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Samples collected from a core at the Katpal chromite
mine of the Orissa Mining Corporation in Sukinda
valley, Orissa, were studied for their mineralogy, in-
cluding platinum group minerals (PGMs). EPMA study
showed the presence of millerite, rammelsbergite, nicke-
line, laurite, osmiite, ruarsite, chalcopyrite, sphalerite
and pentlandite. The PGMs contain Ru, Os and Ir and
are concentrated in the chromite and at the grain
boundaries of base metal sulphides. It is envisaged
that only a detailed study can lead to the evaluation of
this platinum group elements mineralization.
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THE Sukinda ultramafic field hosts the single largest
opencast chromite mining area in Orissa, India'~. Chromite
resources of Orissa account for ~98% of the total re-
sources of India® and are fourth in terms of identified global
resources®. Chromite occurrences in India need detailed
investigations in terms of petrology of the host intrusions for
their evaluation as future targets for platinum explora-
tion®. Worldwide, chromitites compared to host silicate
rocks are always associated with elevated platinum group
element (PGE) content. The Sukinda ultramafic field
hosts the Sukinda chromite field and Katpal Ultramafic
Body (KUB). It is significant because of the known
chromite occurrences, but only a few studies were aimed
at characterizing the Ni-Cr-PGE association”®. A thor-
ough understanding of the petrological evolution of the
intrusions (magma evolution, ore-forming processes) is
missing. The rocks of Sukinda valley are laterized® and
all primary evidence has been destroyed up to a depth of
~30 m. The area leased by Orissa Mining Corporation
(OMC) in Katpal was extensively drilled, but little infor-
mation is publicly available. We report here on prelimi-
nary data obtained from borehole material.

The Sukinda ultramafic field forms a part of the meta-
morphosed Precambrian of the Indian Peninsula. Dismem-
bered chromitiferous ultramafic bodies occur sporadically
with in an area of 420 sq. km around Sukinda'”, between
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latitudes 20°53’N and 21°05’N and longitudes 85°40'E
and 85°53’E. The ultramafic rocks are orthopyroxenites,
dunites and chromitites. The Katpal body lies ~5 km to-
wards SW in the same strike direction as the Sukinda ul-
tramafic field at latitude 21°01’N and longitude 85°43’E
(Figure 1). At Katpal, chromitite bodies are brecciated’
and are similar to the Nuasahi massif® from which PGE
mineralization has been reported'®. The described regional
stratigraphic sequence in Sukinda consists of metabasalt
(two horizons) and intrusive ultramafic rocks, which occur
as a part of a folded sequence of the Iron Ore Group''. The
contact between the ultramafic rocks and lower metaba-
salt is brecciated®. Chromitite bands and lenses occur
within serpentinized dunite, having sharp contacts with un-
altered orthopyroxenite. At Katpal, up to ~120 m the strati-
graphic sequence with increasing depth is laterite and soil
cover, followed by serpentinized dunite with chromitite
and metapyroxenite with chromitite. Chromite mining here
was discontinued because the ore is lensoid, which makes
mining unpredictable and uneconomical.

For this study five drill cores were available. Drill core
no. 177 down to a depth of ~120 m was selected because
of the absence of major alterations. Also, it appeared rep-
resentative in terms of its chromite content and breccia-
tion. The borehole stratigraphy is shown in Figure 2. The
altered serpentinite contains brecciated chromitite clasts in
varying sizes (typically 0.5-3 cm; Figure 3).

The SX-100 Cameca electron microprobe (EPMA) at
the University of Pretoria was utilized to carry out analysis
of selected mineral grains. Pictures of platinum group
minerals (PGMs) were taken in backscattered mode. The pos-
sible PGM phases were classified using manual elemental
identification using Rontec energy dispersive spectrome-
ter (EDS) for analysis of minerals.

Figure 1. Geological map of the Sukinda massif®.
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Table 1. Microprobe analysis (in wt%) of laurite (RuS,) and rammelsbergite (NiAs,) from the Katpal chromite mine,
Orissa, India

Section

Pt

Total

172/12
172/1
172A/1
172/12A
172/1A
172/A1
172B

97.02
100.99
98.35
100.00
100.64
97.86
98.89

Meters

Overburden
10

Fine grained clwonute layer with altered

scrpentine

Meta-pyroxenite
40

» Chrysotile ashestos sheared

Chromitite

70 Meta-pyroxenite

1]

» Lumpy chiromite
® Calcite veins

N
® Chromite blebs

»Chrysotile asbestos with serpentine

aeeraton

End of borehok

Figure 2. Lithology of the drill core from borehole no. 177, Katpal
Ultramafic Body.

The chromite crystals are generally euhedral to subhedral
(>90 modal % chromite) in a silicate matrix comprising
predominantly of orthopyroxene, olivine and minor ser-
pentine, calcite, talc and sulphides. In some polished sections
they show extensive cataclasis. No zonation was observed in
the chromite grains in spite of the serpentinization'%!%!3.
Chromite is characterized by high Cr# of 0.70-0.85 and
low Mg# 0.30-0.80 (Figure 4), which is different from
that of Sukinda®.

The base-metal sulphide mineralogy of the samples in-
vestigated from chromitite were pentlandite (55-70 vol%),
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chalcopyrite (20-25 vol%) and pyrrhotite (4-5 vol%).
The base-metal sulphides appear often to be squeezed out to
form thin films between chromite grains. The composite
mineral grains are present at the chromite—chromite grain
boundaries and within chromite. Subsidiary amounts of
millerite (~3 vol%) were also observed in pentlandite grains.
Rare grains of sphalerite and galena, usually smaller than
10 um, occur in association with secondary hydrous silicates.
Occasionally chalcopyrite is partially rimmed by sphalerite.
Semi-quantitative analysis of a single grain of rammels-
bergite is represented in Table 1.

Three distinct PGMs were observed and identified based
on EDS and EPMA analysis. Due to limited resolution
during analysis of small PGM grains included in the base-
metal sulphides and interferences, the presence of nickel,
copper, cobalt, and iron in PGMs could not always be es-
tablished. The three prominent phases are Ru-S (laurite)
(Table 1), Ru—As-S (ruarsite) and Os—-Ir-Ru—As (omeiite).
All the PGMs are either inclusions in chromite or at sul-
phide—sulphide grain boundaries, or at grain boundaries
of base-metal sulphide with silicate.

All magmatic Ni—Cu + PGE sulphide deposits, whether
associated with chromitite or not, are spatially and gene-
tically related to bodies of mafic or ultramafic rocks'®.
Such deposits form when mantle-derived mafic and ultra-
mafic magmas become saturated in sulphide and segregate
immiscible sulphide liquid, triggered by magma mixing
or interaction with crustal rocks'®. The sulphides generally
constitute a small volume of the host rock(s) and are domi-
nated by a simple major sulphide mineralogy of pyrrhotite,
pentlandite and chalcopyrite. In the KUB, chromite is an-
nealed, brecciated and cataclastic. The cataclasis is pro-
bably related to post-magmatic tectonic movement and
does not bear any significance to the evaluation of PGE po-
tential. However, the complex geological history of the
KUB indicates that the present-day observations represent
a range of magmatic and metamorphic features. Annealing
of chromitite typically leads to reduction in the recovery
potential of base-metal sulphides and PGMs from the ore.
Future investigations will therefore have to take into account
the textural settings of PGMs in chromitite. Although in-
sight into the rocks of the KUB is still limited, the brecciated
nature of chromitite constitutes at present a limitation for
the evaluation of PGE potential of the body.

CURRENT SCIENCE, VOL. 93, NO. 6, 25 SEPTEMBER 2007



RESEARCH COMMUNICATIONS

5cm

Figure 3. Borehole sample with clasts of chromite (left) and granular
chromitite (right).
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Figure 4. Cr# vs Mg# of chromites from Katpal, compared with those
of Sukinda samples.

Texturally it appears that the chromite body is trans-
ported, which is supported by the compositional variation
of chromite in the neighbouring clasts. At present the
clasts represent more than one chromitite-forming event
(i.e. they represent fragments of more than one chromitite
layer). The dominance of pentlandite over chalcopyrite is
in accordance with the formation of sulphide melt from a
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mafic—ultramafic melt'®. The scarcity of pyrrhotite relative
to pentlandite and chalcopyrite is a common feature of
chromitites and reflects the loss of Fe ans S during post-
magmatic processes, thus increasing the relative propor-
tion of Ni and Cu manifold'”'®. The overall low tenor of
sulphide implies that only small amounts of sulphide melt
are formed. Because of the high partition coefficients of
PGMs into immiscible sulphide melt'®, one would expect
relatively high proportions of PGMs in the sulphide as-
semblage. Due to the low solubility of PGE into base-
metal sulphides®®*, these PGEs should exsolve on cooling
and form discrete PGMs.

In this study all PGMs observed were rich in Ru, Os and
Ir and no minerals of Pt, Pd, or Rh were found. Magmatic
PGMs are represented by Ru, Os and Ir mineral inclusions
in chromites. We therefore consider it unlikely that the
silicate melt from which chromitite formed was depleted
in PGEs by the formation of a previous immiscible sul-
phide melt. May be the R-factor during the chromite for-
mation and liquation of sulphide melt was low. However,
we consider it more likely that the small amounts of sulphide
melt formation are responsible for the lack of Pt and Pd
minerals. In the Bushveld Complex, South Africa it was
demonstrated that chromitite layers characterized by low
amounts of sulphide melt showed a distinct dominance of
Ru, Os and Ir, and an increase in Pt and Pd due to in-
creased sulphide melt formation®?. Only a comprehensive
study, taking the petrological differences in the chromitite
clasts into account, will resolve this issue. We consider it
unlikely that observations are equally applicable to all
chromitite clasts.

The present study has provided an insight into the pres-
ence of PGEs from a core sample at the KUB, though the
limited data are not sufficient to draw authentic conclu-
sions concerning the distribution of PGEs. The study
however, has shown the following:

¢ Annealing, cataclasis and brecciation of chromite in the
core samples studied. The brecciated nature of chromitite
and its compositional variation constitute at present a
complication for the evaluation of PGE potential of the
body.

¢ The base-metal sulphide assemblage in chromitite consists
of pentlandite, chalcopyrite and pyrrhotite. Grains of
rammelsbergite, millerite, sphalerite, and galena were
also found. It is suggested that the low Fe-tenor of the
base-metal sulphide assemblage is due to loss of Fe
and S during post-magmatic events.

¢ Due to the low solubility of PGE in base-metal sulphides,
these PGEs should exsolve on cooling and form discrete
PGMs.

¢ The PGM assemblages consist of laurite, ruarasite and
omeiite with absence of Pt and Pd minerals. The ab-
sence of Pt and Pd could be due to low availability of
sulphide melt, a low R-factor, or the limited size of the
dataset.
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A new nightfrog, Nyctibatrachus minimus sp. nov.
(Anura: Nyctibatrachidae) is described from Kurichi-
yarmala in the Western Ghats, India. Its most disti-
nctive feature is the small adult snout-vent length,
averaging only 12.3 mm in adult males (N = 15), making
it the smallest known frog from India. Analyses of a
fragment of the mitochondrial NADH dehydrogenase
1 gene indicate a minimum divergence of 22% with
known small-sized congeners. Miniaturization in Nycti-
batrachus sp. seems to be associated with absence of
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