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ABSTRACT

The mineralogy of the mid-Archean barite deposit in the Ghattihosahalli supracrustal belt in central Karnataka, India, has
been comprehensively investigated. The deposit occurs as thin seams closely associated with chromiferous quartzites located in
the upper part of a stratigraphic sequence consisting of mafic and ultramafic rocks in the lower portion and predominantly
siliceous to argillaceous sediments in the middle. The belt has undergone medium-pressure amphibolite-facies metamorphism.
The predominant variety of barite is coarse grained and contains only minor amounts of quartz, pyrite and scarce graphite. In
contrast, the fine-grained impure barite, which constitutes a smaller proportion of the deposit, contains a spectrum of Ba—Cr
minerals. These include (1) barian-chromian mica showing a significant solid-solution toward the barian end-member
Ba(Mg,Fe?")AI[A1S130,0}(OH),, (2) K,Ba-feldspar covering the entire solid-solution from K-feldspar to celsian, with a
compositional gap between Ors;CnpAbgg and OrssCnggAbyys, (3) chromian dravite (3-19 wt.% Cr,O3), (4) epidote containing up
0 80 mol.% of the Cr**Al, end-member, (5) uvarovitic garnet (Uvag  Grszs — Uvay  Grssy), (6) rutile and titanite with up to 2.8 and
1.6 wt.% Cr,05, respectively. Mineral compositions vary considerably from one seam to the other; within the limits of individual
samples, the variations are largely controlled by the bulk composition of the rock. The stratiform nature and lithological associa-
tion, together with the mineralogical and chemical characteristics, suggest a mode of formation through submarine volcanic
exhalation and precipitation, with a minor interplay of clastic sedimentation.

Keywords: barite deposit, Archean, K,Ba-feldspar, Ba,Cr-bearing minerals, Ghattihosahalli, India.

SOMMAIRE

La minéralogie d’un gisement de barite d’age archéen moyen dans la ceinture de roches supracrustales de Ghattihosahalli,
dans le centre de I"état de Karnataka, en Inde, a été étudié de facon compréhensive. Le gisement se présente sous forme de mince
couches étroitement associées avec des quartzites chromiferes situées dans la partie supérieure de la séquence stratigraphique
comprenant des roches mafiques et ultramafiques dans la partie inférieure et surtout des roches siliceuses et argileuses dans la
partie du milieu. Cette ceinture a subi les effets d’une recristallisation 4 pression moyenne dans le faciés amphibolite. La variété
prédominante de barite, & grains grossiers, ne contient que des quantités infimes de quartz, pyrite et graphite. En revanche, la
barite & granulométrie fine, qui constitue une partie moins importante du gisement, contient une variété de minéraux de Ba—Ctr,
y inclus (1) mica riche en Ba et Cr, montrant une solution solide importante vers le pdle Ba(Mg,Fe?*)Al[AlSi3010](OH), (2)
feldspath potassique et barifere représentant toute la série entre feldspath potassique et celsian, sauf une lacune entre Org;Cn3oAbgg
et OrggCnogAbyg, (3) dravite chromifere (3-19% Cr,0s, poids), (4) épidote contenant jusqu’a 80% (base molaire) du pdle Cr3+Al,,
(5) grenat uvarovitique (Uvag  Grss4 — Uvag Grss,), (6) rutile et titanite ayant jusqu’a 2.8 et 1.6% de Cr,0;, respectivement. La
composition des minéraux varie considérablement d’une couche 2 I’autre; les variations semblent dépendre largement de la
composition globale des roches. La nature stratiforme et I’association lithologique, de méme que les caractéristiques des associa-
tions de minéraux et des compositions, font penser qu’il s’agit d’un gisement volcanogénique formé par exhalations sous-marines,
avec une légere contribution due & la sédimentation clastique.

(Traduit par la Rédaction)

Mots-clés: gisement archéen de barite, feldspath K,Ba, minéraux Ba—Cr, Ghattihosahalli, Inde.
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INTRODUCTION

The occurrence of barite seams interstratified with
quartzite of the Ghattihosahalli schist belt was first re-
ported by Radhakrishna & Sreenivasaiya (1974). Sub-
sequently, besides exploration to assess the size and
quality of the deposit by the State Department of Mines
and Geology (Annaiya & Srinivasaiah 1976), the barite
and the associated lithologies have been examined by
Viswanatha er al. (1977), Naqvi (1978), Chadwick et
al. (1978, 1981, 1985), Devaraju & Anantha Murthy
(1978, 1979), Narayana & Naqvi (1980), Seshadri et al.
(1981), Raase et al. (1983), Hoering (1989) and
Devaraju & Raith (1990). The present study supple-
ments the available information with comprehensive
analytical data for the various minerals present in the
deposit. Also, we discuss the genesis of the deposit in
the light of the new data obtained.

THE CANADIAN MINERALOGIST

OCCURRENCE

The Ghattihosahalli schist belt, in which the barite
deposit occurs, is regarded as the equivalent of green-
stone rocks of the Archean (>3.0 Ga) Sargur Group. It
is a narrow, 25-km-long belt lying just west of the main
Chitradurga schist belt (Karnataka). It occurs partly as
an enclave within tonalitic gneisses (3.0-3.1 Ga: Tay-
lor er al. 1984) and partly in juxtaposition with the
younger Dharwar supracrustal rocks of the Chitradurga
belt (Fig. 1). The Ghattihosahalli belt consists of meta-
morphosed ultramafic to mafic igneous rocks (serpen-
tinite, locally showing a spinifex texture, talc—tremolite
schist and amphibolites) in the lower section, and a se-
quence of siliceous metasedimentary units in the upper
section (Fig. 2). The lithologies of the belt display an
older fabric associated with medium-grade mineral as-
semblages (e.g., staurolite + garnet + kyanite + musco-
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Fi. 1. Simplified geological map showing the Ghattihosahalli schist belt (Gh.B.) and the barite occurrences. The inset map
illustrates the geological framework of the Archean Karnataka craton (after Raase et al. 1983). Legend: 1 Dharwar Supergroup
schist belts, 2 greenstone belts of the Sargur Group, 3 late Archean Closepet granitic rocks, 4 granitic rocks, 5 polyphase mid-
Archean tonalitic—trondhjemitic gneisses and plutonic rocks, 6 granulite terranes of the Mercara region (M), the Nilgiri (NH)
and Biligirirangan Hill (BRH) ranges, 7 gneiss terrane south of the Bhavani shear zone affected by strong Pan-African
reworking. Gr/A and A/G: boundaries separating the late Archean greenschist-, amphibolite- and granulite-facies domains
within the Karnataka Craton. Ch.B: Chitradurga belt. Box indicates the position of the study area.
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FiG. 2. Geological maps of the northern (2-1) and southern (2-2) domains of the
Ghattihosahalli schist belt, containing the largest known seams of barite in the area (see
Fig. 1). Figures 2-3 and 24 show sections across the northern and southern domains,
Figures 2-5 and 2-6 provide drill-core logs penetrating the schist belt in the northern
domain at points 11 and 20. Legend: 1 soil cover, 2 barite seams, 3 chromian muscovite
quartzite, 4 gray quartzite, 5 quartz~white mica schist, 6 tremolite—actinolite schist, 7

hornblende schist, 8 mica schist, 9 granite,

vite in impure quartzites) and a younger fabric with
development of low-grade assemblages (e.g., chloritoid
+ chlorite + kyanite + muscovite in impure quartzites)
related to late Archean deformation and metamorphism
of the Dharwar supracrustal rocks (Chadwick er al,
1985).

Barite occurs as conformable but discontinuous thin
bands and lenses in a narrow (5 to 20 m) zone within
the quartzites, close to the underlying metabasic and
meta-ultrabasic units (Fig. 2). With the single excep-
tion of the largest body, which is 1.25 m wide and 120
m long, all other barite layers are only several centime-
ters to half a meter in thickness and rarely persist along
strike for more than 50 m. It is a stratiform deposit dis-
playing relatively sharp contacts with the enclosing
quartzites. There are no discordant veins or tongues of
barite. Although quartzite varies widely in purity and
texture, it can be broadly separated into two main types:
(1) the more abundant gray-white massive quartzite with

variable proportions of kyanite, staurolite, garnet, chlo-
rite, chloritoid, grunerite, white mica and, locally, detri-
tal chromite, tourmaline and zircon, with bedding
defined by concentrations of metamorphic minerals into
bands a few mm thick (Chadwick er al. 1985), and (2)
the greenish chromiferous quartzite containing
chromian muscovite and locally, bluish kyanite. The
barite is largely confined to the chromiferous quartzite
horizon.

PETROGRAPHY

Barite is fine- to coarse-grained and white to light
gray in color. The coarse-grained variety usually con-
tains the smallest proportion of included quartz. The
only other important mineral present is pyrite, which
occurs as disseminated, almost equant euhedral grains,
generally arranged parallel to the stratification. This
variety shows typical interlocking textures and gener-
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ally bears little evidence of strain. The fine-grained bar-
ite commonly contains thin (<2-3 mm) bands of quartz-
ite, less commonly disconnected bands and strings
enriched in a variety of silicate and sulfide minerals, and
bears evidence of shearing. A pronounced lineation par-
allel to the regional northwesterly structural grain of the
schist belt is persistent irrespective of variations in grain
size in the individual lenses of barite. In thin section,
the fine-grained barite displays granoblastic textures
with interlocking to polygonal grain-boundaries, locally
with coarse grains, as compared with the fine-grained
equigranular interlocking sutured texture of the host
quartzite.

MINERALOGY

Mineralogically, the barite layers of Ghattihosahalli
contain 60-90 vol.% barite, and the remainder is mostly
quartz. Pyrite is a ubiquitous minor constituent. The
other minerals, namely barian—chromian mica, K,Ba-
feldspar, tremolite, tourmaline, epidote and garnet, are
important only in the more siliceous and fine-grained
portions. Plagioclase, titanite, rutile and graphite are
rare.

The minerals have been analyzed with a Cameca
Camebax electron microprobe at the University of
Bonn. The operating conditions were: accelerating volt-
age 15 kV, beam current 15 nA, spot size 1-2 um,
counting time 20 s. Both natural and synthetic mineral
standards were used. Data processing was performed
with the PAP correction procedure (Pouchou & Pichoir
1984).

Although quite fresh both in hand specimen and in
thin sections, barite is seldom devoid of trains of gray
to brown dusty inclusions, which occupy planes of
weakness. Globular and ovoid aqueous fluid inclusions
are common. Polysynthetic glide twinning on (110) is

THE CANADIAN MINERALOGIST

not unusual. Wavy extinction is limited to the sheared
portions. For further details concerning optical and X-
ray-diffraction characteristics, refer to Devaraju &
Anantha Murthy (1979). Chemically, the barite of
Ghattihosahalli is essentially pure BaSO,. St contents
are below the limit of detection.

Pyrite is widely distributed both in the coarse- and
fine-grained layers of barite, where it is usually concen-
trated in thin discontinuous bands and stringers, and
tends to occur as subhedral to eubedral grains measur-
ing up to 3 mm in across. The pyrite contains 0.1-1.5
wt.% Ni and 0.1-3 wt.% Co (Table 1). Whereas Ni
shows a well-defined negative correlation with iron
(Fig. 3A), such correlation is not displayed by Co
(Fig. 3B). Commonly, pyrite is altered to goethite along
the grain boundaries. There is a positive correlation in
the Co/Ni value between the two phases (Fig. 3C). Si,
Al, Cu and Zn are other constituents recorded in the
composition of goethite (Table 2).

K,Ba-feldspar occurs in typically ovoid porphy-
roblasts as well as interstitial eubedral grains, and may
account for up to 30 vol.% in the samples of fine-grained
barite. In thin section, the mineral shows up distinctly
owing to the presence of a dark rim of iron oxide along
grain boundaries and the distinctly lower relief com-
pared to barite. The K,Ba-feldspar covers the composi-
tional range from OrgCngsAbgs to OrgzCnesAby, e,
from barian orthoclase to celsian, with a gap in solid
solution between Org;CnzgAbgg and OrggCnpgAbgy
(Table 3, Fig. 4A). A similar compositional gap has been
observed in several low- to medium-grade terranes (e.g.,
Chabu & Boulegue 1992, Pan & Fleet 1991) and pre-
sumably represents a miscibility gap along the Or-Cn
binary join. The albite component increases steadily
from 2 mol.% in the celsian end-member to 12 mol.%
in the intermediate part of the solid solution. Most of
the samples studied contain unzoned grains of K,Ba-

TABLE 1. REPRESENTATIVE COMPOSITIONS OF PYRITE IN BARITE SEAMS FROM GHATTIHOSAHALLI

Sample 36A 140 33A 135 141

Analysis #21 #24  #27 #61 #E2 #B81 #46  #47  #48 #32  #33  #34 #38  #30  #M
Fe wt% 4578 4556 4489 4572 4504 4586 4463 4472 4507 4504 4513 4608 4597 4588 46.12
Co 039 047 045 003 009 026 013 0186 015 046 037 026 036 037 034
Ni 065 086 069 027 027 079 118 085 1.21 141 103 084 064 075 026
Cu 001 011 000 003 013 004 000 004 001 005 002 006 000 007 0.02
Zn 000 006 0.09 005 000 000 010 008 002 011 003 0.00 004 002 000
S 5348 5330 5423 5442 5408 5422 5414 5424 5431 5372 5376 5330 5345 5325 53.48
Totat 100.31 100.36 100.35 100.52 100,51 101.17 100.18 100.09 100.77 100.79 100.34 100.54 100.46 100.34 100.22
Atomic proportions

Fe apfu 0978 0970 0974 0992 0990 0978 0971 0976 0971 0853 O 970 0976 0.979 0.975 0.987
C_o 0008 0010 0009 0001 0002 0005 0003 0003 0003 0009 0008 0005 0007 0008 0.007
Ni 0013 0018 0014 0006 0006 0016 0025 0018 0025 0029 0021 0017 0013 0015 0005
Cu 0.000 0.002 0000 0001 0003 0001 0.000 0001 0000 0001 0000 0001 0000 0.001 0.000
Zn 0.000 0001 0002 0001 0000 0000 0.002 0002 0000 0002 000t 0000 0001 0000 0.000
Co/Ni 0598 0545 0650 0.111 0332 0328 0.110 0188 0124 0325 0358 0309 0.561 0492 1,304




THE GHATTIHOSAHALLI BARITE DEPOSIT, INDIA

607

TABLE 2. REPRESENTATIVE COMPOSITIONS OF GOETHITE IN BARITE SEAMS FROM GHATTIHOSAHALLI

Sample 36A 135 140 137 141

Analysis #25 #26 #22 #30 #31 #63 #24 #26 #27 #35 #40
Si0; wt.% 4.30 3.37 4.81 3.32 5.06 220 3.34 3.04 5.31 2.40 3.97
TiO, 0.04 0.00 0.03 0.00 0.00 0.02 0.03 0.00 0.00 023 0.00
Al2O4 0.62 0.05 0.02 0.03 0.00 0.08 1.28 0.16 1.91 0.54 0.10
Cry05 0.01 0.00 0.03 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00
V20, 0.00 0.00 0.00 0.00 002 0.00 0.04 0.03 0.07 0.00 0.00
Fe;0; 78563 7933 79.13 80.02 8568 83.06 81.01 8553 80.20 7325 81.39
MgO 0.09 0.04 0.04 0.00 0.00 0.03 0.12 0.04 0.08 0.03 0.03
Co0 0.37 0.13 0.55 0.68 0.09 0.02 0.00 0.54 0.00 0.41 0.29
NiO 0.84 0.79 1.05 1.04 0.34 0.35 0.20 1.77 0.03 0.72 0.52
CuO 1.17 1.63 0.65 1.19 0.69 003 032 0.00 0.32 0.43 0.83
Zn0 0.73 0.32 0.32 0.16 0.00 0.00 1.01 0.21 0.84 0.06 0.07
S 020 0.77 003 025 017 002 003 005 0.03 1.39 0.91
Total 8692 8641 86.65 86.70 92.05 8581 8738 9145 8878 79.44 88.09
Atomic proportions

Fe™ apfu 0961 0964 0.967 0962 0.987 0.995 0981 0970 0.986 0.977 0979
Co 0.005 0002 0.007 0.009 0.001 0.000 0.000 0.007 0.000 0.006 0.004
Ni 0.011 0010 0.014 0013 0.004 0.004 0.003 0.021 0.000 0.010  0.007
Cu 0014 0020 0.008 0014 0.008 0.000 0004 0000 0.004 0.006 0.010
Zn 0.009 0.004 0.004 0.002 0.000 0.000 0012 0002 0.010 0.001 0.001
Co/Ni 0444 0158 0.525 0657 0.258 0.057 0000 0306 0000 0.567 0.561

feldspar of distinct compositions that presumably were
controlled by the bulk chemistry. A few samples con-
tain grains of K,Ba-feldspar that exhibit discontinuous
concentric patterns of zoning. For example, in sample
138, celsian cores (Cnogs_g9) are overgrown by a broad
inner rim ranging from Cnyq to Cns, a narrow outer rim
with Cny, and finally by incomplete veneers of either
K-feldspar or albite (Fig. 4B, Table 3).

Plagioclase occurs rarely in the fine-grained sili-
ceous portion as untwinned to faintly twinned small but
discrete laths or as a thin overgrowth around K,Ba-feld-
spar. It is virtually pure albite (Table 3).

Ba—Cr mica is limited mainly to the borders of bar-
ite bands with interstratified chromiferous quartzite. The
compositional variation in the micas is essentially con-
trolled by the coupled substitutions Yi(Mg, Fe?*)+ IVSi
= VIAl+ VAl and X(K,Na) + IVSj = XIBa + VAL
which in combination lead to the barian end-member
[Ba(Mg,Fe2+)A1[AISi3010](OH)2], and by the partial
replacement of Al by Cr in the octahedral sites, leading
toward its chromian analogue (Figs. 5A, B, Table 4).
There is a continuous compositional variation from Ba-
poor chromian muscovite in the interstratified chromi-
ferous quartzite to Ba-rich chromian mica attaining up
to 35 mol.% of the barian end-member component in
the barite layers (Fig. 5A), reflecting a control by the
bulk composition. No correlation exists between Cr and
Ba in the mica (Fig. 5B). These observations may be
compared with the data obtained for mica from other
chromiferous quartzites of comparable Sargur-type

rocks that are not associated with barite; the chromian
mica there is devoid of Ba, and its composition is con-
trolled by the substitutions Y{(Mg, Fe?*) + IVSi = VIA]
+ VAl and Y'Al = VICr (Raase er al. 1983) (Figs. 5A,
B). Furthermore, the interlayer occupancy of K, Ba, and
Na in the micas of the barite layers and chromiferous
quartzites, shown in Figure 5C, reveals essentially a
constant level of the paragonite component (10-20
mol.%) over the recorded K-Ba solid-solution range
(Fig. 5C). The observed compositional field possibly
defines the miscibility limit in the muscovite —
paragonite — barian mica system (cf. Tracy 1991).

Amphibole is restricted to some of the fine-grained
samples. It is present in relatively coarse and very elon-
gate crystals. Compositions range from pure tremolite
to mangnesiohornblende, with actinolite compositions
being most common (Table 5, Fig. 6). Chromium con-
tents commonly are very low (<0.03 atoms per formula
unit, apfu). The zoned crystals in samples 138 and 137b
show a colorless tremolitic core that is overgrown by a
rim of bluish green actinolite. The pattern of zonation
indicates growth during a metamorphic episode pro-
gressing from greenschist- to amphibolite-facies condi-
tions.

Tourmaline occurs sporadically as small subhedral
to euhedral prismatic grains in the bands of fine-grained
barite. Chemically, it is close to dravite, with minor
variation toward uvite and elbaite (Fig. 7A). A striking
feature is the high Cr content, responsible for the con-
spicuous green to emerald green color in thin section.
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The Cr amounts to 0.4-0.8 apfu; in one extreme case,
the tourmaline contains 2.5 apfu, the highest reported
so far (Table 6, Fig. 7B).

Chromian epidote is recorded only in the samples of
fine-grained barite. It occurs in yellowish green anhedral
to subhedral grains showing weak to moderate zoning.
Like the other silicate minerals of the Ghattihosahalli
suite, the epidote also is rich in Cr (Table 7). The com-
positions obtained for epidote grains present in two
samples essentially correspond to ternary solid-solutions
in the system zoisite — [Fe**Al,]-epidote — [Cr*AL]-
epidote (“tawmawite™) (Fig. 8). There is a considerable
solid-solution toward the chromian end-member, the rim
compositions of zoned grains in sample 141 containing
up to 80 mol.% of the chromian end-member. Notable
concentrations of Ce and V are present (Table 7).

Chromian garnet was noted as emerald green
anhedral to subhedral grains only in sample 141 of fine-
grained barite. It is essentially a binary solid-solution
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FiG. 3. A. and B. Bivariate plots illustrating the relations
among Ni, Co and Fe contents of pyrite in the
Ghattihosahalli barite samples. C. Bivariate plot showing
the close agreement in the Co/Ni value of secondary
goethite and pyrite host. The analytical data of adjacent
phases were combined. Representative compositions are
given in Tables 1 and 2.

between uvarovite and grossular (Uvag Grszs —
Uvay Grssy), with the components pyrope, almandine
and spessartine making up less than 10 mol.% (Fig. 9,
Table 8). The garnet also contains 0.04 to 0.09 apfu V3+
in the octahedral sites. Raase et al. (1983) have reported
a more strongly chromiferous garnet (UvayGrsyg) from
this locality, in a sample of chromian muscovite quartz-
ite with layers of barite. The somewhat low analytical
totals of the chromian garnet may be attributed to the
presence of a minor hydrogarnet component.

Nearly euhedral tiny crystals of chromiferous rutile
(0.7 to 2.8 wt.% Cry03) and ritanite (1.2-1.6 wt.%
Cr,03) occur sporadically in the fine-grained and sili-
ceous portions of barite (Table 9). Locally, rutile is al-
tered to a hydrous secondary mineral with up to 7.1
wt.% Cry03, 3 wt.% V703, 3.3 wt.% Al,O3 and 4.2 wt.%
Si0,. Graphite occurs as soft, lead-gray flakes in rare
patches and specks, particularly in the coarse-grained
barite.
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TABLE 3. REPRESENTATIVE COMPOSITIONS OF K,Ba-FELDSPAR AND ALBITE IN BARITE SEAMS FROM GHATTIHOSAHALLI

Sample 28 29 137 137B 135 29 28
Analysis 1# 2# 3 44 S5# 6# T# 8 S# 10# 11# 12#
Si0, wt% 6154 6264 60.57 52,57 4483 4709 4162 3970 3362 38,79 65.79 67.88
AlO3 1892 1909 19.18 21.68 2324 2277 2393 24860 2518 2491 20.55 19.94
Ca0 000 000 0.00 0.02 001 000 000 0.00 004 0.01 1.24 0.20
NayO 0.42 0.34 0.56 0.85 104 118 078 059 027 o041 11.75 12.03
K0 1532 1462 14.62 10.21 573 673 456 393 097 3.00 0.05 0.07
BaO 326 378 4.50 14.21 2465 2190 2863 30.70 3947 3269 0.00 0.00
Total 99.50 100.50 99.43 99 54 9962 9970 99.58 9961 8962 9981 99.41 100.15
Formulae based on 8 atoms of oxygen
Si  apfu 2930 2945 2,907 2689 2471 2538 2370 2300 2.098 2303 2913 2.968
Al 1.062 1.058 1.085 1307 1510 1446 1606 1.680 1852 1.743 1.073 1.028
Ca 0.000 0.000 0.000 0001 0001 0000 0.000 0000 0003 0.001 0.059 0.008
Na 0.078 0.031 0.052 0084 0111 0125 0086 0.067 0033 0.047 1.009 1.020
K 0.931 0877 0.895 0 666 0403 0463 0332 0291 0077 0226 0.003 0.004
Ba 0.061 0.070 0085 0.284 0.533 0433 08639 0697 0965 0746 0.000 0.000
Molar proportions (%)
Ab 38 32 5.0 8.1 9.3 47 121 6.7 7.3 46 94.2 98.7
Or 903 897 86.7 64 4 582 541 407 351 284 222 0.3 04
Cn 58 71 83 275 325 412 472 8582 643 732 0.0 0.0
An 00 0.0 0.0 o0 00 00 0.0 0.0 0.0 0.0 55 0.9
TABLE 3. (continued)
Sample 138
Analysis 13# 144 154 16# 17# 184 19# 20# 21# 22#
Si0; wt% 6296 6214 5108 4864 4692 4345 4147 3879 23600 3311
Al O3 1819 1895 2202 2213 2273 2379 2421 2491 2585 2654
Ca0 0.00 0.02 0,01 0.00 0.00 0.00 001 0.01 0.00 0.02
Na;0 0.06 046 0.95 0.46 1.18 0.62 0.67 o4 0.36 0.17
K0 1668 1576 9.05 818 6.04 4,98 398 3.00 1.62 0.40
BaO 1.96 289 1649 2039 2282 26956 2948 3269 3590 3982
Total 99.85 100.22 9961 9980 9979 9980 9983 9981 9973 100.06
Formulae based on 8 atoms of oxygen
Si apfu 2970 2943 2649 2649 2536 2427 2362 2303 2165 2.053
Al 1011 1055 1345 1391 1448 1565 1625 1743 1832 1940
Ca 0000 0.001 0.001 0000 0000 0000 0000 000t 0000 0.001
Na 0006 0042 0096 0048 0124 0068 0074 0047 0042 -0.021
K 1003 0949 0599 0557 0416 0355 0289 0226 0125 0032
Ba 0036 0053 0334 0425 0482 0587 0655 0746 0840 0.960
Molar proportions (%)
Ab 06 4.0 93 47 121 6.7 7.3 46 42 20
Or 96.0 909 58.2 541 40.7 351 284 222 12.4 3.2
Cn 34 5.1 325 412 47.2 58.2 64.3 732 834 94.8
An 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Discussion

Whereas several deposits of barite are known to oc-
cur in the Archean stratigraphic columns of southern
Africa (Reimer 1980, 1990), reported occurrences of
barite deposits of Archean age outside southern Africa
are limited (e.g., Pan & Fleet 1991). Archean barite
deposits are generally described as forming bedded and

stratiform deposits, and are interpreted as being essen-
tially or partly sedimentary, volcanic-exhalative and
placer deposits. Biological processes also have been
proposed to explain the formation of these deposits (cf.
Dunlop 1978).

In terms of the occurrence of a suite of Cr-enriched
minerals and Ba-enriched feldspar, the layers of fine-
grained barite at Ghattihosahalli bear considerable simi-
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Fic. 4. A. Celsian (Cn)-K—feldspar (Or)-albite (Ab) diagrams showing the compositional
variation of K,Ba-feldspar solid-solutions in several samples of barite from
Ghattihosahalli. Representative compositions are given in Table 3. B. Line-scan illus-
trating the complex pattern of zoning in K,Ba-feldspar in barite sample 138. Note the
distinct discontinuities with compositional gaps between Cngy—Cnzg and Cnsg—Cnyp.

larity with the assemblages described from the Hemlo
area, Ontario (Pan & Fleet 1991). The two are compa-
rable in terms of age, both being Archean. They also
resemble the assemblage described by Challis et al.
(1995) from northwestern Nelson, New Zealand, and the
Ba-enriched feldspar — muscovite association described
by Chabu & Boulegue (1992) from the Kipushi Zn—Pb—
Cu deposit, Shaba, Democratic Republic of Congo.
Whereas the Hemlo assemblages represent predomi-
nantly chromiferous shaly sediments, those of Nelson
and Shaba constitute quartzite — biotite schist — marble
— carbonated ultramafic rock and dolomite — dolomitic
shale associations, respectively. The barium-rich assem-
blage of Ghattihosahalli is distinctive and unique, how-
ever.

The occurrence of barite in the form of thin discon-
tinuous seams interstratified with the quartzites, the
similarity in textural and structural characteristics and
metamorphic histories of the two rocks (Chadwick et
al. 1985), and the presence of a similar suite of chromian
and barian mineral phases in both the lithologies (this
work, Raase et al. 1983) are all features indicative of a
comparable genesis. Veins of barite are absent in the
study area, and there is no obvious evidence of a ge-
netic relation with the granitic intrusions to the west of
the barite occurrence. The stratiform character points to
a synsedimentary origin of both the barite seams and
the associated quartzites. The fact that the barite seams
are confined to a narrow stratigraphic zone of 5 to 20 m

suggests that the basinal conditions favoring the depo-
sition of barite lasted only for a short time. Further, the
occurrence of the barite layers close to the underlying
ultrabasic to basic metavolcanic rocks indicates deposi-
tion soon after their formation.

We envisage a volcanic—exhalative to sedimentary
chemical deposition of the barite. An entirely chemo-
genic nature is likely for the relatively pure and coarse
barite seams. For the impure fine-grained barite seams,
apart from chemical precipitation, addition of a signifi-
cant proportion of argillaceous material is indicated by
the presence of Ba,Cr-bearing mica, tourmaline, epidote,
garnet, rutile, and titanite. A similar interplay of chemi-
cal precipitation and clastic sedimentation has been ad-
vocated by Raase et al. (1983) for the closely associated
chromiferous quartzites, mica schists and kyanite-mica
schists. The sulfate—sulfide association, the significant
chromium content, and the presence of Ni,Co-bearing
pyrite are all features supportive of an interpretation of
the Ghattihosahalli barite seams as submarine volcanic—
exhalative. The Co/Ni values of the pyrite, 0.10 to 1.30,
also indicate an early diagenetic to volcanic—exhalative
formation (see Keith & Degens 1959, Pandalai et al.
1983, Howard & Hanor 1987). The chromium in the
system originated through hydrothermal leaching of the
underlying basic—ultrabasic volcanic rocks.

The thorough metamorphic recrystallization under
conditions of the medium-amphibolite facies has com-
pletely modified the original mineralogy of the barite
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seams, and no definite inferences can be drawn regard-
ing this aspect, as well as the prograde paragenetic evo-
lution. It is possible that barite, quartz and K,Ba-feldspar
already constituted penecontemporaneous chemical pre-
cipitates i.e., authigenic phases. Alternatively, the
celsian may have formed through dehydration of a
cymrite-like precursor phase [(BaAl;Si;)(O,0H)s*H,0]
(Chabu & Boulegue 1992) or by low-grade metamor-
phic reaction of barite with kaolinite. Similarly, the for-

mation of intermediate K,Ba-feldspar compositions may
also be attributed to prograde metamorphic reactions
involving barite, clay minerals (kaolinite, illite), mus-
covite and quartz. The aqueous phase may also have
supplied the potassium required in the reactions.

The considerable variations recorded in the compo-
sitions of the K,Ba-feldspar, the Ba—Cr mica and the
other chromian mineral phases, from one seam to the
other and even within the scale of individual micro-
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FiG. 5. Compositional variation of Ba,Cr-bearing mica in barite and chromiferous quartzite samples from Ghattihosahalli. A
and B. Projections on two sides of the composition space defined by the end-members muscovite (Ms), celadonite (Cel),
barium equivalent of margarite (Ba—Mrg), barium equivalent of celadonite (Ba—Cel) and their chromian analogues (after
Raase et al. 1983). C. K-Na—Ba diagram showing the interlayer occupancy of the micas. Representative compositions are
given in Table 4. Filled circles: mica in barite, open circles: mica in chromiferous quartzite samples, stars: chromian mica
from Sargur-type quartzites that are not associated with barite (data from Raase et al. 1983).
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(Mg + Fe) and Si. Representative compositions are given in Table 5.
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TABLE 4. REPRESENTATIVE COMPOSITIONS OF Ba,Cr-BEARING MICA IN BARITE SEAMS FROM GHATTIHOSAHALLI

Sample 36A 137 32 33A 31A
Analysis #42 #44 #20 #24 #1 #4 #1 #13 #7 #14
Si0; wt.% 39.24 4019 4057 41.26 3858 3897 39.82 3822 3799 3869
TiO, 1755 1.91 1.29 1.49 1.62 1.29 0.88 1.58 1.88 1.79
A0 3159 3157 33.55 3289 3143 33.54 3536 3448 31.83 31.89
Cr20, 224 1.94 0.98 1.18 3.13 0.88 0.48 0.89 2.20 1.67
FeO 0.81 0.66 1.60 1.14 0.36 0.50 0.05 0.13 0.50 0.90
MNnO 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 167 1.68 0.68 0.81 1.69 1.30 1.15 0.94 1.53 1.68
Ca0 0.00 0.03 0.04 0.00 0.01 0.00 0.01 0.01 0.02 0.00
BaQ 964 1151 6.26 5.91 11.80 11.01 12.90 1277 1166 11.40
Na,0 0.65 0.55 0.71 0.87 0.80 0.66 1.25 0.99 0.60 0,39
K0 7.37 6.57 7.96 7.94 6.02 6.47 4,94 495 6.55 6.84
Total 9476 96.61 93.65 9349 9544 9462 96.84 9496 2476 9523
Formulae based on 11 atoms of oxygen
Si apfu 2,847 2877 2895 2934 2812 ' 2827 2822 2776 2791 2821
VAl 1153  1.123 1105 1.066 1.188 1.173 1178  1.224 1208 1.179
VAl 1.549 1.510 1.716  1.690 1511 1714 1775 1.727 1.547 1.561
Ti 0.085 0.103 0.069 0.800 0.089 0.070 0.047 0,086 0104 0.098
Cr 0.129 0.110 0.055 0.066 0.180 0.050 0.027 0051 0.128 0.096
Fe 0.049 0,040 0.095 0.068 0.022 0.030 0.003 0.008 0.031 0.055
Mn 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mg 0181 0179 0.072 0.086 0184 0.141 0121 0.102 0.168 0.180
Ca 0.000 0.002 0.003 0.000 0.001 0.000 0.001 0.001 0002 0.000
Ba 0274 0323 0175 0.165 0.337 0313 0.358 0.363 0.336 0.326
Na 0.091 0.076 0.098 0.120 0.113 0.093 0172 0.139 0.085 0.055
K 0682 0600 0.724 0720 0.560 0.599 0.447 0459 0614 0.636
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Fic. 7. Ca/(Ca + Na) versus (Mg + Fe) and Mg/(Mg + Fe)
versus Cr plots illustrating the compositional variation of
tourmaline in barite seams from Ghattihosahalli. Repre-
sentative compositions are given in Table 6.

bands, reflect the chemical inhomogeneity in the pre-
cursor sediment. Apparently, the element migration (Cr,
Ba) during medium-grade metamorphism was so lim-
ited that it did not lead to small-scale chemical homog-
enization (c¢f. Sanchez-Vizcaino et al. 1995). However,
the rather well-defined patterns of Cr partitioning for
the coexisting phases mica, tourmaline, rutile and spinel
in chromiferous banded quartzites from the same
Archean domain, reported by Raase et al. (1983), indi-
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Cr3+Al, AlAl,

Fig. 8. Compositional variation of epidote in barite seams
from Ghattihosahalli, in terms of the end-members zoisite
[CayAlALSi3012(OH)], epidote [CaFe**ALSiz;01(0OH)]
and the chromian end-member [Ca,Cri*AlSi;O1(OH)].
Representative compositions are given in Table 7.

Alm+Prp+Sps

Adr 20 40 60

Fi6.9. (Grs+ Adr)— Uva—(Alm + Prp + Sps) diagram show-
ing the compositional variation of chromian garnet in barite
seams from Ghattihosahalli. Filled circles: sample 138 (this
study); star: sample 163 VIII (Raase ef al. 1983).

cate attainment of chemical equilibrium among the min-
eral phases on the scale of a thin section.
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TABLE 5 REPRESENTATIVE COMPOSITIONS OF CALCIC AMPHIBOLE  TABLE 7. REPRESENTATIVE COMPOSITIONS OF EPIDOTE IN BARITE
IN BARITE SEAMS FROM GHATTIHOSAHALL!

Sample 137b 138 135
Analysis #27 428 #22 M7 #36  #42 #18
Si0, wt% 5669 5567 5428 5135 5615 5471 589t
TiO, 000 004 000 014 000 006 0.00
AlO, 175 212 228 436 100 248 0.52
Cr05 004 030 004 109 016 008 0,02
FeO 109 349 7.93 1012 740 7.52 0,01
MnO 023 037 036 041 034 038 0.03
MgO 2290 2102 1847 1606 1895 1831 2451
BaO 001 008 008 008 000 004 0,01
Ca0 1350 1298 1261 1214 1317 1291 13.48
K0 004 008 004 013 002 009 0,02
Na,Q 020 031 037 073 012 031 007
Total 9645 9644 9646 9661 9731 9680  97.58
Formulae based on 23 atoms of oxygen

Si apfy 7.833 7.791 7.753 7452 7912 7763  7.977
VAl 0,167 0209 0247 0548 0088 0237 0023
Vial 0118 0141 0137 0194 0078 0178 0060
Ti 0000 0004 0000 0015 0000 00068 0000
Cr 0004 0033 0005 0125 0018 0009 0002
Fe?* 0126 0408 0947 1228 0872 0892 0001
Mn 0027 0044 0044 0050 0041 0046 0003
Mg 4717 4385 3933 3475 3981 3873 4948
Ba 0001 0003 0004 0005 0000 0002 0001
Ca 1008 1946 1930 1887 1988 1962 1955
Na 0054 0084 0102 0205 0033 008 0018
K 0008 0014 0007 0024 0004 0016 0003
Mg/(Mg+Fe) 0974 0915 0806 0739 0820 0813 1000

TABLE 6 REPRESENTATIVE COMPOSITIONS OF Cr-BEARING

TOURMALINE IN BARITE SEAMS FROM GHATTIHOSAHALL!

SEAMS FROM GHATTIHOSAHALLI

Semple 141 138

Analysis #40 #2 o #27 #5 #52 #3 #10 #28
Si0, wt% 37.45 3754 3710 3741 3794 38.20 3803 3733
TiC, 013 019 012 008 010 009 009 002
ALO; 2161 21.85 2370 2362 2253 2373 2272 2200
Crz03 11.85 1156 10,00 951 467 330 218 090
V203 nd 077 nd 030 nd nd nd nd
Fe,0s 187 167 152 168 775 775 1059 1185
Mn.03 020 020 024 020 022 022 032 038
MgO 023 017 011 012 004 006 003 001
Ca0 2211 2204 2270 2303 2267 2299 2307 2297
Ce03 nd nd nd 011 nd nd nd nd
Total 9545 9599 9549 96.05 9592 9634 97.03 9556
Formulae based on 25 atoms of oxygen

Si  apfu 6095 6076 6006 6.024 6132 6120 6103 6102
Ti 0016 0023 0015 0010 0.012 0011 0011 0002
Al 4145 4168 4522 4482 4291 4480 4297 4.238
Cr 1525 1479 1280 1211 0597 0418 0277 0118
\ - 0.100 -~ 0.039 — - -— —
Fe™ 0229 0203 0185 0203 0943 0935 1.278 1470
Mn* 0006 0012 0015 0012 0025 0020 0019 0024
Mg 0056 0.041 0027 0029 0010 0014 0007 0002
Ca 3855 3822 3937 3973 3925 3946 3966 4022
Ce - - — 0006 — — — —

TABLE 8. REPRESENTATIVE COMPOSITIONS OF UVAROVITIC
GARNET IN BARITE SEAMS FROM GHATTIHOSAHALLI

Sample 36A 137 135
Analysis #1 # #41 #16  #23 #24  #15
Si0; wt% 3705 3607 36.30 36.56 3637 3520 35.01
TiO: 010 028 032 02t 002 0.04 008
AlLOs 31.91 31498 3150 33.73 31.73 18.01 20.95
Cry03 410 436 374 3.04 605 1861 1661
FeQ 087 091 083 069 031 030 000
MnO 011 004 004 006 012 c00 004
MgO 881 896 960 825 821 855 923
Ca0 020 113 148 023 049 055 136
Ba0 012 006 004 006 0.04 026 019
Na,O 231 192 173 234 223 268 1.99
K0 000 004 002 003 001 004 007
Total 8558 8526 8560 8520 8558 8524 8553
Formulae on the basis of 49 cation valences

Si apfu 5973 5865 5869 5887 5888 6054 5949
Ti 0012 0034 0039 0.025 0002 0005 0010
Al 6062 6034 6002 8401 6053 3853 4196
Cr 0523 0560 0.478 0387 0774 2531 2232
Fe 0117 0124 0.112 0083 0.042 0043 0000
Mn 0015 0.006 0.005 0008 0016 0.000 0006
Mg 2117 2172 2314 1.980 1.981 2192 2338
Ba 0008 0,004 0,003 0.004 0,003 0.018 0.013
Ca 0035 0197 0.256 0.040 0085 0101 0248
Na 0722 0605 0542 0.730 0.700 0.894 0.656
K 0.000 0.008 0004 0006 0.002 0002 0015

Sample 141

Analysis #9 #3 #12 #10 #11
Si0; W% 36.48 36.76 37.06 36.77 37.10
TiO2 0.24 0.28 0.30 0.42 1.20
Al,Os 7.23 9.34 9.27 9.40 10.52
Cr20; 17.97 15.88 15.27 14.68 13.056
V204 093 0.61 0.91 1.43 0.79
Fe;0s 1.51 0.35 1.11 1,41 0.56
FeO 0.01 1.02 0.68 0.31 1.14
MnO 1.30 1.38 1.256 091 117
MgO 0.26 o4 0.41 053 0.58
Ca0 32.39 3183 32.56 32,58 32.43
Total 98.32 97.86 98.82 98 44 98,55
Formulae based on 24 atoms of oxygen

Si apfu 5978 5995 5988 5.953 5.966
Ti 0030 0.034 0.036 0.051 0.145
Al 1.396 1.795 1.765 1,794 1.994
Cr 2328 2,048 1.951 1.879 1.659
Y 0.122 0.080 0.118 0.186 0.102
Fe* 0279 0.064 0.202 0.258 0.102
Fe?* 0.001 0,139 0.092 0042 0.153
Mn 0.180 0.181 0171 0.125 0.159
Mg 0.064 0.100 0.099 0.128 0.141
Ca 5.686 5.562 5636 5.651 5587
Molar proportions (%)

Alm 0.0 23 1.5 07 25
Prp 11 17 16 22 2.3
Sps 30 32 29 2.1 26
Grs 29.9 40.0 40.1 411 48.8
Adr 71 1.6 51 6.5 25
Uva 58.9 51.3 48.8 47.4 412
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TABLE 9. REPRESENTATIVE COMPOSITIONS OF RUTILE AND TITANITE
IN BARITE SEAMS FROM GHATTIHOSAHALLI

Rutile Titanite
Sampie 324 137 135 138
Point #1 #2 #3 #4 #5 #6
Si0; wt% 010 015 0.00 000 2088 3036
TiO, 97.05 9673 98.75 9904 3574 3562
Al,Oa 000  0.00 0.00 0.00 1.14 1.72
Cra0, 201 223 0.69 087 1.58 1.20
V20s 045 034 0.59 026 0.00 0.00
FeO 000 0.04 017 023 0.00 0.00
MnO 000 0.0t 002 006 002 0.00
MgQ 0.00 0.00 0,00 000 006 0.01
Ca0 nd nd nd nd 2733 2812
Total 99.81 99.50 10022 100.46 9575 97.03

Formulae based on 2 atoms of oxygen (rutile) and 4 atoms of Si (titanite)

Si apfu 0001 0002 0,000 0000 4,000 4,000
Ti 0979 0977 0988 0989 3598 3.530
Al 0000 0000 0000 0000 0.180 0267
Cr 0021 0.024 0007 0009 0167 0062
v 0.005 0004 0.006 0003

Fe 0.000 0.000 0.002 0003 0,000 0,000
Mn 0.000 0000 0000 0001 0007 0.001
Mg 0000 0.000 0000 0000 0.004 0.000
Ca 3920 3.969
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