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T'race element distribution and cobalt content in sulphide
ores of Kalyadi, Karnataka

Sulphide depesit at Kalyadi (13°03’03”N;
76°24’E) forms an important part of Kal-
yadi schist belt, which lies between the
Holenarsipur and the Nuggihalli schist
belts 1n the western block of Dharwar
Craton (Figure 1). Only a limited data is
available on trace element distribution
and cobalt content in the sulphide ores of
Kalyadi'*. Trace element ratios, espe-
ctally of Co and Ni in pyrite, appear
to have the potential to discriminate
between magmatic, submarine exhalative
and sedimentary origins of mctals in ore
deposition'™. The present investigation
is aimed at reporting additional trace
element data of sulphide ores and to
understand the distribution of trace ele-
ments in sulphide ores, variation of Co/Ni
ratio in pyrites, the mode of occurrence
of cobalt in sulphide ores at Kalyadi.

The metasedimentarics and meta vol-
canics exposed in the Kalyadi arca form
one of the minor greenschist belts of the
Karnataka Craton with all the charue-
teristics of greenstone assemblages, The
arca represents remnants of the oldest
volcanic and sedimentary rocks frag-
mented and engulfed by later Peninsular
gricisses. The metasedimentaries include
quartzite while mcta volcanics are repre-
sented by greenschist suite of rocks.
These rocks are intruded by ultramafic
bodies, younger granites and dolerite
dykes, Quartzites and greenschists host
sulphide mineralization in Kalyadi. These

formations show marked variation in
strike varying from 15°N to 60°W with
dip ranging from 50 to 85°NE. The area
shows three phases of deformation. The
earliest deformation (F1) has produced
SSE plunging anticlinal fold. Sulphide
mineralization is mainly controlled by
second phase of folds (F2) with shallow
to steep plunge (60-67°) towards N.
These folds are accompanied by the
development of schistosity in meta-
volcanics and metasedimentary forma-
tions. The area has undergone greenschist
facies to lower amphibolite facics meta-
morphism. The incipient migmatization
and their occurrence as enclaves within
peninsular gneiss suggest their similarity
to Sargur Group.

Mineralization 1s confincd primarily to
the volcano-sedimentary sequence with
quartzitc hosting chalcopyrite + pynite,
extending for about 600 m along 15°N to
40°W with an avcrage width of 25 m.
Sulphide mineralization was also observed
in the mcta-volcanics, which extends for
about 300 m along the castern margin of
the quartzite bed with an average width
of 15 m. Sulphide mincralization is con-
fined mainly to structurally weak zones
such as crest and trough ot the folds,
foliations, shear-zones,  fractures  and
limbs of the folds, which hiave been deve-
loped during the sccond phase of detor-
mation, Disseminated sutphides are more
conspicuously present in quurtzites as
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pore fillings. The other forms of minera-
lization like patches, stringers, etc. pre-
sent in the host rocks have been formed
due to remobilization during subsequent
deformation events.

The ore assemblage is characterized by
a simple mineralogy consisting of pyrite,
chalcopynite, pyrrhotite, magnetite, specu-
larite and pentlandite. Occurrence of native
copper from the cores of Kalyadi bore-
holes has been reported®. Vallerite is
suspected to be present in the ores’. The
most common assemblage in the order of
abundance is pyrite, chalcopyrite, magne-
tite and pyrrhotite. Secondary copper
minerals such as malachite and arzurite
encrustations were observed in the sur-
face exposure around the old working.

Chalcopyrite 1s found to be intimately
assoctated with gangue quartz and other
sulphides. Chalcopyrite replaces  pyrite
along the margins and also forms thin
veinlets 1n carlier sulphudes or filling
fractures in carly formed mincrals like
pyrite and quartz. The boundary between
pyrite and chalcopyrite is olten irregular
resulting  in carries texture of pynite
griuns with convex boundiry surface pro-
jecting anto pyrite. Sometimes  the re-
placement ol pyrrhaotite by chalcopynte
shows a crystatlographic control.

Pyrite  generally  occurs  as
idiomorphic crystals and belongs to two
gencrations. Pyrite of the first gencranon
occurring i the stratiform ores shows
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corroded margins and irregular grain
boundaries along the contacts with the
later generation sulphides. Pyrite also
occurs as inclustons in pyrrhotite. Pyrites
of the second generation occur as inde-
pendent euhedral crystals and are very
fresh and free from cataclastic effects.
Pyrite, with subordinate amounts of chal-
copyrite, occurs in the form of thin
laminations interlayered with quartz. Fine
dissemination of sulphides is also seen in
the quarntzite.

The ore bearing quartzite has under-
gone extensive post depositional defor-
mation and metamorphism, which bhas
caused recrystallization of sulphide minerals
and remobilization of sulphides along
foliatton planes and other structurally

NB -Northern block

SB —-Southern block

EG -Eastern Ghat
WSB-Western sub-block

ESB~Eastern sub-block

Figure 1. Geological map showing position of Kalyadi schist belt between Nuggihalli and

Holenarsipur schist belts.
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weaker planes. The deposit is enriched in
Fe, Cu and Co with minor concentrations
of Cr, Ni, V and Zn. Concentrations of
Ni, Cr, V and Co increase while Cu
concentration decreases with depth. In
general, Cu is concentrated in certain

patches. The dolerite dyke cutting the

mineralized zone recorded high content
of Cr, Ni and V. Zinc content in the
deposit is also very low. The higher Cr
content in the deposit could have been
influenced by the ultramafic intrusives in
this area.

The concentration of Co, Ni, V, Cr,
Mn and other basemetals in individual
sulphide phases (pyrite and chalcopyrite)
were determuned using SEM-EDX ana-
lysis (Jeol-Kevex system) and are shown
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Dharwar Supergroup
m Sargur group

[s%] Granites
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in Table.l. The interference of other
elements during the elemental analysis
was minimized by deconvolution of the
acquired specfra prior to measurement.
The acquired spectra were deconvoluted
and those with a chi-squared value of 1
and below were quantified. The measure-
ments in all the analyses have an accu-
racy of 0.01% with a precision of 5~10%.
Pyrites from Kalyadi are enriched in Co,
with concentration as high as 3.69%
while 1ts concentration in chalcopyrite is
less than 0.65%. The concentration of
pyrite as well as Co increases with depth
indicating the presence of Co in pyrites
even at greater depths. On the contrary,
Ni concentration is always lower than Co
In pyrites at any given level with average
Co/Ni ratic varying from 14.14 to 4.1.
However, the chalcopyrite registered
lower Co/Ni ratio compared to pyrites
indicating higher concentration of Ni
relative to Co in chalcopyrite.

It has been proposed that hydrothermal
pyrites are characterized by > 400 ppm
of Co with Co/Ni > 1 and sedimentary
pyrites are characterized by < 100 ppm of
Co with Co/Ni <1 (ref. 8). Further,
cobalt concentration in pyrites associated
with volcanogenic Cu rich sulphide de-
posits is relatively higher’ than the
pyrites associated with volcanogenic
Pb-Zn sulphide deposits (Ni and Co
< 10 ppm; Co/Ni < 1) Also, it has been
suggested that pyrites associated with
volcano-sedimentary massive sulphide
deposits are characterized by Co/Ni ratios
> 5 and commonly > [0 (refs 3, 4, 11). In
Kalyadi, pyrite has higher Co/Ni ratio
by virtue of the higher content of cobalt.
The Co/Ni ratios are >1 in all the
analysed grains. The high content of
cobalt in pyrites has been attributed to
the presence of linneite ((CoNi);S,) as
the minor phase’. The maximum cobalt
content recorded during the present study
and also reported earlier’ in Kalyadi
pyrites 18 3.69% (Table 1) and 8.15%,
respectively and the Co content in lin-
neite is 57.9% (ref. 12), thus this data
precludes the presence of linneite as a
minor phase in Kalyadi ores. Further, in
order to confirm whether or not separate
cobalt-bearing phase is present in
pyrites of Kalyadi, several grains of
pyrites rich in cobalt (Co = 3.69%) have
been hand-picked for SEM-EDX and X-
ray diffraction analyses. The results
shows that Co is occurring within the
pyrite lattice, replacing Fe and not as a
separate phase.
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trom the Table 1, it is apparent that
Kalyadi pyrites from stratiform sulphide
ores have Co/Ni ratio higher (2-10)
than the pyrites of sedimentary origin
(Co/Ni =0.8)""" and are similar to the
Big Cadia Copper dcposit in Australia
and other Canadian and Chinese Archean
Copper deposits of probable exhalative
origin'>»'*. Further, the Ni concentration
in Kalyadi pyrites 1s lower relative to
pyrites associated with submarine exha-
lative sulphide deposits. Thus Co and Nij
values in Kalyadi pyrites indicate their
derivation from a volcanogenic source.
The remobilized hydrothermal vein type
ores show lower Co content as well as a
low Co/Ni ratio than the stratiform type
of ores'>. Thus the primary stratiform
ores are enriched 1n cobalt.
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‘Component community structure of larval trematodes in the snail

Cerithium scabridum from southern Kuwait Bay

QOur knowledge about the ecology of
parasites has been substantially enriched
by studies on larval trematode commu-
nities 1n snail intermediate hosts. Esch
and Fernandez' reviewed various factors
contributing to structuring of trematode
communities and concluded that beha-
viour of the definitive hosts and popula-
tion dynamics of the intermediate hosts
are among the major external factors
while interspecific antagonistic inter-
actions among larval forms is the major
internal factor.

Members of the gastropod family Ceri-
thidae, also known as creepers or ceriths,
are common inhabitants of sandy and
muddy intertidal zones of tropical and
subtropical coasts. Larval forms repre-
senting all major groups of trematodes
have been reported in ceriths from diffe-
rent geographical regions; the Great
Barrier Reef*?, the Caribbean®’, the Gulf
of Mexico®, Japan and adjacent terri-
tories’, and the Mediterranean®. In Kuwait
Bay, Abdul-Salam et al’ reported 9
cercarial types in the cerith Clypeomorus
bifasciata (Sowerby 1855). The present
study presents information on the compo-
nent community of larval trematodes
parasitizing a population of Cerithium
scabridum Philippi, 1848 from a site
south of Kuwait Bay.

1416

C. scabridum occurs in large aggre-
gates on sand overlaying limestone plat-
form along the Amiri beach in Kuwait
city, southern Kuwait Bay. The beach is
completely exposed twice a day. During a
low tide, the vast intertidal zone is a
major habitat for large populations of
indigenous and migratory aquatic birds.
Samples of C. scabridum were collected
at monthly intervals from October 1997
to March 1998. Snails were studied by
crushing the shell and examining the
tissues for larval stages under a dissec-
ting microscope. The larvae were exa-
mined live, unstained or vitally stained
with 5.0% neutral red. Details of the life
cycles of all of the recovered trematodes
are not known and they can only be
identified to family level according to
their diagnostic features, as described by
Cable* and Schell'”,

A total of 2072 snails ranging in shell
height from 5.0 to 17.0 mm were exa-
mined, and 83 (4.0%) were infected with
12 species of trematodes representing 8
families. Prevalence of the trematodes
and their probable life cycles are shown
1n Table 1. Highest prevalence was recor-
ded for microphallid II (1.45%) fotlowed
by the philophthalmid (1.30%), and the
overall prevalence increased with snail
shell height (Figure 1). Multiple larval

infection was not encountered in any of
the examined snails.

In Kuwait Bay, C. scabridum is invol-
ved in the life cycle of at least 12 species
of trematodes, 9 are known to occur as
adults in aquatic birds. The trematode
fauna in the snail was dominated by
microphatlid II. A preliminary survey of
intertidal crabs and the gull Larus argen-
tatus from the study area revealed
common occurrence of infections with
microphallid metacercariae and adults,
respectively, The overall prevalence of
infections increased exponentially with
shell size (age), a common phenomenon
in marine'"'? as well as fresh water'?
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10 32
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Prevalence (%)

Figore 1. Prevalence of larval trematode
infections relative to shell hetght of the snail
Cerithium scabridum from Kuwait Bay. The
number of spatls examined is indicated at the
top of each bar.
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