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UTTAR PRADESH

In Uttar Pradesh, base metal mineralisation is located in the large hilly
tracts covered by the Garhwal Group of rocks, in the Vindhyans and in the
shear zones crossing the Bundelkhand granites. There are a number of reported
base metal occurrences in the State, the most important one being the Askot
deposit which is described below.

Askot (Copper-Lead-Zinc) Deposit (29°46' : 30°20'), Pithoragarh district

The sulphide mineralisation is confined to the northern limb of the Askot
syncline near its south-eastern closure. The general strike of the formations is
NW-SE. The dips vary from 30° to 65°. The surface indications of mineralisations
are seen in the form of a small outcrop - unaltered, hard, silicified epidote-
actinolite biotite-quartz rock.

The mineralisation is traceable on the surface from the evidence of
geophysical anomalies, results of geochemical prospecting and geological
data over a strike length of about 550 m. The average width of the mineralised
zone is 8.0 m and dip 50° at upper levels (becoming subvertical at deeper
levels.)

The principal ore minerals are arsenopyrite, sphalerite, galena, chalcopy-
rite, marcasite, bornite and chalcocite. Widespread wall rock alteration includes

propylitisation, sericitisation, biotitisation and silicification.

The ore body is lenticular in shape comprising five lenses having an

en echelon disposition.



The southern ore body, (the most important one), which had been ex-
plored by the GSI by drilling at 50 m strike interval, at two levels (1015 m RL and
985 m RL), covering some 150 m, was opened up by two adits by the MECL at
1015 m RL. Both the adits encountered old workings indicating that the ore at this
level has been mostly worked out. A third adit was made to reach the ore body
at 985 m RL, which also intersected a very unsafe ground, possibly due to old
mining. At this level a parallel drive, by-pass and cross cut were made to intersect
the ore body towards north.

The exploratory mining carried out exposed the ore at 985 m level with
1.68% Cu, 4.39% Pb, 4.77% Zn (10.83% TMC) along with 1.68% As, 0.10% Sn,
0.062% Sb as per the assay of the composite samples from the cross cut at 985
m level. The same composite sample has given 0.40 gm per metric tonne of gold

and 84.40 gms per metric tonne of silver by fire assay.

The GSI has estimated reserves of about 0.77 million tonnes of ore
averaging 2.32% Cu, 2.64% Pb and 3.95% Zn in the area.

The other explored occurrences are Dudhi (copper-lead-zinc) in Mirjapur
district, Khanayun-Galpakot-Kimkhet area (copper-lead-zinc) in Nainital-Pithoragarh
districts and Tons Valley in Dehradun district.
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INFORMATION DOSSIER ON BASEMETAL DEPOSITS AND
OCCURRENCES OF BIHAR

Over 150 occurrences of copper, lead and zinc have been recorded from
eight districts of Bihar, viz. Singhbhum, Hazaribagh, Ranchi, Palamau, Bhagalpur,
Santhal Parganas, Shahabad and Gaya. Almost half of them are copper
occurrences located in the Singhbhum Copper Belt of Singhbhum district. Some
of the deposits in Singhbhum are very large and are being mined since 1908. Till
1970, the Mosaboni Group of mines were the only copper mines in the country.
At present copper mines in the Mosaboni and Rakha-Roam Sideshwar areas are
being operated by Hindusthan Copper Limited.

The other known deposits and occurrences are relatively very small and
impersistent. Copper-lead-zinc mineralisation appears to be confined to Hazaribagh
and the adjacent Santhal Parganas districts. The lead-zinc mineralisation is widely
distributed in the western part of Singhbhum district, southern and eastern parts
of Ranchi district and in southern Bhagalpur district. Except 2 occurrences of lead
with some copper in Palamau district which are associated with sedimentary
rocks of Lower Vindhyans, the remaining occurrences are found in Archaean
rocks.

Singhbhum Copper Belt : (Fig. 2)

Extent :

The Singhbhum Copper Belt is one of the well known metallogenetic
provinces for copper in India. In this belt copper mineralisation is localised along
a shear zone designated as the Singhbhum Shear Zone. In Bihar alone, this
shear zone extends over a strike length of 128 kms in an arcuate trend, from
near Duarpuram (22°46' : 85°34') in the west to Baharagora (22°16':86°43') in the
south-east. It trends east-west over a strike length of about 50 km between
Duarpuram and Kharkari river (west of Turamdih) and then veers gradually towards
south-east and south. The belt also continues further south of Baharagora (beneath



the alluvial tract of the Subarnarekha river) to Kusumbari (22°04' : 86°42") -
Kesarpur (22°06:80°41') areas in the Mayurbhanj district of Orissa.

Besides copper economic deposits of radioactive minerals, apatite and
kyanite also occur in the belt.

History of Mining :

The origin of copper mining in the Singhbhum Copper Belt dates back to
atleast 2000 years and are lost in the limbo of antiquity. Ancient workings in the
form of shallow inclines, shafts and surface excavations limited in depth upto the
water table, and slag heaps are found scattered over the entire belt.

The first published notice of the presence of copper ore in this belt was
in 1837. Between 1857 and 1861, the first attempts were made by European
enterprises to prospect the Nandup, Turamdih and Rajdoha (Rajdah) areas, bit
were not successful.

Again in 1891, the Rajdoha mining company took up under-ground
exploration at Rajdah and Rakha Mines. But the work was discontinued for lack
of funds.

Between 1908 and 1923 the Cape Copper Company developed 2 shafts
(Main shaft and No. 4 shaft) and nine levels upto a vertical depth of 232 m in the
Rakha Mines area and produced 180,024 tonnes of ore and 3,620 tonnes of
copper metal. They also drilled 21 boreholes.

The Cape Copper Company also extended their operations to the Mosabani
area between 1911 to 1918. Later in 1920, the Cardoba Copper Company
(subsequently reconstructed as the Indian Copper Corporation Limited) took an
option from the Cape Copper Company and developed the Mosabani Group of
Mines (with ore beneficiation and smelter facilities) which have been continuously
in operation since 1920. The Mosabani Group of Mines are now being worked
by M/s Hindusthan Copper Limited.
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Regional Geology and Structure :

Dunn & Dey (1942) have grouped the rocks of the area into 3 stages - the
‘Chaibasa Stage’, ‘Iron Ore Stage’ and the ‘Dhanjori Stage’ of Precambrian Age.
The Chaibasa Stage comprising mainly mica schist, hornblende schist, quartz
schist and quartz-granulite is the oldest and lies to the north of the shear zone.
The Iron ore Stage consists phyllites, tuffs, basic igneous rocks and banded
quartzite, often haematitic. The rocks of the above two stages, designated as the
‘Iron Ore Series’, were folded before the quartzite, quartzite-conglomerate and
basic lava flows of the Dhanjori Stage were laid down.

The area was subjected to orogenic movements over a protracted period
resulting in the formation of ‘geo-anticlines’ and ‘geo-synclines’ with isoclinal folds
which were subsequently overturned towards the south, culminating in the
development of a major arcuate zone of overthrust and shearing along the
overturned southern limb of the central ‘geo-anticline’. The thrusting is said to
have brought the older more metamorphosed Chaibasa Stage rocks to the north
into juxtaposition with the younger, less metamorphosed rocks of the Iron-ore
Stage and the Dhanjori Stage on the south. The soda-granite consisting essentially
albite and quartz later intruded into the southeastern and western part of the

shear zone.

The Singhbhum Granite massif around which the shear zone
appears to have been moulded lies to the south and southwest of the shear

zone.

According to Sarkar and Saha (1959, 1963), the Iron-ore Series rocks to
the south of the shear zone are the oldest in the area and have been affected
by an older orogeny - the Iron-ore orogeny (Ca 2,000 million years). The
Chaibasa Stage rocks occurring to the north of the shear zone belong to the
basal part of a younger series, the ‘Singhbhum Series’ and have been affected
by a younger orogeny - the ‘Singhbhum orogeny’ (Ca 934 million years). The



Dhanjori Stage rocks are considered to be younger than the Singhbhum Series,
but have also been affected by the Singhbhum orogeny. The two orogenies
were differently oriented and the shear zone marks the boundary between
these two orogenies. Also the Singhbhum Granite is older than the Soda

granite.

Geological setting along the shear zone : (Fig. 2)

Over a major part of the strike length, only low grade meta-lavas and
quartzites of the Dhanjori Stage and the high grade metamorphics (garnetiferous
mica schists and kyanite bearing quartzites) of the Chaibasa Stage are involved
in the shearing.

The Dhanjori lavas occupy the southern part of the shear zone and are
extensively altered to quartz-biotite-chlorite schists, biotite schists and chlorite
schists (with varying proportions of quartz, biotite and chlorite) due to
metamorphism, metasomatism and wall rock alteration accompanying the shearing

and copper mineralisation.

Occasionally, patches of unaltered basic rocks are seen within these schists.
Due to intense shearing and silicification the quartz-chlorite-biotite schist grades
to a granular variety and a dense grey fine grained quartzite over considerable

parts of the shear zone.

The mica schists and kyanite bearing quartzites of the Chaibasa Stage
occupy the northern part of the shear zone. These are also intensely silicified
and mylonitised within the shear zone. In this part of the shear zone
sericitisation is common, chloritisation and biotitisation are subordinate. Soda
metasomatism (resulting in the formation of albite) is also observed. As a result
the mica schists of the Chaibasa Stage are now represented mostly by sericite
schist, sericite-quartz schist and banded sericite (+ biotite + chlorite + albite) -

quartz schist.
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Some of the bands of sericite schist and quartz-sericite as schist are
now seen as (sticky) gouge zones due to shearing. The Chaibasa quartzites
which generally mark the northern limit of the shear zone also show effects of
silicification.

Incidence of tourmaline, apatite and magnetite is quite common
within the shear zone, particularly in the basic schists derived from the
Dhanjori lavas.

Soda granites occur at places within the shear zone as tongues,
generally on the hanging wall side of the basic schists. The spatial relationship
of copper mineralisation with the basic lavas/altered basic lavas and the soda
granites is significant. The copper mineralisation is best developed in sections
where the Dhanjori lavas are best developed, even though the soda granite
is poorly developed or absent (Mainajheria to Tamapahar). In the south-eastern
and western part of the belt where the Dhanjori lavas are absent or occur
sporadically in narrow stretches, copper lodes are ill-defined and impersistent
although occurrence of soda granite is comparatively extensive. Only in the
Mosabani area a part of the mineralisation occurs in basic rocks in the vicinity
of soda granites. In other words, copper mineralisation appears to be closely
related to the prevalence within the shear zone or in the vicinity of the shear
zone of Dhanjori lavas and the basic schists derived from them rather than
the soda granites.

Effects of Shearing :

Shearing has resulted in two types of tectonites depending on the nature
of the rocks. In the banded quartz-sericite (biotite-chlorite- albite) schists (sheared
Chaibasa mica schists), shearing has taken place as in a shuffled pack of
cards with a number of parallel, very closely spaced cards sliding past each
other. This has given rise to S-tectonites with no fractures or openings for ore
emplacement.

The harder rocks in the shear zones viz. the Dhanjori lavas, silicified
and altered lavas (granular quartz-chlorite-biotite schist etc.), quartzites



and conglomerates are strongly lineated (B-tectonites) and have yielded
by fracturing; the fractures being somewhat irregular, slicken sides,
elongation of pebbles in conglomerates and of amygdules in lavas are
common. Ore shoots, rods or ‘mullions’ of quartz, elongated ‘pods’ and
lenses of massive ore are all aligned parallel to the lineation direction,
which is mostly downdip.

Later movements in favourable directions have resulted in opening of
pathways in fractures. These fractures are healed by quartz-chalcopyrite veins.
These fractures and veins are in the form of cymoid loops and multiple cymoid
veins. The swings in strike and dip influence the strength, persistence, shifting,
width and shape of lodes. For example, antiformal areas show weakening of
lodes in some cases.

As a result, almost all the copper lodes of possible economic
significance, as also much of the disseminations of sulphides in the shear
zone are localised within the altered meta-volcanics. Only sparse
disseminations of sulphides (mostly less than 0.1% Cu) are present in the
banded sericite (+ chlorite + biotite + albite)-quartz schist which are generally
seen adjacent to the basic schists, in the central part of the zone of intense
shearing.

The shearing in most intense in the apex region of the arcuate shear zone
(in the vicinity of Rakha Mines) where the thrusting has taken place against a
thick sequence of competent quartzites and epidiorites (meta-lava flows) of the
Dhanjori Stage. In this region the shear zone is narrow ranging in width from 200
to 600 m and the copper lodes are well developed and persistent. To the east
and west the intensity of shearing gradually diminishes and the width of the shear
zones increases to about 4 km. The copper lodes also become ill defined and
comparatively impersistent.

The strike of the most prominent and pervasive planar surface is parallel
to the trend of the shear zone in the various parts. The dips of these surfaces
as also the copper lodes range from 10° to 45° (average about 30 - 35°)



towards north to north-east and east - north-east. At peaces as at Turamdih,
the lodes have a gentle synformal disposition with the axis trending in the
strike direction.

Salient features of copper mineralisation :

The copper mineralisation in the Singhbhum Copper Belt shows a
remarkable uniformity in regard to the nature and mode of occurrence of the
sulphides, host rocks, ore and gangue mineralogy, overall geometry and pattern
of distribution of the lodes, wall rock alteration features, etc.

Surface expression of lodes :

As mentioned earlier, a large number of old workings and slag heaps are
seen over the entire strike length of Singhbhum Copper Belt, besides ‘gossan’
shows are common in the mineralised areas. Malachite-azurite stains are also
observed at places in the mineralised zone and the vicinity of the mineralised
zone.

The gossans are in the form of in situ limonite after sulphides. The gossan
shows are, however, subdued as the total sulphide contents in the mineralised
zone seldom exceeds 3-4% and are mostly of the order of 1-2%. Chalcopyrite is
the predominant sulphide in the mineralised zone. Hence in most cases it has
been possible to have an approximate idea of the copper content of the lode
zone on the basis of the abundance of in situ limonite. In fact, the various lodes
in the Rakha mines, Roam Sideshwar and Tamapahar prospects could be clearly
delineated on the basis of gossan shows.

Oxidation and secondary sulphide enrichment :
The sulphides are invariably oxidised at the outcrop. The zone of oxidation

extends upto the present day water table, generally at depths of 10 to 30 m
below the surface.



In the oxidised zone, a few secondary minerals such as malachite, azurite,
chalcanthite, cuprite and occasionally native copper are seen.

There is no prominent zone of secondary sulphide enrichment and the
zone of oxidation is almost directly underlain by the zone of primary sulphides.
Secondary sulphides, such as chalcocite and covellite are seen only in a limited

zone of about 5 m between the high and low water table levels.

Nature and mode of occurrence :

Chalcopyrite and pyrite are the principal sulphides in the mineralised zone.
Chalcopyrite is dominant and comprises about 70 to 80% by volume of the total
sulphides. Pyrrhotite is locally developed and is more common in the deeper
levels (generally at depths greater than 300 m). The other sulphides present in
the mineralised zone consist pentlandite, molybdenite, marcasite, tetradymite,
tetrahedrite, cubanite and arsenopyrite, violarite, millerite etc. The principal
gangue minerals are quartz, chlorite, biotite, magnetite, apatite felspar and

tourmaline.

The copper lodes have been emplaced principally along shear fractures
developed within the shear zone. The better mineralisation of possible economic
significance is confined to the southern part of the zone of shearing containing
the sheared, metasomatised and metamorphosed derivativas of the Dhanjori

lavas.

Chalcopyrite and pyrite occur as sparse to rich disseminations, stringers,
patches, veinlets and occasionally as massive patches in crushed vein quartz
and as bunches and nests in crushed chlorite-biotite schists. The principal host
rock in the mineralised zones are the chlorite-biotite schists, quartz-chlorite-biotite
schists and granular quartz-chlorite biotite schist. In the Rakha mines area, a part
of the mineralisation is in (autoclastic) quartz conglomerate and in the Mosabani

area part of the mineralisation is localised in soda granites.



The mineralisation, particularly in the better mineralised sections of the
belt, is distributed over a width across strike of upto 200 m or more and
comprises zones of richer mineralisation alternating with zones of lean
mineralisation and barren rocks. The lode contacts are not sharp, but are mostly
assay contacts. As a result, depending on the cut-off grade chosen, a number
of parallel to sub-parallel lodes can be delineated within the mineralised zone.
In parts of the shear zone, as many as five lodes can be identified across the
width. These lodes are disposed in an en echelon overlapping fashion with left
handed (sinistral)-shifts along strike. The en echelon disposition of the lodes is

seen both along strike and in the dip direction.

The strike length of the individual lodes ranges from a few tens of metres
to over 2000 metres as in the Rakha mines - Roam Sideshwar area. The width
of the lodes ranges from a few tens of centimetres to over 15 metres, but lie
mostly in the range of 1 to 3 m.

The lodes exhibit characteristic fracture patterns of shear zones, viz.
branching and coalescing, pinching and swelling, cymoid loops, etc.

In the more intensely sheared sections, a number of closely spaced parallel
lodes with partings of 3 to 10 m can be delineated indicating that some of the
mineralised zones are of the sheeted type.

The lodes strike parallel to the trend of the shear zone. Rolls are seen
both in the strike and dip directions. The general dip of the lodes ranges from 10
to 45° towards north / north-east. The average dip in most of the areas are of
the order of 25 to 35°. At places as in the Turamdih area, the lodes are folded
into a shallow synform with the axis trending in the strike direction.

Depth persistence :

The available data of mining and drilling show that the lodes are tabular/
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lenticular bodies with considerable depth persistence. The Mosabani mines
have been developed to a depth of about 1250 m, below the surface. In the
Tampahar-Rakha mines-Roam Sideshwar sector the lodes have been tested by
drilling to depths of about 600 m and have been found to persist without signs
of bottoming.

Wall rock alteration :

Wall rock alteration within and in the vicinity of the mineralised zone
consists of extensive silicification, biotitisation of chlorite, chloritisation of biotite,
sericitisation of muscovite and, at places, development of tourmaline and
apatite.

Distribution of deposits/occurrences : (Figs 2 & 3)

The Singhbhum copper belt has been extensively investigated by geological
mapping, geophysical surveys, geochemical soil sampling and scout drilling during
the last 3 decades. The more promising blocks have been intensively explored
by close spaced drilling and exploratory mine development. On the basis of the
results of this work and the intensity of mineralisation, the Copper Belt can be
divided (from west to east) into the following 9 sectors.

Sector Strike length (km)
1. Duarpuram-Kharkari River 50
2. Kharkari River-Rajdah 22
3. Rajdah-Tamapahar 8
4. Tamapahar-Rakha Mines-Roam Sideshwar 5.4
5. Sideshwar-Chapri-Khendadih-Surda 7.6
6. Surda-Mainajharia 8.5
7. Mainajharia-Gohala-Kanyaluka 10
8. Kanyaluka-Baharagora and 13
9. Baharagora Sector 3.5
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Significant copper mineralisation of (possible) economic significance is
developed in sectors 2,4,5,6 and 9, Also significant uranium mineralisation occurs
in sectors 2 and 3. An account of the work carried out in the various sectors and
the findings are presented in the following paragraphs, starting with sectors with
major deposits.

Tamapahar-Rakha Mines-Roam Sideshwar Sector : (22°36'N to 22°38'50"N :
86°21'08"E to 86°24'E) (Fig. 4 to 9)

This sector and the Sideshwar-Chapri-Kendadih sector lying to the southeast
are located in the apex region of the arcuate shear zone and constitute the most
intensely sheared part of the copper belt and carry very significant copper
mineralisation.

The entire strike length of about 5,400 m of this sector comprising (from
west to east) Tamapahar (1740 m), Rakha Mines (2240 m) and Roam Sideshwar
(1400 m) is continuously mineralised. Of these, the Rakha Mines block was
worked by M/s Cape Copper Company between 1908 and 1923. They opened
up two major lodes through two main shafts viz., the Main inclined shaft
and Shaft No.4 at a strike distance of 1067 m. Nine levels were driven of the
main shaft on lode No. 2 covering a strike length of 1000 m and a vertical depth
of 232 m.

The No.4 shaft and four levels thereof were developed in a parallel lode
covering a strike length of 230 m and a vertical depth of 115 m. A number of
auxiliary shafts were also sunk. Besides, the company also drilled 21 boreholes
in the Rakha Mines block.

An evaluation of the Mine assay plans, and drilling data of M/s Cape
Copper Company, indicated that the Rakha Mines block and adjacent areas
constitute a highly potential prospect. Geochemical soil sampling carried out in

the Roam—Sideshwar block also confirmed the presence of a number of copper
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lodes. A Programme of systematic detailed exploration comprising drilling,
dewatering of the No. 4 shaft workings of the M/s Cape Copper Company and
further mine development was initiated in the Rakha Mines and Roam Sideshwar
Blocks and subsequently extended to the Tamapahar block.

The total quantum of work carried out during this exploration is as follows :

Mapping (1:2000 scale) About 4 sq.km

Drilling 63,911 m in 240 boreholes
Exploratory mine Development 2,760 m

Sampling (mostly core 17,000 Nos.

and groove samples in

mine development)

Diamond Drilling :

Seven series of boreholes spaced at regular intervals of 60 to 360 m
along strike and designed to intersect the lodes at pre-selected vertical depths
of 0to 10 m, 45 -55m, 95 m, 185 m, 275 m, 450 m and 600 m below the datum
at 150 m R.L. were drilled. The details of the pattern of boreholes, number of
boreholes drilled etc., are given in Table-I.
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TABLE-I

Series Vertical depth Spacing No. of Total Average area Remarks
No. of intersection along strike boreholes amount of of influence
below datum direction (m) drilled drilling (m) of each
(150 mR.L.) borehole in
(m) place of lode
(sgq.m)
Zero 0to 10 60 38 4,657 3,729 (1) Zero series is
drilled only in
I 45 to 55 60/120 60 8,977 5,564 Tamapahar.
I 95 60/120 42 10,687 8,142 (2) The vertical influence
of the VI series is
11 185 120 44 11,061 17,015 limited to actual
depth of intersection
Y 275 180 31 11,766 26,062 of boreholes.
\Y 450 360 15 7,369 94,167 (8) VI series boreholes
were drilled only
VI 600 360 10 7,987 97,200 in Roam Sideshwar
and Mines block.
Drilling done in two underground boreholes in
| level off No. 4 shaft 118
Drilling done in abandoned and deviated holes 1, 289
Total 240 63,911

(4
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Exploratory mine development :

The No.4 shaft in the Mines block was dewatered upto the third level and
further development along lode No.5 was carried out at the first level both towards
NW (225 m) and SE (195 m). For this purpose a vertical shaft (western shaft)
was sunk upto the I level.

In the Roam Sideshwar block, development at two levels viz. Zero level
at 140 m R.L. and a sub-level at 125 m R.L. were carried out in lode Nos. 5 and
6 through three old adits, drives and winzes thereof and a new vertical shaft sunk
in the eastern part of the block. A cumulative strike length of 759 m was tested
by the two levels.

Geological Setting : (Fig. 2)

The sequence of rocks exposed from northeast to southwest is as
follows :

Chaibasa Stage Muscovite schist/quartz-sericite-muscovite
schist with inter-bedded quartzite (kyanite
bearing) and sericite-quartz schist.

Intensely sheared Banded sericite-quartz + biotite Sparsely
and metasomatised =+ chlorite + albite schist mineralised
Chaibasa Stage (S-tectonites)

rocks (?)

Intensely sheared Granulose quartz-chlorite-biotite schist, Well

and metasomatised quartz-biotite schist and chlorite-biotite mineralised
Dhanjori Stage schist with thin bands of sericite schist

rocks and crushed vein quartz.

Sheared Dhanjori (Auto clastic) quartzite

quartzite/silicified conglomerate (less than 10 m

rock (?) thick and impersistent)

Mildly sheared Chlorite-biotite schist and quartz-chlorite-

Dhanjori Stage rock biotite schist with bands of quartzites and
talc schist/talc-chlorite schist (ultrabasics)

Dhanjori Stage Metavolcanics and quartzites.
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Results of exploration :

In all the three blocks, copper mineralisation of varying intensities is noticed
over a fairly wide zone, upto 120 m. The richer zones of possible economic
significance ranging upto 15 m thickness are however localised along zones of
shearing and crushing, mostly in biotite chlorite schist (about 60%), chlorite biotite
schist (about 25%), quartzite and quartz-conglomerate (10%) and in quartz veins
(5%). These richer zones constituting lodes alternate with weakly mineralised or
occassionally, even barren zones ranging in width upto 20 m.

The lodes dip at 25 to 45° (average about 35°) towards north-east. There
are rolls in the strike and dip directions. (Fig. 5 & 6)

Nine lodes of varying strike length are seen to occur 6 in en-echelon
pattern with sinistral overlapping when followed along strike and down the dip.
Due to this pattern, there is considerable overlapping of lodes along the strike
and there are two to three, often four lodes in any transverse section. The lodes
are seen to pinch and swell corresponding with the antiformal and synformal rolls
along the strike arid dip directions of the host rock. The ore shoots pitch down
dip or sub-parallel to the dip. (Fig.5 to 8)

The salient data of strike length, width etc., of the various lodes are given

in Table-Il.
TABLE-I

Lode No. 1 2 3 4 5 6 7 8 9
Average 530 2,765 1,052 300 1,389 1,860 210 400 300
Strike

length (m)

Average 2.0 3.1 2.1 3.1 2.8 5.9 23 22 1.08
width (m)

Average 1.4 1.5 1.3 1.5 2.0 1.5 1.7 1.5 1.30

Grade (% Cu)
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Ore reserves :

Ore reserves have been estimated on the basis of borehole data for the
block of ore lying between the top of the fresh sulphide zones (occurring at an
average vertical depth of about 35 mi.e. 115 m R.L.) and the level of the deepest
lode intersection in the sixth series boreholes at about 500 m R.L. (650 m vertical
depth) for the entire strike length of the block (5380 m) for all the lodes except
lode No.9, which is a minor lode.

Since the lode contacts are essentially assay contacts, reserve estimates
have been made for cut-off grades of 0.5, 0.8%, 1.0% and 1.5% copper. The
reserve estimates have been classified into proved, possible and probable
categories depending on the density of borehole intersections, availability of mine
development data etc. The estimates of insitu ore reserves for the three blocks
are furnished in Table-lIl.

TABLE-I

Proved Probable Possible Total

Cut-off Reserves Grade Reserves Grade Reserves Grade Reserves Grade
Grade (inm.t) (% Cu) (nmt) (% Cu) (inmt) (% Cu) (in m.t.) (% Cu)
% Cu

1.5 14.94 2.24 15.15 2.10 0.90 1.74 30.99 2.10
1.0 40.17 1.53 35.99 1.54 2.86 1.38 79.02 1.54
0.8 60.55 1.27 49.59 1.33 4.52 1.16 11466 1.30
0.5 105.16 0.95 85.05 0.99 10.28 0.79 200.49 0.96

Besides copper, a number of other elements such as molybdenum,
nickel, etc., are associated with the copper lodes. A large number of composite
samples from borehole cores have been analysed for these elements. The best
estimate of the average content of these elements in the lodes of the area is as

follows :
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Nickel 0.80%
Cobalt 0.011%
Molybdenum 0.025%
Bismuth 0.008%
Arsenic 0.007%
Sulphur 2.10%
Selenium 0.0025%
U.0, 0.02%
P,0, 0.55%
Silver 1 git
Gold 0.1 g/t

Ore beneficiation studies :

The ore beneficiation studies carried out on a number of bulk samples by
MML have indicated that the copper ores in the Rakha mines area are amenable
to beneficiation by conventional flotation methods using K. E. Xanthate, pine oil.
Copper concentrates with over 24% copper with recoveries of +96% were obtained.

Exploitation :

The Rakha mines and Roam-Sideshwar blocks were taken over by M/s.
Hindusthan Copper Limited and an underground mine of 1000 tpd over a strike
length of about 1 km in the No.4 Shaft area was opened up by 1974 (in the |
Phase). Deepening of the Inclined Shaft No.4 and level development along a
number of parallel lodes (Lode No.2 to 6) have been carried out upto 7th level
(-79 m R.L.).

The Il Phase of mining covering the deeper horizons envisages a production
of 6900 tpd. For taking investment decisions for the Il Phase, 9 deep, infilling
surface boreholes were drilled. These boreholes have confirmed the lode

continuities and behaviour predicted earlier.
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Sideshwar-Chapri-Kendadih-Surda sector : (Fig. 3)

This sector extends in a NW-SE direction over a strike length of about 7.6
km from the southeastern extremity of the Tamapahar-Rakha mines - Roam-
Sideshwar sector and falls in the leasehold areas of M/s. Hindusthan Copper
Limited. This sector is also intensely sheared, and carries near continuous
mineralisation. There is no mining except on a small scale at Kendadih (22°35'
: 86°27'). But the ore reserve potential of this sector is very high and is yet to
be fully assessed.

Chapri-Sideshwar-Kendadih area :

This area extends over a strike length of 5 km. The Chapri area which lies
in continuation of the Roam-Sideshwar block has been explored (by I.C.C./H.C.L.)
by 22 shallow surface boreholes. These boreholes have intersected the
orebody at two levels corresponding to the third and fifth levels of mining at
Kendadih. The third level intersections are spaced at intervals of 60 m along
strike and the fifth level intersections are spaced about 150 m apart. Similarly, the
3 km stretch in the Sideshwar block lying between Chapri and Kendadih has also
been explored by 14 boreholes spaced about 150 m apart by the erstwhile ICC.
The hanging wall lode intersected in these boreholes has been found to be quite

encouraging.

The drilling indicated that out of strike length of about 5 km, a cumulative
strike length of about 3.6 km showed significant copper values as detailed
below:
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Area Strike length Width Grade

(m) (m) (%)
Sideshwar 877 3.02 1.77 Cu
Lean zone 574 - -
Chapri 949 1.27 1.62 Cu
Lean zone 150 - -
Netra 370 1.50 1.65 Cu
Lean zone 150 - -
Kendadih 872 2.34 2.04 Cu

The lode zones of this area continue southeastwards into the Kendadih

mine area.

The potential reserves over the mineralised strike length of 3068 m
down to a depth of 300 m is about 8.24 million tonnes with +1.60% Cu.
These pilot boreholes have not intersected all the parallel lodes. The maximum
reserves potential down to 600 m depth at a cut-off of 1% Cu can be of the
order of 20 million tonnes per km, i.e. about 100 million tonnes over the 5 km

stretch.

In the Chapri area, the ore zones are fairly wide and reserves of 14.71
million tonnes of 0.73% Cu may be available for open cast mining.

The Sideshwar/Chapri zones listed above has been investigated over a
strike length of about 2.3 km by 66 boreholes (total meterage 20703 m) by
MECL. These boreholes have tested the depth persistence of the lodes upto 300
m. vertical depth. The drilling carried out by the MECL indicates that there are
several ore lenses ranging in strike length from 100 to 500 m localised mainly in
quartz-chlorite schist. Probable reserves of 7.25 million tonnes with 1.74% Cu

have been estimated.



20

Kendadih mine area

This area covers a strike length of 2.2 km and has been explored at three
mine levels, viz. 3rd, 5th and 8th by surface boreholes. Several rich lodes have
been developed in the mine workings.

There are six copper lodes occurring in an en-echelon pattern. The
maximum strike length of these lodes does not exceed 600 m. The general strike
is NW-SE with 35° to 55° dip towards northeast. The reserves estimated in this

area are as follows :

Proved 2.61 m.t.
Probable 1.24 m.t.
Possible 1.47 m.t.
Drill indicated reserves 5.32 m.t. with 2.01% Cu

Surda-Mainajharia Sector : (Fig. 3)

This sector extends in a NW-SE direction over a strike length of about 8.5
km. The Mosaboni, Pathargora, Surda and Badia Mines and Dhobani (old mine)
of M/s. Hindusthan Copper Limited are located in this sector. A few other
mineralised areas, viz. Tamajhuri, Mainajharia and Chirudih-Somaidih are also
present.

Surda (22°33' : 86°26') - Pathargora (22°32' : 86°27') - Mosaboni
(22°31' : 86°23') - Badia (22°29' : 86°28') - Dhobani (22°31' : 86°27')
Mines area :

In this sector, the mineralisation is distributed in a much wider zone of
shearing (upto 5 km) than in the Rakha Mines sector.
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The Mosaboni mine which has been in production since 1924, is the
deepest mine in this area. It has been developed down to the 35th level (depth
about 1250 m). The Badia Mine is located to the southeast of Mosaboni. The
Pathargora mines lines NW of Mosaboni and the Surda mines lies between
the Pathargora mine on the SE and the Kendadih mine on the NW and have
reached a depth of over 475 m. The Dhobani mine is situated 1 km west of
Mosaboni.

These mines have been mostly developed directly by exploratory/production
stage mining supplemented by limited surface drilling and extensive underground
drilling.

In the Mosaboni-Badia mines, there are two lodes - Main lode and West
lode - in two well defined shear channels over an aggregate strike length of 5 km
with several lean/barren patches. The width of the mineralised zones ranges
upto 11 m.

The western and southeastern parts of the area is predominantly occupied
by Dhanjori metavolcanics represented by epidiorite and hornblende schist. Soda
granite tongues are present in the central portion, whereas the eastern portion
is mostly occupied by mica schist and phyllite.

The mineralisation is hosted in biotite-chlorite schist occurring in sheared
soda granite. The general strike is NNW-SSE with northeasterly dips of about
25°-30° though locally steeper dips are noticed.

Three major lodes are present in these two mines, namely west lode, main
lode and east lode.

There are indications of persistence of these copper lodes at depth. This
mine is further divided into three sections: (a) North Badia section where about

2.5 m wide copper lode with around 2.8% Cu is available and has been worked
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down to the 22nd level, (b) southern and north-central sections where the deepest
development has been done. In the north-central portion, development has been
done to the 31st level without any indication of bottoming of the workable copper
lode as indicated by the boreholes. In the southern portion, development has
been carried out down to the 25th level. Here, the west lode is found to be most
potential. The main lode is towards its H/W side with a variable parting width in
the north-central section where the development has been done down to the 31st
level, a parallel lode of 1.10 m width containing 2.1% Cu is also noticed, and (c)
the northern section of this mine is highly disturbed below the 18th level to which
it has been worked. The 15th level of Mosaboni is connected with the 5th level
of Pathargora mine. Badia mine is connected with Mosaboni mine in the 1st, 12th
and 16th levels. Though this mine is exhausted in the upper levels, in the 11th
and 14th levels, there are indications of a workable copper lode due south. In
1980, surface drilling in 26 boreholes for 5,900 m and underground drilling for
67,417 m was done in this mine.

The categorywise (in situ) reserves of copper ore at Mosaboni estimated
by the HCL as on 1.4.1984 are as follows:

(In million tonnes)

Proved Probable Possible Grade
(including (including
developed) developed)
6.398 3.782 4.750 1.70% Cu

In the Pathargora mine area, the shear zone becomes wide and has
alternate bands of basic schists and soda granite. There are four parallel zones
with a maximum width of 12 m. By surface and underground drilling, the
mineralisation has been established over a strike of 1200 m and down to a depth
of 500 m with an average width of 3.68 m.
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Reserves estimated by HCL are as follows:

Proved 0.996 million tonnes
Probable 0.436 million tonnes
Possible 0.493 million tonnes.

In the Surda Mine area, the mineralisation occurs in quartz-chlorite-biotite
schist. Soda granite is not seen in the mineralised zone. The Dhanjori
metavolcanics occur as epidiorite and hornblende schist in the western part
while the soda granites are observed towards the east. There are two parallel
lodes on the hanging wall and footwall of a wide shear. These lodes have been
traced over a strike length of 1.7 km. The mineralised zone ranges upto 31 m
in width.

The deposit has been proved by surface and underground drilling upto the
14th level by ICC/HCL. Reserves estimated as on 1.4.1984 are:

Proved 7.08 million tonnes with 1.23% Cu
Probable 5.51 million tonnes with 1.16% Cu
Possible 11.28 million tonnes with 1.17% Cu.

The Dhobani Mine is on a footwall shear, 1 km west of Mosaboni.
Metavolcanics and quartzites are the main formations. The mine has been
developed for a strike length of 500 m down to a depth of 393 m. Quartz-chlorite-
actinolite-biotite schists are the principal host rocks for the copper lodes. Strike
continuity of the lodes has been established over a strike length of about 1500
m by drilling. At least 4 lodes are known in the area, of which only one seems
to have been worked extensively.

A strike length of about 3.2 km has been investigated by 19 shallow
series and 8 deeper series boreholes spaced 150 m apart (Total drilling
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6638.40 m) drilled by G.S.I. Eight correlatable lodes consisting of a number of
‘ore shoots’ with limited strike and dip persistence have been identified. Probable
reserves are estimated to be:

At 1% Cu cut-off 0.798 m.t. with 3.13% Cu
At 0.5% Cu cut-off 1.41 m.t. with 2.4% Cu

The Mainajharia (22°28' : 86°29') area is located SE of Badia Mine. 54
surface boreholes (10,035.31 m) drilled by ICC over a strike length of about 4 km
have indicated the presence of 3 copper lodes containing payable copper values.
Reserves have not been assessed.

Tamajhuri (22°32' : 86°26' area :

This area falls along the northern extensions of the Mosaboni-Dhobani
area and comprises a similar geological setting. The area has been explored by
18 shallow series boreholes (total drilling 2,653.6 m) spaced 150-200 m apart
drilled by GSI. A number of mineralised zones ranging in width from 0.1 to 2.25 m
were met with in most of the boreholes. Probable reserves upto 100 m depth are
estimated to be:

Cut-off Reserves Grade
1.0% Cu 0.27 1.70% Cu
0.5% Cu 0.59 0.91% Cu

Chirudih-Samaidih area :

This area lies to the north of Tamajhari and in the proximity of Surda
Mines. Old workings are seen over a strike length of 1600 m. The area was
explored (by ICC) by 11 boreholes on 3rd level, 5 boreholes on 5th level and
2 on 7th level.

During 1985-87, 9 shallow boreholes were drilled by GSI. These boreholes

have intersected several thin zones with 1 to 5% copper alternating with low
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grade zones. A probable reserve of 1.47 m.t. with 1.39% Cu has been estimated
at 0.5% Cu cut-off. At 1% cut-off, the probable reserve comes to 0.46 m.t. with
2.58% Cu.

Mainajharia-Gohala-Kanyaluka Sector :

This sector extends over a strike length of about 10 km. A major fault
(Gohala Fault) shifts the shear zone to the east from Mainajharia to Gohala. The
shear zone is fairly narrow (0.1 to 0.2 km wide) in this sector. A few occurrences
have been recorded from this sector, viz. Kejurdari, Kanyaluka, Kanas and
Khadandungri.

Kanyaluka (22°28' : 86°31') area :

The rock types in the area from NE to SW direction across the shear
zone are garnetiferous mica schist, kyanite quartzite, chloritoid garnet bearing
quartz-muscovite schist, apatite-magnetite bands, felspathic schist/soda
granite, silicified mica schist, chlorite-biotite schist, amphibole schist, Dhanjori
epidiorite and quartzite. The general trend of foliation is N25°W-S25°E to N5°E-
S5°W showing dip towards east. Copper values encountered in four boreholes
drilled in the area over a strike length of 600 m were generally poor except in
one case where the average copper content was 3.30% over a thickness of
0.50 m.

Kanas (22°30' : 86°31') area :

The country rock of the area consists of biotite-muscovite schist,
garnetiferous mica schist, talc schist and talc-tremolite schist. There are a few old
workings for copper in quartz veins and biotite-mica schist. Malachite stains are
noted in mine dumps around old workings. Four boreholes were drilled in the
area but mineralisation was found to be poor and impersistent.
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Khadandungri (22°26' : 86°32') area :

The rock formations in the area belong to the Chaibasa stage comprising
rnica schists, quartzites, hornblende schist and ultrabasic rocks and intrusion by
soda-granite. The strike of the rock is NNW-SSE with a dip of 30°-45° towards
northeast.

The total length of mineralised zone is about 1 km. The mineralisation is
confined to amphibolite. Drilling in the area has established mineralisation over
a length of 630 m. The average thickness of the zone is about 1 to 3 m and the
average copper content is 1.3%. Molybdenum, vanadium and titanium are seen
associated with mineralisation.

Khejurdari (22°24' : 86°34') area :

The area comprises peletic schists and quartzites with lenses of
amphibolite and ultrabasic rocks. Malachite stains are seen in the dumps of old
workings.

Kanyaluka-Baharagora Sector :

Between Kanyaluka and Baharagora over a strike length of about 13 km,
the shear zone possibly peters out upto Baharagora. No evidences of copper
mineralisation have been recorded from this sector.

Baharagora (22°16'15" : 86°43'00") Sector :

This sector lies in the Singhbhum district of Bihar near the trijunction of
Bihar, West Bengal and Orissa States.

The area is mostly covered with tertiary gravels and lateritic soils. The rock

types present in the area are garnet and staurolite bearing mica schists associated
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with basic igneous rocks, quartzites and quartz schists of the Chaibasa stage.
Pods of ultramafic rocks (anthophyllite-talc) are found within the mica schists. In
the southern part, granites with basic dykes are exposed viz., at Jharia, Charakmara
and Thakurdih.

The formation strikes N-S in the southern part and veers sharply towards
west in the northern part. The quartzite and quartz schists are thrown into north
plunging (30 to 50°) ‘S’ folds. The foliation dips are 60 to 65° towards east in the
southern part and towards north in the northern part.

Copper mineralisation is closely associated with the metabasics and their
derivatives and are co-folded with the host basic schists. There are six groups
of ancient workings for copper in the form of open pits and trenches. The workings
extend over length ranging from 100 to 600 m. One group of workings at
Charakmara are in hornblende schists within granite and the rest are in rnetabasic
rocks within mica schists.

The area has been sub-divided into six blocks for purposes of exploration.
The total strike length of about 3500 m has been investigated by 45 boreholes
(total depth 7823.22 m).

Mundadevata - Darkuli block :

There are four main lodes in this block localised in a synformal structure
with an aggregate strike length of 1000 m and a possible westerly extension of
400 m in the northern limb. The lodes range in width from 0.5 to 12 m. At lower
cut-off grades, the mineralised zone is continuous, but at higher cut-off grades,
only impersistent lenses can be delineated. Besides, copper, nickel minerals
are also present in the mineralised zone. The ore minerals are chalcopyrite,
millerite, cubanite, mackinawite, sphalerite, galena, molybdenite, wherlite and
uraninite.
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Mundadevata sub-block :

In this block, 3 boreholes were drilled at strike intervals of 100 m to
test the northerly continuation of the ore bodies and the persistance of the
molybdenum bearing zones in Mundadevata - Darkuli Main block. The copper
mineralisation persists, but the molybdenum bearing zone is erratic and

impersistant.

South Jharia block :

In this block, a line of shallow old workings trending NNE-SSW are
seen over a strike length of about 300 m. Drilling indicated three parallel
zones. Zone-| contains 0.5 to 3.58% Cu over widths of 1 to 5.90 m. The other

two zones were found to be oxidised at the levels of intersection in boreholes.

Charakmara block :

In this block, there is a line of discontinuous pits trending NNW-SSE over
a strike length of about 500 m. Two boreholes drilled in the clock intersected
copper-nickel mineralisation, viz., 0.85 to 2.05 m X 0.92 to 2.05% Cu and 0.17%
Ni at 60 m vertical depth.

The reserves estimated for the various blocks upto 290 m are as

follows :
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Reserves
Cut-off Probable + Possible
(million (Average
tonnes) grade)
Mundadevata - 1.0% Cu 1.22 1.23% Cu
Darkuli block. 1.0% Cu + Ni 0.70 0.87% Cu +
0.21% Ni
Total 1.92
0.7% Cu + Ni 2.65 0.92% Cu
1.22 0.74% Cu +
0.21% Ni
Total 3.87
0.5% Cu 5.92 0.7% Cu
South Jharia 1.0% Cu 0.65 1.30% Cu
block 0.5% Cu 0.94 0.94% Cu
Mundadevata 1.0% Cu 0.20 1.29% Cu
Sub-block. 0.5% Cu 0.94 0.94% Cu

Kharkari River - Rajdah Sector :

This sector extends in a NNW-SSE direction over a strike length of about
22 km between Kharkari River on the west and Rajdah (22°41' : 86°17') on the
east. A cluster of significant copper deposits with an aggregate reserves of
about 30 million tonnes and lying close to each other have been identified in this
sector. They are :

1. Turamdih (22°43'2" - 22°43'53" : 86°10'47" - 86°11'43")
2. Nandup (22°44'30" : 86°14'15")
3. Ramachandra Pahar (22°43' : 86°13')
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4.  Bayanbil (22°44'00" : 86°14'30")
5. Dadkidih (22°44' : 86°10

Of these the Turamdih deposit is the largest. Besides these a few other
significant occurrences are also located in this sector viz., Mohuldih (22°44' :
86°09"); Hitku (22°42' : 86°15'); Rajdah (22°41' : 86°17'); Garadih (22°43' : 86°14')
and Keruadungri (22°44' : 86°11").

Uranium and apatite deposits are also found in this sector. The uranium
mineralisation occurs on the hanging wall side of the copper lodes in the Turamdih
deposit and in the Narwa Pahar (22°42' : 86°16') area.

The quantum of work carried out in the various deposits is given in
Table-IV.

Turamdih area : (Fig. 10 to 12)

Geological Set up :

From north to south, the area exposes quartzites (Chaibasa Stage); banded
sericite-chlorite-quartz schist; sericite-chlorite-quartz schist / sericite-quartz schist;
and chlorite-quartz schist. An (intensely silicified) banded quartzite, epidiorite and
soda granites and its variants are seen in the area to the south of the mineralised
zone. A few apatite-magnetite veins are seen within the mineralised zone near
the surface. (Fig.10)

The strike of the rock units is N55°W - S55°E with dips of about 30°
towards north-east.

The deposit has been explored in detail by close spaced drilling and
exploratory mine development.



TABLE - IV

Name of the Prospect Large scale mapping Geochemical Drilling

(Strike length - m) 1:2,000 (sq km.) sampling No. of boreholes  Total meterage

Turamdih Prospect 3.45 Bed rock sampling 93 20,001.75 m
(1320 m +) done

Nandup Prospect 0.90 Close grid sampling 31 6,600.00 m
(2,000 m) done

Ramachandrapahar Prospect 0.7 Soil sampling 23 4,145.04 m
(1,200 m) Done on 60 m x

7.5 m grid

Bayanbil Prospect 0.5 Close grid soil sampling 25 6,785.35 m
(1,200 m)

Dhadkidih Prospect 1.29 2643 soil samples 13 2,340.94 m
(1,500 m)

Nohuldih Soil sampling done 7 1,494.47 m
(600 m)

Hitku 0.5 204 soil samples 6 1,081.96 m
(1,200 m)

Rajdah 0.6 Soil and bed rock samples 5 700.00 m
(720 m)

Garadih 1.77 Soil sampling done 3 319.00 m

(1,000 m)

e
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Drilling :

The Turamdih prospect extends over a strike length of about 1320 m
and has been explored by 8 series of boreholes. The first and second series
boreholes have been located on a 60 m grid in the western 780 m of strike
length and on a 120 m grid along the strike and 60 m across it in the
remaining 540 m. The third, fourth and fifth series boreholes were located
at 120 m intervals both along and across strike; The sixth, seventh and
eighth series of boreholes have been drilled at intervals of 130 or 180 m. In
the central part of the prospect covering a strike length of 720 m, the lodes
have been tested over a width of 700 to 900 m across the strike and in the
remaining 600 m, where the mineralisation is lean, depth probing has been
limited to the third to fifth series of boreholes. Five boreholes have been
drilled to test the strike extension to the east for about 600 m and to the
west for about 500 m.

Copper mineralisation :

Copper mineralisation of varying intensities is seen to persist over the
entire strike length of 1320 m explored in detail. Zones of richer concentration
constituting the lodes occur as lensoid bodies predominantly within the chlorite-
quartz schist. The drilling has established the mineralised zone upto a depth of
200 m.

The mineralised zones are in the form of conformable lodes with
assay contacts. Several parallel lodes are seen in some parts. In the eastern part
of the deposit, there are three parallel lodes (Lode Nos.1, 2 & 3) and in the
western part as many as 16 lodes have been delineated over a 250 m wide zone.
The richer sections (ore shoots) extend over lengths of 60 to 400 m along strike
and over lengths of 100 to 400 m along the dip. There is a differential concentrates
of reserves at different depths.
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Lode No. 2, is more or less persistent over the entire strike length of the
block; Lode No. 3 is persistent over 300 m in the central part and Lode No. 1
occurs generally as discontinuous lenses.

The lodes range in width from 1.20 m to 13.44 m at a cut-off of 1% Cu.
The average width of the individual lodes is 2.2 m and the average cumulative
width of the lodes over the entire strike length is 4.42 m.

The mineralised zone as a whole is flexed along the strike into an anti-
formal warp with the convex side pointing towards north in the central part, with
the complimentary synformal warp in the eastern part of the prospect. (Fig. 12)
The mineralisation is better developed in the axial region of the antiformal warp.
Along the dip, there are gentle rolls which give rise to a synformal structure at
depth in the northern part of the area. The average dip of the mineralised zone
is about 20° only. (Fig. 11)

Exploratory mining and findings :

One vertical shaft, (Eastern shaft) and one inclined shaft (from the foot
wall side) were sunk by the GSI in the eastern and central part of the deposit.
Three lodes were exposed by a cross-cut from the inclined shaft and driving was
done in one of the lodes. Subsequently, MECL sunk one more vertical shaft
(western shaft) and explored three lodes (Lode Nos. 2A, 2B and 2C) at the first
level (140 m R.L.).

Lode No.2A, was exposed only in cross-cuts. It was 380 m long along
strike with a copper content of 0.8% over 3.09 m width. Lode No.2B has a
strike length of 210 m, a width of 3.87 m and copper content of 1.11%. Lode
No. 2C, was explored by driving over a length of 250 m. A strike length of 58 m
was found to be nearly barren. The remaining 192 m contains 1.61% Cu over
3 m width.






