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GEOLOGICAL SETTING

India has the largest repository of Proterozoic (~ 1.1
Ga) kimberlite clan rocks (KCR’s) in the world. The
term KCR is used in the present study because of the

Shanker, et. a, 2001; Scott Smith, 1989). These KCR's
are confined to four mgjor Indian cratons and adjoining
Proterozoic mobile belts. Figure 1 shows the
distribution of various cratons, mobile belts and KCR’s
(shown as kimberlites and lamproites based on their
preliminary geochemical affinities). So far about 100

) e KCR's have been located in these provinces.
uncertain  classification of a number  of
kimberlites/lamproites in India (Madhavan, 2002; Ravi
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Figure 1: Distribution of various cratons, Proterozoic mobile belts, and KCR’sin India.
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The eastern part of Dharwar Craton contains about 80
of these in the vicinity of intracratonic Cuddapah Basin
(CB) from where world famous diamonds like Koh-i-
Noor, Nizam, Orloff, Great Moghul, Pitt (Regent),
Darya-i-Noor, etc. were won in the past. Major well
established kimberlite clusters occur along the western
margin of CB with the Wajrakarur Kimberlite Field
(WKF) in south and the Narayanpet Kimberlite Field
(NKF) in north. Further westward occurrences of
kimberlites are established by the discovery of Raichur
Kimberlite Field (RKF) in recent years. Within the
Nallamalai Fold Belt along the eastern margin of CB
the Chelima Lamproite Field (CLF), comprising a few
well known dykes, is well established. Along the
northeastern margin of CB anew lamproite field, called
Jagayyapeta Lamproite Field (JLF) with more than 2
dozen dykes, is established recently based on geological
investigations during the last couple of years. In Bastar
Craton wo kimberlite fields, the Mainpur Kimberlite
Field (MKF) with 5 pipes and the Tokapal Kimberlite
Field (TKF) with 4 pipes were discovered in 1990’s.
Bundelkand Craton comprises at least 2 distinct clusters
of KCR's (lamproites?) located along the margin of
Central Indian Mobile Belt (CIM B). The first cluster at
Majhgawan, designated as Majhgawan Lamproite Field
(MLF) by the Geological Survey of India
(Satyanarayana, 2002) comprises 8 known bodies
including India's only diamond producing mine at
Panna (Majhgawan Pipe). The other cluster, comprising
5 bodies, islocated in Mirzapur District, UP. Not much
work has been reported on these bodies.

GEOPHYSICAL SIGNATURES OF FAVOURABLE
LITHOSPHERIC CONDITIONS

The depths at which carbon can remain stable in the
form of diamond are around 150-200 km where the
temperature range of 900-1400 °C and pressure
conditions of 50-60 kbar prevails. A thick and cool
lithosphere is necessary for the formation, stability and
preservation of diamonds. Thus, over a favorable
lithosphere, the surface heat flow values may not
exceed 40-45 m Wni?. Such a lithosphere aso
possesses typical geophysical characteristics that could
be identified on aregional scale of the order of 400 km
or more. Other important geophysical characteristics
include the regional gravity, magnetic and seismic
responses of the lithosphere. A careful and integrated
study of these responses can help in recognizing the
mantle-root-friendly or mantle-root-destructive
conditions as well as the diamondiferous nature of the
kimberlites (Bank et al., 1998).

Geophysical Characteristics of the Indian
Lithosphere

Geophysical characteristics of the lithosphere under
Indian peninsula are described in detail by Verma
(2000) to identify regions suitable for the occurrence of
primary deposits of diamond. First of all the heat flow
datais anayzed (Figure2) to identify cratonic areas
with low heat flow values. Available heat flow data
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Figure2: Heat flow map of India along with
the occurrences of diamond source rocks.

over India is rather scanty and unevenly distributed.
However, based on the studies by Gupta (1995) and
Roy et al. (1996) we can conclude that: (1) The
Archean Western Dharwar Craton is characterized by
lowest heat flow (31 + 4.1 (s.d.) mWni?), (2) Archean
and Archean-Early Proterozoic cratons have values
around 39 + 4.0mWni?, and (3) the Proterozoic mobile
belts yield higher heat flow values of the order of 62 +
10.8 mWmZ. To depict the occurrences of known
kimberlites and lamproites over various heat flow
regimes, the heat flow contour map by Ravi Shanker
(1988) is used in Fig. 2 However, this heat flow map
should be considered only for first order qualitative
purposes. Despite the scanty datait is possible to seein
Fig. 2that all the known clusters of kimberlites occur
on cratons characterized by very low heat flow.
Lamproites, on the other hand, occur on or close to
mobile belts with higher heat flow values.

Subsequently, the Bouguer gravity data is studied to
qualitatively assess the crustal and lithospheric
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structures below various cratons and mobile belts. At
present the magnetic anomaly map of India is not
available. Therefore, MAGSAT anomalies are
considered to study the structure of magnetic crust
derived on the basis of Curie point isotherm. To get an
idea about the mantle roots and lithospheric structures,
the available results from limited seismic tomography
experiments carried out in peninsular India are utilized
(Rai et. al, 2003, Srinagesh and Rai, 1996, Rai et. a,
1992). Seismic tomography experiments in India
started in the beginning of this decade. Preliminary
results of the P-wave teleseismic experiment conducted
over the south Indian shield are shown in Figures 3a
and 3b for depth ranges 50-175 km and 175-350 km,
respectively. Occurrences of KCR's in the Dharwar and
Bastar Cratons are also shown in these figures. It may
be seen that at shallower depths, the kimberlitic clusters
of WKF as well as the NKF lie close to high velocity
region indicating a relatively thicker and cooler
lithosphere. At deeper levels (Fig. 3b) it can be seen
that the WKF is associated with high velocities
indicating the presence of arelatively thicker and cooler
lithosphere compared to NKF. On the basis of these
preliminary results, it could be surmised that possibly
the lithosphere-asthenosphere structures below the two
fields are qualitatively different. Murthy and Dayal
(1998) conclude that ‘Mahaboob Nagar kimberlites
(same as NKF) represent lower pressure and higher
degree of partiad melt than Wajrakarur kimberlites
(WKF). This is also supported by the seismic
tomography results.

Spatial distributions of the regional and deep seated
structural features are then studied to identify areas that
could be promising from the view point of the
occurrence of source rocks for diamonds.

SEISMIC TOMOGRAPHY RESULTS
PENINSULAR INDIA (50- 175 KM)
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Fig. 3a Seismic tomography results for
50-175 km depths (after Rai et al., 1992)
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Fig. 3b: Seismic tomography results for
175-350 km depths (after Rai et al., 1992)

GEODYNAMICAL ASPECTS

The central Indian region, comprising Son-Narmada-
Tapti lineament and the Central Indian Mobile Belt
(CIMB), represents a major geological setting that
holds key to the evolution of Indian sub-continent. The
CIMB separates the Bundelkhand cratonic block in the
north from the southerly cratonic blocks of Dharwar
and Bastar. It possibly represents the suturing of
various cratonic blocks resulting from continent-
continent collision tectonics during the
M esoproterozoic time.

Modeling of egional Bouguer gravity data over the
central Indian tectonic region incorporating the
constrains provided by results from deep seismic
sounding and magneto-telluric studies revea the
presence of regional underplating all along the central
Indian tectonic zone (Verma and Singh, 2001). High
heat flow values and seismic tomography results further
suggest the presence of a thin lithosphere which has
interesting implications on the occurrence of
diamondiferous kimberlite clan rocks in the region.

It is now well established by geochronological studies
that the KCR volcanism was confined to a narrow
window in time. Spatially widespread and coeval nature
of these KCR's suggests a major thermo -magmatic
activity of regional nature around 1.1 Ga In order to
understand their origin, it is imperative to study the
pal eo-geographic distribution of various proto-cratonic
blocks that evolved into present day Bundelkhand,
Dharwar, Bastar, and Singhbhum Cratons. Based on
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Figure 4: Interaction of superplume with Bundelkhand and Dharwar Cratons around 1.1 Ga
causing widespread KCR volcanism.

available geochronological and paleomagnetic data, a
reconstruction in time reveals that most of the proto-
cratonic blocks were formed proximally around
Paleoarchean time. Suturing of northern proto-cratonic
(Bundelkhand) block with the southern (Dharwar,
Bastar, and Singhbhum) blocks was completed by Late
Archean/Paleoproterozoic time. Lithosphere(s) below
these blocks grew steadily with time and by
Mesoproterozoic time thickness of lithosphere kelow
various cratonic blocks was sufficient to have P-T
conditions suitable for the preservation of diamonds
(Figure 4).

Around 1.1 Ga, various Indian cratons; as well those
from west Australia, central and southeast Africa, and
Sao Francisco Craton in South America; were
contiguous and formed pat of the Rodinia
supercontinent. It is interesting to note that most of the
Proterozoic kimberlites in the world are located in these
regions and show an age around 1.1 Ga Thus a
common causative factor like a superplume seemsto be
able to explain the aigin of such a large nhumber of

Proterozoic kimberlites in regions that are presently
separated by thousands of miles (Haggerty, 1999). The
proposed model also explains some of the deeper
characteristics of the sub-cratonic lithosphere in central
India deciphered by seismic sounding and tomography,
heat flow, gravity, and MAGSAT studies.
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