed
- Change Detection in Himalayan Lakes Using Time Series Landsat data.

Purushotham D and Shakeel Ahmed - Assessment of trace elements contamination in granitic terrain in
parts of A.P. India: using factor analysis and GIS.

Sreedevi P.D. and Shakeel Ahmed - Community involvement in measuring the rainfall in a small watershed.

Sreedevi P.D. KesavaRaju K, Srinivasulu S and Sudheer A.S -  Assessment of groundwater resources in
pageru river basin: a quantitative approach.

AGU, San Francisco, December 4-9, 2011.

Ben Heit, Xiaohui Yuan, Marcelo Bianchi, Andrey Jakovlev, Prakash Kumar, Suzanne Mahlburg Kay,
Eric A Sandvol, Ricardo Alonso, Beatriz Coira, Diana Comte, Larry D Brown, Rainer Kind - Crustal and
upper mantle investigations using Receiver functions and Tomographic inversion in the southern Puna plateau
region of the Central Andes.

Caldwell, W.B., Klemperer, S.L., Lawrence, J., Rai, S.S., Ashish, A - Moho ramp imaged beneath the
High Himalaya in Garhwal, India. T43F-2459.

Chadha R.K  - Tohoku earthquake and Japan’s Nuclear Disaster – Implicatins for Indian Ocean Rim countries.

Rai, S.S., Mahesh, P., Sivaram, K., Paul, A., Sarma, P.R., Gupta, S., Gaur, V.K., - One Dimensional
Reference velocity model and precise locations of earthquake hypocenters in the Central Himalaya. T43D-2397

Rainer Kind, Wenjin Zhao, Prakash Kumar, James Mechie, Marianne Karplus, Frederik J Tilmann
Tibetan plate overriding the Asian plate in central and northern Tibet

The International Symposium on Deep Exploration into the Lithosphere

Zhao, W, Kumar P, Mechie J, Kind R, Meissner R,  Wu Z,  Shi D, Su H,  Xue G, Karplus M, Tilmann F,
- Tibetan plate overriding the Asian plate in central and northern Tibet.

Decadal Conference on Planetary Sciences and exploration and 7th Chandrayaan-1 meeting December
12-14, 2011, Physical Research Laboratory, Ahmedabad , India

Bhattacharya S, Nirmala Jain, Parthasarathy G, Chauhan P, and Ajai - Terrestrial analogues of Martian
Rocks: Structure, Composition, and Hyperspectral Studies of Natrojarosite- Iron hydrous sulfate from Kuchchh,
Gujarat, India. Pp132-133.

Parthasarathy G,Sreedhar  B - Spectroscopic Investigations on Hydrous Phyllosilicates relevant to Martian
Mineralogy, 99-100.

Usha Chandra,  Jai DC, Parthasarathy G - Study on Microwave synthesized low temperature  low pressure
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.mineral Cubanite CuFe
2
S

3., 
Pp158-159.

International Congress on Environmental Research, Surat, India , December 15-17  2011

Rama Mohan K, Keshav Krishna A and Manohar K.- Assessment of Pesticide Pollution in Surface and
Ground Water Samples from an Industrial Area, Hyderabad, India

48th IGU Annual Convention, December  20-22, Vishakapatnam.

Arora T, and Ahmed S -  Statistical analysis to relate resistivity and moisture in Vadose zone.

Bansal AR and Ogata Y- Seismicity activation before the mega-earthquake of 26 December 2004 based on
epidemic type aftershock sequence (ETAS) model

Kusumita Arora - Density model of the western continental margin of India.

Malaimani EC, Ravikumar N and Akilan A-  Investigation of the inferred continental flexure in the west of
India and the non-rigidity of the oceanic part of the Indian plate by Episodic GPS Campaigns at Lakshadweep
Islands along the Chogos-Laccadive ridge.

Malleshwari D and Veeraswamy K- The coast-effect response in magnetotelluric field measurements in
Dharwar craton, south India.

Nagaiah E, Singh K.P, Raghavender P, Farooq Ahmed, Purushotham D and Shakeel Ahmed  - Magnetic
and SP methods have enhanced ERT precision in deciphering hioddenzeoliote cavities and aquifer zones in
Deccan Volcanic Province.

Parthasarathy G and Felix Gorbatsevich - Electrical Resistivity of amphiboles from the world’s deepest Kola
superdeep borehole, Russia, at mantle pressures and temperature conditions.

Pandey OP, Parthasarathy G,  Tripathi P - On the nature and evolution of the crystalline basement beneath
the Deccan Volcanic province, India.

Phani Chandrasekhar, Nandini Nagarajan, Kusumita Arora and Ramarao P - Electrojet and Counter
Electrojet effects recorded at new remote magnetic observatories by NGRI.

Prabhakara Rao, MRK, Veeraiah B, Ashok Babu G and Bijendra Singh - Integrated Geophysical Studies
For Delineation of Freshwater Zones in Purna Valley, Central India.

Ramachandra Rao SVR, Malaimani ECN Ravi Kumar -Comparison of Maitri Seismic data with other AnSWeR
Antarctic seismic stations for increase in the seismicity in the Southern hemisphere.

Sarkar D, Dixit MM, Prakash Khare, Koteswara Rao P, Vijaya Rao V, Murty ASN,  Prasad ASSSRS, Rao
GSP, Behera L, Raju S, Sridher V, Reddy MS, Mandal B and Kumar S - Seismic refraction – an effective
tool for finding sub-Trappean sediments and delineating basin configuration.

Veeraswamy K- Nature of the Indian continental lithosphere: Plume perspective.

Vijay Kumar K, Ravinder S, Jaya Prasanna Lakshmi  K and Seshunarayana T - Interrelationships among
the physical and mechanical properties of Deccan traps.
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IGU conference of 48th Annual Convention  from  December  20-22, 2011.

Amrita Yadav – 4D Seismic for Reservoir Monitoring.  Modern Trends in Geophysical Exploration of Continental
Margins of India and adjoining Seas organized by CSIR .

Sunil Rohilla – Oil exploration in continental margin area, a challenge to the environment.   Modern Trends in
Geophysical Exploration of Continental Margins of India and adjoining Seas organized by CSIR.

Mallika K, Harsh K Gupta, Shashidhar D, Purnachandra rao N - Temporal Variation of b-value associated
with M~4 Earthquakes in the Reservoir Triggered Seismic Environment of the Koyna-Warna Region.  Modern
Trends in Geophysical Exploration of Continental Margins of India and adjoining Seas organized by CSIR.

XXIV Annual conference of  NESA.    December 27-28, 2011 Bangalore

Malaimani EC, Ravi Kumar N- The strain accumulation studies with GPS – GEODESY between India and
Antarctica in the southern Indian Peninsula by Geodetically tying the two continents” Conference on the Polar
Science and Technology.

Ravi Kumar N,  Malaimani EC - Verification, validation and Comparison of Maitri Seismic data with other
AnSWeR Antarctic seismic stations for increase in the seismicity in the Southern Hemisphere”Conference on
the Polar Science and Technology.

30th Annual Conference of Indian Council of Chemists , Osmania University, Hyderabad, India, December
28-30,  2011

Rama Mohan K and Manohar K - Characterization of phenolic compounds in environmental water samples
using gas chromatography-mass spectrometry.

99thIndian Science Congress 2012 at KIIT Bhubaneswar,  January 3 - 7, 2012.

Parthasarathy  G - Nano- materials in Earth and Environmental Sciences for Societal prosperity and its
sustainability .

Tiwari  RK & Tirupathi  M - Modeling of rainfall and temperature variability records using EOF spectra and
Artificial Neural Network

Indo-US Workshop on Intraplate seismicity, ISR, Gandhinagar, January 16-18, 2012

Bijendra Singh, Swarnapriya CH and Prajapati, SK- Analysis of gravity fields of Kuchchh,  Saurashtra and
Central India- inference on regional structures based on isostatic  consideration.

Kapil Mohan, Sunita Devi, Veeraswamy, K. and Harinarayana, T- 2D geoelectric subsurface structure in
the surroundings of the epicentral zone of 2001 Bhuj earthquake using Magnetotelluric studies.

Kajaljyoti Borah, Surya Prakasam  K, Rai SS and Sudesh Kumar - Shear wave velocity tomography of
crust beneath the Dharwar craton, India using ambient noise, S5-P2

Shashidhar D,  Rao N P, and Gupta H K - Stress Inversion using Focal Mechanisms of Local Earthquakes in
the Koyna-Warna Region, Western India.

Sukumaran NP, Vijaya Gopal B, Bhaskar Rao YJ, 2011 - High precision Pb isotope measurements in NIST
and USGS Standard Reference Materials from the NGRI Nu Plasma MC-ICPMS.
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Swetha G, Pavankumar G, and Manglik A, 2012- Intraplate Stress analysis by COMSOL Multiphysics.

 2nd Indo-Tunisian workshop on Water Science and Technologies at NGRI, Hyderabad,  February 1-5,

2012.

Ahmad, S.M. and Mahjoor Lone - Tracing past records of Indian monsoon activity using oxygen isotopes
from speleothems.

Rangarajan R -Water conservation strategies for safe drinking water supply in fluoride affected village in
Nalgonda district of A.P., India.

International symposium on Precambrian Accretionary Orogens held at Delhi University during  February,
2-11, 2011.

Manikyamba C, Robert Kerrich, -  Plume-arc interaction and accretionary processes with special reference
to the Sandur and Penakacherla terranes, Dharwar craton, India. p. 73-75

17thNational Space Science Symposium February 14-17, 2012, Tirupati.

Parthasarathy G - FeTiO
3
-ilmenite and picroilmenite at High-pressures and High-temperatures: Implications to

Lunar Mineralogy. Planetary Science 5-19.

National Seminar on Recent advances and future challenges in geochemistry and geophysics: the Indian
scenario, BHU, Varanasi during February 20-27, 2012.

Keshav Krishna A, Rama Mohan K, Periasamy V, Bipinkumar G, Manohar K, and Srininvasa Rao S -
Assessment of heavy metal contamination in soils around chromite mining areas, Nuggihalli, Karnataka, India.

Rama Mohan K, Keshav Krishna A, Manohar K, .Periasamy V and Bipin Kumar G.- Occurrence and
distribution of organochlorine pesticides (HCHs and DDTs) in surface and ground water samples from
Gajulamandyam industrial development area, Andhra Pradesh, India.

Tiwari VM,  Dileep  PA and Singh B - Gravity Anomalies, Effective Elastic Strength and Crustal Structure over
the Intraplate Earthquake (M>6) Regions.

Vasanthi A and Mallick K - New Approach to Compute Isostatic Anomaly.

International conference on Unconventional Sources of Fossil Fuels and Carbon Management (ICUSFFCM-
2011), GERMI, Gandhinagar, during February 21-22, 2011.

Sarkar D, Behera L, Dixit MM, Koteswara Rao P,  Khare P, Murthy ASN, Rao GSP, Prasad ASSSRS,
Mandal B, Kumar S, Reddy  M.S and Sridher V - Sub-Basalt imaging for Mesozoic Hydrocarbon prospects.

Annual meeting of the German Geophysical Society (DGG), February 21-24  2011, Cologne.

Gabriel G, Bansal AR, Dimri  VP,  Krawczyk C and Dressel I Curie- depths estimation in Germany:
methodological studies using new magnetic anomaly data.



185 Annual Report 2011-12

Appendixes

Intl. Workshop on Mitigating Effects of Geogenic Contaminants held at CSIR-NEERI, Nagpur, during
February 22-23, 2012

Reddy DV, Nagabhushanam P - Sources and mechanism of high fluoride in granitic area: Possible mitigation
strategies.

National Seminar on Energy Resources, Environmental Impacts and Industrial Waste Management,
Tirupati, India during February 27-28,  2012

Tiwari VM- Water Storage Variation over India from GRACE satellite gravity data.

Role of Radars in Atmospheric and Ionospheric studies (RAISE)- 2012, Guntur  March 4-5, 2012

Phani Chandrasekhar, Nandini Nagarajan, Kusumita Arora and Ramarao P- Estimation of short period
Ionospheric irregularities at Electrojet stations in India.
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APPENDIX - III
CONTRACT  RESEARCH PROJECTS

1 2 3 4 5

Funds
receivedDuring
2011-12 (Rs. In

lakhs)

Sponsoring
Agency

Title of the project
Cost of the

Project(Rs. in
lakhs)

 Project No.

Determining the outer limits NCAOR 247.00 10.00 GAP-250-28(BA / PPR)
of  the Indian legal continental
shelf as per UNCLOS
Guidelines

National programme on DST 19.36 4.00 GAP-468-28 (PNB)
isotope finger printing of
waters of India (I-Win)

Crustal architecture and INCOIS 50.00 6.00 GAP-470(2)-28 (VMT/
seismogenic coupling KS)
zone in the Andaman
subduction  zone

Assessment of groundwater DST 8.30 3.00 GAP-503-28(VSS)
potewntial and development
of sustainable scheme on
Minicoy and Kalpani Islands,
UT of Lakshdweep

Supply of cars on Laser ASL 20.51 4.99 GAP-517-28(PSRP)
Raman Spectroscopic study
of carbon Nano tubes

Updating the hydrologic, hydrogeologic, HINDALCO 7.57 6.95 SSP-521-28(VVSGR)
geophysical and water quality database MURI
for assessment of groundwater pollution
in the HINDALCO Alumina Plant,
Muri, Jharkhand

Crust formation and recycling in the DST 31.36 8.00 GAP-525-28(YJB)
Dharwar craton studies along the
Kasaragod –Kurnool geotransect

Petrology and geochemistry of the late DST 8.04 2.00 GAP-526-28(VB)
Archean  chromitites and associated
ultramafic intrusions - Implication for
PGE metallogeny

High resolution paleoclimatic and ISRO-GBP 51.96 4.00 GAP-529-28(MA)
paleomonsoonal reconstruction for the
last few centuries using isotopic and
trace elemental proxies from
scleractinian corals

Geochemistry of caustic metasedimentary DST 12.072 3.00 GAP-530-28(DVS)
rocks of the late Archean Bababudan
and Chitradurga Groups, Dharwar
Supergroup, along the E-W transect:
Implications on sedimentary and
tectonic evolution
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1 2 3 4 5

Title of the project

Estimation of Ground Motion and DST 8.40 2.30 GAP-534-28(RKC)
site effects in the Indo-Gangetic Plains

Petrology and geochemistry of  chromite DST 14.794 4.00 GAP-538-28(PVSR)
hosting mafic-ultramaphic layered
intrusion in Holenarasipur- Nuggihalli
schist belt, Western Dharwar craton,
Karnataka

Estimation of Physical properties MOES 24.43 8.86 GAP-540-28(BS)
(density and susceptibility) of basement
rocks and crustal structure under
Ganga  basin

Development of insite Chemical SERC FAST 18.90 5.00 GAP-544-28(KRM)
oxidation remediation technology TRACK PROJECT
for contaminated soil and ground FOR YOUNG
water due to organic pollutants     SCIENTISTS

Tsunami modeling and inundation MOES 14.67 5.10 GAP-550-28(KS)
studies for the east and west coast
of India due to Earthquakes in
Sumatra and Makran subduction zones

Geohydrological parameter generation BARC 22.18 4.44 SSP-552-28(DM)
around active and closed Tailing ponds
associated with Uranium mining at
Jaduguda and Tsumardih in
Jharkhand state

To study the physics of Intraplate MOES 48.52 7.88 GAP-553-28(PM)
earthquakes in the Kachch seismic
zone, Gujarat, India.

Ammonoid sequence magnetic DST 11.19 3.00 GAP-555-28(MV)
strategraphic integration in the Rev.12.19
Kachch Jurassic

Hydrology and water resources from IFCPAR 30.92 7.69 SSP-559-28(VMT)
space over the Indian continent (CEFIPRA)

Studies on Cobalt crusts exploration MOES 85.67 20.00 GAP-562-28(VB)

Long-term system evolution of the DST 32.83 8.70 GAP-565-28(DK)
Krishna- Godavari basin and its
hinterland in eastern India

Augmentation of airborne and ground AMD 1574.95 671.64 SSP-567-28 (HVR)
geophysical capabilities over different
geological environments in various
parts of India.

Funds
receivedDuring
2011-12 (Rs. In

lakhs)

Sponsoring
Agency

Cost of the
Project(Rs.

in lakhs)

 Project No.
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1 2 3 4 5

Title of the project

Funds
receivedDuring
2011-12 (Rs. In

lakhs)

Sponsoring
Agency

Cost of the
Project(Rs. in

lakhs)

 Project No.

The Thermal evolution of the Peninsular DST 35.18 11.28 GAP-568-28(TRK)
India:Past behaviors and Future potential

Gravity and Magnetic surveys in Block M/s. GAIL 50.00 16.54 SSP-570-28(BS)
RJ-ONN-2004/1 (Rajasthan Onland) (INDIA) Ltd

Gravity and Magnetic studies to OIL India 87.47 22.33 SSP-573-28(BS)
delineate basement structures in Limited
Mizoram block (NELP VI block –
MZ ONN – 2004/1)

Seismic structures and Tectonics of MoES 47.16 11.06 GAP-574-28(MRK)
the Indian Plate in Arunachal Himalaya

Modeling of Hydro- Seismicity in the MoES 8.82 1.41 GAP-578-28(DVR)
seismically active Koyna – Warna
region,  Maharashtra

Monitoring Indian Shield  seismicity MoES 90.24 22.76 GAP-579-28(RKC)
with 10  BBS  to understand
seismotectonics of the region using
VSAT  connectivity”.

Estimation of the ground motion and MoES 36.23 6.14 GAP-580-28 (DSN)
site effects of Indo-Gangetic Plains
from seismic structure

Western India schools earthquake MoES 434.97 14.75 GAP-582-28(DSN)
lab programme.

Study of Tsunami waves Impact on Kalpasar 42.84 5.78 GAP-584-28(KS)
structures and Tsunami Inundation Project
modelling  for the Kalpasar Project (Govt. of Gujarat)

Assessment of groundwater quality M/s.  Aditya 14.25 6.41 SSP-587-28(VVSGR)
and contaminant migration at Aluminium
Aditya Aluminium expansion at
Lapanga in Sambalpur district, Orissa

Research and Development studies GWD 12.00 3.60 SSP-589-28(VVSGR)
on Urban Hydrology,  Musi sub (Govt. of AP)
basin, Krishna basin, A.P

Assessment and management of RRCAT 10.62 6.67 SSP-599-28(VVSGR)
groundwater resources for
developmental planning in RRCAT
campus, Indore.

Geological analysis of young  impact PRL 35.25 8.65 CLP-601-28(PSK)
craters of the Moon :  Implications for
primary and secondary cratering
 processes

High resolution seismic imaging of the
Kumaon – Garhwal Himalaya using DST 19.93 5.00 GAP-604-28(SSR)
ambent ground noise & modeling the
state of stress
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1 2 3 4 5

Title of the project

Seismotectonic studies for green field
Nuclear Power Project sites, at Kovvada NPCIL 13.50Rev.21.00 7.44 SSP-612-28(TSN)
near Srikakulam, in A.P

Regional Geochemical surveys in
Cauvery, Satpura-South Rewa-Damodar, DGH 95.00 41.07 SSP-613-28(AMD)
Spiti-Zanskar and  Karewa Basins

Hydrogeological  studies of GMDC 20.50 10.17 SSP-615-28(SNR)
Tadkeshwar mine area

Gravity and Magnetic (G&M) surveys in OIL  India 113.33 51.54 SSP-619-28(BS)
KG Basin ( KG-ONN-2004/1  Block) Limited

Impacts of Meso-Scale watershed
development in Andhra Pradesh (INDIA) IWMI 32.22 8.31 GAP-625-28(SA)
and their implications for designing
and implementing improved WSD
policies and programs

Surface Geochemical survey in South Prize 30.00 6.618 SSP-626-28(AMD)
Rewa Basin Block Petroleum

Installation of Micro-Earthquake monitoring NPCIL 220.00 108.00 SSP-630-28(HVS)
stations  at  RAPP, Rajasthan

Deep electrical structure in the Sikkim
Himalaya  region MoES 6.44 6.00 GAP-631-28(BPKP)

Imaging of 3D Geoelectric subsurface
structure of the Source Zone of 2001, MoES 7.95 4.50 GAP-632-28(KVS)
Bhuj earthquake with  Magnetotellurics

Strain budget, plate convergence and MoES 415.32 140.34 GAP-633-28(VKG)
earthquake occurrence processes in
the Garhwal-Kumaun Himalaya Using
permanent and campaign mode crustal
deformation measurements

Hydrological and groundwater studies
for identifying the sources of water around Goa   Mining 6.63 6.65 SSP-634-28(VVSGR)
Srigao watershed,  North Goa  district, Goa Association

Groundwater flow and Mass Transport
modeling for assessing extent of Federal 7.27 8.02 SSP-635-28(VVSGR)
Chromium contamination in the Moghul
watershed covering Federal Moghul Goetze(India)
Goetze  (India) Limited,    Yelahanka,
Bangalore

Hydrogeological Data generation at NFC NFC 7.80 2.58 SSP-636-28(RR)

Funds
receivedDuring
2011-12 (Rs. In

lakhs)

Sponsoring
Agency

Cost of the
Project(Rs. in

lakhs)

 Project No.
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Title of the project

Microzonation of Nanded City Nanded 5.00 5.00 GAP-637-28(DSN)
Waghalaya

City Municipal
Corporation

Spectroscopic, Petrographic   and SAC,  ISRO 16.50 5.50 GAP-638-28(GP)
Geochemical Analysis of Martian
Analogues in India

Delineation of aquifer geometry,
establishment of observation wells, RMP,  BARC 37.77 12.25 SSP-639-28(SS)
Assessment of present status of
groundwater quality in the two watersheds
covering BARC Ullarthi Kaval and BARC
Kudapura Kaval sites,Chalikeri Taluk,
Chitradurga District, Karnataka

Delineation of the crustal structure of
the Ganga basin through MoES 69.46 38.99 GAP-640-28(AM)
magnetotelluric investigations

Updating the hydro-geologic and water
quality database for assessment of
groundwater pollution and contaminant Hindalco 7.70 3.82 SSP-641-28(SS)
migration pattern due to storage of Red Industries
Mud in ponds and stacking over three  Ltd.
decades in the watershed covering
Hindalco and Muri works, Jharkhand
and Assessment of groundwater quality
around Rajarappa coal mine disposal
site, Ramgarh district, Jharkhand

Indian Ocean Geoid Low: Search for MoES 16.87 8.57 GAP-642-28(MRK)
Seismic Signatures in the Lower Mantle

Experimental Controlled Source Audio-
frequency Magnetotelluric (CSMAT)
studies for identification of basemetal MECL 12.00 5.99 SSP-643-28(TSN)
associated structural features around
Thanewasna copper deposit,Mul Tehsil,
Chandrapur Dist., Maharashtra

Studies  on  igneous  activity of Mikir
Hills  region, Assam  and  comparision DST 10.30 5.00 GAP-644-28(VB)
of  geological  and  tectonics  with
Meghalaya region,  NE  India

Geohydrological investigation in Siddapur 5.29 5.25 SSP-645-28(SS)
watershed covering 5 kilometers Distilleries
radius in and around M/s. Siddapur  Ltd.
Distilleries Ltd, Siddapur

Funds
receivedDuring
2011-12 (Rs. In

lakhs)

Sponsoring
Agency

Cost of the
Project(Rs. in

lakhs)

 Project No.
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Title of the project

Enhancement of natural water systems European 222.13 102.53 GAP-646-28(SA)
and treatment methods for safe and Commission
sustainable water supply  in  India

Effect of Ground motions on Ramappa Irrigation 13.86 15.27 SSP-647-28(DSN)
Temple,  Warangal Dist,  A.P Department,

Govt. of A.P.

Iron isotope fractionation during ore DAE 19.88 9.18 GAP-648-28(BSR)
genetic processes: a new
exploration tool

Groundwater flow and Geohydrological
investigations of watershed covering  5 KSPCB,
kms  radius  in  and  around Kolhar Karnataka 11.82 6.50 SSP-649-28(SS)
industrial  area,  Naubad,  Bidar,
Karnataka

Groundwater flow and Geohydrological
investigations of watershed covering Biocon
5 kms radius in and around of Biocon Limited 5.29 5.84 SSP-650-28(SS)
Limited, India

 Project No.

Funds
receivedDuring
2011-12 (Rs. In

lakhs)

Sponsoring
Agency

Cost of the
Project(Rs. in

lakhs)
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    Name of the Awardee                                Awards

AWARDS

APPENDIX- IV
AWARDS, HONOURS   AND  FELLOWSHIPS

Prof. S.S. Rai IIT-Roorkee Distinguished Alumni Award.

Dr. V.Vijaya Rao Swami Vivekanada Award

Dr. N.K. Thakur National Geoscience Award

Dr. P. Prasada Rao National Geoscience Award

Dr. Ashalatha Bhaskarabhatla National Geoscience Award

Dr. Kalachand Sain AP Scientist Award by the AP State Council of Science &
Technology

Dr Prasanta K. Patro Dr MS Krishnan Gold Medal

Dr. Uma Shankar Young Scientist-2011 of Council of Science and
Technology, Uttar Pradesh (CSTUP)

Dr. Ravi Prakash Srivastava National Geoscience Award

Dr.Arun Singh CSIR Young Scientist Award

Dr. Maheswar Ojha INSA Young Scientist  Award-2012

Dr.G. Dhanunjaya Naidu Young Scientist Award of A.P. Akademi of Sciences

Dr. Parijat Roy Young Scientist Award of A.P. Akademi of Sciences
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Prof S. S. Rai
IIT-Roorkee Distinguished Alumni Award

Dr.Vijaya Rao
Swami Vivekanada Award

Dr. Kalachand Sain
AP Scientist Award by the

AP State Council of
Science & Technology

Dr. Uma Shankar
Young Scientist-2011 of Council of Science

and Technology, Uttar Pradesh (CSTUP)

Dr. Maheswar Ojha
INSA Young Scientist Award-2012

Dr.G. Dhanunjaya Naidu
Young Scientist Award of
A.P. Akademi of Sciences

Dr. Parijat Roy
Young Scientist Award of A.P.

Akademi of Sciences
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Smt.Meira Kumar and Shri Dinsha J Patel conferring the
National Geoscience Award on Dr. P. Prasada Rao

Smt.Meira Kumar and Shri Dinsha J Patel conferring the
National Geoscience Award on Dr. Ravi Prakash Srivastava

Dr Prasanta K. Patro receiving Dr MSK Gold Medal from
Dr V.P. Dimri, Distinguished Scientist, CSIR-NGRI during
Annual meeting of IGU held at Visakhapatnam on 20th

December, 2011.

Smt.Meira Kumar and Shri Dinsha J Patel conferring the
National Geoscience Award on Dr. Ashalatha

Bhaskarabhatla

Smt.Meira Kumar and Shri Dinsha J Patel conferring the
National Geoscience Award on Dr. N.K. Thakur

Dr.Arun Singh, receiving CSIR young Scientist Award from
Shri Vilas Rao Deshmukh, Hon Union Minister for science and
Technology and ministry of earth science, in the presence of

Dr. Ashwani Kumar, Hon. Minister of state for science and
Technology, and ministry of Earth Science and planning, prof.

S.K.Brahmachari, DG, CSIR.
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Name of the Awardee Fellowships

FELLOWSHIPS

HONOURS

    Name of the Awardee                                Honours

Prof. Mrinal K.Sen Honorary Membership of
Society of Petroleum Geophysicists

Dr. S.S. Rai. Member, Senate of the Academy of Scientific & Innovative
Research    (AcSIR)

Dr. V. Balaram Member, Doctoral Expert Committee, IGNOU, New Delhi

Dr. Shakeel Ahmed Mentor for the DST program INSPIRE

Dr. E.V.S.S.K. Babu Honorary Associate, ARC National Key Center GEMOC,
Macquarie University, Australia.

Visiting Professor, Kakatiya University, Warangal, A. P.

Dr. G. Parthasarathy. Special Invited talk at 99th Indian Science Congress,
Bhubaneshwar

Life Member -  American Nano Society and Indian Society of
Geomatics

Editorial member - International Journal of Astronomy and
Astrophysics 2011 and Open Journal of Geology, USA. 2011

National Advisory committee member - AIRAPT-23,
International Conference on  high-pressure Science and
Technology. BARC, Mumbai

Chief Guest and Keynote address - DST- INSPIRE
INTERNSHIP SUMMER CAMP – 2011, Pulivendula, JNTU.

Center for Development of Physics Education, University
of Rajasthan, Jaipur. DST- INSPIRE INTERNSHIP SCIENCE
CAMP – 2011

Dr. Ashutosh Chamoli Indo-US Research Fellowship-2011

Dr. Anand K.Pandey Raman Research Fellowship 2010-2011

Dr. Abhey Ram Bansal JSPS Invitation Felloship-2010

Dr. Sandeep Gupta Raman Research Fellowship - 2011-12

Dr. Subash Chandra Boycost Fellowship -2010-11
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Dr.P.V.Sunder Raju Fellow Geological Society of London, UK and 2)Fellow
Society of Economic Geologists (SEG), USA

Dr. Kalachand Sain Fellow-2011 by the National Academy of Sciences, India

Member of Indian delegation of  Joint Working Group
meetings in BC and Regina

Dr.VM Tiwari Indian National Delegate to  IUGG-2011, Melbourne.

Member, Committee on Membership Issues- IUGG

Member of Editorial boards: Himalayan Geology

Member: Research Advisory Committee, W.I.H.G. (D.S.T.),
Dehradun

Member:  Working Group of Planning Commission, G.o.I.
on Sustainable Groundwater Resources

Member: INSA National Committee for IUGG-IGU/CODATA
(2007-11/2012-15)

Dr. Dewashish Kumar Associate Fellow of A.P. Academy of Sciences

Dr.K. Veeraswamy Co-Chair for IAGA Interdivisional Commission on
Developing Countries for a period of 6 years (2011-2017)

Dr.S.Massod Ahmed Member of Editorial board of Palaeo-3 Journal

Dr.Sukanta Roy Representative to the ICSU-Regional office
for Asia & the Pacific for the period 2011-15

Dr. Tanvi Arora Regional Representative for South-East Asia for Young Earth
Scientist network globally, for the period 2010-2012.
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Ph. D’s  Awarded

Mr.K.P.Singh Biogeophysics as a monitoring Dr. Rory Doherty Dr. Trevor Elliot
tool  in contaminated environments Dr. Dimitrios Ntarlagiannis,

Rutgers University Newark, USA

Mr.Sahebrao Sonkamble Integrated approach for demarcating Dr. Rangarajan
subsurface pollution and saline water SRTM University,  Nanded
intrusion zones in sipcot area,
cuddalore, southern india.

Mr.Durbhakula Narsimha Deep Geoelectric structure of T. Harinarayana
Murthy saurashtra peninsula from Dr. S.K.G Krishnamacharyulu

Magnetotelluric studies SRTM University, Nanded

Mr.M.Shekar Characteristic features of the seismic Dr. R.K.Chadha,
attenuation in India and Tibet. Osmania University, HYD

Mr.R. Phaniraja Sekhar Gravity and Airborne Magnetic study Dr. D.C.Mishra
of NE india with special reference to Osmania University, HYD
shilling plateau and gravity modelling
across western Himalayan syntaxis for
comparasion with respect to crustal
structure and seismotectonics

Mr.RK. Prasad Integrated approach to delineate ground Dr. V.S. Singh
water potential zone in Hard Rock Terrain, DR. S.K.G. Krishnamacharyalu
kurmpally Malgonda District A.P. India. SRTM University.

Mr.Dodla Shashidhar Seismicity and Tectonics of the Koyna- Dr. N. Purnachandra Rao
Warna Region, Western India, from Osmania University, HYD
Modeling of Local Broad-Band Waveform
Data.

Mr.Narendra Kumar Structure and Seismogenesis of active Dr. M. Ravi Kumar
rift zones in the Indian shield Osmania University, HYD

Mr.K.Nagaraju Geochemistry and petrogenesis of the Dr.D.V.Subba Rao
basalts from the Eastern Deccan Volcanic Dr.K.Vijaykumar
province, India SRTM University, Nanded

Name of the Candidate Topic Name of the Guide and
University
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Name of the Scientist/
Technical Officer Purpose

Dr.Ram Mohan. M China 25.04.2011 29.04.2011 To attend the International
Sr Sct Conference on Craton

Formation and Destruction

Mr.Chandra Shekar Rao Maldives 10.04.2011 18.04.2011 To carryout the task related
Sr.T.o (2) to Geomagnetic

Observation “Absolute
observation with modern
fluxgate magnetometers in
connection with the
commissioning of the new
Magnetic Observatrory”

Dr.Dayal A.M Austria 23.05.2011 26.05.2011 To attend the 73rd European
Prin.Sct Association of  Geoscientists

and Engineers (EAGE)
Conference

Dr.Sukanta Roy Australia 14.05.2011 19.06.2011 Collobrative Research
Sr.Sct 27.06.2011 18.05.2011 Thermal modeling of hot

26.06.2011 07.07.2011 spring To attend IUGG
General Assembly

Dr.Kirti Srivastava Canada 15.05.2011 20.05.2011 To make presentation on
Sr.Prin. Sct Tsunami numerical modeling

in connection with the
Kalpasar Project

Dr.Prem Kishore.L USA 01.06.2011 05.06.2011 To attend the equipment
Prin.Tech. Officer training program in seismic

instrumentation

Dr.Harinarayana . T Australia 12.06.2011 19.06.2011 To visit university of Adelaide
Chief Sct 27.06.2011 19.06.2011 To work on Tattapani on

26.06.2011 07.07.2011 Geothermal 3D
To attend IUGG General
Assembly

Dr.Chadha. R.K Australia 26.06.2011 08.07.2011 To attend the IUGG General
Chief Sct Assembly

Dr.Veeraswamy. K. Australia 17.06.2011 07.07.2011 To participate in the
P.T.O Geothermal modeling studies

at Geoscience Australia and
also to participate in IUGG-
2011 General Assembly

Dr.Bijendra Singh Australia 28.06.2011 07.07.2011 To attend IUGG General
Chief Sct Assembly

Period of deputation

From                  To

Country
visited

APPENDIX - V
DEPUTATION AND TRAINING (ABROAD)
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Name of the Scientist/
Technical Officer Purpose

Dr.Ajai Manglik Australia 28.06.2011 01.08.2011 To attend IUGG General
Sr.Prin. Sct Germany 07.07.2011 30.09.2011 Assembly-under Max Planck

Institute for Solar System
Research to carry out the
work on numerical dynamo
simulations

Dr.Vasanti.A Australia 28.06.2011 07.07.2011 To attend IUGG General
Jr. Sct Assembly

Dr.Tiwari. V.M Australia 28.06.2011 07.07.2011 To attend IUGG General
Prin. Sct Assembly

Dr.Srinagesh.D. Australia 28.06.2011 07.07.2011 To attend IUGG General
Chief Sct Assembly

Dr.Abdul Azeez Australia 28.06.2011 07.07.2011 To attend IUGG General
Sct Assembly

Dr.Kalachand Sain Australia 28.06.2011 07.07.2011 To attend IUGG General
Prin. Sct Assembly

Dr.Syed Masood Ahmad, Japan 11.06.2011 12.06.2011 As a speaker in the second
Chief Sct symposium of IGCP-581

“Evolution of Asian River
System: Tectonics and
climate”

Mr.S. Prabhakar E. Rao Poland 05.06.2011 12.06.2011 To attend the equipment
Sr. T.O (3) training program offered by

M/s Research Centre
GEOMAGNET,

Dr.R. Raj Kumar Poland 05.06.2011 12.06.2011 To attend the equipment
Sr. Sct training program offered by

M/s Research Centre
GEOMAGNET,

Mr.Arvind Kumar Gupta Poland 05.06.2011 12.06.2011 To attend the equipment
Tech Asst training program offered by

M/s Research Centre
GEOMAGNET.

Dr.V.P. Dimri Australia 28.06.2011 07.07.2011 To attend IUGG General
Distinguished Sct Assembly

Dr.Shakeel Ahmed Australia 28.06.2011 07.07.2011 To attend IUGG General
Chief Sct Assembly

Dr.Bhaskar Rao, Y.J Australia 28.06.2011 07.07.2011 To attend IUGG General
 Acting Director Assembly

Dr.Ravi Kumar. M, Australia 28.06.2011 07.07.2011 To attend IUGG General
Sr.Prin. Sct Assembly

Dr.Kusumita Arora Australia 28.06.2011 07.07.2011 To attend IUGG General
Sr. Sct Assembly

Period of deputation

From                  To

Country
visited
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Name of the Scientist/
Technical Officer

Dr.Sunder Raju P.V. Australia 28.06.2011 07.07.2011 To attend IUGG General
Sr. Sct Assembly

Dr.Ravi Prakash Srivastava, Australia 28.06.2011 07.07.2011 To attend IUGG General
Sct Assembly

Dr.Koteswara Rao, P. Chief Sct Taiwan 08.08.2011 12.08.2011 To attend AOGS 2011

Dr.P.S.R.Prasad  UK 17-07-2011 21-07-2011 To attend the 7th

Prin Sct International  Conference on
Gas Hydrates(ICGH)

Dr.Kalachand Sain UK 17.07.2011 21.07.2011 To attend the 7th International
Prin. Sct Conference on Gas Hydrates

(ICGH)

Dr.Uma Shankar UK 17.07.2011 21.07.2011 To attend the 7th International
Sct Conference on Gas Hydrates

(ICGH)

Dr.Shakeel Ahmed Saudi Arabia 30.07.2011 01.08.2011 To attend project inception
Chief Sct meeting

Dr.Ashutosh Chamoli, USA 27-08-2011 26-08-2012 To avail IUSSTF Fellowship
Sct

Mr.Patil. D.J. Czech 14.08.2011 19.08.2011 To attend the Goldschmidt
Prin. Tech. Officer Republic Conference 2011

Dr.Kirti Srivastava, China 07.08.2011 09.08.2011 To attend the International
Sr.Prin. Sct Workshop on GNSS Remote

Sensing for Future Mission
and Science

Dr.Satyavani. N. Taiwan 08.08.2011 12.08.2011 To attend AOGS 2011
Sct

Ms.Archana Bhagwat Kaotekwar Czech 14.08.2011 19.08.2011 To attend the Goldschmidt
Republic Conference SRF 2011

Dr.Nimisha Vedanti Norway 20.08.2011 04.10.2011 Under Norwegian
Sct Collaboration Project

Dr.Ravi Prakash Srivastava Norway 20.08.2011 20.11.2011 Under Norwegian
Sct Collaboration Project

Dr.Akilan. A, Sct Taiwan 08.08.2011 12.08.2011 To attend AOGS 2011

Dr.Subba Rao, D.V. Taiwan 08.08.2011 12.08.2011 To attend AOGS 2011
Chief Sct

Dr.Srinivas G.S, USA 04.08.2011 17.08.2011 To attend the demonstration
T.O (2) of IVI model T-15000 vibs

Period of deputation

From                  To
PurposeCountry

visited
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Name of the Scientist/
Technical Officer PurposePeriod of deputation

From                  To

Country
visited

Dr.Prabhakara Prasad, USA 04.08.2011 17.08.2011 To attend the demonstration
Sr.Prin. Sct of IVI model T-15000 vibs

Dr.Kalachand Sain, Prin. Sct Taiwan 08.08.2011 12.08.2011 To attend AOGS 2011

Dr.Balaram,V. Chief Sct Taiwan 08.08.2011 12.08.2011 To attend AOGS 2011

Dr.Parijat Roy Japan 26.08.2011 10.09.2011 To participate in JENESYS
SRF Program

Dr.Sreenivas. B, Czech 14.08.2011 19.08.2011 To attend the Goldschmidt
Sr. Sct Republic Conference 2011

Dr.Rama Mohan.K Canada 17.08.2011 19.08.2011 To attend the International
Sr. Sct Conference on“Environmental

Pollution and Remediation”

Dr.Rai S.N. South Africa 19-09-2011 21-09-2011 As Vice President for Asia
Chief Sct and Member of the

International Association of
Hydrogeologists (IAH)Council

Dr.Shakeel Ahmed, Austria 04.09.2011 10.09.2011 To attend Technical Meeting.
Chief Sct

Dr.Shashidhar.D, Germany 08.10.2011 16.10.2011 To attend International
Jr.Sct Contenental Scientific Drilling

Program (ICDP)

Dr.Satyanarayana.H.V.S, Germany 08.10.2011 16.10.2011 To attend International
Sr.Prin. Sct Contenental Scientific Drilling

Program (ICDP)

Dr.Kusumita Arora Germany 13.10.2011 31.10.2011 To work at Niemegk Adolf
Sr. Sct Schmidt Geomagnetic

Observatory/Section 2.3
Earth’s Magnetic Field of
GFZ Potsdam

Dr.Chadha. R.K. Norway 1.10.2011     19.10.2011 (1) To visit the research
Chief Sct & China 16.10.2011    21.10.2011 institute NORSAR, Norway to

work on the project Koyna
Dam with the purpose of
prepare for advanced analysis
of reservoir-triggered
seismictiy
2) To attend seminar on
“East – Asia Earthquake stu

Dr.Ajai Manglik Germany 30.10.2011 19.11.2011 To visit GFZ, Potsdam,
Sr.Prin. Sct Germany under bilateral

exchange program 2011-12
between the Indian and the
German Science Academies
“on 2D and 3D MT inversion,
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Name of the Scientist/
Technical Officer

joint interpretation of seismic
and MT data, and
geomagnetic field studies”

Dr.Srinagesh.D. Norway 11.10.2011 16.10.2011 To visit the research institute
Chief Sct NORSAR, Norway to work on

the project Koyna Dam with
the purpose of prepare for
advanced analysis of
reservoir-triggered seismictiy.

Dr.Dimri, V.P. Norway 01.10.2011 07.10.2011 To attend the event “India-
Distinguished Sct Opportunities for Partnership”

organized by Norwegian
University of Science &
Technology (NTNU)

Dr.Solomon Raju P. Norway 11.10.2011 16.10.2011 To visit the research institute
Sr. T.O (2) NORSAR, Norway to work on

the project Koyna Dam with
the purpose of prepare for
advanced analysis of
reservoir-triggered seismictiy.

Mr.Srinivas D. Norway 11.10.2011 16.10.2011 To visit the research institute
Tech. Asst NORSAR, Norway to work on

the project Koyna Dam with
the purpose of prepare for
advanced analysis of
reservoir-triggered seismictiy.

Dr.Chadha. R.K Japan 31.10.2011 05.11.2011 Under the Project “Information
Chief Sct Network for Natural Disaster

Mitigation and Recovery in
India”

Dr.Srinagesh.D. Japan 31.10.2011 05.11.2011 Under the Project “Information
Chief Sct Network for Natural Disaster

Mitigation and Recovery in
India”

Mr.Srinivas, D. Japan 31.10.2011 05.11.2011 Under the Project “Information
Tech. Asst Network for Natural Disaster

Mitigation and Recovery in
India”

Dr.Purnachandra Rao N, Japan 31.10.2011 05.11.2011 Under the Project “Information
Sr. Prin. Sct Network for Natural Disaster

Mitigation and Recovery in
India”

Dr.Vijaya Gopal, Germany 28.11.2011 10.12.2011 To attend a TRITON Plus
Chief Sct advanced Training course for

Thermo Thermal Ionization
Mass Spectrometer

Period of deputation

From                  To
PurposeCountry

visited
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Technical Officer

Dr.Anil Kumar, Germany 28.11.2011 10.12.2011 To attend a TRITON Plus
Chief Sct advanced Training course for

Thermo Thermal Ionization
Mass Spectrometer

Dr.Srinivasa Sarma  D. Australia 07.11.2011 08.12.2011 To visit Curtin University as a
Sr. Sct Visiting Research Fellow

Dr. Ram Mohan M. Australia 07.11.2011 08.12.2011 To visit Curtin University as a
Sr.Sct Visiting Research Fellow

Dr.Kushal Pal Singh, Japan 20.11.2011 23.11.2011 To attend SEJG International
Sr.Sct Symposium

Dr.Dimri, V.P, USA 05.11.2011 09.11.2011 To attend the AGU Fall
Distinguished Sct meeting

Dr.Venkatramana, D. USA 04.12.2011 09.12.2011 To attend AGU Fall meeting
Sr.Prin.Sct

Dr.Prashanthi Lakshmi.M, USA 04.12.2011 09.12.2011 To attend AGU Fall meeting
Jr. Sct

Dr.Rai, S.N. USA 04.12.2011 09.12.2011 To attend AGU Fall meeting
Chief Sct

Dr.Chadha. R.K, USA 05.12.2011 09.12.2011 To attend the American
Chief Sct Geophysical Union Fall

meeting

Dr.Sandeep Kumar Gupta, France 02.01.2012 30.04.2012 To avail Raman Research
Sct Fellowship

Dr.Kusumita Arora Switzerland 24.02.2012 04.03.2012 To participate in the
Sr. Sct implementation of

computerized modeling of the
induced electromagnetic
response, with specific focus
of the nort Indian Ocean
region, within the framework
of tripartite cooperation
between ETH, Zurich, MMS
Maldives and the CSIR-NGRI

Prof. Mrinal K. Sen  USA & Bahrain 27.02.2012 04.03.2012 For Technical presentation at
Director the annual meeting of the

2012 Exploration and
Development Geophysics
Education and Research
(EDGER) Forum and also to
visit Society of Exploration

Period of deputation

From                  To
PurposeCountry

visited
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Name of the Scientist/
Technical Officer Period of deputation

From                  To
Purpose

Geophysicists (SEG) to
teach one day SEG short
course on Full Waveform
Invers

Dr.Kalpana. M.S. Sweden 30.03.2012 25.03.2013 To visit Linkoping University,
Scientist Sweden as as a visiting

Scientist on Sabbatical Leave

Dr.Chadha. R.K, Japan 07.03.2012 12.03.2012 To visit University of Tokyo,
Chief Sct Japan under the Joint

Collaborative Program
between NGRI, IIT Hyderabad
/Japan International
Cooperation Agency (JICA)
on “Information Network for
Natural Disaster Mitigation
and Recovery in India”

Dr.Kalachand Sain, Canada 04.03.2012 13.03.2012 To participate in the exhibition
Prin. Sct and conference “PDAC 2012”

during 04.03.2012 to
07.03.2012 and also to
attend the JWG meetings at
Saskatchwean and British
Coloumbia

Country
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APPENDIX   VI
DISTINGUISHED   VISITORS

Ms. Alison Geoscience Australia, Canberra, Australia

Dr. Andrey V. Chugaev Mineralogy and Geochemistry, Russian Academy of
sciences

Dr Anthony Budd Geoscience Australia, Canberra, Australia

Dr. P.S. Brhamanadam K.L. University, Guntur

Prof. David S. Chapman Distinguished Professor of Geophysics,  University of Utah,
Salt Lake City, USA

Mr. Edward Gerner Geoscience Australia, Canberra, Australia

Prof. V. K. Gaur Distinguished Scientist, Indian Institute of Astrophysics,
Bangalore

Dr. Philippe DE TAXIS DU POËT : Minister Counsellor-Head of Science &
Technology Delegation of the EuropeanUnion to India 65, Golf
Links, New Delhi.

Ms.Rikki Geoscience Australia, Canberra, Australia

Dr. Stephen Thiel Uiversity of Adelaide, Adelaide, Australia

Dr. Xiujuan Wang Institute of Oceanology, Chinese Academy of Sciences, China
Dr.Wang Jiliang

Dr. Yuri Roslov Seismoshelf, Smolen, Skaya, 9A, 196084St. Petersburg,  Russia

Prof. Yury G.Safonov Institute of Geology and ore Deposits, petrography
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APPENDIX   VII
STAFF / MAN POWER

Director 01

Group IV 137

Group III 130

Group II 83

Group I 61

Administrative Staff 136

Scientific,
Technical & Admn.

No. of
Employees

Emeritus Scientists 9

Research Associates 8

Senior Research Fellows 10

Junior Research Fellows 4

Project Assistants / Fellows 152

CSIR Diamond Jubilee
Research Interns 11

Scientific / Technical /
Admin. Staff

No. of
Employees

Research Fellows and others, if any
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CHAIRMAN:

Professor V.K. Gaur
Distinguished Professor
Indian Institute of Astrophysics
Sarjapur Road, Bangalore  560034

MEMBERS:
Shri  D.N. Avasthi

President, SPS Consultants
C-190,  Sarita Vihar
New Delhi  110 044

Mr A. Sundaramoorthy
Director General
Geological Survey of India
27, Jawaharlal Nehru Road
Kolkata-700 016

Prof. S.K. Tandon, FNA
Block A-566C
Sushant Lok, Phase-I
Gurgaon 122 009  Haryana

P.K.Bhowmick, Executive Director,

Chief Offshore Exploration and Development,
Room 607, 6th Floor, Priyadarshini,
Eastern Express Highway,
Sion, Mumbai-400 022.

Dr V.P. Dimri
CSIR-Distinguished Scientist
National Geophysical Research Institute
(NGRI) Uppal Road, Hyderabad  500 007

Agency Representative

Shri Sushil Kumar, Chairman
Central Groundwater Board (CGWB)
Bhujal Bhavan, NH-IV, Faridabad 121 001

APPENDIX - VIII

DG Nominee

Dr Pijush Pal Roy
Scientist H & Head, Blasting Division
Central Institute of Mining & Fuel Research
(CIMFR), Barwa Road, Dhanbad  826 015

Sister Laboratory

Dr S.R. Wate
Director
National Environmental Engg. Research
Institute (NEERI)
Nehru Marg,  Nagpur 440 020

Cluster Director

Dr S.W.A Naqvi
Acting Director
National Institute of Oceanography
Dona Paula, Goa-403 004

Director

Prof. Mrinal K. Sen, Director
NGRI, Hyderabad.

Permanent  Invitee
Head or his nominee
Planning & Performance Division
CSIR, New Delhi

SECRETARY:

Dr R.K. Chadha
Chief Scientist
NGRI, Hyderabad.

COMMITTEES
RESEARCH COUNCIL MEMBERS:  1 APRIL 2010  TO  31 MARCH 2013

Management Council (MC) (1st January 2012 to 31st December 2013)
Prof. Mrinal K. Sen, Director Chairman
Dr. D.Srinagesh, Chief Scientist Member
Dr. V.K.Gahalaut, Principal Scientist Member
Dr. Abhey Ram Bansal, Senior Scientist Member
Dr. Nimisha Vedanti, Scientist Member
Dr.V.P.Dimri,CSIR-Distinguished Scientist Special Invitee
Dr. B.M.Khanna, Principal Technical Officer Memeber
 Dr.Ch.Mohan Rao, Director,CCMB, Hyderabad Member
Dr.M.J.Nandan,Senior Scientist, Head-PME Memeber
Mrs.M.Vijayakumari FAO COA/AO Member-Secretary
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APPENDIX- IX
INVITED LECTURES BY NGRI SCIENTISTS

Dr.V.Balaram

Topic :  Tackling Climate Change and Global Warming

• Department of Geology   Periyar University  Salem, Tamil Nadu (6th April, 2011)
Krishna University, Machilipatnam, AP, (21st April, 2011)
DST  INSPIRE Programme AOC College, Tuticorin, Tamil Nadu (26th July, 2011)

• Department of Geology,AOC College, Tuticorin, Tamil Nadu (27th July, 2011)

• Nova Engineering College,Vijayawada AP (28th September, 2011)

• DST  INSPIRE Science Camp Saurastra University, Rajkot, Gujarat (20th November,2011)

• DST  INSPIRE Science Camp  Loyola PG College

• DST  INSPIRE Science Camp,Dayanand Science PG College, Latur, Maharastra (1st December,
2011)

• Geological Survey of India (SR), Hyderabad (12th December, 2011) DST  INSPIRE Science Camp,
Sri Krishnadevaraya  University, Ananthapur, AP (11th January, 2012)

• Department of Geology,University of Madras, Chennai (24th February, 2012)

• DST  INSPIRE Science Camp,Dayanand Science PG College, Latur, Maharastra (10th   March,
2011)

• Geological Survey of India (SR),Hyderabad (12th December, 2011) DST  INSPIRE Science Camp,
Sri Krishnadevaraya  University, Ananthapur, AP (11th January, 2012)

• DST  INSPIRE Science Camp  Yogeshwari Mahavidyalaya, Ambajogai, Maharastra (20th March,
2012)

• DST  INSPIRE Science Camp

• SRTM Univesity, Nanded Maharastra (27th March, 2012)

Topic: Platinum Group Elements (PGE) in Road Dusts and Roadside Soils and their Impact on Environment
and Human Health

• Inter-University Accelerator Centre (IUAC), New Delhi (14th April, 2011)

Topic: Recent Trend in Geochemical Research and Quality Requirements

• National Institute of Standards and Technology (NIST), Gaithersburg, Maryland, USA (23rd May,
2011)

Topic: Preparation, Development and Certification of PGE Geochemical Reference Materials

• National Physical LaboratoryNew Delhi (21st July, 2011)

Topic: Geochemical Exploration Studies for PGE in India – Potential, Complexities and Challenges Ahead

• Department of Geology  AOC College, Tuticorin, Tamil Nadu (27th July, 2011)

Topic: Trace, REE and PGE Geochemistry of Ferromanganese Crusts on the Afanasy-Nikitin Seamount
(ANS) in Eastern Equatorial Indian Ocean

• 8th Annual Meeting of Asia Oceania Geological Society (AOGS 2011), Taipei, Taiwan (11th August,
2011)

Topic: Frontiers in Analytical Geochemistry Sample Preparation Techniques in Geochemical Analysis
Quality Assurance (QA) and Quality Control (QC) in Elemental and Isotopic Geochemical Analysis

• Training Institute Geological Survey of India (SR) Hyderabad (16th August, 2011)
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Topic: Recent Advances in the Chemical Analysis of REE  in Geological and Industrial Materials

• Rare Earth Association of India  Munnar, Kerala (20th August, 2011)

• Regional Science Centre  Tirupati (25th August, 2011)

Topic: Chemistry : Our Life & Our Future

• The Sun School, Vijayanagaram (29th August, 2011)

Topic: Current and Future Consequences of Global Climate Change

• Department of Physics,Sri Krishnadevaraya University,Ananthapur, AP (3rd September, 2011)

Topic: PGE in Road Dust / Top Soil from Major Indian Cities : Implications on Human Health and Environment

• Department of Geology ,Periyar UniversitySalem, Tamil Nadu (8th September, 2011)

Topic: Platinum-Group Elements in Understanding the Earth’s Processes

• Atomic Minerals Directorate for Exploration and Research (AMD),  Hyderabad,  (20th October, 2011)

Topic: Advances in Inorganic Mass Spectrometry and  New Approaches for Geochemical Studies

• 14th International ISMAS Symposium cum Workshop on Mass Spectrometry, Munnar, Kerala (10th

November, 2011)

Topic: Platinum Group Element Exploration Studies in India

• GITAM University,Visakhapatnam, AP (15th November, 2011)

Topic: Chemistry in Societal and Environmental Needs

• DST  INSPIRE Science Camp  Loyola PG College

• Pulivendula, Kadapa District, AP (28th November. 2011)

• Dayanand Science PG College Latur, Maharastra (1st December, 2011)

• Training Institute,Geological Survey of India (SR), Hyderabad (6th February, 2012)

• DST  INSPIRE Science Camp,Dayanand Science PG College,Latur, Maharastra (10th March, 2012)

• GITAM University, Visakhapatnam (18th March, 2012)

Topic: Development of Certified Gold and Platinum Group Element Reference Materials in India

• Automotive Research Association of India (ARAI), Pune (7th February 2012)

Topic: Platinum-Group Elements in Understanding the Earth’s Processes

• Centre of Advanced Study in Geology, Banaras Hindu University, Varanasi (22nd February, 2012)

Topic: Geochemical Exploration Studies for PGE in India – Potential, Complexities and Challenges Ahead

• Department of Geology,University of Madras, Chennai (24th February, 2012)

Topic: Spectroscopy : Past, Present and Future

• Bharateeya Vidya Kendram PG Course, Visakhapatnam (27th February, 2012)

Topic: Monitoring Environmental Pollution by Advanced Spectroscopic Techniques

• Government College for Men, Kurnool (2nd March, 2012)

Topic: Spectroscopy : Past, Present and Future ICP-MS, Recent Technological Advances, Geological and
Environmental Applications and Future Trends

• GMR Institute of Technology, Rajam, AP (3rd March, 2012)

Topic: National Geochemical Mapping Program – Role of ICP-MS Spectroscopy : Past, Present and
Future

• Geological Survey of India (NR) Lucknow (12th & 13th March, 2012)
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Dr. Ahmed, S.M

Topic: Influence of riverine fluxes on the characteristics of water masses and sediments in the bay of
Bengal Evolution of Asian River Systems:Tectonics and climate

• IGCP-581 Symposium on at Sapporo, Japan, 11-12th june 2011

Dr.R.K.Tiwari
Topic: 1) Climate Change: Past, Present and Future Perspective

   2) Earth’s Interior Processes and Impact on Outer Environment. during  DST INSPIRE
(Innovation in  Science Pursuit for Inspired Research) internship Science camp

• Smt. Kandukuri Rajyalak-,shmi College for Women,Rajahmundry, A.P. June 07-  11, 2011
Dr.E.C.Malaimani
Topic: GPS Technology and its applications with special reference to Remote Sensing and Geo-Spatial

Technology for Disaster  Management
• JNTU, Hyderabad in Feb,28’2012.

Dr. G. Parthasarathy
Topic : Nano- materials in Earth and Environmental Sciences for Societal prosperity and its

sustainability

••••• KITT, Bhubaneshwar, Jan 06, 2012
Topic: Spectroscopic studies on Martian Analogs

••••• Physical Research laboratory 16- 17 March, 2012,
Topic: Nanogeoscience in Mineral Exploration

••••• University Centre for Earth and Space Sciences , University of Hyderabad, April 2011
Topic: The Excitement and Fascination of  Science: Glimpses from  Earth and Planetary Sciences

••••• 2nd May 2011, JNTU. A college of Engineering, Pulivendula ,YSR District INSPIRE INTERNSHIP
SUMMER CAMP – 2011

Topic: The Excitement and Fascination of  Science: Glimpses from  Nanogeoscience.

••••• 21-25 June 2011, Center for Development of Physics Education, University of Rajasthan, Jaipur.
INSPIRE INTERNSHIP SCIENCE CAMP – 2011

Dr. Dayal A.M.
Topic : Shale gas a prominent unconventional source of energy

• India-US Bilateral conference on Shale Gas , 19-20th March 2012 at New Delhi
Topic: Evaluation of shale gas potential in India

• Shale gas Summit, 2012 23-24th April 2012 at  Novotel Hotel Beijing, China.
Dr. Kalachand Sain
Topic: Exploration of Gas-hydrates

• PRITHVI: Joint SEG-SPG-AAPG conference held at IIT Kharagpur during March 2-4, 2012
Topic: ‘Gas-hydrates in India - a viable major energy resource of future’ at the National Seminar on “Recent

advances and future challenges in Geochemistry and Geophysics: the Indian scenario”
• BHU, Varanasi during February 21-25, 2012

Topic : Seismic crust near the 2001 Bhuj (M=7.7) Epicentral region in western India’ at Indo-US Workshop
on “Intraplate Seismicity”

• ISR, Gandhinagar during January 15-18, 2012
Topic : ‘Potential and development of Gas-hydrates in India in a session ‘Tapping the unconventional -

technology to the fore’
• Golden Jubilee Seminar of KDMIPE, ONGC held in Dehradun during December 19-20, 2011
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Topic : ‘Delineating gas-hydrates using seismic methods’ at the National Symposium on “Recent advances
in Applied Geochemistry: current status and future trends”

• AMD, Hyderabad during October 19-21, 2011
Topic : ‘Gas-hydrates in India’ at Geological Society of India

•  (GSI), Bangalore on August 30, 2011
Dr. N. Satyavani
Topic : Exploration of gas-hydrates - Role of seismic methods’

• PDPU, Gandhinagar on 24th March, 2012.
Dr. Uma Shankar
Topic : Multi-disciplinary approach for the exploration and assessment of gas-hydrates along the Indian

margin’

• PDPU, Gandhinagar on 24th March, 2012.

Dr.Manglik A.
Topic: Mathematical modeling and numerical simulations in geophysics. Workshop on “Workshop on“

”Growth of Geomagnetism: Challenges and Opportunities in the Next Two Decades

• Indian Institute Geomagnetism, New Panvel, Mumbai

Topic: Thermo-mechanical models of the continental crust of central India: Constraints from lower crustal
intraplate seismicity

• Indo-US Workshop on “Intraplate Seismicity, Institute of Seismological Research, Gandhinagar.Jan.16-18
Topic: Core dynamics and generation of geomagnetic field.  In: National Seminar on “Recent advances and

future challenges in geochemistry and geophysics: the Indian scenario
• Dept. of Geology, Banaras Hindu University, Varanasi. Feb.22-24

Topic: Geomagnetism: A key to the dynamics of Earth’s deep interior. In: National seminar on “Geology
and geo-resources of Himalaya and cratonic regions of India

• Dept. of Geology, Kumaun University, Nainital. Mar.10-12

Dr .Sukanta Roy
Topic: Geothermal Record of Climate Change

• Tectonics, Resources and Exploration (TRaX) Geothermal Centre, University of Adelaide, 17 June, 2011

Dr. D.V. Reddy
Topic: Role of groundwater recharge in groundwater management

••••• Acharya N.G. Ranga Agricultural University,17/2/2012

Dr.Bijendra Singh
Topic: Geophysical methods and their applications with emphasis on potential field methods

• Atomic Minerals Division, Hyderabad, January, 2012

Dr.V. M. Tiwari
Topic: Mapping Subsurface Mass Anomalies and Mass Movement from new Satellite Gravity Missions

• Hyderabad Central University, September, 2011

Dr.M.R.K.Prabhakara Rao
Topic: ISO – its usefulness and implementation

• Training Institute, Geol.Survey of India,Hyd. Jan,2012

Dr.Abhey Ram Bansal
Topic: Statistical seismology of Sumatra: before and after the mega-earthquake of 26 December 2004

• The Institute of statistical mathematics (ISM), Tachikawa, Tokyo.
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Dr. P. Senthil Kumar

Topic : Impact cratering in the Solar System

• Geological Survey of India Training Institute, 12 March 2012

Topic :Geology of Mars

• Sri Krishna Devaraya University, Ananthapur,12 January 2012

Topic :Impacts on Planets

• Physical Research Laboratory, Mount Abu, 4 January 2012

Topic :Surface morphology of Asteroids

• Physical Research Laboratory, Mount Abu, 3 January 2012

Topic : Science of Moon and Mars

• Ravindra Bharathi School, Hyderabad, 23 October 2011
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APPENDIX - X
Distinguished Lectures and IN-House Talks
Distinguished Lectures

Date Name of the Visitor Title of the Talk

 8th April, 2011 Prof. Enver Ablya New Paradigm for Petroleum Exploration –

Moscow State University, Fluid-dynamic concept

Moscow

 4th May, 2011 Padma Shri Dr. Chaitanyamay Post Fukushima Nuclear Strategies

Ganguly Indian Institute of

Chemical Engineers

Hyderabad Regional Centre

 6th May, 2011 Dr. Conard Lindholm NORSAR Research : Verification

earthquakes petroleum

 6th May, 2011 Dr. Volker Oye Microseismic Research at NORSAR -

Analysis of Microearthquakes in Hydrocarbon

Reservoirs, Mines, the San Andreas Fault

Observatory at Depth, Enhanced Geothermal

Systems and a Creeping Rock Slope at a

Norwegian Ford

 27th May, 2011 Dr. J.S. Yadav Director, IICT Chemistry for Sustainable Development

 22nd June, 2011 Prof. Aksel Walloe Hansen Effect of human energy Demand on Climate :

University of Copenhagen, Discussion

Denmark

 28th July, 2011 Prof. Mrinal K. Sen Outstanding Scientist, CSIR-NGRI and

Professor, University of Texas, Austin, USA

Seismic Inversion for Reservoir Characterisation

1st Aug, 2011 Prof. Prabhat Ranjan Lunar Seismic Sensor Network

Dhirubhai Ambani institute of

Communication & Technology,

Gandhi Nagar, Gujarat

 8th Sep 2011 Dr. Prakash Chauhan Indian Moon Missions : Chandrayaan-1 & 2"

Scientist – SG, Head, Planetary

Sciences, Space Applications

Centre (ISRO), Ahmedabad

 14th Oct, 2011 Dr. Maddury Somayazulu Missing Xenon Paradox

Senior Research Scientist,

Geophysical Laboratory, Carnegie

Institution of Washington
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   Date Name of the Visitor Title of the Talk

21th Oct 2011 Dr.  Stephan ThielTRaX, Magnetotelluric studies in Australia applied
School of Earth & Environmental to tectonic and geothermal problems
Sciences,University of Adelaide,
Australia

24th Nov 2011 Prof. Takashi Furumura  of Strong ground motion and Tsunami due to
Center for Integrated Disaster the great  2011 Off Tohoku Mw9.0
Information Research/ Earthquake earthquake derived from dense seismic/
Research Institute, The University tsunami observation and computer
of Tokyo simulation

5th Dec,2011 Dr. Mahesh Thakur   Post Stabilization Temperature of the Archaean
Doctorate Fellow  Southern Cratons: Implications for thermal  regime in
Methodist University  Dallas,USA  Precambriain terrains

26th Dec, 2011 Dr. Idar Akervoll  Norwegian Seismic Monitoring and history matching of
27th Dec, 2011 Project Co-ordinator, SINTEF Co

2
 plume development over 15  years in

Petroleum Research,  Norway UTSIRA formation, Sleipner field  and  the
SNOHIT  CCS ProjectCo

2
 EOR Potential in

water flooded North sea shallow marine and
Flucial reservoir models

10th Feb, 2012 Dr. S.Brahmanandam Lonospheric irregularities as measured by
the ground based HF and VHF radars and
satellite based techniques

28th Feb, 2012 Dr. Andrey Bekker Oxygen overshoot and recovery during the
paleoproterozoic

09th Mar, 2012 Dr. Ghosh Bobba New focus on sea water-Ground water
interaction in Krishna-Godavari delta’s
coast, India

Sri. K.K.Sinha Whether the advancement of science can
influence the thinking of any Nation (Hindi Talk)

15th Mar, 2012 Prof. Goutam Sen Deccan traps of Kutch

Dr. Ranjit Kumar Shaw Integration of Rock Physics and Inversion to
Leverage Exploration and Development:
Applications and Challenges

Dr. Lopamudra Roy Integration of seismic and Gravity:
Constrained Inversion and Joint Inversion

16th Mar, 2012 Dr. Michael Brown The Crustal Archive of Metamorphic
Pressure Temperature Conditions: a
Record of secular change in the Thermal
environments of Orogenesis

Dr.Ian Fitzsimons Resolving discrete metamorphic Events in
the Madurai Block of Southern India fro a
Continuum of 800-450 Ma Monazite Ages.

29th Mar, 2012 Prof. Kusala Rajendran, IISc, Plate driving forces and their manifestations
Bangalore along  Subduction  zones
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    Date Speaker Topic

In- House Talks

3rd  Jun, 2011 Dr. N. Purnachandra Rao Preparatory studies towards
(Sct) Scientific deep drilling program in the

Koyna-Warna Region

24th Jun, 2011 Dr. R.N. Singh Flash heating on earthquake ruptures
(Sct)

14th Oct, 2011 Mr. Ammani Ambikapathy Gps Measurement of Crustal Deformation
(Project Asst.) In Andaman-NicobarRegion

8th Nov , 2011 Mr. Bhaskar Kundu Geodynamics of Indo-Burmese Arc region,
(Project Asst.) NE-India

4th Jan, 2012 Mr. R. Krishna Kumar Hazard Assessment Due to Tsunamigenic
(Project Asst.) Earthquakes in the Makran and   Andaman

Sumatra   Subduction Zone of the Indian
Ocean

14th Feb, 2012 Mr. C. P. Dubey Computation of gravity field and  gravity
(Project Asst.) gradient  tensor of arbitrary geometry and

application
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APPENDIX - XI
SUPERANNUATION/VOLUNTARY RETIREMENT

   Sl. No.                   NAME DESIGNATION    DATE OF
RETIREMENT

1. Dr. NIRMAL CHARAN, S. CHIEF SCIENTIST 30-04-2011
2. Dr. CHETTY, T.R.K. CHIEF SCIENTIST 30-04-2011
3. Mr. SHANKERAIAH, M . PTO 30-04-2011
4. Dr. SUBRAHMANYA SARMA, V. CHIEF SCIENTIST 30-04-2011
5. Dr. RAMBABU, H.V. CHIEF SCIENTIST 30-04-2011
6. Mr. SARMA, M.V.B.M. STO (3) 31-05-2011
7. Mr. RATNAM, M. SEC. GUARD (ACP) 31-05-2011
8. Mr. RAVIKUMAR, N. Sr. PRIN. SCIENTIST 31-05-2011
9. Mr. YADAIAH, M. Jr. SEC. GUARD 31-05-2011
10. Mr. NAGENDRA, N. Sr. TECHNICIAN (2) 30-06-2011
11 Mr. YUNUSULLAH KHAN Sr. TECHNICIAN (2) 30-06-201
12 Mr. NAGESWARA RAO, A. STO (1) 30-06-201
13 Mr. SRINIVASA RAO, CH. COA 30-06-2011
14 Dr. ASHALATHA, B. Sr. PRIN. SCIENTIST 31-07-2011
15 Mr. SOMAIAH, A. LAB ASSISTANT 31-07-2011
16 Mr. SUNDER RAO, J. ASST. G. (GR. I) 31-07-2011
17 Mr. VENKAT REDDY, G. ASST. G. (GR. I) 31-07-2011
18 Mr. SATYAMURTHY, C. STO (3) 31-07-2011
19 Dr.GURUNATHA RAO, V.V.S. CHIEF SCIENTIST 31-08-2011
20 Mr. PRAKASH, L. PTO 31-08-2011
21 Mr. SUBBA RAO, N.V. Sr. TECHNICIAN (2) 31-08-2011
22 Mr. MURTHY, Y.S.N. P.S. 31-08-2011
23 Mr. GOVINDARAJULU, B. STO (1) 31-08-2011
24 Mr. SHANKER, K. LAB ASSISTANT 31-08-2011
25 Mr.SREE RAMULU, V. P.S. 31-08-2011
26 Mr. HANUMANTHU, R. LAB ASSISTANT 31-08-2011
27 Dr. NARSIMHA MURTHY, D. CHIEF SCIENTIST 30-09-2011
28 Mr. RAGHURAM, S. ASST. G. (GR. I) 31-10-2011
29 Dr. MURTHY, N.N. PRIN. SCIENTIST 30-11-2011
30 Mr. PREMKISHORE, L. PTO 30-11-2011
31 Mr. SREE RAMULU, G. Sr. TECHNICIAN (1) 30-11-2011
32 Mr. MOHAN REDDY, P. PTO 31-12-2011
33 Mr. BALDEV SINGH Sr. TECH. (2) 31-01-2012
34 Mr. DAYAL, A.M. PRINCIPAL SCT. 31-01-2012
35 Mr. LAL KAUR LAB ATTENDANT (2) 31-01-2012
36 Mr. V.MADHUSUDHANA RAO S.O. (G) 31-01-2012
37 Mr. SURYAPRAKASHAM, K. PRINCIPAL SCT 29-02-2012
38 Mr. PENTAIAH, N. LAB ASSISTANT 29-02-2012
39 Mr. Md. MAQBOOL HUSSAIN Sr. TECH. (2) 31-03-2012
40 Mrs. C. SURYAKAMESHWARI LAB ASSISTANT 31-03-2012

IN MEMORIUM
Sl. No. Name Designation Demised on
1. Dr. D.V. Chandrasekhar Sr. Principal Scientist 10-03-2012


