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INFORMATION DOSSIER ON BASE METAL DEPOSITS AND
OCCURRENCES OF RAJASTHAN

Base Metal mineralisation in Rajasthan is perhaps the most extensive
compared to other States, as indicated by the abundance and dimensions of
ancient workings and present mining activity in the northern, central and southern
parts of the State. About 95% of the zinc, 85% of the lead and 20% of the
copper resources so far known in the country are located in Rajasthan. The major
lead-zinc mines in Rajasthan, Viz., Zawar Group of Mines, Rajpura-Dariba Mine
and Rampura-Agucha Mine account for over 99% of the zinc concentrates and
75% of the lead concentrates produced in the country and the copper mines in
the state, Viz., Khetri, Kolihan, Chandmari and Kho-Dariba account for about

40% of the copper produced in the country.

The base metal mineralisation occurs along several belts in rocks of
the Aravalli (Ca +1400 my) and Delhi (Ca +740 my) Supergroups and in
pre-Aravalli (Ca +2200 my) rocks. Almost all the mineralised belts are confined
to a strip trending NE-SW over a strike length of 260 km and a width of
60-90 km between Lat. 23°45' and 28°10'N and Long. 72°35' and 77°10'E.

Copper mineralisation is mostly confined to the rocks of the Delhi
Supergroup in northern Rajasthan and is mostly distributed in three distinct belts:

namely :

1) Khetri copper belt and a parallel eastern zone in Jhunjhunu and

Sikar districts on the west.

2) Nim-Ka-Thana copper belt in Sikar district in the middle and

3) Alwar-Jaipur belt in Alwar and Jaipur districts on the east.



In addition, the Delhi Supergroup rocks also host lead-zinc-copper
mineralisation in the Ambamata-Deri area on the Rajasthan-Gujarat border in
the south and Lohakhan-Taranagar area near Ajmer town in Central

Rajasthan.

The Aravalli Supergroup rocks, host base metal mineralisation in the Zawar
lead-zinc belt, Udaipur district, the Banswara lead-zinc belt of Udaipur and
Banswara districts and the Dungarpur copper zone, Dungarpur district. At places,

minor zones of copper are associated with the Banswara belt.

A number of mineralised belts have been delineated in the pre-Aravalli

rocks. They are :

1. Dariba-Rajpura-Bethumni Pb-Zn belt, Udaipur District.

2. Pur-Banera copper-lead-zinc belt, Bhilwara District.

3. Rampura-Agucha belt, Bhilwara District.

4. Jahazpur lead-zinc-copper belt, Bhilwara District.

5. Sawar lead-zinc belt, Ajmer District.

6. Delawara copper belt, Udaipur District.

7. Jasma-Rewara-Karol lead-zinc belt, Chittorgarh District.
8. Wari-Bhopalsagar-Akola-Bhinder belt, Chittorgarh Dist.
9. Gudaliya-Devtalai-Belwa-Mansa copper belt, Bhilwara Dt.

l. KHETRI COPPER BELT, JHUNJHUNU DISTRICT (Fig.3)

Khetri copper belt extends over a strike length of 80 m from Singhana
(28°06' : 76°54") in the NNE of Raghunathgarh (27°39' : 75°21") in the SW. It
trends NNE-SSW in the northern part while to the south of Kantli river, there is
a swing towards ENE-WSW. The Kantli river probably flows along a fault trending
NNW-SSE with the mineralised belt to the south of the river shifted further

westwards.
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The Khetri copper belt is located in a semi-desert tract. It is reported that
copper was mined at Khetri even during the Mauryan period. The first recorded
mention of copper mining activity, during the Mughal period is in ‘Ain-e-Akbari’
(1590 AD). The mining activity ceased in 1872. Efforts made to revive the copper
mining in the area during 1915-18 and 1923-27, were abortive.

From 1956 onwards, extensive exploration by way of regional mapping
of the entire belt, geophysical and geochemical surveys; large scale mapping,
detailed drilling and exploratory mining in selected areas and airborne
geophysical surveys have been carried out in this belt. Detailed evaluation
of airborne EM anomalies by geological, geochemical and geophysical surveys
lead to the identification of a ‘parallel zone’ to the east i.e. Fatehpur-Ajitsagar-
Taonda-Bokhri-Chinchroli-Sheopuragarh zone over a strike length of 30 km.
As many as 45 deposits/prospects have been explored in the northern and
southern part of the belt, and also in the ‘parallel zone’ (Fatehpur-Ajitsagar-
Taonda-Bokhri-Chinchroli belt).

The northern part of the belt, extending from Singhana to Babai
(27°53' : 75°46') over a stretch of 30 km is significant from the economic point
of view. Three mines, viz., Khetri (Madhan-Kudhan) Kolihan and Chandmari
mines of HCL are producing copper ore at present. There are also many small
deposits, eg; Dholamala, Akwali, Surhari, Malwali, Chinchroli etc., with limited

potential.

In the southern part of the belt, many prospects have been explored, but
only one small deposit at Satkui (3.88 million tonnes of 1.1% Cu) has emerged.
The sulphide mineralisation in this part of the belt consists mostly pyrite and
pyrrhotite. An important sulphide deposit associated with zinc mineralisation is
located at Saladipura. However, large areas are under the sand dunes and there
are many localities with favourable geological environment which deserve to be

explored to ascertain their economic potential.



Geological set up: (Fig. 4)

The Khetri copper belt is made up of the Alwar and Ajabgarh Groups
of rocks of the Delhi Supergroup (Precambrian). The older Alwar Group
predominantly comprises felspar and amphibole bearing quartzites with
lenticular intercalations of phyllites, amphibolites, amphibole-magnetite rock,
amphibolite etc. The Ajabgarh Group is dominantly made up of meta-pelitic
rocks, viz., phyllites with andalusite, chiastolite/staurolite; carbonaceous
phyllites; biotite-schist £ garnet + andalusite; and quartz-chlorite schist + garnet
with intercalations of banded amphibole (anthophyllite / cummingtonite)
quartzite, felspathic quartzite with lenses of magnetite amphibole rock and

amphibole marble £ magnetite.

The entire Delhi Supergroup rocks are intruded by an earlier
generation of basic rocks (metadolerites and amphibolites), followed by
intrusions of granites, pegmatites and quartz veins and then by younger
basic dykes.

The regional strike of foliation of the rocks is dominant NNE-SSW to
NE-SW. The foliation dips are at moderate to steep angles, dominantly
towards west, with local variations towards east. The regional structure
consists of a series of isoclinal, overturned, doubly plunging linear folds
(anticlines and synclines) with NNE-SSW to NE-SW trending fold axes. The
anticlinal culminations within these fold systems are often marked by Alwar
quartzites flanked all around by Ajabgarh schists, phyllites etc. In addition
to this, the linear anticlinal axes in the Alwar quartzites in Khetri-Babai-
Dhanota-area, show a series of north to south plunging en-echelon dextral
and sinistral type of later shear folding. There is a tight anticlinal arcuate
swerve in the Nimka-Thana-Babai region and a major synclinorium in the

Sikar-Jaipur-Alwar region.
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With increasing stress, a series of sub-parallel NE-SW trending faults,
shear zones and presumably thrusts, mostly along the contacts of different
lithounits have been developed, which have served as locii for sulphide

mineralisation.

There are also a number of transverse faults. These displace contacts of

lithounits, but do not appear to displace ore lenses.

Copper Mineralisation :

The mineralised zone is generally marked by gossan zones, old workings,
mine dumps and iron stainings. The bulk of the mineralisation consists of fine
disseminations, irregular network of impersistent stringers, blebs and at places
bands and lenticular patches of sulphides associated with irregular veinlets, lenticles

and patches of vein quartz material.

The mineralogy of the sulphides is simple, consisting of pyrrhotite,
chalcopyrite and pyrite in order of abundance. Pyrrhotite is generally the dominant

sulphide.

Sulphide mineralisation occurs in a variety of rock types, viz., garnetiferous
chlorite-quartz schist/quartzite, chlorite-biotite and amphibole bearing schist,
amphibole biotite-chlorite-quartz schist, carbon phyllites, garnetiferous chlorite
quartzite, felspathic quartzite, amphibole quartzite, amphibolite, amphibole-
magnetite schist, andalusite bearing phyllite etc. The bulk of the mineralisation
occurs close to the contact of the Alwar quartzites with the meta-pelites of the

Ajabgarh Group.

Wall rock alteration consists of chloritisation, biotitisation, silicification,
iron-magnesia metasomatism giving rise to anthophyllite-cummingtonite bearing

zones, argillic alteration and at places carbonatisation.



The mineralised zones are invariably oxidised at the surface. In some
sections the depth of oxidation exceeds 150 m.

The depth persistence of the mineralised zones is also considerable. The
persistence of the mineralised zone to a depth of about 950 m in the Madhan-
Khudan section and over 600 m in the Kolihan Mine block have been tested and

confirmed by drilling.

Distribution and description of Deposits/Prospects:

Northern part of Khetri Copper Belt:

The major deposits under exploitation by HCL, Viz., Madhan-Khudan,
Kolihan mine block, Chandmari and several prospects, Banwas, Kolihan
intervening block, Kalapahar block, Kolihan north block, Papurna block,
Akwali block and Akwali extension block are located in the northern part
of the Khetri Copper belt. The details of exploration carried out in these
blocks are furnished in Table-l, and the salient findings are presented

below:

Madhan-Kudhan Deposit:

The mineralised zone extends over a strike length of 3400 m and has
been found to persist to depths of over 950 m. The general strike is NE-SW with
30-70°dips generally towards northwest. The rocks are intensely folded into
asymmetic longitudinal folds, faulted and sheared. A number of transverse (post
mineralisation) faults have also been mapped. One such major fault, the Kudhan
fault trends N60°W and dips at 65° towards NE. It is about 30 m wide and
displaces the major lithological contacts but does not appear to displace the ore

lenses.
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The mineralised zone is mostly confined to the garnetiferous chlorite-
quartzite/schist (of Ajabgarh Group) close to the footwall quartzite (of Alwar Group).
The width of the schist band is usually 180 to 250 m. (Fig.5)

Based on geological characteristics, two main zones of mineralisation,
namely, ‘Madhan lode’ on the footwall side and the ‘Khudan lode’ on the hanging
wall side have been delineated. The Madhan lode is wider, richer and more
persistant, the host rock being garnetiferous chlorite quartzite/schist. Within this
lode, two fairly persistant and well defined lodes have been recognised, namely,
Footwall lode and Hanging wall lode, of which the footwall lode is persistent
throughout the section. The Kudhan lode is narrower and comparatively poorer,
and occurs either within the phyllite or at the contact of phyllite and garnetiferous
chlorite-quartzite.

The distribution of chalcopyrite within the mineralised zone is very
heterogenous with richer zones alternating with leaner zones in all the three
dimensions. The grade varies considerably even within a few metres. The richer

zones have a copper content of 0.5 to 2% and the leaner partings 0.1 to 0.2%.

At 0.5% Cu cut-off, as many as 50 ore lenses have been delineated
within a strike length of 3100 m on the basis of detailed drilling. The exact
attitude of these ore lenses is unpredictable due to the absence of marker
horizons and well defined controls. The best concentration of ore lenses (Galaxies
as described by the HCL geologists) is over a strike length of 915 m in the
central block, particularly between + 400 RL and O in RL. There are 32 ore
lenses in the central block, 6 in the northern block and 12 in the southern block.

The ore lenses have a tendency to swell and pinch. The width of the ore
lenses varies from 1.5 to 45 m. The strike length ranges from a few metres to
over 250 m and the depth persistence from 40 to 480 m. The average width of

the ore lenses at different average grades of ore are:



Average grade % Cu.
0.8
1.0
1.2

1
1

6.0 m
0.7 m
6.0 m

Average width of ore lenses

The ore lenses in north block are confined to amphibole quartzite or near

its contact with garnet-chlorite quartzite and plunge steeply towards NW. In the

central block, the ore lenses are at the contact of garnet quartzite with amphibole

quartzite which progressively shifts towards garnet-chlorite quartzite in the central-

south block area.

The concentration of the majority of the ore-shoots in the central block and

relatively lesser mineralisation in the north and south blocks may be due to

doubly plunging folds; with the central block constituting the fold culmination; and
the southern and northern blocks lying in the areas with north-easterly and

southwesterly plunge.

The reserves estimated by HCL upto a depth of 780 m at a cut-off of 0.5%

Cu are as follows:

Proved 14.06 m
Indicated 6.13 m
Inferred 20.73 m

tonnes
tonnes
tonnes

40.92 m

tonnes

Kolihan Section: (Fig.6)

with
with
with

0.97%
0.92%
0.93%

0.95%

Cu
Cu
Cu

Cu

The Kolihan section extends over a strike length of about 7000 m. from
the southern tip of Madhan Khudan south block and extends upto Bhopalgarh
Fort near Khetri town. From north to south it has been divided into the following

five blocks:
i) Kolihan intervening block
ii) Kalapahar block
iii) Kolihan north block

iv) Kolihan Mine (Central) block

V) Chandmari Mine block

1200 m
1500 m
1500 m
750 m

2000 m
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Kolihan Mine (Central) blocks :

This block extends over a strike length of about 750 m. and constitutes the
best mineralised section in the Khetri copper belt. The mineralised zone extend
further into the north block for about 1200 m. Extensive mine dumps and 3 main
old stopes. Viz., Kolihan north, south and Sarkiwali, are seen over a strike length
of 600 m.

The area comprises rocks of the Alwar and Ajabgarh Groups, folded into
a series of large scale doubly plunging NNE-SSW trending folds. Superposed
secondary folds having axes at right angles to each other. Intense deformation
has resulted in shear zones parallel or sub-parallel to the strike. The shears
prominently developed along the footwall quartzite-schist contact are mostly

mineralised.

Copper mineralisation is seen in carbon phyllites, schists, felspathic
quartzites, amphibolites, marbles etc. The richer zones are mostly localised in
chlorite-biotite and amphibole bearing schists close to the footwall (Alwar Group)
quartzite contact.

The mineralisation occurs as fine disseminations, stringers, bands and
massive lenticular patches of sulphides comprising mostly chalcopyrite and
pyrrhotite with minor pyrite. Other minerals occurring in minor amounts in the
mineralised zone include sphalerite, arsenopyrite, pentlandite, cubanite,
skuterrudite, mackinawite, ilmenite, rutile and magnetite.

The upper levels are characterised by the predominance of chalcopyrite.
The proportion of pyrrhotite gradually increases with depth and often occurs as
rich bands alternating with a mixed ore of chalcopyrite and pyrrhotite. Gold normally
occurs in higher proportion in the upper levels associated with richer copper
zones. Nickel in minor amounts was noticed in the partings at places in the
424 m R.L.
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The mineralised zone in the Central block has a strike length of 750 m.
with width varying from 10 to 100 m The mineralised zone extends into the North
block for an additional length of 780 m. The persistence of the mineralised zone
in the Central block has been proved down to a depth of about 600 m. Within
the mineralised zone, copper lodes with high metal content occur as disconnected

lenses of variable width, length and depth persistence.

The mineralised zone which is parallel to the NNE-SSW strike has a dip
of 45° to the west down to 420 M.L. below which the dip is steep. Consequently
the lodes cut across various rock types at deeper levels. Thus the lodes swing
from biotite chlorite schists to the chlorite schist/ footwall quartzite contact. The
richer shoots within the lodes show a northerly pitch of 10° to 20° and, at places,
40°.

From the exploratory mine development and drilling, three lodes Viz., Lode
No.l (South Lode), Lode No.ll (North Lode) and Lode No.lll (East Lode) have
been delineated. Both Lode No.l & Il are well defined and their contacts are

marked by a sharp fall in the copper content.

Lode No. | :

Between 530 m R.L. and 424 m R.L, this lode is seen only in the southern
half of the block, but covers almost the entire length below 424 m R.L. Above
424 m R.L. it occurs at the contact of phyllite and schist. Below 424 m R.L. it
swings towards the footwall amphibole quartzite contact and occurs in chlorite-
biotite schist.

It has a maximum width of about 45 m and contains a number of rich ore
shoots with + 5% Cu and varying in width from 1.5 to 14.0 m. The leaner
partings with less than 1.0% Cu within the oreshoots range in width from 0.6 to
6.0 m. These oreshoots have a northerly pitch of 20-60° and have strike
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persistence of over 90 m. They converge downdip and form a massive zone
between 424 m and 300 m R.L. Above 454 m R.L. there is a divergence and

thinning of ore shoots and increase in width of partings.

Lode No. Il :

This lode occurs in garnet-chlorite-biotite schist in the northern half of the
block between 568 m R.L. and 244 m R.L. Below 364 m. R.L. it occurs as
discontinuous thin shoots. At the exploratory mine level (about 100 m below the
surface) a rich ore shoot with 5 to 7% Cu over widths varying from 1.5 to 7.5 m
has been delineated over a strike length of 91 m. In the upper levels (between
424 and 272 m R.L.) as many as 7 ore shoots are seen. At about 272 m. R.L.
the lode has a width of 30 m. with an average copper content of 3.1%. The width
reduces to 2.5 m at about 120 m R.L.

The dip of the lode varies with depth being 50° - 60° westerly between the
surface and 424 m R.L. while between 424 m R.L. and 120 m R.L. the lode
becomes vertical and swings due east with a dip of 50° before resuming the
westerly dip. The richer ore shoots have a northerly pitch varying from 10° to as

steep as 75°.

Lode No. Il :

This lode occurs below 380 m R.L. over the entire strike length and is

localised at and around the contact of amphibole quartzite with schist.

The salient statistical parameters of strike length, grade, ore reserves etc.,
for the 3 lodes are summarised in Table-II.
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TABLE-I

Lode-I Lode-lI Lode-lll

(South Lode) (North Lode) (East Lode)

1. Average strike length for 368 M 79 M 296 M
all levels upto 0 MRL.

2. Average width 34 M 13 M 27 M

3. Average grade 1.74% Cu 2.46% Cu 0.96% Cu

4. Maximum depth 500 M 265 M 380 M
upto 0 MRL.

5. Pitch 60° £ 5°N  Almost vertical 70° £ 5°N

6. Average strike length 73 M 59 M 64 M

of offshoots of the lodes.

7. Average width of the 55 M 6.1 M 6.7 M
offshoots of the lodes.

8. Geological 18.78 million 1.52 million  10.01 million

reserves of all tonnes tonnes tonnes
categories at
0.5% Cut-off.

Gold :

Ore shoots with high copper content also contain appreciable gold. The

range in gold values for various average grades of copper is as follows:

3% Cu : 0.8 to 1.5 g/t
1.5% - 2.5% Cu 0.8 to 0.6 g/t
0.8 -1.0% Cu 0.4 to 0.5 g/t
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Kolihan Intervening Blocks :

A number of old workings with mine dumps and discontinuous gossan
bands are seen over the strike length of 1.2 km. of this block.

There are two distinct zones of sulphide mineralisation, Viz., (i) Hanging-
wall zone - in the schists and at the schist/amphibole-magnetite rock contact, and
(i) Foot-wall zone in the amphibole and felspathic quartzite. The ore zones are
generally parallel to bedding/foliation. The footwall zone is more of a fracture or
shear filling type.

A strike length of 610 m has been explored by drilling. The individual ore
zones appear to be highly impersistent, varying in strike length from 50 m. to 250
m. with intervening barren ground. Similarly, they do not seem to have much
depth persistence. The average copper content of hanging-wall zone varies from
0.53% to 1.34% Cu over widths of 2.0 to 10.0 m. The zone persisting down to
210 m. depth. The foot-wall zone averages from 0.4% to 2.06% Cu over widths
of 1.85 m. to 3.10 m. and persists down to a depth of 275 m.

About 0.35 m. tonnes of low grade ore of 0.5% to 0.8% Cu has been
estimated.

Kalapahar Block:

This block has a strike length of about 1500 m. Surface evidences for
mineralisation (old workings, thin gossan bands) are well seen for a length of 450
m. in the southern part. A strike length of about 800 m has been explored by
drilling. The ore zone is mostly impersistent and the ore lenses/shoots are
intersected at various levels with considerable area of poorly mineralised ground
in between. The mineralised zones occur in various rock types, namely, carbon
phyllites, schists, marbles and feldspathic / amphibole quartzites. From the available
data, it appears that at shallow levels pyrite and pyrrhotite generally dominate
over chalcopyrite and only low grade zones have been intersected. At deeper
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levels between 245 m and 450 m depth, richer zones carrying 1.71% Cu over 7.7
m and 1.68% Cu over 5.5 m have been intersected.

Kolihan North Block:

This block has a strike length of 1500 m. OlId workings occur over a strike
length of 900 m but the maximum concentration is in the southern part over a
strike length of 225 m. A majority of them are located along or close to the
andalusite-biotite-quartz schist/andalusite phyllite contact, while some are
located within the garnetiferous chlorite-quartz schist and sericite-quartz schist.
The gossan exposures are fairly continuous in the northern part over lengths of
90 to 180 m.

The geological setting is similar to that in the Central block.

The northern continuity of the Kolihan zone has been established over an
additional strike length of 780 m. (Total : 1500 m). The intensity and nature of
sulphide mineralisation, however, varies within this strike length. In the southern
part of the block, three important lodes occur, viz., (i) lode Ill or Sarkiwali lode
in schists, (ii) Foot-wall lode in marbles (a concealed lode discovered during
drilling), and (iii) lode-Il in schists (extension from central block). In the northern
part, pyrrhotite-pyrite bearing zones with minor chalcopyrite were intersected in
many boreholes.

(1) Lode Ill or Sarkiwali Lode:

This lode has a strike length of 228 m and has been intersected between
457 m and 424 m R.L. The average grade is 0.5% to 1.0% Cu over an average
width of 9 m. Further north of this lode, small lenses occur averaging 0.6% to
0.7% Cu over a width of 4.4 to 6.6 m.

(i) Foot-wall Lode:

This lode has a strike length of 345 m and has been intersected between
345 m and 267 m. The copper content ranges from 0.53 to 0.95% over widths
of 2.0 m to 21.50 m.
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(i)  Lode Il

This lode has a strike length of 245 m and has been intersected between
minus 8.0 m and minus 135 m R.L. Thus, the mineralised zone in Kolihan
persists down to a depth of about 750 m. The grade is 0.50% to 1.15% Cu over
widths of 7.2 m to 13.7 m.

Ore reserves in this block are placed at :

Probable : 1.03 million tonnes (0.8% Cu)
Possible : 0.26 million tonnes (0.8% Cu)
Total :1.29 million tonnes (0.8% Cu)

Chandmari Mine (Kolihan South) Block:

This block extending over a strike length of about 2000 m is the southern
continuation of the Kolihan Mine (Central) block. A number of old workings occur
over a strike length of 600 m. on the eastern slope of Chandmari ridge, and a
gossan zone (Hanging wall lode) is intermittantly seen over a strike length of
about 1200 m in the western part.

In the western portion of Chandmari block, the rocks are mostly low grade
phyllites and schists, with widespread occurrence of andalusite. The grade is
comparatively higher in the eastern part as seen from the assemblage of actinolite,
anthophyllite, cummingtonite, grunerite, garnet, biotite etc. The rocks are highly
folded, faulted and sheared. There is a distinct swing in the strike of the formations
from NNW-SSE to NNE-SSW in the northern end to WNW-ESE in the southern
end of the block. Shears developed parallel and sub parallel to the strike, as well
as some of the transverse shears are mineralised.

There are two prominent zones of mineralisation, Viz., Footwall lode
along the contact of amphibole-biotite-chlorite quartz schist and the felspar-
amphibole quartzite, and the Hangingwall lode occurring in a band of garnetiferous
amphibole-magnetite schist within the phyllites.
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The footwall lode dips at 58° to 88° towards west and has been divided
into Chandmari North and South lodes. Drilling data has delineated a number of
tapering lenses of varying dimensions disposed in an en-echelon fashion. Narrow
veins (10 cm to 100 cm) within these carry 4.0 to 10% Cu.

Chandmari South Lode:

This has a strike length of 427 m and appears to be persistent down to
a depth of 183 m (i.e. 251 m R.L.). It varies in width from 1.84 - 28.3 m and in
grade from 0.50 to 1.20% Cu. From the subsurface data available it appears that
the lode has been thrown up due to faulting and a wide zone averaging 0.53%
Cu over a width of 18.6 m was intersected in one of the boreholes located in the
hanging wall section to the west.

Chandmari North Lode:

Out of a total strike length of 458.0 m, the north lode was explored for a
length of 365 m only. The depth persistence of the lode was proved down to a
depth of 244 m (i.e. 1.90 m R.L.). The North lode varies in width from 1.84 to
20.0 metres and in grade from 0.47% to 1.05% Cu.

Hanging wall Lode :

The hanging wall gossan is exposed intermittently over a strike length of
1200 m, out of which a length of 350 m was explored by four shallow boreholes.
In two boreholes the zones averaged 0.20% Cu over widths of 1.5 to 2.5 m while
in the third borehole two zones assaying 0.41% and 0.87% Cu over widths of 6

m and 4 m respectively were encountered.
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The ore reserves estimated for the Chandmari south and north lodes are

as follows:
Cut-off Ore reserves Average Remarks
% Cu million tonnes  grade %Cu
South lode 0.5 2.40 1.17 HCL estimate
North lode 0.4 1.24 0.81 GSI estimates
0.6 0.71 0.98 based on
drilling data

A part of the deposit (over a strike length of 300 m) is being worked by
opencast methods by HCL.

Akwali Deposit

The Akwali deposit lies on the western limb of the Khetri-Babai anticline,
close to its south-westerly plunging nose. A number of flexures and minor folds
are noticed plunging at a low angle to the southwest. The regional strike of
bedding varies from N-S to N40°E - S40°W with westerly dips of 30°-60°.
The general strike of foliation varies from N10°E to N40°E with westerly dips of
30° to 70°. The Akwali mineralised zone occupies a major shear trending
N30°E - S30°W. There are many shears running parallel or sub-parallel to bedding/
foliation which are at places mineralised.

The mineralised zone extends over a strike length of 4.8 km and has been
divided into 5 blocks Viz., north block, central block, south block, Kalota south
block and east block.

North Block

This block extends over a strike length of about 1 km. Extensive old
workings occur at places.

Exploration by drilling and exploratory mining (one-level development) has
proved the existence of a cigar-shaped lode (Akwali lode), 700 m in length with

a maximum width of 9.0 m. (average width 3.0 m). The lode consists of a system
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of ore shoots showing “pinch and swell” along the strike and dip. The lode has
a gentle pitch (10°-15°) due north-east. At 500 m R.L. in the exploratory mine,
the cross-cuts have generally averaged 1.42 to 2.90% Cu over a strike length of
515 m.

Small zones assaying 1.15% to 5.70% Zn occur, but their width is generally
less than 1.50 m. In one of the boreholes and in a cross-cut (length 30 m), zinc
bearing lode averaging 3.51% and 2.37% over widths of 1.54 m and 1.00 m
respectively was intersected. A bulk sample from zinc-copper lode in the mine
collected for beneficiation tests analysed 2.18% Zn and 0.32% Cu.

Besides copper and zinc, gold (0.5 to 0.6 gm/tonne) silver (6.0 to 8.0 gm/

tonne) are also present.

Ore reserves estimated to be available between depths of 620 m and 250

m R.L. are as follows:

At 0.4% Cu cut-off At 0.8% Cu cut-off

million tonnes % Cu million tonnes % Cu

Probable 1.04 1.60 0.65 2.33
Possible 0.61 1.33 0.33 1.98
1.65 1.50 0.98 2.20

Central Block:

This block is contiguous with Akwali North block and has been tested
by 13 boreholes. Three sulphide zones containing small discontinuous
lenses occurring over a maximum strike length of 100 m was established for
Badawali group of old workings containing about 1.0% Cu. The zones intersected
in boreholes varied from 0.24% to 1.40% Cu grade over widths of 0.40 m to
2.60 m.
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South Block:

This block has been tested by 15 boreholes. The ore zone consists of
small lenses and extends over a strike length of 150 m. A drill indicated
estimate of ore reserves at 0.4% Cut-off is 0.12 million tonnes of 1.00% Cu
grade over widths ranging from 1.50 m to 5.0 m. between 636 m and 554 m

levels.

Kalota South Block:

In this block, 4 sections were explored by 2 series of boreholes.
Mineralisation was intersected only along one section, viz., 0.32 to 0.72% Cu
over widths of 0.55 m to 7.35 m in | level and 0.34 to 0.70% Cu over widths of
0.8 to 4.8 m in Il level. A third level borehole along this section did not indicate

depth persistence of the mineralised zone.

East Block:

On the surface, the mineralised zone is 5 m to 10 m wide extending over
a length of 300 m. Cobalt was supposed to have been mined in the past from

the old workings. Four boreholes were drilled.

Except for a zone averaging 0.64% Cu over a width of 1.2 m, intersected
in a single borehole, no zones of interest were encountered in other

boreholes.
Papurna Block:
Papurna section lying between Kolihan and Akwali forms a part of the

western limb of the Khetri-Babai anticline. The general strike of formation is
NNE-SSW with dips of 40°-50° towards WNW.
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Mineralisations:

Out of a total length of 2.5 km, 300 m length was explored by drilling
(12 boreholes). The sulphides comprising pyrrhotite, chalcopyrite and pyrite occur
as weak and sparse disseminations, occasional stringers and veinlets in the
marbles, schists and amphibolites. The ore shoots are very small and impersistent.
The grade varies from 0.15 to 0.38% over widths of 0.7 and 4.8 m. Some narrow
shoots averaged 1.0 to 2.3% Cu over widths of 0.80 to 1.40 m.

Other occurrences in the Northern part of the Khetri Copper Belt:

The known occurrences in this part of the belt are at:
(i) Tatiya (28°04' : 75°46')

(i) Bhasawata (28°08' : 75°01")

(i)  Bagesar

(iv)  Bagor Fort (27°58' : 75°46') and

(v) Belwa (27°59' : 75°40')

In the Tatiya area, located 6 km west of Madhan-Kudhan deposit, old
workings are seen over a strike length of 1.6 km in amphibolite and quartzite.
Scattered (airborne) E. M. anomalies have been recorded.

In the Bhasawata area, located 10 km WNW of Madhan-Kudhan deposit,
an oxidised zone (brecciated gossan 90 m long and 25 m wide) is seen in a
generally covered ground. Magnetic high was observed near the oxidised zone.

In the Bagesar area a few old workings are seen in dolomite bands about
1 km NE of Deora block.

In the Belwa and Bagor Fort areas a few old workings are seen about
3 to 4 km SW of Khetri town. The geological setting is akin to that in the Madhan-
Kudhan deposit.
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Southern part of the Khetri Copper Belt:

The geological setting in this part of the belt is mostly similar to that in the
northern part. Most of the blocks explored consist of shaly phyllites, carbon
phyllites, quartz-sericite schists, and cherty quartzites of the Ajabgarh Group.

Alwar Group quartzites are seen only in a few blocks.

The regional strike varies from NE-SW to E-W. The dips are generally
towards west and north-west at steep angles, The rocks are folded with
development of shear zones, fault zone and breccia zones, parallel to the
strike. The mineralisation is mostly seen along the shear and breccia

Zones.

Eight blocks have been explored by drilling, as detailed in Table-lll. Copper
mineralisation of significance occurs only in the Satkui block. The Saladipura
block contains a massive pyrrhotite-pyrite deposit with some zinc values and the
Khandela area shows anomalous molybdenum mineralisation with associated

copper and uranium.

Kakrana Prospect:

The mineralised zone in this area extends intermittantly over a strike length
of about 1000 m. A 500 m long and 40 m wide gossan zone is exposed to the
west of Kakrara village. Gossan samples indicated 400 - 600 ppm Zn in the
western part and 50-1000 ppm Cu in the southwestern part. Sp surveys indicated
feeble anomalies.

Drilling data (5 boreholes) indicate that the depth of oxidised zone may be

more than 200 m.
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Naori Prospect :

In this prospect, the surface indications of mineralisation extend over a
strike length of 2800 m. Geochemical samples (bed rock and soil) analysed 50
to 1000 ppm and geophysical surveys indicated 3 SP anomalies.

Drilling data (5 boreholes) indicate that the zone of oxidation extends to
considerable depths as at Kakrana.

Ponk Prospect

In this area the surface indications of mineralisation are seen intermittently
over a strike length of 2400 m. A few geochemical samples showed upto 1000
ppm Copper. Cut of the two boreholes drilled, one passed through the oxidised
zone and the other intersected occasional specks and stringers of pyrite in carbon
phyllite.

Satkui Prospect (Figs: 7 & 8)

The Satkui mineralised zone forms a part of a folded terrain made up of
massive quartzite, carbon phyllite, shaly phyllite and cherty quartzite, belonging
to the Ajabgarh Group. There is a prominent shear zone marked by silicified fault
breccia capped by gossan. The gossan is developed in carbonaceous phyllites
on the western limb of a major anticline occurring between massive quartzite and
quartz-sericite schists, all striking NE-SW and dipping 60° - 65°NW.

Mineralisation

There are a number of old shafts and open pits (‘Satkui’ means seven
wells in Hindi) spread over a strike length of 700 m directly lying over the gossan
outcrops; Some of them leading to stopes down-dip. The ore is localised in the

fault breccia as segregations, fracture and cavity fillings. Pyrite and chalcopyrite
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are the primary sulphides with occasional bornite. The oxidation is quite deep
and extends down to 100 to 150 m below the valley level. The leached zone is
followed by a 30-40 m oxidised zone containing malachite and native copper.
The copper content in the primary zone varies from 0.5 - 1.5% and 2 to 3% in
the enriched oxidised zone and falls to 100-150 ppm in the leached zones on the
surface.

Ore Bodies:

Drilling has indicated a tabular orebody, 1030 m long and extending to a
depth of 300 m (i.e. from 400 to 100 m R.L.) The ore lenses are fairly large,
continuous, of pinch and swell type, each 200-500 m in length, 2-16 m in width
(average 4.8 m) and plunging 50° - 60° west.

Indicated + inferred reserves are estimated to be as follows:

Reserves Average grade
million tonnes % Cu
(a) Oxidised ore between

400 m & 350 m R.L. 0.56 1.75

(b) Between 350 m and
250 m R.L. 2.03 1.11

(c) Between 250 m and
150 m R.L. 1.29 0.80
Total = 3.88 1.19

The gossan along the shear zone extends over a strike length of about
1600 m beyond which it is concealed by alluvium. The entire strike length of the
gossan zone as also depth persistance beyond 150 m R.L. has not been evaluated.

Goria Prospect

The geological set up in this area is similar to that at Satkui. A 5-65 m
wide gossan zone trending NE-SW is seen over a strike length of about 800 m.
The 5 boreholes drilled in the area have mainly passed through the leached
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zone. In one borehole a 1.5 m wide zone of copper carbonate was intersected
and in another specks of native copper were seen.

Dhanota Prospect:

This area is a part of the Satkui Raghunathgarh shear zone extending in
a NE-SW direction in the carbon phyllites of the Ajabgarh Group.

A NE-SW trending gossan zone 700 m in length and 150 m - 230 m in
width is seen in the area. The strike extensions of this gossan zone are under
alluvium. The gossan samples have analysed generally 25 to 100 ppm Cu and
occasionally up to 1000 ppm and 200-500 ppm cobalt. EM surveys have yielded
pronounced anomaly zones, probably due to the presence of thick carbon phyllites.

Ten shallow boreholes passed mostly through the leached zone. In the
five deeper boreholes thin (1 to 2 m wide) low grade (0.4 - 0.8% Cu) zones were
intersected. The drilling data indicates that oxidation and leaching extend to
considerable depths.

Nangal Prospect

In this area gossan zones upto 40 m wide are intermittently seen over a
strike length of about 900 m. Drilling (3 boreholes) has not indicated appreciable
mineralisation.

Saladipura Deposit (Fig. 9)

The Saladipura deposit is essentially a massive pyrite-pyrrhotite deposit
with minor sphalerite, galena and chalcopyrite.

The area consists quartzites, phyllites, schists and marble belonging to
Alwar and Ajabgarh Groups. These are intruded by granites and amphibolites.
The rocks in general have a NNE-SSW to NE-SW strike and are highly folded.
With the increasing intensity of deformation the folds have yielded faults and

shear zones.
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Two prominent gossan zones are seen over a total strike length of 7 km.
Hematite and jasper bands are common. Apart from the various iron oxides,
alunite, jarosite, gypsum and manganese dioxide have been identified.

Drilling below the gossans has brought out rich sulphide mineralisation.
The mineralisation occurs along shear zones and is hosted in phyllites, intercalated
quartzites and calc-silicate rocks.

The depth of oxidation is 35-40 m. The average width of mineralised zone
is 20 m (maximum width is 77 m and the minimum is a few metres). The sulphide
ore body is massive and lenticular.

The sulphur content of the richer zones is 30-47% and in the leaner
zones, it is between 10% and 20%. The average grade in the deposit is 22.5%
S. The zinc content in the ore varies from less than 0.5 to 2%. Several boreholes
showed about 1% zinc (average) over large widths (50 m). The western zone
contains better zinc mineralisation than the eastern zone. However, there is no
well defined sphalerite horizon.

Spectrographic analyses of massive sulphide bodies show negligible
amounts of Ga, Bi, Sn, Pb, Cr, Cu, Ni, Co, Mo, U, Ag and Pt.

Inferred reserves down to a depth of 250 m are placed at 115 million
tonnes with 22.5% S.

Khandela Prospect
The area contains molybdenite and associated sulphide mineralisation.
The area is made up of quartzite, schist, carbonaceous phyllite, felspathic
schist and mylonite of the Ajabgarh Group. The post-Delhi intrusives are

represented by aplite, granite, pegmatite and quartz veins. The rocks are folded
into a SSW plunging antiform with granite in the core.
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The eastern limb has been folded again into broad warps of the second
order. The mineralisation may be spatially related with structural features such

as fold hinges, axial plane cleavage etc.

On the surface, mineralisation is indicated by zones of discontinuous gossan

over a strike length of 600 m.

Exploration in this area was taken on the basis of the reported incidence
of molybdenite in shallow boreholes drilled by the Atomic Minerals Division.

Disseminations of molybdenite, pyrite, chalcopyrite and pyrrhotite occur
over a wide zone in the schists and quartzite intercalations. Molybdenum
mineralisation was intersected in several boreholes with the Mo content varying
from 0.03 to 0.22% over widths of 0.50 to 3.50 m. In one of the boreholes,
chalcopyrite occurs in appreciable amounts at places over a width of 7 m.

Gamma ray logging of the boreholes by the A.M.D. has indicated significant
radioactive (uranium bearing) zones associated with the sulphides over narrow
widths of 0.6 m.

Other occurrences :

Occurrences of copper mineralisation have also been recorded from
Girawadi (27°45' : 75°32') and Salwari (27°40' : 75°25'). At Girawadi, malachite
stains are seen as chlorite phyllites. At Salwari, mineralisation is along fractures
at the amphibolite-quartz vein contact.

North-eastern extension of Khetri Copper Belt: (Fig.10)
Banwas (28°05' to 28°06' ; 75°48' to 75°50") Block:

This block lies immediately to the northeast of the Madhan-Kudhan section
and has been investigated by geophysical surveys (magnetic, SP, IP, Resistivity),

0.15 sg.km. of mapping on 1:2000 scale and 22 boreholes.
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The area is mostly under cover of alluvium. The geological setting is
similar to that in the Madhan-Kudhan section. In the boreholes, felspathic and
amphibole quartzites (Alwar Group) have been intersected. Geophysical surveys
indicate a major strike slip fault and a transverse fault in the north-eastern part
of the area.

Sulphide mineralisation comprising pyrrhotite, pyrite and chalcopyrite occurs
as fine disseminations, stringers and veinlets along bedding, foliation and fractures
in siliceous dolomite, schist and footwall quartzites. The incidence of chalcopyrite
appears to increase with depth.

The strike length of the block is about 1500 m. Most of the boreholes have
intersected low grade disseminated copper mineralisation with some rich pockets
over wide zones - 9 to 20 m and in one borehole 36.50 m. The copper content
in individual samples ranges upto 7.81%. Drill indicated reserves estimated by
HCL over a strike length of 800 m are : 2.64 million tonnes with 1.9% Cu.

i) Singhana (75°50'30" : 28°06'00"), Muradpur (75°53'30" : 28°06'45"),
Pacheri (75°56'45" : 28°08'30") area, Jhunjhunu Dt:

This area covering a strike length of about 12 km forms the northeasterly
continuation of the Madhan-Kudhan section. The area is mostly under a 20 to 50
m thick cover of desert sand and alluvium.

Manifestations of copper mineralisation comprise gossanised fragments in
well dumps. The host rocks are amphibole- quartzite, amphibole-magnetite quartzite
and at places andalusite schist. The rocks are folded with well defined bedding
shears. The general trend is ENE - WSW.

The area has been explored by geophysical surveys (magnetic, SP and
EM), mapping (3 sq.km.. on 1:2000 scale) and drillings :

12256.76 m in 34 boreholes in Singhana block
5313.25 m in 14 boreholes in Muradpur block
901.25 min 3 boreholes in Pacheri block.
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The total strike length tested by the boreholes is about 4 km only (out of
12 km).

Two pyrite-pyrrhotite-chalcopyrite bearing lodes have been traced in
the area of andalusite-biotite schist and amphibole quartzite and the footwall
lode is at the contact between amphibole quartzite and amphibole -magnetite
rock.

In the Singhana block (total strike length 3 km), ore zones extend over a
strike length of about 1550 m. The hanging wall lode varies in true thickness
from 1.62 to 9.35 m (average 3.21 m) and the footwall lode ranges in thickness
from 0.80 to 4.95 m. (average 2.59 m).

In the Muradpur Central block, the ore zone extends over a strike
length of about 300 m. The hanging wall lode ranges in thickness from 1.5 to
3.15 m and the footwall lode from 1.50 to 6.30 m. (average 3.71 m). One scout
borehole in Muradpur west block intersected a 4.52 m wide zone with 1.16%
Cu.

In the Pacheri block the mineralisation is patchy except in one borehole
with 0.75% Cu over 1.35 m.

The reserves estimated in the 3 blocks are as follows:

Block Reserves Average grade
million tonnes % Cu
Singhana Hanging wall 3.06 0.93
lode
Footwall lode 0.49 0.71
Muradpur
central block 1.11 0.71

Pacheri block — -
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Deora (28°21' : 75°48") Prospect

The area exposes Ajabgarh Group rocks comprising micaceous and
graphitic phyllite interbanded with quartzite, crystalline limestone, amphibole-biotite-
chlorite schist and sericite quartzites. Thin lenticular patches of metabasic rocks
are emplaced along foliation in micaceous phyllite. A major shear trending NE-
SW with steep dips is located in the graphitic phyllite/schist in the south-western
part of the block.

The old workings are confined to a strike length of 210 m close to the
footwall contact of the graphite phyllite.

The prospect has been explored by mapping (0.25 sq.km. on 1:1000
scale), I.P, SP, Resistivity and magnetic surveys and drilling (3080.83 m in 10

boreholes).

Out of a total strike length of 650 m, good intersections of ore zones are
restricted to three boreholes covering a length of 210 m. in the south-western
part. Two prominent mineralised intersections are 1.47% Cu x 11.0 m and 1.75%
Cu x 6.3 m. Small steeply plunging separate ore shoots are found in a highly
sheared and brecciated zone. The mineralisation is rather weak over the rest of
the strike length. (Two boreholes in the northeastern part intersected zones
averaging 0.5-0.8% Cu over widths of 1.0 to 2.0 m.)

Eastern Parallel zone of Khetri Copper Belt:

This zone is located to the east of the main copper belt, and has been
identified through detailed evaluation of airborne EM anomalies by geological
geochemical and geophysical surveys. It extends over a distance of about 25 km

from near Ajitsagar in the north to Sheopurgarh in the south.
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The area is also occupied by the Alwar and Ajabgarh Group of rocks of
the Delhi Supergroup. The regional strike is N-S to ENE-SSW with westerly dips
at moderate to steep angles. The rocks are folded with development of shear
zones, fault zones and breccia zones. The mineralisation is mostly localised
along the shear and breccia zones.

Nine blocks in this belt have been explored by drilling as detailed in
Table-IV. The mineralisation is invariably of low grade (less than 1.0% Cu). In
some prospects, the mineralisation occurs over relatively large widths of upto
35 m.

Dholamala Prospect:

In this area the mineralised zone is inferred to extend over a strike length
of about 1000 m on the basis of old workings, gossans and drillhole data. The
better concentrations of sulphides (pyrrhotite and chalcopyrite with minor pyrite)
are generally restricted to the sheared and silicified zone occurring at the contact
of garnetiferous chlorite schists and amphibolites. The strike of the formations is
N10 to 50°W with steep south-westerly dips.

Mineralisation appears to be better over a strike length of about 400 m in
the south block. This strike length has been explored by 24 boreholes (8 by GSI
and 16 by MECL). Five lodes were intersected in these boreholes. Of these, the
most promising central lode (main lode) has been found to persist upto 300 m
R.L. It ranges in thickness from 1.5 to 28.0 m and shows pinch and swell structure.
The copper content in the various zones ranges from 0.32% to 4.21%. The ore
shoots probably pitch at low angles due south.

The ore reserves estimated by the MECL are as under:

Probable : 0.82 m. tonnes with 0.94% Cu
Possibles : 0.68 m. tonnes with 0.88% Cu

Total : 1.50 m. tonnes with 0.91% Cu.






