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LITHOSPHERIC STUDIES

A Subsurface Criterion for Predictive Exploration 
of Kimberlites from Bouguer Gravity in the Eastern 
Dharwar Craton, India.

The Archaean-Proterozoic Dharwar craton has many recorded 
occurrences of diamondiferous kimberlites. Reports of 
kimberlite emplacement in parts of the tectonically complex 
eastern Dharwar craton and a significant density contrast 
between kimberlites and the host peninsular gneisses 
motivated to conduct gravity studies in the Narayanpet- 
Irladinne area of the eastern Dharwar craton. This region is 
contiguous with the Maddur-Narayanpet kimberlite field that 
lies to its north, while the river Krishna lies to its south. 

Fig. 3.1 a) Surface plots of i) the Peninsular Gneissic layer 
and ii) the Upper Crustal layer in the Maddur-Narayanpet 
region b) iii) the Peninsular Gneissic layer and iv) the Upper 
Crustal layer in the Narayanpet-Irladinne  region.

From observed association of reported kimberlites in the 
Maddur - Narayanpet field with subsurface topography of 
the assumed three-layer earth section obtained by Bouguer 
gravity modeling (Fig. 3.1a), five potential zones for kimber-
lite localization were identified in the Narayanpet-Irladinne 
region (Fig. 3.1b) in the eastern Dharwar craton.

(B. Veeraiah, G. Ramadass and D. Himabindu)

Geochemistry of the Late - Archaean clastic 
metasediments from Bababudan Group, Dharwar 
Supergroup in Western Dharwar Craton.

The Dharwar Supergroup consists of 2.7 Ga old lower 
Bababudan Group and 2.6 Ga old upper Chitradurga Group. 
A quartz pebble conglomerate (QPC) unit overlying the 
basement gneisses at the base of the Bababudan Group 
consists of detrital pyrite and uraninite grains indicating 
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reducing conditions during their deposition. The QPC is 
followed by alternating quartzite and sub-aerial basalt lava 
flow sequence with intermittent chloritic/sericitic schists 
(metapelites) which are well exposed at Nerelkatte area 
in NW part of Chitradurga schist belt (Fig. 3.2a). These 
metapelites from Nerelkatte–Talya section show high Al2O3 
( 20.56%) and K2O (4.78%) contents indicating that they 
may represent basal section of a metasomatized Precambrian 
paleosol similar to the 2.7 Ga Mt. Roe and Bird paleosol 
profiles of Australia and South Africa respectively (Fig. 
3.2b). The Nerelkatte QPC is characterized by the presence 
of high K2O content (1.85%) coupled with slight enrichment 
of other major elements reflects the matrix compositions. In 
the A-CN-K modelling plot, the Nerelkatte metasediments 
depict a granite weathering trend (Fig. 3.2c). The interlayered 
fluvial quartzites show very low Fe2O3 / FeO (0.08 to 0.48) 
indicating low oxygen concentrations in the provenance of 
these sediments. The Bababudan metapelites of mafic affinity 
(chlorite phyllites) from Devarahalli-Lingadahalli areas of 
Bababudan schist belt have high MgO (5.0 to 16.5%), Fe2O3 
T (9.7 to 18.0%) and Al2O3/TiO2 ratios (13 to 24).  The major 
element modelling A-CN-K and A-CNK-FM results coupled 
with trace and REE geochemistry suggests that precursors 
to these rocks are probably pelagic clays of high Mg-Al-Fe 
compositions which were later subjected to greenschist facies 
metamorphism and post depositional potash metasomatic 
alterations. It is concluded that the 2.7-2.6 Ga period in 
WDC witnessed intense plume activity which resulted in 
highly reducing conditions (2.7Ga) and a transformation to 
more oxidizing conditions took place during the deposition 
of the Chitradurga Group of sediments as indicated by the 
presence of stromatolites and Mn formations.

Fig. 3.2a
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Fig. 3.2.b

Fig. 3.2.c

(D.V. Subba Rao, B. Sreenivas, T. Gnaneshwara Rao, S.N. 
Charan, A. Sekhar and V. Balaram) 

Geological and petrochemical characteristics of the 
Cretaceous Volcano-plutonic complexes of Saurashtra 
region in Western Deccan Volcanic Province (WDVP).

The major portion of the Saurashtra region in Western India is 
covered by the Deccan traps. A number of isolated volcano-
plutonic complexes are emplaced into Deccan basaltic flows, 
and among these is the layered plutonic igneous complex with 
associated spectacular radial/ring felsic dykes emplaced in 
Deccan Trap basaltic flows in Junagadh (Girnar) in southern 
Saurashtra. The other localized plutonic complexes include 
Barda, Alec hills, Osham hill, Sihor and Chogat-Chamardi 
complexes which have been emplaced into the Deccan Trap 
basaltic flows. The Girnar plutonic complex is a well studied 
layered intrusion consisting of an olivine gabbro occurring 
in the lower part and the upper part of the layered intrusion is 
represented by diorite-monzonite suite. The other less studied 
complexes such as the Alec hill complex east of Porbander 

town is characterized by concentric ridges of acid volcanics 
represented mostly by rhyolites. Granite / granophyre also 
forms a part of the Alec hill complex and is well exposed 
along Bhanwad-Chur-Satapur areas. The Bandar hill 
complex represents a centre of laccolithic intrusion and the 
lithology in this complex is represented by basalt, rhyolite, 
granophyre, felsite, aplite and diorite. The Osham complex 
consisting of a variety of acid volcanic rocks such as rhyolites, 
pitchstone and obsidian with well developed spherulites is 
also emplaced into Deccan Trap basaltic flows. The Chogat 
complex is made up of a variety of acid and intermediate 
volcanic rocks such as rhyolite, trachyte with minor gabbro-
anorthosite intrusions. The Chamardi complex consists 
of mostly plutonic igneous rocks such as diorite/granite/
minor gabbro-anorthosite bodies. In all the complexes, 
granophyres are abundant and show typical and spectacular 
graphic intergrowths between quartz and alkali feldspar 
(Fig. 3.3a). The gabbros occurring in Chogat-Chamardi 
complexes are very coarse-grained in nature and consist of 
clinopyroxenes and calcic plagioclase with or without ophitic 
textures (Fig. 3.3b). The associated diorites are characterized 
by the presence of green amphibole, biotite, plagioclase, 
alkali feldspar and opaques. The rhyolites at Alec Hills 
are made up of large phenocrysts of quartz, alkali feldspar 
and plagioclase which are set in a fine-grained groundmass 
consisting of glass, quartz, sericite, biotite and opaques of 
pyrite and chalcopyrite + gold (Fig. 3.3c). In addition to 
the above, volcanic agglomerates are also found in Alec 
Hills and they exhibit rounded to sub-rounded fragments of 
basalts embedded in a fine grained mass of mainly glass (Fig 
3.3d). The major element geochemistry of rhyolites from 
Alec Hills show higher K2O concentration (4.81Wt %) and 
high K2O / Na2O ratios. The microgranite and coarse-grained 
pink granites of Alec/Barda hills and Chamardi complex 
are characterized by the presence of higher concentration 
of both Na2O (4.79 Wt %) and K2O (4.59 Wt %) and high 
Na2O/K2O ratios. The granophyres of Barda complex show 
high K2O contents (4.52Wt %) than Na2O (3.62 to 4.1 Wt 
%) and high K2O / Na2O ratios. Similarly the coarse-grained 
gabbros and medium-grained diorites of Chamardi complex 
show wide compositional variations in their major element 
concentrations especially MgO, Na2O, K2O and CaO. The 
trace and REE analysis on the various plutonic rocks of these 
Saurashtra complexes are in progress.
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Fig. 3.3a

Fig. 3.3c

Fig. 3.3b

Fig. 3.3d

(D.V. Subba Rao, Abni K Padhy, C.D. Chavan,  
A. Keshavakrishna and V. Balaram)

Platinum Group Element Mineralization studies on  
Fe-Mn-Co crust from Central Indian Ocean.

Cobalt-rich iron-manganese crusts occur throughout the 
global ocean on seamounts, ridges and plateaus where 
currents have kept the rocks, swept clean of sediments for 
millions of years. Crusts precipitate from cold ambient 
seawater onto rock substrates, forming pavements up to 250 
mm thick and form potential resource primarily not only 
for cobalt, but also for titanium, cerium, nickel, platinum, 
manganese, thallium, tellurium, tungsten, bismuth, 
zirconium and other metals. Due to the fact that the studies 
on Indian Ocean Fe-Mn crusts are limited, NGRI, NIO & 
NCAOR initiated studies to understand the cobalt-platinum 
enrichment processes in the ferromanganese crusts of the 
Afanasiy-Nikitin Seamount (ANS) in the Eastern Equatorial 
Indian Ocean. Fe-Mn crusts were recovered by dredging 
along short traces of ~100 m on the slopes of ANS by the 
Cruise ABP-37 during June-July, 2009. These samples were 
studied to explore the PGE enrichment and  along with to 
understand the relationship between various trace elements 
in these crusts (Fig.3.4). Ferromanganese encrustations (Fe-
Mn Crust) from ANS were found to contain ~1% of cobalt, 
hence can be designated as “Co-rich”. After Co, Ni, Cu, V, 
Pb, Zn, etc., the other enriched group of elements are REE, 
followed by ultra-trace metals such as Platinum Group of 
Elements (PGE). ∑REE of these crust samples range from 

1482 to 2310 µg/g (Fig.3.5), which is much higher than that 
of the mid-Pacific seamount nodules (1180-1434 µg/g). The 
concentration of Ce (1003-1668 µg/g) is also much higher 
than that of mid-Pacific seamount nodules (718 µg/g). 
Geochemical studies of platinum and iridium have indicated 
that both these elements are relatively enriched in manganese 
nodules and crust samples, compared to the concentrations of 
these elements in Earth’s upper continental crust (~4 ng/g). 
The ∑PGE ranges from 1055 – 1955 ng/g (Fig.3.6) in the 
Co-crust samples from Indian Ocean. The strong enrichment 
of Pt (up to 1µg/g) relative to other PGE, and its positive 
correlations with Ce and Co suggests a common process(es) 
for the enrichment of these three elements. Further studies 
are in progress to understand the genesis as well as paleo-
environmental conditions to evaluate them for future 
resource potential.

Fig. 3.4 Fe-Mn-Co rich crust over basalt from the Afanasiy 
Nikitin seamount
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Fig. 3.6 Rock/Chondrite PGE pattern of Fe-Mn-Co crust from 
ANS

(V. Balaram, M. Ram Mohan, D.S. Sarma, K.S.V. 
Subramanayam, S.S. Sawant, Parijat Roy, A. Srivalli,  
K. Vani, Shachi Tripathi)

Achaean gold mineralization synchronous with late 
cratonization of the Western Dharwar Craton, India 
: 2.52 Ga U–Pb ages of hydrothermal monazite and 
xenotime in gold deposits. 

New zircon U–Pb ages for a felsic volcanic rock (2.59 Ga) 
and an intrusive granite (2.57 Ga) in the Gadag greenstone 
belt in the Western Dharwar Craton, southern India, are 
similar to dates for equivalent rocks in the Eastern Dharwar 
Craton and indicate docking of the two cratons prior to this 
time. In situ U–Pb dating of monazite and xenotime (Fig. 
3.7A) in gold reefs of the Gadag and Ajjanahalli gold deposits 
reveal a previously undated episode of gold mineralization 
at 2.52 Ga, substantially younger than the 2.55 Ga Hutti 
deposit in the Eastern Dharwar Craton. The new dates 
confirm that both the younger greenstones and lode-gold 
mineralization in the Dharwar Craton are about 100–120 My 
younger than in other well-dated Achaean cratons. Although 
gold mineralization across the craton postdates most of 
the magmatic activity and metamorphism at upper crustal 
levels, widespread thermal reworking of the lower-middle 
crust, involving partial melting, metamorphism, and lower 
crustal granitoid intrusion, occurred concurrently with gold 
mineralization. It is likely that the large-scale hydrothermal 
fluid flow that produced widespread gold deposition was 
also part of this tectono-thermal event during the final stages 
of cratonization of the Dharwar Craton in southern India.

Fig 3.7
(D. Srinivasa Sarma, Ian R. Fletcher*, Birger Rasmussen*, 
Neal J. McNaughton*, M. Ram Mohan and David  
I. Groves#)
* Curtin University of Technology, Australia 
# University of Western Australia, Australia

Establishment of Scanning Electron Microscope 
Laboratory at NGRI.

The Scanning Electron Microscope (SEM) which is similar 
in principle to the electron microprobe  analyser (EMPA) 
is designed primarily for high resolution imaging rather 
than full fledged quantitative analysis. Images are produced 
by scanning the beam, while displaying the signal from 
an electron detector on a TV screen or computer monitor. 
Spatial resolution better than 10 nm into topographic mode 
and 100 nm in compositional mode can be achieved, though 
in many applications the large depth of field in SEM images 
(typically at least 100 times greater than for a comparable 
optical microscope) is more relevant than high resolution. 
An important factor in the success of the SEM is that 
images of three-dimensional objects are usually amenable to 
immediate interpretation by the observer. The imaging with 
this equipment can be carried out with Secondary Electron 
(SE), Backscattered (BSE) and Cathodoluminescence 
(CL) modes. This equipment at NGRI is also attached with 
an Energy Dispersive Spectrometer (EDS) which gives 
qualitative chemical analysis of the given region or point for 
a quick compositional identification of the sample.

Scanning electron microscopes commonly have an X-ray 
spectrometer attached, enabling the characteristic X-rays of 
a selected elements to be used to produce an image. Also, 
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with a stationary beam, point analyses can be obtained. 
The spatial resolution with respect to analysis is, however, 
still limited to about 1 mm by beam spreading, despite the 
higher resolution obtainable in scanning images. The SEM is 
optimized for imaging.

Geological applications of SEM

The advantages of the SEM as an imaging instrument (high 
spatial resolution, large depth of field, and simple specimen 
preparation) make it an invaluable tool in the following 
branches of geology.

Mineralogy: The SEM is very effective for studying crystal 
morphology on a micro-scale.

Petrology: The ability to produce images of polished sections 
showing differences in mean atomic number is very useful 
both in sedimentary and in igneous petrology.

Paleontology: The SEM is ideally suited to the study of 
fossil morphology, especially that of micro-fossils.

Sedimentology: Three-dimensional images of individual 
sediment grains and inter-growths can be obtained; data on 
fabric and porosity can also be generated.

This equipment is meant for the work to be carried out under 
the Supra-Institutional Project (SIP) for (a) identification of 
Platinum Group of Minerals (PGM) in the ultramafic rocks 
in different PGE bearing zones, (b) locating the phosphate 
minerals (monazite, xenotime) in the alteration assemblages 
of gold mineralized zones, (c) Indicator mineral studies in 
kimberlites, (d) CL imaging of zircons, (e) foram studies 
etc., and other similar studies under various In-house and 
sponsored projects.  

Fig. 3.8

(V. Balaram and D. Srinivasa Sarma)

Geological, petrological and geochemical studies in 
the mafic and felsic volcanic rocks of the Bababudan 
greenstone belt.

The volcanic rocks of Bababudan greenstone belt (BGB) 
indicated the occurrence of mafic-ultramafic rock suits 
generated in a convergent margin tectonic setting. The 
ultramafic rock compositions are distinct from komatiites 
and picrites, and constitute typically low TiO2 (~0.24 wt%), 
Zr (~10 ppm), Ti/V (~8), Ti/Sc (~45), high MgO (~24 
wt%), Al2O3/TiO2 (~45), Cr (~1500 ppm), Ni (~600 ppm) at 
moderate SiO2 (~47 wt%) contents. They exhibit chondrite 
normalized concave upward REE patterns with depletion 
in MREE and reversely fractionated HREE (Gd/Yb~ 0.68) 
as observed for certain boninites from Neoarchean and 
Phanerozoic intraoceanic arcs. 

The mafic rocks comprise of Nb-enriched basaltic andesite 
(NEBA) and Mg-andesites (MA). Although NEBA and 
MA exhibit compositional similarities with respect to Nb 
(5-10 ppm), the former exhibits high (Nb/La)pm and (Nb/
Th)pm relative to the latter. NEBA display distinguishable 
concentrations of major and trace elements with relatively 
low SiO2, FeO*/MgO, Th, Sr, La/Sm, Gd/Yb but high MgO, 
CaO, Mg#, Cr and Ni contents than the MA. Both the groups 
display fractionated chondrite normalized REE with mild 
negative Eu anomalies (Eu/Eu*~0.9) and primitive mantle 
normalized trace element patterns with depletions in Nb, Ta, 
Zr, Hf and Ti. NEBA and MA collectively display high Ti, 
Zr, V, Y, Ti/V and Ti/Sc compared to normal arc basalts and 
span the fields of back-arc basalts. 

Boninites are considered to be derived by melting of a prior 
depleted, subsequently metasomatised, refractory peridotitic 
mantle wedge. While, Mg-andesites result from the variable 
degrees of partial melting of adakitic liquid metasomatised 
mantle source, and NEBA represent residual melts from 
hybridization, featuring shallow subduction of young and hot 
oceanic lithosphere. Though adakitic rocks have not yet been 
identified from this belt, but the high V/Ti (~0.13) and low 
Ti/Zr (~130) in the boninitic rocks and the low V/Ti (~0.03) 
and Ti/Zr (~43) in the associated mafic rocks (MA, NEBA) 
are consistent with their generation in a paired arc – back-arc 
tectonic setting (Fig. 3.9).
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Fig. 3.9 (a) Mg# vs. Cr for Bababudan boninites, Nb-enriched 
basalt and Mg-andesites; (b) Multi-element variation diagram 
for Mg-andesites exhibiting Nb, Ta and Ti anomalies

(C. Manikyamba, Tarun C. Khanna, V. Balaram, P.K. 
Prachiti and K. Raju)

Geological, petrological and geochemical studies in the 
Hornblendites of Gadwal greenstone belt.

Hornblendites occur as mega enclaves in tonalities/granites 
abutting the eastern periphery of the Neoarchean Narayanpet-
Gadwal granite greenstone belt trending NNW-SSE in the 
eastern Dharwar craton, India. The absence of chilled margins 
and granitic xenoliths within the hornblendites preclude 
an intrusive origin for these rocks. But, at certain places 
they have been penetrated by pegmatite veins indicative 
of late stage magmatic activity. However, their close 
spatial association with the belt does not rule out tectonic 
juxtaposition. Their texturaly coarse grained mineralogy 
comprises of metamorphic magnesio-hornblende, interstitial 
oligoclase, relict diopside, with minor zircon, magnetite Fig. 3.10a

MINERAL EXPLORATION AND ENGINEERING GEOPHYSICS

and apatite (Fig. 3.10a). These hornblendites have a narrow 
range of SiO2 (47-49 wt%), uniformly high MgO (~17 wt%), 
Mg# (0.70-0.76) and CaO (~11 wt%), low FeO*/MgO 
(~0.7), TiO2 (~0.5 wt%) and Al2O3 (~8 wt%), with variable 
Cr (400-1000 ppm), Ni (100-300 ppm) and Y (11-20 ppm) 
contents. They display coherent and fractionated chondrite 
normalized REE (LaN/YbN ~4), mild negative Eu anomalies 
(Eu/Eu*~0.85) and highly fractionated heavy REE (GdN/YbN 
~2.6) relative to light REE (LaN/SmN ~1.4). Their primitive 
mantle normalized multielement variation diagram exhibits 
prominent depletions in HFSE (Nb, Ta, Zr, Hf, Ti) relative 
to light REE. Their low inter-elemental ratios Ti/V (~10), Ti/
Sc (~55), Ti/Zr (~98), Zr/Sm (~9), are distinct and similar to 
rocks generated in an arc setting (Fig. 3.10b). 

High magnesian nature of these hornblendites requires 
prior removal of least fractionated olivine-pyroxene bearing 
cumulative phase at high pressures. The extreme depletions 
observed in Zr-Hf and low Zr/Hf ~ 29 ratios coupled with 
high heavy REE fractionation in these rocks indicates an 
original magmatic feature inferred to have been produced 
by the melting of the source rock at depth with garnet being 
the requisite residual phase. The enrichment in light REE 
relative to HFSE and heavy REE is a typical geochemical 
signature of subduction zone magmas, although it could also 
reflect crustal contamination. But, the proximal association 
of these hornblendites with boninite – adakite – Nb-enriched 
basalt suite in the Gadwal belt is consistent with a subduction 
zone model.
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Fig. 3.10b

(Tarun C. Khanna, C. Manikyamba, V. Balaram, P.K. 
Prachiti and K. Raju)

SHRIMP-U-Pb Zircon geochronology of  
plagiogranite from South Andaman Island.

Several of the Andaman-Nicobar Islands, particularly the 
Andaman group, are characterized by the occurrence of an 
ophiolitic suite of rocks. Plagiogranite is well exposed in an 
intertidal zone on the east coast of South Andaman Island 
and occurs as small outcrops (typically 5–10m) in contact 
with gabbro and the East Coast Volcanics. At a few places, 
the plagiogranite shows an intrusive relationship with gab-
bro and East Coast Volcanics. 

Plagiogranite was dated at the Department of Geology, 
Curtin University of Technology, Bentley, Western Australia 
by using SHRIMP. The plagiogranite sample is a massive, 
medium-grained, collected at c. 10 Km (92º 44’ 30”N, 11º 
34’ 05”E), south of Port Blair on the eastern coast of South 
Andaman Island. It consists predominantly of plagioclase 
and quartz with minor amounts of hornblende, some of 
which has been altered to chlorite. Magnetite, ilmenite, 
and titanite are accessory minerals. Approximately 100 
zircon grains and grain fragments were recovered from 
a c. 5 kg portion of plagiogranite sample by standard 
crushing, grinding, magnetic and heavy liquid techniques. 
They comprise a homogeneous population of euhedral, 
colourless (or very pale brown) prismatic grains with square 
cross-sections, mostly c. 300 µm long. Examination of the 
grains in transmitted light and cathodoluminescence images 
revealed fine, concentric zones interpreted as evidence of a 
magmatic origin. Multi-stage growth structures, such as cores 
surrounded by optically distinct rims, were not observed. The 
data shows a single U–Pb age population (Fig. 3.11) with a 

combined 206Pb/238U age of 93.6 ± 1.3 Ma (95% confidence 
limits; n = 25), interpreted as the crystallization age. 

The SHRIMP results provide for the first time the age of 
magmatic crystallization of the plagiogranite indicating 
that they have intruded the gabbro unit and the East Coast 
Volcanics of the Andaman ophiolites in middle-Cretaceous. 
The above interpretation is also supported by the occurrence 
of several mid-Cretaceous granodioritic to tonalitic plutons 
and batholiths (94–98 Ma and 90–110 Ma) intruding the thick 
folded sequence of Mawgyi basaltic-andesite and pillow 
basalts in the Central Burma Magmatic Arc to the north, and 
the 74–115 Ma calc-alkaline plutons and batholiths which 
intrude the Woyla Group ophiolites of western Sumatra in the 
south, which may define likely extensions of the subduction 
zone into which these ophiolites were initially accreted and 
suggest the existence of a continuous subduction zone on 
this scale during the Early to late Cretaceous times.

(Jafri S.H., D. Srinivasa Sarma, Janisar Sheikh, Ian R. 
Fletcher# and Neal J.  McNaughton# )
# Curtin Univeristy of Technology, Perth, Australia.
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Geochemistry and Petrogenetic evolution of  
Bundelkhand  granitoids.

Geochemical and petrological studies were carried out on 
granitoids collected from different parts of Bundelkhand 
Craton to understand the tectonic evolution of the Craton. 
Based on the evolved silica content and the relationship 
to alkalies, the samples have been classified into i) the 
Diorite group and ii) the Granodiorite to granite group. The 
granodiorite to granite group is further subdivided into less 
fractionated and more fractionated groups on the basis of 

Fig. 3.11 Concordia plot of SHRIMP U-Pb data for 
Zircons from Andaman Plagiogranite.
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Fig. 3.12
Fig. 3.13

(M. Ram Mohan, S.P. Singh*, V. Balaram, S. Sawant,  
A. K. Krishna, N. Srivalli, K. Vani) 
* Dept. of Earth Sciences, Bundelkhand University, Jhansi, U.P.

Trace, REE and PGE Geochemistry of basic plutonic 
rocks to the East of Cuddapah basin, Andhra Pradesh, 
India.

The present study deals with the geochemical characterization 
of basic plutons found at different localities which may 
provide valuable inputs in understanding the crustal evolution 
during Pre Rodinian times.  Fig. 3.14
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REE fractionation. Petrographically the diorite group is more 
distinct with the higher abundance of mafic minerals such 
as pyroxenes (Opx & Cpx), hornblende, biotite, cordierite, 
plagioclase, sillimanite and garnet. The granodiorite to 
granite group are predominated by quartz, plagioclase, 
biotite, microcline and hornblende. Accessory phases include 
garnet, magnetite, chlorite. Plagioclase has been variably 
altered into sericite and clay minerals. The multi-elemental 
diagram(s) display depletion of HFSE, such as Nb and Ti, 
while Th, U and other LILE are enriched, which suggests 
the involvement of subduction zone magmatism. The Th-
Nb-Yb systematics also confirms the variable crust-mantle 
interactions within a subduction zone setting. The moderate 
to high La/Yb, Sr/Y < 40, variable Y contents, along with Nb/
Ta closer to UCC coupled with low Mg#, Ni and Cr values 
in TTG correspond to medium to shallow depths of partial 
melting; where the melt had not interacted with the mantle 
wedge, hence deny a slab melting origin for these rocks. 
Alternately, the genesis of these granitoids could be better 
explained as due to the partial melting of newly under-plated 
hydrated basaltic crust at shallow to medium depths leaving 
plagioclase in the restite along with fractional crystallization 
in a subduction zone setting (Atherton and Petford, 1993). 

Bearing a few, the plutons are gabbroic (quartz gabbro-
quartz diorite) in nature with minor subordinate members 
which may be ferrosyenite or anorthosite. The rock types of 
Chimakurthi plutonic complex are considered to be highly 
differentiated, characterized with concentric zoning. The 
plutons of Pasupugallu, Uppalapadu and Purimetla show a 
moderate differentiation.

Petrological studies (Fig.3.13) reveal that the grain size is 
coarse to medium with very well defined grain boundaries.  
Cumulus, hypidiomorphic to holohayaline and sub ophitic 
textures are shown by all the gabrroic rocks with mineral 
assemblages of plagioclase feldspar, cpx, amphiboles and 
occasional olivine, opx, biotite and sphene. Exsolution 
features of magnetite lamellae are seen on cpx and at places 
the cpx alterations to hornblende also observed. Major oxide 
data show that the rocks are low to medium in SiO2 (48-
52%), low TiO2 (0.2-0.6%) and low Na2O (0.9-1.8%) and 
medium in Fe2O3(6-10%). SiO2 correlates; insignificantly 
against TiO2, Al2O3, positively against Na2O, K2O and 
negatively correlates with CaO MgO, Fe2O3. TAS diagram 
classify these rocks as subalkalic gabbros.  
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Fig. 3.15

Fig. 3.16

Fig. 3.17

Relative enrichment of LILE as Sr (up to1100 µg/g), Ba 
(up to 970 µg/g) Rb (up to 490 µg/g) and Ni (up to 963 
µg/g), Cr (up to 2330 µg/g) are characteristic of lower 
crustal involvement in the magma processes. The REE 
plots of gabbroic assemblages show well fractionated (La/
LuN=67.08). Positive, flat and negative Eu anomalies are 
observed in these rocks pointing towards the cumulus nature 
of plagioclase in the melt and its early fractionation during 
the crystalisation process. LREE enrichment and HREE 
depletion is characteristic of subduction zone environment. 
The trace element distribution patterns with positive 
anomalies of  Sr, Ba, Rb, and negative Nb anomaly further 
confirms the low degree of partial melting and fractional 
crystalisation in Island arc to subduction environment. The 
Ti(ppm) vs. V(ppm) plot discriminate these gabbros as Island 
Arc Tholeiites and some as MORB (Fig.3.15).

Plot of Ti(ppm) Vs. V(ppm) for tectonic 
discrimination - PAP Gabbros
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The mantle normalised data show that the relative enrichment 
of PPGE group over IPGE group although Pd is slightly 
depleted (Fig. 3.16). The low ∑ PGE 1.89-108.3 ng/g  are 
characteristic of lower degree of partial melting while the 
interstitial sulphides were preferentially incorporated into the 
liquid phase, producing a PPGE rich melt with a moderate 
Pd/Ir ratios. Pd/Ir Vs. Ni/Cu  discriminates the rocks falling 
below the line of partial melting (Fig. 3.17).  

(V. Balaram, K.S.V. Subramanyam, U.V.B. Reddy*, Parijat 
Roy, K.V. Anjaiah and Sawant. S.S) 
*Dept. of Applied Geochemistry, Osmania University, Hyderabad

Sulphur Determination in geological materials: A new 
facility at Geochemistry Division.

The role of sulphur in geochemical systems is very critical 
and its precise estimation will be very useful in exploration 
activities for precious metals, base metals and deposits of 
hydrothermal origin. In the geochemical cycle of sulphur, 
igneous rocks have a major share of this element although 
considerable amount of sulphur has been generated by 
submarine exhalative process, subsequently dispersed into 
various systems of earth processes.Hence, precise sulphur 
determination in geological materials not only useful for 
search of economic mineral deposits but also useful for the 
understanding of crustal evolution, framework of magmatic 
process.  

Keeping the above advantages in mind a new facility for 
sulphur analysis has been created at Geochemistry Division. 
The Sulphur Analyzer is combustion based (1150OC) with 
Non Dispersible Infra Red detector having a detection 
range 0-6% absolute sulphur concentration in a stream of 
high purity oxygen gas.  The calibration curves for igneous 
rocks were constructed and analytical protocols are being 
developed for various rock types.

MINERAL EXPLORATION AND ENGINEERING GEOPHYSICS
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Fig. 3.18

(V. Balaram &  K.S.V. Subramanyam)

Granites and Mafic enclaves of Nagarkurnool Area, 
Mahboobnagar District, A.P.

The granites in the vicinity of Nagarkurnool are characterized 
by the ubiquitous occurrence of mafic enclaves in them (Fig 
3.19) and are usually coarse-grained, show equi-granular 
and hypidiomorphic  texture (Fig.3.20). The granites consist 
essentially of Quartz, K-Feldspar, Biotite with occasional 
plagioclase, apatite and opaque minerals like magnetite and 
ilmenite. On the other hand, mafic enclaves are medium 
grained to coarse-grained, consisting of plagioclase, 
k-feldspar, biotite, quartz and opaques, having a granular 
texture. 

Fig. 3.19 Field photo showing the granite and mafic enclave 
in the Nagarkurnool area, Mahboobnagar Disctrict, Andhra 
Pradesh.

Fig.3.20 Microphotograph of the granite showing plagioclase 
laths with hipidiomorphic texture.
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While the granites are characterized by high silica levels 
(SiO2:71.05-72.45 wt%), with low-to moderate Al2O3 
contents (13.6-14.42 wt%), Na2O is also moderately high 
(3.28-3.4 wt%), while K2O levels are usually high (5.07-5.76 
wt%). CaO and MgO are very low, with  moderate levels 
(172-255 ppm) of rare earth element (REE) contents and  
negative Eu anomalies (Eu/Eu*=0.55-0.76) and moderate- to 
strong fractionation of LREE (LaN/SmN= 7.79-13.85) with 
only moderate fractionation of HREE (GdN/YbN=2.99-7.15). 
Chondrite normalized REE patterns of the granites show 
enrichment of  LREE relative to HREE (Fig.  3.21).

Fig. 3.21 Contrasting chondrite-normalized Rare earth 
element (REE) patterns of the granites(bottom) and mafic 
enclaves (at the top).
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Rb vs. Y+Nb plot  indicates A Syn-COLG (syn-collision 
granite) tectonic environment for the emplacement of the  
granite. On the other hand, the mafic enclaves  for the most 
part are of diorite nature (Fig. 3.22), with low to moderate 
levels of silica (SiO2: 53.89-55.96 wt %) and alkalis 
(Na2O:1.03-2.47, K2O: 2.11-4.34 wt %) with enriched 
contents of Ferro-magnesian trace elements such as Cr and 
Ni etc. The enclaves have higher concentrations of REE 
(299.78-511ppm) with weak negative Eu anomalies (Eu/Eu* 
= 0.72-0.75) and moderate levels of fractionation, both in 
LREE (LaN/SmN = 2.82 to 3.34) and HREE (GdN/YbN = 4.68 
to 6.51). The granites exhibit a SYN-COLG (Syn-Collision 
granite type of tectonic environment for their emplacement. 
The overall geochemical signatures in the granites and mafic 
enclaves indicate a restite origin.

Fig. 3.22. Tectonic discrimination Diagram showing the 
SOLG (Syn-Collision Granite) type of tectonic environment 
for the Nagarkurnool granite.
 
(M.V. Subba Rao and K. Suresh)

Petrographic characteristics of oolitic carbonates of the 
Vempalle Formation, Cuddapah Basin.

The Vempalle Formation of the Cuddapah Supergroup hosts 
a well developed sequence of quartzites, shales, chert and 
carbonate rocks. The carbonates are of three types namely: i) 
Micrite (ii) Stromatolite and (iii) Oolite. The Oolitic beds are 
mainly siliceous and are present in the lower and middle part 
of this formation. They are overlain by stromatolitic dolomite 
and chert which are both oolitic as well as non- oolitic.  

Petrographic examination of the oolitic carbonates has 
revealed the presence of three types of oolites viz. i) 
siliceous: made entirely of chert and microquartz (Fig. 3.23) 
(ii) calcareous: made of carbonate rims (Fig. 3.24) and 

(iii) oolites made up of a carbonate core with a cherty (Fig 
3.25). Oolites have a nucleus either of detrital fragments of 
silica, opaques or intraclasts of carbonate/chert. Chert is an 
important constituent of these oolites where in it replaces the 
carbonate which is mainly dolomite. Oolites showing both 
concentric and radial patterns are identified. Oolites having 
a radial pattern are composed entirely of fibrous calcite, 
imparting a sector appearance (Fig. 3.24). In some, the radial 
fabric is surrounded by a rim of a well developed compact 
layer of columnar calcite (Fig. 3.24). The oolites show sharp, 
pointed as well as overlapping contacts. At times they are 
surrounded by a micritic envelope. 

Fig. 3.23 Siliceous oolites (a) with quartz cement (b)

MINERAL EXPLORATION AND ENGINEERING GEOPHYSICS

Fig. 3.24 Oolites showing a radial pattern.
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Fig. 3.26 Oolites cemented by columnar and fibrous quartz 
cement (a) and porefilling quartz cement (b).

Two types of cements are recognized i) An early columnar 
and fibrous cement surrounding the oolites and (ii) pore filling 
carbonate/quartz cement (Fig. 3.26). Void filling quartz grains 
impart a mosaic look. Well developed carbonate rhombs, at 
times engulfing the oolites, are also noticed. These rhombs 
might have probably formed by recrystallization of the pre 
existing carbonates, during diagenesis. The occurrence of the 
oolitic facies in association with the stromatolitic horizons 
and the carbonate beds indicates that the Vempalle oolites 
were formed in a shallow water tidal setting where turbulence 
and moderate energy conditions prevailed. Precipitation 
of alternate units of carbonate and chert/silica and oolites 
indicates a periodic variation in the Eh-pH conditions of the 
depositional enviorment.

(Ramavati Mathur, S.M. Naqvi, B. Udai Raj, V. Balaram)

Conductive Cooling and Primary Volcanic 
Structures in Tholeiitic Basalts of Deccan Volcanic 
Large Igneous Province, India.

The Cretaceous age Deccan Volcanic Large Igneous 
Province (DVLIP), encompassing 500,000 Sq. Km largely 
in western and central India, is represented dominantly by 
tholeiites associated with co-genetic alkali-basalts, ferro-
picrites, rhyolites, andesites, dacites, interlayered chemical 
and fine grained detrital sediments and intrusive alkaline 
rock-carbonatite complexes and alkali / ultramafic-mafic 
dykes. Field measurements on the Deccan Trap lava flow 
units from Anantagiri-Dharur areas, A.P and Karanja-Zari 
areas, Maharashtra in South-Eastern and South-Central 
DVLIP show simple flows of tholeiitic basalts, prominently 
exhibiting either a part of or the complete sequence of primary 
volcanic structures represented by the Lower Colonnade 
Zone (LCZ), the Middle Entablature Zone (MEZ) and the 
Upper Colonnade Zone (UCZ). Conspicuous volcanic 
features like vesicles and cooling cracks in this volcanic 
succession divide the individual flow units. On an average, 
(a) the prominent thin/thick, vertical columns making up 
these colonnade zones (flow top and bottom) are 4-5 sided, 
2-6” thick, 2-6’ in height, having a cross-width of 4-6” with 
an average flow stack thickness of 60’, (b) while the highly 
variable intersecting and fanning columns which are 2-6” 
thick with a cross-width of 2-4” and an average flow stack 
thickness of 25’ represent the entablature (flow middle). The 
interphase between the top/bottom and the middle portion in 
the basaltic flow unit is represented by a change in the style 
of jointing and the distribution of vesicles. The three tiers 
of joints in the UCZ, MEZ and LCZ also display platy or 
horizontal joints/fractures. These basalts are medium grained, 
plagioclase-Cpx-phyric with fine grained olivine, titano-
magnetite, plagioclase, Cpx and glass in the mesostasis. 
Compositions of these basalts are slightly heterogeneous 
providing weak local interfaces and the observed patterns of 
cracks are due to conductive cooling of these basaltic lava 
flow units during solidification. Using the thickness of the 
upper colonnade zones and the standard temperature-flow 
thickness-cooling time profiles (temperature-depth-time) for 
a lava pile, the total approximate cooling time of these lava 
flow units is being estimated. Data suggests that (a)  there 
could have been ponding of  the basaltic lava during its flow 
on the uneven topography of the basement, (b) there was 
conduction of heat from (i) the flow bottom, upwards and (ii) 
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Fig. 3.25  Oolites with a carbonate core (a) and a cherty rim (b) 
Recrystalised carbonate (c) Engulfing an oolite is noticed. 
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the flow top, downwards, both directed towards the middle of 
the flow, (c) there was gradual cooling, nucleation of points 
and propagation of vertical and horizontal fractures (Fig. 
3.27a & 3.27 b), (d) the columnar joints were propagated 
incrementally toward the centre of the cooling lava flow unit 
at slightly subsolidus temperatures around 9000C, the joint 
spacing correlating inversely with local cooling rates and 
(e) formation of regular columns (the colonnade) along the 
upwardly moving cooling front, was synchronous with the 
development of the curvi-columnar joints (the entablature) 
along the downward moving cooling front (Fig. 3.28 & 
3.29). 

Fig. 3.27a Vertical cooling joints

Fig. 3.27b Horizontal cooling joints

Fig. 3.28 Top cooling and colonnade structure.

Fig. 3.29 Bottom cooling and fanning entablature structure

(Charan S.N, Subba Rao D.V., Balaram V, Chavan 
C.D, Archana K.B, Rajeev Menon, Govindarajulu B and 
Abhani. K. Padhy)
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High resolution multiparameter airborne geophysi-
cal survey for mineral, oil & ground water explo-
ration and development of inter-pretational tech-
niques for airborne data.

Positive magnetic anomaly zone – Garladinne area 
(EDC).

The granite–gneissic basement complex of the Eastern 
Dharwar Craton [EDC] is made up of granites, gneisses, 
older metamorphic and green stone belts. These belts have 
been intruded by younger basic and acidic rocks. Numerous 
dykes in EW, ENE-WSW, WNW-ESE and NW run across the 
area. Fault/fracture lineaments in this metamorphic terrain, 
at places, have been filled with long linear quartz reefs.

Qualitative analysis of the aeromagnetic signatures over a 
portion of the fault/fracture systems indicated positive (high) 
magnetic anomalies in the range of 60 to 100nT. Surface 
geological mapping in the Garladinne area of Anantapur 
District (Fig. 3.30) indicated a 11Km long linear quartz reef 
along a fault zone from Garladinne and extending towards 
NW. This feature is associated with a strong magnetic 
positive anomaly of amplitude 60nT. Magnetic anomalies, 
under induction at this latitude, appear as positive (high) 
anomalies. Also, the Quartz reefs with the diamagnetic 
character contribute to the positive nature of the magnetic 
anomaly.

Analysis of the aeromagnetic map of the area bounded by 
the latitudes 14o  15N and 15o.00N, 77o.15’E and 77.45’E 
longitudes indicated extension of the positive magnetic 
anomaly both in the SE and NW direction, which shows that 
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Fig. 3.30 Aeromagnetic anomaly map of Garladinne fault 
area. The PLUS marks indicate the inferred fault and its 
extension towards NW and SE from Garladinne.

fault along which the quartz reef was intruded is not limited 
to a length of 11km. The absence of surface geological 
indications of the quartz reef along the positive magnetic 
anomaly zone could be inferred as an effect of either 
weathering or subsurface plunging of the reef both in NW and 
SE directions. Or the extended part of the positive magnetic 
anomaly zone represents an intensely sheared fracture/fault 
zone without the intrusion of the quartz reef.

Multi parameter high resolution heliborne geophysical 
surveys for atomic minerals.

NGRI has carried out multiparameter high resolution 
helicopter borne geophysical surveys over 9000 line 
kilometers in parts of North Singhbhum Shear Zone (NSSZ) 
for Atomic Minerals Directorate (AMD), Hyderabad. 
The survey was flown with a line spacing of 200m with a 
sensor height of 30m. For this survey, the newly acquired 
state-of the-art Time Domain Electromagnetic (VTEM) 
system coupled with the airborne radiometric and cesium 
vapor magnetometer assembly has been employed for data 
collection over parts of Chotta Nagpur Granite Gneiss 
Complex  (CGGC) and the Chandil formations of Singhbhum 
group of rocks to delineate deeper horizons of radioactive 
mineralization in this part of the country.

(H.V. Ram Babu, Ch. Rama Rao, B. Vijay Gopal, R. 
Rajkumar, M. PrasantiLakshmi, R.K. Kishore, N. Srikanth, 
M.A. Gaffar, G.D.P.S. Sinha, G. Ramachandra Rao, D. 
Praveen, V. Pradeep Kumar).

2D/3D Seismic Studies in various Coal basins of 
India, Site Characterization and shallow Geophysical 
Studies for mineral exploration, Engineering and 
Archeological projects. 

3D HRS Surveys to map coal horizons and associated 
structural features for long wall mining. 

A 3D-HRS Survey was undertaken at 2x1 km grid area 
on experimental basis for mapping of coal beds and the 
associated minor structural details at depth in KTK long wall 
project in Pranahita-Godavari coal fields, Bhoopalapally 
area, Warangal Dt., Andhra Pradesh State. The project is 
sponsored by SCCL Kottagudem. Preliminary site inspection 
was carried out for feasibility of the area and 3D HRS 
survey planning purpose. The 3D equipment was tested in 
all respects at NGRI successfully and made ready to deploy 
for data acquisition.

2D HRS Surveys for mapping of Limestone and Lignite 
Deposits at Lakhpath Area, Kutch, Gujarat.

GMRDS proposed a project at Abadasa and Lakhpath taluk 
of Kutch District of Gujarat to delineate the Limestone and 
Lignite beds. For this purpose, 2D HRS Surveys were carried 
out along the 2 Line Km at two selected blocks each of 1 Km 
length separated by 60 Km. The field data  acquired using 
Geometrics make Strata Visor NZ-II 60-channel seismic 

MINERAL EXPLORATION AND ENGINEERING GEOPHYSICS



Annual Report 2009 - 2010 
61

Fig. 3.31  2D HRSS Line Section at Lakhpath

2D Seismic reflection studies to map subsurface structural 
features at Mundra port area, Kutch, Gujarat. 

At the request of  Institute of Seismological Research (ISR), 
Gandhinagar, 2D Seismic survey was conducted to delineate 
sub surface geological layers and it’s associated structural 
features at Mundra coast in Gulf of Kutch for constructing 
storage tanks for Liquefied Natural Gas (LNG). 

Fig. 3.32  Interpreted 2D Seismic Section at Mundra Port 
area, Gujarat.

2D Seismic Reflection study was carried out along a selected 
N-S profile at Mundra coast for detecting Geological layers 
and subsurface structural features up to a depth of 1000 
m using EAGLE-88 Radio Frequency Telemetry (RFT) 
Seismic system with 294 recording channels active for all 
the shot holes without rolling. Three prominent geological 
layers were revealed with decreasing thicknesses from 
South to North. The top 200m strata without any prominent 
reflections may be attributed to Tertiary formations. The 
reflections between 200m to 250m  may be from the Deccan 
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instrument was processed using the Focus and Geo-depth 
seismic softwares. Time sections are prepared for further 
analysis. The initial results indicate that the top reflections 
in the time section may be from the lime stone formations 
while the bottom reflections from lignite seams. (Fig. 3.31)

Ground Penetrating Radar (GPR) mapping to locate 
underground pipes, cables and utilities.

The GPR scanning was carried out to delineate the presence 
of underground pipelines / cables and other utilities at exist-
ing NRL campus, to help in planning the extensions in the 
refinery premises. GPR data was collected at 61 sites of 14 
different units by employing 400MHz mono static antenna. 
Underground objects such as construction material, cables, 
pipes etc. are mapped up to a 4m depth. At each site, number 
of anomalies were identified and marked in the radar depth 
section. The raw data processed and analyzed using Prism 
software reveals that  the underground pipes are revealed by  
parabola shaped anomalies, which can be visually observed 
in the depth sections at a number of locations shown in Fig. 
3.33a and 3.33b. 

trap. Below 250m, less prominent sets of reflectors may 
correspond to Mesozoic sediments with unknown thickness.  
A small steeply dipping fault is noticed near the 600 CDP 
number (~3000m from the southern end) which cuts across 
both the sediments and lava flows, and  could be of Tertiary 
age. From the geological consideration and gravity studies 
by ISR, the contact appears to be gradually dipping towards 
south of the profile and crosses the Hypothetical Mundra 
fault, 100 m short of its northern end. There is no indication 
of the Hypothetical Mundra fault on the seismic section.

Fig. 3.33b GPR Profiles at NRL Campus

Fig. 3.33a
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2D-HRS Survey for identification of lignite and structural 
features at Kagau block, Barmer, Rajasthan State.

The 2D  HRS Data acquisition is in progress near Barmer for 
delineation  of lignite seams  and it’s associated features. The  
data was acquired along K1 and K2 lines at lignite seams 
of Kagau Block, Barmer District, deploying 5m- geophone 
group interval, 10m-shot point interval, 96 active channels, 
20m (±2m)-optimum shot hole depth, 2sec-record length 
and 0.25msec-sample interval. In total, about 50 LKM of the 
Seismic data was acquired on K1 and K2 lines. 

Geophysical studies to delineate the geological features 
along the pumping storage scheme at Malshejghat, 
Maharashtra.

M/s Nuclear Power Corporation of India (NPCIL), Mumbai 
has requested NGRI to map the geological features along 
the pumping storage scheme at Malshejghat, Maharashtra. 
Seismic Refraction and MASW studies were carried out to 
identify Geological layers, structurally weak zones, if any, 
in the study area. The data was acquired using 24 channel 
seismic unit, 4.5Hz frequency receivers, with 1m geophone 
interval and 5m offset. The data was acquired along 4km 
length of Lower and Upper dam axes. Results of the studies 
successfully revealed the geological layers which consist 
of 2-3m top soil with Vs-200m/s & Vp-400m/s, 10-15m 
weathered basalt (Vs-500m/s & Vp-2200m/s) underlain by 
Compact basalt (Vs->800m/s & Vp-5000m/s) as shown in 
Figs. 3.34 & 3.35.  

Fig. 3.34 Vs image at Lower dam axis at Malsheighat 
Mumbai

Fig. 3.35 Vp image at lower dam axis at Malshejghat

Geological and geophysical studies at Jodhpur

Since 1997, some parts of Jodhpur City in Rajasthan has been 
severely affected by raise of groundwater level that largely 
inundated  underground building space, posing huge threat to 
the building stability in the city areas. The two main causes 
identified are (a) raise in water level in Kailana-Takhatsagar 
reservoir due to IGLC project, and (b) several fold increase 
in water supply to city areas that in turn discharged to 
unprotected sewerage network causing recharge of shallow 
groundwater system. An analysis of satellite imageries has 
revealed several lineaments around the reservoir. However, 
none of these lineaments connect the city areas from the 
reservoir. Field geological and geophysical studies confirm 
the lineaments on ground, and these are largely fracture 
systems. Further studies are being carried out  to characterize 
the lineaments and their ground water potential.

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