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Thinning of Granitic-gneissic Crust below Uplifting 
Hyderabad Granitic Region of the Eastern Dharwar 
Craton (South Indian Shield) : Evidence from AMT/
CSAMT Experiment.

Hyderabad granitic region (HGR) forms one of the most 
unusual geotectonic segments of the south Indian shield. 
Analysis of multiparametric geological, geophysical and 
IGS-GPS studies have earlier suggested that this region is 
neotectonically uplifting at a rapid rate. It is proposed only a 
thin veneer of surface granitic layer now remains consequent 
to such uplift. In order to quantitatively examine the 
thickness of highly resistive granitic - gneissic crust below 
HGR, a audio-magnetotelluric (AMT) / controlled source 
AMT (CSAMT) experiment was conducted at three separate 
locations, situated about 50 km east of Hyderabad. The study 
reveals a maximum thickness of 5.5 to 6.0 km for the granitic 
– gneissic crust beneath HGR, which is underlain by thick 
low resistive exhumed intermediate (granulitic ?) crust. This 
finding is in sharp contrast to that of a thick granitic-gneissic 
crust (15-20 km) usually found in comparable late Archaean 
terrains elsewhere.

(S.B. Singh, G. Ashok Babu, B.Veeraiah and O.P. Pandey)

Crustal structure and tectonics of Achankovil Shear 
Zone, southern India.  

The horizontal-gradient, analytical signal and second 
vertical derivative analyses of the gravity data suggest that 
the density inhomogeneity across the Achankovil Shear 
Zone is relatively shallow in origin thereby refuting it as a 
terrane boundary (Fig. 2.1). A prolonged zone of positive 
gravity gradient, as much as 125 km wide towards south, 
is due to the effect of the continental margin. 2½-D gravity 
modeling (Fig. 2.2) along the profile reveals a three layer 
crustal configuration with the depth to Moho varying from 
41 km beneath the Vattalkundu to about 34 km beneath the 
Kanyakumari and then attaining to about 32 km beneath the 
continental shelf region. The 22 km thick quasi-continental 
crust in the adjoining Indian Ocean indicates a transitional 
crust in the Gulf of Mannar region. Analysis of new gravity 
data thus supports the idea that the Achankovil Shear Zone is 
an intracratonic litho-tectonic feature and the two provinces 
across it are related by a continual progression in single 
metamorphic terrain rather than an ancient geo-suture. The 
transpressional movements along the ACSZ are probably 

an expression of “escape tectonics” resulting from collision 
of large crustal blocks and affecting the “soft belly” of the 
overriding plate.

Fig. 2.2  2½ D density model across the Achankovil Shear 
Zone (ACSZ) and adjoining Indian Ocean

Fig. 2.1 Signal analyses of the Bouguer anomaly along the 
Vattalkundu - Kalugumalai - Kanyakumari profile across the 
Achankovil Shear Zone (ACSZ). (a) Horizontal gradient map, 
(b) analytical signal map (c) Second vertical derivative map. 
The first order maxima lines define the lithological and or the 
known structural elements along the profile. 



NGRI
18

Mega thrust Earthquakes and Gravity Anomalies in the 
Subduction Zones.

Mega thrust Earthquakes in the Sumatra-Andaman subduction 
zone are located over the relatively low gravity anomalies in 
the forearc region. This observation of seismozonic behavior 
in the Sumatra-Andaman subduction zone is elucidated 
as the change in the width of Seismogenic zone, which is 
mainly governed by geometry and thermal property of the 
subduction zone. Gravity data over other subduction zones 
(e.g. Aleutian, Kamchatka etc.) are analyzed to investigate 
the nature and sources of gravity anomalies and their 
association with large earthquakes. It has been noted that 
gravity anomalies, corrected for bathymetry, sediment and 
crustal thicknesses show a remarkable visual correlation with 
occurrence of large earthquakes. This study shows a potential 
of predicting seismogenic behavior of subduction zone 
based on nature of gravity anomalies, which are originated 
from the structure evolved in the subduction processes over 
geological time period. 

(B. Singh, M.R.K.P. Rao, A.P. Singh, D.V. Chandrasekhar, 
V.M. Tiwari, Niraj Kumar,  Arjun Bhaskar Rao, G. Rohini, 
A. Narasimha and M.S. Khan)

Geodynamic evolution and resource evaluation in 
dharwar craton-south India.

Broad band MT studies were carried out along two East-West 
trending profiles (Fig. 2.3) that cut across the major litho-
tectonic units in Dharwar Craton. The data acquisition at 73 
locations along these profiles was completed during the Oct-
Dec’ 2009 field season. The data in frequency range of 0.01 
to 1000 sec. would help to deduce the crustal conductivity 
structure. To image the deep lithospheric structure long 
period MT measurements were also made at 20 sounding 
points along these profiles during February-March 2010. 
The newly procured Geomag-02, Long period MT systems, 
were used to acquire the data in the frequency range of 10 
to 15000 sec.

The processing of measured time series data from 50 broad 
band MT sounding locations was completed and MT transfer 
functions obtained. An example of the processed data is 
shown in Fig. 2.4 as apparent resistivity and phase curves.

Fig. 2.3 Location map of MT stations covered in Dharwar 
Craton

(T. Harinarayana, D.N. Murthy, K. Veeraswamy, K.K. 
Abdul Azeez, Sateesh Chandrapuri, Narendra Babu, 
Arvind K. Gupta)

Fig. 2.4 MT sounding data of apparent resistivity and phase 
curves

Late Quaternary paleoclimatic & paleoceano-
graphic studies using isotopic and trace elemental 
proxies from ocean sediments, corals and 
speleothems.

High-resolution climatic record from scleractinian corals 
of Lakshadweep Archipelago.

Stable oxygen and carbon isotopic records are generated 
from a scleractinian coral of Bangaram island (Lakshadweep 
Archipelago) to infer changes in sea surface temperature 
(SST). The skeletal δ13C and δ18O values exhibit a positive 
relationship indicating their response to seasonal climate 
change. High-density (monsoon) bands in Lakshdweep 
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corals are characterized by the enriched δ18O values and low-
density (non-monsoon) bands by depleted δ18O (Fig. 2.5). 
The δ18O values during monsoon and non-monsoon periods 
appear to have been mainly controlled by fluctuations in sea 
surface temperature (SST). The oxygen isotope record shows 
considerably high δ18O values (mean δ18O = 4.4%o) relative 
to a shallow water coral δ18O (mean δ18O = 5.2%o) from 
Kavaratti island in the Lakshadweep Archipelago. This δ18O 
offset may be associated with the difference in water-depth 
of corals and/or growth-rate related ‘kinetic’ disequilibria. 
An unprecedented depletion in δ18O was observed during 
the 1998 summer due to an abnormal increase in sea 
surface temperature (SST). Seasonal δ18O amplitude varies 
significantly from 0.8 to 0.4%o. A gradual shift towards 
more negative δ18O values from 1985 to 2001 is probably 
caused by a decrease in monsoon-induced upwelling. 

Higher δ13C values mostly correlate with low δ18O of the 
monsoon bands (Fig. 2.5). It appears that the changes in 
seawater δ13C are due to monsoon-driven upwelling, which  
may have resulted in the observed relationship. The monsoon-
induced upwelling at the studied location probably caused 
increased biological production and enrichment of δ13C in 
the upper water column.  Consequently coral’s carbon ‘pool’ 
(from where the coral derives its carbon for calcification) 
would have become enriched in δ13C.  

Fig. 2.5 Carbon and oxygen isotopic composition versus 
depth from coral top.

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

Climate Change in Response to Tectonic Uplift in 
Himalaya - Tibet.

The tectonic evolution of Himalaya-Tibet has played a 
vital role in the evolution of Asian climate, especially the 
monsoons. At present a universal consensus exists that the 
tectonic uplift of Himalaya - Tibet brought about the Indian 
(South Asian) monsoon. Studies of global circulation models 
with and without the plateau have shown that if there were 
no Tibetan plateau, there would be no Indian monsoon. 

The uplift and erosion that followed the collision between 
India and Asia resulted in vast amount of sediments, that 
have been carried to the Indus and Bengal Fans by major 
rivers, Ganges, Brahmaputra and Irrawaddy. These sediments 
carry a record of the history of tectonic uplift and consequent 
climatic changes that took place during the evolution of 
Himalaya - Tibet - Burman regions. Strontium (Sr) and 
Neodymium (Nd) isotopic compositions in the Miocene 
(24-8 Ma) sediments at  Ocean Drilling Programme (ODP) 
Site 758 in the Northeast Indian Ocean show variations 
suggestive of uplift/ unroofing in the source regions.

Stable oxygen isotopic composition (δ18O) of surface 
seawater (as obtained from planktonic foraminifera, 
Orbulina universa and G. menardii in the above core) during 
the Miocene indicates variations suggestive of changes in 
temperature and / or salinity in surface water. We interpret 
these fluctuations to be mainly because of a change in 
salinity due to the addition of fresh water flux of monsoon 
rains during the late Miocene. Interestingly the δ13C obtained 
shows a good correlation with δ18O for the late Miocene 
suggesting a close link between monsoon and oceanic carbon 
budget at this location (Fig. 2.6).

Depleted values of δ18O, obtained at ~15 Ma from two 
different species of planktonic foraminifera from the above 
core suggest either an increase in the temperature or decrease 
in salinity or both in the surface seawater in this region at 
this time. We suggest this to be the time of onset/initiation 
of Indian monsoon when large quantities of freshwater had 
been added changing the salinity. In other words, by ~15 Ma, 
Himalay - Tibet had acquired an optimum orogenic height 
that was capable of stopping the moist air from the Indian 
Ocean and bring about Indian (SouthAsian) monsoon. 
Different studies suggest that the Tibetan plateau had gained 
considerable height (~ 4.5 km), by ~15 Ma. However, regular 
and intensified monsoons started only from ~12 Ma. 
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Fig. 2.6  Carbon and oxygen isotopic records in the planktonic 
foraminifera from ODP Site 758

(V.M. Padmakumari, S.M. Ahmad, Wazeem Raza and  
G. Suseela)

Provenance and Transport Pathways of sediments at 
Ocean Drilling Program (ODP) Site 758 in the Northeast 
Indian Ocean.

Miocene (24-8 Ma) sediments from ODP Site 758 in the 
Northeast Indian Ocean have been studied to decipher their 
source and understand the transport pathways to this site. 
Strontium (Sr) and Neodymium (Nd) isotopic data indicate 
these sediments to be mainly Tethyan Sedimentary Series. 
Strontium isotope through time shows variations indicative 
of uplift / unroofing in the source area. Similarly, εNd values 
show increases indicating volcanic addition. Appearance 
of uplifted material (probably granite/gneiss) is noticed 
at ~20 Ma as shown by high Rubidium concentrations. 
Then after a gap of 2-3 Ma, the Rb concentration remains 
constant throughout the studied interval, indicating slow and 
continuous uplift and an episodic increase at ~8 Ma.

ODP Site 758 is situated roughly at 5°N 90°E on the Ninety 
East Ridge, which is about 1000 m high from the sea bottom. 

Comparison of data from the deep fan to the west of this 
site, shows very different values indicating their source to 
be different. We suggest that the sediments studied here are 
mainly from the Indus-Tsangpo Suture Zone (which extends 
into Burma) and Eastern Himalaya that were carried down 
by Irrawaddy river or a Paleo - Brahmaputra that drained 
the Eastern Himalayas and debouched the Indian Ocean at 
its Northeast. River capturing could have taken place due to 
tectonic movements in the Neogene.

(V. M. Padmakumari and  S. Masood Ahmad)

Structural and Remote sensing studies of high-
grade terrains, Southern India.

Structural architecture of a Manamedu ophiolite from 
the Cauvery Suture Zone, southern India.

Recent geological investigations and petrological and 
geochemical studies of the Manamedu ophiolite complex 
(MOC), located at south eastern part of the Cauvery Shear 
Zone (CSZ) (Fig. 2.7), suggest a supra-subduction setting 
associated with the subduction of the Neoproterozoic 
Mozambique Ocean. 

Fig. 2.7 Geological sketch map around Manamedu and 
adjoining regions showing distribution of ophiolite bodies 
within PCSZ
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The magmatic foliation trajectory map of MOC reveals 
inward dipping foliations both in the east and west and expose 
some isoclinal fold structures in the north and south. Several 
north-south oriented lozenge shaped structural features 
wrapped by inward dipping foliations suggest synformal 
geometry. A major detachment zone occurs at the western 
margin with the development of high amplitude tight folds 
and the intrusive plagiogranites. Based on the geometry 
of fold styles, foliation trajectories and several large scale 
sketches, it is inferred that the rocks are folded into tight and 
refolded -isoclinal folds with large variations in N-S trending 
hinge lines suggesting sheath fold geometries.

Structural cross-sections of the MOC reveals gentle inward 
dips with repetition and omission of different lithologies 
often marked by curvilinear hinge lines. The succession 
displays imbricate thrust sheets and slices of dismembered 
ophiolite suites all over the CSZ. The MOC can be interpreted 
as a deformed large duplex structure associated with south- 
verging back thrust system, consistent with crustal- scale 
‘flower structure’. The presence of Ultra High Temperature 
mineral assemblages and High Pressure granulites in the close 
vicinity of these ophiolitic rocks and their wide distribution 
suggest that the rocks of the CSZ must have been subjected to 
subduction-accretion-collision tectonics associated with the 
final stage of amalgamation of the Gondwana supercontinent 
in the end Precambrian.

(T.R.K. Chetty,  T. Yellappa, P. Nagesh, D.P. Mohanty,  
V. Venkatasivappa)

Geochemical constraints of Manamedu ophiolite within 
the Gondwana suture in southern India.

Ophiolites provide important clues on the role of subduction 
and have been widely investigated to reconstruct the history 
of development and closure of ocean basins in the geological 
past. The Manamedu Complex within the Palghat-Cauvery 
Suture Zone in southern India comprises metamorphosed 
equivalents of the following lithological units: (1) an 
ultramafic group comprising dominantly of pyroxenite and 
highly altered dunite, locally preserving cumulate textures; 
(2) a gabbroic suite consisting of gabbro, gabbro norite, and 
anorthosite; (3) sheeted mafic dykes of amphibolite to meta-
andesite categories, (4) plagiogranite veins and pools; and 
(5) a thin layer of ferruginous cherts. Cr vs. Y, V vs. Cr, 
Ti vs. Zr, TiO2–MnO–P2O5 and Fe2O3–Na2O+K2O–MgO 

plots of the gabbros and mafic dyke assemblages show that 
these are related to island arc tholeiite (IAT) group with 
tholeiitic to calcalkaline signatures. Chondrite normalized 
REE patterns of mafic dykes do not show any pronounced 
fractionation and display slight positive Eu anomalies. The 
normalized MORB plots of the mafic dykes show depletion 
of HFSE (negative Nb, Ti, Ta, Hf anomalies) and enrichment 
of LFSE (positive K, Ba, Rb, Th). The petrological and 
geochemical characteristics of the major lithological units 
in Manamedu Complex suggest that these rocks represent 
the remnants of an oceanic crust, developed from mantle-
derived arc magmas probably within a suprasubduction 
zone tectonic setting. From the geological set up and our 
field observations, we infer that these rocks were obducted 
on to the continental margin with the closure of an ocean 
basin during the Neoproterozoic. The Manamedu Complex 
may represent the remnants of the Mozambique Ocean crust 
developed during Rodinia breakup and which was destroyed 
during the amalgamation of the Gondwana.

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

Electrical and Electromagnetic (EM) Field and 
Physical modeling for Shallow Sub Surface (SSS) 
studies.

Physical Model Studies over conducting and resistive 
targets of different dimensions using Multi-electrode 
system.

A 96 electrode set-up with 1cm inter-electrode separation 
was  fabricated to carry out physical modeling experiments 
using SYSCAL Pro-96 multi electrode resistivity measuring 
system with an objective to obtain ‘apriori’ information of 
resistive and conductive subsurface targets. This system 
is being used for carrying out field studies and it was now 
made compatible for laboratory model studies also. A model 
tank of dimensions 2.5 x 1.25 x 1.25m has been set up for 
this purpose which has got many variants in keeping the 
targets at different depths and inclinations etc. A number of 
electrodes are fitted in the model tank as shown in the Fig. 2.8. 
Wenner-schlumberger configuration and other conventional 
configurations are used varying the array size and orientation 
as per the requirement. 2D - cross section of the model tank 
with the setup of graphite sheet and rock samples are shown 
in the Fig. 2.8. The graphite sheet was placed horizontally 
beneath the water at a depth of 7 cm from the water surface. 
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Three rock samples of different dimensions were placed on 
graphite sheet at different positions as shown in the Fig. 
2.9.

Fig. 2.8 Model Tank with Multi-electrode set-up

Fig. 2.9  Dipole-Dipole depth section image over graphite 
sheet small circles indicates the rock sample signatures 
which were placed on the graphite sheet

The resistivity image confirms the true positions of the target 
with precision and reasonable resolution.

2D & 3D High Resolution Electrical Resistivity 
Tomography (HERT) Studies in identified zones of  
Cauvery Delta, Tamilnadu.

Using SYSCAL Pro-96 equipment with Multi-electrode 
system, subsurface stratal architecture has been studied over 
identified zones viz Nannilam, Kottucherry, Uttarangudi, 
Mayavaram,Valengimann etc of Cauvery  corridor.  A  set  
of  96 electrodes with 5m inter-electrode separation using 
different electrode arrays like Wenner-Schlumberger, Dipole-
Dipole etc. In Spontaneous Polarisation (SP) and Magnetic 
methods have also been applied for getting supplementary 
information to support the data. Locations were recommended 
for drilling based on Electrical Resistivity Images and core 
samples were drawn. Figs. 2.10 & 2.11 illustrate the 2D 
and 3D Electrical Resistivity Images respectively from 
Uttarangudi area with different electrode configurations. The 

decrease in the resistivity with depth reveals that the layers 
are saturated with water. The slicer images with Dipole-
Dipole array over the 3D structure  have given an in-depth 
understanding of the sub-surface to micro-depth level. All 
the 2D and 3D images    with  the lithologs a satisfactory 
corroboration borehole are presented in the Fig. 2.12.

Fig. 2.10 2D- Resistivity depth- section with Dipole-dipole & 
Wenner arrays of  Uttarangudi area

Fig. 2.11 Dipole-Dipole 3D images from Uttarangudi area 

Fig. 2.12 Litho-log obtained from the borehole at Uttarangudi

LITHOSPHERIC STUDIES

  

 



Annual Report 2009 - 2010 
23

Fig. 2.13 Roll along HERT image over Coal bearing area 
Umred

(V.S. Sarma, Pradeep Naick, R. Rajesh, G. Padalu, T. Navin 
Kumar, T. Sateesh, Ch. R.K. Sarma, A. Aswin Kumar, 
Ramachandra Prasad )

LITHOSPHERIC STUDIES

Seismological and mineral physics constraints on 
the evolution of upper 660 km mantle depth of the 
Gondwana land with special reference to India and 
Antarctica.

Images of fossil collision structures beneath the Eastern 
Ghats Belt from P and S receiver functions.

The Proterozoic Eastern Ghats Belt (EGB) of India is often 
believed to be the ancient analogue of the present day 
Himalayas. However, geological and geophysical signatures 
that can be traced and linked to the EGB orogen due to a 

Precambrian collisional episode are sparse and evidence of 
such a geotectonic process in the deep lithosphere remains 
elusive. Utilizing the P and S receiver function imaging 
technique, we present depth signatures of this convergence 
event and its lateral extent to demonstrate that this region 
is indeed an ancient analogue of the Himalayas. Our study 
reveals presence of westerly dipping structures at depths 150-
220 km covering an area larger than 2 x 105 km2  transcending 
the surficial EGB-EDC divide (Fig. 2.14). 

Fig. 2.14 (A) Geological map of the study region (after Vijaya 
Kumar and Leelanandam, JGSI, 2008)

Fig. 2.14 (B) S-receiver function image of the study region

Fig. 2.14 (C) P-receiver function mgrated image along a SW-
NE profile in the study area

Orange box marked PQR represents the region where most 
of our pierce points lie. The black rectangle below it depicts 
Prakasam Alkaline Province (ibid). Delineated suture based 
on gravity data (Kaila and Bhatia, Tectonophysics, 1981) is 
shown by red dots. (B) Three dimensional perspective view 
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of westerly dipping surface preserved at depth (160-200 km) 
constructed on the basis of Sp receiver function delay times. 
The study region is divided into grids of 1°×1° dimension. 
Grids sampled by more than 10 Sp data are considered. 
Data falling in each of such grids along NE-SW profile are 
stacked to obtain individual sum traces. The corresponding 
delay times related to the Dc20s phase from each grid are 
converted to depths to evolve a westerly dipping surface. 
Though presence of suture in our study region seems a 
distinct possibility, vertical projection (red dots) of its surface 
demarcation on the dipping surface remains conjectural. 
(C) Ps migrated image along NE-SW (14°N–76°E; 19°N–
83°E) direction showing clear presence of westerly dipping 
interfaces in the depth range of ~160-200 km transcending 
the surficial EGB-craton divide into the craton. This image 
also shows a relatively flat 410-km across the study region 
accompanied by a diffused 660-km boundary.

This westerly dipping feature is interpreted as a relict 
collision signature of a convergence event ~1.6 Ga ago 
drawing constraints from available geochronological, 
geological and petro-tectonic evidences in the study region. 
Major implication of such preserved reminiscent structures 
since the Mesoproterozoic is the remarkable resilience of 
the Indian land mass surviving the ravages of subsequent 
violent geologic/geodynamic attrition processes such as the 
Gondwanaland breakup (ca. 140 Ma) and the rapid movement 
of the Indian tectonic plate during the Cretaceous (ca. 90-65 
Ma). This became possible due to presence of a mechanically 
strong, buoyant, and thick (>200 km) lithospheric keel 
beneath the study region of the Indian shield. Therefore 
simplistic models such as thin Indian lithosphere advanced to 
explain the rapid drift of the Indian plate become untenable. 
Finally, our results add to the growing body of evidence that 
supports the operation of present day plate tectonic processes 
during Precambrian times.

(D.S. Ramesh & S. Das Sharma)

Mantle plumes, their depth of origin within the 
mantle and excess temperatures 

The breakup of Gondwanaland is believed to be due to a super 
plume event ca.140 Ma ago. While appreciating the mega 
effect of the mantle plume in separating various continental 
fragments of the Gondwanaland, we realize that some of the 
contentious issues such as the detectibility, strength and depth 

of origin of mantle plumes need detailed examination and 
perception. We develop an innovative approach and attempt 
to resolve these issues of importance through integration of 
our geophysical results with mineral-melt equilibria results 
and those from mineral physics. Teleseismic earthquake 
records from the distance range 30–90° with high signal-to-
noise ratio (SNR > 3.0) are used in this study. Using P-to-S 
converted seismic waves from the 410-km and 660-km 
depth discontinuities, we investigate disposition of these 
boundaries beneath 15 prominent oceanic hotspot regions 
distributed on the globe (Fig. 2.15A). The thickness of the 
mantle transition zone (MTZ), measured from P660s-P410s 
differential times (tMTZ), is determined. We also include tMTZ 
data for Hoggar, Tahiti and Yellowstone hotspots that are 
available in the literature. Our analyses reveal that the MTZ 
thickness beneath hotspots studied by us varies between 
210 km and 250 km. The shrinkage of the MTZ beneath 
hotspots yields the following order: Hawaii > Galapagos> 
Kerguelen > Pitcairn > Tahiti > Ascension > Samoa > Iceland 
>Yellowstone > Kenya Rift > Canary (Fig. 2.15B). St. Helena, 
Hoggar, Easter, Cook Island and Eifel are characterized 
by marginally low MTZ thickness compared to the global 
average of ~ 250 km, possibly because of a lower heat budget 
associated with these hotspots or because of their relatively 
small size or both. It is also possible that the observed MTZ 
response for these five hotspots relates to the waning stage of 
hotspot activity, well past their energetic phase. Two plume-
ridge interaction affected hotspots such as Afar and Azores 
yield near-normal MTZ thickness of ~250 km (Fig. 2.15B). 
We find that the MTZ thickness is linearly correlated with 
log B, where B denotes the strength of the plume measured 
as buoyancy flux (Fig. 2.15C). Our analyses show that the 
Pacific hotspots are associated with strong plumes (generally 
B > 2). This anomalous MTZ thinning and its correlation 
with high-strength plumes suggests that the Pacific hotspots 
are indeed of deeper origin affecting the earth’s mantle 
transition zone. Two continental hotspots,Yellowstone and 
Kenya Rift, also have a thin transition zone and a high flux, 
indicating deep-seated plumes beneath these continental 
areas. In conclusion, our study suggests that ocean island 
hotspots are indeed geophysically detectable and many are 
associated with excess temperatures in the range of 100-300 
°C. Most of the Pacific Ocean hotspots seem to have their 
origin in the transition zone or deeper.
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Fig. 2.15 (A) Seismic station and hotspot location map. (B) 
Thickness of mantle transition zone (in km) beneath 18 ocean 
islands distributed globally. Considerable thinning of MTZ can 
be observed underneath a number of ocean islands. (C) The 
buoyancy flux B (plotted on log scale) and tMTZ for hotspots 
show a linear relationship. Stations with thin (hot) transition 
zones are associated with large flux (B ≥ 1), indicating more 
thinning as a result of greater plume strength.

(S. Das Sharma & D.S. Ramesh)

Geothermics of Climate Change

Temperature-depth profiles measured in boreholes contain 
records of changes in surface ground temperature over the 
past few centuries. Further, if the inter-relationships between 
subsurface temperatures, surface ground temperatures and 
the surface air temperatures can be precisely determined, 
borehole temperature-depth profiles could provide valuable 
information on climate change and effects of urbanization. 
In order to quantify the nature of relationships between the 
three quantities on annual to decadal timescales, we have 
recently set up a Geothermal Climate Change Observatory 
at the Choutuppal campus of National Geophysical Research 
Institute (17.29oN, 78.92oE). The site is located about 60 
km to the east of Hyderabad in south India, in a designated 
reserved forest land and far from potential urban heat islands 
(Fig.2.16). The main components of the Observatory are listed 
in Table 2.1 and shown in Fig. 2.17 Ground temperatures are 
being recorded at regular time intervals inside two boreholes 
drilled to depths of 210 m and 21 m respectively, drilled 
specifically for this purpose. Meteorological parameters 
including surface air temper ature, relative humidity, rainfall 
and solar radiation are being recorded continuously at a 
solar-powered automatic weather station (AWS) installed 
next to the boreholes. A 1.2 m long ground temperature 
probe continuously senses the temperatures at six different 
depths – 2.5 cm, 10 cm, 20 cm, 50 cm, 100 cm and 120 cm, 
and records the data on the same AWS data logger. Valuable 
datasets for understanding the geothermal record of climate 
change could be obtained through continuous observations 
at the site, at least for the next few decades.

Table 2.1. Specifications of surface and subsurface instrumentation at the Observatory

Sensor Range Resolution Accuracy
Air temperature -40 to 124 oC 0.01 oC ±0.5 oC          

(range 5-40 oC)
Relative humidity 0 to 100% 0.5% ±2%
Granite / Regolith temperature 
(2.5 cm, 10 cm, 20 cm, 50 cm, 
100 cm, 120 cm)

-10 to 60 oC 0.03 oC ±0.1 oC          
(range 5-45 oC)

Solar radiation 0 to 2000 Wm-2 0.2 mV/Wm-2 
(Sensitivity)

±5%

Precipitation 0-100 mm/hr 0.20 mm 5% @ 25 mm/hr
Wind speed 0 to 67 ms-1 0.1 ms-1 Better than 0.5 ms-1

Wind direction 0 to 360o 1o ±3o
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Fig. 2.16.  Outline of India showing the six major climatic provinces – Interior Peninsula (IP), West Coast (WC), East Coast (EC), 
North Central (NC), North West (NW) and North East (NE). Choutuppal Observatory is located near Hyderabad (indicated by a 
star). The area housing the Observatory is expanded in the Google Earth (2009) picture showing the sparse cultural activity in 
the vicinity of the Observatory premises.

Fig. 2.17 Photograph of the site showing the different 
components of the Geothermal Climate Change Observatory: 
i) Automatic weather station (AWS) tripod with various 
sensors and solar panel, ii) two boreholes CH-10 and CH-11 
and iii) Treg: 1.2 m long, 6 - sensor, ground temperature probe 
inserted into the granitic regolith. The datalogger of the AWS 
records the meteorological parameters as well as ground 
temperatures to 1.2 m.

(Vyasulu V. Akkiraju, G. Ravi and Sukanta Roy)

Fracture induced hydrothermal convection in 135 Ma 
old Japan Trench.

In the Japan Trench, old oceanic lithosphere of the Pacific 
plate subducts beneath the continental Eurasian plate and 
the northeastern Japan Arc. Oceanic part of Japan Trench is 
~135 Ma old. Heat flow surveys have been carried out in 
the oceanic part of the Japan Trench by Japanese heat flow 
group from last few years along three approximately parallel 
profiles of 100-120 km long separated by about 100 km 
(Fig 2.18a). The data shows a significant variation of heat 
flow ranging from 40 to 120 mW m-2 along all the profiles 
(Yamano et al., Int. J. Earth Sci., 97, 345-352, 2008; Yamano 
et al., JpGU, Tokyo, Japan, 2009; Yamano et al., Petit-spot 
workshop, Japan, 2009; Yamano et al., JpGU, Tokyo, Japan, 
2010). Observed heat flow is larger than the values estimated 
from thermal models of the lithosphere, i.e., ~45 mWm-2 (Fig 
2.18b).

Plausible explanation for the observed heat flow anomaly 
could be due to one or more factors among the following 
considering three layer oceanic crust, i.e., sedimentary layer, 
permeable basaltic layer and impermeable basaltic layer. 
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The plausible causes are (i) basement topography, (ii) young 
intrusions observed in the ocean floor known as ‘petit spot’ 
volcanism (Hirano et al., Science, 313, 1426–1428, 2006), 
(iii) hydrothermal circulation in the upper basaltic layer and 
(iv) hydrothermal circulation in the upper basaltic layer in 
the presence of only fractures as well as faulted fracture. 

Numerical simulation has been carried out by COMSOL 
Multiphysics to estimate heat flow anomaly generated 
by plausible evidence (s) discussed above. Modeling has 
been done with available geophysical, geological and 
geohydrological knowledge and considering fluid flow 
and heat transportation in a three-layer oceanic crust. The 
middle layer acts as an aquifer with sufficient fluid to make 
hydrothermal convection. Modeling results shows that 
basement topography, young intrusion and hydrothermal 
convection can produce anomaly in the order of few mWm-2 
whereas hydrothermal convection in the upper basaltic layer 
in the presence of fault/fracture zone exist from ocean floor 
to basaltic layer can produce large amount of heat flow 
anomaly (Fig 2.19). Thus the later could be the plausible 
cause for observed anomalous heat flow in the Japan Trench 
area. Study also shows that temperature distribution in the 
crust in this area is lower than that of normal old oceanic 
crust which has its implication in seismozenesis. 

Fig. 2.18 (a) Heat flow profiles along three lines, A, B and C 
in oceanic part of Japan Trench. (b) Heat flow values along 
three profiles. Typical heat flow range for old ocean basins is 
shown by grey shade (Yamano et al., 2008, Yamano et al., 
2009).
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Fig. 2.19 Histogram shows order of heat flow anomaly due to 
different plausible factors obtained from numerical simulation. 
A: Basement topography, B: Young intrusion, C: Hydrothermal 
convection in upper basaltic layer, D: Hydrothermal convection 
in the upper basaltic layer induced by fault/fracture situated 
below sedimentary layer, E: Hydrothermal convection in the 
upper basaltic layer induced by fault/fracture opened upto 
ocean floor. 

(Labani Ray, Y. Kawada, H. Hamamoto, M. Yamano)
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Fig. 2.20 Snapshots of azimuthally averaged temperature 
(a), composition (b), and azimuthal velocity (c) at t=2.79. 
Left and right panels correspond to co-density and double 
diffusive models, respectively. The regions of the stable 
layer having temperatures higher than the mean inner core 
boundary temperature are shaded in grey colour to highlight 
the structures within the unstable region. The ranges of 
temperature and composition are sub-divided into 15 uniform 
contours. Contour step for velocity is 61.4 in non-dimensional 
units. 

(A. Manglik, J. Wicht*, and U.R. Christensen*)
* Max-Planck Institute for Srev System Research, GERMANY

MT Survey for Electrical Resistivity Structure of the 
Sikkim Himalaya.

Himalayan tectonics poses many challenging problems for 
the geoscientists world-wide to understand the complexities 
of tectonic forces and associated natural disasters. Wide-
band MT survey along an approximately N-S profile, cutting 

Fig 2.21 Location of MT stations in north Sikkim (red symbols) 
covered during Apr. - May, 2009 and in south Sikkim and 
northern part of West Bengal (pink symbols) covered during 
Jan.-Feb., 2010. Base map is a google earth map that shows 
the topography of the area http://earth.googl.com

across MCT, Sikkim Dome, and MBT was taken up to map 
the electrical resistivity structure of the crust and lithosphere 
of the Sikkim Himalaya to understand the tectonics of the 
region. As a part of this MT field survey data acquisition 
was completed at 7 sites (Fig. 2.21, red symbols) along the 
northern segment of the profile. The northern most two sites 
were situated at an altitude of more than 14,000 ft. Wide-
band data with induction coils were recorded for one week at 
every site. Further, MT data acquisition along the southern 
segment of the profile (Fig 2.21, pink symbols) was carried 
out. The southern segment was covered with wide-band 
induction coil and long-period fluxgate data.

(A. Manglik, S. Thiagarajan, Tanvi Arora, G. Pavan 
Kumar, P. Bindu)
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Numerical Simulations of convection in the Earth’s 
Deep Interior and Lithospheric Mapping of the 
Sikkim Himalaya.  

Changes in the flow field in the presence of double 
diffusive convection.

Analysis of convection and magnetic field generation in a 
rotating spherical shell in the presence of double diffusive 
convection (DDC) was carried out and two separate transport 
equations to model the evolution of temperature and light 
constituents in the outer core were solved. The results, 
computed for an Ekman number of 3.0 x 10-4 and 2 wght % 
sulphur concentration, show a significant difference in the 
patterns of the flow field and distribution of light constituents 
between the DDC and co-density (CD) models. Fig. 2.20 
shows snapshots of azimuthally averaged temperature, 
composition, and azimuthal flow for both cases. The patterns 
of thermal and compositional perturbations for CD model 
are similar (Fig. 2.20 a, b; left panels) and confined mainly 
to the unstable part of the shell. Their variations along 
the latitudinal direction produce an azimuthal flow (Fig. 
2.20c; left panel) that is confined mainly to the unstable 
region of the outer core but penetrates into the stable layer 
at high latitudes. In the case of DDC, strong differences in 
the azimuthally averaged composition exist near the outer 
boundary between low latitudes and high latitudes, which 
leads to a strong thermal wind in the stable layer (Fig. 2.20 
b, c; right panels).
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Thermal State of the Indian Crust by Minimizing Rate of 
Entropy Production.

Many nonlinear systems evolve by minimizing their rates 
of entropy production. Thermal state of the Indian crust 
depends on a variety of processes which involve distribution 
of radiogenic heat sources, heat addition from the interior 
and removal from the surface, and nature of nonlinear and 
stochastic transport processes within the crust. These are 
highly variable processes and it is very difficult to quantify 
all of these based on inferences from geological, geochemical 
and geophysical data. Crustal domains with different thermal 
properties interact nonlinearly to establish an equilibrium 
thermal state. In such cases, it might be useful to invoke the 
rate of entropy production principle to constrain the thermal 
state. This principle has been used earlier for this purpose. 
Recently, extensive surface heat flow and heat generation 
data have been obtained for the Indian region, which have 
been used to infer the thermal state of the Indian crust by 

Geophysical Investigations for potential HVDC Earth 
Electrode Sites in Haryana and Gujarat.

Deep and shallow resistivity investigations were carried out 
at Nandha near Satnali Village in Haryana and at Mandvi 
in Gujarat for the installation of earth electrode stations by 
Siemens Limited to transmit High Voltage Direct Current 
from Gujarat to Haryana. The work was sponsored by 
Siemens Limited. The design parameters of an earth electrode 
station require low near-surface electrical resistivity of the 
ground as well as low resistivity up to the depth of several 
kilometers so that the ground currents penetrate deep into the 
earth. The resistivity investigations at Mandvi revealed the 
presence of an electrically conductive structure up to more 
that 2.5 km depth. Therefore, this site in Gujarat was found 
to be suitable. However, the presence of high resistivity 
Aravalli rocks at shallow depths was inferred from the MT 
data for the site in Haryana. Therefore, MT investigations 
were carried out at another site near Bhiwani, which was also 
found to be unsuitable. Subsequently, available geological 
and geophysical data of Haryana were analyzed to identify 
a few potential sites in north Haryana for further detailed 
geophysical investigations. 

(A. Manglik, D. Muralidharan, U. Satyanarayana, 
Tanvi Arora, G. Pavan Kumar, G. Swetha, P. Bindu,  
N. Ramakrishna, Mahavir Mann, Praveen Kumar,  
K.V. Rajakishore)

The Deep Structures and Evolution of The  Indian 
Subcontinent With Special Reference To Cratons 
(SECRAT).

Anisotropy of the Indian continental lithospheric 
mantle.

The lithospheric structure and potential mechanical coupling 
between the crust and upper mantle along the Himalayan 
arc and underneath peninsular India are investigated using 
seismic anisotropy. Shear wave splitting measurements are 
performed on core-refracted phases. For each event recorded 
at a given seismological station we measured the orientation 
of the polarization plane of the fast S wave (phi), assumed 
to be a proxy for the orientation of the a axis of olivine, and 
the delay (dt) between the arrival time of the fast and slow S 
waves. We present a very comprehensive data set recorded 
at seismological stations deployed from the Himalayas to 
the southern tip of the Indian peninsula. The unprecedented 
data set (Fig. 2.22) sheds light on the mechanisms involved 
in the India–Eurasia continental collision in a region along 
the Himalayan arc, south of the Indus-Tsangpo suture 
zone. At the scale of the Indian plate, the majority of the 
stations show a NNE–SSW orientation of phi over hundreds 
of kilometers, from Sri Lanka to the northern part of the 
Dharwar craton. This direction closely parallels the trend 
of the Indian plate motion, with respect to a fixed Eurasian 
plate, as defined through the NUVEL1A plate model. Along 
the Himalayan arc the orientation of phi rotates to become 
EW, perpendicular to the plate motion as defined through 
NUVEL1A. Unlike previous studies, strong evidence for 
seismic anisotropy south of the Indus Tsangpo suture zone 
is found. A large number of null results have been computed, 
with consistent orientation of the two fast polarization 
directions (phi) across the subcontinent. From these results, 
we infer the dominance, beneath the Indian lithosphere, of 
the asthenospheric flow in aligning minerals in the sheared 
lithosphere–asthenosphere boundary layer, masking any 
compression induced anisotropy expected to be normal to 
this direction. Closer to the collision front in northern India, 
the anisotropy may in part, be due to the foliation planes 
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minimizing the rate of entropy production. The effects of 
fluid transport and tectonic deformation have also been 
included in the analysis.

(R.N. Singh, A. Manglik)
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Deep crustal structure of the Indian shield 

The S- wave velocity structure of the crust and uppermost 
mantle of the Indian shield has been investigated by jointly 
inverting P wave receiver functions and Rayleigh wave 
group velocities at broadband stations in the subcontinent 
(Fig. 2.23, red triangles south of the Himalayan collision 
zone). The Indian shield is an amalgamation of several 
terranes of Archean and Proterozoic age that were partly 
flooded by Deccan Trap volcanism during Cenozoic times 
and that make up a natural laboratory for assessing models of 
Precambrian crustal evolution. The results (Fig. 2.24) reveal 

Fig. 2.23 Topographic map of the Indian subcontinent 
showing location of the seismological stations in India as 
discussed in the text.

significant variations in crustal thickness and deep crustal 
velocities: 45–50 km thick under the Archean Western 
Dharwar craton and Southern Granulite Terrane, with 
lower crustal velocities around 4.1 km/s; 32–35 km thick 
beneath the Archean Eastern Dharwar and Bundelkhand 
cratons, with lower crustal velocities around 3.8–3.9 km/s; 
50–65 km thick under the Proterozoic Bhandara craton, with 
lower crustal velocities around 4.2–4.3 km/s; and ~55 km 
thick under the Proterozoic Aravalli-Delhi belt, with lower 
crustal velocities around 4.2 km/s. S velocities in the 4.1–
4.3 km/s range in the deep crust can be attributed to mafic 
lithologies, suggesting there has been no secular change 
in the Precambrian evolution of the south Indian shield. 
Moreover, pervasive mafic dike swarming throughout the 
Indian shield suggests that the layer of mafic cumulates is 
2.5–1.6 Ga old and that it delaminated from some Archean 
terranes. The interpretation is that mafic underplating of the 
terranes making up the Indian shield occurred in Proterozoic 
times and that a refractory root developed under the Archean 
terranes after the Proterozoic event.

LITHOSPHERIC STUDIES

of the Himalayan fold and thrust belt aligning the a axis 
of olivine perpendicular to the compression axis, but more 
likely to the turning of the relative asthenospheric flow along 
the strike caused by the down thrusting Indian lithosphere 
acting as a barrier. The continent-wide consistency of results 
strengthens the understanding that the Indian lithosphere 
has distinct anisotropic signatures, contrary to the hitherto 
assumed isotropy and allows one to interpret the results in a 
coherent framework of Indo-Eurasian convergence.

Fig. 2.22 Map showing the individual results obtained at the 
seismological stations south of the Himalayan collision zone 
and Himalaya Regions. The orientations of the blue lines 
represent the fast polarization directions. The length of each 
line is proportional to the delay time dt between the fast and 
slow S waves.
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Fig. 2.24 Shear velocity cross sections across profiles A-A’, 
B-B’ and C-C’ (shown in Fig. 2.23) in the south Indian shield 
and Narmada-Son Lineament

Broadband Experiment in Dharwar craton 

A state of art experiment (Fig. 2.25) consisting of about 
35 broadband seismological stations, covering Eastern 
and Western Dharwar cratons was initiated to map the 3-D 
velocity structure using Tomography methods of Noise 
and travel times, waveform modelling and surface wave 
dispersion studies etc.  

Fig. 2.25 Digital Broadband seismograph network of Dharwar, 
Craton

(K. Surya Prakasam, K. Sivaram, Sandeep Gupta, 
Sudesh Kumar, P.V.S.S. Rajagopala Sarma, G.S. Meena,  
P. Mahesh, V. Pavan Kumar, K. Borah, Nagaraju and  
S.S. Rai (IISER KOLKATA))

A Paleoproterozoic giant radiating dyke swarm in 
the Dharwar Craton, southern India.

Paleomagnetic and geochemical data on mafic dykes 
occurring over an area of 140,000 km2 define a Paleopro-
terozoic giant dyke swarm in the Dharwar craton, south 
India, referred to here as the Dharwar giant dyke swarm 
(DGDS). A systematic southward progression in the trend 
of dykes, from N48oE to N128oE, defines a fan angle of 
about 80o with convergence to a focal point about 300 km 
west of the present-day Dharwar craton boundary, resulting 
in a spectacular radiating dyke swarm extending across the 
entire eastern Dharwar craton (Fig. 2.26). The large areal 
extent, radiating dyke pattern imply a mantle plume origin 
for the DGDS. Despite their large aerial distribution, all 
dykes in this swarm are geochemically coherent and have 
similar primitive mantle-normalized trace element patterns 
and rare earth element characteristics. Paleomagnetic data 
however, are incoherent due to over printing in the northern 
parts of this giant dyke swarm. Identification of this giant 
dyke swarm could be very useful for continental re-assembly 
during the Paleoproterozoic time.

LITHOSPHERIC STUDIES
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the global geomagnetic polarity timescale (GPTS) with the 
help of Ammonoid fossils and sequence stratigraphy in order 
to establish exact age span of the Jumara section.

Fig. 2.27  Site means characteristic remanent magnetic 
(ChRM) directions after AF demagnetization of Jumara 
section, Kachchh.

(M. Venkateshwarlu, G. Ramesh, G. Papanna, Jai 
Krishna*, B. Pandey* and B.R. Pathak*)
* Department of Geology, BHU, Varanasi

Laboratory rock mechanics studies

A large number of laboratory rock mechanics tests involving 
triaxial compression experiments on granulite rock samples 
of Kalpakkam, Tamilnadu were carried out. Tri-axial 
compressive strengths at 4, 6 and 8 MPa confining pressure 
were measured to determine the Cohesion (C) and angle 
of internal friction (φ) using Mohr-Coulomb criteria. The 
Triaxial compressive strength of these rock samples varies 
from 117 MPa to 304 MPa. The ‘C’ and ‘φ’ values vary 
from 3.41 MPa to 30 MPa and 47O to 70O respectively. It is 
inferred that these granulite rocks are mechanically strong as 
they have high triaxial compressive strength and high angle 
of internal friction.

(K.J. Prasanna Lakshmi, K. Vijay Kumar, S. Ravinder,  
J. Venukumar and K. Venkatesh)

Micro-cracking and brittle failure of some metamorphic 
and igneous rocks.

Uni-axial compression tests have been carried out in the 
laboratory on some metamorphic (migmatite gneiss) rock 
samples of Latur basement and igneous (granite) rock 
samples of Hyderabad for the study of their fracture behaviour 
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Fig. 2.26 Simplified geology of south India (modified after 
French and Heaman 2010), showing the distribution of the 
Dharwar giant dyke swarm.

(Anil Kumar, N. Ramesh Babu, V. Parasharamulu,  
E. Nagaraju)

Magnetostratigraphic Integration in the Kachchh 
Jurassic.

An integrated timescale of biostratigraphy, magnetostrati-
graphy and other stratigraphic methods is a powerful tool 
for precise global Correlation. Magnetostratigraphic study 
is important to assess the ages of the strata in case of the 
section is devoid of fossils and also to rearrange the order 
of superposition of litho units in the strata. Results of 
Preliminary studies are reported here. 56 oriented limestone 
block samples from 10 sites were collected from Oxfordian 
Jumara section of Kachchh Jurassic. Natural remanent 
magnetization (NRM) measurements reveal that the 
directions clustered well in the NW quadrant. 37 specimens 
subjected to alternating field demagnetization (AFD) studies. 
Fig. 2.27 show the stereographic projection of characteristic 
remanent magnetization (ChRM) directions. The calculated 
Virtual Geomagnetic Polarity (VGP) latitudes show normal 
polarity to the entire strata. A set of specimens are subjected 
to thermal demagnetization which is under progress. 
Prepared magnetostratigraphy column will be correlated to 
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using Acoustic Emission (AE). These rock samples were 
obtained from deep boreholes that were specially core-
drilled for detailed geophysical studies. The AE statistics 
and stress-strain data were recorded concurrently during the 
deformation and failure of each test sample. The AE data 
of various subsets of each rock sample were processed and 
analyzed using  Mistras software. The results show that 
Latur basement rocks, being metamorphic, are more dense 
and strong (ρ = 2.825 g/cc, UCS ~ 196 MPa, E = 83.71 GPa) 
compared to Hyderabad granites (ρ = 2.650 g/cc, UCS ~ 
130 MPa, E = 62.91 GPa) which are igneous and showing 
more quartz and less mafic minerals. However, the Latur 
migmatite gneisses, when compared to Hyderabad granites, 
have shown more inelastic deformation and early onset of 
dilatancy (inelastic volumetric strain) due to micro-cracking 
activity as inferred from AE signatures and strain data. 

(K.J. Prasanna Lakshmi  and K. Vijay Kumar)

Elastic wave velocity measurements on granulites of 
Tamilnadu.

P-wave and S-wave velocities, quality factor and attenuation 
measurements under dry and water saturated conditions on 
granulite samples from southern India were carried out. The 
Poisson’s ratio under dry and water-saturated conditions was 
calculated from the P-wave and S-wave data. It is observed 
that the P-wave velocity of these granulite samples under 
water-saturated condition is higher than that of dry condition, 
whereas the S-wave velocity showed a reverse trend. Further, 
the Poisson’s ratio of these granulite samples are higher 
under water-saturated condition when they are compared to 
the dry condition.

(K.J. Prasanna Lakshmi and K. Vijayakumar)

Determination of shear strength and normal stress values 
of granulites using Coulomb’s failure criteria.

The shear strength and normal stress have been determined 
using Coulomb’s failure criteria under triaxial compression 
tests in granulite samples of Tamilnadu. The triaxial tests 
were carried out at 4, 6 and 8 MPa confining pressures. The 
angle of rupture was measured in each sample after its failure 
in triaxial compression test which is used for calculating the 
shear strength and normal stress in these granulite samples. 
The linear relationship between shear strength and normal 
stress is obtained as expected (Fig. 2.28). The cohesion (C) 

Fig. 2.28 Shows the relationship between shear strength and 
normal stress of granulite  samples of Tamilnadu.

Planetary Geological Studies

Geology of the Moon: A study of the Chandrayaan-1 
data.

In association with NRSC, Hyderabad and SAC, Ahmedabad, 
geological map of a portion of Mare Imbrium region was 
carried out, using the high-resolution of Chandrayaan-1 
terrain mapping camera images and digital terrain model 
derived from the triplet imageries. The study was aimed at 
understanding the impact formation on the Moon, ballistics 
and ejecta emplacement processes. Copernicus crater (Fig. 
2.29) was chosen, as it is one of the youngest impact craters on 
the Moon (~800 Ma), and its ejecta blanket and ray deposits 

(K.J. Prasanna Lakshmi)
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and angle of internal friction (Φ) were also determined from 
the shear strength and normal stress data. These ‘C’ and 
‘Φ‘values coincide with that of determined from the Mohr’s 
circles.

Laboratory studies on dolerite samples from Chimakurthy 
area. 

Uniaxial compressive tests were carried out on 90 dolerite 
core samples under dry and saturated conditions. In addition 
to the compressive tests, tensile tests on 60 dolerite samples 
were conducted. The analysis and interpretation of stress-
strain data obtained from uniaxial compressive tests was 
completed. The UCS and Young’s modulus of these dolerite 
samples ranges from 66 to 191.71 MPa and 32.17 to 130.47 
GPa respectively. The results reveal that the Chimakurthy 
dolerites are classified as strong to very strong rocks. 
Preparation of technical report is in progress. 

(K.J. Prasanna Lakshmi, K. Vijay Kumar, S. Ravinder,  
J. Venukumar and K. Venkatesh)



NGRI
34

extend for more than 500 km. Our study at 20 km by 20 
km area shows a cluster of >7,500 impact craters (both fresh 
and buried craters) in a size range of <30–1300 m. The fresh 
craters are bright with sharp rim and crater interiors, while 
the buried craters are shallow, dull looking, and have diffuse 
boundaries. Most of the fresh craters are circular, except for 
a few with irregular shapes. We mapped >4510 fresh craters 
and >3000 buried craters, and many small craters (<100 m) 
are yet to be mapped. Within the fresh crater population, many 
fresh craters form a chain in NNE-SSW direction, which is 
radial to the Copernicus; some are tight clusters affecting the 
rim of each other. Strikingly, many large fresh craters show 
distribution of boulders in and around them. Some boulders 
are seen on the crater interiors. These crater clusters are 
secondary craters formed likely from Copernicus rays, as 
also evident from spectral profiles’ correlation analysis of 
hyperspectral imager data of the Chandrayaan-1. Majority 
of the large fresh craters (280–1350 m diameter) shows 
evidence of near-circular mounds (80–340 m diameter, 5–40 
m height) around the central crater floor. Size of the mound 
depends on the host crater size. 

Geological mapping of Venus

Geologic map of the Lada Terra Quadrangle (V-56) has 
been prepared at a scale of 1:5,000,000 using Magellan 
synthetic aperture radar images and ArcGIS. The map shows 
distribution of various material units and tectonic structures 
(Fig. 2.30), and relative age relationship between them. 
Material units are classified into (a) older heavily deformed 
materials such as tessera terrain, tessera-like terrain and 
densely lineated plains materials, (b) regional plains and 
wrinkle ridged plains materials, and (c) volcanogenic plains 
materials of shields and lobate plains originated largely from 
coronae. The older geologic units such as tessera, tessera-
like terrain, and densely lineated plains have records of an 
older episode of tectonic processes operated much before the 
emplacement of regional plains and volcanic plains. These 
material units are transected by large-scale extensional 
belts, coronae and localized fractures. The extensional belts 
are composed of fractures, grabens and strike-slip zones. 
Interestingly, the extensional belts are also the locales 
where large-scale coronae are formed, generating contacts 
that provide clear stratigraphic relationships between these 
two units. The coronae are 50-300 km diameter tectonic, 
circular domed structures, often associated with several 
centers of volcanism. In many places, corona structures cut 
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Fig. 2.29 Clementine 750 nm albedo basemap V2 showing 
Copernicus and its ejecta ray deposits. The ejecta partially 
bury the Eratothanes crater. The study area is shown in the 
box. Timocharis crater is about 100 km WNW of the study 
area. The study area is composed of an isolated ray deposit 
derived from Copernicus. 

Low-velocity impact experiments using clustered projectiles 
have shown crater morphology akin to the central mound 
craters. The impact of tightly clustered projectiles (with a 
ratio of overall radius of the cluster to the radius of a soild 
impactor of the same mass is ~3) on the same target produced 
a central mound. This experimental result confirms our lunar 
observation that low velocity clustered impacts can produce 
central mound bearing secondary craters. Ejection velocities 
of these cluster-producing fragments would have been around 
800 m/s, following the calculations by Vickery. Ejection 
velocities of these secondary crater-forming fragments 
should be lower than the escape velocity of the Moon (2.4 
km/s). Therefore, the central mound craters should provide 
an insight to low velocity impacts of clustered projectiles 
on the Moon. Further geological mapping of other impact 
craters are also initiated under the PLANEX (PRL, ISRO) 
funded grant-in-aid project.

(P. Senthil Kumar, A. Senthil Kumar1, V. Keerthi1, J.N. 
Goswami2, A. Kiran Kumar3, and B. Gopala Krishna3)
1NRSC, Hyderabad, 2PRL, Ahmedabad, 3SAC, Ahmedabad



Annual Report 2009 - 2010 
35

across the regional extensional belts, while in other places, 
the extensional belts deform and thus post-date the coronae. 
Lava flows emanating from the coronae travel several 
hundred kilometers across the regional plains. Impact craters 
are the youngest geologic units, except for one affected by 
fractures. The geologic map provides clues to the history of 
geodynamic processes that occurred both on the surface and 
in the interior of Venus. It appears that mantle upwelling 
on Venus operates at different spatial scales with chains 
of pronounced melting anomalies and is responsible for 
the formation of most of the material and structural units 
in the Lada Terra Quadrangle. The geological map has 
been submitted to the United States Geological Survey for 
publication under the Scientific Investigation Map series. 

(P. Senthil Kumar, James W. Head1) 
1Brown University, USA

Fig. 2.30 Geologic map of the Eithinoha Corona in the Lada 
Terra, Venus. The concentric and radial grabens and fractures 
define the corona structure. The grabens and fractures of the 
large extensional belts cut across the Lhamo tessera terrain 
materials (t) and well as the corona. Clearly, a majority of the 
large-extensional belt structures are younger than the corona 
structure. However, the NNE-SSW oriented complex grabens 
that occur inside the corona appear to be a relict of an older 
large-scale extensional belt that could have formed prior to 
the corona emplacement. The impact crater materials of 
Guilbert (cr) are emplaced onto the regional plains materials 
(pr). The Eithinoha Corona also hosts a variety of volcanic 
processes that lead to the formation of shield plains materials 
(pshc) and younger lobate plains materials (plm and plu). 
Some of the fractures postdate the lobate plains materials, 
indicating that the progress of corona deformation even after 
the corona volcanism.

Fragmentation processes associated with meteorite 
impact

Under the financial support of Indian National Science 
Academy, New Delhi, a new research project “Fragment 
shape-size analysis of an impact crater ejecta deposit and 
its implication for cratering dynamics: A case study from 
Lonar crater, India” has been initiated. Under this project, 
it is proposed to study fragment shape/size analysis in the 
continuous ejecta blanket deposit of Lonar crater that was 
emplaced in layered basaltic sequence of the Deccan flood 
basalt province. Lonar crater is a unique impact structure, 
as it is the only crater on Earth that was fully formed in 
basaltic target rock, and that resembles the bowl-shaped 
simple craters on the Moon and Mars. A continuous blanket 
of ejecta extends outward to a distance of ~1350 m from the 
rim crest, and contains basalt fragments of various sizes and 
shapes (Fig. 2.31), clays, and glassy impact melt fragments 
and spherules at a number of places. The excellent exposure 
of the continuous ejecta blanket in multiple quarries and 
road cuttings makes Lonar an invaluable and unique site for 
study of ejecta emplacement processes. The field, laboratory 
studies and analysis would be started in the near future.

LITHOSPHERIC STUDIES

Fig. 2.31 Impact-related fragments in Lonar crater ejecta 
deposits: (a) angular fragments of various sizes and shapes 
in the ejecta on the northern crater rim, (b) northern lower 
crater wall exposing heavily damaged rocks, (c) cluster of 
basalt fragments on the crater wall, and (d) a close view of 
angular basalt fragment embedded in the ejecta deposit.

(P. Senthil Kumar)
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Thermal and geodynamic evolution of Indian Litho-
sphere and seismogenesis of earthquakes.

Shallowing of  mafic crust and seismic instability in  the 
high velocity Indian shield.

It is not surprising that the Indian stable continental region 
(SCR) has been frequently experiencing moderate seismic 
activity since a long time, which includes 14 events of 
magnitude 5 or more in the last 50 years. Many of these 
earthquakes were destructive in nature leading to heavy loss 
of human life and property, like Anjar (Mw 6, 1956), Koyna 
(Mw 6.3, 1967), Latur (Mw 6.3, 1993) and Bhuj (Mw 7.7, 
2001). The last two  events alone claimed more than 30,000 
human lives.  

Although some progress has been made in comprehending 
the source mechanism of some of these earthquakes ,cause of 
recurring seismic activity in hitherto believed stable Indian 
shield still remains elusive. They have often been attributed 
to the NNE compressive forces, generated due to collision/
subduction of northward moving Indian plate with Eurasia. 
This  may be an important factor in seismogenesis, but not all 
the earthquake occurrences could be related to plate tectonic 
forces only.

A detailed study of nine important  earthquake localities  
indicates quite high P- and S- wave  velocities (6.2 – 6.7 
km/s and 3.65 – 3.90 km/s respectively) at a shallow depth of 
almost surface to six kilometers. These seismogenic regions 
appear to be in a state of continuous uplift and erosion 
since geological times, which brought mafic (granulitic / 
amphibolitic) crust to significantly shallow levels in which 
stresses are accummulated due to  ongoing local upliftment 
and a high heatflow input from the mantle.  These stresses  are 
apparently acting over and above to the regional compressive 
stresses generated by India-Eurasia collision. As against 
common belief, the role played by fluids in nucleation of 
such earthquakes in the relatively denser and high velocity 
Indian crust (compared to the other global stable continental 
regions) appears limited.

Geodynamic, thermal and subsurface structure below 
the K-T boundary impact site, offshore Mumbai, India.

65 Ma old Deccan volcanic province, covering a large part 
of western India and its adjoining offshore region, forms 
one of the largest flood basaltic eruption on the continental 

surface of the earth. Due to its temporal coincidence, it has 
been linked to the K-T boundary mass extinction (including 
demise of dinosaurs) and an asteroidal impact near offshore 
Mumbai. The K-T impact has now been confirmed through 
the experimental findings of Ir anomalies and high pressure-
temperature fullerence in the inter-trappean sediments 
at Anjar, Kutch. However, very little is known about the 
subsurface thermo-geodynamic response to this impact.  

The Present study indicates that compared to many large 
impact crators (like chicxulub K-T structure), the structural 
uplift caused by this K-T impact is much wider in diameter of 
about 400 km.  Below this region, Moho and asthenosphere 
lie at an extremely shallow depth of about 20 km and 40 
to 80 km respectively consequent to subcrustal melting and 
thermal  uplifting. Average temperature gradients reach as 
high as 490C/km in segments like northern and eastern parts 
of the Mumbai offshore, below which estimated heat flow 
from the mantle exceeds 60 mW/m2, thereby enhancing 
the thermal maturation process in oil and gas rich Tertiary 
sediments.  Based on thermal and geophysical characteristics, 
it is inferred that the underlying mantle is less viscous, fertile 
and buoyant which resulted into regional faulting, shortening 
of crustal thickness, magmatic underplating, exhumation of 
high velocity mafic lower crustal layers, besides almost total 
erosion of grantic-gnessic crust.

Application of GRNN (Generalized Regression Neural 
Network) and SRT (Statistical Regression Technique) to 
estimate the mechanical properties of rock for engineering 
applications.

A study has been made on the application of generalized 
regression neural network (GRNN) for the estimation of 
mechanical properties (viz. compressive strength, tensile 
strength and young’s modulus) and density of rocks using 
a data driven approach. To investigate the suitability of 
GRNN approach, we applied this technique, as a test case 
to two different experimentally determined data sets: one, 
belonging to carbonate rocks from Turkey and the other, 
sandstone rocks from Singareni coalfields of India. The results 
obtained are compared with those predicted by conventional 
statistical (SR) technique. Our study clearly demonstrates 
the usefulness and advantages of GRNN over statistical 
techniques and thus could be useful in rock mechanics, 
mining and geotechnical engineering applications.

LITHOSPHERIC STUDIES
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Active deformation in Northwest Himalaya.

A detailed field study has been carried out in parts of 
mountain front of Garhwal & Kumaun Himalaya to document 
evidences of active deformation in this region. This study 
provides evidences of 1991-Uttarkashi and 1999-Chamoli 
earthquakes  in the form of soft sedimentation deformation 
features in a contemporary active reservoir (Asan reservoir) 
in NW Himalaya. The result is first from the seismically 
active Himalayan belt. It appears that most of the Himalayan 
seismicity nucleates at the mid-crustal ramp of MHT, which 
lies beneath the topographic front of Himalaya to the south 
of Main Central Thrust (MCT). The current seismic slip on 
the Himalayan decollement produces macroscopic active 
fold growth in zone of microseismicity in Himalaya. This 
fold growth produces active shallow secondary faults 
that accommodate incremental strain and often produce 
secondary surface rupture faulting. 

Significant achievements / breakthroughs, if any (to be 
reported to RC / CSIR).

The documentation of evidences of contemporary earthquake 
in the sedimentary record of past ~30 yrs is unique and for 
the first time being reported from the seismically active 
Himalayan belt.

(O.P. Pandey, V.K. Soma Vamshi,  Prantik Mandal, Prabha 
Pandey, C. Shayam Sunder, K.K. Chari)

Age constraints on the Archaean to Neoproterozoic 
crustal evolution in the Eastern Dharwar craton, 
Southern India.

Refinement and establishment of analytical protocols for 
Sr, Nd, Hf, Pb and Fe isotope analysis using Multi Col-
lector-Inductively Coupled Plasma-Mass Spectrometer 
(MC-ICPMS).

Sr isotope analysis :

Analytical protocols for the Sr isotope analysis by Multi 
Collector-ICPMS were established using International 
reference standard SRM 987. Rb and Kr interferences   
during the Sr isotope determinations were negligible (<1 
mV) although Kr interference varied marginally with the Ar 
supply gas. Replicate analyses (n=63) of SRM-987 (100-
250 ppb solutions) over a period between October 2007 and 
August 2009 are plotted in Fig.2.32. Error bars on individual 
analyses correspond to 2σ in-run precision. The average 87Sr 

/86Sr value of 0.710251±0.000040 (2σ) is indistinguishable 
from the recommended value of 0.710248±0.000020 (within 
limits of error). However, the long-term analytical precision 
of our data (0.0056% s.d.) is relatively inferior to the high 
quality TIMS values of about 0.002% (s.d) and some MC-
ICP-MS data in the literature, (typically 0.003% s.d., ex.) for 
this standard. It is likely that the scatter in our data is due to 
the fact that different solutions of the standard varying in Sr 
abundance were used from time to time and their analysis 
in many cases was interspersed with rock sample solutions. 
Short-term precisions at different periods are comparable 
to high quality MC-ICP-MS analysis of the same standard 
elsewhere.

Fig. 2.32 87Sr/86Sr ratios for NBS SRM987 standard solution 
obtained at NGRI using Nu Plasma HR MC-ICPMS. The 
shaded area corresponds to recommended values by TIMS.

Nd isotope analysis:
Nd isotopic analysis by MC-ICPMS was standardized using 
La Jolla (LJ Nd) 25 ppb and JNdi 50 ppb solutions. Nd 
isotopes (142, 143,144,145,146,148,150) were measured 
along with 147Sm and 140Ce. This allowed correction for 
interferences on masses 144, 148 and 150 (Sm) and 142 
(Ce). Nd isotope measurements were normalized internally 
to 146Nd/144Nd=0.7219. Replicate Nd isotopic analyses of the 
JNdi standard (n=40) between October 2007 to August 2009 
(Fig.2.33) yield an average 143Nd/144Nd = 0.512107±0.000028 
(2). Although marginally lower, the NGRI mean value is 
comparable (within limits of error) to the certified 143Nd/144Nd 
value of 0.512115±0.000007 (2) for this standard, which is 
mainly based on TIMS analysis. The overall reproducibility 
of 0.0055% (2) in our study is thus inferior to TIMS [0.0013% 
(2)], but similar to published results from other ICP-MS labs, 
which range from 0.003% -0.0045% (2). 

LITHOSPHERIC STUDIES
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Fig. 2.33  143Nd/144Nd ratios for JNdi Nd standard obtained at 
NGRI using Nu Plasma HR MC-ICPMS. The shaded area 
corresponds to recommended values by high quality TIMS 
analysis of the standard.

Hafnium isotope analysis:

A JMC 475 Hf solution was measured repeatedly to establish 
the analytical protocols. Hf isotopes (174, 176, 177, 178, 
179, 180) were measured along with 175Lu and 172Yb. This 
allowed correction for interferences on mass 176. Hf isotope 
measurements were normalized internally to 179Hf / 177Hf = 
0.7325 using the Generalized power law with an exponential 
variable n=-0.19. The interference of 176Lu on 176Hf was 
corrected by measuring the intensity of the interference free 
175Lu isotope and using 176Lu / 175Lu=0.02653 to calculate 
176Lu. Similarly the interference of 176Yb on 176Hf was 
corrected by measuring the interference free 172Yb isotope 
and using 176Yb / 172Yb=0.5870. This is higher than the 
recommended IUPAC value of 0.5799, but within the range 
of published values. Several authors using different MC-
ICP-MS instruments found that a higher than IUPAC value 
of 176Yb / 172Yb was required to match accepted value of 176Hf 
/ 177Hf in Yb spike solutions of JMC 475.

The reproducibility of Hf isotopic analysis based on replicate 
measurements (n=40, during October 2007 to January 2009) 
of the JMC 475 Nu solution that has been quite disappointing 
in terms of poor external precision. The ratios varied by ±175 
ppm about the mean.  We then obtained a certified solution of 
JMC 475 Denver (courtesy Prof. J. Patchett, USGS, Denver) 
and have performed replicate analysis on this using a 100 
ppb solution prepared in 2% HNO3+0.1% HF. The addition 
of a trace amount of HF effectively stabilizes Hf in solution 
and this standard solution yielded encouraging results 
compared to the JMC 475 Nu and shall be used hereafter. 

Replicate analyses (n=25) of this solution yielded a mean 
of 0.282153±0.000012 (2σ), which corresponds to an error 
of 0.0042% (2σ). Our result (Fig.2.34) is similar (within 
limits of error) to the recommended 176Hf / 177Hf value of 
0.282160±0.000010 (2σ) for JMC 475 Hf standard both in 
terms of mean and precision.

Fig. 2.34 176Hf / 177Hf ratios for JMC 475 Denver Hf standard 
obtained at NGRI using Nu Plasma HR MC-ICPMS. The 
shaded area corresponds to recommended high quality 
MC-ICPMS measurements of the standard at different 
laboratories.

Pb isotope analysis:
46 analyses of SRM 981 Pb standard (25 to 50 ng Pb/ml) 
doped with Tl (5-10ng Tl/ml) were performed between April 
2008 and August 2009 to establish the analytical protocol for 
the Pb analysis. Calculated long-term external reproducibility 
on 46 runs over the 16 month period is 248 ppm on 206Pb/204Pb, 
197 ppm on 207Pb/204Pb, 193 ppm on 208Pb/204Pb, 114 ppm on 
207Pb/204Pb and 133 ppm on 208Pb/206Pb, demonstrating the 
stability and the performance of the machine.

208Pb / 
206Pb 
(2σ)

207Pb / 
206Pb
(2σ)

206Pb / 
204Pb
(2σ)

207Pb / 
204Pb 
(2σ)

208Pb / 
204Pb
(2σ)

NGRI 2.16643 
(57)

0.914570 
(21)

16.9346 
(84)

15.4874 
(61)

36.687 
(14)

Average Pb isotope ratios of SRM 981 Pb standard from 
repeated measurements (n=46) are listed above. Simple 
evaluation of our data shows good agreement within errors 
(2σ) with the other laboratories MC-ICPMS data obtained by 
Tl normalization method, but remains systematically lower 
with reference to the spiked TIMS data. The offset with 
TIMS values probably suggests that Tl and Pb have different 
fractionation factors. 
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Sr, Nd, Hf and Pb isotope data of Standard Reference 
Materials:

To obtain an independent estimate of the data accuracy (and 
reproducibility), replicate isotopic analysis of Sr, Nd, Hf 
and Pb separated from an USGS reference standard BCR-2 
(Batch No.3756) were carried out. The results of the Sr, Nd 
and Hf  are summarized in the Table 2.2. NGRI replicate 
analysis of BCR-2 for Sr, Nd and Hf indicate reproducibility 
at 45, 33 and 58 ppm respectively. In terms of accuracy, 84 
and 40 ppm for Sr was obtained relative to published data 
from TIMS and MC-ICPMS respectively. The accuracy of 
the Nd analysis is 84 ppm with reference to TIMS average.  
In the case of Hf, NGRI data is within 25 ppm of the reported 
MC-ICPMS data.  

Table 2.2. Replicate isotopic data for BCR-2 at the 
NGRI 

Iso-
tope

NGRI 
Nu Plasma 

(2 s.d.)

TIMS 
(2.s.d.) 

MC-ICP-MS 
(2 s.d.)

Sr 0.705050±63 
(n=17)

0.704958±7 
(ref.1)
0.705024±5 
(ref.2)

0.705015±13 
(ref.3)
0.705027±22 
(ref.4)

Nd 0.512590±34 
(n=13)

0.512633±8 
(ref.1)
0.512639±12 
(ref.2)

-

Hf 0.282863±33
(n=12)

- 0.282870±8 
(ref.5)

Ref.1: Raczek et. al. 2003, Geostd. News Letter, 27, 173.
Ref.2: Mahoney et. al. 2003, GSA, Abstract, Seattle
Ref.3: Balcaen et. al. 2005, IJMS, 242, 251-255
Ref.4: Todwaight et. al. 2002, IJMS, 221, 229-244
Ref.5: Weis, D., et. al. 2007, G3, 8, DOI: 10.1029/2006 Gl 
001473

Pb isotope data on BCR-2 gave the following results: 
208Pb/204Pb= 38.6954 ±0.0009 (1σ), 207Pb/204Pb = 15.6149 ± 
0.0005 (1σ), 206Pb/204Pb= 18.7468 ± 0.0003 (1σ), 208Pb/206Pb 
= 2.064115 ± 0.000033 (1σ) and 207Pb/206Pb = 0.832926 
± 0.000026 (1σ). When compared with the double spiked 
analysis of BCR-2 by Woodhead and Hergt (2000), our 
results of BCR-2 are accurate within 115 ppm for 208Pb/204Pb, 
7 ppm for 207Pb/204Pb, 165 ppm for 206Pb/204Pb, 298 ppm for 

208Pb/206Pb and 152 ppm for 207Pb/206Pb. Replicate analysis 
of BCR-2 with different concentration aliquots reveals 
reproducibility of less than 32 ppm for all Pb ratios. Results 
of the SRM-981 and BCR-2 standards demonstrate that 
precise and accurate Pb isotopic data can indeed be obtained 
using the proposed methodology.

Iron Isotope measurement:

Iron isotope analysis is implemented successfully using 
‘pseudo high resolution’ capability of the Nu MC-ICPMS 
at the NGRI. The potential interference of 56ArO with 56Fe 
peaks could be resolved at a higher mass resolution (R = 
4400-5300). Instrumental mass fractionation is large in MC-
ICPMS (between 3.5 and 5.5 % amu for Fe). IRMM-014 
was used as a standard reference material for the analysis 
of Fe isotopes using standard-sample bracketing method 
and conventional “δ” notation is used. The δ56Fe value of 
IRMM-014 standard is very close to the cosmic (chondritic) 
composition and hence we adopted this standard for our 
bracketing method. The repeated analysis of IRMM-014 for 
several days is illustrated in Fig. 4. It may be emphasized 
that the overall accuracy and precision obtained at the NGRI 
are close to those obtained in leading laboratories using 
High-Resolution MC-ICP-MS instruments.

Fig.  2.35  δ56Fe values of international reference material 
IRMM-014 over the period of analysis of manganese nodules. 

All the error bars are represented as 2σ. The open circles with 
dashed error bars are for the individual IRMM-014 analysis 
bracketing the samples. The black solid circle represents the 
average of 76 runs of IRMM-014 with a value of 0.003±0.08%. 
The grey solid circles are the average IRMM-014 in each 

individual session with 2σ errors represented with grey lines.

(Y.J. Bhaskar Rao, B. Vijaya Gopal, E.V.S.S.K. Babu, 
N.P. Sukumaran, B. Sreenivas, T. Vijaya Kumar, K.V.S.S. 
Krishna, J.K. Tomson)
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Establishing Analytical Protocols for U-Pb dating of 
Zircons by Laser Ablation - ICPMS and Hf Isotopic 
analysis by Laser Ablation-MC-ICPMS:

U-Pb isotopic analysis of Zircons

To obtain U-Pb ages of zircons, 206Pb/238U and 207Pb/235U 
isotope ratios are typically measured on multiple grain 
aliquots or single crystals to assess concordance and to 
study the evolutionary histories of igneous, sedimentary and 
metamorphic rocks. LA-ICP MS instrumentation provides 
quick in-situ analysis (i.e., fully automated analysis take only 
a few minutes for a single grain) at low operating costs. 

International reference standard zircons GJ-1 (reference 
age: 607 Ma) and Mud Tank (reference age: 732 Ma) were 
mounted in 25 mm epoxy resin blocks, diamond polished and 
were ablated in a He gas flow of 0.6-0.8 L/min using a Large 
Format Cell with the laser ablation parameters shown below. 
The XSeries II ICP-MS was configured with the Xt interface 
cones and operated under standard hot plasma conditions.

Raw time-resolved data (including both gas blank and 
ablation signal) was processed using ‘Glitter’ software of the 
Macquarie University, Australia. Mass bias and background 
corrected signal intensities were calculated for each isotope 
using this software package and Concordia age calculations 
and diagrams were then established for each zircon based 
upon the correlation of the measured 207Pb/235U and 206Pb/238U 
ratios. ‘Glitter’ time-resolved isotope ratio data derived 
for the GJ-1 and Mud Tank zircon standards are plotted in 
the U-Pb Concordia diagram (Figs. 2.36 and 2.37) using 
Ludwig’s Isoplot 3.3 Ex program shown below. 
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Fig. 2.37 U-Pb Concordia Diagram for Mud Tank zircon 
standard

Concordia ages for the GJ-1 and Mud Tank zircons match 
closely with the expected ages for these standards. It may 
be emphasized that the U-Pb Concordia ages of the GJ-1 
zircon at NGRI is 601.5±1.2 Ma (reference value: 607 Ma) 
while that for the Mud Tank Zircon is 736±3.2 Ma (reference 
value: 732 Ma). 

Hf Isotope analysis by LAM-MC-ICPMS

The analytical protocol for the LAM-MC-ICPMS Hf 
isotope measurement carried out at NGRI closely followed 
the procedure of ARC National Key Centre GEMOC, 
Macquarie University, Australia. New Wave UP-213 nm 
Laser Ablation Microprobe in conjunction with the Nu MC-
ICPMS was used for the analysis. For the current work, 
172, 175, 176, 177, 178, 179 and 180 masses were analysed 
simultaneously in Faraday cups where all analyses were 
carried out in static-collection mode. Data were normalized 
to 179Hf/177Hf=0.7325, using an exponential correction for 
mass bias. Hf isotope analyses of international reference 
zircon GJ1 was analyzed several times since 2008 following 
the installation of the Large Format Cell on our LA system 
to establish the analytical protocols and to address the long 
term stability of the obtained isotope ratios. The 176Hf/177Hf 
ratios obtained at the NGRI facility is shown in Fig. 2.38. For 
comparison, results from a recent published study by Morel 
et al. 2008, Chem. Geo., 255, 231–235, is also reproduced 
in Fig. 2.39.
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Fig. 2.38 176Hf/177Hf laser-ablation MC-ICPMS analyses of 
GJ1 zircon fragment. Error bars shown are 2. Individual data 
points are averages of several sets of data generated since 
2008. One outlier and the analysis with large error bars are 
those from a raster type ablation pattern. The bar shows 
mean value of solution mode analyses (data after Morel et 
al. 2008).

Fig. 2.39 176Hf / 177Hf laser-ablation MC-ICPMS analyses of 
a zircon fragment of Morel et al. 2008. Session 1 average-
0.281998±7 (n=16, MSWD=0.90, 95% Conf.), Session 
2-0.281985±6 (MSWD=0.85, 95% Conf.) and Session 
3-0.281989±12 (MSWD=0.27, 95% Conf).

(E.V.S.S.K. Babu, Y.J. Bhaskar Rao, T. Vijaya Kumar and  
B. Vijaya Gopal)

Precise Time Stamping for Geo-Seismic experi-
ments based on GPS and Microcontroller Technol-
ogy.

In geophysical exploration, artificial seismic soundings are 
carried out to estimate the subsurface details. In a typical 
experiment, seismic response of a controlled explosion 
is recorded at various places. The recorded signals  are 

precisely time-stamped (with microsecond resolution and 
sub millisecond accuracy), in universal time coordinates 
(UTC), by the seismic data acquisition (DAQ) recorders 
using crystal controlled clock which is synchronized to 1 
pps (one pulse per second) pulses given by commercially 
available GPS receiver cards. In order to link the recorded 
data and instant of seismic sounding, the seismic event need 
to be time stamped precisely (< 1 ms accuracy). A “Precise 
Event Time Stamping device” has been designed, fabricated 
and tested. The design makes use of inexpensive single chip 
microcontroller and low cost GPS receiver. The device, which 
can be produced at a cost of less than $200 (USD), is capable 
of providing the event time  to an accuracy of better than few 
tens of microseconds  in addition to providing the position 
information (latitude, longitude). The stated accuracy of 
time stamping is confirmed by an experiment where in 
four commercially available seismic recorders recorded the 
seismic signals along with the GPS derived time stamping. 
Comparison of commercially available (boom box) event 
marking device with our device, by simultaneously triggering 
both devices from the same ‘Seismic Trigger’ device, has 
confirmed that the event time was captured very accurately 
by our device. 

It should be noted that the commercially available imported 
devices cost about twenty times more than the cost involved 
in making the present device. An in-house developed software 
is embedded in to the microcontroller’s flash memory. The 
software has been developed using freely available demo 
version of BASCOM development environment cum 
compiler (www.mcselec.com). Another software utility 
called “Flash Magic” was used to upload the compiled 
software into the microcontroller (www.easyacademy.com).
The logic used to derive the precise timing information and 
the hardware/software details shall be presented elsewhere 
either in the form of a technical paper or patent application. 
Experimental results are presented in the figure shown below 
(Fig. 2.40). The event time as recorded by our device and 
the arrival time recorded by the seismometer are marked 
(grey and green cursors). The difference of 15 milliseconds 
accounts for the travel time of seismic waves to travel 12m 
(distance between the shot point and geophone) in the soil. 
Several such experiments have proved that the event time 
recording is precise and repeatable.
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Fig. 2.40 The GPS receiver is mounted inside the unit.  
Pressing Fire button on the trigger unit generates an electrical 
pulse which is connected to the Time Stamping device.  GPS 
antenna can be seen stuck on top of the device. Upon firing, 
the device displays the event time in UTC standard (up to 
microsecond resolution), co-ordinates of the shot location, 
satellite information etc. Experimental results showing the 
event time recording.

(B. Vijaya Gopal and M.M. Dixit)
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Controlled source seismic studies.
Structure, dynamics and evolution of the Precambrian 
lithosphere of the Dharwar Craton along the Kasargod-
Kurnool transect using Deep Seismic Profiling.

Deep seismic reflection studies have been carried out over 
Dharwar Craton along the Perur-Hosdurga-Chikamagalore 
transect. Some of the important objectives of these studies 
include i) understanding the deep crustal structure of the 
different tectonic domains of the western and eastern 
Dharwar Cratons by delineating crustal and sub-crustal 
lithosphere velocity structure and reflectivity characteristics 
along the transect, ii) demarcation of the boundary of EDC 
and WDC and understand the interrelationship between the 
Archean Dharwar Craton and adjoining Cuddapah basin,  
iii) to understand the deep crustal configuration of the terrain 
boundaries / suture zones and other tectonic features and 

compare them with the corresponding features of the SGT.  

A split spread geometry with 90 channel either side of 
acquiring deep seismic reflection data set in CMP mode 
technique with symmetric was used while recording 2 
D reflection data. A 10 phase geophone strings of 4.5 Hz 
frequency was used at each receiver station interval of 100 
m along the 18 km long spread. The nitro compound mixture 
of chemical explosive (50 / 100 kg) was loaded in 25 m deep 
shot holes to generate the seismic waves. A shot interval 
of 100/200 m had provided enough signal strength and a 
moderate foldage of 40. The data was recorded in standard 
SEG-D format at 2 ms sampling interval.  A typical field shot 
gather has been shown in Fig. 2.41.

Fig. 2.41 A field Shot gather showing P-, S- waves and 
Ground Roll

(V. Vijaya Rao, Prakash Khare, S. Raju, A.S.N. Murty, 
G.S.P. Rao, A.S.S.S.R.S. Prasad, V. Sridher, P. Karupanan, 
N. Prem Kumar and D. Sarkar).
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Deep Seismic Studies over Southern Granulite Terrain 
(Perumanallur - Dharapuram - Oddanchatram - 
Pallapatti Profile).

Results of Deep seismic studies along Perumanallur-
Dharapuram-Oddanchatram-Pallapatti Profile (11º 15’N-10º 
15’S, NW-SE, 140 Km) over Southern Granulite Terrain 
(SGT, Fig. 2.42) reveal south dipping reflectivity pattern 
in shallow region (up to 10 sec TWT) near Perumanallur 
to a distance of 20 km south. However, further south, near 
Dharapuram, the dip direction gradually changes towards 
north resembling a graben like structure indicating the faulted 
nature of Palghat-Cauvery Shear Zone, the geologically 
established shear in the region. It is observed, 15 km south 
of Dharapuram, the north dipping pattern changes its 
trend to south dip (shallow region of 6 sec TWT) and the 
same phenomena are continued till the end of the profile, 
Pallapatti. The dome shaped (5 sec TWT) as well as diffused 
graben structure (7 sec TWT) observed at 5-25 km south of 
Dharapuram might be due to the presence of geologically 
established shears of Cauvery Shear Zone System (CSZ) in 
the region.   

Fig. 2.42  Line Drawing (Dharapuram-Oddanchatram)

The characteristic Moho is observed at 15.5 sec TWT in 
Perumanallur– Dharapuram and Dharapuram-Oddanchatram 
segments with a gentle south dip. However, indications 
of Moho are not very clear in Oddanchatram-Pallapatti 
segment. In addition, below the observed Moho, strong and 
south dipping continuous reflectors are observed at 16-17 sec 
TWT, particularly in Dharapuram-Oddanchatram segment.  
This might be due to the process of under plating of mantle 
material.  

(G. Kesava Rao, S. Raju, A.S.S.S.R.S. Prasad, G.S.P. Rao, 
M.S. Reddy, T. Sateesh, B.R. Prasad  and D. Sarkar).

High resolution seismic studies in seismically active zone 
of Koyna-Warna region of Maharashtra by using both 
active and passive energy sources.

Taurus Instruments were installed in 100 different stations 
for high resolution seismic studies in seismically active   
Koyna-Warna region (about 50 km x 50 km area, Fig. 2.43).  
Each Taurus digital recording unit was connected to three 
component geophones (4.5 Hz), 12 volts 65 Ah battery, 
GPS and solar panel installed in nearly grid pattern. The 
seismic data were recorded continuously from January to 
March 2010. This data enables us to study the velocity-depth 
structure of the earths’ subsurface up to a depth of about 20 
km. Four explosive sources were detonated in NE, SE, NW 

Fig. 2.43 Map shows seismograph locations (●) and I 

indicates  location

LITHOSPHERIC STUDIES

and SW ends for recording the generated seismic waves. 
10 holes were drilled with 41/2’’ diameter to a depth of 30 
meters each and loaded with 500kg of explosive at every 
shot point. 

(M.M. Dixit, Sanjay Kumar, M. Ravi Kumar, H.V.S. 
Satyanarayana, Somvir Singh, Suman Kilaru, M.M. 
Peeran, K. Anitha, K. Bhagya, Avinash Pandey and D. 
Sarkar).
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to submit the outer limits of their continental shelves to an 
international commission. The objectives of the project are 
to meet the requirements of Article 76/Annexure II of the 
Commission on the Limits of the Continental shelf (CLCS) 
under the United Nations Convention on the Law of the Sea 
(UNCLOS), in order to prepare the supporting documents 
based on scientific data for claiming additional maritime 
areas. Under this national project, marine surveys covering 
over 25000 lkm to acquire MCS reflection, OBS refraction 
and wide-angle reflection, magnetic and gravity data were 
carried out and data processing and interpretation of seismic 
sections of Bay of Bengal and Andaman Offshore regions 
was also completed. The supporting documents along with 
interpreted seismic sections were prepared based on these 
data and submitted to MoES. 

(B. Ashalatha, P. Prasada Rao, M. Simhadri Naidu,  
V. Triveni, and M. Ravisantosh kumar)

Structures, Tectonics and Subsidence Studies 
of the Bay of Bengal Basin with Implications to 
Hydrocarbon Prospects.

Determining the outer limits of Indian Continental Shelf 
as per the UNCLOS guidelines.  

Geophysical data  available  along seismic lines was ana-
lyzed and four sedimentary isopachs were identified with 
different geological time units and compared with the results 
of previous studies. 1-D/2-D subsidence studies were carried 
out for two geological cross sections while unloading sedi-
ments over basement. Attempts have been made to develop 
the requisite soft-wares and trails are on to test the function-
ing of software with available data-base for subsidence anal-
ysis and interpreation. 

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


