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Foreword

I am very honoured to have been invited to write the foreword to this issue of the Journal of

the Geological Society of India, particularly so because it represents an important step in India’s

participation in the world of ore deposits associated with mafic and ultramafic rocks. The papers

reporting Indian research on the Fe-Ti oxide deposits at Nuasahi, the Archaean chromitites of the

Singhbhum craton, and the Manipur ophiolite complex in the Indo-Myanmar orogenic belt will be

read with great interest by international scientists working in these fields, as will the discussion of

PGE analysis, the paper on the Merensky Reef and that outlining the requirements for the

development of magmatic sulphide deposits in Ural-Alaskan type intrusions.

Perhaps, given my long-term interest in magmatic sulphide deposits, I may be allowed to

express the regret that the papers on this aspect are not authored by those conducting research

within India. Gondwanaland contained 75% of the world’s resources of platinum, now located in

South Africa and Zimbabwe, while significant nickel resources occur in Western Australia, South

Africa, Zimbabwe, Botswana and Tanzania. There is no reason why India, which occupied such a

central position in the former continent, should not be similarly endowed. Indeed, even with my

very limited personal knowledge of Indian geology, I would have thought that the intrusions of the

Khetri lineament, the Sittampundi anorthosite complex or komatiites of the Dharwar craton and

the Nuasahi-Sukinda igneous complex of the Singhbhum craton amongst other areas would offer

scope for continuing research on magmatic Ni-Cu-PGE deposits.

There has been a long tradition of distinguished earth scientists working in the field. The first

part of the 20th century saw several famous names, including those of Vogt, Spurr, Hawley and

Godlevsky, working on sulphide ore magmas. The dawn of the 1970’s, with the internationalization

of science that came with the advent of cheap travel, saw the start of much greater international

cooperation on the subject. Perhaps the first truly international conference devoted to magmatic

sulphides was the 1st International Platinum Symposium that was organized by Reid Keays at

Melbourne University in 1971. This was followed by the 2nd in Denver in 1975, the 3rd in Pretoria

(1981), 4th in Toronto (1985), 5th in Turku (1989), 6th in Perth, W.A. (1992), 7th in Moscow and

Noril’ sk (1994), 8th in Rustenburg (1998), 9th in Billings (2002) and the 10th in Oulu (2005). It has

recently been announced that the 11th symposium will be hosted by Laurentian University in Sudbury

in 2010. A series of  IGCP (International Geological Correlation Programme) projects started

under the auspices of UNESCO and IUGS in 1977 with IGCP 161 “Magmatic Sulphide Deposits

in Mafic and Ultramafic Rocks” (1977-87) led by myself and Heikki Papunen. This was followed



by IGCP 336 “Intraplate Magmatism and Metallogeny” (1991-95) led by Mike Zientek, IGCP 427

“Dynamic Processes in Ore-forming magmatic systems” (1998-2002) led by Mike Lesher and

Sarah-Jane Barnes, and IGCP 479 “Sustainable use of platinum-group elements” led by Jim Mungall,

Markku Iligna and Cesar FereroFilho. These projects have covered much of the world, including

short courses in Zimbabwe, Finland, Brazil and Hong Kong, and field trips in Ontario and Quebec,

Brazil, Norway, Finland, Zimbabwe, Western Australia, Alaska and Montana, Emeishan and

Jinchuan in China, and the Kola Peninsular and Noril’sk in Russia. A major conference and short

course devoted to Ni sulphide deposits is being organized by Professor Tang in X’ian, Lanzhou

and Jinchuan in 2009.

Only a handful Indian scientists have been involved with these international endeavours. In

view of the recent large increases in the prices of Ni and Pt, and the current pace of industrialization

in India, it is my hope that the future will bring much greater Indian interest in the subject of

magmatic sulphide deposits, and the necessary greater financial support. An explosion of Indian

research on magmatic sulphides and their host rocks will give rise to the development of a local

knowledge base that will enormously facilitate the discovery of the Ni and PGE resources that

surely exist within India.

University of Toronto TONY NALDRETT

30th June 2008

Email:ajn2306@aol.com
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Preface

Ultramafic and mafic complexes in differing tectonic settings have been known in India but

they have not been studied for the location of economic concentrations of platinum group metals.

The availability of modern instrumentation facilities in recent years by some of the Indian

laboratories has revived interest in the study of the PGM ores. The lack of interest is possibly due

to want of opportunities for examining world class deposits at first hand and also interaction with

scientists of different countries specialized in the study of PGE.

The Geological Society of India, to the extent its limited resources permit, has taken initiative

in inviting individual specialists in the field to visit India and give a course of lectures to a select

group of workers and publish the proceedings in the form of a special issue of the Journal. Recently

the Society organized a field workshop on kimberlites which proved highly successful bringing

out several newer aspects of their exploration.

Platinum (along with related metals, palladium, rhodium, ruthenium, iridium, osmium as

well as gold), chromite, nickel, magnetite, vanadium and titanium are important metals associated

with ultramafic complexes – Bushveld Complex in South Africa is a classic example.

Dr. Sisir K. Mondal, the guest editor of this special issue is a distinguished alumnus of the

Jadavpur University and is presently a visiting scientist at NordCEE, University of Copenhagen,

Denmark. When he visited the Society, he was requested by the Editor of the Journal whether he

would undertake an assignment of bringing out a special issue on ore deposits related to ultramafic-

mafic complexes. He kindly agreed to do so and has put in maximum effort in bringing together a

number of review papers of interest to those engaged in the exploration of chromite, nickel and

PG metals. It is expected that this special issue will inform the international group engaged in the

study of this remarkable group of ore deposits. The compilation is enriched with an elegant foreword

by Tony Naldrett, emphasizing the importance of such studies. An informative introduction is

provided by Dr. Mondal.

Our grateful thanks are due specially to Dr. Mondal for the trouble he has taken in getting

together and editing this fine collection of papers and to the contributors for their valuable papers

enriching our knowledge of an important group of magmatic rocks and their associated economic

metals.

15 September, 2008 B.P. RADHAKRISHNA
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Orthomagmatic Ore Deposits Related to Ultramafic-Mafic Rocks:

An Intr oduction

SISIR K. MONDAL

Department of Geological Sciences, Jadavpur University, Kolkata, India
Nordic Center for Earth Evolution (NordCEE), University of Copenhagen, Denmark

Email:  sisir.mondal@gmail.com

b) Tholeiitic suite: (Ni-sulphide, Ti-V-magnetite
deposits)
(i) Layered picritic intrusions
(ii) Anorthosite bodies

2. Intrusions in Cratonic Ar eas
a)  Intrusions related to flood basalts (Ni-Cu-

sulphide, PGE and Ti-V-magnetite deposits)
b)  Small to large mafic layered intrusions

(chromite, PGE, Ni-Cu-sulphide and
Ti-V-magnetite deposits)

3. Intrusions Related to Orogenesis
a) Synorogenic intrusions (Ni-sulphide)
b) Tectonically emplaced Alpine-type bodies

including ophiolite complexes (chromite,
Cu-sulphide, PGE)

c) Alaskan type zoned complexes (chromite,
PGE, Ni-Cu-sulphide)

The huge volume of literature (e.g., Economic Geology
Monograph 4, 1969; Special Issues of Economic Geology,
v.71, 1976; v.77, 1982; v.81, 1986; Reviews of Economic
Geology, v.04, 1989; Economic Geology special publication
13, 2006; Special publications of the Canadian Mineralogist,
v.17, 1979; v. 2004; Mineralogy and Petrology, v.42, 1990;
Ore Geology Reviews v.33, 2008; Chemical Geology v.248,
2008; other volumes of the International Pt Symposium;
Special volume of the Canadian Institute of Mining and
Metallurgy, 1981 and 2002; Books by Naldrett, 1989, 2004;
Edited volume by Cawthorn, Layered Intrusions, 1996,
Elsevier Sciences; Review on the subjects by Naldrett and
Cabri, 1976; Macdonald, 1987; Stowe, 1994; Mathez, 1999;
Mungall, 2007) testify to the development of the present
knowledge base related to orthomagmatic ore deposits

JOURNAL GEOLOGICAL SOCIETY OF INDIA
Vol.72, November 2008, pp.591-593

Production and use of orthomagmatic ores such as
Ni-Cu sulphides (source of Ni and Cu), platinum group
elements (PGE: Pt, Pd, Ir, Os, Ru, Rh), chromite (source of
Cr), and magnetite (source of Fe, Ti, and V) is one of the
most dynamic and effective branches of world economy. 
These metals, in particular Ni, Cr, Ti, Fe, and V are important
for steel making and the PGE are vital in the automotive
and health-care industries.  In addition, the use of PGE in
advanced electronic technologies continues to increase. 
As exploration continues due to the price of Ni and PGE,
more of the orthomagmatic deposits are being located
all over the world and their importance in the market
expected to expand greatly in the future.

Orthomagmatic ore deposits are formed from ultramafic-
mafic magmas due to high temperature crystallization
processes and directly linked to the evolution of the
parent magmas.  The ore forming processes for this type of
deposits broadly have two end members (e.g., Mishra, 2000):
(1) concentration of ore minerals as a direct consequence
of magmatic crystallization dominated by silicate melt-
crystal equilibria and (2) (magmatic) hydrothermal processes
where concentration of ore minerals are from magmatic
hydrothermal fluids by crystallization dominated by crystal-
volatile equilibria.  The simplified classification of the
ultramafic-mafic rock types, which are important for
orthomagmatic ore deposits are: (after Naldrett and Cabri,
1976; Naldrett, 1981)

1. Synvolcanic Bodies (excluding intracratonic
volcanics)

a) Komatiitic suite: (chromite, Ni-sulphide and
PGE deposits)
(i) Lava flows
(ii) Layered sills including dunite-peridotite

lenses
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located in various parts of the world.  Similar types of rock
suites are also found in the Indian Shield (Fig. 1).  Examples
include the synvolcanic bodies within the Precambrian
greenstone belts of the four cratons, the younger mafic
intrusions within the cratons and within the adjacent
mobile belts and the Deccan flood basalts.  However, there
is notable lack of scientific information and understanding
of these rock suites and obvious gaps in knowledge like
detailed field, geological, petrological and geochemical

hosted PGE deposit within the shear zones of the Nuasahi
and Sukinda complex (e.g., Nanda et al. 1996; Mondal and
Baidya, 1997; Mondal et al. 2001; Augé et al. 2002, 2004;
Mondal 2007).  There are large mafic igneous bodies
which are relatively younger such as the 1891-1883 Ma
Southern Bastar - Cuddapah large mafic igneous province
(e.g., French et al. 2008; Srivastava, 2008) and can be found
within all the four cratonic blocks as well as within the
adjacent mobile belts that may be good targets for
Ni-Cu-sulphide and PGE exploration in India.  In addition,
the ophiolitic complexes of the Himalayan orogenic belt
and the subvolcanic intrusions of the Deccan may be
possible target zones to find orthomagmatic ore deposits
in India.

In the past decade there has been an increasing demand
for mineral resources in Asian countries.  The remarkable
economic growth in China, India and other Asian countries
accompanied by dramatic shift in mineral deposit research.
Despite some progress, the work done in India has not
received enough publicity. In this context this particular
issue of the Journal of the Geological Society of India is an
initial step to highlight advances in the current state of
knowledge and understanding of orthomagmatic ore
deposits from India, in particular, the deposits of chromite
(contribution by Pal et al.), Ti-V-bearing magnetite
(contribution by Mohanty and Paul), PGE prospect in
ultramafic-mafic rocks of the Archaean greenstone belts of
southern India (contribution by Devaraju et al.), PGE
distribution in ophiolitic chromitite (contribution by Singh),
analytical developments on the subject (contribution by
Balaram) and on general petrological aspects of mafic rocks
(contribution by Hazra et al.).  In addition, this special issue
contains the updated research results on world-class
orthomagmatic ore deposits such as the PGE-deposits of
the large layered intrusions from the Bushveld complex of
South Africa and the Stillwater complex of Montana, USA
(contribution by Godel et al).  An important addition in this
volume is the review of recent results on the Alaskan type
ultramafic-mafic complex and the Ni-sulphide potential
of this type of rocks (contribution by Thakurta et al.).

This effort has been made to transfer knowledge on the
subjects of research related to chromite, Ti-V-magnetite and
PGE occurrences in India and updated review on world
class deposits to the geoscientists worldwide.  I hope the
outcome of this special publication will be beneficial to
the general students and researchers of geology and
active researchers in the related subjects and will create a
good knowledge base in India on orthomagmatic ore
deposits. 
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Fig.1. Generalized geology of the Indian Shield showing four
cratons (modified by Mondal et al. 2007 after Radhakrishna
and Naqvi, 1986; Leelanandam et al. 2006).

information with respect to the economic potential for
orthomagmatic ores, especially Ni-Cu-sulphides and PGE.

In the Dharwar and Singhbhum cratons, the sill-like
ultramafic bodies within Archaean greenstone belts are
important sources for chromite deposits e.g., the Sukinda,
Nuasahi and the Roro-Jojohatu complexes in eastern India
and the deposits of the Nuggihalli schist belt in southern
India.  In addition, all of these sill-like chromite-bearing
ultramafic bodies together with associated mafic intrusions
could be hosts for both Ni-sulphide and PGE mineralization.
One of such is the reported occurrence of the gabbro-breccia-

,
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