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Abstract

The paper records the first occurrence of dolomite-hosted, disseminated gold mineralization at Barhi and Jhal, in a Late
Ž .Archean-Early Proterozoic metavolcano-sedimentary belt Mahakoshal fold belt in central India. Gold mineralization is

hosted by dolomite that occurs as discontinuous bands interbedded with phyllite. Hydrothermal alteration styles of the host
rock include decalcification, silicification, and argillization. Pyrite is the most common sulfide, whereas stibnite and realgar
are rare. Mineralization is characterized by persistent gold from 0.20 to 0.62 ppm and a consistent association of anomalous
arsenic, antimony, and mercury with gold. q 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Gold deposits occur in a wide variety of geologi-
cal environments and can form through numerous
geological processes. Disseminated gold deposits
have been attractive exploration targets since the
early 1960s when the Carlin deposit in northeastern

Ž .Nevada USA was discovered. Although most
known Carlin-type, sedimentary rock-hosted gold de-

Žposits are located in the western United States e.g.,
Radtke et al., 1980; Bagby and Berger, 1985; Tin-
gley and Bonham, 1986; Arehart, 1996; Hofstra et
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.al., 1999 , similar deposits may be present in other
Žparts of the world, including China Cunningham et

. Ž .al., 1987 and Indonesia Turner et al., 1994 . This
paper reports on a newly discovered gold occurrence
from central India.

The Late Archean–Early Proterozoic Mahakoshal
Ž .fold belt MFB in central India is a ;500 km long,

ENE-trending belt extending from Jabalpur in Mad-
hya Pradesh in the west to Palmau in Bihar in the
east. The exposed width of the belt varies from 5 to
40 km. Anomalous gold values in some samples
from the eastern and western parts of MFB had been
mentioned previously in the records of the Geologi-

Žcal Survey of India Khan et al., 1991; Sharma et al.,
.1992 . During the course of geological and geochem-

ical investigations in the central part of MFB, an
interesting occurrence of gold mineralization was
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Fig. 1. Geology of the area around Barhi and Jhal, from the central part of the Mahakoshal fold belt, central India. The location of gold
mineralization is indicated.

Ž .reported for the first time Talusani, 1994 in
Ž .dolomites near Barhi and Jhal Fig. 1 .

This paper presents a brief description of the
geologic setting, ore petrography and geochemistry
of gold mineralization at Barhi and Jhal.

2. Geologic setting

The geology, metamorphism and structural setting
of the MFB are detailed in several previous studies
ŽAmeta, 1990; Roy and Bandyopadhyay, 1990; Talu-

.sani, 1994; Nair et al., 1995 . The metavolcanic and
metasedimentary rock sequence of the Mahakoshal
Group was developed in a rifted basin, which was
bounded on the north by Archean gneisses and the

Ž .overlying Vindhyan Supergroup upper Proterozoic ,
and on the south by Archaean gneisses and the

Ž .Gondwana Supergroup Permo-Jurassic . Both the

northern and southern boundaries are marked by the
deep-seated faults. The structural setting of the MFB
is complex, as the rocks have undergone three phases
of folding and are traversed by several longitudinal

Ž .high-angle thrust and transverse faults Ameta, 1990 .
Periodic reactivation of the ENE-trending basin-

Žbounding faults controlled later magmatism Nair et
.al., 1988 . Exposed rocks include a strongly de-

formed and weakly metamorphosed supracrustal se-
Žquence dominated by metasedimentary rocks ;

.80% , with subordinate metavolcanic rocks of
basaltic composition. Intrusions include dikes of gab-
bro, diabase, ultramafic rocks, and granite. Rhyolite
occurs as flows both within the MFB and in the
upper Proterozoic Vindhyan sediments. They are
undeformed and unmetamorphosed, and appear to
have been formed due to later reactivation of MFB
probably during Late Proterozoic, after the deposi-

Ž .tion of Vindhyan sediments Talusani, 1994 .
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Rocks near the villages of Barhi and Jhal in the
central part of the MFB consist of a volcano–sedi-
mentary sequence that has been metamorphosed to

Ž .the greenschist facies Fig. 1 . The main rock types
include phyllite, quartzite, dolomite, and banded
hematitic quartzite. The sequence is cut by quartz
veins and intruded by granite and rhyolite. The rocks
have undergone polyphase deformation and are tra-
versed by ENE-trending thrust faults and minor north
striking, high-angle normal faults. The mineralizing
hydrothermal solutions likely gained access to favor-
able lithologies along these faults.

Gold occurrences are hosted by dolomite, which
occurs as discontinuous bands interbedded with phyl-
lites. The best exposures of these rocks in the MFB
are encountered southwest of Jhal and south of Barhi.
The dolomites are strongly folded, fine-grained, sili-
cified, and thinly bedded.

3. Sampling

About 100 samples of dolomite were collected on
a grid pattern covering 400=80 m and 600=80 m

zones in the Barhi and Jhal areas, respectively. In
addition, 30 samples of quartzite and banded hema-
titic quartzite were collected from areas adjoining the
dolomite bands. Most samples were used for both
petrographic study and geochemical analysis.

4. Alteration and mineralization

Petrographic evidence indicates that the carbonate
rocks of the MFB near Barhi and Jhal have been
hydrothermally altered by processes that include de-
calcification, silicification, and argillization. The in-
tensity of alteration is locally variable and ranges
from weak to intense. The metallic mineral assem-
blage consists of disseminated micron- to submicron-
sized gold, realgar, orpiment, stibnite, cinnabar, and
pyrite. Gold deposition occurred within pyrite late in

Ž .the main stage Fig. 2 , followed by the formation of
realgar, orpiment, stibnite, and cinnabar. Other hy-
drothermal minerals include quartz, kaolinite, sericite,
barite, and calcite. Alteration of the host rocks is

Fig. 2. Paragenesis of the Barhi and Jhal occurrences.
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similar to other Carlin-type disseminated gold de-
posits but at lower alteration mineral abundances.

Decalcification involves the removal of calcite
and dolomite from the sedimentary host rock. In the
Barhi and Jhal areas, decalcification of dolomite
resulted in loose dolomite rhombs that megascopi-
cally have the appearance of sand. Geologic evi-
dence for volume decrease is widespread in the
dolomites of Barhi and Jhal areas and is observable
on hand specimen scale. The most strongly altered
zones of early-stage alteration show evidence of
volume decrease due to carbonate removal. Volume
loss in silicified rocks is indicated by the destruction
of calcite veins that predated this hydrothermal event
and locally increased porosity. The bedding in some
highly altered zones is disrupted and locally brec-
ciated owing to this volume loss. Field and petro-
graphic observations indicate a progressive increase
in the intensity of brecciation with enhanced silicifi-
cation and early pyrite deposition. Early removal of
calcite is recognized as an important process in the
preparation of the host rock for later gold mineraliza-

Žtion within the Carlin-type deposits Berger and
.Bagby, 1991 . The importance of the early hy-

drothermal stage was to increase the porosity and
Ž .permeability of the host rocks Radtke, 1985 and

thus to make them more favorable for replacement-
style mineralization. Decalcification within the
dolomites of MFB suggests early hydrothermal solu-
tions were acidic; however, they were pre-gold stage
and may have differed in composition from the
mineralizing solutions.

Silicification is an important form of hydrother-
mal alteration, and includes formation of quartz
overgrowths on detrital quartz and precipitation of
structurally controlled small jasperoid bodies. The
jasperoids are smoky gray, veined with quartz, and
sometimes brecciated. The presence of jasperoids is
a very good indication of gold mineralization as

Ž .suggested by Romberger 1986 .
Most of the hydrothermal alteration at the Barhi

and Jhal occurrences took place during the main
hydrothermal stage. During the main hydrothermal
stage, fine-grained quartz, sericite and minor kaolin-
ite, formed in the matrix of the carbonate rocks.
Quartz replaced borders of corroded dolomite
rhombs. Petrographic evidence and correlated chemi-
cal data suggest that most of the hydrothermal pyrite,

together with gold, realgar, orpiment, stibnite, and
cinnabar were introduced during the main hydrother-
mal stage. Pyrite is the major sulfide mineral and

Ž .occurs as subhedral to anhedral grains -80 mm ,
and in clusters. Realgar and orpiment have a limited
occurrence, and stibnite and cinnabar are rare. Gold
has been identified by microprobe studies and is
most commonly micron- to submicron-sized and oc-
curs with arsenic-, antimony-, and mercury-bearing
sulfides as coatings on surfaces and as fracture fill-
ings in pyrite grains. Base metal sulfides include

Table 1
Selected element analyses of dolomites from Barhi and Jhal

Sample Au Cu Pb Zn Ni Co As Sb Hg

BR-1 0.31 30 15 15 40 25 125 110 0.70
BR-8 0.44 10 20 25 60 15 140 80 0.58
BR-22 0.20 15 -10 20 55 20 95 65 0.45
BR-27 0.28 25 30 40 25 25 90 85 0.64
BR-30 0.52 10 25 30 15 30 170 120 1.4

aBR-34 -0.01 15 -10 10 15 10 15 10 0.04
JL-4 0.60 -10 10 15 15 40 175 140 1.2
JL-10 0.35 55 45 35 40 35 120 75 0.52
JL-16 0.39 20 20 30 30 20 105 80 0.54
JL-23 0.46 25 35 25 35 15 155 125 0.94
JL-31 0.48 30 40 25 20 15 140 115 0.90
JL-35 0.51 15 -10 45 15 25 195 130 1.4
JL-39 0.62 40 30 20 15 20 185 150 2.2
JL-41 0.39 25 10 10 15 40 130 70 0.86
JL-45 0.28 65 25 15 25 15 80 65 0.38

aJL-55 -0.01 10 10 -10 -10 5 10 5 0.02
bMean 0.46 35 30 30 35 25 150 115 0.94
cMean -0.01 10 10 15 15 5 10 8 0.03
dMean -0.01 15 -10 15 10 5 15 10 0.05

eMin 0.20 -10 -10 -10 15 10 80 65 0.38
fMax 0.62 65 45 45 60 40 195 150 2.2

Ž .Note: Abundances are in parts per million ppm . Samples BR-1
to 34 are altered dolomites from the Barhi area and samples JL-4
to 55 are altered dolomites from the Jhal area.
Methods and detection limits. Atomic absorption analysis: Au
Ž . Ž . Ž . Ž . Ž0.01 ppm , Cu 10 ppm , Pb 10 ppm , Zn 10 ppm , Ni 10

. Ž . Ž . Ž .ppm , Co 5 ppm , As 10 ppm , Sb 5 ppm ; cold vapor atomic
Ž .absorption: Hg 0.01 ppm .

aUnaltered dolomites.
b ŽMean composition of 80 samples of altered dolomite includ-

.ing the 14 samples listed in the table .
c ŽMean of eight samples of unaltered dolomite including the

.two unaltered dolomite samples listed in the table .
d Ž .Mean of 10 samples of quartzite not listed in the table .
eMinimum concentrations of 80 samples of altered dolomite.
f Maximum concentrations of 80 samples of altered dolomite.
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chalcopyrite and sphalerite, which are very rare and
probably formed later in the paragenesis. The occur-
rence of base metal sulfides in late-stage barite veins
suggests that they may have been formed during the
late hydrothermal stage. This conclusion is supported

by the lack of correlation between the base metal
elements and those of the gold–arsenic–antimony–
mercury suite. Gangue minerals include chalcedonic
quartz, calcite and minor barite. The generalized
alteration paragenesis is shown in Fig. 2.

Fig. 3. Variation of As and Sb against Au for the Barhi and Jhal occurrences.
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5. Geochemistry

Eighty rock samples of altered dolomite, eight of
unaltered dolomite, and 10 of quartzite were ana-
lyzed for Au, Cu, Pb, Zn, Ni, Co, As, Sb, and Hg by
atomic absorption spectrometry. The representative
analytical results, mean composition, and minimum
and maximum concentrations are presented in Table
1. Of the 80 analyzed samples, 52 samples contained
gold, with contents ranging between 0.20 and 0.62
ppm. The sample with the maximum gold concentra-

Ž .tion 0.62 ppm also contained the most significant
Ž . Ž .mercury 2.2 ppm and antimony 150 ppm anoma-

lies. The strong positive correlation, illustrated in
ŽFig. 3, between Au and As with correlation coeffi-

. Ž .cient, 0.88 and Au and Sb 0.94 indicates that gold
is associated mainly with realgar-orpiment and stib-
nite. The positive correlation between As and Sb
Ž .0.79 also shows the association of As and Sb as
co-existing sulfide minerals.

ŽAlthough the gold content is elevated )0.20
.ppm in more than half of these samples, the concen-

trations of Cu, Pb, and Zn are consistently at back-
ground levels. The average contents of the base
metal elements are 35 ppm Cu, 30 ppm Pb, and 30
ppm Zn. The As, Sb, and Hg contents are consis-
tently anomalous in the more gold-rich samples. The
average abundances for these elements in the 80
samples are 150 ppm As, 115 ppm Sb, 0.94 ppm Hg,
and 0.46 ppm Au. The Au–As–Sb and Hg signature
is similar to that which characterizes Carlin-type

Ždisseminated gold deposits Berger and Bagby, 1991;
.Arehart, 1996 .

Chemical analyses of unaltered dolomites average
10 ppm As, 8 ppm Sb, and 0.03 ppm Hg. These
values are considerably lower than those in the min-

Žeralized dolomites. The average gold content -0.01
.ppm and the average contents of base metals are

also lower in the unaltered dolomites than in the
mineralized dolomites. The mean concentrations of
Au, As, Sb, Hg, and base metals in the quartzites are
similar to those of the unaltered dolomites.

6. Conclusions

The newly reported dolomite-hosted, dissemi-
nated gold mineralization in the MFB of central
India has many features in common with the Carlin-

type gold deposits. Important structural features at
Barhi and Jhal include ENE-trending longitudinal
thrust faults and minor north-striking normal faults.
Hydrothermal alteration of the host rock consists of
decalcification, silicification and argillization. This
style of alteration acted as a preparation for the
deposition of pyrite, minor As-, Sb-, and Hg-bearing
sulfides, and gold. The characteristic trace element

Žsuite of Au, As, Sb, Hg with low concentrations of
.base metals is consistent with Carlin-type hy-

drothermal systems in dolomitic sequences.

Acknowledgements

The author is thankful to Colin Wilkins for his
helpful review of the manuscript and to Nick
Stephenson for his valuable suggestions. Comments
and suggestions of two Ore Geology Reviews re-
viewers, J.S. Cline, and G.B. Arehart, clarified and
improved the manuscript.

References

Ameta, S.S., 1990. Polyphase deformation in the Bijawar Group,
Narsinghpur district, Madhya Pradesh. Spec. Publ.-Geol. Surv.
India 28, 211–225.

Arehart, G.B., 1996. Characteristics and origin of sediment-hosted
disseminated gold deposits: a review. Ore Geol. Rev. 11,
383–403.

Bagby, W.C., Berger, B.R., 1985. Geologic characteristics of
sediment-hosted, disseminated precious-metal deposits in the
western United States. Rev. Econ. Geol. 2, 169–202.

Berger, B.R., Bagby, W.C., 1991. The geology and origin of
Ž .Carlin type gold deposits. In: Foster, R.P. Ed. , Gold Metal-

logeny and Exploration. Blackie, Glasgow, pp. 210–248.
Cunningham, C.G., Chou, I.M., Huang, T.S., Wan, C.Y., Li,

W.K., 1987. Newly discovered disseminated gold deposits in
w xthe People’s Republic of China abs. . Symposium on bulk

mineable precious metal deposits of the western United States,
Sparks, Nevada, 1987, Program with Abstracts, 11 pp.

Hofstra, A.H., Snee, L.W., Rye, R.O., Folger, H.W., Phinisey,
J.D., Loranger, R.J., Dhal, A.R., Naeser, C.W., Stein, H.J.,
Lewchuk, M., 1999. Age constraints on Jerritt Canyon and
other Carlin-type gold deposits in the western United
States—relationship to mid-Tertiary extension and magma-

Ž .tism: a review. Econ. Geol. Bull. Soc. Econ. Geol. 94 6 ,
769–802.

Khan, M.A., Lal, J.K., Chandra, S., Singh, R.N., 1991. Geochemi-
cal appraisal of possible mineralization of noble metals in the
rocks of Bijawar Group in Sonbhandra district, Uttar Pradesh.
Rec. Geol. Surv. India 124-8, 111–113.



( )R.V.R. TalusanirOre Geology ReÕiews 17 2001 241–247 247

Nair, K.K.K., Jain, S.C., Yedeker, D.B., Dutta, K.K., 1988.
Stratigraphy, structure and geochemistry of the Mahakoshal
greenstone belt, Son-Narmada valley, Madhya Pradesh and
Uttar Pradesh. Proceedings of the Workshop on Geology and
Metallogeny across Archean Proterozoic Boundary in the In-
dian Shield. 10 pp.

Nair, K.K.K., Jain, S.C., Yedekar, D.B., 1995. Stratigraphy, struc-
ture and geochemistry of the Mahakoshal greenstone belt.
Mem.-Geol. Soc. India 31, 403–432.

Radtke, A.S., 1985. Geology of the Carlin gold deposits, Nevada.
Prof. Pap.-U.S. Geol. Surv. 1267, 124 pp.

Radtke, A.S., Rye, R.O., Dickson, F.W., 1980. Geology and
stable isotope studies of the Carlin gold deposit, Nevada.
Econ. Geol. 75, 641–672.

Romberger, S.B., 1986. Ore deposits a9. Disseminated gold
deposits. Geosci. Can. 13, 23–31.

Roy, A., Bandyopadhyay, B.K., 1990. Tectonic and structural
pattern of the Mahakoshal belt of central India: a discussion.
Spec. Publ.-Geol. Surv. India 28, 226–240.

Sharma, D.P., Lal, T., Yadav, J.K., 1992. Study of gold occur-

rence in extension areas of Suda, Siddhi district, Madhya
Pradesh and other areas in Uttar Pradesh. Rec. Geol. Surv.
India 125-8, 106–107.

Talusani, R.V.R., 1994. Ground evaluation of aero-electromag-
netic anomalies in parts of toposheet 64Ar9, block-5
Ž .BRGMrCGG Jabalpur district and occurrence of gold min-
eralization near Jhal and Barhi areas, Shahdol and Jabalpur
districts, Madhya Pradesh. Open File Report. Geol. Surv.
India, 24 pp.

Tingley, J.V., Bonham, H.F., 1986. Sediment-hosted precious-
metal deposits of northern Nevada. Rep.-Nev. Bur. Mines
Geol. 40, 103 pp.

Turner, S.J., Flindell, P.A., Hendri, D., Hardjana, I., Lauricella,
P.F., Lindsay, R.P., Marpaung, B., White, G.P., 1994. Sedi-
ment-hosted gold mineralization in the Ratatotok district, North
Sulawesi, Indonesia. In: van Leeuwen, T.M., Hedenquist,

Ž .J.W., James, L.P., Dow, J.A.S. Eds. , Mineral Deposits in
Indonesia—Discoveries of the Past 25 Years. J. Geochem.
Explor., vol. 50, pp. 317–336.


