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PART I
CHAPTER-I
GENERAL INFORMATION ON BASEMETAL
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1.0 INTRODUCTION
Basemetal constitutes one of the essential requirements for industrial development of a country
and therefore, attract attention of earth scientists in search of new mineral deposits. Basemetal,
especially copper and zinc, have been explored, mined and utilized for human progress since the dawn
of history.

Su
r

ve

y

of

Basemetal is defined as a metal that is common and not considered precious. In chemistry, the
term basemetal is used informally to refer to a metal that oxidizes or corrodes relatively easily, and
reacts variably with diluted hydrochloric acid (HCl) to form hydrogen. Examples include iron, nickel,
copper, lead and zinc. Copper is considered a basemetal as it oxidizes easily, although it does not react
with HCl. In alchemy, a basemetal was a common and inexpensive metal, as compared to precious
metals, mainly gold and silver. A long-time goal of the alchemists was the transmutation of basemetal
into precious metal. In mining and economics, basemetals refer to industrial non-ferrous metals
excluding precious metals. These include copper, lead, nickel and zinc. In the present document only
information regarding copper, lead and zinc is included.
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Copper is known from the Bronze Age, which spanned the period from 4000 to 1000 BC. The
ores of copper occur in several forms and in a variety of minerals. Mineralogically, copper ores are
classified into four large groups, namely, native, sulphide, oxide and complex ores. Each of the above
ore types requires different metallurgical treatment and processes for extraction of copper. Of these, the
sulphide ores are the most valuable; the complex ores contain copper admixed with lead zinc, gold and
silver minerals. Sulphide ore deposits account for most of the world output and most of the estimated
commercial copper reserves of the world.
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In general, copper sulphide ores are associated with intrusions of quartz monzonite and related
rocks, less commonly with basic intrusives.

G

Lead was known in Mesopotamia and Egypt as far back as 6000 – 7000 BC. The Chinese used
it for money and debasing coins before 2000 B.C. Ancient silver-lead deposits were worked in
Mediterranean countries, India, China, Persia and Arabia. The first bronze in Central Asia was an alloy
of copper and lead. Zinc was discovered as a metal in 1520 BC, but bracelets filled with zinc were
found in the ruins of Cameros, burnt in 500 B.C. In the sixteenth century zinc was imported io Europe
from India and China; and mining of zinc in Europe began in 1740.
Despite chemical dissimilarity, geological conditions favour the formation of lead and zinc
together. Lead and zinc occurs together with other metals (copper, gold, silver) forming basemetal
(polymetallic) deposits.
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1.1 Mineralogy
Copper Over 170 minerals of copper are known, however, commercial importance is
attributed to not more than 17. They include native copper Cu (92%), Chalcopyrite CuFeS2 (34.6%),
Bornite Cu5FeS4 (63.3%), Cubanite CuFe2S3 (22-24%), Enargite (Cu3AsS4), Chalcocite Cu2S (79.9%),
Covellite CuS (66.5%), Cuprite Cu2O (88.8%) and Malachite CuCO3, Cu(OH)2 (57.4%) etc.
Most copper ores are free from other associations, except for gold, silver and molybdenum.The
chief gangue minerals are rock matrix, quartz, calcite, dolomite, siderite, rhodochrosite, barite and
zeolite.
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Lead and zinc Lead-zinc ores occur as unimetal, bimetal and multimetal-type deposits, such as
lead deposits, zinc deposits, lead-zinc deposits and lead-zinc-copper deposits. The mineralogy of lead
and zinc ores is simple. Only three lead and six zinc minerals are commercial source of these metals.
Galena (PbS) is by far the most important ore mineral of lead. Other commonly occurring minerals are
Anglesite (PbSO4) and Cerussite (PbCO3). The principal ore of zinc is Sphalerite (ZnS). Other
important minerals are Calamine (ZnCO3), Hemimorphite (2ZnO SiO2-H2O), Zincite (ZnO), Willemite
(Zn2SiO4) and Franklinite (FeZnMn)(FeMn)2O3

ve

1.2 Uses
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Copper: Utilization of copper is based on its high electrical conductivity chemical stability,
plasticity and its capacity to form alloy with many metals, such as tin (bronze), zinc (brass), nickel
(cupronickel) etc. Copper is used in many different branches of industry such as electrical engineering,
communication, machine building, construction, food and chemical production.
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Copper is used in electrical industry in the form of cables, winding wires. By using copper by
circuitry in silicon chips, microprocessors are able to operate at higher speeds, using less energy.
Copper heat sticks help remove heat from transistors and keep computer processors operating at peak
efficiency. Copper is used in construction industry as plumbing, taps, valves and fitting components. In
transportation industry copper is used in various components. Copper is extensively used in industrial
machinery and equipment. It is used in a number of consumer products such as coinage, utensils,
fixtures etc. Large quantity of copper is consumed in making copper based alloys such as brass and
bronze.

G

Lead and Zinc Lead is an integral part of alloys used in production of batteries, cables and
bearings, in printing business. It is also used for production of gasoline antidetonator. Oxidized zinc
ores were used during ancient times in smelting copper, bronze and brass. Metal zinc was obtained only
in 1746 by the German chemist, A.Marggraf. Nowadays zinc is used for galvanization of metal articles,
for production of alloys (brass and bronze), zinc whites, in electronic and industrial engineering. Lead
and zinc are among the most widely used non-ferrous metals in the world.

2

1.3 Specifications
1.3.1 Present status of specification of copper ore for different end-use industries
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The copper ores of the working mines which are located in Jharkhand, Rajasthan and Madhya
Pradesh predominantly consist of chalcopyrite and pyrrhotite. Sizeable quantities of oxidized and
predominantly oxide ores occur in Malanjkhand copper deposits in Madhya Pradesh. In view of the
above composition of copper ores, presently entire mine production is converted in the form of
sulphide concentrates which is treated in the two flash smelters at Indian Copper Complex (ICC) and
Khetri Copper Complex (KCC). The gross average grade of ores mined by Hindustan Copper Limited
(HCL) varies between 1.16 to 1.53% copper. Overall mill recovery is around 90%. The specification of
the concentrates suitable for treatment at the two flash smelters is given below.
Table I.1.1 Specification Of Copper Ores For Different End – Use Industries

al
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KCC plant
14-18
32-40
28-32
More than 80
Less than 15
Less than 8
Less than 8
Less than 0.5
Less than 0.01
Less than 0.01
Less than 0.01
N.A.
0.01
Less than 0.01
60-70%
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ICC plant
22-25
28-32
29-34
More than 80
Less than 15
Less than 8
Less than 8
Less than 0.5
Less than 0.01
Less than 0.01
Less than 0.01
Less than 0.01
0.01
Less than 0.01
50-60%
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Item
Cu%
Fe%
S%
Sub-total of Cu+Fe+S(%)
Insoluble%
Magnetite%
Moisture%
Pb%
Zn%
Bi%
As%
Se%
Te%
Sb%
Size-200 mesh

1.3.2 Present status of specification of lead-zinc ore for different end-use industries

G

Lead-zinc ores are not directly saleable unless the concentrates of suitable grades are produced.
The ores are first concentrated and then smelted to produce the metal, which in turn find a number of
applications in various industries. Different flow sheets through floatation techniques are employed to
optimize grade and the recoveries in the concentrates from the different types of ores. In this the
gangue plays a decisive and vital role. For example, the flow sheets and design parameters of the
concentrates at the Zawar group of mines are quite different from Rajpura-Dariba, Devi and Ambamata
type of ores.
The dolomite hosted lead deposit at Sargipalli and Agnigundala have different designs and
flow sheet parameters. Under the circumstances no fixed specification could be drawn for lead-zinc
ores. Depending on the type of ore, the bench scale and the pilot scale beneficiation tests are carried out

3

and appropriate design criteria are evolved to achieve the highest grade and recoveries of the
concentrates.
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In the world generally high grade lead-zinc ores are mined, the Mexican mines run on 13%
combined lead-zinc with 5 to 6 ounces of silver per tonne. The Canadian mines run about the same.
Some Australian producers’ mine 27% combined lead-zinc and about 7 ounces of silver per tonne of
ore. In USA however, comparatively much lower grade ores are exploited, around 4% combined lead
and zinc. In India for a simple type of lead-zinc deposit the average total metal content of over 5% is
considered reasonable under prevailing condition of technology and economics. However, some
complex deposits having even high metal content are not viable at present.

1.3.3 Present status of classification of reserves of copper according to industrial application

of

In the inventory of copper as on 1.4.2005, the copper ore resources have been classified on the
basis of total metal content of copper, as given below:
i) Ore with 1.85% Cu and above

ve

iv) Ore with (-) 0.5 %
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iii) Ore with (+) 0.5 to 1.0% Cu

y

ii) Ore with 1.0 to 1.85% Cu

+10% Pb & Zn.
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1.3.4 Present status of classification of reserves of lead and zinc according to industrial
application
In the case of lead-zinc ores both cut off grades and average grades are important. Based on the
information on parameters like cut off grades, average grades, and mill head grades in the inventory of
lead-zinc as on 1.4.2005, the following classification has been adopted.

G

ii) 5-10% Pb & Zn
iii) (-)5% Pb & Zn
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CHAPTER -2
BASEMETAL RESOURCES

ia

2.1 WORLD RESOURCES

Copper
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d

The world reserve base of copper metal is assessed at 940 million tonnes. Chile has the largest
share, accounting for 38% world reserve base, followed by USA and China (7% each), Peru (6%),
Australia and Poland (5%), and Mexico, Zambia and Indonesia (4% each).
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Reserve base
940000
43000
20000
360000
63000
20000
40000
60000
48000
30000
70000
35000
110000

eo
l

og

Country
World: total
Australia
Canada
Chile
China
Kazakhstan
Mexico
Peru
Poland
Russia
USA
Zambia
Other countries

of

Table I.2.1 World Resources of Copper (By Principal Countries) (In ’000 Tonnes of Metal Content)

G

(Source: Mineral Commodity summaries,2008)
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Lead
The world’s reserve base of lead is estimated at 170 million tonnes. Australia leads with 35%
world reserve base of lead, followed by China (21%), USA (11%) and Kazakhstan (4.5%).
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Reserve base
170000
59000
5000
36000
7000
2000
1000
4000
5400
700
1000
19000
30000

y

Country
World: total
Australia
Canada
China
Kazakhstan
Mexico
Morocco
Peru
Poland
South Africa
Sweden
USA
Other countries
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Table I.2.2 World Resources Of Lead (By Principal Countries) (In ’000 Tonnes Of Lead Content)

ve

(Source:Mineral Commodity summaries, 2008)
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Zinc

The world’s reserve base of zinc is estimated at 480 million tonnes, Australia accounts for 21%
of world’s zinc reserve base, followed by China and USA (19% each), Kazakhstan (7%), Canada (6%),
Mexico and Peru (5% each).

G
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Country
World: total
Australia
Canada
China
Kazakhstan
Mexico
Peru
USA
Other countries
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Table I.2.3 World Resources of Zinc (By Principal Countries) (In ’000 Tonnes of Zinc Content)

Reserve base
480000
100000
30000
92000
35000
25000
23000
90000
87000
(Source: Mineral Commodity Summaries, 2008)
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2.2 Indian Resources
Copper
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Important deposits of copper ores are localized in India in the Precambrian formations of
Rajasthan, Jharkhand, Madhya Pradesh, Gujarat, Andhra Pradesh, Karnataka, Gujarat and Sikkim. Of
all these states, Rajasthan, Jharkhand and Madhya Pradesh hold more than 90% of the known
economically viable resources of copper ores in the country. The total resources of copper ore, as on
1.4.2005, as per UNFC system are estimated at 1.39 billion tonnes. Of these, 369.49 million tonnes
(26.5%) fall under ‘Reserves’ while the balance 1.02 billion tonnes (73.5%) are ‘remaining resources’.
Of the total ore resources, 28.03 million tonnes (2.0%) comprise ore containing 1.85% Cu or more and
622 million tonnes (44.61%) of 1% to below 1.85% Cu grade. With regard to reserves, about 7.3
million tonnes (2%) and 346.7 million tonnes (93.8%) relate to above 1.85%Cu grade and 1% to below
1.85% Cu grade, respectively. The total copper metal content in the resources is 11.4 million tonnes of
which 4.38 million tonnes constitute reserves. Largest resources of copper ore to a tune of 668.5
million tonnes (47.9%) are located in the state of Rajasthan followed by Madhya Pradesh with 404.3
million tonnes (29%) and Jharkhand with 226.08 million tonnes (16.2%). Copper resources in Andhra
Pradesh, Gujarat, Haryana, Karnataka, Maharashtra, Meghalaya, Orissa, Sikkim, Tamil Nadu,
Uttarakhand and West Bengal accounted for about 7% of the total all India resources.

ve

Table I.2.4 Resources Of Copper Ore As On 01.04.2005 (In ’000 Tonnes)

All
India

Total
Proved

Total
resources

Remaining resources

Probable

Su
r

Reserves

Feasibility

al

(A)
STD121

STD122

STD211

Ore

135461

48178

185854

369493

3375

Metal

1643.93

494.39

2245.65

4383.97

3.37

STD221

Measured Indicated

Inferred

(A+B)
(B)

STD222

STD331

STD332

STD333

2230

13995

112019

158678

734637

1024934

1394427

11.82

60.43

1052.47

1396.27

4509.39

7033.75

11417.72
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STD111

Total

Pre-feasibility

G

Lead and Zinc

The total resources of lead and zinc ores as on 1.4.2005, as per UNFC system, are estimated at
522.58 million tonnes. Of these, 125.75 million tonnes (24%) fall under ‘reserves’ while balance
396.83 million tonnes (76%) are classified as ‘remaining resources’. The resources of ore containing
+10% Pb and Zn were estimated at 86.82 million tonnes, ore containing 5 to 10% Pb & Zn were 144.68
million tonnes and ore containing less than 5%Pb and Zn were 291.08 million tonnes.
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Table I.2.5 Resources of Lead and Zinc Ore as on 01.04.2005 (In ’000 Tonnes)
Reserves

Measured

Indicated

Inferred

Reconnaissance

STD211

STD222

STD331

STD332

STD333

STD334

125754

3375

13572

12193

161985

202361

3340

1197.36

2590.55

85.39

306.35

244.37

1601.86

5307.62

11092.89

269.32

631.45

535.06

5271.77

STD122

62860

6574

56320

1262.98

130.21

5503.16

282.11

In
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STD121
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Total
(B)

(A+B)

396826

522580

2378.73

-

4616.70

7207.25

6357.54

101.65

13166.7
9

24259.68

of

STD111

ia

Prefeasibility

og

Lead
metal
Zinc
metal

Feasibility

Probable

eo
l

Ore

Total
(A)

Proved

G

All
India

Total
resource
s

Remaining resources

CHAPTER-3
PRODUCTION
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3.1 WORLD PRODUCTION
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The world mine production of contained copper rose to a level of 15.1 million tonnes in 2006
and 15.5 million tonnes in 2007 from 14.9 million tonnes in 2005. Chile continued to be the largest
producer of copper in 2007 contributing about 36%, followed by USA and Peru (8% each), China and
Australia (6% each) and Russia (4%).
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2006
15100
878
603
5361
889
818
446
334
1048
497
675
1220
516
1815

ic
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2005
14900
935
595
5321
776
1064
402
429
1010
512
640
1140
465
1611

G
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Country
World total
Australia
Canada
Chile
China
Indonesia
Kazakhstan
Mexico
Peru
Poland
Russia
USA
Zambia
Other countries

y

Table I.3.1 World Mine Production of Copper (by Principal Countries)
(in ’000 Tonnes of Metal Content)
2007
15500
871
589
5557
946
797
407
338
1190
452
690
1188
523
1952

(Source: Mineral Commodity summaries,2008)
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2007
3600
641
75
1360
53
40
137
42
329
74
41
63
434
230

of

2006
3600
668
83
1330
62
48
135
41
313
77
48
56
429
241

y

2005
3500
767
79
1142
72
45
134
46
319
80
42
60
437
215

ve

Country
World total
Australia
Canada
China
Irish Republic
Kazakhstan
Mexico
Morocco
Peru
Poland
South Africa
Sweden
USA
Other countries

ia

Table I.3.2 World Mine Production of Lead (by Principal Countries)
(in ’000 Tonnes of Lead Content)

Su
r

(source: World Mineral Production, 2003-2007)
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2005
10,100
1367
667
2548
445
364
476
1202
748
1811

G
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Country
World total
Australia
Canada
China
Irish Republic
Kazakhstan
Mexico
Peru
USA
Other countries
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Table I.3.3 World Mine Production of Zinc (by Principal Countries)
(in ’000 Tonnes of Lead Content)
2006
10,400
1362
638
2844
426
405
479
1203
727
1813

2007
11,000
1514
623
2950
401
386
452
1444
803
1869

(Source: World Mineral Production, 2003-2007)
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3.2 Indian Production
Copper

ia

The production of copper ore at 3.24 million tonnes in 2007-08 decreased marginally by 1%
from 2006-07. The metal content in the ore produced in 2007-08 worked out to 32,979 tonnes as
against 33,554 tonnes in 2006-07. Production of copper concentrates at 1,58,555 tonnes in 2007-08
increased by about 6% as compared to that in the previous year. Madhya Pradesh was the leading
producer of copper concentrates, accounting for about 52% of the production in 2007-08, followed by
Rajasthan with 47% of the production. Nominal quantity of 1,550 tonnes of copper concentrates was
also reported from Jharkhand.

of
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India is not a significant contributor either in copper mining or in smelting. At present demand
of copper ore for primary copper production is met through two sources viz., copper ore mined from
indigenous mines and imported concentrate produced from copper ores mined elsewhere in the world.
The indigenous mining activity is limited to HCL while private sector i.e. M/s Birla Copper and M/s
Sterlite Industries produce copper metal from imported concentrate through their share based smelter
plants. For speedy exploitation of copper ore new strategy has to be adopted.
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HCL produces copper at Khetri and Ghatsila from domestic ores. Sterlite Indusutries and
Hindalco Industries are having smelters at Tuticorin (Tamil Nadu) and Dahej (Gujarat), respectively, in
private sector, based on imported concentrates. Two more smelters are under installation.

Su
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Lead and Zinc

al

The production of lead and zinc ore at 5.82 million tonnes in 2007-08 increased by about 13%
as compared to that in the previous year. The metal content of lead and zinc in the ore produced in
2007-08 worked out 115,595 tonnes and 607,146 tonnes respectively as against 103,081 tonnes and
557,358 tonnes respectively in the previous year.

og

Metal content
Lead
Zinc
92,445 520,660

Ore
produced
513,9915

2006-07
Metal content
Lead
Zinc
103,081 557,358

2007-08
Ore
produced
5,817,059

Metal content
Lead
Zinc
115,596 607,147

G

India/
Rajasthan

2005-06
Ore
produced
4,801,184

eo
l

State

ic

Table I.3.4 Production of Lead And Zinc Ore (In Tonnes)

Presently Hindustan Zinc Ltd. and M/s Sterlite Opportunities and Ventures Ltd. (SOVL) are
the major producers of primary lead and zinc metals based on indigenous ores. Its mining operations
are spread over the states of Rajasthan, Orissa and Andhra Pradesh. Besides HZL-SOVL joint venture,
M/s Binani Zinc limited (BZL) with their smelter located near Kochi and M/s Indian Lead Ltd. (ILL)
with their smelters at Kalipark (W.B.) and Thane (Maharashtra) are the other producers in this sector.
3.3 Market price
Prices of copper recorded at the London Metal exchange (LME) during 2003 to 2007 are as
follows (Table 3.5&3.6)
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Table I.3.5 Market Price of Copper at the LME

Year
2003
2004
2005
2006
2007

Average (in US $ per tonne)
1779.87
2868.34
3683.64
6730.60
7126.35

ia

(Source: IMYB, 2008)

2005-06
23536.45

2006-07
21732.87

2007-08
26701.08

of

Market
Ex-mine Malanjkhand
(Madhya Pradesh)
Ghatsila (Jharkhand)

1486.00

2347.00

N.A
(Source: IMYB2008)

y

Grade
25% Cu
Equivalent
Copper
Concentrate
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Table I.3.6 The Prices of Copper Concentrate in India, 2005-06 to 2007-08
(Value in Rs. Per Tonne)
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Average London Metal exchange (LME) prices of lead and zinc, 2003 to 2007 are as follows
(Table no.3.7 &3.8):
Table I.3.7 Average Price (in US $ Per Tonne)
Lead
515.66
888.33
975.65
1287.49
2594.96

Zinc
828.39
1047.83
1381.55
3272.62
3250.30
(Source: World Metal Statistics,IMYB2008)
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Year
2003
2004
2005
2006
2007

G

Table I.3.8 The Prices of Lead-Zinc Metals in India, 2005-06 to 2007-08
(Value in Rs. Per Tonne)

2005-06
Lead
29,483

Zinc
40,677

2006-07
Lead
29,483

Zinc
50,108

2007-08
Lead
129,909

Zinc
136,162

(Source: IMYB2008)
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CHAPTER- 4
BASEMETAL DEPOSITS IN INDIA
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In India basemetal mineralisation is hosted mainly in Late-Archaean to Proterozoic
supracrustal belts and granitoids and by Proterozoic platform cover province sediments. Basemetal
deposits are localized mainly in the Precambrian terrains of the Peninsular Shield and to small extent in
the Lesser Himalayas (Fig.I.4.1) Major producing states for copper in India are Rajasthan, Jharkhand
and Madhya Pradesh (Fig.I.4.2). Lead and zinc are mainly mined from Rajasthan. Other states like
Gujarat, Andhra Pradesh, Karnataka, Sikkim, Orissa, Tamil Nadu and West Bengal also have potential
for basemetal mineralisation.
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4.1 Genetic types

4.2 Distribution of copper deposits
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Basemetal deposits of volcanogenic hydrothermal type and syngenetic stratiform type have
been located in the early Proterozoic Fold Belts, especially in the Singhbhum Copper Belt in eastern
India and Aravalli-Delhi Fold Belt in the western India. All the deposits and occurrences of Rajasthan
have been classified with mainly three stratigraphic set up like (a) ‘Sedex’ type mineralisation, (b)
volcanogenic massive sulphide’ mineralisation and (c) shear controlled mineralisation. The domain of
granite-granodiorite stock of Malanjkhand area is a product of mid-Proterozoic thermal reactivation.
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Copper deposits are located mainly in the states of Jharkhand (Hazaribagh and East Singbhum
districts), Orissa (Mayurbhanj and Sambalpur districts), Rajasthan (Jhunjhunu, Alwar, Sikar, Dausa,
Rajsamand, Bhilwara, Ajmer, Bharatpur, Bundi, Chittorgarh, Dungarpur, Jaipur, Pali, Sirohi and
Udaipur districts), Andhra Pradesh (Guntur, Khammam and Krishna districts) and Karnataka
(Chickmagalur, Chitradurga, Gulbarga, Hassan, Uttara Kanada, Raichur and Shimoga districts). Copper
deposits are also found in Haryana (Bhiwani, Mahendragarh), Maharashtra (Bhandara, Chandrapur,
Gadchiroli and Nagpur districts), Meghalaya (East Khasi districts), Sikkim (East Sikkim district),
Tamil Nadu (Villupuram district) and Uttarakhand (Almora, Pithoragarh, Bageshwar, Chamoli and
Dehradun districts).

G

The Singhbhum Thrust Belt, a 160-km long arcuate structural zone in the southern part of
Jharkhand state host several mineral occurrences of economic importance. The copper sulphide
mineralisation is found along the entire shear zone, right from Baharagora in Mayurbhanj district of
Orissa in the southeast of Galudih-Duarpuram in the west in Jharkhand. However, only certain sections
are richly mineralised and are of economic or subeconomic importance. Economic deposits are

13

ia
In
d
of
y
ve
Su
r
al
ic
og
eo
l
G
Fig.I.4.1 LOCATION MAP OF BASEMETAL DEPOSITS
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Fig. I.4.2 IMPORTANT MINERAL BELT MAPS-BASEMETAL
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located at Badia - Mosabani, Pathargarah, Surda, Kendadih and Rakha Mines. Sub-economic deposits
are at Kuliana (near the southern end of the shear zone), Baharagora, Chapri, Tamapahar, Ramchandra
Pahar and Turamdih (south of Tatanagar). Investigation by the Geological Survey of India indicated
copper mineralisation at most of these places. Copper was already being mined at Badia and Mosaboni.
Rakha Mine was opened and then closed.

G

The Khetri Copper Belt extends over a strike length of about 80 km from Singhana in the north
to Raghunathgarh in the south. The Khetri Copper Belt is divided into the Northern Khetri belt and the
Southern Khetri Belt. The majority of the producing mines are located in the Northern Khetri Belt. Due
to deep penetration of the oxidised zone in the Southern Khetri Belt, the prospects are not properly
assessed. The important deposits are located at Madhan-Kudhan, Kolihan, Akwali, Satkui and Dhanota.
In addition a number of branching and parallel zones have also been found along the belt at Deoro,
Banwas, Dholamala, Rajota, Usri, Ajitsagar, Taonda, Malwali, Chinchorli, Bokri, Neori, Ponkh, Goria
and other places.Other smaller deposits of copper ore along the belt, where the ore has been proved to
some extent are mainly located at Kalapahar, Singhana, Muardpur, Pacheri, Surahari, Usri, Tonda,
Malwai, Chinchroli, Bokri etc. Occurrences of copper are recorded at Tatiya, Bhasawata, Bagor,
Belwa, Fatehpur, Nalpura, Rajota, Mansagar, Babai, Sardarpura, Papurna, Rampur, Sheopuragarh,
Kakrana, Nangel, Khandela and Baleshwar.
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The Malanjkhand copper deposit is located in Balaghat district of Madhya Pradesh, 90 km NE
of the town of Balaghat. Lode-type copper (molybdenum) mineralisation occurs within calc-alkaline
tonalite-granodiorite plutonic rocks of early Proterozoic age. Malanjkhand copper deposit of Balaghat
district is a 1.4 km long ore zone with average width of 65 m which is unique in this country. The
mineralisation is hosted by a chain of highly fractured and brecciated vein quartz emplaced in
granitoids. This chain of quartz veins show arcuate disposition with easterly convexity, varying in
strike from WNW-ESE in the north to NE-SW in south. The mineralisation is primarily fracture filling
type. Hypogene and supergene zones can be recognized in the deposit. The primary minerals present
are chalcopyrite and pyrite with minor amounts of molybdenite and sphalerite.
4.3 Distribution of Lead- Zinc deposits
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Lead-zinc deposits in India are localised mainly in the Precambrian formations of the
peninsular Shield and to a smaller extent in the Lesser Himalayas. The lead-zinc ore deposits and
prospects are distributed widely in India, with the predominant part of the resources being confined to
the state of Rajasthan. Other states with some lead-zinc resource are Andhra Pradesh, Orissa, Gujarat,
Sikkim, Uttarakhand, Maharashtra and Jammu & Kashmir.
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The important lead-zinc deposits of India include Rampura-Agucha (Bhilwara district),
Rajpura-Dariba and Sindesar (Rajsamand district), Zawar (Udaipur), Sawar and Kayar-Ghugra (Ajmer
district), Basantgarh and Deri (Sirohi district) in Rajasthan; Amba Mata (Banaskantha district) in
Gujarat; Buniyar (Baramula district) in Jammu and Kashmir; Rangpo and Pachekhani (East district) in
Sikkim; Rupa-Shergaon (West Kameng district) in Arunachal Pradesh; Sargipalli (Sundargarh district)
in Orissa; Mamandur (South Arcot district) in Tamil Nadu; Bandalamottu, Dhukonda (Guntur district)
and Zangamrajupalle (Cuddapah district) in Andhra Pradesh; Imalia (Jabalpur district) in Madhya
Pradesh; Askot (Pithoragarh district) in Uttarakhand; and Gorubathan (Darjeeling district) in West
Bengal. Currently lead is produced by HZL alongwith zinc at Zawar (located in Aravalli rocks),
Rampura-Agucha, Rajpura-Dariba and Sindesar (located within cover sequences in BGC) mines in
Rajasthan; Sargipalli mine in Orissa and Agnigundala mine in Andhra Pradesh.
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The most important zinc-lead deposits of economic value in India are the Rampura-Agucha,
Rajpura-Dariba and Zawar deposits in Bhilwara, Rajsamand and Udaipur districts of Rajasthan
respectively. The Rampura-Agucha deposit is the most important Zn-Pb-(Ag) deposit in India. The
major mineralogy of the ore is sphalerite, pyrrhotite, pyrite, galena and graphite.
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The Dariba-Rajpura-Sindeswar Kalan-Bethumni belt is a 17 km- long mineralised zone where
metamorphosed siliceous dolostone and graphite-mica schists are the main host rocks of the
mineralisation. The ores here have the characteristics of a sedimentary exhalative deposit.
In Zawar area, the Mochia Magra, Balaria, Zawar Mala and Baroi Magra Hills contain
extensive deposits. The principal rock type of Zawar area consists of phyllites, slates, mica schists,
dolostones and quartzites of the Aravalli Supergroup. The sulphide mineralisation is confined to the
dolomites, whereas adjoining phyllites are almost barren. The localisation of the ore is structurally
controlled along shears.
Polymetallic Cu-Pb-Zn mineralisation is also found at Rangpo in Sikkim within phyllites,
quartzites and metabasic rocks of the Daling Group.
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CHAPTER-5
FUTURE PROSPECTS
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India is deficient in its resources for basemetal and has a poor resource-cum-reserve base
despite having the geological potential for large resources. The minerals with scarce resource base need
special attention for their exploration as they consume a lot of foreign exchange for their imports. A
strategy has to be evolved for a multidisciplinary systematic exploration of these minerals. Data
generated in course of geological mapping activities has helped GSI in identifying favorable geological
domain for basemetal mineralisation over an area of 1,82,000 sq km area in peninsular India.
Basemetal deposits, which have been or are currently being exploited, occur within these potential
geological domains
Exploration programmes of GSI for basemetal are likely to be pursued in the geologically
potential domain and the state wise break up is given as below:
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1. Rajasthan: (85,350 sq km)
Mangalwar Complex (Part of BGC) and Bhilwara Supergroup, Rajasthan (Pb-Zn, Cu-Au)
South Delhi Fold Belt, (Polymetallic)
North Delhi Fold Belt (Cu, Pb-Zn)
Aravalli Fold belts, (Pb-Zn, Cu)
2. Maharashtra: (5,500 sq km)
Sakoli Fold Belt. Thanewasna area, (Cu)
3. Jharkhand and Bihar: (12,120 sq km)
Chottanagpur Gneissic Complex,
Singhbhum - Gangpur Belt and
Barganda-Parasia Belt.
4. Sikkim: (1,000 sq km)
Daling Group of rocks, Pachekhani-Rangpo Belt
5. West Bengal: (3,330 sq km)
Chottanagpur Gneissic Complex
Singhbhum - Gangpur Belt.
Gorubathan Belt
6. Madhya Pradesh: (9,000 sq km)
Malanjkhand Belt,
Betul Belt
Mahakoshal Belt
7. Orissa: (4,800sq km)
Sargipalli Belt
8. Andhra Pradesh: (33,000sq km)
Archaean greenstone Belt
Proterozoic basin (Cuddapah & Pakhal)
9. Karnataka: (2000sq km)
Archaean greenstone Belt
10. Tamil Nadu: (1,500 sq km)
Sathyamangalam Belt
11. Gujarat: (18,300 sq km)
Aravalli Fold Belt.
South Delhi Fold Belt
12. Assam: (750 sq km)
17

In the Extra Peninsular India, the following potential belts for basemetal mineralisation have
been identified:
Lesser Himalayas
Riasi inlier and Buniyar area of Jammu & Kashmir (Pb-Zn) and Askot area of Uttarakhand
(multimetal)
GSI has already carried out exploration in the identified potential geological domains which is
given detail in the Table 5.1
Table I.5.1 Potential Belt / Area Covered Under Exploration Programme

Rajasthan
Maharashtra
Jharkhand and Bihar
Sikkim
West Bengal
Madhya Pradesh
Orissa
Andhra Pradesh
Karnataka
Tamil Nadu
Gujarat
Assam

85,350
5,500
12,120
1,000
3,330
9,000
4,800
33,000
2,000
1,500
18,300
750

Area covered by exploration
(in sq km)
4356
5,500
1825
870
1018
6865
10
4356
1265
1340
290
20
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Potential Belt (in sq km)
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Still substantial area within the potential geological domain is left, which needs systematic
exploration for a proper assessment of their potential. Further, efforts would be made at identifying
new areas with favourable signatures on the basis of improved geological understanding. Best possible
targets need to be selected through scanning by geochemical and ground geophysical surveys. Bigger
area surrounding these targets should be investigated through airborne geophysical survey for locating
favourable physical signatures from rocks. Utilizing remote sensing data, detailed trace mineral studies
and carrying out detailed - in depth laboratory studies to locate and identify the path finders may lead to
the discovery of new deposits of these minerals.

G

The exploration of basemetal has been assigned as one of the priority-targets during the XI
plan period and the state wise priority targets areas for exploration for basemetal during the XI plan
period are as follows:
Rajasthan
Maharashtra
Jharkhand
Sikkim
West Bengal
Madhya Pradesh

: Bhilwara, Aravalli and Delhi Supergroup of rocks in Jhunjhunu, Sikar,
Udaipur, Jaipur, Chittorgarh, Bhilwara, Dungarpur and Bundi districts.
: Sakoli Fold Belt.
: Chhotanagpur Gneissic Complex and Singhbhum Fold Belt.
: Daling Group of rocks.
: Singhbhum Fold Belt.
: Betul Belt
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The Government of India has undertaken a number of policy initiatives aiming to attract
foreign investment and technology into the mining sector of India. The mine code and FDI policy have
been substantially liberalized and efforts are also on the anvil to suggest ways and means to make the
fiscal climate more conducive for investment in the mining sector. In the light of these, there exists
ample scope for investment in the fields of exploration for high value and scarce minerals like
basemetal and also for exploitation of these minerals.
5.1 Strategy on copper exploration
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Most of the deposits are widely distributed and are of rather poor to moderate grades. Keeping
this in view, augmentation of copper ore resources in the country is of utmost importance. This can be
achieved through further inputs for intensive exploration with an aim of firming up and upgradation of
reserve figures in known prospects and in the extension areas of the known or established deposits.
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Copper deposits in India are localized mainly in the Precambrian terrains of the Peninsular
Shield and to small extent in the Lesser Himalayas. The three prominent belts, where copper deposits
are located include Singhbhum Copper Belt (SCB), Khetri Copper Belt and Malanjkhand Copper Belt.
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In Rajasthan, copper mineralisation is mainly associated with Delhi Supergroup. Many
occurrences of copper have been recorded in the basement rocks as well. Some copper prospects are
located in the lead-zinc belts associated with the Aravalli rocks. Keeping in view the prospects, future
targets of exploration for copper and associated metals may be identified in Dariba-Bethumbi Belt,
Jahazpur Belt, Pur-Banera Belt for copper-lead-zinc-gold, Jasma-Akola-Bhinder Belt, parts of South
Delhi Fold belt, South Khetri Belt, Ajmer metallogenic district and Salumber-Dhariwad belt in
Rajasthan and in extension areas of South Delhi Fold Belt in Gujarat.
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The Khetri Copper Belt has significant copper deposits at Khetri, Kolihan, Chandmari,
Banwas, Singhana etc. Two mines viz. Khetri and Kolihan mines of HCL are producing copper ore at
present. Mining feasibilities of Singhana prospect has to be studied as an integrated one with
development of Banwas prospect to precisely determine the economic production level, degree of
mechanization etc. The Chandmari intervening block has a resource of 12.10 million tonne x1.03% Cu.
The ore reserves of the block may be mined economically by extending development of Kolihan mine
towards south. The Khetri Mine Area and North Khetri Copper Belt require deeper level probing. The
South Khetri Copper Belt is relatively less explored. From Satkui-Dhanota upto Raghunathgarh, the
area is spotted with a number of old working. Bhagal-Akola, Sanganel-Siwaha, Alwar-Jaipur, Devtalai,
Dhani Basri and Baniwali ki Dhani Blocks require immediate attention for detailed exploration.
In Singhbhum Copper Belt (SCB) augmentation of copper resource may be effectively done by
attempting re-evaluation/re-assessment of the deposits already established. The Turamdih cluster of
deposits consisting of five prospect viz. Turamdih, Dhadkidih, Nandup, Bayanbil and
Ramchandrapahar in Jharkhand state, extending over a strike length of 5 km hold potential for cluster
mining through open cast method. The Chapri-Siddheswar deposits of central part of SCB deserve
attention for exploitation as Chapri Block with a combination of wide ore zone and high tonnage hold
potential for open cast mining while Siddheswar having narrow zone with rich copper ore bodies can
be thought for underground mining in near future.
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5.2 Strategy on lead-zinc exploration
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Most of the lead zinc mines of the country occur in the Proterozoic fold belts in the western
Indian shield. In the Precambrian shield of the western India as well as in the other shield areas,
several smaller and medium grade lead-zinc deposits have been identified and explored. Number of
occurrence of lead-zinc have been recorded from the Himalayan region, particularly in the Lesser
Himalayan Zone, comprising Precambrian rocks, tectonically disturbed and deformed during the
younger mountain building movements. Application of modern exploration techniques with emphasis
on airborne and deep - probing geophysical methods may help in identifying new deposits in the above
area.
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The exploration efforts of GSI, MECL and DMG, Rajasthan in recent times have proved a
number of small deposits such as Devpura, Ghughra, Kayar, Sawar, Bajta, Kalabar within Pur Banera,
Sawar-Bajta, Ghughra-Kayar belts in Rajasthan. In the other states some of the proven deposits include
Askote (Uttarakhand), Kolari-Bhanori (Maharashtra) and Dhukonda (Andhra Pradesh). M/s HZL have
employed state-of-the-art fast drill machines and have carried out advanced geophysical surveys
involving deep penetration IP and time domain (INFINITEM) for exploration in their lease hold areas.
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These small deposits mentioned above may be taken up for mining in clusters along with the
other high tonnage low grade in their vicinity with the development of suitable beneficiation
technology including graphite separation etc. and increasing the smelting capacities.
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PART-II
REGION WISE DETAILED INFORMATION ON BASEMETAL DEPOSITS AND
OCCURRENCES
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CHAPTER-1
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WESTERN REGION
1.0 Rajasthan
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Basemetal mineralisation in western Indian craton, covering the states of Rajasthan and Gujarat
is perhaps the most extensive compared to other states, as indicated by the abundance 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.(Fig.II.1.1.1)
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The earliest geological frame work of Rajasthan was proposed by Heron (1953), who made a
simple four-tier subdivision of the geology of Rajasthan, which forms a part of the Western Indian
Craton. It began with basement gneiss termed as Banded Gneissic Complex (BGC), followed by the
Aravalli System and the Delhi system. The youngest unit of the Precambrians was the Vindhyan
System
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Subsequent to Heron’s work, the compilation and synthesis of the Precambrian
lithostratigraphy, deformational events, magmatic cycles and mineral resources of southern Rajasthan
and north-eastern Gujarat was taken up by Gupta et al - (1997), who identified three geological cycles
viz., the Bhilwara (>2500 Ma), the Aravalli (2,500 – 2,000 Ma) and the Delhi (2000 – 700 Ma). The
Bhilwara Supergroup includes the Banded Gneissic Complex (BGC of Heron, 1953) and the Hindoli
Sequence, which was earlier included in the Aravalli System The Aravalli Supergroup unconformably
overlies the Bhilwara Supergroup. The Delhi Supergroup in the north rests over the older Bhilwara
Supergroup with a marked unconformity, whereas in the southwest, a structural discordance is noted in
relation to the underlying Aravalli rocks.
The basemetal mineralisation is mainly confined within the Precambrian rocks, covering the
states of Rajasthan and Gujarat. Several mineralised belts and isolated occurrences have been reported
from the Bhilwara Supergroup, the Aravalli Supergroup and the Delhi Supergroup. 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 23°45': 72°35' and 28°10': 77°10'.
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Fig. II.1.1 GEOLOGICAL MAP OF RAJASTHAN SHOWING BASEMETAL DISTRIBUTION
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1.0.1 Copper deposits and occurrences in Rajasthan
Copper mineralisation is mostly confined to the rocks of the Delhi Supergroup in northern
Rajasthan. In addition to the copper occurrences in the North Delhi Fold Belt, copper mineralisation is
also recorded within the Delwara metavolcanics of the Aravalli Supergroup from Delwara in the north
to Jagpura in the south and along with the lead-zinc mineralisation in the Ambamata-Deri area of the
South Delhi Fold Belt, on the Rajasthan-Gujarat border and Lohakhan-Taranagar- Srinagar area near
Ajmer town in central Rajasthan.

1.0.2 Lead- Zinc deposits and occurrences in Rajasthan
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Substantial reserves of copper ores have been established in Rajasthan, which now hold a
significant place in the country. The main occurrences of copper ore are located along the prominent
mineralised belts viz., Khetri Copper Belt, Nim Ka Thana Copper Belt and the Alwar Copper Belt in
the northeast part of the state. Besides, a number of small copper deposits associated with other
basemetal occurrences, which are under various stages of exploration, have been brought to light in
other parts of the state.
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The lead – zinc mineralisation with or without copper were recorded from many places within
the Bhilwara Supergroup and the Aravalli Supergroup. The Aravalli Supergroup of rocks host Pb – Zn
mineralisation in the Zawar lead - zinc Belt, Udaipur district.

ic

al

Dariba-Rajpura-Bethumni Pb-Zn Belt, Udaipur district.
Pur-Banera copper-lead-zinc Belt, Bhilwara district.
Rampura-Agucha Belt, Bhilwara district.
Jahazpur lead-zinc-copper Belt, Bhilwara district.
Sawar lead-zinc Belt, Ajmer district.
Jasma-Rewara-Karol lead-zinc Belt, Chittorgarh district.
Wari-Bhopalsagar-Akola-Bhinder Belt, Chittorgarh district.
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A number of lead – zinc mineralised belts have been delineated in the Bhilwara Supergroup,
but the age of these deposits are uncertain. These are:
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In addition to above well defined Pb – Zn belts with minor copper, polymetallic belts are
present in the South Delhi Fold Belt. These are:

G

1. Pindwara - Watera polymetallic Belt.
2. Chitar-Kalabar- Birantiya polymetallic Belt.

Based on Precambrian lithostratigraphy of the state basemetal deposits / occurrences are
summarised below.
1.1 Basemetal deposits / Occurences in Banded Gneissic Complex (Bhilwara Supergroup /
Mangalwar Complex)
The basement rocks of the Bhilwara Supergroup (BGC) are exposed in 40,000 sq.km area of
south-eastern Rajasthan and constitute an important area of basemetal mineralisation. The major
basemetal mineralisations are confined within the cover meta-volcanosedimentary sequences, occurring
as isolated basins within the Bhilwara Supergroup.
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1.1.1 Copper deposits / occurrences
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A number of copper prospects within the gneisses of the Bhilwara Supergroup are identified in
Ajmer, Udaipur, Bhilwara and Jaipur districts. These prospects mainly show incidence of copper
mineralisation, but no significant deposit of economic interest is recorded till date. Majority of these
copper deposits are confined within the Pur – Banera Belt, Akola – Bhinder Belt and Dariba –
Bithumbi – Surawas Belt. In addition number of isolated prospects is located in Ajmer, Bhilwara,
Udaipur districts of Rajasthan. These include Hanotia, Sagarmala, Tilonia in Ajmer district, Satdudhia,
Devpura, Akarsada in Bhilwara district, Ghagri, Isarwas, Gopakura, Majera, Karoli, Umra, Jharka,
Chari, Phalet, Bhagal, Akola, Ladana in Udaipur district, Rawatia, Pari, Wari in Chittorgarh district,
Dhani Basri in Dausa district, Ladera, Sakun in Jaipur district.
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A. PUR – BANERA BELT
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The NE – SW trending and tightly folded 80- km- long and 3km- to 12 km- wide belt extends
from Pur (25°18' : 74°35') in the southwest to Banera (25°29' : 74°40') in the northeast is
metallogenetically important (Fig.II.1.2). It comprises coarser clastics (quartzite, conglomerate), ironmanganese sediments (BIF), carbonate, basic volcanics and schist, which are deformed and
metamorphosed to amphibolite facies. The belt rests unconformabaly with a conglomerate horizon
above the BGC. The belt hosts several lead-zinc and copper prospects of variable tonnage and grade.
The copper mineralisation is mainly confined to the lower Rewara Formation, comprising basic
metavolcanics, carbonate and schist. The Pb-Zn mineralisation is associated with the BIF, carrying
extensive zones of low grade zinc-lead mineralisation. Residual magnetic and EM anomalies along 4
linear zones were brought out by airborne geophysical surveys.
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On the eastern part lead-zinc mineralisation is seen over a continuous (NE-SW) zone of about
24 km in a line of hills and ridges. This zone is subdivided into the Bhadalikhera-Tiranga zone in the
south and Malikhera-Devpura zone in the north, separated by the Kothari River. On the western side,
copper mineralisation (Banera and Pur-Dariba-Gurla zones) is found discontinuously over a strike
length of 34 km The deposits / prospects in the two zones are:
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Table-II.1.1 Basemetal Mineralization in Western and Eastern Zones of Pur-Banera Belt
Western Copper Zone
Eastern Lead-Zinc Zone
Manpura
Malikera
Banera Forest
Hirakhera-Devpura
Devpura-Banera
Devpura (Ranningpura)
Dhulikhera
Gap of Kothari Valley
Suras
Bhadalikhera
Pur-Dariba South
Dedwas
Gurla North
Samodi
Gadariakhera
Tiranga

Many of these deposits are within a radius of 15 km from Bhilwara town (connected by rail
and enjoying good communication and infrastructure facilities) and can be worked as a group. Another
notable feature is that the magnetite bearing rocks carry around 44% magnetite and the resources
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estimated are 16 million tonnes in the hills down to ground level and 172 million tonnes upto 50 m
depth. The details of the exploration carried out in the various prospects in the belt are furnished below:

Fig.II.1.2 GEOLOGICAL MAP OF THE PUR-BANERA-TIRANGA LEAD-ZINC MINERAL BELT
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Manpura Block

0.1 (1:2000)

Banera Forest
Block
Devpura - Banera
Pur-Dariba Block

0.30 (1:1000)
0.20

25 GSI
48 GSI

4490.53
7050.00

Soil samples
Soil samples on 50m x
25 m grid

Gurla North Block
Gurla South Block
Gaderia Khera
Block
Malikhera Block

-

11 GSI
03 GSI
-

2327.00
476.00
1665.70

Devpura Block
South Dedwas
Block
North Dedwas
Block
Samadi Block
Tiranga Block

0.23
0.68 (1:1000)

11 GSI
54 GSI

0.04 (1:1000)

8

1.27 (1:2000)
0.37 (1:1000)

3032.05

Soil and bed rock
samples
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2962.54
6754.85
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Name of block
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Meterage
drilled
(m)
1080.50
409.00
1206.25

Geochemical
surveys

0.41 (1:2000)

Number
of
boreholes
9 GSI
2 MECL
6 GSI
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Table II.1.2 Quantum of Work Done in Various Blocks of Pur-Banera Belt

1684.40
1006.00

340 numbers of samples
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1550.81
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Brief description of occurrences
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Manpura Block
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A few oval shaped pits and trenches occur in banded calc-gneiss. Prospecting stage (UNFC G3) investigation was carried out in the area. 11 boreholes were drilled over a strike length of 450 m and
to a vertical depth of 130 m. The mineralisation occurs mostly as lenticular discontinuous patches. The
main sulphides are chalcopyrite, pyrrhotite and pyrite. The ore zones have a maximum width of 4.4 m
with 0.3 to 0.6% Cu.
Banera Forest Block
Geochemical exploration indicated significant lead-zinc anomalies over a strike length of 2.5
km. Prospecting stage (UNFC G-3) investigation was carried out in the area. The strike length of about
1500 m was tested by 6 boreholes. In four boreholes weak disseminations of chalcopyrite, pyrrhotite
and pyrite were intersected in zones ranging upto 31 m in width. A strike length of 600 m was found to
carry 0.6% Cu over an average width of 18 m was established. Drill core samples have shown upto
3.61% Zn and upto 0.76% Pb. However, no persistent zone has been delineated so far.
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Devpura-Banera Block , Bhilwara district
The Prospect is 16 km from Bhilwara town on Bhilwara-Ajmer road located on the overturned
eastern limb of the Chhatrikhera syncline and comprises calc gneisses with siderite bands, sericite
quartzite and quartz-biotite-muscovite-garnet schist. The rocks trend N50°E - N70°E with southeasterly
dips of about 45°. General Exploration stage (UNFC G-2) investigation was carried out in the area.
Mineralisation
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The mineralised zone extends over a strike length of some 2.5 km with a width varying from
25m to 140m. The surface manifestation of copper mineralization is in the form of ancient oldworkings
and gossan zone. They are of tabular and lensoidal type and are generally confined to sericite quartzite.
The predominant sulphide mineral is chalcopyrite followed by pyrrhotite. Presence of gold,
arsenopyrite and millerite has also been reported. Values upto 1.0% Cu was obtained. The ore zone has
been tested at three depths viz., at 50 m depth by 12 boreholes at 100 m interval, at 100 m depth by 11
boreholes at 100 m interval and at 200 m depth by one pilot borehole. Within the wide mineralised
zone there are 16 lodes. The main lode has a strike length of 920 m and has a width range of 1m to 6.5
m at 0.8% Cu cut-off. The other lodes are 100 m to 200 m long and 1m to 2m wide at 0.8% Cu cut-off.
The indicated resources estimated at different cut-off are given below and can be categorized under
UNFC 332.

Category
Total
Total
Total
Total

Reources(Million tonnes)
14.06
4.68
2.67
1.50

Grade(% Cu
0.42
0.80
1.00
1.33
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Cut-off
Natural
0.4% Cu
0.6% Cu
0.8% Cu
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Table.II.1.3 Resources and Grade

Dhulikhera-Suras Blocks
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Dhulikhera block commences 5 km SSE of Devpura-Banera, with no indication of significant
mineralisation in the intervening ground. This block has been explored by 13 boreholes covering a
strike length of some 4,000m. Prospecting stage (UNFC G-3) investigation was carried out in the area.
No significant results were obtained.
Pur-Dariba Block
General Exploration stage (UNFC G-2) investigation was carried out in the area.The ground is
mostly covered by mine debris and slag heaps with scanty exposure of calc-gneisses. The calc-gneisses
contain bands of calcite, dolomite and ankerite alternating with biotite, tremolite, hornblende and
diopside. The rock units strike from N20°E to N30°E with dips of 60° to 80° towards southeast, and are
intensely folded into assymetrical isoclinal folds trending N-S. There are two major old workings, the
Dariba Main pit and a parallel trench. A 100 m long and 20 m wide ‘gossan’ zone analysed 3000 to
4000 ppm copper and 100-300 ppm lead-zinc. There are several lenticular and pencil shaped ore shoots
ranging in width from 0.5 m to 18.6 m in a wide zone. Fresh sulphides are found at around 410 m RL
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(40 m below the surface) and the ore body has been established upto 220 m RL over a strike length of
250 m.
Resources
A toatal of 1.651 million tonnes of indicated resources with 1.03% Cu have been estimated and
the resources can be categorized under UNFC 332.
Gurla North Block (25°15’30”: 74°28’00” and 25°16’45”: 74°29’30”) Bhilwara district
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Prospect is located 2km north of Gurla village.The main rock types are sericite quartzite,
garnetiferous mica schist, quartz-magnetite-amphibole rock, calc schist and calc-gneiss belonging to
the Bhilwara supergroup. They are intruded by quartz and pegmatite veins. The strike is NE-SW with
steep dips on either side. Several cross faults have been located in the mineralised zone. Prospecting
stage (UNFC G-3) investigation was carried out in this area by GSI. The detailed geological and
geochemical survey established the presence of sulphide mineralization over a strike length of 800m
which was further corroborated by ground geophysical surveys.The mineralised zone extends over a
strike length of 1.6 km with 30-60 m width. In the northern part, oxidised bands and old workings
occur with occasional slag dumps. A total of 11 boreholes aggregating a total of 2423.45m at a
separation of 200 m to 400m have been drilled in the area covering a strike length of 1750m. All the
boreholes were drilled for -50 m level of intersection. The results of the 11 drillholes show that two
oxidized zones occurring all along the western side of the block is hosting significant and persistent
mineralization associated with garnet bearing quartzite and the main sulphides are pyrrhotite,
sphalerite, chalcopyrite with little pyrite.
Resource

Gurla South Block
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An inferred resource (UNFC 333) of 0.89 million tonnes with 1.58% Cu upto a depth of 100m
over a strike length of 700m out of the total strike length of 1750m at 0.50% Cu cut off has been
estimated.
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The area is mostly covered. Reconnaissance stage (UNFC G-4) investigation was carried out in
this area by GSI. The rocks intersected in the boreholes include garnetiferous mica schist, garnetiferous
quartzite, amphibole quartzite and impure dolomite. The general strike is N35°E – S35°W with steep
dips towards west. The mineralisation is associated with garnet bearing quartzites and the main
sulphides are pyrrhotite, galena, and sphalerite with a little pyrite. The ore zone intersected in three
drill holes are given below.
Table.II.1.4 Zones Encountered In Three Drill Holes.
Borehole No.
GS-1
GS-2
GS-3

Width
5.00 m
1.38 m
1.78 m
3 7.00 m
2.00 m

Cu%
1.01
0.73
0.77
0.33
0.56
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Pb+Zn%
2.05
2.09
2.65
1.56
3.44

Sanganer Block (25o 22’ 25”: 74o 40’ 10”) Bhilwara district
Geological set-up
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The rock types exposed in the area are calc silicate with amphibolites and pebbly grit, quartzanthophyllite magnetite gneiss, magnetite-quartz-gneiss belonging to Suwana Formation of Mangalwar
Complex which has been grouped as a part of the Bhilwara Supergroup of Archaeans of Rajasthan.
Structurally the area forms a doubly plunging antiform with its axis trending in N45o-50o E and S45o 50o W and plunge of 15o to 30o on either side. The middle part of the sequence also contains stratiform
and stratabound copper sulphide disseminations with minor sphalerite and galena. The sulphide
mineralisation is confined to the host rock of quartz-anthophyllite magnetite gneiss. Prospecting stage
(UNFC G-3) investigation was carried out in this area by GSI.
Mineralisation
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Sulphide mineralisation mainly comprises chalcopyrite, pyrrhotite, pyrite with minor proportions
of sphalerite and galena. Gangue mineralogy is mainly quartzo-feldspathic with some magnetite
/ilmenite, pyroxenes and micas.

:
:
:

40 Km2 on 1: 25000 scale
7.2 km2 on 1:4000 scale
SP, Resistivity and Magnetic. SP anomalies indicated
conductive zones north and south of Sanganer village
29 boreholes involving 4,890.55m of drilling
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Regional mapping
Large-scale mapping
Geophysical survey
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Quantum of work done
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Drilling
:
Resources
The drilling result established an inferred resource (UNFC 333) of 20 million tonnes of ore at
an average grade of 0.40% Cu, down to a vertical depth of 100m. Copper sulphide lode, varying in
width from 1 to 30m has been identified over a strike length of 3,200m.
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Gokulpura (25°34’: 74°24’) Bhilwara district
Geology and mineralisation

G

The mineralised zone is along a fault trending NE and cutting into the phyllites (Jahazpur Belt).
The zone is traced for a length of 250 m over widths of 2-6 m. Malachite stains, limonitic alteration and
an old working occur along the zone. The geochemical surveys indicated high values near the old
working. EM zone is also located close to the mineralised zone.
Malikhera Prospect (25°24’30”:74°34’30”) Bhilwara district
Geological set-up
The rock type exposed in the area belongs to gneisses and schists of BGC and the
metasedimentaries of Pur-Banera belt. In Malikhera block the main rock types are quartzites and micaschists.
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Prospecting stage (UNFC G-3) investigation was carried out by GSI in this area.
Mineralisation
The Malikhera block is in continuation on the Dariba-Suras Copper Zone. The copper
mineralization is associated with BIF in the block. It occurs as veins, stringers and disseminations.
Quantum of Work done
1.5 km2 on 1:1000
1146.55m, in 11 bore holes
Airborne geophysical survey indicated AEM zones
corresponding with magnetic anomaly

ia
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Detailed mapping
Drilling
Geophysical surveys
Resources
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B. WARI – BHOPALSAGAR – AKOLA - BHINDER BELT
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Approximately one million tonnes of inferred resource of copper ore has been estimated,
with an average grade of 0.5% Cu.
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This belt, about 16 km long, is situated to the south-southeast of Dariba- Rajpura-Bethumbi
Belt. The area is entirely covered and the various prospects have been identified mostly on the basis of
aero- and ground geophysical surveys and ancient workings. In recent years, the incidence of copper
located around Gangas, in the northeastern extension of the belt, is also included in this belt. The main
host rocks for copper mineralisation in this belt are carbonate and amphibolite with minor quartzite.

eo
l

og

ic

al

The geology and structure of the area have been deciphered mostly on the basis of exploration
data. The area comprises rocks of the Bhilwara Supergroup consisting of garnetiferous mica schists,
quartz-muscovite-sericite schists, quartz-biotite-chlorite schist with thin bands of amphibolites (metavolcanics), dolomitic/calc silicate marble, calc schist and impure quartzite. Thin graphite rich bands are
present locally. The rocks are intruded by quartz veins, dolerites and aplite granites. The rocks are
tightly folded during 3 phases of folding - the first two coaxial and trending N-S and the third a set of
NW-SE trending superposed open folds.
The important copper prospects in this belt are:

G

AKOLA COPPER PROSPECT (24°45’:74°12’) Udaipur district
Geological set-up
The rocks exposed in the area belong to the BGC. The main rock type is composite gneiss
showing migmatisation. The gneisses are associated with calc-silicate, amphibolite, quartz-amphibole
schist and quartzite. There are numerous intrusions of late phase quartzo-feldspathic rocks.
Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
Mineralisation
The sulphide mineralisation is mainly shear controlled and is hosted in chloritic part (bands) of
composite gneiss. The mineralisation is indicated by old workings, mine dumps with malachite
staining.
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Quantum of Work done
Drilling
Geophysical surveys

:
:

3754.90m in 18 boreholes.
A narrow linear belt (i.e., the Panchmata-Bhinder
Belt) has been effectively delineated with the BGC
gneisses by an well contrasted AEM anomaly in a
matching aero-magnetic zone.

Resources

BHAGAL COPPER PROSPECT (24°41’:74°12’) Udaipur district
Geological set up
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Based on drilling exploration 2.74 million tonnes of inferred resource with 0.8 % Cu at 0.5%
Cu cut-off has been indicated along a strike extension of 875 m. The resource declines to 1.20 million
tonnes with 1.16% average grade at 1.0% Cu cut-off. Resources can be categorised under UNFC 333.
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The area exposes mainly the gneisses of the BGC that is overlain by a linear metasedimentary
sequence (equivalent of Rajpura-Dariba Group) comprising meta-chert, felsic volcanics (?), graphite
schist and garnet mica schist.
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Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
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Mineralisation
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Quantum of Work done
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Surface indications of mineralisation are in the form of old workings and malachite stained
mine debris. Drilling in the prospect indicated two main zones of copper mineraliation. The individual
thickness of lode in the zones ranges from 1m to 16m

Resources

:
:
:

1.25 km2, 1:2000 scale
3566.70m in 23 boreholes.
Airborne geophysical survey has indicated an AEM zone
with 3 to 6 channel with a distinct magnetic break.
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Detailed mapping
Drilling
Geophysical surveys
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Inferred resource estimated down to 100 m depth at 0.4% Cu cut-off is 8.5 million tonnes with
an average grade of 0.7%Cu and can be categorised under UNFC 333.
RAWATIA COPPER PROSPECT (24°49’:74°11’) Chittorgarh district
Geological set-up
Rawatia area is completely soil covered. The rocks interpreted from the drill core data indicate
that the area comprises mainly garnet -mica schist/gneiss and vein quartz belonging to the BGC.
Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
Mineralisation
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Drilling indicated a patchy and sporadic nature of copper mineralisation with inconsistent
behaviour of the lodes.
Quantum of work done
Drilling
:
Geophysical surveys :

1146.15 m in 8 boreholes
Airborne geophysical survey has indicated AEM zone with
3 to 6 channel with a moderate magnetic signature.

Resources
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An inferred resource of 0.42 million tonnes with an average grade of 1.37% Cu has been
estimated upto 100 m below surface at 0.2% Cu cut-off grade. This can be categorised under UNFC
333.
Pari Copper Prospect (24°48’: 74°13’) Chittorgarh district

of

Geological set-up
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The prospect is situated two km from Rwatia block and has similar ground conditions. The
rocks of the block are similar to the aforementioned block and belong to the BGC. Prospecting stage
(UNFC G-3) investigation was carried out in this area by GSI.
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Mineralisation

The copper mineralization is lensoid in nature with an erratic strike wise and dips wise
variation.1229.35m of Drilling was carried out in 8 boreholes.
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Resources
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The inferred resources estimated in the block are 0.5 million tonnes with an average grade of
0.9% Cu at 0.2% Cu cut-off and can be categorized under UNFC 333.
Wari Copper Prospect (24°53’: 74°32’) Chittorgarh district
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Geological set-up

G

Very scanty rock exposures are available in the area. The interpreted geological set-up from
sub-surface intersection suggests that the area is mostly covered by strongly deformed garnetiferous
mica schist along with calc-silicates and amphibolites of the BGC. Regionally the rocks show widely
swinging strike of the formations (N30°W - S30°E to N50°E - S50°W).
Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
Quantum of Work done
Drilling

:

11,756.20 m in 52 boreholes.

Geophysical surveys

:

Airborne geophysical surveys show discrete AEM
intercepts located over a strong magnetic signature.
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Mineralisation
The boreholes were drilled at 100m interval in the selected blocks, to test the ore - bearing
horizon at 70 m and 100 m depths. The copper content is comparatively high in Zone-4 and the lode is
thick in the central part (16m x 1.51% Cu). In Zone-2, the lode extends for a strike length of 690m
(1.9m x 0.9% Cu).

ia

The sulphides comprise mainly chalcopyrite, pyrite and pyrrhotite occurring as stratabound
bodies. Amphibole rich rocks, calc- silicate marble and calc-schist are the principal host rocks. The
sulphides form thin layers parallel to the So plane in amphibolite rich, calc-silicate rich, quartzose and
biotite rich layers.
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Twenty two copper bodies with minimum one positive intersection have been delineated from
drilling data at a cut-off grade of 0.5% Cu and minimum stoping width of 1.5 m. Their strike length,
true width and average grade vary from 100 m to 690 m, 1.5 m to 10.15 m and 0.5% to 3.27% Cu
respectively.
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Inferred resources have been estimated to be 3.01 million tonnes with 1.08% Cu and can be
categorised under UNFC 333.
C. DARIBA – BITHUMBI – SURAWAS BELT

Su
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The Dariba-Bithumbi-Surawas Belt was earlier termed as Rajpura – Dariba Belt. Recent work
has indicated that the meta-volcanosedimentary rocks of the belt are traceable further north of Bithumbi
up to Bharak. These rocks show synformal closure, south of Dariba and the fold limbs continue to
Surawas and further north.
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This belt is known for major deposits of Pb – Zn with minor association of Cu, Cd and Ag.
Therefore the belt is elaborately described under Pb-Zn prospects of Rajasthan.
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Satdudhia Copper Prospect (24°14’15”: 74°17’30”) Bhilwara district
Geological set-up
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The rocks are mainly gneisses of the BGC overlain by calc-silicates, garnetiferous mica schist
and ortho-quartzite. Mineralisation is associated with the overlying garnetiferous mica schist that
strikes N30°E-S30°W and dips moderately (45°) towards SE.

G

Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.

Mineralisation
Detailed geochemical sampling brought out a copper anomaly zone of 1200m, which showed
good correlation with the old workings. The mineralisation is mainly in the garnetiferous mica schist
close to the contact with calc-silicates.
The boreholes were drilled at 200 m interval to intersect the ore zone at 100m and 200m depth.
Two lenticular bodies, 600m and 100m in strike length were established. The larger one showed copper
values from 1.01 to 1.57% Cu over widths of 1.66 m to 7.49 m while the smaller lens assayed 1.1 to
1.34% Cu over widths of 1.0 to 3.2 m
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Quantum of work done
Large scale mapping
Detailed mapping
Drilling
Geophysical surveys

:
:
:
:

1060 line km. on 1:10000 scale
1.60 km2 on 1:1000 scale
2485 m in 12 boreholes
Airborne and ground surveys
significant anomalies detected

conducted.
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The exploration yielded an inferred resource of 0.9 million tonnes with an average grade of
1.3% Cu and can be categorised under UNFC 333.
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Gangas Block, Jasma–Bhupalsagar Belt, (25°03’14’’:74°14’30’’), Rajsamund District
Geological set-up
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The area around Gangas exposes low grade metamorphites belonging to the Mangalwar
Complex of the Bhilwara Supergroup. The lithounits exposed in the area are biotite chlorite schist,
quartz-amphibole rock and calc-silicate marble. The rocks have undergone deformation of moderate
intensity.Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
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Mineralisation
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Pyrite, pyrrhotite and chalcopyrite are the major sulphide minerals. Sulphides occur as
dissemination, streaks, lenses and occasionally as lumps. Mineralised zones vary in thickness from
0.90m to 8.20m and grade between 0.46% and 1.10%Cu. Some of the chalcopyrite rich zones have
high content of Co and Ni.

og

ic

All the boreholes drilled in the block intersected Cu mineralisation and the thickness of the
mineralised zones either increses or decreses at depth.
Quantum of work done
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Detailed mapping (1:2000)
Geochemical soil sampling
Pitting/trenghing
Drilling
Core sampling

:
:
:
:
:

0.70 sq km
168 nos.
10 cu m.
1822.35m (Seven boreholes)
240 nos.

Resources
Inferred resources of 0.81 million tonnes ore (UNFC 333) has been computed with 0.50%
Copper .The mineralised zones varying in thickness from 2.00m to 5.80m.
Gangas Extension Block, (25°03’14’’:74°14’30’’) Rajsamund district
Geological set-up
The area around Gangas exposes low grade metamorphites belonging to the Mangalwar
Complex of the Bhilwara Supergroup. The lithounits exposed in the area are biotite chlorite schist,
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quartz-amphibole rock and calc-silicate marble. The rocks have undergone deformation of moderate
intensity.
Reconnaissaqnce stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation
Pyrite, pyrrhotite and chalcopyrite are the major sulphide minerals. Sulphides occur as
dissemination, streaks, lenses and occasionally as lumps.
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Quantum of work done
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1132.25 m of drilling carried out in four boreholes along with 0.30 sq km detailed mapping
and 209 core sampling was carried out.
Resources
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All the four boreholes drilled in the block failed to intersect any economic copper
mineralisation.
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D. Other Deposits / Occurrences
a. Dhani-Basri prospect (27°01’:76°17’) Dausa district
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The Dhani Basri sulphide hosted gold prospect is located in the Banded Gneissic Complex of
Archaean age in Dausa district in northeastern Rajasthan. The main rock types belong to the Banded
Gneissic Complex (BGC) which includes granite gneisses, quartz-chlorite schist and amphibolites. The
general trend of gneissosity /schistosity in the area is N40°W – S40°E with moderate to steep dips (50°)
towards SW.
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Mineralisation
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General Exploration stage (UNFC G-2) investigation was carried out in this area by GSI.

G

Dhani Basri Cu-Au mineralization is manifested in the form of intense silicification, profuse
ferruginisation and weak development of box work. The fresh sulphide specks and malachite staining
have also been observed especially in the northern part of the exposed silicified zone. The surface
mineralisation extends over a strike length of 400 m. Width of mineralised zones varies from1.50m to
13.70m.
The ore minerals include chalcopyrite, pyrrhotite, pyrite with subordinate sphalerite. Ilmenite is
associated with silicate gangue. The sulphide mineralisation at Dhani Basri is essentially controlled by
shears and fractures associated with a major shear that strikes in a NNE-SSW to N-S direction.
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Quantum of Work done
Large scale mapping
Detailed mapping
Geochemical sampling

300 km2, 1:25,000 scale
0.66 km2
(i)1072 soil and bed-rock
(20m x 50m & 20m x 100m grid)
(ii)163 nos. (BRS & SS)
4373.45 m in 18 boreholes
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Drilling
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Resources

An indicated resource of 3.83 million tonnes with 1.18% Cu and 1.53ppm Au has been
estimated and can be categorized under UNFC 332.
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Bapi prospect (26°58’39’’: 76°17’09’’) Dausa district

y

Geological set-up

ve

The Bapi area exposes only two lithounits namely granite gneiss and quartz chlorite schist.
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation
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Bapi area, which is located 3.5 km south of Dhani Basri Cu-Au prospect, shows evidences of
continuation of shear zone of Dhani Basri area. Surface geochemical samples have indicated Cu up to
1.04% and Au up to 700 ppb.

og

The drilling investigation has indicated occurrence of oxidized zones at various levels with
minor sulphides. One borehole intersected a 2.5m thick zone with 0.3% Cu. However, the depth
continuity of this zone could not be established.
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Quantum of work done

Detailed mapping
Geochemical sampling
Drilling

: 0.52 sq.km on 1:2000 scale
: 461 nos.
: 880.50m in 3 boreholes

Hanotia Prospect (25°58’25”: 74°29’28”) Ajmer district
Geological set-up
The rock types include gritty felspathic-quartz-mica schist and quartz-fluorite-hornblendebiotite-schist (identified as meta-grawacke) occurs above the conglomerate horizon. Prospecting stage
(UNFC G-3) investigation was carried out in this area by GSI.
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Mineralisation
Surface evidences for basemetal mineralization is noticed in the form of series of old workings
and mine dumps with malachite stains and encrustations and a large slag dump. The mineralized zone,
which occurs as disseminations of pyrite, chalcopyrite and galena, is traced over a strike length of
400 m.
Quantum of Work done
2593.70 m (13 boreholes)
Airborne survey followed up with ground geophysical
survey delineated anomaly zone.
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Drilling
Geophysical surveys
Resources
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Drilling in the prospect established a small workable copper deposit with estimated inferred
resources of 1.65 million tonnes with an average grade of 1.48% Cu. The resource can be categorized
under UNFC 333.

Geological set-up

Su
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Geological set-up is similar to Hanotia.
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Sagarmalar Copper Prospect (25°55’45”: 74°28’45” ) Ajmer district

Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.

al

Mineralisation

ic

Surface manifestations of copper mineralization are seen in the form of detached shallow pits
and dump material with malachite stains.

og

Three boreholes drilled (479.80m) in the block did not intersect any significant mineralization.
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Sardhana & Tabiji Copper Prospects (26°20’45”: 74°34’35”) Ajmer district
Geological set-up

G

Delhi Supergroup of rocks consisting of quartzite, calc-argillaceous litho units with lensoid bodies
and bands of metabasic and ultramafics occupy the west and central part of the area where as the
migmatised basement BGC covers the eastern part. The area has undergone multiphase
deformation.The S1 deformation is represented by NE-SW trending foliation with 70°-30° southerly
dips. The fold is open with moderate amplitude-wave length ratio.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI. No significant
mineralisation was intersected in four boreholes drilled in the area.
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Kishangarh Prospect (26°34’00”: 74°52’00”) Ajmer district
Geological set-up
The Bhilwara Supergroup of rocks are exposed in the planes in the east and northeast and is
represented by granite and granodiorite gneiss, overlain by Aravalli Supergroup of rocks represented by
metasedamentaries with volcanic flows as metabasics
Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
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Mineralisation
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The main commodity is copper with subordinate lead & zinc. The mineralisation occurs as
disseminations. It extends for 5000 m (?). Surface manifestations alsso include old workings.

11 boreholes were drilled. No resource was estimated.

of

Quantum of work done

y

Sagarmala Copper Prospect (26°45’00”: 74°45’15”) Ajmer district

ve

Geological set-up
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The main lithounits met within the area are quartzites, quartz-amphibloe gneiss/micaceous
quartzite, calc-silicate/calc-quartz breccia, amphibole and quartz gneiss belonging to the Delhi
Supergroup.

al

Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Mineralisation

og

The mineralisation in the area is manifested as a series of shallow old workings with scattered
malachite stained mine dump material. No significant mineralisation was intersected in the test drilling.

eo
l

Quantum of Work done

G

Drilling
Geophysical surveys

: 668.45m, in Four boreholes
: Airborne geophysical response show elongated linear AEM
zone in the vicinity of a strong contrast in the aeromagnetic
contour and high positive magnetic axis.

Sangramgarh Copper Prospect (25°° 50' 40": 74°° 23' 40") Ajmer district
Geological set-up
The area is represented rocks belonging to Mangalwar Complex. Low grade clastic and
chemogenic rocks of Lower Aravalli Supergroup are associated with Mangalwar rocks with a thrusted
contact. The supracrustal rocks are represented by metagreywacke, quartzite, phyllite, dolomite,
limestone and metabasics.
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The area is charaterised by several prominent subparallel shear zones, striking NNE-SSW with
moderate dip towards west. The shear zones noted in the basement gneisses and migmatites are
associated with mineralised reef quartz and pegmatites.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation

ia

Veins, veinlets, stringers and disseminated chalcopyrite, pyrite, pyrrhotite, arsenopyrite, and
sphalerite constitute the mineralisation which is poor in grade and tenor.

y

0.9km2 on 1:2000 scale
N.A.
968.25 m in 6 boreholes
Ground evaluation of airborne electromagnetic anomalies
had delineated sulphide mineralisation associated with EM
anomaly at 1.5km north of Akarsada
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Detailed mapping
Geochemical sampling
Drilling
Geophysical surveys
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A prominent 8km long NNE-SSW trending shear zone extending from Balapura to east of
Motras is characterised by discontinuous outcrops of sheared reef quartz and calc-silicate marble with
development of gossan and malachite encrustations. Exploration result around Akarsada-Sangramgarh
area indicate poor Cu minerlisation, which are restricted to the basement rocks.
Quantum of Work done

Srinagar-Chotaudaipur Copper Prospect, Ajmer district

al

Geological set up and mineralisation
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The Delhi-BGC contact is marked by a ductile shear zone (DSZ) trending NE-SW and the
emplacement of granite (1850 Ma) occur along this DSZ. Porphyritic granite is intruded as
dismembered elongated patches in the northern part, and as a continuous linear elongated body in the
southern part. The contact between the porphyritic granite and banded gneiss is also sheared.

G
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Amphibolite occurs as discontinuous bands trending in NE-SW direction and is interbanded
with amphibole gneiss in Salarmala-Jamola sector. The massive amphibolite bands within the
amphibole gneiss possibly represent metamorphosed plutonic basic rocks which intruded as dykes. It is
constituted of prismatic hornblende, plagioclase (andesine), K-feldspar, biotite and garnet with minor
amount of epidote, sphene and zircon.
A number of dug well rocks over the amphibolite and amphibole gneiss terrain in the southern
part have indicated sulphide mineralisation in the form of stringers and dissemination mostly of pyrite
and minor chalcopyrite. Geochemical soil sampling was carried out over this terrain in JamolaDaulatpura sector on 500 m grid and in the adjoining banded gneiss terrain at 1 km grid. The ICP-AES
analyses indicate Cu values ranging from 20 to 117 ppm; Zn values from 51 to 118 ppm and Pb values
for <10 to 47 ppm. In the dug well samples the Cu values ranges from 40 to 400 ppm and Zn values
from 49 to 307 ppm. This zone is in the southwestern continuation of Srinagar area and Jipiya and
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south of Sathalia where a 6 km x 3km area has shown indications of sulphide mineralisation (pyrite,
arsenopyrite, and chalcopyrite) in dugwell muck.
Quantum of Work done
Specialised thematic mapping and grid pattern soil geochemical sampling.
Drilling

: By DMG, details not available

Tilonia Copper Prospect (26°39’: 74°56’30”) Ajmer district.

ia

Geological set-up
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The main rock in the area belongs to the BGC and comprises hornblende gneiss, amphibolite,
granite-granodiorite and quartzite. The rocks are intruded by quartz and secondary carbonate veins.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Mineralisation

y

The three boreholes drilled in the anomaly, however, did not provide any positive results.

:
:

491.15m in 3 boreholes
Airborne survey indicated a six channel anomaly of
high amplitude and fast decay rate.
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r

Drilling
Geophysical surveys

ve

Quantum of Work done
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Silora and Mohanpura blocks, Tikawara-Bir area, (26°26’ 74°48’) Ajmer district

ic

Geological set-up

og

The rocks of the Mangalwar Complex of the Bhilwara Supergroup are exposed in the area. The
rock types include biotite gneiss, porphyritic granite and mica schist. Pegmatite and quartz veins
intrude these rocks.

eo
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation

G

Mineralisation in the form of malachite stain, primary sulphide (chalcopyrite) and silicification
are observed in the area. Biotite gneiss and amphibolite are the main host rocks for mineralisation.
Quantum of work done
3 sq km of mapping on 1:10,000 scale and 176 nos of soil sampling were carried out in Silora
block and 7 sq km of mapping on 1:10,000 scale and 286 nos of soil sampling was carried out in
Mohanpura Block.
Resources
Not estimated. The area shows low concentration of basemetals in soil samples.
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Akarsada Copper Prospect (25°50’40”:74°23’40”) Bhilwara district
Geological set-up
The rock assemblage of conglomerate, greywacke and quartzite occur as detached outcrops
within the BGC. The additional lithounits of metasedimentray supracrustals over basement are quartzmica schist with thin impersistent bands of carbonaceous phyllite and dolomite. The basement rocks
are represented by migmatites and gneisses.
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The meta-sediments are folded in a synform plunging 30° towards north. With closure located
in the north of Akarsada the limb shows N35°-45°E strike.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation

of

Surface manifestations of copper mineralisation are seen in the form of detached shallow pits
and dump material with malachite stains.

Quantum of Work done

0.1 sq. km on 1:2000 scale
Geochemical survey conducted
342.25m, 2 boreholes
Airborne survey followed upwith ground geophysical
survey delineated anomaly zone.
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Detailed mapping
Geochemical sampling
Drilling
Geophysical surveys
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One borehole intersected moderate mineralization (8.15 m x 0.37% Cu) but the second
borehole at deeper level failed to establish its continuation at depth.

og

Geological set-up

ic

Gudaliya-Devtalai- Belwa-Mansa Copper Prospect (25°° 24' 30": 74°° 55' 00") Bhilwara district

G
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The principal rock type is grey gneiss having a tonalitic composition comprising quartz,
plagioclase, biotite and hornblende. The gneisses are intruded by pink K-granite in an anastomosing
fashion. The K-granite is probably related to the Berach Granite in the adjoining areas. A number of
amphibolite bodies occur as enclaves within the tonalitic gneiss.
Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.

Mineralisation
The host rock of mineralisation in the area are amphibolite bodies. The mineralization has been
modified and concentrated by subsequent mobilization, scavenging and trapping within favourable
structural zones, namely extension gashes and in favourable lithology, viz., released reef-quartz bodies. The
Cu-mineralisation has two modes of occurrences, namely, fracture-filling in fault zones within extensional
veins (massive variety) and foliation parallel, in the tonalitic gneiss.
The principal ore mineral is chalcopyrite with minor pyrite and pyrrhotite
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Quantum of Work done
Detailed mapping
Geochemical sampling
Drilling
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Geophysical surveys

: 3.25 km2 (Devtalai), 0.25 km2 (Gudaliya) 1:2000
scale
: 912 in Devtalai and Raterdi blocks
: 2377.25 m in Devtali- Raterdi blocks, 1279.25 m (9
BH) in Gudaliya block, 1 BH in Devkhera block and
2 BH in Mansa block boreholes
: The entire 15 km x 4 km Gudaliya-Devtalai-BelwaMansa Copper Belt has been covered by airborne
(OHR flights) and ground geophysical surveys.

Kapasan area (24°54’’74°22’’) Chittorgarh district

of

Geological set-up
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Granite gneiss, quartzite, schist, ferruginious chert breccia, ferruginised marble, ampbibolite
and carbonated quartz chlorite schist are exposed in the area. The granite gneiss forms a part of the
Berach Granite, while the other units belong to Hindoli Group of the Bhilwara Supergroup. The
regional foliation in the area trends NE-SW with moderate to steep dip towards west

Su
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation

ic

Quantum of work done

al

Evidences of sulphide mineralisation are noticed in the form of gossan, silicification,
calcification, presence of sulphide specks and ferruginisation.
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Resources

og

Large scale mapping of 10 sq km area on 1:10,000 scale, 276 nos of soil sampling, 68 nos of
bed rock sampling, 61 channel sampling and 25 cu m of pitting was carried out.

G

Not estimated. Basemetal in soil samples ae low to moderate. Basemetal values in spot bed
rock samples are low to moderate (50ppm to 1900ppm). Analytical results of channel samples indicate
the presence of 3m to 13m wide zinc zone with average of 0.07% to 0.09% Zn.
Ladera-Sakun (26°38’00”:75°03’00”) Copper Prospect Jaipur district
Geological set-up
The area exposes rocks of the BGC that include granite gneiss, schists, and migmatites with
enclaves of metabasics. The rocks are extensively traversed by albitites, a monomineralic rock
containing aventurine albite with minor magnetite, quartz, pegmatite and quartz veins. The foliation
trends NNE-SSW with moderate to steep dips towards west. The albitites are confined to a 300 m wide
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and 5 km long linear zone with most of the small malachite stained pits occurring in this zone.
Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
Mineralisation
On surface the mineralisation is manifested as malachite stained regolith and a few old
workings. The 300 m wide and 5 km long albitite impregnated zone in the gneisses has formed the
primary guide to search for copper mineralisation. While seven boreholes were drilled in the 700m long
Ladera (N) block, two boreholes were drilled in the Ladera (S) block, at 300 m apart.
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In the boreholes the mineralised zones contain veins, stringers and specks of chalcopyrite,
pyrite and arseonpyrite. The host rock is mostly albitite impregnated granite gneiss. Sporadic values of
Mo have also been recorded in the zone. Au occurs in association with copper in copper zone and also
outside it.
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Resources

Quantum of Work done

:
:
:
:

45 km2 on 1:10,000
1.93 km2 on 1:1000
534 bed rock, 1143 core samples
2165.90 m in 9 boreholes
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Large scale mapping
Detailed mapping
Geochemical sampling
Drilling
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The erratic nature of copper mineralisation makes it difficult for any proper resource
estimation. The mineralisation is split into lenses varying in width from 1.19 m to 6.23 m with grade
ranging from 0.11% Cu to .46% Cu and gold content varying between 67 ppb to 1016 ppb. The gold
content outside the copper zone assayed upto 2.60 ppm over thickness ranging from 1.81 m to 2.62 m
in one borehole (LDG-1). A low-grade ore (0.32%Cu) of 2.32 million tonnes inferred resource
(average thickness 3.61 m) is tentatively estimated in the prospect.
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Palet Copper Prospect (24°03’: 73°53) Udaipur district
Geological set-up

G

The area exposes BGC that comprises banded biotite gneiss and granite gneiss with restites of
mica schist, quartzites and amphibolite. These are intruded by pegmatites, aplites and vein quartz. The
Aravalli Supergroup which occurs to the east of the area comprises conglomerate, quartzite, and calcsilicate marble and garnetiferous mica schist.
Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
Mineralisation
Copper mineralistion is mainly confined to the quartzite, quartz-sericite schist and rarely in
granite gneiss and vein quartz of the BGC at the contact with the Aravalli Supergroup. The ore zone
occurs in the form of lenses, pockets and pencil shaped bodies while the sulphide bodies occur as
disseminations, stringers and veinlets.
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Quantum of Work done
Large scale mapping
Detailed mapping
Geochemical sampling
Drilling
Geophysical surveys
Resources

:
:
:
:
:

N.A.
1.20 km2, on 1:1000 scale
N.A.
5246.75 m in 26 boreholes
N.A.
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Table.II.1.5 Inferred Resources Estimated at Various Cut-off

ia

Drilling has established a strike extension of 800m in Phalet main block. Following inferred
resources were estimated at various cut-off and given in table II.1.5.

Inferred Resources
(tonnes) (333)

Average width (m)

Average Copper
grade

1.0% Cu

194243

2.52

1.78%

0.5% Cu

451820

3.28

0.3% Cu

881701

4.29

1.12%
0.75%
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Cut-off grade

Su
r

Majera Copper Prospect (24°47’: 73°45’30”) Udaipur district
Geological set-up

ic
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The area exposes BGC that comprises quartzites, biotite chlorite schist, dolomite and phyllite.
These are intruded by vein quartz. A major shear zone (extending from Kotri-Vilota in the south to
Oden in the north) passes through Majera.
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Mineralisation

og

Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.

G

The surface indications of mineralization are mainly as malachite stains and occasional specks
of chalcopyrite and pyrite. The mineralization is associated with quartz veins and mostly erratic in
nature.Drilling established a zone, 250m long, average width of 4m, with 0.5 to 0.7% Cu.
Quantum of Work done
Large scale mapping
Detailed mapping
Geochemical sampling
Drilling
Geophysical surveys

:
:
:
:
:

N.A.
N.A., on 1:2000 scale
N.A. but carried out
563.15 m.
N.A.
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Resources
On the basis of available borehole data a reconnaissance resource of 0.11 million tonnes of
0.60% Cu has been estimated.
Vasu area, Udaipur district
Geological set-up
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Various lithounits exposed in the Vasu area include granites and gneisses with enclaves of
amphibolite of the Mangalwar Complex of the Bhilwara Supergroup. These rocks are overlain by
volcano-sedimentary sequence of the Delwara group of the Aravalli Supergroup.
Mineralisation

of

The mineralisation is evidenced by malachite staining and presence of fresh sulphide minerals
in quartz vein, intruding granitoid. The quartz veins are emplaced parallel to the S1 schistosity.
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Quantum of work done

ve

11.90m drilling, 13 nos of core sampling 50 cu. m of pitting and 83 nos of channel sampling
have been taken up. Drilling was stopped in the block by Forest Department.
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Resources
Not assessed.

al

Bortalai – Balicha and Chargadia – Kedesa areas near Bhinder, Udaipur district
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Geological set-up
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The study area is bounded by 24° 12’20’’ : 74°14’20 ( Balicha) and 24°31’25’’: 74°09’30’’
(Chargadia) and falls in the toposheet 45L/2 & L/3. The area belongs to the Vallabhnagar tehsil of
Udaipur district, Rajasthan.

G

The migmatite-granite units of the Mangalwar Complex are exposed in the area, consisting of
metabasics, felsic volcanics, quartzo-feldspathic schist, amphibole quartzite, ferruginious quartzite and
carbonates.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation
The mineralisation is within the Mangalwar gneiss-migmatite-metavolcanic ensemble,
manifested in the form of old workings, gossan, profuse malachite staining etc.Copper mineralisation in
the area is shear controlled.
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Quantum of work done
Balicha Block
277.55m drilling (two boreholes), 70 nos of core sampling, 0.50 sq km detailed mapping and
7.5 km traverse mapping.
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Bortalai Block

In
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7.5 km traverse mapping, 0.50 sq km detailed mapping, 198 BRS and 10 cu.m pitting.
Chargadia Block

Four line km traverse mapping, 0.50 sq km detailed mapping, 169 BRS, 189 SS and 5 cu.m.

of

pitting.
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Kadesa Block

Four line km traverse mapping, 0.50 sq km detailed mapping, 169nos BRS, 126 nos SS and 5

ve

cu. m.
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Resources

Assessment not made as analysis of core samples indicates poor copper values.
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Sitawali (24°12’30; 74°05’15’’) and Gamrapal (24°12’00’’; 74°02’10’’)blocks of Karavali sector,
Udaipur district

ic

Geological set-up

eo
l

og

The rocks of the Mangalwar Complex, represented by migmatites and Gingla Granite occupy
both the blocks. These rocks are intruded by amphibolite dykes, associated with quartz-epidotemicrocline veins along well defined shear planes. The rock types exposed in the area are gneiss,
amphibolite, quartzite, BIF and migmatites.

G

Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.

Mineralisation
The surface indications of mineralisation are old workings, intense silicification, gossanisation
and malachite staining. The surface indications suggest irrespective of lithology, the shears have got
major control over the cause of mineralisation, which are oriented in NW – SE direction.
Quantum of work doneNA
Sitawali Block
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In the Sitawali block, 1.10 sq km of detailed mapping, 416 m drilling (3 boreholes), 176 nos of
core sampling, 225 nos of GCS, 308 nos of SS and 30 cu m of pitting and trenching was carried out.
Gamrapal Block
In Gamrapal Block, 1.0 sq km of detailed mapping, 225 nos of BRS, 315 nos of SS and 30
cu.m. pitting was taken up.
Resources

In
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Though there are encouraging positive surface indications coupled with geophysical and
geochemical anomaly zones, the boreholes have not confirmed the sub-surface mineralisation.
Deravad area (74°05’ and 74°05’10’’; 24°27’ and 24°28’) Udaipur district
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Geological set-up
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The area forms a part of the Mangalwar Complex of the Bhilwara Supergroup. The lithounits
present in the area are amphibolites, ultramafics, biotite gneiss, foliated biotite granitoid, leucogranite
and pegmatite. The F1 folds has NNE – SSW trend with shallow to moderate easterly dip.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Mineralisation
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Quantum of work done
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Evidences of mineralisation include malachite staining, old working and gossan. The
mineralisation is controlled by shears, which are represented by zones of intense silicification. Four
mineralised shear have been identified.
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Resources

og

Detailed mapping of 1.04 sq km on 1:2000 scale, 67 nos of BRS, 376nos SS and 31
petrological samples were collected.

G

Not estimated.

Isarwas–Billon Ka Gura zone (24°08’30’’: 74°01’20’’
district

and 24°11’00’’: 74°04’30’’) Udaipur

Geological set-up
The study area comprises poorly foliated Gingla Granitoid that intrudes the Mangalwar
Complex. Swarms of metabasic dykes intrude the granitoid. A few old workings with gossanised
quartz veins characterize the tectonised contact of the Mangalwar and the Aravallis.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Mineralisation
Sulphide minerals identified in the dug well mucks are pyrite, chalcopyrite, pyrrhotite and
arsenopyrite containing up to 1.06% Cu and 200 ppb Au. The sulphide minerals occur in the form of
stringers, veins and chunks and also as dissemination.
Quantum of work done
Largescale mapping on 1:10,000 scale of 10 sq km area with 50 nos of BRS, 512 nos of SS
were collected.
Not estimated.
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Resources
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Gopakura Copper Prospect (25°55’: 73°52) Udaipur district
Geological set-up
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The rocks occurring in this area are pre-Aravalli schists and gneisses, quartzites,
metavolcanics, phyllites and conglomerates. Gopakura valley is in the core of a large anticline.
Quartzites are exposed on either flank while in the central part of the valley metavolcanic rocks with
bands of crystalline limestone and quartzite are exposed. The mineralisation is confined to carbonate
bands and quartzites.
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Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
Mineralisation
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The copper mineralisation (commonly chalcopyrite) is mostly irregular and in the form of
small, narrow lenses with extremely limited extension. The drilling indicated 3 lenses with; strike
lengths of 90, 50 and 20 metres respectively. The average width is about 2.5 m with a grade around 1%
Cu. The resources estimated based on drilling is 0.034 million tonnes. As the results are not of much
economic significance no further work is planned.
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Quantum of Work done

Large scale mapping
Detailed mapping
Drilling

:
:
:

17.0 sq.km (4" =1 mile) mapping
0.25 sq.km (1: 1000) mapping
643. 95 m.

A. AGUCHA LEAD-ZINC DEPOSIT Bhilwara district
Geological Set-up
Geologically the deposit is located in high-grade rocks of the Sandmata Complex of the
Bhilwara Supergroup (viz., BGC of Heron, 1954). The Zn-Pb mineralisation in Agucha occurs within
an ‘inlier of metasedmentary cover rock’ and extends for 1600 meters in strike length and is 100 meters
at the widest part. The area consists of graphitic garnet-sillimanite-biotite schist and subordinate calcsilicate and amphibolite in granitic gneisses of the BGC. A prominent NE-SW trending mylonite zone
occurs along the western (footwall) side of the deposit. The mylonitisation has affected the metasediments and the sulphide ore through a set of parallel shears. Drilling by HZL has confirmed a steep
48

dip (60° to 70°) of the ore body towards southeast. Also the ore body appears to taper off at depth and
on either ends of the lens (Fig.II.I.3).
Mineralisation

ia

Detailed Exploration stage (UNFC G-1) of investigation was carried out in the area. Surface
manifestation of this unique deposit is a weak gossan. Gossans of variegated colours with typical box
work and limonitic stains were observed over scanty exposures along a linear depression in the premining stage. Gossan bands, at places, show silicification and kaolinisation together with variable
proportions of graphite flakes.
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The Agucha ore deposit is hosted by sillimanite-kyanite-graphite-garnet-quartz-biotite schist.
The sequence of litho-units from hanging wall to foot wall is garnet-biotite-sillimanite gneiss with
bands of calc-granulites, amphibolites and pegmatite; graphite-sillimanite-garnet-mica schist, garnetbiotite-sillimanite gneiss with lenses of quartzo-feldspathic rocks and interlaced with mylonite bands.

Fig.II.1.3 GEOLOGICAL MAP OF AGUCHA MINERAL BELT

The mineralisation consists of sphalerite, pyrite, pyrrhotite, galena, and traces of chalcopyrite,
asenopyrite and sulphosalts. The sulphides constitute about 45% in the ore zone and show a decreasing
abundance of pyrite + pyrrhotite (27%), through sphalerite (15%) to galena (2%).
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Quantum of work done (by GSI)
:
:
:
:
:
:
:
:

Bio-geochemical survey

:

Drilling (by HZL & DMG)

:

900 sq km on 1:63,000 scale
on 1:50,000 scale
343 sq km on 1:50,000 scale
EM (Twin Otter survey)
10 km station inerval (regional gravity high)
1:20,000 scale
1 km station interval
1:4000 scale (text book anomalies)
500 m x 500 m grid soil and rock
geochemistry (236 rock samples, 1004 soil
samples). Pb-Zn anomalies between 2500
ppm and 4000 ppm over old workings/
gossans.
945 samples. Unexplained anomaly >500
ppm along Khari River.
24,800m in 229 boreholes.
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Regional geological mapping
Photogeological studies
Regional mapping in extension areas
Air-borne geophysical survey
Regional gravity survey
Regional IP, Magnetic, SP
Local gravity survey in mines area
Local IP, SP, EM survey
Regional geochemical survey
:

ve

Resources
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The HZL has estimated a measured resource of 61 million tones (331) of ore with 13.48% Zn
and 1.93% Pb. The deposit is being mined as a 3000 t.p.d open cast mines.
Extension areas surrounding Agucha mines
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Reconnaissance stage (UNFC G-4) investigation was carried out in the extension area of
Agucha deposit by GSI. Exploration were continued in the past one decade to locate more sources of
economic mineralisation in the extension areas of the Agucha deposit. So far the effort did not yield
desired results except for locating a few additional metasedimentary enclaves within a radius of 10 km,
in the south of Agucha deposit where feeble lead-zinc mineralisation was noted, e.g., at KhamorKalyanpura and Urja-K-Kera.
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In the more recent years a close grid multi-element soil geochemical survey along with ground
geophysical survey was caried out in the north-eastern part of the Agucha deposit to explore the
continuity of the ore zone under the residual soil cover. This study indicated a truncation of the
mineralisation signature at N-3400 line (e.g. 3.4 km from the centre of the Agucha mines) by a NW-SE
trending fault zone.
Total work component in extension areas of Agucha mines by GSI is furnished below:
Urja-Ka-Khera (4 km south of Agucha)
Deatiled mapping
Regional air-borne survey

: 400 m along strike
: Covered by Twin-otter flights Geo-physical
survey, SP, IP:3.2 km in en echelon pattern, two
IP anomalies drilled intersecting massive pyritepyrrhotite
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Geochemical survey

: 400 m x 50 m and 400m x 100 m grid,No
geochemical anomaly.
: Four boreholes involving 731.4 m of drilling

Drilling
Kalyanpura-Khamor (10 km SSE of Agucha)

Geochemical survey

:

Drilling

:

1:10,000 scale
SP, IP, Mag indicated oval shaped anomaly. Broeholes
were drilled to test the IP anomalies in the NE part of the
structure.
Detailed litho-geochemical survey on 50 m x 50 m grid
(24 sp). 4 anomalous values > 1000 ppm of Pb-Zn. Soil –
52 ppm, low values of Pb-Zn.
7 boreholes intersected 5 to 15% pyrite with minor lead.
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:
:
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Large scale mapping
Geophysical survey

:

:
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Drilling

y

Geochemical survey

36.08 sq km on 1:10,000 scale
0.75 sq km on 1:2000leca
Weak and wide IP anomalies without supporting Mag or
SP anomalies. Two boreholes were drilled to test the
anomalies.
500m x 500m grid litho-geochemical survey covered the
present area. A total of 553 samples were collected which
gave 12 point anomalies with >1000 ppm Cu-Pb-Zn.
520 m in two bore holes. The boreholes intersected
gneisses and
schist of the BGC and a mylonitic
zone coinciding with the IP anomaly projection.
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:
:
:

Su
r

Large scale mapping
Detailed mapping
Geophysical survey

of

Rupaheli area (8 km SW of Agucha)

og

Agucha village (towards river, along the line of N-S old workings/wells)
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Detailed mapping
:
Geochemical sampling :

:

G

Drilling

0.30 km2 on 1:2000 scale
Limited grab litho-geochemical samples from the old
workings/wells. Well dump materials have visible galena
mineralisation.
500 m in two boreholes.

B. Sawar Lead – Zinc deposit (25°44’:75°12’) Ajmer district
Lead-Zinc mineralisation in Sawar-Bajta metasedimentary belt is essentially of sedimenthosted type. It is of Mesoproterozoic age and occurs in the lower carbonate member of the Sawar
Group. Lithologically, the Sawar Group comprises carbonates and pelites which have been
metamorphosed to middle and upper amphibolite grades. The metasediments of the Sawar Group form
a N-S trending outlier (12 km x 6 km) in the Banded Gneissic Complex. Prospecting stage (UNFC G-3)
investigation was carried out by GSI in this area (Fig.II.1.4)
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The arrangement of the old workings, the alignment of the IP anomaly axis and subsequent
interpretation of the level plans in TEB-N (Tikhi Extension Block-North) and TEB-S (Tikhi Extension
Block-South) clearly show the emplacement of the ore zones along axial zones and shear zones of the
small parasitic folds of the major fold form of Sawar Structure. There are a number of ore zones
arranged in en-echelon pattern. They are inconsistent in length and width, viz., from 100 m to 300 m
and 2 m to 11 m, respectively. Textural studies revealed that pyrrhotite (Po) is a major constituent and
early in the paragenesis. Sphalerite with exsolved chalcopyrite blebs formed slightly earlier to galena,
which contains minute inclusions of argentite. The later chalcopyrite phase with minute inclusions of
tetrahedrite appears to replace the earlier sulphides. The ore zones are lensoid in nature and have enechelon disposition. Away from these structural traps the lithologies are devoid of basemetal sulphides.
Notwithstanding, numerous IP anomaly zones encountered in the UMM(upper Marble Member) and
LSM in other parts of the Sawar structure, neither soil geochemistry nor a solitary test drilling over the
geophysical anomalies proved the presence of basemetal.
Exploration
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The first phase two blocks were explored in the southern part of the belt, i.e. Sawar and Tikhi
blocks and a small tonnage of low grade Pb-Zn ore was established by the GSI. In the second phase
several new blocks were explored for copper and Pb-Zn in the northern part of the Sawar Belt near
Bajta and Ganeshpura. Presence of a low tonnage and low grade ore was proved in these blocks. The
copper bearing zones ( with 0.5%Cu assay ) in the bedded feldspathic quartzite at Bajta contains feeble
gold (0.3 to 0.4 g/t Au ) mineralisation.
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The last phase of exploration was carried out in the Tikhi and Sawar areas where new ore
zones with ‘galena’ mineralisation were intersected. In the Tikhi block the mineralisation extends for
nearly 1.6 km strike length. Three exploration Blocks were identified along this strike length from
north to south are: (i) Tikhi Extension North Block (500 m strike length), (ii) Tikhi Extension Reserve
Forest Block (400 m strike length), (iii) Tikhi Extension Block - South (600 m strike length).
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Of the three blocks the Tikhi Extension Block - South (TEB-S) is the most promising, in which
galena and pyrrhotite are the major sulphide minerals. Tikhi extension Block - North (TEB-N) has a
poor potential for Pb-Zn but contains a small tonnage of copper along with 0.2 to 0.4 g/t gold. The
Tikhi Extension Reserve Forest Block (TEB-RF) which links TEB-N with TEB-S is poorly mineralised
due to dislocation by NNW-SSE trending post-mineralisation fault planes. Twenty-eight (28) boreholes
involving 7084 m were drilled in the Tikhi extension block. Out of this 3949.90 m of drilling involving
16 bore holes were carried out in the TEB-S, while 6 boreholes (1531.20 m) were drilled in the TEB-N.
The remaining 6 holes aggregating 1602.90 m were drilled in the TEB-RF Block.
Resources
Tikhi Extension Block
The inferred resources were estimated in two blocks (i.e., TEB-S and TEB-N) by the
Longitudinal-Vertical (L - V ) section method. The resources were calculated between 340 mRL and
150 mRL. The resource was taken with an influence area of 60 m x 60 m around a positive intersection.
The results of drilling in these two blocks are:- Tikhi Extension Block - North: total tonnage : 1.02
52

million tonnes (333) of 0.50% Cu, 0.52% Pb, 0.64% Zn with 3.44m average true width of the ore zone.
Tikhi Extension Block- South: - total tonnage 4.14 million tonnes (333) of 7.31 % Pb and 85 ppm of
Ag. Average true width is 6.7 m Feeble gold values are recorded in the copper zones, which is up to
0.40 g/t in the TEB- N. Gold content in the galena rich sulphide ore zones of TEB-S varies from less
than 0.01 g/t to 0.4 g/t. Au. Both grade and strike length of the ore zones in the Tikhi Block is very
inconsistent. This has made proper resource estimation difficult. The possibility of striking substantial
resources in this belt is greatly reduced due to the lensoid nature of mineralisation.
Bajta Block, Ajmer district
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Lead -zinc mineralisation occurs along a narrow zone extending from Sawar in the north to
Bajta in the south, in Sawar group of metasedimentary rocks occurring as enclaves in Mangalwar
complex. Bajta area consists of four blocks i) Bajta central block, ii) Bajta south Block iii) Bajta north
Block, iv) Bajta hinge zone Block.
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Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI. Sulphide
mineralisation is largely associated with reef quartz bodies traversing the lower marble units of the
Sawar Group, along the hinge zone, on either end of the Sawar structure.In Bajta Central Block coarse
galena and sphalerite form the main sulphides and the mineralisation shows stratiform nature, while in
the North and Hinge Zone Blocks coarse chalcopyrite is the chief sulphide mineral emplaced at
structurally controlled locales.
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Inferred resources (UNFC 333) estimated in different blocks are given in table II.1.6.
Table II.I.6 Inferred Resources of Different Blocks

Bajta North

-

1.15

-

-

0.51

1.04-6.14
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-

-

Strike Length
(m)
623
(in two sections)
600

1200

Resource
(million tonne)
1.37
(UNFC 333)
1.06
( with 0.5 g/t
Au) (UNFC
333)
3.07
(UNFC 333)

G

Bajta Hinge
Zone

Cu
-

Thickness
(m)
2.2
( Average)

al

Bajta Central

Grade %
Pb
Zn
Pb+Zn
(3.0-6.4)

ic

Block

Block-wise details
Bajta (Central)
This block is situated at the north-western part of Sawar Belt. Several old workings are aligned
along 30m to 40m wide linear zone at the contact of LMM and LSM, (that trends N200 E-S200 W ,Ray,
1988).Drilling has proved the presence of galena and sphalerite mineralisation in thin (less than a
metre) bedding parallel layers and bands, or irregular pockets in silicified marble and magnetite-biotite
quartzite. There are two parallel ore zones that are co-folded (F2 ) with the country rock. These fold
hinges plunge 350 to 400 towards S200 to S300 E. The ore zones have a strike length of 232m and 391 m
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and average widths of 2.2m and 2.18m, respectively. Of the two lodes the hanging wall lode is richer in
grade (i.e. 0.75 m with 3.78% Pb + 4.18% Zn (total 6.14%).
Bajta (North)
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This block is located in the northern part of the belt. Mineralisation in the block is expressed as
a 350 m long chain of old shallow workings trending N400 W – S400 E with malachite stained rock
pieces, silicified rocks and rubble of old mine dumps.Two parallel ore zones (with an impersistent
intermediate ore zone) with 1.03 mt of 1.15% Cu occupy a limb shear dipping 550 to 600 towards SE, in
the LMM Mineralisation occurs in the form of blebs and small patches of chalcopyrite and pyrrhotite in
1m to 1.7m wide VQ zones. The LMM is represented by impure marble with interbands of quartzite. A
rock composed of coarse diopside, amphibole and epidote having high S.G. and with irregular
distribution forms a conspicuous unit of the LMM.
Bajta (Hinge zone)

Ganeshpura Block, Ajmer district
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This block occurs at the synformal fold hinge zone (300 to 400 plunge towards 1600 to 1800) in
the northern part of the Sawar belt, near Bajta. The block contains 5.2 million tonne of copper at 0.38%
average grade (natural cut-off) and 3.07 million tonne at 0.5 average grades at 0.2% Cu cut-off with 0.3
to 0.4 gm/t gold. Sub-surface information suggests that there is one main copper zone (30-40m wide)
with several parallel zones in feldspathic quartzite which is co-folded with the enclosed impure marble
of LMM This mineralisation is unique in the entire Sawar belt as no other block has a similar host and
mineralisation. This mineralisation has been considered as a bedded type.
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The block is located at about 3 km SW of Bajta Central Block. The ore is largely stratiform
occurring in the Marble Member close to the contact with the lower schist member of the Sawar Group.
The ore zone is co folded with the host rocks.
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Sphalerite and galena are the principal minerals occurring as massive sulphide layers and
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bands.

G

eo
l

An inferred resource (UNFC 333) of 0.766 million tonnes of 5.75% Pb+Zn has been
estimated having thickness of 1.28 m to 2.97m over a strike length of 250 m.
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Fig.II.1.4 GEOLOGICAL MAP OF SAWAR BELT SHOWING DIFFERENT BLOCKS

C. DARIBA- BETHUMBI- SURAWAS PB – ZN BELT (Rajasmund District):
The Dariba – Bethumbi – Surawas Belt was earlier termed as Dariba- Bethumbi belt
(Sammadar, 1984) or Rajpura – Dariba belt (Gupta et al. 1997). Recent mapping has indicated that the
belt extends up to Surawas, where isolated outcrops of similar lithologies are exposed up to Bharak.
Ameta et al. (2000) remapped the belt and defined the lithological succession and structure of the belt.
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The belt extends from Dariba (24°57’ : 74°07’46”) in the south to Bethumbi (25°04’ : 74°08’) and
Surawas in the north (Fig.II.1.5).
The metavolcano-sedimentary rocks form a crescent shaped body and have undergone three
phases of deformation. These deformations are responsible for formation of complicated superimposed
structural geometry. The tightly appressed upright to recumbent folds of first generation show different
orientation and geometry due to rotation by subsequent deformations.
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This belt is a very important producer of lead-zinc and presently has the first priority in
exploration due to the presence of several economic prospects along its 17 km strike length.
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Geological set-up
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The belt displays a N-S strike for most of the part becoming sickle shaped with convexity
towards west, in the northern part. Structural studies and mapping (Poddar et al 1962-63 ; Samaddar,
1986) has indicated the Rajpura-Dariba belt to be a doubly plunging synform, overturned towards east.
The tectono-stratigraphy of the belt (after Sammadar, 1986) is given below:Inner mica-schist-metachert with dolomitic marble

4.

Inner carbonaceous schist (staurolite-kyanite bearing)

3.

Outer mica-schist-metachert with lenses of dolomite

2.

Outer carbonaceous schist (staurolite-kyanite bearing)

1.

Calc-silicate marble
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5.
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~~~~~~~~~Unconformity~~~~~~~~
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Banded Gneissic Complex
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The principal ore zones are confined to the units 2 & 3. Tuffaceous components are expected in
the units 3 & 4.

G

Prospecting stage (UNFC G-3) and General Exploration stage (UNFC G-2) investigation was
carried out in the area by GSI.
Mineralisation
The principal sulphide ore minerals are pyrite, sphalerite, galena, chalcopyrite and sulphosalts.
The bulk composition of Dariba ore expressed in terms of the main ore elements (Zn-Pb-Cu) shows
remarkable deficiency in copper relative to Zn+Pb. Iron rich zone represented by pyritic layers form an
envelop in the upper most part of the lode.
The minor mineral assemblage noted in the Rajpura-Dariba area (Poddar, 1967, Deb &
Bhattacharya, op cit., Pandya et al., 1980, Deb, 1982) provides an indication to the complexity of metal
association. This includes arsenopyrite, cubanite,
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Fig.II.1.5 GEOLOGICAL MAP OF DARIBA-BETHUMBI-SURWAS BELT

mackinawaite,geocronite, boulrnonite, owyheeite, pearceite, argentopyrite, pentlandite, stannite, native
arsenic, argentite, electrum, aurostibite, gudmundite, magnetite, ilmenite, rutile along with supergene
chalcocite, covellite and marcasite.
The sulphide ores show abundant primary synsedimentary and diagenetic textures that have
been over printed by secondary structures due to deformation. In all 18 blocks have been investigated
out of which one block is being developed for mining by M/s HZL, in 1999-2000. This mine will
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augment the production from Dariba lode that is located 5000 m to the south. A conservative estimate
places the total exploitable resources in this belt at 280 million tonnes of medium grade ore mainly
hosted in the carbonates.

RESOURCES
(Million tonnes)
13.01
7.87
25.91
Nil
8.67
Nil
40
70
56.12
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Dariba South
Dariba North
Rajpura A,B,C
Malikhera
Dariba East lode
Mokanpura South
Mokanpura North
Sindesar Kalan (E)
Bamaniya
North Sindesar Ridge
South Block
36.18
North Sub-Block
Nil
South Extn Sub-Block
27.7
Central Sub-Block
23.578
Sindesar Kalan West Block
1.24
Malikhera Block
Nil
Sindesar Khurd
6.39
Sindesar Khurd Extn. Block
13.87
Jitawas Block
Nil
Jitawas West Block
Nil
Lathiya Khera West Block
Nil
Lathiya Khera East Block
20.41
Bethumbi Block
0.38
Rajpura `C’ Blocks
Nil
`A’, `B’ and `C’ Sub-blocks and
4.738
wastern part of South Sidesar Ridge
Block
Sunariya Khera Block
Nil
Mataji Ka Khera Block
Nil
Total Inferred Resources (UNFC-333) :356.47 million tonnes

GRADE
Pb + Zn %
8.05
6.16
4.21
Poor
4.34
Poor
6
2.63
4.54
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ia

Table.II.1.7 Total Lead – Zinc Resource of Rajpura – Dariba Belt

4.7
Nil
2.97
4.35
4.25
Nil
4.65
7.28
Nil
Nil
Nil
4.38
3.53
Nil
2.43

Nil
Nil

Dariba Block
Two 'lodes' at Dariba, viz., the Dariba Main Lode (DML) and the Dariba East Lode (DEL), are
steeply dipping concordant lenses with a possible plunge of 55° to 75° NE to ENE. The DML occurs in
silicified marble while the DEL occurs within graphitic mica-schist.
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Dariba Main Lode (DML)
The lode is 150m in strike and 40m wide. It pinches out at 200m depth. Several old workings
occur in this lode. The ore has a grade of 18% Pb+Zn.
Dariba East Lode (DEL)

ia

The lode has a strike length of 600m after a parting of 130m to 160m of graphitic mica-schist,
from the DML. The lode is 40 to 45m wide and dips 75° to east. The main zone in the lode analyses
30% Pb+Zn, at places. Sphalerite is dominant and copper is found over small patches along the
footwall. The lode has been proved upto a depth of 260m where the width shows reduction to 5m
extensive old workings are associated with the DEL.
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Quantum of work done
Total work component in Rajpura-Dariba belt by GSI

y

1:63,360 & 1:50,000 scale
1:25,000 & 1:10,000 scale
Airborne geophysical during operation Hard Rock;
indicated that belt is located over a magnetic
anomaly. The AEM intercepts generally reflect the
graphitic units.
Litho- & soil geochemical survey on 500 m x 50m
grid. In rock ( n= 184 total samples) copper values
upto 4000 ppm, Zn-Pb anomaly of 4 km x 0.8 km
over old workings. Soil n=148 total samples) PbZn-Cu anomalies were recorded over old workings
and graphitic schist.

:
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Geochemical survey
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Regional geological mapping :
Large scale mapping
:
Geophysical survey
:
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(A) Total belt

Detailed mapping
Geophysical survey

:
:

Geochemical survey

:

Drilling

:
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(B) Rajpura-Dariba Block

6.7 sq km on 1:2000 scale
SP and Mag. SP anomaly 3.5 km long along fault
zone on hanging wall side only. Magnetic anomaly
indicated contact between graphitic mica schist and
country rock.
Rock (gossan) and soil analysis. Pb-Zn-Cu-Ni max.
values of 4000 ppm Pb and 3000 ppm Zn.
23,124.8 m in 88 boreholes. Indicated main lode (N)
550 m x 47m x 380 m depth and main lode (S) 3700
m strike.

Resources
Dariba Main lode (S) 13 Mt at 8% Zn+Pb, 122 ppm Ag; Dariba Main lode (N) 8 Mt at 6%
Pb-Zn, 78 ppm Ag; Dariba (E) lode 8.5 Mt at 4.3% Pb-Zn, 162 ppm Ag
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The indicated resources of Rajpur-Dariba Block can be categorised under UNFC 332.
The North Sindesar Ridge forms east central part of Dariba–Bethumbi- Surawas metallotect,
constituting part of the Bhilwara Supergroup. The lithounits exposed in the block are grouped under
Rajpura – Dariba Group.
Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
Mokanpura block
:

1 sq km on 1:2000 scale

Geophysical survey

:

The resistivity and SP methods have mapped the graphite
mica schist. These indications when associated with weak
magnetic signature have been drilled successfully for
sulphides.

Drilling

:

10,900 m in 30 boreholes. Five orebodies were delineated.
Main ore body 800m x 102m.
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Detailed mapping
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Resources
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52.5 Mt at 3% Zn-Pb of the main ore body at 2% cut-off. At higher cut-off of 4% resources 40
Mt with 6% Pb+Zn.
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The indicated resources of Mokanpura block can be categorized under UNFC 332.
Sindesar Kalan (E) block

: 1.7 km2 on 1:2000 scale
: 4012 m in 16 boreholes, established
300m

1.9 km x 86 m x
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Detailed mapping
Drilling
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Resources
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66 Million tonnes at 2.55 % Zn+Pb was estimated for the block.The inferred resources of
Sindesar Kalan (E) block can be categorized under UNFC 333.
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North Sindesar block

:
:

1.2 km2 on 1:2000 scale
9266 m in 29 boreholes, established lode L-1 for 860m

G

Detailed mapping
Drilling

Resources

(a) Marble hosted: 13 Mt at 3% Pb,10.5% Zn

(b) Schist hosted: 21.9 Mt at 2% Pb, 5.5 % Zn
The inferred resources of North Sindesar block can be categorized under UNFC 333.
Bamaniya block
Detailed mapping

: 2 km2 on 1:2000 scale
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Drilling

: 9923 m in 30 boreholoes, 200m borehole interval. Three ore
bodies were delineated, main lode BM-1 1300 m x 12.5 m x
150 m

Resources
Main lode BM-1: 11.3 Mt at 9% Zn+Pb, 94 ppm Ag, 307 ppm Cd. The inferred resources of
Bamnia block can be categorized under UNFC 333.
Bethumbi block
2.54 km2 on 1:2000 scale
56 rock samples from old workings. High Pb-Zn-Pb- Ag
4257.5 m in 13 boreholes
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:
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Detailed mapping
Geochemical sampling
Drilling
Resources
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0.31 Mt at 2.64 % Pb+Zn, 74 ppm Ag. The inferred resources of Bamnia block can be
categorized under UNFC 333.
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Sindeswar Kalan West Block (25° 01’25’’: 74°08’28’’ and 25°02’00’’:74°09’07’’)

ve

Geological set-up

Su
r

The Sindeswar Kalan West Block forms north-central part of the Dariba- Bethumbi-Surawas
polymetallic belt. The lithounits of the block have been grouped under Rajpura – Dariba Group
forming a part of the Bhilwara Supergroup. Prospecting stage (UNFC G-3) investigation was carried
out in the area by GSI.
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Quantum of work done
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The block was explored by 15 boreholes involving a total of 6434.75m drilling. A total of 1032
core samples were analyzed.
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Mineralisation

Resources
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Thickness of mineralised zones varies from 2.00m to 21.30m. The host rock for mineralisation
is calc-silicate/dolomite.
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The inferred resources estimated by cross-section method are 1.24mt, with 1.13% Pb, 3.12%
Zn, 62 ppm Ag and 154 ppm Cdat 2% Pb+Zn cut-off. This can be categorized under UNFC 333.
Malikhera Block (24°59’: 74°06’30’’ and 25°55’ : 74°08’)
Geological set-up
The lithounits of the area are grouped under the Rajpura-Dariba Group forming a part of the
Bhilwara Supergroup. The meta-sedimentary rocks in the block comprise ferruginous chert breccia,
carbonaceous schist, calcareous quartzite and calc-silicate marble/dolomite.
Mineralisation
Reconnaissance stage (UNFC G-4) investigation in the area was carried out by GSI. The ores
of lead-zinc and copper are galena, sphalerite and chalcopyrite.
61

Quantum of work done
A total of 1739.55m of drilling in four boreholes, 0.50 sq km of survey on 1:2000, and
collection of 142 drill core samples for analysis were carried out.
At 2% Pb-Zn cut-off and 2.0m stoping width no lode could be delineated.
Sindesar Khurd Extension Block (24°59’: 74°08’ and 25°00’: 74°08’30’’) Rajsamund district
Geological set-up
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The Dariba-Bethumbi-Surawas belt comprises metavolcano-sediments of Rajpura-Dariba
Group of the Bhilwara Supergroup. The rocks exposed in the area and encountered in the boreholes are
metamarl, silicious dolomite, calc-silicate marble, carbonaceous/calcareous mica schist and cherty
quartzite. The area exhibits three phases of folds.
Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
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Mineralisation
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The Pb-Zn mineralisation occurs in carbonaceous mica schist, carbonaceous/calcareous schist
and calc-silicate marble/dolomite. The sulphide minerals are sphalerite, galena with pyrite and
pyrrhotite. The mineralisation is present as disseminations, fine layers parallel to bedding or as coarse
veins, stringers and replacements.
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Quantum of work done

In the block, 5847.25m of drilling was carried out in ten boreholes along with 1087 core
sample analysis.
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Six boreholes have intersected one or more lodes with varying true thickness from 2.0m to
34.0m and average grade from 2.03% to 18.99% Pb+ Zn at 2% Pb + Zn cut off and 2.0m stoping width.
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The inferred resources and grade estimated at 2% Pb + Zn cut off with 2.0 m stoping width in
different host rocks are as follows:
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Table.II.1.8 Inferred Resources at 2% Lead + Zinc Cut-off

G

Host rock

Calc-silicate marble
Carbonaceous-calcareous mica schist
+ quartz mica schist
Total

Resources
Tonnes
Pb
Zn Ag
%
%
ppm
6889050
3.80 8.63 284
7083119
0.78 2.72 49

Cd
ppm
593
110

13972169

348

2.27 5.63 165

Total Inferred Reources: 13.97 million tonnes with 2.27% Pb, 5.63% Zn, 165 ppm Ag and 348 ppm
Cd. This can be categorized under UNFC 333.
Jitawas West Block (25°01’48’’: 74°08’57’’and 25°02’20’’: 74°09’28’’) Rajsamund district
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Geological set-up
The lithounits of the block constitute a part of the Rajpura-Dariba Group of the Bhilwara
Supergroup.
Reconnaissance stage (UNFC G-4) investigation was carried out in the area by GSI.
Mineralisation
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The drilling investigation was taken up in the block as it falls in the northern strike continuity
of the Sindesar Kalan West Block, where drilling has proved Pb+Zn mineralisation over a strike length
of about 800m. Rich horizons of pyrite and pyrrhotite were intersected in all boreholes.
Quantum of work done
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Five boreholes were drilled in the block covering 2234.80m of drilling and 182 nos. of core
sampling. Lead mineralisation was intersected in the boreholes.
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Absence of Pb-Zn mineralisation in Jitawas West Block may be attributed to the thinning down
of lensoid body of Pb+Zn ore of the Sindesar Kalan West Block to the north.
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Lathiyakheri West Block (25°00’40’’: 74°07’03’’and 25°02’18’’: 74°08’14’’) Rajsamund district
Geologial set-up

ic
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The block is devoid of any exposure except two weathered outcrops and some quartz veins.
The geology of the block is inferred on the basis of bedrocks collected from well dumps and borehole
data.
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Mineralisation

og

Reconnaissance stage (UNFC G-4) investigation was carried out in the area by GSI.

G

Five boreholes were drilled in the block, covering 2234.80m of drilling and collection of 268
nos of core samples. The boreholes have intersected poor mineralisation except Pyrite and pyrrhotite
bands.
Resources No estimation of resource is made in view of poor mineralisation.
Jitawas Block (25°02’: 74°08’ and 25°03’45’’: 74°10’) Rajsamund district
Geological set-up
The lithounits of the block has been grouped under Rajpura-Dariba Group forming a part of the
Bhilwara Supergroup. The rock types present in the block are quartz biotite schist, mica schist, calcsilicate marble/dolomite, tuffaceous mica schist and carbonaceous schist.
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Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
Mineralisation
The exploration in the area was taken up due to favorable host lithology, signature of
mineralisation in well dumps and EM anomaly were recorded in the block. Poor Pb-Zn mineralisation
was intersected in boreholes JTR- 1 and JTR – 4. One lode has been intersected in borehole JTR –6.
Quantum of work done

In
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A total of 2479.90m of drilling was carried out in seven boreholes but in borehole JTR –6 at 2% (Pb +
Zn) cut-off and 2.0 m stoping width, due to poor core recovery no resource estimation has been made.
Bethumbi Block ( 25°02’45’’: 74°09’22’’ and 25°04’45’’ : 74°11’45’’) Rajsamund district

of

Geological set-up
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The lithounits of the block are grouped under the Rajpura – Dariba Group of the Bhilwara
Supergroup. The lithounits exposed and intersected in the boreholes are tuffaceous mica schist, calcsilicate marble/dolomite (mineralised), calcareous mica schist and mica schist with metachert.
Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
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Mineralisation
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Quantum of work done NA

al

The main Pb-Zn minerals are galena and sphalerite and chalcopyrite occurs in minor amount.
The mineralisation occurs as dissemination, veins and stringers and as replacement structures. Two
lodes have been identified at 2% Pb + Zn cut-off.
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Resources

G
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The inferred resource calculated by cross-section method is 313800 tonnes with 0.87% Pb,
1.85% Zn, 217 ppm Cu, 21ppm Ag and 100ppm Cd, at 2% Pb + Zn cut-off. The resources and grade
determined by LVS methods is 306736 tonnes with 0.88% Pb, 1.86% Zn, 216 ppm Cu, 21 ppm Ag and
100 ppm Cd.
Rajpura `C’ Block (24°58’38’’: 74°06’38’’ and 24°58’56: 74°08’08’’) Rajsamund district
Geological set up
The Rajpura `C’ block forms a part of the Dariba-Bethumbi-Surawas metallotect. The lithounits of the
block have been grouped under the Rajpura-Dariba Group of the Bhilwara Supergroup. Rajpura hill,
trending along N – S direction exposes a sequence of metasedimentary assemblages, comprising
quartzite/silicified zone, dolomite and carbonaceous schist.
Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
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Mineralisation
Six boreholes were drilled in the block, covering 2596.30m of drilling. The first three boreholes were
drilled with an aim to intersect fresh sulphide mineralisation below 20 mRL. Two boreholes were
drilled in the NW extension. The last borehole was drilled in the northern part of the block.
Resources
In the Rajpura `C’ block, mineralised zone with more than 1% Pb + Zn, having width more
than 1.5m is included in `Economic Zone’.
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The inferred resources (UNFC 333) at 2% cut-off and 2m stoping width in the Rajpura `C’
block is 763950 tonnes( 0.76 mt) with thickness of the lodes ranging from 1.90m to 5.82m.
Lathiyakheri (Latio-Ka-Khera) East Block (25°00’33’’: 74°08’ and 25°01’20’’: 74°09’)
Geological set-up
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The lithounits of the block are grouped under the Rajpura – Dariba Group of the Bhilwara
Supergroup. Outcrops are scanty in Lathiyakheri block and the geology is inferred on the basis of dug
well data and drill core data. The lithounits as identified are metamarl, calc-silicate marble
(mineralised) mica schist/tuffaceous schist, and carbonaceous schist with cherty bands. Feldspathic,
psammitic and banded gneiss forms the basement.
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Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
Mineralisation

al

Out of the nineteen boreholes, fourteen boreholes have intersected nine lodes with varying
thickness from 2.13m to 12.75m and average grade from 3.31% to 5.77% Pb + Zn at 2% cut off and 2m
stoping width.
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Quantum of work done
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In the Block, nineteen boreholes were drilled covering 8749.25m of drilling, 1.38 sq km of
detailed mapping and 1617 core sampling.
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Resources

G

The inferred resources and grade estimated at 2% Pb+Zn with 2.0m stoping width are given in
table II.1.9.
Table.II.1.9 Inferred Resources at 2% Lead + Zinc Cut-off

Lithoband
calcareous mica
schist + calc silicate
marble
calcareous mica
schist
calc-silicate marble

Resources(in
million tonnes)
20.41

Pb%

Zn%

Cd in ppm

3.18

Ag in
ppm
69

1.20

6.05

0.48

4.78

50

227

19.80

1.22

3.12

69

210

65

209

The difference of 378789 tonnes is noticed in the resources determined by cross section (CS)
and longitudinal vertical section (LVS) methods. The resources can be categorized under UNFC 333.
Sindesar Khurd Block (24°59’: 74°09’ and 25°01’ : 74°10’) Rajsamund district,
Geological set-up
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The lithounits of the block are grouped under Rajpura – Dariba Group of the Bhilwara
Supergroup. The rock types intersected in the boreholes are laminated calcareous schist and marble
bands (metamarl), calc silicate marble/ dolomite (mineralised), calcareous mica schist (mineralised),
mica schist with interbands of cherty quartzite and carbonaceous mica schist. Gneisses and mica schist
form the basement.
Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
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Mineralisation
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Sphalerite and galena are the main ore minerals of zinc and lead respectively. Minor
chalcopyrite and pyrite are also recorded. Seven boreholes have intersected the lodes with varying true
thickness from 2.0m to 12.20m and average grade from 2.20% to 17.50% Pb + Zn at 2% cut off and
2.0m stoping width.
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Quantum of work done

Nine boreholes covering 4792.10m of drilling, 1 sq km of detailed mapping was carried out along with
1058 core sampling.
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Resources
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Inferred Resources and average grade at different Pb + Zn cut offs by cross-section method is
as follows:
Tonnage
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Cut off

Pb%

2%
3%
4%

G

Pb + Zn m.t

Zn%

Ag

Cd

Pb + Zn %

ppm ppm

6.39

1.83

2.82

97

180

4.65

3.04

2.98

4.37

147 262

7.35

2.44

3.44

4.75

165 276

8.19

The resource estimation at 2% Pb + Zn cut off by LVS method is 5784610 tonnes with 4.53%
Pb + Zn average grade. The difference of 605390 tonnes is noticed in the resource determination by CS
and LVS methods.
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‘A’, ‘B’, ‘C’ Sub-Blocks and Western Part of South Sindesar Ridge Block ( 24°59’: 74°09’ and
25°01’: 74°10’) Rajsamund district
Geological set-up
The lithounits of the block have been grouped under the Rajpura – Dariba Group of the
Bhilwara Supergroup. The lithounits exposed and intersected in boreholes are dolomitic marble with
schist and amphibolite bands, garnet-kyanite-staurolite-graphite schist, calcareous mica schist,
interbanded sequence of schist, tuff, greywacke and cherty quartzite and carbonaceous schist.
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Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
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Mineralisation
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The predominant sulphide minerals are pyrite, pyrrhotite, sphalerite and galena. The sulphide
minerals occur as dissemination, layers and thin bands parallel to bedding and foliation. Veins/stringers
are common.

y

Quantum of work done

ve

A total of 9035.70m of drilling was carried out by 26 boreholes. In addition 1.85 sq km of
detailed mapping on 1: 2000 scale, core sampling and bed rock geochemical sampling was taken up.
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In sub-block `A’, a resource of 2.84 million tones with 0.42% Pb, 1.86% Zn, 17 ppm Ag and
80 ppm Cd estimated at 2% Cut-off and 2m stoping width. The thickness of mineralised zones varied
between 1.96m and 8.74m.
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In sub-block `B’, a resource of 1.40 mt have been estimated with 0.31% Pb, 2.23% Zn, 15ppm
Ag abd 61 ppm Cd. The thickness of lodes varies between 1.74m and 6.60m.

Cd.
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In sub-block `C’, a resource of 0.498 mt with 0.36% Pb, 2.07% Zn, 16 ppm Ag and 75 ppm

G

In total the South Sindesar Ridge Block contains inferred resources of 4.738 mt ore with 0.36%
Pb, 2.077% Zn, 16 ppm Ag and 75 ppm Cd. This can be categorized under UNFC 333.
Sunariya Khera Block: (24°58’: 74°08’ and 24°58’30’’ : 74°08’18’’) Rajsamund district
Geological set-up
The Sunariya Khera block forms a part of the eastern limb of the Dariba- Bethumbi mega
synform. Most of the area is under soil cover excepting a few isolated outcrops. The cover rocks
exposed in the block are amphibole bearing marble, garnet, staurolite, kynite, graphite bearing
carbonaceous mica schist containing bands of dolomite, ferruginous quartzite and an interbanded
sequence of tuffaceous mica schist-dolomite-metachert.
Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
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Mineralisation
In Sunariya Khera block, a 2.10m thick lead – zinc mineralised zone was intersected in
borehole SNR-1, while all other boreholes intersected oxidised zones. The major sulphide minerals are
pyrite, pyrrhotite, sphalerite, galena, chalcopyrite and arsenopyrite. The mineralisation is hosted by
tuffaceous mica schist and carbonaceous mica schist.
Quantum of work done

ia

Quantum of work done in the block are DM – 0.84 sq km, geochemical sampling (100m X
50m)- 114 nos, Drilling – 2163.75m (six boreholes) and core smpling- 253 nos.
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Resources

Drilling investigation in the block failed to intersect good mineralisation in the block, so no
resource estimation has been done.
Sindesar

Ridge)

(24°59’30’’:74°09’and25°02’:74°10’)

of

South Extension Sub-Block,(North
Rajsamund district
Geological set-up

ve
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The lithounits exposed and intersected in the boreholes are metamarl, calc-silicate marble,
calcareous mica schist with Pb + Zn, interbanded sequence of schist and cherty quartzite.
Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
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Mineralisation
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In the South Extension sub-block, easterly diping mineralised zone containing a number of
lodes have been identified. Out of 12 boreholes, 7 boreholes have intersected the lodes at 2% Pb + Zn
cut off.
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Quantum of work done
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Resources
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The investigation was carried out between field seasons 1989-1999 to 1994-1995. The work
component includes 0.65 sq km of mapping (1:2000), 4953.55m drilling (12 boreholes), 2759 nos of
core sampling and 37 nos of composite sampling.

G

At 2% cut – off, the grade of the lodes varies from 2.5% Pb + Zn to 6.76% Pb + Zn and the
thickness from 2.0m to 55m. The cumulative strike length of all lodes comes to 10950m. The resources
and grade at 2% Pb + Zn cut off with 2m stoping width in different host rocks are in table II.1.10.
Table.II.1.10 Inferred Resources at 2% Lead + Zinc Cut-off

Host Rock

Total resources

Calcareous mica
schist
calc-silicate
marble
Mica schist

18.04

0.81

2.47

27

100

0.34

1.12

3.96

29

271

9.29

0.56

1.89

23

86

Total

27.67

0.72

2.29

25

97

A total inferred resources of 27.67 million tonnes with 0.72% Pb, 2.29% Zn, 25 ppm Ag and
97ppm Cd has been estimated. This can be categorized under UNFC 333.
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North Sub-block (North Sindesar Ridge Block) (24°59’30’’: 74°09’and 25°02’:74°10’) Rajsamund
district
Geological set-up
The North Sub-block lies in the northern part of the Sindesar Ridge block, forming a part of the
Dariba – Bethumbi metallotect, belonging to the Bhilwara Supergroup.
Reconnaissance stage (UNFC G-4) investigation was carried out in the area by GSI.
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Mineralisation
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Disseminations of sphalerite and galena is seen in calcareous schist and calc silicate
marble/dolomite. The boreholes intersected pyrite-pyrrhotite mineralisation with insignificant content
of lead and zinc indicating pinching out of the ore zones.
Quantum of work done

Resources

ve

Resources not calculated due to poor mineralisation.

y

of

An area of 0.65 sq km was mapped on 1:2000 scale, 1058m of drilling in three boreholes,
collection of 30 core samples, 24 petrological samples.
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Central Sub-Block (North Sindesar Ridge)(24°59’30’’: 74°09’and 25°02’: 74°10’) Rajsamund
district
Geological set-up
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The North Sindesar Ridge forms east central part of Dariba – Bethumbi- Surawas metallotect,
constituting part of the Bhilwara Supergroup. The lithounits exposed in the block are grouped under
Rajpura – Dariba Group.
Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
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Mineralisation
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The Pb-Zn mineralisation occurs in schist, calcareous schist and calc silicate marble/dolomite.
The main Pb – Zn minerals are galena and sphalerite. The ore occurs as fine grains in thin layers and
also as veins, stringers and pseudo-breccia. At 2% cut-off, 29 lodes are intersected in 16 boreholes. The
grade of the ore varies from 2% Pb+Zn to 14.36% Pb+Zn and thickness from 2.0m to 19m.
Quantum of work done
Geological mapping of 150 sq km area on 1:50,000 scale, 0.65 sq km area on 1:2000 scale.
Total metreage drilled in 22 boreholes is 7119.55m, along with collection of 1327 core samples and 16
samples for gold analysis.
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Resources
The cumulative strike length of all the lodes is 5175m in four mineralised zones (MZ-I, II, III
and IV). Inferred Resources (by cross-section method) of 16.55,11.75,7.66 and 5.87 million tonnes.
with 4.35%,5.36%,6.75% and 8.05% Pb+Zn average grade have been estimated at 1%, 2%, 3%and 4%
Pb+Zn cut-off respectively. The optimum resources of 10.50 million tonnes. is observed at 2.5%
Pb+Zn cut-off with 6% Pb+Zn average grade. The resource estimates can be categorized under UNFC
333.
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Mataji Ka Khera Block, Dariba-Bethumbi-Surawas Belt (24°55’32’’: 74°07’48’’and 24°56’11’’ :
74°08’22) Rajsamund district
Geological set-up
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The Mataji Ka Khera block forms a part of the Dariba-Bethumbi-Surawas metallotect in the
Bhilwara tectonic blet. The block is located in the southern part of the belt. The lithounits of the block
have been grouped under the Rajpura-Dariba Group of the Bhilwara Supergroup. The rock types
exposed in the area are dolomite, marble with amphibolite bands, carbonaceous mica schist with
staurolite and garnet.
Reconnaissance stage (UNFC G-4) investigation was carried out in the area by GSI.
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Mineralisation
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Quantum of work done
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As the area forms the southern extension of the Dariba mine, geochemical sampling was taken
up to identify new lead-zinc prospect.
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Detailed mapping of 1.0 sq km area on 1:2000 scale, pitting and trenching of 20 cu m and 100
nos of soil and bed rock sampling was carried out.
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No assessment done in the area. However the soil samples shows Cu, Pb and Zn values
between 29ppm to 0.31%, 60ppm to 6.70% and 80ppm to 4.75% respectively. Some of the high values
may be due to contamination.
Eastern Lead-Zinc Zone in Pur-Banera Belt Bhilwara district
Devpura prospect
The prospect is located in the Pur-Banera Belt. The main rock types are calc-silicate with
sideritic bands, sericite quartzite and quartz-biotite-muscovite-garnet schist that trend N50°E to N70°E
with moderate (45°) southeasterly dips. The intrusives include pegmatite and quartz veins. The area is
located along the overturned eastern limb of Chhatrikhera syncline.
Prospecting stage (UNFC G-3) investigation was carried out by GSI in this area.
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Mineralisation
The copper mineralisation is mainly found in the sericite-quartzite and its contact with calcsilicates. The mineralised zone is traced over a strike length of 2.5 km (the main concentration being
confined to 1000m only) with a width between 25m and 140m The surface indications of
mineralisation include gossan zones and old workings, which are quite deep in the northern part. The
main sulphides are chalcopyrite and pyrite with minor cubanite, covellite and bornite.
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The ore zone has been tested at three levels, viz, at 50m (with 12 boreholes), at 100m (with 11
boreholes) and at 200m by one borehole. The borehole spacing in case of the 1st and 2nd level was
kept at 100m
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Within the wide mineralised zone there are 16 lodes. The main lode has a strike length of 920
m and has a width range of 1 to 60.5m at 0.8% Cu cut-off (or 2-25 m at natural cut-off). The other
lodes are between 100 m to 200m long and 1m to 2m wide at 0.8% Cu cut-off. The lode persists to a
depth of 175m from surface.
Quantum of Work done

2963m in 12 boreholes
AEM intercepts with high magnetic association.
Ground EM & Mag surveys corroborated airborne
data and picked up the conductive zone for more than
one km

y

:
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Drilling
Geophysical surveys

Category

Inferred Resources
(333)

Natural
2%
4.0 %

17.49
6.09
1.14

al

Cut-off

ic

Table II.I.11 Resources and Grade (GSI Estimates)

og

Total
Total
Total

Grade(in Million
tonnes) (Zn% + Pb
%)
1.84 + 0.44
2.96 + 0.65
4.85 + 1.22
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The area is under the leasehold of H.Z.L. Resource estimated by H.Z.L. is 3.45 million tonnes
with 3.2% Zn + 0.88% Pb.

G

Hirakhera Devpura (Lead-Zinc)
This prospect lies between Malikhera and Devpura. The mineralised magnetite bearing horizon
is concealed under soil cover. Aero-magnetic and EM anomalies were obtained in the area. A strike
length of about 1000 m has been explored by drilling (1328.65 m) and a zone of 2 to 8 m wide with 2.5
to 4.5% Pb + Zn has been established. A 3m wide copper zone with 0.6% Cu has also been intersected
in one borehole.
South Dedwas Block (Lead-Zinc)
The block comprises garnetiferous mica schists in the western part and calc gneisses in the
eastern part. The host rock quartz amphibole-magnetite rock is found in between them. The rock units
trend N30°E-S30°W with steep westerly dips of 70 to 80°. This block is located on the eastern limb of
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Pur-syncline. In the mineralised zone a number of drag and macro-folds plunge gently towards N40°E.
At the surface limonitic zones also containing hydrozincite, smithsonite, jarosite and occasional specks
of galena, pyrite and pyrrhotite are seen. These zones have indicated strong geochemical anomalies. A
number of old workings occur all along the zone. The depth of oxidation is shallow. There are 34 lodes
of which one lode designated as Lode M (principal lode with several branches) shows remarkable
persistence along both the strike and the dip. A strike length of 1.7 km of the lodes has been tested by 3
series of inclined boreholes as per details given in table II.1.12.

Borehole interval
100 m
100-200 m
Wide

No.of boreholes
37
13
4

In
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Depth of testing
50 m
100 m
150 m

of

Series
First
Second
Third

ia

Table.II.1.12 Details of three Boreholes

Resources and grade

y

At a cut-off of 3.0 % Pb+Zn there are two strike sections of 600 m and 400

ve

m (separated by 100 m) which are significant. The resources can be categorised under UNFC 332.
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Table II.I.I3 Inferred Resources of Lead +Zinc Different Cut- offs
Category

Resources (mt)

Natural
2%
3.0 %

Total
Total
Total

18.38
8.04
4.75

Grade(in Million tonnes)
(Zn% + Pb % Ag(g/t))
1.30, 0.79, 21
2.24, 1.25, 37
2.79, 1.43, 44
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Cut-off
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The area is under the leasehold of HZL. The resources re-estimated are 5.81 million tonnes of
2.61% Zn + 1.5 % Pb.
North Dedwas Block (Lead-Zinc)

G

The mineralised zone localised in the magnetite formation and traced over a strike length of
1000 m, is the northwestern extension of the South Dedwas Block. A cross fault with a westerly shift of
the Dedwas (North) zone separates the two blocks. Mineralisation is in the form of small, lensoid

bodies. The main ore body extends for a strike length of 150 m, with a number of shoots averaging 1.5
- 5% Pb + Zn over widths of 1.5 m to 5.00 m The mineralisation persists down to 100 m
Samodi Block (Lead-Zinc)
This block is the southern continuation of the South Dedwas Block. The rock units strike N25°30°E. Dips are subvertical. Old workings and gossans with geochemical anomalies (150 - 3000 ppm
Zn; 600 - 3000 ppm Pb; 50 - 500 ppm Cu) are seen over a strike length of about 2000m. The
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mineralised zone has been intersected in all the boreholes drilled at about 200 m interval over the entire
strike length. The width of the zone ranges from 64 m to 140m averaging 120m There are two to six
‘shoots’ or richer zones within the wide mineralised zone.
Resources
A total resource of 3,686 million tonnes ore with 1.37% Pb + 1.85% Zn has been estimated
upto 100 m depth and this can be categorised under UNFC 333.
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Silver content in the ores ranges from 10 to 100 ppm and cadmium content between 10 to 350
ppm. The rock contains around 40 percent magnetite. In the ore zones there is zonation, with lead
values increasing and zinc values decreasing from the hangingwall to the footwall.
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Gaderiakhera Block (Lead-Zinc and Copper)
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The main rock types are sericite quartzite, garnetiferous mica schist, calcsilicate rock and
amphibolite. The general strike of the formations is NE-SW dipping 60° towards west. The
mineralisation is lead and zinc in the north Block and copper in the south Block.
North Block
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The strike length is 2.0 km A number of thin gossan bands and a few old workings are seen.
Five boreholes were drilled at 400m spacing to intersect the mineralisation at 50m depth. Only one
borehole (GDN-2) showed encouraging results - 3.58 rn of 4% Pb+Zn.
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South Block
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Gossan bands occur over a strike length of 800 m with a width of 0.20 to 0.50 m A number of
old pits are found in the area. Five boreholes were drilled at 200 m spacing to intersect the mineralised
zone at 50 m depth. Several thin zones analysing 0.30 to 0.60% Cu over a maximum width of 0.50 m
were intersected.

Geological set-up

og

Salampura - Kochriya area (Lead-Zinc-Copper) Pur-Banera Belt Bhilwara district

G
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The rocks exposed in the area comprise ortho-quartzite, quartz-musovite -biotite schist,
garnetiferrous-staurolite-kyanite-mica schist, impure marble and calc-silicate rocks (pre- Aravalli). The
general trend is N30°E dipping 40° -80° either towards east or west. The mineralisation is in talcmagnetite schist that is interlayered with mica schist and quartzite.
Mineralisation
Significant lead-zinc anomalies were located in the magnetite bearing horizon over a length of
7 km in Salampura-Kochriya area. A strike length of 1.5 and 3.5 km in southern and northern parts
respectively were drilled at 400m spacing for intersection of the zone between 60m and 100m depth.
The sulphides encountered are pyrite, chalcopyrite, sphalerite and galena as specks, stringers and
disseminations. The mineralised zone has an average width of 2-3m with 2-3% Pb+Zn (VE).
Three boreholes explored the geochemical anomaly for lead-zinc in calc magnetite rock around
the antiformal closure near Suras-Dariba. The results are not encouraging.
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Quantum of work done
Geochemical survey : Largely bed rock sampling prospecting revealed significant
anomalies for lead-zinc in Salampura-Kochriya area
Drilling

: 2735.00 m

Salampura Block
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The basement rocks in the west are overlain by the Pur- Banera Group. The rock types
expoed in the area are quartzite, interbanded calc-schist/calc-gneiss/amphibole marble, BMQ and
quartz-sericite schist.
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The western anomaly zone is due to copper and the eastern anomaly zone is due to Pb-Zn.
The copper mineralisation is confined to the calcareous unit of the Rewara Formation and the Pb-Zn
mineralisation is associated with the BMQ.
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Detailed mapping of 1.50 sq km on 1:2000 scale, 1328.25m of drilling in six boreholes,
463 nos. of core sampling and borehole geophysical logging of five boreholes have been carried out.
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A resource of 0.2052 mt. of Pb - Zn ore with 0.706% Zn and 3.72% Pb at 0.2% cut-off has
been estimated and tha same can be categorised under UNFC 333.
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Tiranga Block (Lead-Zinc)
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This is the southeastern extension of the Samodi zone and the same rock units - garnetiferous
mica schist, magnetite formation, calc-silicate rocks-occur in this block. These are intensely folded.
The mineralised zone has been traced over a strike length of 900 m with width ranging from 3 to 11 m
(average around 5 m). The ore zones are localised in the axial regions of folds in small shoots.
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Total : 1.15 million tonnes. 1.75% Pb + 1.13% Zn at 2% cut-off (UNFC-333).

1.2.1
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1.2. Basemetal deposits / Occurrences associated with Aravalli Supergroup
Copper deposit / occurrences

G

Copper occurrences have been recorded from two distinct geological set-ups within the
Aravalli Supergroup. In the first geological set-up the copper occurrences are confined to the Delwara
Group, which is disposed along the eastern margin of the Aravalli fold belt. The host rocks for the
copper mineralisation are the Delwara volcanics and the associated carbonate rocks. In the Delwara
volcanics, massive sulphide is recorded from many places from north of Nathdwara to the east of
Banswara. These sulphide rich bands vary in thickness from less than one metre to more than 30m, and
mainly contain pyrite, pyrrhotite, and arsenopyrite with minor chalcopyrite. In recent years, gold
occurrences have been reported from the massive sulphide bands. The copper occurrences in the
second geological set-up are mainly confined to the ultramafic rocks and associated basic rocks,
exposed along a lineament, marking the boundary of the Jharol Group. These ultramafics are probably
related to Rikhabdev ultramafics of the Aravalli Supergroup.
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A. Delwara Group
Jharka Copper Prospect (23°45’:75°25’)Banswara district
Geological set-up
The rock types exposed are phyllite, quartz- mica schist, staurolite-quartz-biotite schist with
interbands of quartz-epidote rock and dolomite marble. The copper mineralisation is along a well
defined shear zone parallel to the NW trending axial plane of an anticline.
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In the southern part, there are two parallel zones of old workings viz., eastern and western. The
eastern and western zones extend over a strike length of 1.47 km and 1.2 km respectively. Besides,
there are also old workings in the northern part extending over a strike length of 2.5 km between
Mawal and Tarta. Chalcopyrite and bornite occur as fracture fillings, veinlets, stringers, and fine
disseminations in the quartz-mica schist, phyllite, quartz-epidote rock and quartz veins in the shear
zone. Other sulphides present are pyrite and pyrrhotite. Reconnaissance stage (UNFC G-4)
investigation was carried out in the area by GSI.

Metali Copper Prospect , Dungarpur district
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In the eastern zone, the copper content ranges from 0.1 to 0.7 % over widths of 1.0 to 6.0m. In
some of the boreholes drilled in the western zone, the copper content ranges from 0.20 to 0.48 % over
widths of 1.0 to 10.0 m
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Old workings for copper in the form of linear trenches and pits parallel to the strike occur over
a length of 700 m The rock samples from old mine face gave 0.56% Cu, 1.40% Zn, 0.44% Ni and 0.1%
Co. The mineralisation is in highly sheared and silicified amphibole-magnetite bearing quartzite.
Reconnaissance stage (UNFC G-4) investigation was carried out in the area by GSI. Integrated surveys
were carried out during 1975-76.
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Goj-Parla Copper Prospect ,Banswara district
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The rock types occurring in this area are quartzite, carbon phyllite, dolomitic marble, chlorite
schist and amphibolite (pre-Aravalli). Quartz veins intrude these rocks.
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Pyrite occurs frequently as fine disseminations in carbon phyllite and occasionally in chlorite
schist and amphibolite. Random specks of chalcopyrite, pyrrhotite, sphalerite and galena occur in
chlorite schist and amphibolite. Dolomitic marble is barren of sulphides. The mineralised zone extends
over a strike length of 5000 m The maximum values for Cu, Pb and Zn obtained in the core samples are
400 ppm, 825 ppm and 950 ppm respectively. Reconnaissance stage (UNFC G-4) investigation was
carried out in the area by GSI.
Jagpura- Bhukia Copper Prospect , Banswara district
The rock types are mainly dolomitic marble, mica-schist, amphibolite and calc-silicate rock of
Aravalli Group. The earlier generations of ENE-WSW isoclinal folds are superposed by later NNESSW folds that dip steeply (55°-75°) to east or west. The mineralised zone is represented by a chain of
old workings for 2800 m along NNE-SSW trending shears in dolomite.
Jagpura
Reconnaissance stage (UNFC G-4) investigation was carried out in the area by GSI.
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Pyrrhotite- pyrite- chalcopyrite and arsenopyrite- bornite mineralisation are localised along
axial shears closures and cross-fractures of NNW-SSE trending folds. The mineralisation is in the form
of stringers, disseminations, fracture fillings and massive veins. The sulphide- rich zones vary from 10
cm to 1 m in thickness with 3 cm to 10 m wide barren partings. Copper values are generally low. This
area along with Bhukia has now been recognized as an‘auriferous belt’ and is being investigated for
gold.
Bhukia

Drilling

:
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Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI. The
mineralised zone has a strike length 600 m out of which pyrite-pyrrhotite rich zones with more than 2
m width and consisting 25% of total sulphides extend over a length 1 of 400 m The resources with 1015% sulphides (visual estimate) are estimated.
2249.60 m (17 boreholes) for copper in1971-73

of

Resource

A total of 1.83 million tonnes of inferred resource (333) for copper ore has been estimated.
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Bedwal Ki Pal Copper Prospect (24°8'30”: 74°21') Udaipur district
Geological set-up
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The rock types exposed in the area belong to the Mangalwar Complex (BGC) and the Aravalli
Supergroup. The Aravalli Supergroup is composed of basal quartzite, volcanics, carbonates and
carbonaceous phyllites. There are some ultrapotassic agglomerate zones in the Aravalli Supergroup.
The BGC comprises largely migmatites, granites intruded by pegmatites and basic dykes. The
migmatite components contain rafts of basic and amphibolitic rocks.
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Mineralisation

G

Resource
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The sulphide mineralisation is structurally controlled and found along following shear/ fault
planes: (1) N50°-55°W, (2) N65°-70°W and, (3) N75°-80°W. The sulphide concentration is associated
with almost all types of rocks in the area. Among all the rock types the potassic agglomerates and
dolomitic units of the Aravalli Supergroup appear more favourable lithology for the basemetal
concentration. Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.

The drilling (2416m in 15 BH) in Bedwal block has established 0.516 million tonnes of
inferred resource (333) for copper ore with an average grade of 1.613% Cu.
Isarwas Copper Prospect (Udaipur District)
The Archaean Mangalwar Complex occupies eastern half of the study area, whereas the
Proterozoic Aravalli metasediments viz. mica schist, quartzite, ferruginous quartzite, graphitic schist,
carbonates, amphibolite and Salumber granite is exposed in the western half of the study area. The
contact between Mangalwar Complex and Aravalli metasediments is faulted. The Gingla granitoid
intrudes Mangalwar Complex.
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Mineralisation
A few old workings with gossanised quartz veins and sporadic malachite stains are observed
within the Aravallis close to the contact with the Mangalwar Complex, in the northern part of the study
area. Detailed geophysical survey has established a close corroboration of the old working zone with
geophysical anomalies. Dug wells in the area show sporadic sulphide mineralisation in the forms of
pyrite and chalcopyrite. Prospecting stage (UNFC G-3) investigation was carried out in the area by
GSI.
Resource

Ghagri Copper Prospect (24°09'20”: 74°03'02”) Udaipur district
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Drilling (2415.15m in 16 boreholes) in the northern part of the block has established inferred
resource of 0.534 million tonnes of 1.53% Cu which can be categorised under UNFC 333.
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The block lies close to the Aravalli – BGC tectonised contact. The rock formation constitutes
parts of dolomite sequence lying above the conglomerates and metavolcanics belonging to lower part,
Debari Group, of Aravalli Supergroup. Old working pits and inclines occur in the dolomite,
feldspathised and schistose impure dolomite. Rock formations exhibit simple folded structure with
NW-SE striking axial planes and moderate plunge towards southeast developed on the limb of large
scale fold.
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Mineralisation
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A 700 m long, 6-8 m wide arcuate zone having discontinuous old workings is located in the
central part of the area. The old workings are in the form of trenches and inclines plunge towards
southeast. Surface encrustations of malachite are observed in the northwestern part of the old working
zone.
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Sulphide mineralisation in Ghagri Block is hosted by felspathic rock and felspathised
calcareous /dolomitic rock. The biotite-chlorite schist bands within the above lithologies, probably
representing altered products are associated with sulphide mineralisation.
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Sulphide mineralisation occurs as stringers and small patches and disseminations. The
concentration of sulphide minerals along foliation planes and also the pattern of old working
corroborating with the structural configuration of the area indicates that sulphide mineralisation in the
area is structurally controlled ( Pre/syn F1 deformation) and involved in F2 deformation. Ore lenses are
aligned parallel to F2 fold axes.
Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI. Exploratory
drilling in Ghagri Block was taken up during field season 2003-04. A total of 7 boreholes, RGH-2 to
RGH-8 were drilled at approximately 100m spacing covering the old working zone. A total of five
lodes of copper mineralisation arranged in en echelon pattern have been delineated. They have been
designated from hanging wall to footwall as L1, 2, 3, 4 and 5. Drilling – 758.85m (7 booreholes)
Resource
A total inferred resource (UNFC 333) of 2.35million tonnes of ore with 0.37% Cu has been
estimated in this block.
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Karoi Copper Prospect:
Karoi, (24°57’30”: 73°45’30”) Udaipur district
Geological set-up
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The Karoi prospect is located on the eastern most part of a major synform comprising thick
dolomites of the Nathdwara Group of Aravalli Supergroup. The rock types include dolomite,
metapelite, chert and amphibolite. The general strike of the rock formations in NE-SW with dips
varying from 50° to 60° towards NW.
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Mineralisation

Quantum of Work done

N.A.
2.0 km2 on 1:1000
Indicated geochemical anomaly for Cu.
2135.40 m in 9 boreholes (in north block, south block not
drilled)
: N.A.
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Large scale mapping
Detailed mapping
Geochemical sampling
Drilling
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Extensive old workings (as shafts and inclines) occur in the sheared dolomitic limestone over a
strike length of 1.8 km. The mineralisation is confined to coarse dolomite bands with thin siliceous
intercalations. The mineralised zones are 2 to 5 m wide. The mineralisation (chalcopyrite with minor
sphalerite) is mostly in the form of narrow and impersistent zones. The values for Cu range from 1% to
4% (the first borehole intersected a 5 m thick zone averaging 3.9% Cu) while some zones analysed 1%
zinc. Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
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Geophysical surveys

Geological set-up
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Umra Copper Prospect (24° 32’: 73° 48’ ) Udaipur district
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The Aravalli Supergroup comprising carbonaceous phyllites, dolomites and quartzites covers the area.
Granite, pegmatite and quartz veins intrude them. The rocks trend in a NNE-SSW direction with steep
easterly dips. There is a swing in strike to ENE-WSW direction near the old workings. The old
workings are located along the western limb of a plunging synform with the closure located north of
Manpura.
Mineralisation
The mineralised zone extends for a strike length of 2 km. The sulphide (pyrite, chalcopyrite.)
mineralisation is mainly confined to the foliation in carbonaceous phyllite. The recent lithogeochemical
survey identified copper anomaly zones within dolomite-calc silicate horizon.
The DMG, Rajasthan established by drilling a mineralised zone of 200 m length and 4.0 m
width with an average of 0.9% copper down to a depth of 100 m.

78

GSI (AMSE) while evaluating the airborne EM and magnetic anomalies located adjacent to the
palaeobiological zones of stromatolite and phosphorite, as in many parts of the world, the Umra
prospect for basemetal mineralisation is established in association with such well defined biolithostratigraphic units. However, drilling in Umra did not show encouraging results. The copper values
range from 50 ppm to 0.42% over short width. Prospecting stage (UNFC G-4) investigation was carried
out in the area.
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The preliminary investigations further south of Umra, has indicated mineralisation in many
places as revealed by the presence of secondary copper minerals, old workings and also by the presence
of primary sulphides (pyrite and chalcopyrite.) at places.
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Geophysical surveys
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Geochemical sampling
Drilling

N.A.
0.50sq.km (1:1000) (Dept. of Atomic Energy mapped
the block on 1:600).
Indicated geochemical anomaly for copper.
658.77 m (DMG, Rajasthan): 445.00 m, 3 boreholes
(AMSE,
GSI). Exploratory Drilling: For Uranium
by Dept. of Mining and Atomic Energy
Airborne geophysical surveys located a series of EM
anomalies coinciding with magnetic anomalies. A 3
channel anomaly occurs close to old workings.
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Large scale mapping
Detailed mapping

In
d

Quantum of Work done
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Jharol Group

padar-ki-pal copper prospect (23°54’30”: 73°30'30”) Dungarpur district
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Geological set-up
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Mineralisation

og

ic

The rock types in the area include dolomite, phyllite, quartzite and talc-serpentinite schist of
the Aravalli Supergroup. The quartzite bands are repeatedly folded into a number of antiforms and
synforms plunging gently towards NNE. The general strike of the lithounits in the area is N15°E with
steep (60°-85°) dips towards west.
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Surface indications of mineralisation occur as old workings and ancient mine dumps including
slag heaps over a strike length of nearly 1 km Mineralisation, which is mainly composed of pyrite,
chalcopyrite, bornite and sphalerite, is hosted in the quartzites and talc-chlorite schist. Drilling has
established mineralisation in 700 m strike length. The ore zone has been probed upto a depth of 120m
and the width of the zone varies from 4 to 6 m Prospecting stage (UNFC G-3) investigation was carried
out in the area by GSI. Drilling – 4850m
Resources
The inferred resources established in the block are 1.01 million tonne of 1.13% Cu grade and
can be categorised under UNFC 333.
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Amjhara Copper Prospect (23°53’: 73°32’) Dungarpur district
Geological set-up
The geological set-up is similar to Padar-ki-Pal
Mineralisation

In
d

ia

Surface indications of mineralisation occur as old workings and ancient mine dumps including
gossan over a strike length of 500m. Drilling exploration extended over 700 m strike length and
copper-nickel mineralization was established in 450m. The depth of oxidation in the area extends upto
50m. The nature of mineralisation is erratic with copper values between 0.50% to 2.16%Cu and 0.10%
to 0.61% Ni. Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
Quantum of Work done
: 0.45 km2, on 1:1000 scale
: 1891.21 m
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Detailed mapping
Drilling
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Bichiwara Copper Prospect: (23°451: 73°311) Dungarpur district
Geological set-up
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The area is covered by the metasediments of the Aravalli Supergroup. The host rock for
mineralisation is dolomitic rock and quartzite.
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Mineralisation
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The mineralised zone has a strike length of 600 m with a width of 3 to 6 m. Chalcopyrite,
pyrrhotite and pyrite occur as stringers and disseminations. The results do not have any economic
significance. Reconnaissance stage (UNFC G-4) investigation was carried out in the area by GSI.
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Quantum of work done

Detailed mapping
Drilling

: 0.40 sq.km (1: 1000)
: 986.13 m.

G

C. Jahazpur Lead – Zinc- Copper Belt Bhilwara district
The Jahazpur belt is located 20 km southeast of the Sawar Belt close to the PreAravalli/Vindhyan contact. A number of detached occurrences of mainly lead-zinc with copper
localised in dolomites and associated rocks of Jahazpur Group (pre-Aravalli) are found over a strike
length of 80 km between Rajkot (25°44':75°36') in the northeast and Bigod (25°15':75°00') in the
southeast. Extensive old workings, slag heaps, gossans and primary sulphides (occasional) are seen at a
number of localities viz., Maharani-Mata (25°50' : 75°16') Gardara (25°44' : 75°41'), Sitapura (25°44' :
75°37') Pagara (25°43' : 75°32'), Umar (25°41' : 75°28'), Manohargarh (25°39' : 76°26'), Gokulpura
(25°34’: 75°24') Chuleswarji (25°35’: 75°15'), Jhikri (25°29’: 75°11'), Jahazpur (25°37’: 75°17'),
Umedpura (25°26’: 75°06'), large slag heaps near Bigod (75°15’: 75°00').
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The regional geological setting is that of an isoclinally folded, doubly plunging syncline which
consists of an older intersected sequence of garnetiferous biotite schist, biotite-chlorite schist, shales,
slates and phyllites overlain by an younger sequence starting with conglomeratic quartzite at the base,
followed upwards by a predominant calcareous horizon represented by dolomitic marbles and banded
and ferruginous cherts. In some parts of the younger sequence, development of a horizon of carbon
phyllites, rnanganiferous and ferruginous phyllites and shales is also seen. The dolomitic marble,
ferruginous chert, ferruginous and manganiferous phyllites and shales have developed in two
subparallel zones.
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Geochemical anomalies (for mostly copper, also lead and zinc) were located at Jhikri,
Chuleswarji, Umedpura, Jahazpur and Umar. These zones correspond to the axes of EM anomalies.
Test drilling was carried out in Jhikri- Amargarh and Chuleswarji-Umedpura blocks and the results
were not encouraging. A large part of the belt is yet to be explored. A brief description of the explored
blocks is given below:
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Jhikri-Amargarh Block (25°29’: 75°11')
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A chain of old workings occur between southeast of Jhikri and Amargarh in a NW-SE trending
ferruginous breccia zone occasionally showing malachite stains and specks of galena. The general
strike of the metamorphites in this block is N30° - 40°E with steep to moderate north-westerly dips.
Geochemical sampling on the zone of old workings indicated anomalies for lead and zinc. In Amargarh
block, bed rocks near the old workings were tested by Cx method and a maximum metal content of
1500 ppm was recorded. Test drilling over a strike length of 1.25 km indicated a few thin and sparsely
mineralised galena-sphalerite zones in the ferruginous, breccia. In one borehole, galena and sphalerite
disseminations were seen in the dolomitic marble.

al

Reconnaissance stage (UNFC G-4) investigation was carried out in the area by GSI.
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Chuleswarji-Chainpura Block (25°35’: 75°15')
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A large group of old workings occur over a strike length of 2.5 km mostly in the carbon
phyllites and some in the dolomitic marble. They are in the form of inclines, shafts and pits with
profuse malachite staining. Most of the old workings are localised in the hinge portion of the fold, but
some are along the limbs also. The maximum width of the zone is 500 m. Geophysical survey indicated
EM anomaly close to the old working zone and coinciding with geochemical anomaly (soil samples).
Test drilling indicated very poor mineralisation (only pyritiferous zones were intersected). An
interesting feature is the association of molybdenum and vanadium in the mineralised zone.
Reconnaissance stage (UNFC G-4) investigation was carried out in the area by GSI.
Umedpura area (25°26’: 75°06')
About 2 km northeast of Umedpura, massive limonitic zones and old workings occur in
dolomitic marble. The zinc and lead values in the limonitic zones range from 100-2000 ppm and 50100 ppm respectively.
Gokulpura area (25°34’: 75°24')
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A mineralised zone, 250 m long and 2-6 m wide marked by malachite stains, old workings,
limonitic alteration etc., is seen along a NE trending fault cutting into the phyllites. Geochemical
surveys indicate high values near the old workings. EM zone is also located close to the old workings.
Reconnaissance stage (UNFC G-4) investigation was carried out in the area by GSI.
Maharanimate area (25°50’: 76°15')
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A mineralised zone marked by old workings, malachite stains, hydrozincite coatings etc., is
seen on the western limb of an isoclinal (westerly dipping) antiform. The rock types are dolomites
grading laterally into calc-silicate rocks which are overlain by quartzites.
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Pachanpura- Chhabriya block, Umedpura-Manoharpura Block, Gelaji (East) and Amargarh
Blocks, Jahazpur Belt, (25°34’: 75°13’ and 25°35’: 75°14) Bhilwara district
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Geological setting
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All the blocks falls within the Jahazpur Group, which overlies the Mangalwar Complex of the
Bhilwara Supergroup.The rock types exposed in the blocks are quartzite, phyllite, dolomitic marble,
banded marble and quartz veins.
Reconnaissance stage (UNFC G-4) investigation was carried out in the area by GSI.
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Mineralisation
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Quantum of work done
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A number of impressive old workings are present in the zone of ferruginisation at the interface
of dolomitic marble and quartzite. Anomalous values of copper, lead, zinc and gold have been recorded
from the zone of ferruginisation.

og

In Pachanpura- Chhabriya block, three boreholes were drilled below the old workings, but the
core recovery was poor.
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In Umedpura-Manoharpura Block, two boreholes were drilled. Both the boreholes failed to
intersect primary mineralisation.

G

In Gelaji (East), soil and bed rock sampling were carried out, which indicated anomalous
values of zinc (upto 1000ppm).
In Amargarh Block, bed rock sampling and soil sampling were carried out.

Resources
No resource estimation could be made due to poor core recovery.
1.2.2 Lead – Zinc deposit / occurrences in the Aravalli Supergroup
A. Zawar Pb- Zn deposit, Udaipur district
Old mines, heaps of slag and earthen retorts used for smelting bear testimony to once
flourishing mining and metallurgical activities in Zawar area of Udaipur district. The remains of
temples, forts and dams near Zawar show that there was a flourishing township.
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Geological set-up
The rock formations of Zawar belt belong to Aravalli Supergroup. The litho-units include
phyllites, slates, conglomerate, gritty greywacke, dolomites, and quartzites together with some
unmetamorhosed basic igneous rocks.
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The structure of the area is exceedingly complex. The earliest deformation resulted in the
development of isoclinal folds. The subsequent E-W system of cross folds and shears carry
mineralisation in the area. The N-S folds (west dipping) are represented by Zawarmala and Baroi
deposits plunging north and the E-W cross folds by Balaria-Mochia-Sonaria-Ruparia and Bawa
anticlines plunging west. The formations and mineralised zone show generally steep dips (Fig.II.1.7).
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Lead- Zinc mineralisation in this belt is confined to fine grained dolomite and gritty
conglomeratic dolomite with subordinate interbedded phyllite and quartzite. The lead-zinc ores occur
as sheeted zones, veins, stringers and disseminations forming lenticular bodies arranged in overlapping
en-echelon pattern. The individual shoots persist along strike over distances of 50m to 500m and at an
angle of 50o to almost vertical. The ore shoots plunge at 30o to 60o towards west (in the case of E-W
trending bodies) or north (in the case of N-S trending bodies). The ore shoots persist over long
distances down the plunge.

Quantum of work done (by GSI)

:
:
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Regional mapping
Large scale mapping
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The main sulphide minerals are sphalerite and pyrite with lesser amounts of galena.
Chalcopyrite, pyrrhotite and arsenopyrite are the associated sulphides. Appreciable amounts of silver
(native silver occurs as thin films and wires) and cadmium occur within the ore minerals.
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Drilling (1962-71)

67 sq.km
on 1:1000 scale
(1951-54 & 1959-65)1.00 sq.km in Balaria 0.63 sq.km
in Mochia East 0.70 sq. km in Baroi Mogra
6,729.95m in 15 boreholes in Balaria 1,558.20m in 6
boreholes Mochia East 4,314.27m in 11 boreholes
Baroi Mogra
Mochia mine

East Mochia , Udaipur district

G

Mineralisation

In Mochia east the strike length of the mineralised zone is 1.2 km The width of the ore bodies
range from 1.80 to 13.24m The majority of the old stopes in the mines indicate ore shoots to have
followed two directions, viz. E-W (parallel to bedding) and SSE or SE at angles of 30o – 45o to
bedding. Drilling has brought out two main zones of mineralisation, viz. northern zone (354 to 343m
RL) and southern zone (309 to 274m RL).
In central Mochia the ore was mined earlier at upper levels. HZL carried out detailed
exploration between the 5th and 7th levels. The individual ore body comprises a number of veins,
veinlets, breccia zones, disseminations and tension fracture fillings. The strike is N80oW with steep
dips and plunging 50o to 55o towards west. The ore bodies are parallel and overlap over considerable
lengths, and bifurcate and finger out both along strike and dip, mainly governed by the lithological
variation in dolomite. There are variations in grade both along strike and dip.
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Quantum of work done
Large scale mapping

:

Geophysical Prospecting
Drilling By HZL

:
:

1.60 sq km (1:1000) includes E & W Mochia,
Sonaria and Ruparia
Resistivity profiles along two sections –length 800m
Surface-11,820.34mUnderground-54,747.78m

Resources
A total resource of 26 million tonnes with grade of 3.79% Zn and 1.69% Pb has been
estimated in this mine over 4050 m strike length and upto 400m explored depth extension.
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Balaria mine Udaipur district
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The strike length of the ore zones is 2.5 km and a number of en-echelon lenses occur with
varying thickness mostly around 15m.The mineralisation has been established down to 0m RL and is
expected to persist below that depth. In the southern part, the ore zone consists of tabular en echelon
lenses with sinistral pattern of overlap both on strike and dip. The length to thickness ratio in western
Balaria is 1:10-15 whereas in the central Balaria this ratio gets reduced.
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1.0 sq km (1:1000)
Surface-16,787.73mUnderground-54,747.78m
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Large scale mapping
Drilling by HZL
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Quantum of work done

Su
r

Resources

A total resource of 18.97 million tonnes with grade of 5.66% Zn and 1.14% Pb has been
estimated in this mine over 1700 m strike length and upto 380m explored depth extension.
Zawarmala mine ,Udaipur District
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The mineralisation is in dolomites in the form of veins, veinlets, breccia fillings and
disseminations. The ore is localised at the hinges and to lesser extent on the limbs of asymmetrical
anticlines plunging northwards. The strike length of the zone is 1000m The eastern lenses are richer in
zinc, the central lenses contain lead and zinc and the western lenses are rich in zinc and pyrite. Six
lensoid bodies (100 to 150m in lengths and 3 to 40m in width) are delineated in the central part. They
trend N5oW to N25o E. The ore bodies plunge 30o to 40o due north.
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Quantum of work done

Regional mapping
Large scale mapping
Drilling by HZL

:
:
:

67 sq km (Entire area of Zawar Group of
mines)
0.35 sq km on 1:1000 scale
Surface-5153.43m Underground-15,142.24m

Resources
A total resource of 18.03 million tonnes with grade of 3.72% Zn and 2.16% Pb has been
estimated in this mine over 1000 m strike length and upto 330m explored depth extension. The mine is
under production.
Baroi mine Udaipur district
The strike length of mineralisation is 1250m .The topography is in the form of an arcuate ridge
trending NE-SW in the north, gradually changing to N30o E –S30oW and then assuming a N-S
direction in the south. In the northern part the ridge joins Haran Mogra and Bawa deposits which in
turn extend to Mochia and Balaria mines.
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The mineralisation is controlled by axial plane fractures of the west dipping tightly folded
isoanticlines and Z shaped folds plunging 40o-50o due north or NNE. The ore bodies are narrow (1-11m
wide) and contain a greater content of lead than zinc. The individual lenses are 50-150m long and the
sulphide mineralisation is mostly in the form of fracture filling, pockets, vein and disseminations.
Quantum of work done
: 67 sq km (Entire area of Zawar Group of
: 1.50 sq. km on 1:1000 scale
: Surface-19,512.03m
Underground- 5,965.99m

mines)
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Regional mapping
Large scale mapping
Drilling by HZL

Fig.II.1.6 GEOLOGICAL MAP OF ZAWAR MINERAL BELT
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Resources
A total resource of 11.33 million tonnes with grade of 1.23% Zn and 4.29% Pb has been
estimated in this mine over 1250 m strike length and upto 100m explored depth extension.The mine is
under production.
Hameta Mogra Prospect (24°23’00”:73°40’50”)

ia

Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI. This prospect
extends over a strike length of about 1.64 km and has been explored by mapping (2.5 sq km on 1:4000
scale) and drilling (16 boreholes aggregating 2437.44m). The mineralised zones are localised in N-S
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trending northerly plunging fold system in dolomite and gritty conglomeratic dolomite. Inferred
resources (UNFC-333) are placed at 1.68 million tonnes.
Baroi - Paduna-Bara area (24°19’10”:73°40’00” and 24°11’00”:73°42’30”)

of

This area forms the southern part of the Zawar belt. The rock formations are folded with N-S
strike and steep (70-80°) dips to either side.

y

The Paduna north block is located on the western limb of the north plunging Zawarmala
anticline. Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
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It has been explored by mapping (1.80 sq km on 1:2000 scale) and drilling (4801.45 m in 28
boreholes). The Paduna South Block has been explored by 1074.90 m of drilling in 8 boreholes and
0.32 sq km of mapping on 1:2000 scale. In addition 1027.77 m of drilling in 7 regional boreholes was
done by the GSI in the area. In this area the ore bodies occur as elongated en echelon lenses with length
to width ratio of 10:1 to 15:1.
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In the Paduna north Block two well defined mineralised zones, each with 6 ore lenses have
been delineated. The western zone is in siliceous dolomite and the eastern zone is in gritty dolomite.
The ore lenses range in length from 73 m to 316 m inferred Resources estimated upto 300 m depth are
in table II.1.14.
Table II.1.14 Inferred Resources Estimated upto 300 m Depth
At 3% Pb + Zn cut-off

eo
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At 2% Pb + Zn cut-off
Grade

Resources

Grade

3.14

3.25% Zn+0.67% Pb

1.69 million
tonne

3.95% Zn +0.95% Pb

G

Resources

million tonne

In the Paduna south Block all the boreholes have intersected lead-zinc mineralisation. Nine
zones ranging in thickness from 0.15 m to 3.86 m and metal contents of 0.74 to 8.69% Pb + Zn have
been identified. But zones of possible economic significance are present only in two sections.
Parshad block (24°09': 73°43')
Fairly significant lead-zinc and copper ore bodies may be present in this block.
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Bara Block (24°13': 73°42')
Reconnaissance stage (UNFC G-4) investigation was carried out in the area by GSI. Regional
boreholes show 0.1 to 7.82% Pb, 0.19 to 5.20% Zn and minor copper zones (upto 0.59% Cu).
B. Other Lead – Zinc Deposit / Occurrences
Chauth - Ka – Barwara Zone, Sawai Madhopur district
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Lead mineralisation is recorded within the pre-Delhi quartzite, abutting against the Vindhyans
in the vicinity of the Boundary Fault at Chauth-Ka-Barwara (26°03’N: 76°13'E) and Ranthambor
(26°01’N: 76°30'E). The Chauth-Ka-Barwar a prospect has been investigated by 0.2 sq. km of mapping
on 1:500 scales, soil sampling and 2275.25m of drilling in 14 boreholes.
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Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI. The area is
mostly concealed under alluvium except for scanty exposures. The rock types occurring ih this area are
shales, slates, quartzites and impure limestone belonging to the Gwalior Group (pre-Aravalli?) which
are overlain unconformably by the Vindhyans. The rocks are folded into anticlines and synclines
plunging southwards. The lead mineralisation is along a NE-SW trending fault. Extensive old workings
for galena are located 6.5 km ENE of Chauth-Ka- Barwara. The mineralisation appears to be highly
lenticular, patchy and impersistent along strike and dip. The mineralisation mostly comprises
disseminations, stringers and veinlets of galena with minor pyrite and chalcopyrite.
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Mineralisation
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Though the drilling has established lead mineralisation over a strike length of 240 m, zones of
appreciable width are restricted to a stretch of 120 m The deepest borehole intersection obtained from
the mineralised zone is down to a vertical depth of 150 m Only two boreholes have intersected good
lead bearing zones over attractive widths, viz., CBH-1: 2.53% Pb x 9.81 m; CHB-2: 5.45% Pb x 4.61 m
In other boreholes, the lead content is between less than 1.0% and 3.0% over small widths.
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1.3.0 Basemetal Deposits / Occurrences in Delhi Supergroup
1.3.1 Copper deposit / occurrences
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The important copper occurrences are recorded both in the North Delhi and South Delhi Fold
belts.

G

A. North Delhi Fold Belt

In North Delhi Fold Belt copper mineralisation are 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.
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The Khetri and Kho-Dariba copper sulphide ore mineralisation and the polymetallic sulphide
ore mineralisation along Ajari-Basantgarh-Ambaji-Deri are the two major sulphide deposits.

Fig.II.1.7 GEOLOGICAL MAP OF KHETRI BELT SHOWING DIFFERENT PROSPECTS
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Khetri Copper Belt (North Delhi Fold Belt)
Khetri Copper Belt (KCB) straddles the two northern districts of Rajasthan, viz., Jhunjhunu
and Sikar. It extends from Singhana in the north to Sangarva in the south in NE-SW strike for 80 km
with width varying from 5 to 12 km (Fig.II.1.8). The belt comprises tightly folded Proterozoic
metasediments that rest over basement gneisses of older age. It contains a chain of working copper
mines and a number of prospects with impressive old workings and gossans.
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The producing copper mines are mostly confined to the northern part of the belt, which has
been designated as North Khetri Belt (NKB). The NKB is truncated in the south by an E-W trending
fault following the Kantli River. Continuation of KCB in the south of the Kantli River fault has been
designated as South Khetri Belt (SKB). Both NKB and SKB are part of the North Delhi Fold Belt
(NDFB) that extends eastwards into Alwar and Bharatpur districts of northeastern Rajasthan.
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The NDFB is geographically separated by a ‘gap area’ from South Delhi Fold Belt (SDFB) that
occupies the axial part of the Aravalli Mountain Range of south central Rajasthan and traverses the
districts of Ajmer, Pali, Nagaur, Udaipur and Sirohi, Younger Proterozoic sequence continue under the
sand cover of 'Thar Desert', west of the Aravalli mountain range, while older Proterozoic
metamorphites and basement gneisses of Archaean to Proterozoic age (the B.G.C.) occupy the plains to
the east.
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Out of 50 odd prospects three operating mines hold a total resource of 85 million tonnes of
1%Cu. Several prospects have been identified for future exploitation that includes Banwas, Chandmari
etc.
North Khetri Belt
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The northern part of Khetri Copper Belt extends from Singhana to Babai over a stretch of 30
km is very significant and important from economic point of view. Three mines viz. Khetri (Madhan –
Kudhan), Kolihan and Chandmari are producing copper ore at present and there are many small
deposits e.g. Banwas, Dholamala, Akwali, Surahari, Malwali, Chinchroli, etc., with limited potential. A
total of 85 million tonnes of copper ore have been proved in three operational mines.
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Khetri (Madhan Kudhan) deposit (28°03’35”:75°47’40” and 28°04’45”:75°46’45”) Jhunjhunu
district

G

The Delhi Supergroup of rocks are well exposed in the area. The Alwar Group is characterised
by profuse development of psammitic rocks with relatively minor intercalated phyllitic formations and
Ajabgarh Group is dominantly pelitic in composition represented by felspathic quartzite and amphibole
quartzite. The rocks have been intruded by metadolerites and amphibolites followed by acid intrusions
of granites, pegmatites and quartz veins. The regional strike of the the rocks is in roughly NE-SW
direction with moderate to steep dips ranging from 30o – 70o generally to the northwest. The rocks are
intensely folded into large NE-SW trending asymmetric longitudinal folds having sub-horizontal
plunge and are faulted.There are numerous transverse faults identified in the area which have displaced
the major lithological contacts but do not appear to displace ore lenses and could be pre-mineralisation
faults.
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Mineralisation
The structure has played a dominant role in the localisation of mineralisation. There are
extensive old working with large mine dumps over strike length of 1.5 Km mainly along the western
slopes and at place on top of the ridge. The important stopes are in Madhan and Kudhan group of old
workings. Other evidences of mineralisation include the well defined and fairly continuous gossan
bands.
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The bulk of mineralisation consists of an irregular net work of impersistent stringers,
disseminations, blebs and patches of sulphides often associated with equally irregular veinlets,
lenticles, patches and bunches of vein quartz materials.
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In this area Detailed Exploration stage (UNFC G-1) investigation has been carried out.
Quantum of work done
(a) By IBM

of

: 800 sq. km on 1: 16,000 scale (1956- 58)
: 4.45 sq. km on 1: 200 scale (1957-64)
: Soil samples at 15 m interval tested for Cu across
Madhan Kudhan lodes. 20,000 cores, sludge and
mine samples assayed for Cu.
: Surface drilling14,063 m (48 boreholes)
: 812 m (14 boreholes)
: Total 3400m consisting of 3 inclined Shaft, cross
cuts and drives to explore Strike length of 610m
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Drilling
Underground drilling
Exploratory mining by IBM
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Regional mapping
Large scale mapping
Geochemical prospecting
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(b) By NMDC/HCL
Surface geol. mapping
Underground geol. mapping
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Diamond drilling
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Mine development

: 2.04 sq.km on 1:1000
: All mine development at various levels and sub
levels on 1:100 or 1:250
: Surface- 68,334m (225 boreholes)
Underground- 77491m (1116
boreholes)
: (a) Shafts/Incline Production shaft; Service shaft;
Main levels; Level interval
(b) Amount of mine development: Over 50,000m
(c) Stoping method: sub level long hole. Open
stopping
(longitudinal
and
transverse)

Resources
Based on geological characteristics two lodes namely ‘Madhan Lode’ and ‘Kudhan Lode’ have
been recognized in the mineralised zones. The Madhan lode is wider, richer and more persistant. The
host rock is garnetiferous chlorite-quartzite/schist. Within this lode, two fairly persistent and well
defined lodes have been recognized, namely the ‘Footwall Lode’ and the ‘Hanging wall lode’ of which
the footwall lode is persistent. The Kudhan Lode is narrower and comparatively poorer. The total
measured resources (UNFC 331) estimated in Madhan Kudhan deposit is given in table II.1.15.
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Table.II.1.15 Total Measured Resources Estimated in Madhan Kudhan Deposit
Resources in million tonnes

Grade

Remarks

43.82

0.91

55% of the reserves likely to be recovered
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Intervening blocks
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5-6 km north of Khetri town, between the Kalapahar Block (southwest) and the MadhanKudhan Block (northeast)

ve

y

of

The rocks of the area belong to the Delhi Supergroup comprising mostly quartzite, phyllite,
varied types of schists, amphibolite and magnetite rock (Ajabgarh Group) and amphibole quartzite and
feldspathic arkosic quartzite (Alwar Group). The post Delhi intrusives are quartz vein, meta-basic
dykes and felspathic veins. The general strike of the rocks is NNE-SSW to NE-SW with dips of 25o to
80o towards west and northwest. Effects of shearing are observed mostly in schists and phyllites. There
is a prominent shear zone in the hanging wall phyllites.
Prospecting stage (UNFC G-3) investigation has been carried out in this area.
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Mineralisation

A number of old workings with mine dumps, discontinuous gossan bands constitute the surface
showings of copper mineralisation over a strike length of 1.2km
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There are two distinct zones of sulphide mineralisation, viz (i) Hanging wall zone –in the
schists and at the schist /amphibolite-magnetite rock contact, and (ii) Footwall zone in the amphibole
and felspathic quartzite. The sulphides with pyrrhotite dominating over chalcopyrite (pyrite in minor
amount) occur as disseminations, impersistent lenses, stringers and veinlets. The ore lenses are
generally parallel to bedding /foliation.

G
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Quantum of work done

Regional mapping
Large scale mapping
Geochemical prospecting
Drilling

:
:
:
:

Completed on 1:16,000 (1957-58)
0.45 sq.km on 1:1200 scale (1967-69)
33 gossan channel samples along 4 cross sections
5482.17m in 13 boreholes (1967-72).

Copper content from trace to 0.60% with an average of 0.2-0.3% over 2.0-7.5m width recorded
in geochemical samples.
Resources
Based on the available data, inferred resource of about 0.35 million tonnes of low grade ore of
0.5% to 0.8% Cu have been estimated.
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Kalapahar Block(28°02’30”:75°46’30”)

ia

About 4 km north of Khetri town, between the Intervening block in NNE and the Kolihan
Block in SSW.
The rocks of the area belong to Delhi Supergroup comprising varied types of phyllites
interbanded with quartzites and schists (Ajabgarh Group) and amphibole and felspathic quartzite with
intercalations of amphibolite and marble (Alwar Group). The post Delhi intrusives are represented by
metabasic sills and dykes, quartz and carbonate veins. The formations trend N-S to NNE-SSW
direction with dips ranging from 35o to 75o west or WNW. The lithological contacts are generally
sheared. Prospecting stage (UNFC G-3) investigation was carried out in this area.
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Mineralisation
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Kalapahar has a strike length of about 1500m, of which the surface evidences for
mineralisation (old workings, thin gossan bands) are well evident for a length of 450m in the southern
part in amphibole-magnetite rocks near the amphibole quartzite/garnet-biotite schist contact. A strike
length of about 800m has been explored by drilling. The ore zone is mostly impersistent and the ore
lenses /shoots are intersected at various levels. The mineralised zones occur in various rock types
namely carbon phyllite, schists, marbles and feldspathic/amphibole quartzites. It appears that at shallow
levels pyrite and pyrrhotite generally dominate over chalcopyrite. At deeper levels, however, copper
rich zones (1.71% Cu over 7.7m and 1.68% Cu over 5.5m) are recorded.

Regional mapping on 1:16,000

27 gossan channel samples from two cross
sections, copper content from 0.06% to 0.11%
over width of 9.0-12.5m
5711.25m in 11 boreholes (1966-73)
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Resources
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Geochemical prospecting

Drilling

completed (1956-58)
0.84 sq.km (1:1200 scale) 1966-72

al

Large scale mapping
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Quantum of work done
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Inferred resource of 0.24 million tonnes with 1.16% Cu has been roughly estimated from drillhole intersections.
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Kolihan deposit (28°01’00”:75°46’00” and 28°01’30”:75°45’15”)

In
d

ia

The deposit is located between Madan Kudhan and Bhopalgarh fort. The most promising block
is the Kolihan (Central Block) that is located 3 km NNW of Khetri town in Jhunjhunu district.
The area comprises rocks of the Alwar and Ajabgarh groups which include a basal unit of
quartzite with sedimentary breccia and iron formation, followed upwards by amphibole (± biotite)
quartzite, impure marble, amphibole-magnetite marble, para-amphibolite and garnet chlorite schist with
bands of magnetite. The upper part of the sequence is formed by andalusite-biotite schist and mica
schist. Two phases of deformation have been recognized. The earlier deformation (KD1) produced
isoclinal to tight folds (KF1) with associated gentle to moderately dipping shear zone showing oblique
slip movement having a large, usually dextral strike slip component. The second stage of deformation
(KD2) produced upright to steeply inclined close to open folds with NNE-SSW striking planar
crenulation cleavage in the pelitic schist.
Mineralisation
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The richer zones of copper mineralisation are seen in chlorite schists and amphibole bearing
rocks close to the footwall quartzites where shears are prominently developed. The mineralisation
occurs as fine disseminations, stringers, bands and massive lenticular patches of sulphides comprising
mostly chalcopyrite and pyrrhotite with minor pyrite. The other minor sulphide minerals are sphalerite,
arsenopyrite, pentlandite, cubanite, skuterrudite and mackinawite. The oxide phases are magnetite,
ilmenite and rutile.
In the upper levels the mineralisation is characterised by predominance of chalcopyrite. The
proportion of pyrrhotite gradually increases with depth and often shows interbanding with chalcopyrite
rich ore. Gold association has been recorded in zones with higher concentration of chalcopyrite.
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Lode-I
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The mineralised zone in the Central Block has a strike length of 750m with width varying from
10 to 100m. This mineralisation extends into the north block (780m). Within the mineralised zone the
copper lodes with high metal content occur as disconnected lenses of variable width, length and depth
persistence. Three lodes (South lode, Lode-I; North lode, Lode-II and East lode, lode-III) with multiple
ore shoots have been delineated in the block. The mineralised zone has a strike of NNE-SSW with a
dip of 45° towards west. The zone becomes steeper below 420 m RL. Consequently, the lode cuts
across various lithologies at deeper levels. Salient points of all the three lodes of Kolihan central Block
are as follows:

This lode occurs in the southern part of the block between 530m RL and 424m RL. Above
424m RL it occurs at the contact of phyllite and schist. Below 424m RL it swings towards the footwall
amphibole quartzite contact and occurs in chlorite-biotite schist.
The lode has a maximum width of about 45m and contains a number of rich ore shoots with
>5% Cu and varying in width from 1.5m to14m. The leaner partings with less than 1.0% Cu within the
ore shoots range in width from 0.6m to 6m These oreshoots have northerly pitch of 20° to 60° and have
strike persistence of over 90m These converge down dip and form a massive zone between 424m and
300m RL. Above 454m RL there is a divergence and thinning of ore shoots and increase in width of the
partings.
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Lode-II
This lode occurs in garnet-chorite-biotite schist in the northern half of the block between 568m
RL and 244m RL. Below 364m RL it occurs as thin discontinuous shoots. At the mine level (viz., 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 272m RL) as many as 7
ore shoots are seen. At 272m RL the lode has a width of 30 m, with an average copper content of 3.1%.
The width reduces to 2.5 m near 120m RL.
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The dip of the lode varies (50° to 60°) with depth towards west, from surface level to 424m
RL. The dip becomes vertical and swings east with amounts of 50 °, between 424 m RL and 120 m RL
before assuming the westerly dip. The richer ore shoots have northerly pitch varying from 10° to as
steep as 75°.
Lode-III
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This lode occurs below 380m RL and extends over the entire strike length. The ore zone occurs
at the contact of amphibole quartzite with schist.

7
8

Lode-II
(North lode)
79 m

Lode-III
(East lode)
269 m

34 m
1.74 % Cu*
500 m
60° ± 5°N

27 m
0.96 % Cu*
380 m
70° ± 5°

73 m

13 m
2.46 % Cu*
265 m
Nearly
vertical
59 m

5.5 m

6.1 m

6.7 m

18.78 Mt.

1.52 Mt.

10.01 Mt.
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Lode-I
(South lode)
368 m
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Average strike length of offshoots of the lodes
Average width of the offshoots of the lodes
Resources at 0.5% cut-off
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4
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Average strike length for all
levels upto 0mRL
Average width
Average grade
Maximum depth upto 0 mRL
Pitch
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The salient data of the Kolihan (Central) Block is as follows:

6.7 m

(after M/s Hindustan Copper Ltd.)

G

Ore shoots with higher copper content also contain significant gold. The range of gold values
for various average grades of copper is as follows:
3% Cu

0.8 to 1.5 g/t Au

1.5% to 2.5% Cu

0.8 to 0.6 g/t Au

0.8 to 1% Cu

0.4 to 0.5 g/t Au

The resources estimates made after exploratory mining show overall 28% increase in respect of
tonnage and no change in respect of grade. This increase in tonnage is mostly contributed by firstly, the
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East Lode (Lode-III) hosted by amphibole quartzite and secondly, through establishing new ore shoots
in the foot-wall lode hosted by quartzose chlorite-biotite schist.
Quantum of work done
By IBM and GSI

Soil sampling at 15 m interval along 6 sample lines
ranging in length from 180 to 915 m Copper values did
not exceed 50 ppm (1957-58 F.S.)
150 gossan samples and contact rocks geochemically
analysed for Cu, Co, Pb, Zn and Ni. Copper content
analysed between 0.15 to 0.25% with maximum of
0.65% (1964-66 F.S.)
21,000 core, sludge and mine samples assayed for Au,
Ag, Ni, Co, Mo, Pb, Zn and Sn apart from Cu
(i) Surface 8481 m (23 boreholes)F. S. 1959-66)
(ii) underground 4101 m ( 45 boreholes) F.S. 1963-66
Total3301 m
(i) vertical shafts (91.44 m)
(ii) Inclined shafts (124.82 m)
(iii) Aditing 4.86 m
(iv) Drives 937.82 m
(v) Cross-cuts 1554.54 m
(vi) Raises 9.34 m
(vii) Miscellaneous 242.07 m
(viii) Stripping 236.91 m

Drilling:

6

Exploratory mining:
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3

0.9 Sq Km

ia

2

Quantum
6 Sq Km (F.S 1956-58.)
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Nature of Work
Regional mapping:
on 1:16000
Large scale mapping:
on 1:600/1:2000
Geochemical prospecting: and
core sampling

1

Nature of Work

Quantum

Surface Geological mapping (1:5000)

0.78 Sq Km

G
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Hindustan Copper Limited

2

Underground mapping (1:100/1:250)

3

Drilling

4

All working levels

Surface

864 m

Underground

33000m

Mine development

30000m
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Kolihan North Block, Jhunjhunu district
The rocks belong to Delhi Supergroup and are represented by metamorphosed pelitic and
psamitic sediments with calcareous and carbonaceous intercalations. These are intruded by quartz and
felspathic veins, metabasic sills and dykes. The rocks have undergone intense shearing and tight
folding. A majority of the folds plunge 15o-80o due NNE to NE.
Mineralisation
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Old workings occur over a strike length of 900m but the maximum concentration is in the
southern part over a strike length of 225m. A majority of them are located along or close to andalusitebiotite-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 180m
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The sulphides comprise mostly pyrrhotite and chalcopyrite as disseminations, lenticular or
angular patches, stringers and veins occupying shears and fractures parallel, sub-parallel or
occasionally cross- cutting the foliation and bedding.
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In the southern part of the block, three important lodes occur, viz. (i) Lode III or Sakriwali lode
in schists, (ii) Foot-wall lode in marbles and (iii) Lode II in schists.
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The exploration in Kolihan North Block has increased the strike length of Kolihan mine Block
by another 780m in the southern part, bringing the total strike length to 1500m
Lode III or Sakriwali lode Lode intersected between 457m and 424m R.L.; strike length 228m;
average grade 0.5% to 1% Cu over an average width of 9m
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Foot-wall lode Lode intersected between 345m and 267m R.L.; strike length explored 365m;
grade varies between 0.53% and 0.95% Cu over widths of 2.0m to 21.50m
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Lode II: Lode intersected between -8.0m and -135m R.L. Thus the mineralised zone in Kolihan
persists down to a depth of about 750m; strike length is 245m and grade 0.50% to 1.15% Cu over
widths of 7.2 m to 13.7 m
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Quantum of work done

Regional mapping
Large scale mapping
Geochemical prospecting

Drilling

Exploratory mining

: 1:16,000 completed (1956-58)
: 1.01 sq. km (1:12000) 1965-66 and 1969-70
: 46 channel samples and 19 spot samples from gossan
outcrops analysed for Cu, Ni, Co and Zn. Copper
content vary from 50 ppm to 800 ppm One exposure of
gossan averaged 0.16% Cu over a width of 30m
: 9130.55m in 26 boreholes (1962-72) incuding two deep
boreholes with a total depth of 967.0m and 893.30m
respectively to test ore zones below 0 m R. L.
: Total 524 m by extending 424 m level from Kolihan
Central Block and two cross-cuts total 280 m length.
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Resources
The Resources Study Sub-Group on copper nickel (Dept. of mines, HCL, MECL, IBM, GSI)
have indicated a measured resource (UNFC 331) of 1.29 million tonnes with 0.8% Cu (as on
31.3.1978)
Chandmari Kolihan South Block, (28°00’00”:75°46’00”) Junjhunu district

ia

The rocks of the area belong to Delhi Supergroup. The Alwar Group is represented by feldspar
and amphibole bearing quartzite with lenses of amphibolite, talc –amphibole magnetite schist and
marble. The various types of schists and phyllites interbanded with quartzite represent Ajabgarh Group.
These rocks are intruded by sills and dykes of metabasic rocks and quartz vein.
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In the western portion of Chandmari Block, the rocks are mostly low grade phyllites and
schists, with widespread occurrence of andalusite as a product of thermal metamorphism The grade is
comparatively higher in eastern part as seen from the assemblage of actinolite, anthophyllite,
cummingtonite, grunerite, garnet, biotite, etc.
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The rocks have undergone intense and repeated deformation and are highly folded. Faulting
and shearing are concomitant with folding. The most conspicuous feature is the 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. Shearing is developed parallel to the strike as well as transverse to them The
transverse shears are often mineralised.
Mineralisation

al

A number of old workings occur over a strike length of 600 m on the eastern slope of
Chandmari ridge. They are mostly located at the hanging-wall or the foot-wall of the gossan exposures.
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Though copper mineralisation occurs in different rock types, pay zones are generally restricted
to the amphibole –chlorite –biotite- quartz schist and its contact with the felspathic quartzite. There are
two prominent mineralised zones, viz., footwall lode and hanging wall lode.
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The footwall lode occurs along the contact of amphibole-biotite-chlorite quartz schist and the
feldspar-amphibole quartzite, and the Hanging wall lode occurs in a band of garnetiferous amphibolemagnetite schist within the phyllites.

G

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 pattern. Narrow veins (10 to 90 cm) within this zone carry 4 to 10% Cu.
Chandmari South Lode
This has a strike length of 427 m and appears to continue to a depth of 183 m (i.e. 251m R.L.).
It varies in width from 1.84m to 28.3m and in grade from 0.50 % to 1.20% Cu. Faulting has affected
the ore zone that has resulted in an anomalous width (18.6 m) of the ore zone with average grade of
0.53 % Cu, intersected along a bore hole drilled from the west in the hanging wall section. Drilling
investigation of the Chandmari deposit from 1983 to 1989 by MECL (44 boreholes ; 15, 227m)
delineated a new orebody extending for 250m along strike and estimated to contain measured resource
(UNFC G-1) of about 3.8 million tonnes of ore with 1% Cu.
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Chandmari North Lode
This has been explored for 365 m strike length and to a depth of 244m (i.e., 190 m RL). It
varies in width from 1.84m to 20.0m and in grade from 0.47 % to 1.05% Cu.
Hanging wall Lode

ia

The gossan zone corresponding to the hanging wall lode is exposed for nearly 1200 m Four
shallow boreholes explored a strike length of only 350m The third borehole intersected two zones
assaying 0.41% and 0.87% Cu over widths of 6 m and 4 m respectively. Leaner mineralisation
(averaging 0.20% Cu) was intersected in the first two boreholes.
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Quantum of work done
(a) By GSI

Drilling

:

4.0 sq km on 1:16000 (1956-58)
0.23 sq km on 1:1200 (1954-55)
67 gossan samples tested for Cu, Pb, Zn, Ni and Co.
Copper content in footwall gossan varied from 0.07 to
0.17% Cu over width of 1.0 to 5.0 m while in
hanging wall gossan the copper content varied from
0.08 to 0.48 % and zinc from 2000 to 4000 ppm
8897.18m in 33 boreholes
(a) By GSI for HCL (1971) 2627m,
(b) By HCL 2007m
(c) By MECL15, 227m in 44 boreholes

of

:
:
:

Su
r

ve

y

Large scale mapping
Detailed mapping
Geochemical prospecting
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Resources
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The total measured resources (UNFC 331) and grade estimated for the Chandmari south and
north lodes are given in table II.1.16.
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Table II.1.16 Total Resource Estimated In Chandmari Block
Resources in Million Average grade% Cu
tonnes

0.5

2.4

1.17

3.8

1.0

G

South lode HCL

Cut-off% Cu

MECL

North lode

0.4

1.24

0.81

GSI

0.6

0.71

0.98
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Akwali Deposit (27°54’00”:75°44’00”) Jhunjhunu district
The rocks belong to the Alwar and Ajabgarh groups of the Delhi Supergroup. The Alwar
Group is mainly arenaceous represented by feldspathic and amphibole quartzite interbedded with
phyllites and marbles. The Ajabgarh Group is essentially pelitic comprising mostly andalusite schist,
amphibole schist interbands of carbon phyllite and garnet- quartz-andalusite schist, quartz-mica schist
and massive quartzite.
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Akwali deposit lies on the western limb of Khetri-Babai anticline, close to its south-westerly
plunging nose. A number of flexures and minor folds in the block plunge with low angles to the
southwest. The regional strike of the bedding varies from N-S to N40°E - N40°W with westerly dips of
30° to 60°. The general strike of the foliation varies from N10°E to N40°E with westerly dips of 30° to
70°.
Mineralisation
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The mineralisation at Akwali is controlled by a N30°E-S30°W trending shear zone, that is
parallel or sub-parallel to the bedding and foliation. The mineralisation extends over a strike length of
4.8 km of which the strike length of Akwali North Block is 1 km. In this block, there are three zones of
mineralisation of which the zone confined to carbon phyllite bands within andalusite phyllite is
economically important, as it contains the main Akwali lode. The other zones (i) at andalusite phyllite
/metadolerite contact and (ii) in amphibole quartzite are less important.
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The primary sulphides in Akwali lode are pyrrhotite and chalcopyrite with minor quantities of
sphalerite and pyrite occurring as disseminations, patches, veins and stringers. Thin cobalt bearing
zone, cobaltite and skuterrudite, was noticed in the exploratory mining. Other associated sulphides
include melaconite and marcasite with occasional pentlandite and molybdenite.
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The detailed exploration by drilling and exploratory mining has proved the existence of a cigarshaped lode (Akwali Lode) 700m in length with maximum width of 9.0m 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 1.5m

G
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Quantum of work done

Regional mapping
Large scale mapping
Drilling

:
:
:

Exploratory mining

:

5.0 sq. km on 1:32,000 scale (1956-58)
Only gossan samples tested
Surface:7953.73m in 35 boreholes
Underground:1362.62m in 22 boreholes
Total 2089.35 m consisting of 2 inclined shafts379.22m; Drives-559.46m; cross cut-643.13m;
stripping-479.44m; trenching-23.10m and adit-5.00m

Resources
The measured resources (UNFC G-1) estimated by GSI during 1973 between 620 m RL. and
250 m RL. is as follows:
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At 0.4% Cu cut-off

At 0.8% Cu cut-off

1.65 million tonnes

1.50%Cu

0.98 million tonne

2.20%Cu

Akwali Extension –Central, South Kalota-South and East Blocks Jhunjhunu district
Central Block
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This block is connected with Akwali North Block and has been explored by drilling 13
boreholes. Three sulphide zone containing small lenses of 100 m strike length occur below the Badwali

of

group of old-workings. These zones vary in width from 0.4 m to 2.60m and assay from 0.24% to 1.40%
Cu.
South Block
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This block was explored by drilling 15 boreholes. A small resource of 0.12 million tonnes, at
0.4% Cu cut-off, with an average grade of 1% Cu over widths ranging from 1.50m to 5.0m was
established between 636m RL and 554m RL.
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Kalota South Block
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In this block, four sections were explored by three series of boreholes. Marginal to poor
mineralisation was intersected only in one section at two levels. The third level drew barren. The
results indicate two assay zones of 0.32 % and 0.72 % Cu over widths of 0.55 m and 7.35 m,
respectively in the I level and continuing with an assay of 0.34 and 0.70% Cu over widths of 0.8 and
4.8 m, respectively in the II level.

og

East Block
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The mineralisation in the block is 5 m to 10 m wide and extends for 300 m on the surface.
Indications suggest that the main commodities are cobalt and copper. Out of four boreholes drilled in
the block only one borehole intersected a 1.2 m wide zone of 0.64% Cu.
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Banwas Block (28°05’00:75°50’00”)
No surface indication of mineralisation is recorded in the block. The area is covered by sand
and alluvium. Subsurface data indicate that the underlying lithologies are mainly feldspathic amphibole
quartzite (Alwar Group of Delhi Supergroup). In the south-eastern part of the block lenticular bands of
marble occur in chlorite-schists belonging to Ajabgarh Group. Geophysical surveys in the block have
indicated a major strike slip fault and a transverse fault in the north-eastern part of the area.
Mineralisation
The sulphides comprising pyrrhotite, chalcopyrite and pyrite occur as fine disseminations,
stringers, and veinlets along bedding, foliation and fractures in siliceous dolomite, schist and footwall
quartzite. At shallower levels pyrrhotite and pyrite with minor amount of chalcopyrite occur while at
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deeper levels the zone is often rich in chalcopyrite with subordinate pyrrhotite. The maximum
thickness intersected during the investigation was 36.50m with copper assay varying from 0.5 to 7.8 %
Cu.
Quantum of work done
Completed on 1:16,000(1956-58)
0.15 sq. km on 1:2000 scale (1958-59)
S.P./Resistivity and Magnetic surveys during 1954-56 gave
anomalies with axis trending NNE-SSW in strike extension
of Madan-Kudhan section. I.P. Surveys during 1973-75
located anomalies over 500m strike length at a depth of 120150m
(i) 1081.49m in 6 boreholes
(ii) 10 boreholes drilled by GSI, WR during 1973-75 over a
strike length of 800m
(iii) AMSE (GSI) drilled 1964 m in 6 boreholes during
1975-76 over a strike length of 250m

:
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Drilling
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Regional mapping
:
Large scale mapping
:
Geophysical prospecting :
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Resources
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Bhainsawata Block (28o 08’ : 75o 01’)
Geological set-up
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The HCL have estimated the resources at 2.64 mt with 1.9% Cu (drill indicated) over 800m
strike length in the southern part of the block. AMSE has estimated resources of 0.28 million tonnes.
with 2.33% Cu (drill indicated); 1.09 million tonnes. with 2.20 % Cu (inferred) over a strike length of
250m and can be categorised under UNFC 333.
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The area is lagely covered. The observed quartzite and metasiltstone could represent a
particular facies of the Alwar quartzite of Delhi Supergroup, thus suggesting the existence of a large
synform between Bhainsawata and the eastern Singhana-Makro ridge. Reconnaissance stage (UNFC G4) investigation was carried out in this area by GSI.
Mineralisation

G

Oxidised and brecciated gossan zone is 90m long and 25m wide. Airborne geophysical survey
located a 4 channel EM intercept and magnetic high was observed near the oxidised zone.
Quantum of work done
One test borehole drilled 192m intersected oxidised zone. The results are inconclusive.
Deoro Block (28o 21’ : 75o 48’) Jhunjhunu district
Geological set-up
The rocks belong to the Ajabgarh Group of Delhi Supergroup comprising micaceous and
graphitic phyllite interbanded with quartzite, crystalline limestone, amphibole- biotite -chlorite schist
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and sericitic quartzite. Thin lenticular patches of metabasic rocks are emplaced along foliation in
macaceous phyllite. A major shear trending NE-SW with steep dips is located in the graphitic phyllite
/schist in south-western part of the block.
Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
Mineralisation
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Out of the total strike length of 650m, good intersection of ore zones is restricted to three
boreholes covering a strike length of 210m close to the footwall contact of the graphite phyllite. Small
slag heaps occurs close to the old workings. Chalcopyrite and pyrrhotite are prominent with pyrite in
minor amounts. The mineralisation is rather weak over the rest of strike length.
Quantum of work done

Drilling

:

Resources Not assessed
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Dholamala
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Geochemical prospecting

1:16,000 completed during 1956-58
0.25 sq.km on 1:1200 scale, 1967-69
S.P., Resistivity and magnetic surveys by NGRI in
1967. Two prominent S.P. anomalies located.
Channel samples of the shear zone in southwestern
part showed copper ranging from 0.08 to 0.68%
2718.95 m. in 8 boreholes +361.88 m. in additional
boreholes
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Regional mapping
Large csale mapping
Geophysical prospecting

eo
l

og

ic

The rocks are mainly metamorphosed psammitic and peitic sediments with intercalations of
calcareous and ferruginous bands belonging to Delhi Supergroup. Ajabgarh Group is represented by
andalusite –biotite schist and chlorite –quartz schist, while the Alwar Group is represented by
amphibole quartzite, feldspar-amphibole quartzite, amphibolite and marble. Meta-basic dykes and
quartz veins are the post-Delhi intrusives. The formations generally strike NNW-SSE to NW-SE with
dips of 35o-85o towards SW and WSW. They are folded and sheared. The folds plunge 15o to 30 o due
south.

G

Mineralisation

Surface indications such as old workings as many as 60 within a length of 450 m and gossan
are conspicuous over a length of 700m, while the zone appears to continue for another 300m in the
south as indicated by drilling.
The sulphide mineralisation is mainly of semi-massive to disseminated type. Chalcopyrite and
pyrrhotite are the main sulphides with pyrite in subordinate amount. They occur as a network of veins,
veinlets, stringers, lenticular patches and disseminations. Sulphides in good concentration are generally
restricted to the sheared and silicified zone occurring at the contact of garnetiferous chlorite-schists and
amphibolite. The ore shoots probably pitch at low angle due south.
General Exploration stage (UNFC G-2) investigation was carried out in this area.
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Quantum of work done
:
:
:

1:16,000 completed, 1957-58
0.84 sq. km on 1:1000 scale during 1969-72
170 gossan channel and bed rock samples and 130
spot samples tested for Cu, Pb, Zn, Ni & Co. Higher
copper values are present in the northwestern part
with 20% samples analysing over 1000ppm, but the
copper values decrease to 50-100 ppm in the
southeastern part
: (i) By GSI-2275m in 8 boreholes
(ii) By MECL 3623m in 16 boreholes(12 in South
Block and 4 in North Block)

ia

Regional mapping
Large scale mapping
Geochemical prospecting
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Drilling

Resources
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The indicated resources estimated by MECL are as follows:
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Fatehpur: (27 o 48’ : 75 o 44’) Jhunjhunu district
Geological set-up

y

Total: 1.5 million tonnes of 0.91% Cu grade.

The rocks exposed in the area are quartzites, amphibole schist with intrusions of pyroxenite,
metabasics, pegmatite and quartz vein.
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Mineralisation

eo
l

og

Surface indication of mineralization is malachite staining in old working walls which are
present in calcareous quartzite. Nearly 1.2 km long mineralized zone was investigated by drilling. The
results indicated weak copper mineralization.

G

Quantum of work done

Regional mapping
Drilling

: 1:16,000 completed, 1957-58
: 695 m in 4 boreholes

Resources Not assessed
Kakrana (27 o 54’ : 75 o 58’) Jhunjhunu district
Geological set-up
The rock types in the area are phyllites, quartz-sericite schist and quartzites belonging to
Ajabgarh Group of Delhi Supergroup. The general trend of the rocks is NNE-SSW with moderate dips
towards WNW.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Mineralisation
The mineralised zone extends intermittatly over a strike length of 1 km. The control of
mineralisation appears to be a set of parallel strike slip faults and a few cross faults along which
gossans and old workings are located. The gossan exposed to the west of Kakrana village is 500m long
and 5 to 40m wide and is very impressive. The drilling investigation has indicated that the depth of
oxidation may be more that 200m.
Quantum of work done

Drilling

:
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1.0 sq km (1:31,680), 1959-60
0.35 sq. km on 1:1000 scale during 1965-70
283 soil samples for Cu, Pb & Zn. Systematic sampling
of gossan outcrops revealed 400-600ppm Zn in western
part and 50-1000ppm copper in the southwestern part.
870.80 m (3 boreholes completed and 2 abandoned)
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Large scale mapping
:
Detailed mapping
:
Geochemical prospecting :

y

Resources Not assessed
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Kakrodh (28 0 01’ : 75 0 48’) Jhunjhunu district
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Geological set-up
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI. Numerous
old workings for copper along a mineralized fault contact between schist and quartzite (Delhi
Supergroup). Geochemical sampling indicated no significant anomaly; three boreholes (285 m)
indicated very sporadic mineralization.
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Madhogarh
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Fault-controlled mineralisation is present either in the basement mica schist and gneiss or in
overlying brecciated quartzite..Late intrusions and faulting are responsible for these small copper
occurrences with no economic potential.

Geological set-up

G

Delhi Supergroup of rocks are exposed in the area.

Mineralisation
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Very poor surface indications of mineralisation (iron-oxide staining in carbonaccous phyllite
and marble), small slag heaps. Magnetic and SP geophysical survey, indicating SP anomalies related to
carbonaccous phyllite and a broad positive magnetic anomaly.
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Malwali (27 0 51’: 75 0 50’) Jhunjhunu district
Geological set-up
The main rock types exposed in the area are quartz-biotite-graphite schist, amphibole schist,
amphibolites, quartzite and dolomitic marble belonging to Delhi Supergroup. Later intrusives include
pegmatite and quartz veins. The general strike of the rocks is ENE-WSW with steep dips towards
NNW.
Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
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Drilling

:
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Geochemical prospecting

Resources Not assessed

1:16000 Completed
1:2500 Completed
Airborne survey located one isolated six –channel EM
anomaly with magnetic association. Ground surveys –
IP and EM delineated a strong, conductive zone over
the old workings along a strike of 1 km.
400 soil samples over a close grid. A significant
anomaly for copper was located.
1694 m (11 boreholes)
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Regional mapping
Large scale mapping
Geophysical surveys
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Mineralisation
Surface indications of mineralisation include a series of old workings in the quartz-micagraphite schist. The old workings are located along gossanisation and ferruginisation over 6m wide
zone. A strike length of 1.1 km was covered by drilling that intersected copper mineralisation with
grades ranging from 0.63% to 2.00% Cu.
Quantum of work done
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Geological set-up

og

Mansagar (27 0 56’: 75 0 48’) Jhunjhunu district

Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.

G

Gossanized biotite-sericite schist with malachite stains and old workings are seen over a strike
length of 1.6 km. One five- channel and other six –channel EM anomalies with favourable decay ratio
were located over the mineralised horizon. Geochemical sampling (46 samples) carried out in the area
confining anomalous copper content in gossanized schist. 3 boreholes (845 m) intersected weak copper
mineralization (< 1% Cu).
Muradpur (Jhunjhunu district)
The area is mostly covered by desert sand and alluvium A few hills with sericite quartzite
exposures north of Muradpur village are present. Gossan from well cuttings are recorded. The area is
NE extension along strike of the Madhan-Kudhan-Banwas-Singhana magnetic anomaly and potentially
favourable formations. The major host rock of mineralisation is amphibole –magnetite quartzite and at
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places andalusite schist (Delhi Supergroup). The general trend of the rocks is ENE-WSW.
Stratigraphically the host rocks occupy the transitional position between the Alwar and Ajabgarh
Group of Delhi Supergroup. The area is charecterised by northeasterly trending folded rocks with well
defined bedding plane shears.
Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
Mineralisation
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The sulphides pyrite, pyrrhotite and chalcopyrite occur as stringers, veins, blebs and
disseminations. There are two lodes viz. hanging-wall lode at the contact of andalusite-biotite schist
and amphibole quartzite and foot-wall lode at the contact between amphibole quartzite and amphibolemagnetite rock.
Quantum of work done

:

Drilling

:
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Resources
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Geophysical surveys

2.5 sq.km on1:2000(including
Singhana and Pacheri
Blocks
SP, IP and Mag. methods delineated contact between
biotite-amphibole quartzite, host rock for copper
mineralisation, and overlying phyllite
5313m (14 boreholes)
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Detailed mapping

Inferred resource of 1.11 million tones with 0.71% Cu along a strike of 500m and can be
categorised under UNFC 333.
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Muradpur Block (Deep drilling project) Muradpur , Jhunjhunu district

Mineralisation
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Muradpur block forms soil covered northeastern extension of the KCB. Few isolated outcrops
of feldspathic quartzite and quartz-sericite schist are exposed in the area. The rock types belong to the
Delhi Supergroup.
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The mineralisation is confined to amphibole-biotite quartzite, amphibole-magnetite rock and
garnet-biotite schist.

G

Quantum of work done

Exploration in the block was taken up to explore the deeper level targets in the alluvium
covered northeastern extension of the Khetri Copper Belt between FS. 1999-2000 and 2003-2004. The
work component includes 3667.60m drilling in five boreholes, 331 core sampling, 57 geochemical
sampling and 11 samples for sulfer isotope studies. 300.90m of auger drilling was carried out in 24
boreholes.
Resources
Only one borehole (MRP – 3) intersected mineralisation of some significance at deeper level
(0.59% Cu in 11.80m zone between 535.75m and 547.55m and 0.80% Cu in 3.45m zone). The zones
were not traced along strike due to pinch and swell nature of the mineralisation.
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Muradpur West Block
Geological set-up
The area is mainly soil covered. The lithounits intersected in boreholes are feldspathic
quartzite, amphibole quartzite, magnetite bearing amphibole rich rock and biotite schist belonging to
the Alwar and Ajabgarh groups of the Delhi Supergroup.
Mineralisation
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The exploration was taken up during the FS. 2005-06 to check and establish the grade and
strike continuity of the mineralised zones intersected during FS- 1975 to 1981. Poor mineralisation was
intersected in one borehole (MBH-2).
Quantum of work done
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1022.05m of drilling in four boreholes and 154 nos of core sampling were carried out.
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Resources
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No resource assesment was made.
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Naila-ki-Dhani (27° 59’ 30” : 75° 52’ 25”) Jhunjhunu district
Geological set-up
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The lithounits of the area belong to the Alwar and Ajabgarh Groups of Delhi Supergroup.
Felspathic quartzite, amphibole quartzite represent Alwar Group, while garnetiferous schist,
garnetiferous amphibolites, marble and quartzite represent Ajabgarh Group. These rocks have
undergone three phases of deformation and show upper amphibolite facies of metamorphism and metabasic rocks belonging to Delhi Supergroup of rocks.
Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
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Mineralisation
Surface indication for mineralization is in the form of old workings for copper spread over 200
m in brecciated quartzite. Copper mineralization is typically fault-controlled, NW-SE brecciated and
silicified zone. Similar amphibole-bearing quartzite displays carbonate-chalcopyrite-pyrite-pyrrhotite
veinlets in well cuttings 500 m north of the prospect.
Exploration at Naila-ki-Dhani was based on the strong geophysical anomalies (IP, SP and
magnetic) in alluvium covered area. Out of eleven boreholes drilled (during 1995-98), nine have
intersected magnetite-pyrite-pyrrhotite mineralisation with insignificant copper content.
Quantum of work done
Large scale mapping
Geophysical surveys
Geochemical Survey

:
:
:

Completed
IP
Geochemical sampling of brecciated rocks indicated
up to 0.4%Cu
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Drilling
Detailed mapping
Geochemical sampling
Petrographic sampling
Drilling
Core sampling
Pitting and trenching

:
:
:
:
:
:
:

252m (2 boreholes)uring 1995-98
2.0 sq km on 1:2000
275 nos.
50 nos
2124.60m in 11 boreholes
349 nos.
75 cu. m.
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Resources Not assessed
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Nalpura ( 28° 01’ : 75° 53’) Jhunjhunu district
Geological set-up
Rocks belonging to Delhi Supergroup.
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Mineralisation
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Pacheri (28° 08’ :75°57’) Jhunjhunu district
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Malachite and chrysocolla are recorded in brecciated quartzite (300-600 ppm Cu). IP survey of
Airbrone-EM anomaly zone was carried out. Fault-controlled weak mineralization was observed
without economic interest.

Geological set-up
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The area is mostly covered by desert sand and alluvium. A few hills with sericite quartzite
exposures north of Muradpur village are present. Gossan from well cuttings are recorded. The area is
NE extension along strike of the Madhan-Kudan-Banwas-Singhana magnetic anomaly and potentially
favourable formations. The major host rock of mineralisation is amphibole –magnetite quartzite and at
places andalusite schist (Delhi Supergroup). The general trend of the rocks is ENE-WSW.
Stratigraphycally the host rocks occupy the transitional position between the Alwar and Ajabgarh
Group of Delhi Supergroup.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Mineralisation

The sulphides pyrite, pyrrhotite and chalcopyrite occur as stringers, veins, blebs and
disseminations. There are two lodes viz. hanging-wall lode at the contact of andalusite-biotite schist
and amphibole quartzite and foot-wall lode at the contact between amphibole quartzite and amphibolemagnetite rock.
Quantum of work done
Detailed mapping

:

2.5 sq.km1:2000(including Singhana and Muradpur
blocks)
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Geophysical surveys

:

Drilling

:

SP, IP and Mag. Methods delineated contact between
biotite-amphibole quartzite, host rock for copper
mineralisation, and overlying phyllite
901m (3 boreholes)

Resources Not assessed
Pacheri Kalan Block (28°08’15’’; 75°57’00’’) Jhunjhunu district;
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Geological set-up
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The area is mainly covered by desert sand and allivium and exposures are scanty. Boreholes
have intersected feldspathic quartzite, amphibole quartzite, magnetite bearing amphibole rich rock,
biotite schist and amphibolite belonging to the Alwar and Ajabgarh Groups of the Delhi Supergroup.
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The objective of the work was to check and establish the grade and strike continuity of the
mineralised zones intersected during FS 1975 to 1981.
Mineralisation

ve
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Mineralisation is mainly noticed in amphibole magnetite quartzite, biotite quartzite and schist,
which are grading to one another. The mineralisation behaves as pinch and swell structure.

Su
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Quantum of work done

Two boreholes were drilled covering 559.20m of drilling and 72 nos of core sampling.
Resources

al

One borehole intersected copper mineralisation in a 6.30m band with 0.22% Cu.

ic

Rajota (28° 01’ : 75° 48’) Jhunjhunu district

og

Geological set-up

eo
l

Delhi Supergroup of rocks is exposed in the area. Felspathic quartzite of Alwar Group is the
main host rock.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.

G

Mineralisation

Old workings for copper over a distance of 500 m in brecciated quartzite along a prominent
shear zone (20-25m wide).
Quantum of work done
Five boreholes with very poor mineralized intersections (0.1-03%Cu).
Rampur (Jhunjhunu district)
The rocks occurring in the area are dolomite, quartz-mica schist and amphibole quartzite
belonging to Delhi Supergroup of rocks. The intrusives are brecciated quartz veins and basic rocks. The
rocks strike NE-SW with steep dips towards SE.
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation
The old workings with minor slag dumps occur over a strike length of 150m .Two boreholes
drilled intersected disseminated sulphides.
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The northeastern part of the prospect, immediately north of the Delhi road, is characterized by
brecciated and silicified magnetite-bearing quartzite with scattered fault- controlled copper
mineralisation. This is probably the northern extension of Babai- Bokri-Malwali East fault zone, which
marks the limit of the East Khetri Belt. The central part of the prospect seems more favourable for
stratabound copper mineralisation. Rare outcrops of magnetite-bearing amphibolite and amphibolitised
marble are similar to the host rocks of the Tunda mineralised zone, 2 km to the southwest.
Quantum of work done
:

Drilling

:

Airborne geophysical surveys picked a cluster of 5 aero
EM anomalies. Ground surveys–Mag, EM and IP.
173.15m (1980)
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Geophysical surveys
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Singhana Jhunjhunu district
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The area is mostly covered by desert sand and alluvium A few hills with sericite quartzite
exposures north of Muradpur village are present. Gossan from well cuttings are recorded. The area is
NE extension along strike of the Madhan-Kudhan-Banwas magnetic anomaly and potentially
favourable formations. The major host rock of mineralisation is amphibole –magnetite quartzite and at
places andalusite schist (Delhi Supergroup). The general trend of the rocks is ENE-WSW.
Stratigraphically the host rocks occupy the transitional position between the Alwar and Ajabgarh
Groups of Delhi Supergroup. The area is characterised by northeasterly trending folded rocks with well
defined bedding plane shears.

Mineralisation

og

General exploration stage (UNFC G-2) investigation was carried out in this area by GSI.
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The sulphides pyrite, pyrrhotite and chalcopyrite occur as stringers, veins, blebs and
disseminations. There are two lodes viz. hanging-wall lode at the contact of andalusite-biotite schist
and amphibole quartzite and foot-wall lode at the contact between amphibole quartzite and amphibolemagnetite rock. A 600m long zone in the southern part
Quantum of work done
Detailed mapping

: 2.5 sq.km1:2000 (including Muradpur and Pacheri
blocks)

Geophysical surveys

: SP, IP and Mag. Methods delineated contact between
biotite-amphibole quartzite, host rock for copper
mineralisation , and overlying phyllite

Drilling

: 12,257m (34 boreholes)
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Resources
Indicated resource of 3.06 million tonnes with 0.83% Cu in the hanging-wall lode and 0.49
million tonnes with 1% Cu in foot-wall lode has been estimated. The resource can be categorised under
UNFC 333.
Tunda Jhunjhunu district
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The main rock types in the area are garnet- magnetite-chlorite – actinolite- tremolite schist,
sericite quartzite, amphibole quartzite, amphibolite with thin dolomitic intercalations. The area is also
affected by albitisation. The earlier stratigraphic grouping included the rock types in Delhi Supergroup
but later work in the area in mid -ninetees by Geological Survey of India has included the rocks of the

area in Pre- Delhi stratigraphy. The schists are intensely folded with minor folds plunging towards
SSW. The general strike of the rocks is in NE-SW with steep dips towards SE.
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Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
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Mineralisation

Quantum of work done

:
:
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Large scale mapping
Geophysical surveys
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A series of old workings with malachite staining and iron oxides occur over a strike length of
600m on the western side of a ridge composed of magnetite-garnet amphibolite.The disposition of old
workings suggest that there are several ore zones in an en echelon pattern. Drilling has indicated two
parallel zones of sulphide mineralisation at 50m depth below the surface over a length of 600m

:

Drilling

:

G

Geochemical prospecting

Completed 0n 1:2500
Airborne geophysical surveys located three six –
channel input EM anomalies with high magnetic
association. The ground EM and IP surveys during
1968-69 and 1971-72 brought out a series of
conductive zones, one of them located close to the old
workings.
213 soil samples, geochemical anomaly for Cu located
over the zone of old working
885m (10 boreholes) best intersection of 1.5% Cu over
6.3m

Usri Jhunjhunu district
Various rock formations mapped in the area belong to the Alwar and Ajabgarh groups of Delhi
Supergroup. The biotite schist with intercalations of quartzite of the Ajabgarh Group and amphibolite
and marble of the Alwar Group are dominant litho-units in the area. These are intruded by post-Delhi
metabasic dykes, quartz and feldspathic veins. The rock formations, in general, exhibit ENE-WSW
trend with moderate to high dips due NNW or SSE.
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The rocks have suffered intense folding and high degree of shearing and crushing. Repeated
isoclinal folds (cf. Tihara Anticline of Dasgupta, 1968) and about 850m long shear zone with profuse
quartz veination are important features in the area.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation
Malachite staining with old workings along a 800-m-long, NE-SW-trending silicified zone in
biotite quartz schist are recorded in Usri Central Block
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On the surface old workings have been noticed in biotite schist and quartzite. In one of the boreholes,
US-2, three mineralised zones were encountered. These zones were intersected between 44.26 to
48.17m, 68.65 to 76.70m and 105.16 to 112.80m depths with 1.56%, 0.945 and 1.75% copper
respectively. Dissemination, vein, stringers and streak of chalcopyrite, pyrite and pyrrhotite are
commonly recorded. Further, this borehole also passed through an old working between 73.70 to
75.20m depths.
Quantum of work done

ve
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: 1:16,000 completed, 1956-58
: 0.05 sq. km on 1:1000, 1973-75
: 477 bed rock samples and 4 water samples tested for
Cu, Pb, Zn, Ni and Co and a few samples for Au and
Ag. Results are encouraging for copper.
: 881.65m (3 boreholes)
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Regional mapping
Detailed mapping
Geochemical prospecting

Drilling

al

Other Occurrences in the Northern Part of Khetri Copper Belt
The known occurrences in this part of the belt are at: Tatiya, Bhasawata, Bagor fort, Belwa.
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In the Tatiya area, located 6 km west of Madan-Kudhan deposit, old workings are also seen
over a strike length of 1.6 km in amphibolite and quartzite. The airborne EM-anomalies over the area
are scattered.

eo
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In the Bhasawata area located 10 km WNW of Madan-Kudhan deposit, an oxidised zone
(brecciated gossan 90 m long and 25 m wide) is seen in the covered ground. An airborne magnetic
'zone' is located over the oxidised zone.

G

In the Bagesar area, a few old workings are seen in the dolomite bands about 1 km NE of
Deora block.
In the Belwa and Bagor fort areas, 3 to 4 km SW of Khetri town, a few old workings in a
geological setting similar to the Madan-Kudhan deposit are present.
Maota Block, Central Khetri Belt, (27°41’42’’: 75°33’19’’ and 27°42’51’’: 75°37’19’) Jhunjhunu
district
Geological set-up
The area exposes the rocks of the Banded Gneissic Complex and predominantly consists of
calc-silicate and quartzo-feldspathic rock.
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Mineralisation
The mineralisation is manifested by malachite stains in aplite and disseminations and veins of
chalcopyrite and pyrrhotite in rock samples of well dumps.
Quantum of work done
Large scale mapping of 11.0 sq km area on 1:10,000 scale and 49 nos of geochemical samples
were collected.
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Resources
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The investigation has not identified any significant anomaly for further exploration.
Ajitsagar 28°03’: 75°52’

ve
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Surface indications of copper mineralisation are restricted to occasional oxidised sulphides and
carbonate stains. Geochemical sampling on grid pattern indicated several anomaly zones for copper and
ground geophysical surveys also gave favourable responses. Drilling has indicated that the mineralised
zone extends over a strike length of about 800 m with widths varying from 8 to 24.00 m. The copper
content is generally below 0.3% with rare higher values of upto 1.5% over a few centimetres. The
general strike is N30°E - S30°W. The rocks are folded into plunging antiforms and synforms.
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Surhari Prospects
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In this area geophysical and geochemical anomalies along well defined gossan zones and old
workings have been delineated. The area forms a part of a doubly plunging anticline. The formations
trend in NE-SW with generally steep dips towards south-east.
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Sulphide mineralisation occurs in sericite quartzite, ferruginous quartzite and phyllite.
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Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
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On the basis of drilling data (24 boreholes) 3 lodes have been identified. The main lode has
been traced for a strike length of 830 m out of which a stretch of 425 m is better mineralised. The width
of the lode ranges from 1.60 m to 4.10 m with 0.77 to 2.39% Cu. The second lode is 240 m long, 2.20
to 5.50 m wide with 0.60 to 1.30% Cu. The third lode is 300 m long, 1.85 - 5.55 m wide with 0.49 to
0.85% Cu.
Resources

Inferred resources are estimated as follows:
Main lode 0.59 million tonnes with 1.24% Cu; Second lode 0.16 million tonnes with 0.75% Cu
and resources can be categorised under UNFC 333.
Sheopuragarh Prospect
The area comprises mica schist, quartzite and calcareous rocks which are highly folded.
Geophysical work showed a high EM response over a gossan exposure. But the two boreholes drilled
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in the area intersected only pyritiferous schist with poor copper values. Reconnaissance stage (UNFC
G-4) investigation was carried out in this area by GSI.
Dholaghati 27°58': 75°48'
Copper mineralisation is noticed along the sheared contact of schists (Ajabgarh Group) and
quartzites (Alwar Group). The shears trend NE-SW and ENE-WSW and a few scattered old workings
are seen.
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East of Babai 27°53’: 75°46'
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI. Regional
integrated surveys indicated high values of copper (at many places over 1000 ppm) in marble, calcgneiss, and biotite schist. Geophysical surveys (SP, Mag and IP) brought out anomalies in the
schist/amphibolite horizon. Test drilling (834.55 m in 3 boreholes during 1975-76) of the zones in
calcareous rocks as well as in the schist and amphibolite indicated only weak disseminated sulphide
mineralisation.
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Sardarpura 28°58’: 75°46'
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This area is located 2 km NE of Chinchroli prospect. Three aero-EM intercepts were located
near the oxidised zone in the brecciated and silicified amphibole quartzite. Out of a total length of 1.2
km, ground geophysical surveys delineated an anomaly zone, 350 m long, close to a geochemical
anomaly for copper. Three boreholes showed disseminations of chalcopyrite and pyrite (maximum
value for Cu 0.2%). Reconnaissance stage (UNFC G-4) investigation was carried out in this area by
GSI.
South Khetri Belt
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The South Khetri Belt (SKB) extending southward of Kantli River, according to Heron (1917),
constitutes the southern part of the Delhi Supergroup "System" in the Khetri area. The area (nearly 300
km2) falls partly in Sikar and partly in Jhunjhunu district of Rajasthan covering the SOI toposheets
45M/6and M/10.
Geological set-up

G

Heron's initial survey of Khetri Copper belt was followed-up by the detailed lithostratigraphic
mapping by Das Gupta (1958). The lithological assembalges were classified into the Alwar and
Ajabgarh series (Groups) by Heron (1917) and followed by later workers, (Dasgupta, 1968; Ray,
1972). A critical evaluation of Dasgupta's memoir (1968) and map indicates the classification to be
predominantly litho-based, resulting in an unsystematic map pattern of the two series (Groups). Also,
both Dasgupta and Ray accepted the classification as somewhat arbitrary. A detailed study of the minor
and major fold patterns, dislocation tectonism and litho-associations with the emplacement nature of
the intrusives, by later workers, e.g., GSI-BRGM (1996), Gupta et al. (1998), indicates that the SKB in
the present area comprise two lithotectonic units; namely the Saladipura Group to the east and the
Shyamgarh Group to ther west. The relative age between the two groups cannot be worked out because
of tectonic nature of the contact and also because of lack of evidence on the structural front. The felsic
volcanics and tuffs occurring near the contact of the two Groups do not belong to either of them and
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constitute part of a new group occurring north of the Chapoli Fault. This group is structurally
correlatable with Shyamgarh Group and the schists/gneisses to the east (likely to be basement gneisses)
are tectonic. The western limit of the Shyamgarh Group is marked by alluvium
Mineral Deposits and Occurrences in the SKB
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16 prospects, including the old workings at Satkui (Copper) and Dhanota (iron oxides, minor
copper and cobalt) as well as the Saladipura mine (iron sulphides with minor zinc), are known in the
SKB. Additional mineral occurrences, such as malachite staining, barite veinlets and iron oxides were
observed during the course of geological mapping and geochemical survey but are not appended in
prospect files. The deposits and occurrences making up sixteen prospects are described here according
to their metal content and litho-structural setting.
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The main copper occurrences in the SKB are located along its northwestern edge and from NE
to SW they include the Neori, Ponkh, Kishorepura, Satkui, Goria, Girwari, Dhanota and Nangal
prospects. Minor malachite occurrences were sampled further to the southwest during the geochemical
survey. Discontinuous copper mineralisation therefore extends over a total strike length of 35 km
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Most of these occurrences, however, are of minor economic importance, as shown by the
results of the surveys conducted by GSI and MECL. Only Satkui prospect has a certain potential with
resources estimated at 3.88 million tonnes at 1.19% Cu.
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The host rocks are mainly quartzite and carbonaceous shale, with the addition of impure
carbonate beds at Neori and Ponkh. They belong to the Ponkh and Girwari formations and to the
Shyamgarh Group and cannot be correlated with the copper-bearing lithological sequence of North
Khetri Belt.
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The main control of the mineralisation is structural, with brecciation and silicification (quartz
stockwork at Satkui) occuring along NE-SW trending late brittle fault zones preferentially located at
lithological contacts between shale and quartzite. Primary sulphide ore below the thick oxidised zone
(100-150 m) is represented by pyrite-chalcopyrite veinlets with quartz and/or iron carbonates cutting
carbonaceous phyllite.
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Neori

G

The formations comprising massive quartzite, shaly phyllites, carbon phyllites and marbles
belong to the Ajabgarh Group of Delhi Supergroup. They strike NE-SW with steep dips due nort-west.
The mineralisation is probably along a strike slip fault trending NE-SW dipping 80-85 degrees to NW
along the contact of quartzite and carbon phyllite. This zone is characterised by brecciation and
limonitisation and by the presence of small old workings. Reconnaissance stage (UNFC G-4)
investigation was carried out in this area by GSI.
The surface indications of mineralisation extend over a strike length of 2.8 km In one borehole,
two small zones of native copper over a width of 17 cm each were intersected at 340m RL. Sparse
disseminations of pyrite were noticed in carbon phyllites in another borehole.
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Quantum of work done
:
:
:

Geochemical prospecting

:

Drilling

:

on 1:31,680 scale completed during 1959-60
0.68 sq.km on 1:1000 scale during 1969-71
Mainly SP, Resistivity and Magnetic survey (196263). The SP anomalies recorded.
58 soil and bed rock samples analysed for Cu, Pb and
Zn. Values ranged from 50 to 1000ppm
759.35m (3 completed boreholes and 2 abandoned
boreholes
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Regional mapping
Detailed mapping
Geophysical prospecting
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Ponkh (27° 49 ': 75° 37') Jhunjhunu district
Geological set-up

ve

y

of

The rocks exposed are shaly phyllite, carbon phyllites, marbles and massive quartzites
belonging to the Alwar and Ajabgarh Groups of Delhi Supergroup. The general trend is E-W to NESW with steep northerly or north-westerly dips of 60°-75°. The rocks are folded into an anticline
closing near Ponkh village. The gossans occur as lenticular patches 30m to 200m in length and 10m to
50m in width.
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation

og

Quantum of work done
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The mineralised zone extends intermittently over a strike length of 2.4 km, with width ranging from 1050m. Out of two boreholes completed, one passed through the oxidised zone and the other aimed to
intersect the ore body below 300m, indicated occasional specks and stringers of pyrite in carbon
phyllite.

:
:
:

Drilling

:

G
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Regional mapping
Detailed mapping
Geochemical prospecting

1:31,680 scale completed during1959-60
0.57 sq.km on 1:1000 scale during 1970-72
82 soil and bed rock samples analysed for Cu, Zn and
Co. Zn and Co values are consistently low, while
some samples showed upto 1000ppm copper.
811.45m (2 completed boreholes and 1 abandoned
borehole)

Resources Not assessed
Kishorepura 27° 51’: 75° 36’
Geological set-up
The prospect lies along the northeastern extension of Satkui Fault Zone within brecciated
Shyamgarh sequence (Delhi Supergroup).
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Mineralisation
Malachite and azurite stains noticed north of Kishorepura village along an extensive brecciated
and silicified fault zone. Scarce disseminated mineralisation occurs between eastern phyllitic quartzite
ridge and the partly covered carbonaceous phyllite (SP anomalies) in the western plain. The block does
not appear favourable for economic concentration of sulphide mineralisation.
Quantum of work done
: delineated 19 SP negativeanomalies over a total distance
of about 5 km.
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Geophysical survey
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Satkui (27°48’:75°35’) Jhunjhunu distrct
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The Satkui mineralised zone forms a part of a completely folded terrain made up of massive
quartzites, carbon phyllite, shaly phyllite and cherty quartzite belonging to the Ajabgarh Group of
Delhi Supergroup. There is a prominent shear zone marked by silicified fault breccia capped by gossan
and is developed in carbonaceous phyllite on the western limb of a major anticline occurring between
massive quartzite and quartz-sericite schist, all striking NE-SW and dipping 60o -65o NW .
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General Exploration stage (UNFC G-2) investigation was carried out in this area.
Mineralisation
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There are a number of old shafts and open pits (“Satkui” means seven wells in Hindi ) spread
over a strike length of 700m directly lying over the gossan outcrop, some leading to stopes down
dip.The ore is localised in the fault breccia as seggregations , fracture and cavity filling. Pyrite and
chalcopyrite are the primary sulphides with occasional bornite. The oxidation is quite deep and extends
down to 100 to 150m below the valley level. The leached zone is followed by a 30-40m oxidised zone
containing malachite and native copper. The copper content in primary zone varies from 0.5-1.5% and
is 2-3% in the enriched oxidised zone and falls to 100-150ppm in the leached zones on the surface.
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Drilling has indicated a tabular ore body1030m long and extending to a depth of 330 m The ore
lenses are fairly large, continuous, of pinch and swell type each 200-500m in length, 2-16 m in width
and plunging 50o-60o west.
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Quantum of work done

Regional mapping
Detailed mapping
Geophysical surveys
Geochemical prospecting

:
:
:
:

Drilling

:

Completed on 1:31,680 (1958-61)
1.65 sq.km on 1:1000 scale during 1966-69
SP, Res, EM and Mag. (1961-62)
15 channel samples from gossan zones and core
samples from oxidised /leached zones (1966-71).
Copper content of 0.5-1.5 % in primary sulphide
zones gets enriched to 2-3 % Cu, while the copper
content in gossan and leached zones is generally poor
(50-150ppm).
11,275 m (53 boreholes),1966-73
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Resources
Total indicated resources of 3.88 million tonnes with an average grade of 1.19% Cu at 0.5%
cut-off was wstimated. Out of these total estimated resources about 0.56 million tonnes is composed of
oxidised ore with average grade of 1.75% Cu between 400 and 350 m RL. The resource can be
categorised under UNFC 332.
Goria (27°46': 75° 27' 30”) Jhunjhunu district
Geological set-up
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The rocks belong to Ajabgarh Group of Delhi Supergroup. The gossanous shear zone has a
NE-SW trend.
Mineralisation

ve

y

of

The Goria gossan trending NE-SW has a strike length of 800m with width ranging from 5 to
65m. There are narrow old shafts at the SW end of gossan. This zone is locally known as ‘Teen kui’
meaning 3 wells in Hindi. The four boreholes drilled have mainly passed through the leached zone with
one of them encountering a zone of copper carbonate over a width of 1.50m and another, specks of
copper.

Quantum of work done

: on 1:31,680 completed (1950-61)
: 0.4 sq. km on 1:1000(1967-68)
: SP, Resistivity, Magnetic and EM surveys (1961-62)
Pronounced SP and EM anomalies probably
accentuated by carbon phyllite.
: 201 channel samples of the gossan zones along 18
cross sections at 30 m interval. High cobalt values
indicated.
: (i) 350m (2 boreholes during 1963-64)
(ii) 577.55 m (1 completed and 2 abandoned borehole
during 1971-72)
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Regional mapping
Detailed mapping
Geophysical prospecting

Su
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Geochemical prospecting

G

Drilling

Detailed mapping
Geochemical sampling

: 0.13 sq. km (2001-02)
: 219 nos. (2001-02) Cu-Co anomaly recorded.

Resources Not assessed
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Girawari (27°45': 75°32' ) Jhunjhunu district
Geological set-up
The rocks belong to Delhi Supergroup of rocks. The lithounits include phyllitic quartzites, grey
quartzite and carbonaceous phyllites belonging to Ajabgarh Group. This prospect is located on the
western limb of a regional anticline.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Mineralisation

In
d

Limonitized phyllite brecciated and silicified phyllitic quartzite over a strike length of 800 m,
with old workings and rare malachite veins.

: EM and SP surveys delineating two anomalous axes
: 10 nos in the wall of old workings (samples, maximum
0.62% Cu) 95 nos along the limonitised zone (samples
over 2 km, with low copper and cobalt values).
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Dhanota (27°44': 75°30') Jhunjhunu district
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Geophysical surveys
Geochemical sampling
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Quantum of work done

Geological set-up

al

Dhanota block is a part of Satkui-Raghunathgarh shear zone extending in a NE-SW direction in
the carbon phyllites of Ajabgarh Group of Delhi Supergroup.
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Mineralisation
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Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
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The Dhanota gossan zone trending NE-SW is 700m in length and 150 m to 230m in width. On
both sides it is covered under alluvium. This gossan and old workings are the most impressive in this
part of Rajasthan. This is known as ‘Baun kui’ meaning 52 wells in Hindi. The gossan is composed of
dense stockwork and impregnations of goethite, limonite and calcite within brecciated quartzite and
carbonaceous grey phyllite. These cataclastic iron-rich rocks overlie northwest dipping qaurtzite and
sercite quartz schist which belong to the upper part of Girwari Formation. Additional geochemical
sampling confirmed the low basemetal content of the iron-rich facies. Maximum values (more than
0.8% Cu, 889 ppm Co, 323 ppm Ni and about 0.1% As, 60 ppm Zn) are related to a typical black-shale
geochemical signature (B-V-Cu-Co-Ni-P). Examination of drill cores suggests a double origin of the
oxidised iron facies: (i) fine pyrite layers and disseminations in black shales; (ii) late iron-carbonate
stockwork with quartz and minor chalcopyrite.
First phase of shallower drilling mostly passed through leached zone. The mineralised zones
intersected in deeper boreholes are mostly thin (1 to 2 m wide) and of low grade (0.4 -0.8 % Cu VE).
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A low economic potential is expected from this fault-controlled Fe (Cu, Co) occurrence,
despite its large size. However, the possible existence of higher mineral concentration at depth can not
be ruled out and might be tested by deep drilling of the fault zone.
Quantum of work done

Geochemical sampling

:

Drilling

:

on 1:31,680 completed (1959-61)
0.10 sq. km, 1:1200 scale (1959-60)
S.P., resistivity, Mag. And EM surveys indicated
anomaly zones pronounced due to presence of thick
carbon phyllite.
136 channel samples of gossan from the old stopes
analysed for Cu, Ni
and Co. Copper values
generally 25
to
100ppm,
sometimes
upto
1000ppm, cobalt values generally between 200 and
500ppm.
(i) 1896 m (10 boreholes, 1961-64
(ii) 1310.81 m (3 boreholes completed and 2
abandoned during 1971-73.
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Regional mapping
Large scale mapping
Geophysical prospecting

Resources Not assessed
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Nangal Udaipurwati ( 27°43' 30”: 75° 27' 30”) Jhunjhunu district
Geological set-up
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Gossanized and silicified phyllite and quartzite (Delhi Supergroup) along the major GoriaDhanota-Chirana Fault which marks the northwestern limit of the South Khetri Belt and extends to
Raghunathgarh at its southwestern extremity.

Mineralisation
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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The shear zone in Nangal with intermittent gossans is 900 m in strike length with a maximum
width of 40m. A few shallow old pits are present. The drilling did not indicate any important sulphide
bearing zones.
Quantum of work done
Regional mapping
Detailed mapping
Geophysical prospecting
Geochemical sampling
Drilling
Resources Not assessed

: on 1:31,680 completed (1959-61)
: 0.5 sq. km (1:1000, 1961-64)
: SP, Resistivity and Magnetic surveys yielding
anomalies in the SW part.
: Silver value 10g/t in one sample
: 175.68 m (3 boreholes), 1963-64

Bhojgarh (27° 46'54”: 75° 32' 45''and 27o 47' 17'' : 75º 34' 12'') Jhunjhunu district
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Geological set-up
The rock types exposed in the area are mainly grey and purple phyllite intercalated with felsic
volcanics, chert, amphibolite and thin quartz, calcite and haematite vens. These rocks belong to
Ajabgarh Group of Delhi Supergroup. A ferruginised breccia and silicfied zone is exposed
intermittantly all along NE-SW trending footwall of the Satkui –Raghunathgarh fault .The exposed
thichness of this zone varies from 5 to 40m. Structurally the area is a part of Chapoli-Ponkh anticline.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Mineralisation

of
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The surface indications of mineralisation in the area are in the form of ferruginisation and
presence of malachite stains at places along the fault
zone. Presence of slag heaps in the area also
indicates ancient mining activity in
the sorrounding areas. Malachite staining is observed in
brecciated quartzite to the west of Bhojgarh village.
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The drilling investigation failed to intersect the primary sulphide mineralisation but the
ferruginised breccia was intersected. The depth of oxidation zone in this block is upto 400m from the
ground level. The ferruginised breccia zone indicated low copper (0.1%) over 2m to 4 m wide zones.
One borehole BG-2 intersected 8.95m zone with 1.23% Cu within ferruginous breccia zone. Gold
content in geochemical samples varied from 7 to 200ppb. Core samples of borehole no. BG-3 yielded
50 to 90 ppb Au.
Quantum of work done

:
:
:
:
:

1.04 sq.km on 1:2000 scale
339 nos.
602 nos
45 nos.
1145.75m (3 boreholes)
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Detailed mapping
Geochemical sampling
Core sampling
Petrological sampling
Drilling
Resources Not assessed.

G

Chapoli (27°44' : 75°32') Jhunjhunun district
Geological set-up
Rocks belonging to Delhi Supergroup of rocks.

Mineralisation
Small gossans are present along the prominant E-W Chapoli Fault. Similar goethite
concentrations were sampled in quartzite-schist from faulted contacts along the eastern extension of the
Chapoli fault zone near Manaksas village.
Two IP traverses over airborne-EM anomalies along with a string anomaly possibly due to
carbonaceous phyllite; no base-metal values in the gossans recorded.
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Gurha (27°49': 75°38') Jhunjhunun district
Geological set-up
Geological and structural setting is poorly known. Possibly mineralisation is fault-controlled
and occurs at the contact between quartzite of the Chapoli Formation and phyllitic quartzite of the
Ponkh Formation (NW-SE fault suggested by magnetic anomalies) or at the conatct between the latter
and actinolite-bearing marble which dips northeastwards along the Gurha-Kho road.
Mineralisation
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Minor gossan zones reported from this area. No geochemical response reported. Airborne EM
anomaly indicated good conductive zone.
Khandela Ghateswar( 27°35': 75°29') Sikar district
Geological set-up
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The dominant rock types are quartzite, schist, carbonaceous phyllite, felspathic schist and
mylonite belonging to Ajabgarh Group of Delhi Supergroup. The post Delhi intrusives are represented
by aplite, granite, pegmatite and quartz vein. The rocks are folded into a SSW plunging antiform with
granite in the core. The eastern limb is folded again into broad warps of the second order.

Su
r

Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
Mineralisation
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A zone of discontinuous gossan over a strike length of 600m is the surface manifestation of
mineralisation. Disseminations of molybdenite, pyrite, chalcopyrite and pyrrhotite occur over a wide
zone in the schists and quartzite intercalations. In one of the borehole, chalcopyrite occurs in
appreciable amounts at places over a width of 7 m.
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Gamma Ray logging of borehole by AMD has indicated significant radioactive (uranium
bearing) zones associated with the sulphide. The values obtained are 0.03 to 0.3 U3O8 over widths of
0.6m.

G

Molybdenum mineralisation was intersected in several boreholes with the Mo content varying
from 0.03 to 0.22% over widths of 0.5m to 3.50m.
Quantum of work done
Regional mapping
Detailed mapping
Geochemical prospecting
Geophysical prospecting
Drilling
Resources Not assessed

:
:
:
:

1:32,000(1958-62)
0.26 sq. km (1:500) 1971
257 bed-rock samples
SP, Magnetic, EM and IP(1973-74)
3068.55m
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Kho (27° 47’: 75° 38') Sikar district
Geological set-up
The prospect lies along a major N25°E trending sinistral shear-zone which brings quartzites of
Chapoli Formation to the west in contact with phyllitic quartzite, carbonaceous phyllite, and wacke of
the Ponkh and Manaksas Formations to the east, probably due to a late transformation, within the shear
zone, of the amphibole bearing marble layer which extends northwards along Kho-Gurha road and
southwards in the Manaksas prospect.
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Mineralisation

of

Malachite staining in sheared quartzite, gossanised carbonaceous phyllite and small old
workings for copper are surface manifestations of mineralisation in the area. The copper mineralisation
is shear controlled and of very limited economic interest, as was confirmed by stream-sediment and
lithogeochemical survey.

: Completed (1975)
: (182 Nos) indicated highest copper values in sheared
quartzite to the north.

Su
r

Regional geol. mapping
Geochemical sampling

ve

y

Quantum of work done
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Manaksas (27°45': 75°39' ) Jhunjhunun district
Geological set up
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The lithounits present in the area comprise sericite quartzite belonging to Alwar Group and
carbonaceous phyllite with intercalations of siltstone, marble, altered graphitic tuff and felsic volcanics
with ash/tuff bands belonging to Ajabgarh Group of Delhi Supergroup. The area has undergone three
phases of deformation. The second phase produced Kho syncline, which is the major structure of the
block
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.

G

Mineralisation

Lapilli bearing vesicular tuff, andesites and chert are the host rock of sulphide mineralisation,
which are partly to completely gossanised. Polished section study of the mineralised core indicated
presence of sphalerite, galena, pyrite and chalcopyrite as major ore minerals and chalcophanite,
goethite and limonite occur as secondary minerals. The volcano-sedimentaries as host rocks for
sulphide mineralisation indicates syn-volcanic sulphide mineralisation. Zn-Pb mineralisation of
massive nature at Manaksas is the only such occurrence recorded from the volcao-sedimentaries of
Khetri Copper Belt.
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The channel sampling over the borehole profiles has indicated anomalous values for Pb, Zn
and Ag. One borehole, MAN-1 intersected a 25.95m wide oxidised zone at 81.10m along the borehole
averaging 0.42% Zn. Second oxidized zone, 12.30m, averaging 0.20% Zn was intersected at 122.15
depth along borehole. A part of which contains high Ag values (6.25m x 95.76ppm Ag). A 3.65m wide
zone of primary sulphides was intersected at 137.70m. This zone averages 9.24% Zn, 0.55% Pb,
518ppm Cd, 36ppm Ag and 222ppb Au. Channel sampling of the new gossan zone recorded south of
Manaksas village indicated copper content of 900ppm and 1200ppm in two zones of 10m width each.

0.8 sq. km. on 1:1,000 scale
337 nos.
436 nos.
70 nos
1371.10 m.(5 boreholes)
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:
:
:
:
:
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Detailed mapping
Geochemical sampling
Core sampling
Petrological sampling
Drilling

ia

Quantum of work done

Resources Not assessed

ve
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Manaksas- Jodhpura area (27°45’ :75°39’ ) Junjhunun district
Geological set-up

Su
r

The rock types of the area are grouped under Manaksas Formation of the Bagholi Group of
Proterozoic age. The rock types exposed in the area are amphibole and calc-silicate forming the
basement and overlain by micaceous quartzite, cherty quartzite, carbonaceous phyllite and greywacke.
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Mineralisation

og

The surface manifestations of mineralisation are poorly developed gossan and partially
oxidised host rock along zones of silicification.

eo
l

Quantum of work done

G

Large scale mapping of 25 sq km area on 1:10,000 scale, 404 nos of geochemical sampling, 50
nos. of channel sampling was carried out.
Resources

No estimate has been made. Geochemical result of 404 samples indicates sporadic and
irregular high values of copper in southern part of the area.
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Adwana – Jahaz Block (27°45 :74°39’ ) Jhunjhunun district
Geological set-up
The area forms a part of the South Khetri Belt, where arenaceous and argillaceous
metasediments of the Alwar and the Ajabgarh Groups of the Delhi Supergroup are exposed. The area is
highly deformed with multiple folding and regional scale faults/shears.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Mineralisation
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The surface manifestations of mineralisation are gossan, malachite staining and zones of
silicification. The mineralisation is strata bound and hosted by chert, graphitic tuffs and metavolcanics.

of

Quantum of work done

y

Detailed mapping of 1.35 sq km on 1:2000 scale, 1362.40m of drilling in five boreholes, 258
nos of core sampling and 500 nos of geochemical sampling were carried out.

ve

Resources

Su
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No estimation is done. Only one borehole intersected three Cu mineralised zones of 3.05m with
0.22% Cu, 7.95m with 0.28% Cu and 5.20m with 0.27% Cu.
Dungarwali ki Dhani Block (27°41’00’’: 75°28’30’’ and 27°42’30’’: 75°30’00’’)

al

Geological set-up
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The rock types exposed in the block are quartz mica schist, quartz biotite amphibole gneiss,
augen gneiss, amphibolite, leucogranite and pegmatite, occurring within the Udaipurwati Granite.
These rocks belong to the Delhi Supegroup.
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation

G

Sulphide mineralisation is noticed in the bedrock samples collected from well dumps, hosted
by amphibolite and augen gneiss. The sulphide minerals are pyrite, chalcopyrite, pyrrhotite and bornite,
occurring as specks, dissemination and fracture fillings.
Quantum of work done
Detailed mapping of 2.05 sq km area on 1:2000 scale, 65.50 cu. m. pitting and 409 nos of GCS
was taken up.
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Resources
No assessment done as bed rock samples show poor basemetal and gold content.
Saladipura ,Sikar district
The rocks are quartzites, phyllites, schists and marble belonging to Alwar and Ajabgarh Group
of the Delhi Supergroup. These are intruded by granites and amphibolites. The rocks in general have a
NNE-SSW to NE-SW strike and are highly folded. With increasing intensity of deformation the folds
have yielded faults and shears.
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The presence of garnet, andalusite, kyanite, staurolite and silimanite in the schists indicate that
the rocks have been subjected to fairly high grade of metamorphism
Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
Mineralisation

y

of

The most prominent feature in the area is the presence of two gossan zones over a strike length
of 7 km Hematite and jasper bands are common. Apart from various iron oxides, alunite, jarosite,
gypsum and manganese dioxide have been identified.
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Drilling below the gossan has brought out rich sulphide mineralisation consisting mostly pyrite
and pyrrhotite with minor amounts of sphalerite, galena, and chalcopyrite. The mineralisation occurs
along shear zones and is confined to the phyllites, intercalated quartzite and calc-slicate rocks.

ic

Quantum of work done

al

The sulphide ore body is massive and lenticular. The average width of mineralised zone is
20m, maximum being 77m The sulphur content of the richer zones is 30-47%. The average grade in the
deposit is 22.5% S. The zinc content of the ore varies from less than 0.5 to 2%.
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Regional mapping
Detailed mapping
Geophysical surveys

G

Geochemical prospecting
Drilling

: Completed
: 4.50 sq.km on 1:2000 scale
: SP, Res, EM and Mag. (1964-65).SP anomaly
corroborated
with
Mag.
Anomalies,
EM
measurements taken at the SP negative centres
showed a
fair correlation with SP indications
: Gossan sampled. No indication for copper.
: 12,500 m

Resources

A total inferred resource of 115 million tonnes at 22.5 % S has been estimated. Resources in
one block with a strike length of 1km tested by drilling at closer interval (80-100m) and at two levels
(100m apart) are 19 million tonnes containing over 30% S.
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Sewli (27° 38': 75° 27' ) Sikar district
Geological set-up
Gossan zones, nearly 3 km long along the NNE regional strike, between amphibole bearing
quartzite to the east and overlying phyllite, carbonaceous phyllite and grey quartzite to the west. No
exploration work carried out in this area.
Reassessment:
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No copper carbonates or old workings are reported along this mineralised zone, which
probably corresponds to oxidised disseminated to massive iron sulphides. Nevertheless, its favourable
stratigraphic position at the contact between amphibole-bearing quartzite and phyllite of the Saladipura
Group warrants geological checking and geochemical sampling.
Baleshwar Copper Prospect Sikar district
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The rocks exposed in the area belong to Ajabgarh Group of the Delhi Supergroup. The N-S to
NE-SW trending hills exposes massive quartzites, garnetiferous biotite schist, calc-gneiss, phyllite,
amphibole quartzite and marble. The later intrusives include (meta) basics, pegmatites and vein quartz.
The deposit which is located in the northern part of the hills is associated with the axial shear zone of a
mega-fold.
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Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
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A series of old workings are located along the shear zone, running sub-parallel to the axial
plane of the larger folds. The sulphides (chalcopyrite, pyrite, pyrrhotite and bornite) are hosted in calcgneiss, amphibole quartzite and biotite schist.
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The total length of the mineralised zone is 3.5 km, out of which a length of 1.04 km has been
explored by drilling (50-100m spacing). The mineralised zone strikes NE-SW. Drilling has revealed
that the oxidation zone extends to a depth of 50 m below. The ore shoots are disposed in an en echelon
pattern with 70° to 75° plunge towards SW. So far only the shallower northern limits of the zone have
been probed and the shallowest and deepest intersection of mineralisation was at 470m and 120 m RL,
respectively.

G

Quantum of Work

Large scale mapping
Detailed mapping
Geochemical sampling
Drilling
Geophysical surveys

:
:
:
:
:

completed on 1:31,680
3.3 km2, on 1:1000 scales.
103 bed rock samples
11486.65 m (36 bore holes)
SP, EM, IP and magnetic

Resources
The inferred resources estimated to a depth of 220 m RL are one million tonnes of 1.0 % Cu
grade. The zone has an average true width of 3.6m. The resources can be categorised under UNFC 333.
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Tejawala Copper Prospect (27°37’00”:75°51’00”) Sikar district
The Ahirwala-Tejawala-Chiplata blocks form a part of the 7.5 km long zone of interest. The
structure is a major syncline with N-S axial trend and is made up of a thick sequence of schists and
quartzites with bands of marble and amphibole quartzite of Ajabgarh Group, Delhi Supergroup. The
metasediments are intruded by metabasics, pegmatites and vein quartz. The three blocks are located
along the limbs of a highly appressed mega-fold with northerly closure. While Ahirwala block is
located on the western limb the Tejawala block is located on the eastern limb.
Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
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Mineralisation

In
d

Tejawala Block

of

The copper mineralisation is associated with mica schist and metabasic rocks. There is an
impersistent occurrence of molybdenite in quartz veins. The copper mineralisation has been traced over
a strike length of 1.4 km out of which a strike length of 500 m is promising. Two lodes have been
established by drliing (21 boreholes for first level and 6 for deeper level).
0.6 to 1.3% Cu over 1 to 3.3 m wide zone

Footwall lode

0.6 to 0.9% Cu over 1.8 to 2.8m wide zone

ve
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Hangingwall lode

Su
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An inferred resource of 0.5 million tonnes averaging more than 0.5% Cu has been estimated in
the block which can be categorised under UNFC 333.
Ahirwala Block
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The sulphide mineraisation (pyrrhotite, chalcopyrite and pyrite) occurs in the amphibole
quartzite, marble and biotite schist as stringers, fracture fillings and disseminations. Three copper zones
have been intersected viz., 0.5% Cu x 1.5m; 0.63%Cu x 4m and 0.60% x 3.4m The continuity of these
zones over appreciable length is extremely doubtful. Molybdenite (0.07 to 0.1% Mo) occurs as patches
in association with copper mineralisation.
Ahirwala south Block

G
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The strike length of the zone is 800m Copper mineralisation in this zone is poor and erratic.
However, molybdenum mineralisation is noted along a strong geophysical anomaly zone (IP and EM)
trending E-W. This zone broadly overlaps a major fault zone, the 25 km long NE-SW trending
Chiplata-Dantil fault. The Mo content (as intersected in bore holes drilled at 200 m interval) is in the
range of 0.2 to 0.5 % Mo, over widths of 0.50 to 1.60m
Chipa Block
Only 3 boreholes out of 6 boreholes intersected copper mineralisation ranging from 0.3 to 1.0%
Cu over widths of 2 to 6m The mineralisation has a very erratic nature.
Quantum of work
Large scale mapping

:

Detailed mapping

:

Carried out on 1:31,680 scale
2.6 km2, on 1:1000 scale
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Geochemical sampling
Drilling

:
:

Geophysical surveys

:

662 bed rock and soil samples from Ahirwala block
Tejawala- 8748.94 m; Ahirwala- 2987.85 m: Chiplata484.50m
SP, IP and Mag

Chinchroli Copper Prospect Jhunjhunun district
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Main rock types exposed in the area include phyllite, quartzite, sericite quartzite, biotite schist,
amphibolite and marble belonging to the Ajabgarh Group of Delhi Supergroup. Post-Delhi granite is
the common intrusive in the area. Regional strike of the rocks is NE - SW with steep southeasterly dips.
A major doubly plunging anticline extending E - W in the northern part and NE - SW in the southern
part is a very prominent feature in the area. Post-Delhi granite occupies its core. A large number of
longitudinal faults, almost parallel to the regional strike and marked by intense brecciation, are
common in the area. The lithounits have also been offset by the transverse faults.

of

Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
Mineralisation
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Mineralisation is hosted by quartzite, biotite schist, chlorite schist, calc-silicate rock, granite,
dolomite and amphibolite. The mineralisation occurs as dissemination of chalcopyrite and pyrite.
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The ore body is narrow and discontinuous and occurs in the shape of shoots and lenses of
smaller dimensions. However, only one lens of ore measuring 2.0 - 4.0 m widths and 300m length is
very prominent.
Quantum of work

: 1.3 sq km on 1:2500
: 2070 samples analysed for Cu, Co & Ni
: Airborne anomaly (OHR)
: 4775 m drilling in 19 boreholes

og
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Detailed mapping
Geochemical prospecting
Geophysical survey
Drilling

eo
l

Resources

G

A tentative estimation of inferred ore resources indicated 1.0 million tonnes of copper ore with
0.92% Copper at 0.4% cutoff grade considering minimum stoping width of 1.5m and the same can be
categorised under UNFC 333.
Bokri Copper prospect (27° 50' 52": 75° 48' 15") Jhunjhunun district
Geological set-up
In the Bokri area, quartzite, mica schist and impure marble are the main rock types belonging
to the Ajabgarh Group of Delhi Supergroup. Post-Delhi pegmatite and quartz vein occur as intrusive
into the Ajabgarh rocks. The rocks, in general, show NE-SW trend and dip 30° - 70° towards NW as
well as SE.
The rocks are complexly deformed giving rise to large scale folds and strike faults. An
asymmetrical antiformal structure with moderate plunge towards NE is very conspicuous in the area,
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the axial surface of which shows moderate dip towards SE. Tight folds resulting into parallel alignment
of primary stratification (S0) and regional axial plane foliation (S1) are also common in the area. A zone
of brecciation, shearing and mylonitisation along the contact of quartzite and schist is very prominent.
Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
Mineralisation
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The host rock of mineralization is biotite schist, chlorite schist, mica schist, pegmatite and
sericite schist. The mineralization, which is mainly constituted of disseminations of chalcopyrite, pyrite
and pyrrhotite, is inconsistent in grade and persistence. Several low grade detached zones of
mineralization with varying assays of 0.5 to 2.56% Cu have been recorded in subsurface exploration.
Quantum of work done

: completed (1:16000)
: completed (1:1000)
: Airborne geophysical surveys located four (3 six –
channel and one 5-channel ) aeroanomalies subparallel to the general strike .Ground surveys (IP)
delineated a strong causative body over a strike length
of 2 km ; also magnetic anomaly coincides with a
gossan zone over a length of 200m.
: 900 soil and bed rock samples over 1 km strike length
on grid pattern A strong geochemical anomaly for
copper detected over a length of 700m.
: 3317m in 24 boreholes
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Regional mapping
Detailed mapping
Geophysical surveys

og

Resources Not assessed

ic

Drilling

al

Geochemical prospecting

Makri Copper Prospect (27°47'12":75°49'12") Sikar district
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Geological set-up

G

Metasedimentary rocks of the Alwar and Ajabgarh Groups of Delhi Supergroup are exposed
with NE-SW regional trend and moderate to high easterly dips. The rocks are intruded by post-Delhi
pegmatite and quartz veins.Main rock types in the area include sericite quartzite with intercalated mica
schist and marble of the Alwar Group and various types of schist, amphibole quartzite, dolomite and
calc-gneiss of the Ajabgarh Group. An isoclinal syform plunging 25° towards SE is a prominent
structural feature in the area. Dolomite occupies its core whereas quartzite and mica schist occur in the
limbs. The rock formations are also locally sheared and silicified.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Mineralisation
Drilling did not prove any significant mineralisation except for a wide zone of pyrite-pyrrhotite
disseminations.
Quantum of work
Detailed mapping
Geophysical survey

channel

ia

Drilling

: 0.7 sq.km on 1:2500 scale
: Three aero-EM intercepts having 4-6
response targetted for exploration
: -483.52 m in 4 boreholes

In
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Resource

Reconnaissance resource (UNFC 334) OF 5.0 million tonnes of sulphide ore with 9% pyritepyrrhotite have been tentatively estimated upto a depth of 100m

of

Halowala Johra Copper prospect (27° 41' 02": 75° 29' 00") Sikar district

y

Geological set-up
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In the Halowala-Johra area, phyllite, quartz-mica schist, biotite schist and quartzite of the
Ajabgarh Group of Delhi Supergroup are exposed trending NE-SW. A major NE-SW trending
antiform, with southwesterly closure near south of Halowala-Johra village is important structural
feature in the area. The structure is cut by a prominent NW-SE trending transverse fault showing
brecciation and formation of gossan.
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Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
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Mineralisation
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The old workings, mine dumps, oxidised and gossanised zones, malachite and azurite stains,
remnant sulphide minerals in dump material, silicification and gossans along the NW-SE trending
transverse fault are the surface manifestations of sulphide mineralisation.The mineralisation is hosted
by biotite schist and granite and comprises mainly disseminated chalcopyrite, pyrite

G

Subsurface exploration by drilling revealed mineralised zones measuring 0.8 to 4.2m in width
with 0.7 to 1.49% copper. Due to incomplete nature of the exploration during early eighties the area has
again been taken-up for subsurface exploration (2003-04 FS) aided by multielement soil geochemical
survey.
Quantum of work done
Detailed mapping

: 0.3 sq. km on 1:1000 scale

Drilling

: 702 m of drilling in 4 boreholes
(1981 by AMSE West zone)
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Geophysical surveys
Detailed mapping
Geochemical sampling
Petrographic samples
Drilling
Core sampling

: Airborne, ground geophysical
During 2003-04
: 0.44 sq.km on 1: 1000 scale
: 442 nos.
: 25 nos
: 344.95m in two boreholes
: 167 nos.

anomalies

recorded

Alwar Copper Belt
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There are several occurrences of copper in North Delhi Fold Belt (NDFB). These are mainly
located in Alwar, Jaipur and Dausa districts. Only one copper deposit with a marginal tonnage at KhoDariba in Alwar district has so far been mined and at present closed down.
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Kho-Dariba deposit (27°10'00'': 70°23'30'') Alwar district
Geological set-up
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The deposit is located in the rocks of Alwar Group of Delhi Supergroup. The Alwar Group
comprises of quartzite, arkosic quartzite, phyllite, agglomerate and meta-basics. Sulphide
mineralisation is mainly confined to the grey phyllite that occurs as intercalations in the arkosic
quartzites. Kho-Dariba is located on the eastern limb of a major anticline, viz., the Baldeograh
anticline. Alwar Group occupies the core of the anticline that plunges 40° - 45° towards south.
Detailed Exploration stage (UNFC G-1) investigation was carried out in this area.
Mineralisation
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The copper mineralisation consists of chalcopyrite, cubanite and pyrrhotite. Pyrite occurs in
minor amounts in the ore. Other minor sulphide constituents are marcasite, sphalerite and vallerite.
Mineralisation displays a concordant relationship and occurs as massive bands, interlocking stringers
and network in the phyllites.
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In the ‘mine block’, detailed study indicated three intersecting mineralised zones that follow
the plunging synclinal structure of a local synform.

G

The mineralisation is of replacement type marked by total absence of vugs, cockade structure,
etc. A broad zoning is indicated by extensive pyrrhotite mineralisation with copper mineralisation
confined to certain portions, laterally as well as vertically. Copper is richer in concentration in the
souther parts of the lode.
The total strike length of the deposit is 3380 m in N–S direction. It is divided into Dariba mine
block and the Dariba Nala block. The lode dips at steep angles (60° - 70°) and consists of a number of
small impersistent lenticular shoots pitching 10o due S 12° E. The richer zone occurs within a shallow
depth of 82m. Though the individual shoots have limited dimensions, zones of overlapping shoots
persist over a length of 370m and depth of 115 m. The individual shoots are 36m to 195m long, 15 to
60 m in height and 1.3m to 11m wide and grades varying from 2.0 to 3.3 % Cu. In the main Dariba
block there are three lodes between 431.6 RL. and 383.6 RL.
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Quantum of work done

:
:
:
:
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Geophysical prospecting
Drilling
Underground
Exploratory mining

Completed on 1:32,000 scale (1953-56)
0.27 sq. km (1:2000)
Soil samples in Dariba mine, Dariba-nala and
extension blocks indicated anomalies close to mine
dumps and along faults away from the mineralized
zone.
S. P., Resistivity surveys
Surface: 4156.92m (25 boreholes)
1961.60m (37 boreholes)
Total 3574 m. consisting of 2447 m of drives, crosscuts, winzes, and raises on 431.6m and 385.9 m.
levels in Dariba Mine Block, and 1127 m. of drives,
cross cut, winzes and raises on 385.0 m level in
Dariba Nala Block.
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Regional mapping
Detailed mapping
Geochemical prospecting
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Resources
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The exploration carried-out by IBM in 1963 estimated total measured resources in both the
blocks as about 0.56 million tonnes of an average grade of 2.46% Cu over an average width of 6.7 m.
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The later estimates of HCL (1972) indicated a measured resource of 0.41 million tonnes with
2.49% Cu. Mining commenced in 1973 at a rated capacity of 100 TPD and the concentrates were
transported to the smelter located at Khetri. The mine stopped production in 1990.
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Bhagoni Prospect Alwar district
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The phyllites, biotite-quartz schists and massive quartzites (of the Alwar Group of the Delhi
Supergroup) with the interlayered amphibolite sills have been folded and subsequently refolded into a
major N-S trending open 'Kankwadi' Anticline. The Bhagoni valley represents a narrow NW-SE
trending doubly plunging anticline on the folded eastern limb of the 'Kankwadi' Anticline and is
marked by an E-W trending cross-fold depression.
Detailed Exploration stage (UNFC G-1) investigation was carried out in this area by GSI.

G

Mineralisation

Exploration by drilling over a strike length of 1500 m between 400 and 250 m RLs and one
level underground exploratory development (from one vertical shaft and one inclined shaft) over a
strike length of 620m at 340m RL have shown that the copper mineralisation is localised along a calcite
vein-zone emplaced along bedding plane shears at the contact of biotite-quartz schist and underlying
amphibolite. The mineralisation trending NW-SE is prominently developed over a strike length of 1200
m along the northern limb of Bhagoni anticline and continues for another 300 m on the northern limb
of the synclinal cross-fold. The ore zone is about 7m in width over the 1200m strike length in the northwest but is drawn out into sinistral en-echelon lenses to the south-east. The concordant vein-zones
show a crescentic trend near the southern depression, dipping 30º SW at the north-west end, gradually
increasing to 55º at the eastern end. The ore body varies in grade from 0.65% to1.92% Cu with zones
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of disseminated lean ore bordering the rich ore lenses. Chalcopyrite, pyrite and pyrrhotite are the
dominant primary sulphides, while sphalerite, pentlandite, cobaltite, magnetite and specular hematite
occur in minor quantities. The sulphides occur as fracture and cleavage fillings and occasionally as
stringers, patches and pockets. The richer shoots generally occur near the hanging wall, foot-wall and
in minor fold crests.
Dimensions of Ore Zones/ Shoots and Grade

ia

Ore lenses within the zone show en-echelon sinistral pattern with wide shifts between the
lenses. The individual lenses vary in length from 80 to 200 m and in grade from 0.65% to 1.92% Cu
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with a large number of zones falling between 0.8 % to 1.0% Cu. Small shoots and patches of rich ore
analysing 1.0% to 2.0% Cu vary in width from 0.5 to 3.0 m within the zones of disseminated ore of
0.4% to 0.8% Cu. The ore zones persist with similar grade and width down to 250 m RL, but become
leaner in grade below 200 m RL. The ore shoots probably pitch 20° northwards.
Quantum of work done

y

: on 1:31,680 completed (1958-59)
: 200m length of Bhagoni old workings (1958-59). 3.82
sq. km on 1:1000 scale (1965-72)
: Surface-15,780.12m (58 boreholes)
Underground-537.75m (11 boreholes)
: Total 1837.40m consisting of two shafts (vertical
89.0m; inclined 145.37m): Drives 817.80 m and cross
cut 805.23 m Development at 340m RL over a strike
length of 620m

Drilling
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Exploratory mining
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Regional mapping
Detailed mapping
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Resources

eo
l

og

At 0.5% cut-off, a total measured resource is 5.2 million tonnes of 1.07% Cu (minimum
stoping width, including less than 2.0m lean partings). This also includes 0.35 million tonnes of 1.22%
Cu from exploratory mine developments. The resource can be categorised under UNFC 331.
The ore is reported to carry 1 to 3 g/t Ag, traces of gold and low values of nickel (300- 500
ppm) and cobalt (150- 200 ppm). These concentrations are rather low for recovery as a by-product.

G

Todi-ki-Bas Prospect ( 27° 07':78° 18') Alwar district
Geological set-up
Chalocopyrite, pyrite and pyrrhotite occur as fine disseminations in the dolomite marble of the
Raialo Group. The surface indications of mineralisation are the presence of old workings, malachite
stains and extensive gossans over a 2 km long shear zone. Of the 3 boreholes drilled (to test the
gossans) thin zones with 1-3% Cu (VE) were intersected in one borehole and another borehole
intersected a weakly mineralised zone (0.5-0.8% Cu -VE) over a width of 1.55 m. Reconnaissance
stage (UNFC G-4) investigation was carried out in this area by GSI.
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Quantum of work done
Regional mapping
Detailed mapping
Drilling

:
:
:

1:32,000 scale
1 sq. km (1:1000)
1347 m (1979-81)

Kalighati prospect (18°30': 70°25') Alwar district
Gelogical set-up
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Kalighati zone represents a tightly folded overturned syncline occupied by grey phyllites,
carbon phyllites and quartzites of the Ajabgarh Group of the Delhi Supergroup. The axial plane trends
in N-S with westerly dips of 78°. Thrusting and consequent shearing along the axial plane has probably
caused brecciation, silicification and limonitisation. The limonite-quartzite-breccia is referred to as
'Hornstone Breccia' by Heron (1953). Reconnaissance stage (UNFC G-4) investigation was carried out
in this area by GSI.
Quantum of work

y

1: 32,000
1.10 sq. km (1:1000), 1966-67 FS.
303 channel samples of gossans over 3.0 km strike
length. Indicated anomalies for Cu, Ni, Co in the
limonitised breccia zone.
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Regional mapping
Detailed mapping
Geochemical exploration

Mineralisation
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The Kalighati zone extends for over 3.0 km in strike length. The boreholes drilled (to 250 m
below the valley floor) have not indicated any primary sulphides in the breccia zone, while weak
disseminations of pyrite and pyrrhotite occur in carbon phyllites.
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In view of the poor copper mineralisation no further exploration was carried out.
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Nalladeswar prospect ( 27°25':76°27') Alwar district
Geological set-up

G

The rock types are massive quartzites, brecciated jaspery quartzites (Hornstone Breccia of
Heron) and dark coloured marbles (Kushalgarh) belonging to the Delhi Supergroup. The old mines
(pits and shafts) are confined to the fault zone striking N- W in the brecciated jaspery quartzite.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation
The mineralised fault zone extends over a strike length of 800 m. The 4 boreholes drilled
earlier passed through the old workings and oxidation zone. The deeper borehole also encountered old
working and showed occasional malachite stains and minute specks of pyrite in the silicified marble.
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The oxidised zone appears to persist down to 350 m depth. The exploration carried out is incomplete
and the results are inconclusive.
Quantum of work

Geochemical survey

:

Drilling

:

1: 51,680
0.20 sq. km (1:1200) in 1958-59
0.62 sq. km (1:1000) in 1972-73
254 bed-rock samples (some samples of jaspery
ferruginous quartzite revealed 300-1000 ppm copper.
(a) 804.80 m (4 boreholes, 1964-65)
(b) 393.40 m (1 deep borehole in 1973)
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Regional mapping
DEtailed mapping

Kalajoda prospect (27° 26':76° 11') Alwar district
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Geological set-up
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The sericite-quartz schist, amphibole schist and quartzite (Alwar Group of Delhi Supnrgroup)
are intruded by coarse-grained granite causing extensive felspathisation and epidotisation in the schists.
The main structural feature is a north-south trending fault late than the granite which has localised
sulphide mineralisation.
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Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
Mineralisation
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Quantum of work
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There are a number of shafts with large slag dumps. Mineralisation occurs along the fault
carrying minor pyrite, pyrrhotite and chalcopyrite associated with calcite within the schists and not in
the granite. The copper content is very low.
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Regional mapping
Detailed mapping
Geochemical sampling
Geophysical survey
Drilling

:
:
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1:32,000
0.5 sq. km (1:2000)
140 bed rock samples
SP and Magnetic
1849.75 m (16 boreholes) in 1962-64

Pratapgarh (27°15':76°09'), Madhupura (27°14':76°08'), Nagel (27°12':76°08') Prospect
Geological set-up
The quartzites and quartz schists of the Alwar Group (Delhi Supergroup) and post-Delhi
metabasic flows (alkali basalt–tholeiitic basalt) are folded into a doubly plunging NNE-SSW trending
anticline overturned on its western limb. Another major structural feature is a N25°E trending strike
fault dipping 45°-80° eastwards along the contact of the schists and quartzites. The zone of old
workings is perhaps located along the hinges of anticlinal folds.
136
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The old workings along with huge dumps of mine spoil, slag occurring between Pratapgarh and
Nagel over a length of 8 km are the most extensive in Rajasthan bearing testimony to the ancient
copper mining and smelter industry. The main workings consists mostly of underground stopes,
approached by narrow vertical shafts (about 1 m diameter) driven through the massive lower quartzites.
Some shafts are lined by stone blocks and are 60-90 m in depth below the surface. In Nagel, about 200
pits occur aligned in a row in N25° E - S25°W direction over a strike length of 2.9 km. The zone of old
workings (100 shafts) in Madhupura area over a strike length of 3.3 km is in the NNE continuation of
the pits in Nagel. In Darlae and Lalpura areas, further to the east, there are about 80 shafts over a length
of 1.4 km and 20 shafts along 0.5 km length, respectively.
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Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
Mineralisation
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Sulphide mineralisation is in the form of fine stringers and disseminations of pyrite,
chalcopyrite and pyrrhotite and confined to metabasic-rocks associated with calcite veins. These have
been remobilsed and localized along the hinge zone and along axial planar shears (limb shears).
Mineralisation encountered in the boreholes is poor in grade (0.2 to 0.5% Cu) and width. Many
boreholes intersected old workings along leached zones (leaching deep in certain sections, 200 m
below valley level especially in Nagel block).

Quantum of work done
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The Pratapgarh area was handed over to the MEC in 1973. The recommendation of GSI has
been that the drilling done so far is inadequate to come to a conclusion on the economic significance of
the deposit. It also recommended that a few shafts be opened and old stopes be examined to get clear
information on the nature of mineralisation.
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Regional mapping
Detailed mapping
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Geophysical survey
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Drilling

:
:
:

:

1:32,000 in 1957-58
0.10 sq. km (1:2000)in 1958-59, 2.25 sq.km (1:2000)
in 1986-87
SP, Resistivity and Magnetic. SP anomalies occur
near the old workings
4475.13 m in 19 boreholes in Nagel
Madhupura
blocks (1960-66). 1541.98 m in 6 boreholes in
Madhupura-Darolae blocks (197073). 1377.45
m in Pratapgarh block (1986-87) and 383 m in
Chandpura block (1986-87)

Matasula prospect (27° 09':76° 05') Alwar district
Geological set-up
The area is mostly covered by soil and alluvium with scarce outcrops. The structure is a broad
syncline occupied by the younger Ajabgarh Group with older Alwar Group cropping out in the west as
quartzite ridges, probably representing the inverted western limb of the syncline. Quartzites, quartz
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schists and metabasic intrusives occur in the area of old workings. They generally strike Nl0°E-S10°W
dipping 60°-70° westwards.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation
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The zone extends for a length of about 3.0 km as indicated by the distribution of old shafts. The
boreholes drilled have mostly passed through leached zone indicating that the oxidation zone extends
even deeper than 150m below the valley level. Rare specks of sulphides were seen in scapolite bearing
phyllite.
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The work done is inconclusive. Further exploration could be interwoven with the future
exploration programme of the Pratapgarh.
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Geochemical sampling
Drilling
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Geophysical survey

1:32,000
0.02 sq.km (1:2000) in 1963-65
2.00 sq.km (1:2000) in 1971-72
SP, Resistivity and Magnetic surveys indicated low
SP anomalies near the old workings.
145 bed-rock sampling along lines,300m apart.
1593 m (8boreholes) in 1963-65
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Regional mapping
Large-scale mapping
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Quantum of work done
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Gol-Badshahpur prospect (27°16':76°05') Jaipur district
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Geological set-up
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The area ( strike length is 2.8 km with Gol in the south and Badshahpur in the north) forms a
part of the eastern limb of a major regional synformal structure and the rocks belong to the Alwar
Group of the Delhi Supergroup comprising quartzite, cherty quartzites, amphibole quartzite, and
biotite-sericite schist. The intrusives are amphibolites and quartz veins. The general trend of the rocks
is NE-SW and NNE-SSW with westerly dip. The intervening area between Gol and Badshahpur is
covered with a thick mantle of soil and blown sand.
Mineralisation
There are old workings extending over a strike length of 2 km with mine dumps and slag
heaps. One block of copper metal weighing about 10 kg was recovered from the slag heaps.
The sulphide mineralisation is along prominent shear zones occurring at the contact of
quartzite with schists and amphibolites. The shear zones trend NNE-SSW, with ore shoots often
dipping steeply towards west.
Gol Block: The drilling done to test a zone of old workings 450 m in length is rather incomplete. Of the
two boreholes drilled, no encouraging result for copper was obtained. However, one borehole indicated

138

1.35% cobalt over a width of 0.5 m. Reconnaissance stage (UNFC G-4) investigation was carried out in
this area.
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Badshahpur Block
The mineralisation (strike length 1.4 km) is mostly in amphibole quartzite/ amphibole schist.
The sulphides (pyrite, pyrrhotite, chalcopyrite and bornite) occur as stringers, fine disseminations and
veinlets along foliation and shears.
Prospecting stage (UNFC G-3) investigation was carried out in this area. There are two lodes
with discontinuous ore shoots. The hanging wall lode is generally low in grade and erratic in nature.
The foot wall lode varies 1.2- 4.0 m in thickness with 0.5 to 1.63% Cu. In one borehole, a rich zone
with 6.5% Cu over 1.9m width was intersected. In another, a third lode was intersected at deeper levels
- with 2.46% Cu over 9.5 m width. Further drilling to explore the extent of this lode is in progress.
Quantum of work
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Geochemical sampling

1:25,000
2.36 sq.km (1:1000); 0.60sq.km(1:1000)
IP, SP, Resistivity, Magnetic and EM surveys over an
area of 11.30sq.km
Soil and bed-rock samples at 15 m interval along 60
m apart lines.Significant Cu
values noted only
along shear zones
4025 m (12 boreholes) 1973 onwards in Badshahpur
938.60m (2 boreholes) in Gol
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Achrol prospect (27°08':75°59') Jaipur district.
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Geological set-up
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The rock types are quartz-sericite schists, brecciated quartzites and carbonaceous phyllites with
quartzite intercalations, all belonging to the Ajabgarh Group of the Delhi Supergroup. They are folded
into an anticline plunging steeply due N30°E. Major gossan bands are generally confined to the western
limb of the fold, associated with quartz-sericite schists and breccia.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.

Mineralisation
Gossan bands, measuring a few metres to 180 m in length, with a maximum width 40 m occur
intermittently over a strike length of 3.5 km. In the 4 boreholes completed, sparse disseminations of
chalcopyrite and pyrite occur in sericite-quartz schist and associated quartz veins over widths of 1.5 to
3.0 m. Occasionally massive pyrite with blebs of chalcopyrite occur in carbonaceous phyllite over a
maximum width of 3.0 m.
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The drilling operation suspended in view of the poor results obtained and poor core recovery in
the oxidised zone which is fairly deep.
Quantum of work done
:
:
:

Drilling

:

1:63,000,
0.88 sq. km (1:2000)
817 bed-rock samples along 10 m grid and also some
soil and 17 water samples. The gossans indicated 4001000 ppm Cu in the western, northern and eastern
parts. Zn values of 800 – 1000 ppm restricted to the
western part. Lead values are poor except in the
northern and eastern part where values are from 7001000 ppm.
1260.70 m (4 borholes)
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Dhaula prospect (27° 13': 76° 04') Jaipur district
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Geological set-up
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The Alwar Group of the Delhi Supergroup is represented by quartzite, quartz-sericite schist and
amphibole schist. They trend NE-SW to NNE-SSW with steep dips.
Mineralisation
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The host rock is amphiblolite/amphibole schist. The mineralisation consists of specks and
stringers of native copper, chalcopyrite, pyrite and pyrrhotite. The total strike length of the zone is 1.4
km and only 3 boreholes have been drilled. The depth of oxidation is fairly deep.
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The exploration in the prospect is incomplete.
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Quantum of work done

Regional mapping
Detailed mapping
Geophysical survey
Geochemical sampling
Drilling

:
:
:
:
:

1:25,000/1:60,000
1.20 sq. km (1:2000)
SP, EM, and IP
232 bed-rock samples, 51 plant and 17 water samples
645.65 m (Three boreholes: two completed and one
abandoned).

Lalsot - Nithor – Khankhera Belt, Bharatpur district
This belt extends from Khankhera (24°59' : 77°08') in the north to Lalsot (26°34' : 76°20') in
the south and contain zones of copper mineralisation associated with ENE-WSW shears and N-S
trending cross faults, within basic volcanic flows, tuffaceous phyllites and quartzites of the Delhi
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Supergroup. A number of old workings are located only at the north-eastern end (near Khankhera).
Minor evidences of mineralisation are seen near Lalsot.
The Khankhera prospect has been explored by the DMG, Rajasthan, 1.63 sq. km of mapping
on 1:1000 scale, geochemical soil sampling and drilling (1447 m) were done.
The main rock types are basic volcanic flows, tuffaceous phyllites and massive quartzites
(Nithor). The Nithor quartzites strike NW-SE, dipping 30-40° towards North.
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On the surface, malachite stains are noticed at the contact of Nithor quartzite and interbedded
tuffs. Old workings occur near Ker and Khankhera. Geochemical sampling indicated a strong anomaly
for copper. The host rocks for sulphide mineralisation (as stringers and disseminations of chalcopyrite
and pyrite) are quartzites and metavolcanics traversed by the quartz veins. The available borehole data
indicate that the width of the copper zone is1.10 to 4.30 m with copper contents of 0.5 to 2.48%.
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A few old workings occur at Lalsot (26°34': 76°24'), Jaipur district, at the south-western end of
the belt in the Alwar metasediments which are also intruded by the metabasic rocks. The intervening
area between Lalsot and Khankhera is covered by soil.
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Nim Ka Thana Copper Belt
Geological set-up
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The pre-Delhi gneissic rocks, which include migmatised psammopelitic rocks with extensive
intrusion of granite, pegmatite and amphibolite, are exposed on the western margin of the Dokan - Nim
ka Thana area. The pre-Delhi rocks are exposed around Jhilo - Diyal ka Nangal areas and the contact
between the pre-Delhi sequence and the Delhi Supergroup is sheared.
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The Alwar quartzite is exposed southwest of Baleshwar and forms high ridges. This quartzite is
massive and at places gritty to pebbly in nature. This unit is overlain by the Kushalgarh Formation of
the Ajabgarh Group. The rocks of the Baniwala ki Dhani and Dokan blocks belong to the Kushalgarh
Formation. The Kushalgarh Formation consists of intercalation of varying proportions of arenaceous,
argillaceous and calcareous materials, the latter being the dominant in the Baniwala ki Dhani- DokanPatan areas. The rock types include garnetiferous mica schist, quartzite (massive and foliated), quartzite
intercalated with mica schist, banded biotitic marble, amphibole (tremolite/hornblende) marble
intercalated with schist, quartzite and carbon phyllite (? ash bed), garnet and staurolite bearing mica
schist, tremolitic marble intercalated with cherty quartzite and phyllite and banded marble.
Besides the Delhi Supergroup of rocks, post-Delhi intrusive in the form of granite, pegmatite,
albitite, calcite, epidote and quartz veins are present in the area. Granite and granite gneiss occur along
the valley of Jaitpura and Kalakhera areas, whereas pegmatite of varying dimensions are present
throughout the area and they are prominent in Kesar and Buchara-Ghandoli areas. Besides these, white,
red and Iceland spar varieties of calcite, albitite and magnetite are present at different places like Narda,
Raipur areas. The rocks of the area show NE-SW strike and dips steeply on either side. Primary
structures are represented by colour banding, cross bedding and ripple marks in the quartzite. Cross
bedding around Patan shows younging direction towards SE. Primary structure is also preserved as
compositional banding with long and persistent bands in banded biotite+amphibole
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(tremolite/hornblende) marble intercalated with mica schist, quartzite. These rocks have suffered three
phases of deformation and produced associated planar and linear fabrics. The first generation of
deformation produced tight to isoclinal folds (F1) and related foliation (S1). The second deformation has
controlled the overall disposition of the rocks of the area and forms a macroscopic antiform (F2) in the
Patan area and an overturned antiform (F2) in Jhilo-Imlah area plunging moderately towards southwest.
The related foliation (S2) strikes NE-SW and dips steeply towards NW in most part of the area. The
third deformation produced gentle to open cross folds (F2) with axial planes striking E-W to NW-SE
and dipping vertical to steeply on either side.
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The rocks of the area have suffered metamorphism upto amphibolite facies as indicated by
staurolite-almandine association within mica schist and tremolite-calcite association in tremolitic
marble.
Mineralisation
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Copper mineralisation in the form of bornite, chalcopyrite and associated malachite staining is
present in the area from Dariba in the south through Baleshwar-Sami ki Dhani-Baniwala ki DhaniKeshar ki Dhani in the north over a strike length of more than 15km Surface manifestations of copper

Su
r

ve

mineralisation in the area are in the form of few old pits, mine dumps, malachite and azurite staining
and ferruginisation. Slag heaps scattered at Dokan, Baleshwar, north of Dokan are indicative of ancient
mining activity in the area. Mineralisation is present mainly within banded biotite-amphibole marble
and mica schist. Bornite occurs as disseminations as well as aggregates within quartz and calcite veins
within banded biotite-amphibole marble and in mica schist.

al

Geological Map of Nim-Ka-Thana Belt
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Table II.1.17 Total Copper Resources Of Nim Ka Thana Belt
Grade
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Block

Cut-off

Resource ( in mt)

0.47% Cu

0.2%

20.18

Dokan North

0.37% Cu

0.2%

3.35

0.41% Cu

0.2%

7.36

0.31% Cu

0.2%

1.66

Dokan
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Baniwala Ki Dhani

G

Kundla Ki Dhani

Panchokharkhara

Under progress

Mina Ka Nangal

Under progress

Baniwala- ki -Dhani Copper prospect, Sikar district
In Baniwala ki Dhani-Dokan area, rocks of Ajabgarh Group of Delhi Supergroup are exposed
along a NE-SW trend. The rock types include biotite - muscovite- marble, quartz-mica + garnet schist,
amphibole marble, amphibolite, tremolite marble with quartzite, quartz-garnet-amphibole schist,
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quartz-kyanite-staurolite schist traversed by quartz-kyanite vein and quartz vein. The rocks of the area
strike in NE-SW direction and dip steeply on either side but generally towards NW (Fig.II.1.8).
The rocks have suffered three phases of deformation. The earliest recognized folds are tight to
isoclinal, disharmonic and rootless in nature. F2 folds are tight to open, disharmonic with fold axes
showing moderate to steep SSW plunge. This fold system controls the major trend of the rock
formations. The last phase of folding produced broad warps on E-W axes.
General Exploration stage (UNFC G-2) investigation was carried out in this area by GSI.
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Malachite stains and specks of bornite, chalcopyrite and pyrite recorded in the rocks are the
direct indication of sulphide mineralisation in the block. The host rock for mineralisation is biotitic
marble, amphibole marble and mica schist with quartz-calcite veins. Disseminations and stringers of
bornite and chalcopyrite within rocks get concentrated along quartz-calcite veins. Besides bornite and
chalcopyrite, covellite, cubanite, chalcocite, pyrrhotite, molybdenite, hematite and magnetite are also
present in the rocks. The copper silver mineralisation of the area is primary in nature as evident from
the presence of cubanite within bornite, exosultion of chalcopyrite and chalcocite within bornite and
fine specks of bornite and chalcopyrite within host rocks.
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Out of 13 boreholes drilled in Baniwala ki dhani Block 12 boreholes intersected copper
mineralisation.

Fig.II.1.8 GEOLOGICAL MAP OF BANIWALA KI DHANI AREA
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Quantum of work done (2001-04)
:
:
:

Petrographic sampling
Drilling

:
:

Core sampling

:

0.505 sq.km 0n 1:2000 scale
332 nos.
Geophysical survey (IP, SP, Mag, during 2000-01)
picked up three anomaly zones of 400m, 2100m and
2500m in length along NE- SW trend
42 nos
5169.85m in 14 boreholes incuding 1 borehole in
Dokan Block
2375 nos

ia

Detailed mapping
Geochemical sampling
Geophysical Surveys
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Resources

of

Total inferred resources in Baniwala-ki-Dhani Block is estimated Cu of 20.18 million tones
with 0.47% Cu calculated at 0.2% Cu cut-off. At 0.5% Cu cut-off the resources are 7.97 million tones
with average grade of 0.71% Cu. The resources have been categorised under UNFC 333.
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Kundla ki Dhani (27°45'57'': 75°54'46'':27°45'35'':75°55'18.8'' in the north and 27°45'16'':
75°54'48''and 27°45'17'': 75°55'02'' in the south) Sikar district
Geological set-up

Su
r

In Kundla-ki-Dhani area, located south west of Baniwala-ki-Dhani Block where copper
mineralization has indicated by drilling, rocks of Ajabgarh Groups of rocks belonging to the Delhi
Supergroup are exposed.The rocks have a general NE-SW trend.
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General Exploration stage (UNFC G-2) investigation was carried out in this area by GSI.
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Mineralisation

G
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Quantum of work

og

Malachite stains and bornite within the schists indicate presence of subsurface sulphide
mineralization.

Detailed mapping
Geochemical Survey
Geophysical survey
Petrographic samples
Drilling
Core Sampling

:
:
:
:
:
:

0.8 sq. km. on 1:2000 Scale (2003-04)
209 nos.(BRS+SS)
IP, SP, Mag. Resistivity picked up anomalies.
21 nos.
3303.60m
333 nos
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Dokan Block (27°46'40'': 75°56'00''and 27°46'31'': 75°56'17''in the north and 27°46'18'':
75°55'38'and 27°46'12': 75°55'58''in the south)
Dokan North Block
Geological set-up

ia

The main rock types exposed in the area are grayish white tremolite marble, calcareous quartz
biotite schist with or without scapolite, buff coloured tremolite bearing dolomitic marble, amphibole
quartzite. Intrusive quartz and pegmatite veins are cutting across the lithounits.
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General exploration stage (UNFC G-2) investigation was carried out in this area by GSI.
Mineralisation

ve
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Sulphide mineralisation is found to be fairly consistent and has been intersected in all
boreholes. The thickness of the zones varies between 5m and 50m plus. The ore minerals are bornite,
chalcopyrite, occasionally covellite and chalcocite. Occasional clusters of the coarse grained bornite

Su
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with quartz-carbonate, chlorite and amphibole veins are observed. The mineralisation in the area is
highly erratic and demonstrates no clearly defined structural or litho control. The mineralisation occurs
as dessimination in the host rock.

:
:

3299.60m
587 nos.

ic

Drilling
Core Sampling
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Dokan Block

og

Dokan North Block
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Drilling:
Core Sampling:

2025.20m
193 nos.

G

Bageshwar Block (27°46'2'': 75°53'59''and 27°46'09'': 75°54'11'' in the north and 27°41'14'':
75°54'29'' and 27°45'59'': 75°54'55'' in the south) Sikar district
Geological set-up
The rock type exposed in the area includes quartzites and micaceous quartzite. Impure marble,
tremolite marble with quartzite, quartz-mica schist, silicified biotite amphibole marble and biotiteepidote schist belong to the Ajabgarh Group. The rocks have a N-S trend in the central part and NESW trend in the western part.
General Exploration stage (UNFC G-2) investigation was carried out in this area by GSI.
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Mineralisation
Malachite stains and bornite within the schists in the central part of the block indicate presence
of subsurface sulphide mineralization.
Quantum of work

of
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Detailed mapping
:
1.9 sq. km. on 1:2000 Scale (2004-05)
Geochemical Survey
:
523 nos.
Geophysical survey
:
IP, SP, Mag. Resistivity picked up anomalies.
Petrographic samples
:
15 nos.
Drilling
:
923.50m
Core Sampling
:
15 nos
Investigation by drilling carried out in the blocks of Kundla ki Dhani, Dokan, Dokan North and
Bageshwar Blocks, Sikar district, Rajasthan together during the F.S.2004-05 and 2005-06 and the
indicated resources of Kundla ki Dhani Block, Dokan Block and Dokan North Block have been
categorized under UNFC 332. Resources of Bageswar Block have not been assessed.
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The blockwise estimated indicated resources are given in table II.1.18
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Grade(%)

4.00
2.81
4.63

0.34
0.47
0.34
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Resources(in million tonne)

ic

Kundla ki Dhani Block
Block
Copper cut
off
Kundla ki
0.2% (CS)
Dhani Block 0.3% (CS)
0.2%(LVS)
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Table II.1.18 Block Wise Resources
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Dokan North Block
Block
Copper cut
off
Dokan
0.2% (CS)
North
0.3% (CS)
0.2%(LVS)
Dokan Block
Block

Dokan
Block

Copper
off

cut

Resources(in million tonne)

Grade(%)

20.52
13.53
23.87

0.37
0.45
0.37

Resources(in million tonne)

Grade(%)

0.2% (CS)

48.34

0.40

0.3% (CS)

34.67

0.45

0.2%(LVS)

53,38

0.40
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Nathuwala Block, Sikar district
Nathuwala block is located in the SSW extension of Kundla ki Dhani block. The block is
situated in Neem ka Thana Tehsil of Sikar district and falls in Toposheet no. 45M/14. The block is
bounded by 27°45'01'':75°54'44'' and 27°44'48'': 75°54'47' and 27°44'20'': 75°54'09'' and
27°44'39'': 75°53'57''
Geological set-up
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The rocks of the area belong to the Kushalgarh Formation of the Ajabgarh Group of the Delhi
Supergroup. Thje rock types are calcareous quartz biotite schist, biotite marble, scapolite biotite schist,
amphibole marble and dolomitic marble.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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The main ore minerals are bornite, covellite, chalcocite, chalcopyrite, pyrite, speculiarite and
pyrrhotite. These sulphide minerals occur as dissemination, specks and stringers in the amphibole
marble. Analytical results of SS indicate Cu from 10 ppm to 630ppm and BRS indicate Cu values
between 15 ppm to 2400 ppm.
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Detailed mapping of 1.45 sq km area on 1:2000 scale, 247 nos of GCS (SS) and 215 nos of
GCS (BRS), and ground geophysical survey of 30 L.km was carried out.
Resources Not assessed.

27°40'35'':75°54'20''and 27°43'43'':

al

Baleshwar – Dariba Belt, (27°40'41'': 75°54'03'' and
75°55'21'' and 27°43'37'':75°55'38'') Sikar District
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Geological set-up

og

The rocks of the area belong to the Kushalgarh Formation of the Ajabgarh Group of the Delhi
Supergroup. The rock types are calcareous quartz biotite schist, biotite marble, scapolite biotite schist,
and amphibole marble and dolomitic marble.
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation

G

A number of mineralised zones are identified. The main ore minerals are bornite, covellite,
chalcocite, chalcopyrite, pyrite, speccularite and pyrrhotite. These sulphide minerals occur as
dissemination, specks and stringers in the amphibole marble. Analytical results indicate Cu content of
193 ppm to 0.11% is recorded in the western limb and from 163 ppm to 0.39% in the eastern limb.
Quantum of work done
Large scale mapping of 3 sq km on 1: 10,000 scale, 389 nos of GCS (BRS/SS), channel
sampling of 150 nos and ground geophysical survey of 45 L.km was carried out.
Resources Not assessed.
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Mahawa Block, (27°45'37'':75°51'43'' and 27°45'26'':75°51'56''and 27°45'50'':75°52'21'' and
27°46'01'':75°52'07'') Sikar district
Geological set-up

ia

The rocks of the area belong to the Kushalgarh Formation of the Ajabgarh Group of the Delhi
Supergroup. The rocks of Kushalgarh Formation show intercalation of arenaceous and calcareous
material. The rock types exposed in the block from NW to SE are amphibole quartzite, calc-silicate,
amphibole marble and dolomite. The rocks are striking NE-SW and dips towards SE/SW at moderate
angle.

In
d

Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation

of

The surface indications of copper mineralisation are present only in the form of extensive
malachite staining in clac-silicate rock. The mineralisation occurs discontinuously over a considerable
strike length.
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Quantum of work done
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Detailed mapping of 0.50 sq km area on 1:2000 scale; 64 nos. of GCM and 89 nos of Channel
sampling were carried out.
Resources

al

Not estimated. The mineralisation occur discontinously over a strike length of about 1000m,
having width of 10 m to 15 m. The copper values ranges between, 10ppm to 6400ppm.
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Other copper occurences in North Delhi Fold Belt
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Deota (27° 49': 76° 45') Alwar district

G

eo
l

This occurrence forms a part of the overturned eastern limb of Kishangarh Anticline. The host
rock is sheared felspathic quartzite (Alwar Group) and the mineralisation is characterised by
disseminations along the shears. Surficial evidences of mineralisation extend over a strike length of 140
m
Tatarpur (27° 45': 76° 35') Alwar district
This occurrence forms a part of the western limb of a macro-anticline composed by the Alwar
metasediments. The mineralisation is marked by a gossan zone. Carbonate stains and sporadic
disseminations of pyrite and chalcopyrite occur over a strike length of 480 m
Agar (27° 19': 76° 12') Alwar district
36 old pits occur over a strike length of 1.5 km A few samples from gossan outcrop gave
values of over 1000 ppm for copper.
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Piplai (27° 13': 76° 15') Alwar district
Old workings (shafts and pits) occur along a gossan band in the quartzite and biotite schist
(Alwar Group) over a strike length of 2 km in N-S direction. The mineralisation is along the sheared
western limb of a northerly plunging anticline. Samples from gossan showed high values for copper
(over 1000 ppm) along with nickel (150-400 ppm) and cobalt (200-400 ppm).
Angari (27° 21': 76° 15') Alwar district

ia

The area forms part of the western flank of the main Ajabgarh syncline. The mineratisation is
reported to be associated with quartz veins intruding into the marbles along the axial plane of the fold.
Chalcopyrite specks and malachite encrustations are seen in the mine spoil.

In
d

Lalpura (27° 14': 76° 10') Alwar district

Old workings occur over a strike length of 500 m in the amphibolite occupying the core of an
anticline (similar set up as at Nagel-Madhopur). Gossan samples analysed over 1000 ppm for copper.

of

Raisar (27° 10': 76° 08') Alwar district

ve

Chiplata (27° 07': 76° 22') Alwar district

y

A large number of old workings (shafts and pits) occur at the quartzite-amphibolite contact
over a strike length of 3.0 km Structurally the area is in continuity with the Pratapgarh Anticline.
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A few old pits occur in the mineralised quartz vein (50 m long and 1 m wide) at the base of the
Raialo marble interbanded with quartzites.
Sainpuri (27° 44': 76° 38') Alwar district
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Copper ore (cuprite and malachite) is associated with baryte and quartz veins in the quartzites
and schists of the Delhi Supergroup. Some samples assayed 6 to 7% Cu. Other minor occurrences of
copper associated with baryte are at Khera-Makora (27°13’: 76° 44’). Gujar (27° 07’: 76° 38’) and
Jamrauli (27° 09’: 76° 44’)
Baraud (27° 54': 76° 23') Alwar district
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Copper mineralisation in the form of old workings, carbonate stains and primary sulphides in
marbles and quartzite is seen over a strike length of 1.5 km in a NNE-SSW direction. The quartzite and
marble occupy the core of the Baraud-Kothal anticline. The geochemical samples indicated on an
average 0.2 to 0.3% Cu.
Jodhawas (27° 20': 76° 18') Alwar district
This prospect was explored by drilling during 1962-63. There are doubly plunging folds in the
Alwar Group of metasediments. Specks of chalcopyrite and pyrite occur in marble. The mineralisation
is not of economic significance.
Other minor occurrences in Alwar district are at Gorhwasi (27°04': 76°14'), Hamirpur(27° 44':
76°33'), Malothana(27°29': 76°16'),Marner (27°22':76°17'), Suratgarh (27°17':76°15') and Tehla
(26°43':76°16'), where thin gossans, malachite stains, specks of primary sulphides are reported in the
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quartz veins cutting into the rocks of the Alwar Group. In Tasing (26°43': 76°16'), groups of old
working are located in the Ajabgarh metasediments.
Datala (27° 11': 76° 02') Jaipur district
This is the southern extension of Dhaula prospect. Old workings, carbonate stains along faults
are noticed over a length of 500 m
Ghati-Godyana (27° 05': 76° 03') Jaipur district
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The mineralisation is along a strike-slip fault and is expressed by the presence of gossan zones over a
strike length of 1.5 km with a maximum width of 15 m Geochemical sampling and geophysical surveys
have also been carried out in this area.
Kuhara area, (27° 44': 76° 04') Jaipur district
Geological set-up

y

of

The lithounis exposed in the area belong to the Ajabgarh Group of the Delhi Supergroup. The
rock types exposed in the area are quartzite with lenses of phyllite and tuff, phyllite, cherty quartzite
and impure marble.

ve

Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Mineralisation
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Quantum of work done
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The host rock for mineralisation in the block is brecciated cherty quartzite. Extensive
limonitisation and ferruginisation indicate that the mineralisation occurs as fissure/fracture fillings.
Surface indications of mineralisation are malachite and azurite stains, old workings and gossan.

og

Detailed mapping of 1.305 sq km on 1:2000 scale, 809.45m of drilling in four boreholes, 50
nos of core sampling and 160 nos of GCS was carried out in the block.
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Resources No resource estimated due to poor core recovery.

G

Pairi (27°20': 76° 05'), Jaipur district
Profuse malachite staining, old workings and occasional primary sulphides are seen along
bedding shears in the quartzite close to the contact with metabasic rocks.
Dogeta Basi, Namdarpura Barwa Dungri Blocks (27°08'00'': 76°16'30'')
Geological set-up
The area exposes rocks of Tehla Formation of Upper Raialo Group, comprising mainly of basic
volcanic flows and quartzites, inter-banded sequence, with suordinate tremolite and actinolite bearing
marble and dolomite. In Dogeta Basi area Tehla Formation is represented by the gritty quartzite and
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basic meta-volcanic flows and amphibole- garnet schist and some tuffaceous and phyllitic rocks. The
rocks trend in N-S to NNW-SSE direction.
In Namdarpura Barwa Dungri area rocks of Dogeta Formation of Raialo Group are exposed.
They include dolomitic marble, pink marble and tremolite marble with intercalated thin quartzite
bands.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Mineralisation
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The evidences of sulphide mineralisation recorded from the area include old workings, fresh
sulphide veins from well cuttings hosted within garnet amphibolite schist of Raialo Group.
Quantum of work done

10sq. km. on 1:10,000 scale
238 grids Geoch. Samples (Dogeta Basi area) 7
random samples (Dogeta Basi area) 181nos.(
Namdarpura block) 68 nos. (Barwa Dungri)

of
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Large scale mapping
Geochemical survey
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Geochemical survey indicated Dogeta Basi to be a good target for further investigation. Here a
150m to 200m m zone of peak value of 40,000 ppm of Cu has been delineated. This zone lies over old
workings and has shown a perfect correlation with ground geopgysical anomalies.
South Delhi Fold Belt (SDFB)
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The South Delhi Fold Belt (SDFB) striking NNE-SSW along 400 km length occupies axial
region of the Aravalli mountain range in south-central Rajasthan. The Middle to Upper Proterozoic
rocks of SDFB are flanked on the east by metamorphites of the Aravalli Supergroup (Lower
Proterozoic) and the gneisses and granulites of the Mangalwar and the Sandmata complexes (Late
Archaean) and on the west, by Sendra and Erinpura magmatic intrusives (Upper Proterozoic). The belt
developed in an intra-cratonic rift, comprises predominant arenaceous-calcareous-argillaceous
sediments in the eastern part and the volcano (bimodal)-sedimentary sequence along its western
margin. It shows a strong linear disposition and exhibits polyphase deformation. The mineral
assemblages indicate greenschist to lower amphibolite facies metamorphism with local thermal
imprints.
Geological set-up
The middle to upper Proterozoic SDFB occupying the axial region of the Aravalli Mountain in
south-central Rajasthan is flanked on the east by metamorphites of the Aravalli Supergroup (Lr.
Proterozoic), Mangalwar and Sandmata Complexes ( late Archean) and on the west by Sendra and
Erinpura magmatic intrusive rocks (Up. Proterozoic). The SDFB developed in an intracratonic rift
basin comprises mainly metamorphosed arenaceous-calcareous-argillaceous sediments in eastern parts
and meta-volcanosedimenatry sequence along the western margin.
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Several basemetal occurrences/ prospects, manifested by surface showings, occur in western
margin of the northern and southern segments of the belt. Exploration activities established rich
concentration of Pb + Zn + Cu metals at Deri, Ambaji and Biranthiya deposits and Cu + Zn ± Au of
moderate grades at other prospects like Basantgarh, Pipela, Danva, Chitar etc. Its volcanogenic origin
related to subduction based on lithological set-up, metal association, isotope (Deri-Ambaji) studies, etc.
has been suggested and compared with Cyprus/ Kuroko and Beshi types.
Pindwara-Watera-Deri-Ambaji sector of South Delhi Fold Belt
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Pindwara-Watera-Deri-Ambaji Sector (PDWA sector) is located near the western margin of the
southern part of the South Delhi Fold Belt (SDFB). This sector is trending NNE-SSW measures 55 km
x 5 km-15 km and is bounded by 24°20' and 24°50' : 72°40' and 73°07'. The sector falls in the part of
the Survey of India toposheet numbers 45 D/14, 15 and 45 H/1,2 and within the districts of Sirohi and
Banaskantha of Rajasthan and Gujarat, respectively.
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Geological set-up
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The study area referred to as the PDWA sector is situated near the western margin of the
southern segment of the SDFB. It probably represents the southward strike continuity of the Phulad
Ophiolite Suite. The PWDA sector contains volacnogenic massive sulphide basemetal occurrences and
prospects with or without noble metal, hosted in mafic and felsic volacnic rocks.
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Reinterpretation of the data indicates that lithostartigraphically the PWDA sector comprises a
'lower member' and an 'upper member'. The lower member representing the ophiolite suite occurs in
western part and consists of sub-marine tholeiite intermediate and rare felsic volcanism, while the
upper member occurring in the eastern part comprises predominantly felsic and minor basic volcanics
within the sedimentary sequence. This succession is invaded by multiple granitic and gabbroid rocks.
Lower and Upper Marble contact may represent a major lithological discontinuity and a stratigraphic
break. Petrochemical characters of the basic volcanic rocks are similar to MORB and modern arc
tholeiite basalt which may suggest an "obducted ophiolite" setting comparble with modern "Oman
Ophiolite".
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Some lithounits have suffered early hydrothermal alteration prior to deformation. This is
evident by texture, paragenesis and association of diagnostic minerals with sulphides and opaques. Two
major deformation events D1 and D2 are synchronous with regional metamorphism under amphibolite
and greenschist facies, respectively. Primary structures are rarely preserved. The S1 foliation is well
marked within metasedimentary units as marbles, calcsilicates or metapelites; more irregular within
volcanic and plutonic rocks. D2 deformation is more penetrative in all litho-units and D2 folds are seen
mainly in metasedimentary rocks. S2 foliation trends, in general, N40°E-S400W. D3 deformation
produced large anitiform and synform on regional scale. Thermal metamorphic event (pre D2) imparted
hornfelsic texture in some rocks and ore minerals. Kinematic criteria show an upward movement of
north-western block but lacks shear movement signature.
Mineralisation
Metallogenically, the PWDA sector can be subdivided into two metallic domains, namely,
Western Metallic domain (WMD) and Eastern Metallic Domain (EMD) which include the Lower and
Upper Members, respectively. The WMD shows Cu-Zn ± Au mineralisation hosted in ophiolites of the
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Lower Member and contains prospects, e.g., Danva, Ajari, Basantgarh, Pipela, etc. The EMD exhibits
Pb + Zn + Cu sulphide mineralisation in felsic volcanics of Upper Member and includes Deri-Ambaji
mines and other prospects. Ore minerals in WMD comprise commonly pyrite, chalcopyrite, sphalerite,
pyrrhotite with traces of molybdenite, gold-electrum, luzonite and greenockite and rare galena. In EMD
the common minerals include pyrite, galena, sphalerite, chalcopyrite, and cubanite. Pyrrhotite,
molybdenite, mackinawaite, boulangerite occur as rare minerals with traces of bornite, digenite and
gahnite. Sulphide minerals exhibit massive to sub-massive stratiform (Danva), breccia feeder and
stockwork sub-massive (Pipela, Danva) and disseminated (all prospects) nature constituting
discontinuous bands and lenses in the ore zones. Silicification, stockwork of quartz, remnants of
chlorite and white mica in D1 biotite, disseminated epidote, actinolite, Mg tourmaline, remnant quartz
and chlorite in gangue indicate pre-D1 hydrothermal alteration of volcanic lithounits. Geochemical
signature of sulphide minerals are Fe, Ni, Cu, Pb, Zn, Cd, Ag, and for gold are As, Ag, Cd and Cu.
Table II.1.19 Polymetallic Basemetal Prospects/Deposits In PWDA Sector
Zn%

0.82
0.71
1.74
0.8
0.82
1.13
1.75

-

2.23
3.19
1.27
-

Au
(ppm)
0.78
0.48
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6.82
4.91

9.06
5.52

Ag
(ppm)
42
38

of

Pb%

y

Cu%
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Resources
(Mt)
1.75
0.07
3.58
1
3.1
1.05
8.29
16.5

0.26

By
G.S.I.
G.S.I.
DMG
D.MG.
G.S.I.
G.S.I.
MECL

al

Deposit
Danva
Ajari
Basantgarh
Goilya
Pipela
Deri
Ambaji
Total
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Ajari Block (24° 45'40'': 73° 02'40'') Sirohi district
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The rocks belong to the Ajabgarh Group of Delhi Supergroup and are represented by biotitequartz schist, actinolite- quartz schist and hornblende-quartz-botite schist. They are intruded by
amphibolites, pegmatites and quartz veins. The formations trend NNE-SSW with steep dips.
Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.

G

Mineralisation

A gossan band is exposed over a length of 300m Geochemical sampling indicated an anomaly
for copper (1500ppm against a background of 100ppm). Geophysical surveys (EM) also corroborated
the geochemical anomaly.
The sulphide mineralisation (pyrite, chalcopyrite and sphalerite) is mostly in the schistose
rocks as stringers and disseminations. Drilling established mineralisation over a strike length of 200m

The zones vary in width from 0.5 to 12m with copper content varying from 0.24% to 1.86% and zinc
from 0.57to 3.32% with 20ppm silver in some drill cores .
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Quantum of work done
By DMG, Rajasthan
Geological mapping
: 0.5 sq km (1:1000)
Drilling
: 2249.95m
Geochemical sampling and geophysical survey (EM) also carried out.

:
:
:
:

15 nos
687.20m (Five boreholes),
155 nos
(IP, SP, Mag)
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Geochemical sampling
Drilling
Core samples
Geophysical
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By GSI (During 1990-96)

Resources

Danva Block (24° 46'20'': 73° 02'20'') Sirohi district
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An inferred resource of 0.7 mt ore averaging 0.71% Cu, 3.19% Zn, 0.48ppm Au and 38ppm Ag
has been estimated in this block and can be categorised under UNFC 333.
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The entire Danva Block is covered by thick alluvium It is totally a concealed deposit
discovered by GSI during early nineties. The geology of the area is interpreted by scattered outcrops in
the nearby areas and by subsurface data generated during drilling operation by GSI. The rocks belong
to the Ajabgarh Group of Delhi Supergroup and are represented by biotite-quartz schist, actinolitequartz schist, hornblende-quartz-biotite schist, amphibolites, pegmatites and quartz veins. The
formations trend NNE-SSW with steep dips.
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General exploration stage (UNFC G-2) investigation was carried out in the area by GSI.
Mineralisation
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The sulphide mineralisation (pyrite, chalcopyrite and sphalerite) is mostly in the schistose
rocks as stringers, disseminations, massive and semi-massive sulphide zones. Drilling established
mineralisation over a strike length of 500m Massive sulphide zones are associated with wide stringer
zones.

G

Quantum of work done

By GSI (During 1984-90)
Geological mapping
Drilling
Geophysical survey

:
:
:

0.5 sq km (1:2000)
2091.70m in 9 boreholes.
IP, Chargeability, SP, Mag.

By GSI (During 1990-96)
Drilling
Core samples

: 3185.95m (15 boreholes)
: 2849 nos.
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Resources
An indicated resource of 0.307 million tonnes averaging 1.40% Cu, 6.42% Zn and 0.53% Pb
was estimated in Danva Block during the first phase of investigation(1984-90). These resources were
re-evaluated during 1990-96 and a revised indicated resource of 1.75 mt ore averaging 0.82% Cu,
2.23% Zn, 0.78ppm Au and 42ppm Ag has been estimated by GSI in this block. This can be
categorised under UNFC 332.
Basantgarh Block (25° 45': 73° 15') Sirohi district
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The rocks of the block belong to Ajabgarh Group of Delhi Supergroup and are represented by
biotite-hornblende-quartz schist, actinolite-quartz schist and quartz-sericite schist. The intrusives are
Erinpura Granite, metabasic rock, quartz and pegmatite veins. The general trend of the formations is
NNE-SSW with steep dips. The rocks are intensely folded and the folds plunge 10o towards NNE.
Mineralisation
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Four gossan bodies, 20 to 100m long, are exposed along the western flank of Darvot River over
a strike length of 300m The river itself flows along a shear zone. Other evidences of mineralisation
include presence of old workings, mine dumps and slag heaps.
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The sulphide mineralisation is mostly in the schists either as disseminations and stringers or as
massive zones. The mineralisation has been proved over a strike lenth of 1.15km and to a vertical depth
of 200m The ore zone consists of several vertical lenses arranged in en echelon pattern. The width
varies from 0.5 to 12mThe depth of oxidation zone is 10m
Quantum of work done

al

By DMG, Rajasthan

G
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By GSI

og
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Regional mapping
: 12.5 sq.km (1:50,000)
Large scale mapping
: 0.53 sq.km (1:1000)
Drilling
: 11,167.55m
Geochemical and Geophysical prospecting also carried out

Regional mapping
Detailed mapping
Geochemical sampling
Geophysical surveys

:
:
:
:

2.2 sq. km 0n 1:4000
112 nos BRS
IP, SP, Mag

Resources
A total of 3.58 million tonnes of indicated resources estimated by DMG, Rajasthan. The ore
averages 1.74% Cu and 1.27 % Zn.

Goliya Block (24° 41': 72° 58') Sirohi district
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The geological set up is similar to Basantgarh. A prominent gossan zone along a shear trending
N-S associated with old working is recorded in the area.
Mineralisation
The mineralised zone has been traced over a strike length of 850m and down to a vertical depth
of 80m by drilling.The zone varies in thickness from 1.37 to 7.14m and in grade from 0.65 to 1.37%
Cu. Zinc values upto 2.5% and significant values for silver were obtained in a single borehole.

By DMG, Rajasthan

In
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Large scale mapping
: 1.0 sq. km (1:2000)
Drilling
: 2140m (18 boreholes)
Geophysical and geochemical surveys indicated anomaly

ia

Quantum of work done

of

Resources

y

DMG, Rajasthan estimated 1.0 million tonnes of resource with an average grade of 0.8 % Cu in
this block

ve

Pipela Block (24° 38': 72° 56') Sirohi district
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The rocks exposed in the area are quartz- chlorite schist and actinolite- chlorite- quartz schist
belonging to Ajabgarh Group of Delhi Supergroup. These rocks are intruded by metabasic rocks and
Erinpura Granite. Lamprophyre dykes are also recorded in this area. The rock formations strike NE-SW
with steep dips towards southeast.
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Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.

Mineralisation

og

Besides old workings three parallel gossan zones, 60 to 150m wide occur over a strike length
of 700m Of these, the central and eastern gossan zones have been tested by drilling.
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Sulphide mineralisation, chalcopyrite, sphalerite, and pyrite is mostly associated with chloritequartz schist and actinolite-chlorite quartz schist as disseminations, stringers and massive along
foliation planes.
The mineralised zones vary in thickness from 0.20 to 12m with 0.5-2.74% Cu, 0.5 to 0.72% Zn
and 5-80 ppm silver.
Quantum of work done
By DMG, Rajasthan
Regional mapping
Large scale mapping
Pitting and trenching
Drilling

: 30.00sq.km (4”=1mile)
: 3.29 sq km (1:2000)
: 262.50 cu m
: 4094.19m
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By GSI (1990-96)
Detailed mapping
Drilling
Core samples
Geochemical
Geophysical surveys

: 3.5 sq km (1:4000)
: 1622.50m in 8 boreholes
: 1154 nos
: 263 nos of litho samples
: IP. SP, Mag.

Resources

ia

Geological survey of India estimated an inferred resource of 3.1 million tonnes of ore with
0.82% Cu and 0.26 ppm gold.This can be categorised under UNFC 333
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Rampura Block (24 o 42'10'':72 o 59' 05') Sirohi district
Geological set-up

of

The rocks exposed in the area include amphibolite interlayered with quartzite and calc-silicate
rock. These units belong to the Ajabgarh Group of Delhi Supergroup and are intruded by post Delhi
biotite amphibole granite, gabbro and vein quartz.
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Reconnaissance stage (UNFC G-4) investigation was carried out in the area by GSI.
Mineralisation

al
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Old workings and slag dumps are the only surface manifestations of sulphide mineralisation in
this block. Individual old workings of variable dimension are arranged in an en-echelon pattern parallel
to the regional foliation. The footwall of one of the old workings shows amphibole-sericite-chlorite
schist with specks of pyrite. The mine dump contains pieces of gossan with boxwork, primary pyrite
and chalcopyrite.
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On the basis of favourable results of geophysical and geochemical results, drilling was taken
up in this block. However exploratory drilling did not indicate any significant basemetal
minreralisation.

eo
l

Quantum of work done

G

By GSI (1984-90)

Regional mapping
Detailed mapping
Drilling:
Geophysical surveys

:
:

0.5 sq.km (1:1000 scale)
1157.70m in 5 boreholes
IP. SP, Mag.

Resources Not assessed
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Banas Dungri (24º 43' 00'': 72 º 59' 20'') Sirohi district
Geological set-up
The area is under thick cover of alluvium. Outcrops are scarce and only exposed on the banks
of Banas river section. The rocks exposed are amphibolites and basic schists of Ajabgarh Group of
Delhi Supergroup and are intruded by pegmatite veins. The rocks trend NE-SW with moderate to steep
dips towards south-east.
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Reconnaissance stage (UNFC G-4) investigation was carried out in the area by GSI.
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Mineralisation
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No surface indications of mineralisation are recorded in the area. Based on encouraging electochemical anomalies and favourable host rock for sulphide mineralisation test drilling was taken up in
this block by GSI. The boreholes however did not intersect any significant mineralisation.
Quantum of work done

Resources Not assessed

:
:
:

0.1 sq.km (1:1 000 scale)
257.05 in 2 boreholes
IP. SP, Mag.GEM
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Detailed mapping
Drilling
Geophysical surveys
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By GSI (1984-90)
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Swarupganj (24 o 39' 30'' : 72 o 56' 45'') Sirohi district
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Geological set-up
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The metamorphites exposed in the area include amphibolite, metapyroxenite, hornblende
quartzite, mylonitised granite with enclaves of chlorite schist. This assemblage is intruded by granite,
dolerite dykes, and pegmatite and quartz vein. The principal structural trend of the rocks is NE-SW.

G

Reconnaissance stage (UNFC G-4) investigation was carried out in the area by GSI.
Mineralisation
Pyrite and chalcopyrite disseminations are common in the rocks of this area especially in the
amphibolites. Thin limonitised zones are recorded at the contact of mylonite granite and amphibolite
and also along the contact of hornblende quartzite and younger granite.
The ground geophysical surveys in the area indicated encouraging results on SP and IP. The
drilling results indicated that the geophysical response is mainly due to pyrite-pyrrhotite mineralisation.
Quantum of work done
By GSI (1984-90)
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Detailed mapping
Drilling
Geophysical surveys

:
:
:

10 sq. km on 1: 5000 scale
528.70m in 4 boreholes
IP, SP, Mag.

Resources Not assessed
Watera (24 o 36' 00'' : 72 o 56' 00'') Sirohi district
Geological set-up

In
d

ia

The main litho-units exposed in the area are chlorite schist, quatz-sericite schist and
amphibolite belonging to Ajabgarh Group of Delhi Supergroup. These are intruded by quartz and
granitic rocks.
Mineralisation

Su
r
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Oxidised and ferruginised quartz-sericite schist is exposed for about 1 km strike length on the
eastern slopes of chlorite schist ridge. On the western slopes of this ridge oxidised quartz-sericite schist
is exposed discontinuously for a strike length of about 400m. In the southern part of the area a small
old working, in the form of pit, is located. Limonitised quartz veins and slag dumps are other surface
manifestations of mineralisation. One borehole drilled to test the oxidised zones did not yeild
encouraging results for basemetal sulphides.
Quantum of work done
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By GSI (1990-96)

:
:

Geophysical surveys

:
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Regional mapping
Detailed mapping

Completed
0.5 sq. km on 1: 4000 scale Drilling:
borehole
IP, SP, Mag.

243.40m in 1

eo
l

Resources Not assessed

Bhimana (24 o 34' 50'' : 72 o 54' 10'') Sirohi district

G

Geological set-up

The rock types exposed in the area are amphibolites belonging to Ajabgarh Group of Delhi
Supergroup. They are intruded by granite, pegmatite and quartz vein.
Reconnaissance stage (UNFC G-4) investigation was carried out in the area by GSI.
Mineralisation
Surface indications of mineralisation are lacking in this block. Ground geopgysical surveys in
this area had indicated four IP anomaly zones. These zones corroborate with SP response. One of these
anomalies was tested by geochemical survey. Results are not encouraging.
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Quantum of work done
By GSI (1990 -96)
Regional mapping
Detailed mapping
Geophysical surveys
Geochemical survey

:
:
:
:

Completed
0.3 sq. km on 1: 4000 scale
IP, SP, Mag.
64 litho-samples.
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Resources Not assessed
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Deri Deposit (Cu-Pb-Zn) (24° 23' 00" : 72° 47' 00") Sirohi district

of

The rock types exposed are talc-biotite-chlorite schist, quartz-biotite-sericite schist, cordieriteanthophyllite schist, amphibolites, and felsic volcanics belonging to Ajabgarh Group of Delhi
Supergroup. In the eastern part of the area calc-gneisses, crystalline limestone and marble are exposed.
The general strike of the formations is N-S with nearly vertical dips.

y

Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
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Mineralisation

Su
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The basemetal mineralisation is in the form of 3 sub-parallel to parallel lenticular ore bodies
occurring over an aggregate strike length of upto 650m The ore minerals identified are pyrite,
sphalerite, galena, chalcopyrite, and magnetite.

og

Quantum of work done
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The sulphide ore bodies occur as replacement along shear zones within the quartz-chloriteamphibole schist and at the contact of talc-chlorite schist. Pyrite and chalcopyrite occur at hanging and
footwall sides with the main ore body containing galena and sphalerite in the centre. The ore zones are
in the shape of an elongated funnel with steep westerly dips and southerly plunge.

By GSI (1966-72)

:
:
:

Completed
0.3 sq. kmon 1:2000 scale
2496.6 m in 15 boreholes

G
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Regional mapping
Detailed mapping
Drilling

By Rajasthan Directorate of Mines and Geology
Geological mapping
: 12 sq. km on 1:1000
Drilling
: 3364.7m in 28 boreholes+
1032m in East Block
Exploratory mining
: Two shafts of 33.5 and 30.5m depths sunk 100m
apart. 2 cross cuts (North 20.3 m south 9.30m) to
expose the parallel lodes and one drive of 66m in shaft
no. 2
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Resources
Geological Survey India on the basis of 15 boreholes estimated a total inferred resource
(UNFC 333) of 0.815 million tonnes of ore with 17.13% TMC (9.12% Zn + 6.87% Pb+ 1.14% Cu).
The Rajasthan Directorate of Mines and Geology estimated the total measured resources
(UNFC 331) of about 1.0 million tonnes with 7.32 % Zn + 5.49 % Pb +1.98% Cu (14.79% TMC)
Other basemetal occurrences in South Delhi Fold Belt (SDFB)
Chitar -Kalabkalan area, Pali district

of
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The rock formations in the area are alternating bands of meta-sedimentary and metavolcanic
rocks of Ajabgarh Group of Delhi Supergroup. The meta-sedimentary formations consist of quartzbiotite schist, calc-silicate rock, marble and quartzite. The meta-volcanics consist of amphibolite
(metabasic volcanics), quartz-sericite schist (meta-felsic volcanics) and chlorite schist. These rocks are
intruded by younger amphibolites, ultramafic rocks, granite, pegmatite and quartz vein. The rocks have
undergone three phases of deformation and metamorphosed under medium grade of amphibolite facies
of regional metamorphism
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The sediments of the area have been deposited in a shallow water environment while
metavolcanics are by and large bimodal oceanic tholeiites emplaced in a rifted island arc environment.
Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
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Mineralisation
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Numerous exposures of gossans occur within metavolcanics in the area. The regional
geochemical survey indicated enrichment of Cu and Zn in most of the gossan zones. The malachite
stained calc-silicate rock and amphibolite show anomalous values of Cu and Zn along their contact
with granite.
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The exploratory drilling in Chitar Block indicated two parallel zones of massive sulphides
below gossan zones with about 60-90% total sulphides. Main sulphide minerals are pyrite, pyrrhotite,
sphalerite and chalcopyrite. The sulphide bodies are stratiform and are hosted by meta-volcanics with
well developed alteration zones in the footwall.

G

Quantum of work done

Large scale mapping
Detailed mapping
Geochemical sampling
Geophysical prospecting
Drilling

:
:
:
:
:

Core samples

:

150 sq km on 1:25,000 scale
2.0 sq km (1:1000)
364 nos
IP, SP and Mag
2541.55m in 15 boreholes (13 in Chitar South Block,
2 in Chitar North Block)
517 nos.

Resources
The inferred resources of copper and zinc calculated for about 800m strike length of eastern
zone and for about 400m strike length of western zone at 0.2% Cu cut off are as follows:
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Total: 1.83 million tonnes with 0.61 % Cu and 2.12% Zn and can be categorised under UNFC
333.
Anarkhera (26° 07' : 74° 30' ) Pali district
It is the continuation of the Chitar zone. The rocks belong to the Delhi Supergroup and
amphibole schist is the host rock. Gossan and old workings occur over a strike length of 2 km with the
width of the zone ranging between 4 and 10 m 3178.77 m was drilled in 19 bore- holes by the DMG,
Rajasthan.

ia

Bar-Jaitpura-Kalabar area, Pali and Ajmer districts
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The area comprises calc-gneiss and schist with intercalated mica schists, biotite marbles and
quartzites (Ajabgarh Group) and feldspathic quartz schist, limestone with intercalations of calc- schist /
marble (Alwar Group).
Of the three blocks, only the Kalabar Block contains significant mineralisation.
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Kalabar Block

Su
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The Kalabar Block comprises chlorite-schist, variegated amphibolite, quartz - mica schist, calc
granulites of the Ajabgarh Group intruded by sills and dykes of granite, pegmatite, quartz and calcite
veins. The field relationships, petrographic and chemical analyses of the rock types suggest a basalticandesite-dacite composition for the chlorite schist and amphibolites, both of tholeiitic and calc- alkaline
affinity. The rocks have been folded in three phases; the first two are coaxial in the NNE-SSW
direction giving rise to the respective axial foliations; the third phase is at right angle to the first two
without any foliation/ cleavages.

al

Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
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Mineralisation
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The mineralisation is of the massive sulphide type with Zn and Cu values, as also significant
values for Ag, Hg, Se and Au. The sulphide mineralisation is in the form of stratiform bands containing
upto 90 - 95% sulphides like pyrite, pyrrhotite, sphalerite and chalcopyrite. The area has been divided
into western and eastern segments.

G

Quantum of work done

Mapping (1: 1000)
Geochem
(nos.)
Drilling (m)

Bar Block

Jaitpura Block

Kalabar Block

0.60 sq km

0.47 sq km

0.75 sq km

Sampling 27

50

693.65

1713.60

(Four boreholes)

(13 boreholes)
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237

Mineralisation
Test drilling at two levels has indicated a limited strike extent for the massive sulphide body
with a depth persistence of over 100 m The Zn content ranges from 2.22 to 8.44% in the massive
sulphide ore. The thickness of the individual sulphide zone varies from 0.17 m to 9.06 m There is a
general tendency of thickening of the massive sulphides with depth. The massive sulphide zone of the
western sector is associated with a small zone of stringer sulphides containing 0.1 to 1.3% Cu and poor
in Zn. The total strike extent of the massive sulphide bodies in both the segments is 305 m and that of
the stringer zone is 45 m
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Resources
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Inferred Resources of different categories in both the segments are tabulated below in Table
II.1.20.
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Table II.1.20: Inferred Resources of Different Categories

0.19
Western

0.89

0.60

7.49

0.66

0.28

7.92

7.29

0.26

7.13

0.66

0.28

7.92

1.25

6.76

0.36

7.23
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Total

Zn Cu T.W

5.40

og

0.19

Grade % Av.

al

0.35

ic

Eastern

Million tonnes

Zn Cu T.W
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Segment
Category

Grade % Av

ve

Million tonnes

y

Massive sulphide ore(at 3% Zn Stringer ore(at 0.4% Zn cut-off)
cut-off)

G

These resources can be categorised under UNFC 333.

Birantiya-Khurd area (26° 05' : 74° 08' and 26° 10' : 74° 11' ) Pali district
The area forms the eastern limb of the Birantiya synform in rocks of the Delhi Supergroup. The
rocks exposed in the area comprise dolomitic-marble in the east followed by impure crystalline marble,
felsic metavolcanics represented by quartz mica schist with concordant baryte layers and basic
volcanics. The surface and subsurface geology reveals a repetitive bimodal volcanic sequence. Layers
of barytes occur in association with felsic volcanics and massive sulphides.
Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
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Quantum of work done
The area has been investigated by 2.00 sq. km mapping on 1:1000 scale, geochemical sampling
(666 nos) and 4799.20 m of drilling in 26 boreholes.
Mineralisation

ia

The foliated quartz-mica schist (felsic volcanics) forms the host rock of mineralisation. Baryte
is intimately associated with the mineralisation. The mineralisation occurs (1) as disseminations and
stringers along the foliation planes and (2) as massive stratiform lenses. The ore minerals are mainly
sphalerite, galena, chalcopyrite and pyrite in the north block and in the south block sphalerite and
galena with pyrite.
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Resources
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The area has been divided into two blocks. In the north block a small lensoidal ore body having
a strike length of 250 m with a maximum thickness of 1.5 m has been intersected. Inferred Resources
of 44,906 tonnes with an average grade of 20.994% TMC has been estimated having 4.6% Cu, 5.1% Pb
and 10.6% Zn (total 20.3%) and can be categorised under UNFC 333. In the south block the ore zone is
not continuous and as such the resources have not been estimated.

ve

Dhikan Block, SDFB, (25°55'48'': 74°05'20'' and 25°57'10'': 74°08'00'') Pali district

Su
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Geological set-up
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The rock types exposed in the area are bimodal volcanics (represented by amphibolites and
quartzo-feldspathic schist) belonging to the `Phulad Ophiolite Suite’ and banded calc-silicate rock,
biotite schist and quartzite of the Sendra Formation of Delhi Supergroup.
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Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
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Mineralisation
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The area is characterised by a 1200m long and 3m to 4m wide NE-SW trending linear gossan
zone, hosted in amphibolite. Geochemical sampling along channel lines across the gossan zone has
indicated anomalous copper and zinc values. The primary copper and zinc minerals occur as VMS
along with pyrite and pyrrhotite.

G

Quantum of work done

LSM of 3 sq km on 1:10,000 scale, Detailed Mapping of 1 sq km on 1:2000 scale, 343 nos of
channel sampling, 600m of drilling and 20 L.km of geophysical survey have been carried out.
Resources
Not assessed due to poor grade of the ore zone.
Other Copper Occurrences
Occurrences of Cu mineralisation in the trans-Aravalli region have also been reported from
Bidasar (27°48': 74°22') and Biramsar (26°02': 74°35') in Churu district and Balia (27°12': 74°35') in
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Nagaur district. Copper is also reported from Rupali (26°42': 76°32') in Sawai Madhopur district and
Chenpura (26°17':74°39') in Ajmer district.
1.3.2 Lead- Zinc deposits / occurrences in Delhi Supergroup
Kayar – Ghugra Pb – Zn deposit (Ajmer district)

og
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This belt extends over a strike length of 30 - 40 km in NNE-SSW direction from Ghugra
(26°30': 74°44') to Kharwa (26°12': 74°27'). The Ghugra-Kayar deposits have been identified as a
result of ground geological, geochemical and geophysical evaluation of aero-anomalies and have been
divided into 4 sectors viz., (i) Kayar sector in the north (ii) Kankriya in the west (iii) Bhunabay-Ghugra
in the south and (iv) Bhunabay- Madarpura in the central part.
Geological set-up
The area comprises a sequence of quartzite, calc-silicate rock and psammopelitic schists of the
Ajabgarh Group of the Delhi Supergroup. These are intruded by basic and acid rocks. The Kayar sector
is mostly soil covered except for a solitary domal hillock, representing a northerly plunging antiform
Gneisses and migmatites of the Anasagar granite phase occupy the western part of the flat terrain
whereas scanty outcrop of quartzites, calc-silicate and quartz-mica schist belonging to Ajabgarh Group
are noticed in the eastern part. The rocks strike in NNE-SSW direction with steep easterly dips. A
number of quartz veins and pegmatites intrude the metasediments. In the Kankriya sector the
mineralised calc-silicate band exhibits a synformal closure in the south-eastern part. The eastern limb
of the fold extends nearly 700 m while the western limb extends over 2 km The southern part of the
western limb contains rich Pb-mineralisation over a strike length of 1 km In the eastern limb
mineralisation is patchy and disseminated. In the Bhunabay-Madarpur sector the mineralised calcsilicate rock horizon extends over a strike length of 1.5 km In the Bhunabay-Ghugra sector the calcsilicate band extends over a strike length of more than 2 km Surface expressions of mineralisation are
seen in the form of deep pits, shallow trenches and wells representing old shafts. Thick limonite coating
and oxidised zones are seen in calc-silicate rocks. The calc-silicate rocks host the lead-zinc
mineralisation.
General Exploration stage (UNFC G-2) investigation was carried out in this area by GSI.
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Quantum of work done

G

Nature of work Kayar

Mapping

Kankriya

BhunabayGhugra

Madarpura
Bhunabay

1.40 sq km

1.05 sq.km

1.5 sq km

5.00 sq km

549

454

556

3515

4559.70m

2660.60m

-

4208.00

(1: 1000)
Geochemical
Samp Drilling
(m)ling
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Mineralisation
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At the surface the mineralisation is marked by limonitised calc-silicate rocks with malachite
stains, coating of hydrozincite along fractures. In the Kankriya-Bhunabay-Madarpur-Ghugra sectors the
dominant ore minerals are galena and sphalerite with sub-ordinate pyrrhotite, pyrite, chalcopyrite and
magnetite and accessory minerals like pent-landite, cubanite, arsenopyrite and tetrahedrite. The
mineralisation is found along the schistosity planes, cleavages and fractures and interstitial /
intergranular spaces of calc-silicate gangue minerals in the calc-silicate rocks. Better concentrations are
seen along the hinge zones of a northerly plunging synformal fold. In Kayar sector, the major ore
minerals are sphalerite and galena with minor chalcopyrite, pyrrhotite and pyrite. The Pb-Zn
mineralisation unlike at Kankriya-Bhunabay-Ghugra sector is mainly confined to foliation, shears and
fractures in the quartz-mica schists. In Kankriya sector, a total strike length of 1630 m (out of 2000 m)
constitutes the potential zone between vertical depths of 90 to 280 m The true width of the orebody is
9.0 m at 4% cut-off and 5.45 m at 5% Pb-Zn cut-off. In Kayar area, the strike length of the ore body is
1100 m with an average width of 8 m and extends upto a depth of 260 m
Resources

y

The indicated resources (UNFC-332) estimated at 5% Pb + Zn cut-off are given in table
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II.1.21.

Kankriya

(Million tonnes)

Zn (%) Pb (%)

9.01

3.22

6.6

5.51

9.0

Depth

2.56

13.00 1.2

100 m
260 m
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Kayar

Grade

og

Madarpura

Resources
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Sector
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Table.II.1.21Indicated Resources Estimated at 5% Pb + Zn Cut-off
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Total 24.61 million tones of indicated resources and can be categorised under UNFC 332.
Lohakhan deposit (26° 29': 74° 39')
This deposit is located in the southern part of Ajmer town and has been explored by 3.75 sq.km
of mapping on 1: 2500 scale, 1173 soil samples and 4009.77 m of drilling in 19 boreholes.
Geology and Structure
The area comprises quartzite, crystalline limestone and biotite schists of the Alwar and
Ajabgarh Groups. The intrusives are granite, basic dykes and pegmatites. The formations strike NNESSW with steep (80°-70°) westerly dips. The main structure is a south plunging asymmetrical syncline.
There are zones of shearing and brecciation with general westerly dips.
Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
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Mineralisation
The zone of shearing and brecciation within quartzites, localising mineralisation, has a strike
length of 1.25 km (trending NNE-SSW) and an aggregate width of 125m The shears dip 50°-60°
towards west. The intensity of shearing and brecciation is maximum in the southern part. There are
three parallel mineralised zones which are described below:
Central Zone
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The zone is 1 km long and 30 m wide. There are impressive old workings in the southern
portion. The zone was explored by 6 boreholes (854 m) covering a strike length of 425 m 3 boreholes
passed through old workings and the other three indicated only feeble mineralisation. Core recoveries
were poor.
Eastern Zone
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The strike length of the zone is 375 m and the average width 35 m. There is no old working
and this zone has not been tested by drilling.
Western zone
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The zone has a strike length of 1.5 km and was explored by 12 boreholes of which 7 gave
significant results. The mineralised zones have been intersected at elevations ranging from 40 m R.L. to
190 m R.L. Some of the zones are quite thick.
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Resources

Poor recoveries in boreholes have made evaluation difficult. The important zones intersected in
the 7 boreholes are given below in Table II.I.22.

Depth
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Borehole
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Table II.1.22 Mineralised Zones Intersected in Different Borholes
True width

Pb + Zn %

Core recovery
%

To(m )

(m)

23.79

25.40

1.50

2.25 + 2.15

100

6.73

7.04

1.50

1.06 + 2.07

100

86.79

93.57

8.59

3.01 + 6.58

About 19

76.35

80.28

3.84

4.20 + 6.24

11

83.69

95.40

11.54

2.29 + 4.87

About 22

106.79

112.78

6.00

0.96 + 3.18

About 21

118.11

119.64

1.50
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The geological evidences point out that this deposit is quite promising, but the situation of the
deposit within the city limit makes deeper level exploration difficult.
Parsola area ,Udaipur district
Bara Sarpatia Block (23o 53' 38'': 74o 22' 40'' and 23o 57' 59'': 74o 26' 28'') The block is situated
in Dhariawad Tehsil, Udaipur district and falls in Survey of India toposheet no. 46I/5. The deposit is
located one kilometre west of Bara Sarpatia village. The area is connected with Banswara by a 70 km
long metalled road.
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Earlier work in the area indicated the presence of anomalous zinc (0.10-0.79%) and nickel
(0.05- 0.26%) values upto the gossan zone. Prospecting stage (UNFC G-3) investigation was carried
out in the area by GSI.The deeper sub surface exploration was carried out to trace the continuity of the
mineralisation below the gossan zone involving 1497.40 m drilling in 6 nos of boreholes and 535 nos
of core samples and 217 nos of channel samples.
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Dimension of the deposit

The strike length of the deposit is 1 km with width varying from 8 to 20 m with an average of

y

12 m

ve

Type of mineralisation
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Sphalerite is the principal sulphide mineral which occurs in the form of stringers and
disseminations.
Resource

al

An inferred resource (333) of 0.50 million tonnes with average grade of 0.50% Zn has been
estimated.
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1.2.0 GUJARAT
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In Gujarat, basemetal mineralisation has been recorded from 3 belts, viz.
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1. Deri-Ambamata Belt, Banaskanta district. Mineralisation present within Delhi Supergroup of
rocks

G

2. Kui - Chitrasani fault zone, Banaskanta district Mineralisation present within Delhi Supergroup
of rocks
3. Champaner belt, Panchmahals, Baroda district. Mineralisation present within Aravalli
Supergroup of rocks

Besides, native copper occurrences in Deccan Traps are known from several localities in
Jamnagar, Bulsar and Rajkot districts. The only known deposit is the medium sized Ambamata Pb-ZnCu deposit which has been taken up for development by M/s. Gujarat Mineral Development
Corporation and the small deposit at Khandia in the Champaner belt (Fig.II.1.9).
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FIG.II.1.9 GEOLOGICAL AND MINERAL MAP OF GUJARAT, DAMAN & DIU
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A. Champaner Belt
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1.2.1 Deposits / occurrences associated with Aravalli Supergroup of rocks
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The Champaner schist belt forms a distinct structural unit surrounded by granite on the north,
east and south. The major structure is an anticlinorium plunging towards NNW. Copper-lead-zinc
mineralisation has been recorded from many localities in varied rock types.
Khandia (22° 29': 73° 33') Baroda district

G

Quantum of work done

Prospecting stage (UNFC G-3) investigation was carried out in this prospect by carrying out
0.76 sq km of mapping on 1:1600 scale, SP, EM and magnetic surveys and 3076.9 m of drilling in 17
boreholes.
Mineralisation
The mineralised zone occurs along the steep dipping northern limb of a WNW plunging major
anticline in dominantly phyllitic host rocks intercalated with bands of dolomitic limestone. The
cumulative length of the mineralised zone is 1800 m The ore bodies are localised along ESE-WNW
trending shear zones having an en-echelon dextral shift. The primary sulphides include pyrrhotite,
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pyrite, chalcopyrite, galena and sphalerite as disseminations, blebs, stringers and lenses along the
foliation.
Resources
Inferred resources of 0.2 million tonnes with 4.5% Pb + Zn has been estimated which can be
categorised under UNFC 333.
Jaban Prospect (22° 24': 73° 39') Panchmahals district
Quantum of work done
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This prospect has been explored by DMG by carrying out 4.45 sq km of mapping on 1:4000
scale and 1048 m of drilling in 16 boreholes.
Geological set-up

of

The area comprises biotite gneiss, schist, conglomerate, gritty quartzite, dolomitic limestone
and phyllite (Champaner Group). These are intruded by younger granites of post-Delhi age. The rocks
are folded into an anticline plunging north-west.
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Mineralisation
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Some quartz veins occurring along the nose of the fold carry lead mineralisation. In the vicinity
of the nose of the anticline, over a length of 500 m, 4 lenticular quartz veins showed mineralisation of
galena with fine disseminations of pyrite and chalcopyrite. Fine disseminations of these sulphides also
occur in the matrix of the conglomerate.
Ranjitpura Prospect , Panchmahals district
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Quantum of work done
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This prospect has been explored by 7 boreholes (528.11 m) drilled by DMG.
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Geological set-up

eo
l

The area comprises crystalline limestone, dolomitic limestone, talc-chlorite schist, quartzite
and phyllite belonging to the Champaner Group.
Mineralisation

G

Copper mineralisation is observed in quartz veins and fractured quartzite as specks of
chalcopyrite and encrustations of malachite. In the boreholes pyrite disseminations with minor
chalcopyrite were encountered.
Ambapani (22° 28': 73° 42') and Gandhra(27° 27': 73° 42') areas Panchmahals district
In Ambapani and Gandhra areas, malachite encrustations are noticed in the Champaner Group
of rocks represented by dolomitic limestone, quartzite and phyllite. These rocks are traversed by quartz
veins.
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1.2.2 Basemetal deposits / occurrences associated with Delhi Supergroup of rocks
A. Ambamata (Ambaji) Deposit (24° 19': 72° 48' and 24° 24': 72° 51') Banaskantha district
The Basantgarh-Deri belt in the Sirohi district of Rajasthan extends into the Ambamata area for
about 8-10 km The Basantgarh-Deri-Ambamata belt is located in rocks of the Delhi Supergroup and
represents the southern extremity of the Delhi Synclinorium The Deri deposit in Rajasthan is located
about 6 km north of Ambamata deposit. The deposit has been extensively investigated by GSI, MECL
and GMDC. GSI carried out General Exploration stage (UNFC G-2) investigation in the area.
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The Delhi Supergroup of rocks are represented by quartzite, quartz-schist, biotite and sericitequartz schist. They are intruded by metabasic rocks and Erinpura Granites. The structure consists of a
series of north to north-east trending overturned folds and concordant faults orresponding to the main
Delhi orogeny. Large scale emplacement of Erinpura Granite has resulted in a second (local) phase of
structural disturbance, which has modified the earlier folds and given rise to a series of west and northwest trending folds and accompanying sympathetic faults. The foliation in the rocks is now mainly
northwest-southeast to east-west with steep dips to northeast and southwest.
Quantum of work done

Total work done

i) Regional mapping (1:50,000)

765 sq km
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Nature of work

1.45 sq km
0.189 sq km by GMDC
0.50 sq km; 910 soil & bedrock samples
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ii) Detailed Mapping (1:2000)
(1:1000)
iii) Geochemical soil and bed rock
sampling
iv) Geophysical prospecting
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SP & Magnetic (1959-60)
Detailing of geophysical anomalies
(1960-61)
EM survey (1968-69)
(a) Surface 22544.16 m in 145 boreholes
(b) Underground 1257.05 m in 14 boreholes
1020 m
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v) Drilling
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Mineralisation
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vi) Exploratory Mine development
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Surface indications are in the form of azurite and malachite-stains, leached zones and rare
primary sulphides. The primary sulphides in the order of abundance are sphalerite, galena, chalcopyrite
and pyrite. The predominantly lead-zinc mineralisation is intimately associated with well defined zone
of calc-magnesium rocks; the copper mineralisation occurs in arenaceous members and copper-leadzinc ores in the intermediate types. The sulphide bodies are generally massive, often showing poor to
well developed banding. The deposit is of stratiform nature.
Ore Zones
The total strike length of the Ambamata zone is 2.14 km trending NW-SE over a maximum
width of 700 m The deposit consists of 5 main sub-parallel zones of mineralisation, namely Northern,
Central, Southern, South-Eastern and North-Western. The mineralised zone consists of a number of
‘lodes’ with a better concentration of metals. The individual lodes occur as stout or elongated lenses of

171

various dimensions with digiting and coalescing, as well as ‘pinch and swell’ structures. The depth of
oxidation varies from 15 to 40 m and may be deeper along faults and shear zones.
Northern Zone
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The strike length of this crescent shaped zone is 450 m on the surface. Drilling has indicated
that it extends over a strike length of 740 m A part of this zone is suitable for open-pit mining. This part
has been explored by GMDC at 30 m grid intervals in 6 levels between 480 m RL and 270 m RL. A
part of this zone as also the central zone has been opened by exploratory mine development at 450 m
RL (50-70 m below the surface). From this level lodes have been explored at 420 m and 390 m RL by
underground boreholes. The surface boreholes are spaced 80-120 m apart. There are as many as 13
lodes in the northern zone. The individual lodes are lensoid, arranged in en-echelon pattern. The
maximum width of the ore zones is 55 m The main ore zone in the central part is 17-21 m thick which
splits to thinner zones of 1-5.7 m The dip of the lodes is 35°-50° towards NE.
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Central Zone

Su
r

ve

y

The zone extends over a strike length of about 1200 m continuously over 570 m and
intermittently over the remaining part. Out of this, a cumulative strike length of 460 m (220 m in the
centre and 240 m in the eastern extensions) with a barren zone in between contains ore shoots. The
width of the mineralised zone ranges from 2 to 40 m and that of the ore-shoots from 1-7.5 m The ore
shoots have been proved upto a depth of 280 m below the surface at 4 levels. The dip is about 65°
down to 360 m RL and about 50° at deeper levels.
Southern Zone
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North-Western Zone
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The strike length is 720 m with individual lodes varying in width from 5 m to 20m. The central part of
the zone has been proved in 3 levels down to 310 m R.L. There are 3 sub-parallel lodes varying in
thickness from 1m to 10m.

eo
l

og

The strike length of this zone is 600m of which 390 m has been proved to be ore bearing. One 16 m
thick lead-zinc-copper lode and 3.5 m thick copper lode have been traced down to 395 m R.L. and 345
m R.L. (190 m depth) respectively.
South-Eastern Zone

G

The strike length is 850 m but drilling has not shown any promising ore zones.
Resources

A total of 6.22 million tonnes of indicated ore resource with a TMC of 13.53% (5.53% Pb,
5.90% Zn and 1.98% Cu) has been estimated in this deposit by GSI and can be categorised under
UNFC 332. The ore resources estimated by MECL are 8.29 million tonnes with 12.18% TMC (4.91%
Pb, 5.52% Zn, and 1.75% Cu).
B. Sitalmata Prospect
The geological setting is similar to that in the Ambamata area.
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This prospect has been explored by DMG by 1596.30 m of drilling and 1.39 sq km of mapping
on 1:1000 scale.
Drillhole data indicate that the mineralisation is mostly confined to talc-chlorite schist. Thin
galena veins are seen in quartz veins traversing metabasics. One borehole intersected a 9m wide zone
with about 4% Pb + Zn.
C. Brahmpuri (23° 38': 73° 27') Prospect

ia

The rocks belong to the Delhi Supergroup and include phyllites, biotite schists and quartzites.
They are invaded by quartz and pegmatite veins related to the younger granites.
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The area has been explored by 3.20 sq km of mapping on 1:1000 scale and 1284.16 m drilling
by DMG.
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Sulphide mineralisation as stringers and disseminations of galena, pyrite and chalcopyrite is
mostly confined to the NNE-SSW trending fractures and joints in the quartz veins. The mineralisation
is impersistant and weak.
D. Kui-Chitrasani Fault Zone (between Chitrasaniand Dungarpura), Banaskantha district

ve

y

The fault zone trends NE-SW and is 45 km long extending from Kui in Rajasthan, close to the
border, to Chitrasani in Gujarat.
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Geological set-up

al

The area forms the southwestern extremity of the Delhi synclinorium Metasediments
(belonging to Ajabgarh Group of Delhi Supergroup) comprising quartzite, biotite quartz schist,
phyllite, calc-gneisses and limestone along with basic rocks have been intruded by Erinpura Granite
(post-Delhi).
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Mineralisation

G

Summary
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Evidences of mineralisation are prominent at several places along the fault zone in the form of
limonitic box works and disseminations of primary sulphide (chalcopyrite and pyrite) associated with
brecciated chert (e.g. at Dungarpura). Geophysical surveys, however, have not indicated any strong
anomaly. In one of the prospects drilled by the DMG, disseminations and small patches containing
sphalerite, galena and chalcopyrite have been reported from the shear zone.

Though several occurrences of basemetals are known from Gujarat, the only deposit of
possible economic significance known to date is the Ambamata polymetallic, massive sulphide deposit.
This is of a medium size, rich deposit with resources of 8.29 million tonnes with an average metal
content of 4.91% Pb, 5.52% Zn and 1.75% Cu (total 12.18%). The ore bodies are wide and a part of the
deposit can be won by quarrying. But because of the complex mineralogy and problems in ore
beneficiation, efforts to mine the deposit by the Gujarat Mineral Development Corporation, have not so
far been successful. Concerted efforts to develop suitable beneficiation processes can result in the
mining of not only the Ambamata deposit but also a similar small deposit (about 1 million tonnes with
7.32% Zn + 5.40% Pb + 1.98% Cu; TMC 14.79%) located at Deri (about 6 km from Ambamata) in
Rajasthan.
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CHAPTER-2
CENTRAL REGION
2.1.0 MADHYA PRADESH
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In Madhya Pradesh, basemetal deposits and occurrences have been recorded from Malanjkhand
Granitoid Belt, Bundelkhand Granite Complex and the Mahakhosal and Vindhyan Groups of rocks. Of
these, the Malanjkhand copper deposit is by far the best known. It is the largest single copper deposit
known in Peninsular India.
2.1.1 Malanjkhand Granitoid Belt
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Malanjkhand Copper Deposit
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The Malanjkhand (22°02'N : 80°43'E - 54 B/12) Copper Deposit located in the Balaghat
District is presently under exploitation by open cast mining by M/s. Hindustan Copper Limited. The
zone of copper mineralisation is located in the approximately 2.6 km long arcuate Malanjkhand hill
(elevation about 600 m above msl.). The rocks of the basement complex (Malanjkhand Granitoid)
comprise granites and quartz reefs intruded by metabasics. The basement rocks are overlain by the
upper Precambrian metasediments of Chilpi Ghat Group with an erosional unconformity. The granitic
rocks range in composition from a biotite granite to quartz diorite and are highly kaolinised, seriticised
and saussuritised in the mineralised zone. The metasediments comprise conglomerates, grits, phyllites
and shales. The copper mineralisation is localised in the quartz reefs, associated with the granites.
Mineralisation is also seen within the granites near its contact with the quartz reefs. The intensity of
mineralisation diminishes away from the quartz reefs. Shearing, crushing and mylonitisation are
common both in the quartz reefs and the granites. The mineralised quartz reef is dissected by a number
of cross-faults (Fig.II.2.1).
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The sulphide minerals are mainly seen along the shear and fracture planes in the quartz reefs.
The ore minerals in decreasing order of abundance are chalcopyrite, pyrite, magnetite, sphalerite,
chalcocite, bornite, molybdenite and cobaltite. Chalcopyrite and pyrite make up over 95% of the
sulphide minerals.
The mineralised zone is oxidised at the surface and is represented by limonite stains. The zone
of oxidation extends to depths of about 40 to 100 m from the top of the hill; the maximum being in the
central part of the deposit. The zone of secondary enrichment is negligible and the oxidised zone is
almost directly underlain by the primary ore.
The ore zone extends over a strike length of about 1.9 km with an average width of about 65 m
and dips at an angle of about 60° towards east.
Detailed Exploration stage (UNFC G-1) investigation was carried out in the area by the GSI
and MECL. About 68,000 m of drilling has been done along 27 cross section lines spaced 80 m to 120
m apart. Subsequently mine development work was carried out by HCL.
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On the basis of the drilling carried out by GSI, MECL and the mine development by HCL,
measured resources (331) of 236.4 million tonnes with 1.28% Cu was estimated upto –8m R.L. (i.e.
about 600m below the surface) at a cut-off 0.45% Cu.
During open cast mining, low grade copper ore beyond the main ore body is also likely to be
excavated. The quantity of such ore is estimated to be about 93.03 million tonnes with an average
copper content of 0.29% (cut-off 0.2% copper). About 3 million tonnes of oxidised ores with 0.18%
copper is also likely to be produced during mining.
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Significant molybdenum values are associated with the ore. The copper concentrates are
expected to yield 1.24 g/t of gold, 70 g/t of silver and 0.04% molybdenum.

Fig.II.2.1 GEOLOGICAL MAP OF MALANJKHAND
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COPPER DEPOSIT, MADHYA PRADESH
Areas adjoining the Malanjkhand copper deposit:

ia

The areas with a similar geological set-up surrounding Malanjkhand copper deposit have been
investigated by Reconnaissance stage (UNFC G-4) investigation involving reconnaissance geological
mapping on 1:63,360 and 1:25,000 scales, detailed mapping on 1:2,000/ 5,000 scales, geochemical
sampling and geophysical surveys and drilling in selected blocks. The work has not, brought out any
significant copper deposit, but a number of occurrences for copper have been recorded.

Bhaunra Pahar (22°04': 80°48') – Taregaon (22°03': 80°51') area
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They are:
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Parewa Dongri (22°02'35'': 80°45'30'')
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Surface indications of mineralisation are seen over a strike length of 2 km. Geochemical
surveys indicated a few values for copper but geophysical surveys did not indicate any significant
anomaly. Four boreholes were drilled in the area. Of these, 3 boreholes indicated only feeble
disseminations of chalcopyrite and pyrite. In the fourth borehole, a 1.2 m thick mineralized zone with
0.94% copper was intersected at 52.03 m depth.
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Quartz veins traversing granites have been traced over a strike length of about 3.2 km.
Geochemical sampling did not indicate any significant anomaly but geophysical surveys indicated
strong anomaly at two points. Test drilling at one of the geophysical anomaly points intersected only a
few sporadic specks of pyrite and a zone of carbonaceous phyllite which could have been the causative
body.
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Bodapahadi (22°03': 80°53'')
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Basemetal mineralisation is seen in brecciated and fracture zones in granitoids traversed by
quartz-carbonate veins. The individual brecciated and shear zones range in width from a few cm to
about 15 m and in strike length from 50m to 250m. The shear zones strike north-south to NNE-SSW
and dip at steep angles towards west. A few boreholes drilled in the area have indicated a minor zone of
copper mineralisation, ranging in width from 0.2m to 0.85 m with copper contents of 0.15 to 1.0%
copper, over a strike length of about 500 m.
Pathratola (22°00' : 80°55')
Principal rock types are grey and pink granite intruded by carbonate veins, aplite dykes and
minor quartz veins. Evidences of fracturing are noticed throughout the area. Individual fracture zones
forming breccia are 0.5m to 15m wide and can be traced at places for more than 100 m. The fracture
zones generally trend N 15°W to S15°E with steep dips. Surface indications of mineralisation comprise
limonite, malachite stains and specks of chalcopyrite along the breccia and fracture zones filled with
carbonate veins. Geochemical sampling indicated copper values of upto 450 ppm in some samples.
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Geophysical IP surveys have also outlined a moderate chargeability anomaly zone over a strike length
of about 900m.
Manegaon (21°58' : 80°48')
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In this area the principal rock types are granitoids traversed by aplite dykes, quartz veins and
basic dykes. Mineralisation is in the form of malachite and limonite stains and encrustations in
fractured and brecciated granites and fractured aplite. Bed rock geochemical samples did not indicate
any encouraging results but soil samples in the area adjacent to the Manegaon School yielded values
ranging from 100 to 500 ppm in areas underlain by fractured granite and aplite. However, the
anomalous zone appears to be a local one extending for about 100 m only in a NNW-SSE direction
around a fractured aplite body.
Gidori (21°52': 84°43'), and Dhorli (21°52' : 80°46') area
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These areas are located along the same north-south lineament zone which hosts the
Malanjkhand copper deposit. The geological environment is also similar. The area comprise pinkish to
grey hornblende granite traversed by quartz veins and basic dykes.
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Basemetal mineralisation is seen in quartz veins traversing Malanjkhand granitoid. In the area
about 2.5 to 3 km ENE of Gidori, two quartz veins located about 500m apart have been covered by
geochemical sampling. The eastern vein trends roughly north-south with vertical dips. It extends over a
strike length of about 350 m with a thickness of a few metres to 25m. The western vein extends over a
strike length of about 200m with a thickness of 6m to 25m. Indications of mineralisation are feeble in
the eastern vein. Analytical data of geochemical samples have indicated only local values of upto 200
ppm copper. In Gidori West vein. limonitic box work malachite encrustations and occasional specks
and blebs of chalcopyrite and galena are seen; galena being confined to the southeastern part of the
vein. Geochernical soil samples have yielded values of 200 to 625 ppm copper. One bed rock sample
from the western vein has analysed 0.19% copper, 4% lead, 100 ppm silver and 150 ppm zinc and
contains visible chalcopyrite and galena.
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In the Dhorli area, three major quartz veins, namely Dhorli vein, Pipardhar north vein and
Pipardhar south vein have been delineated. The Dhorli vein extends over 115m with a width of 12 to 20
m in a NW-SE direction with sub-vertical dips. The Pipardhar north vein occurs to the northwest of the
Dhorli vein after a gap of 140 m. It is 190 m long and 3m to 20m wide.
The Pipardhar south vein is located 300m SW of the other two veins. It extends over 275m
with 2m to 8m width. Soil samples have indicated anomalous zones for copper with peak values
ranging from 150 to 400 ppm. Two spot values of 1500 and 850 ppm have been obtained at the
northwestern end of Dhorli vein and Pipardhar north vein respectively.
Khandapur occurrence (21°57'N: 80°30'E), Balaghat district
The area comprises Archaean rocks represented by quartz-sericite schist, quartz-mica schist
with intercalations of hornblende schist, calcschist and granite gneiss intruded by amphibolites and
quartz veins. The Archaeans are overlain by Deccan Trap flows with laterite cappings. The schists and
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gneisses trend NNE-SSW with 35° dip towards WNW. The quartz veins occur as linear detached
outcrops about 500m long, in the NNE-SSW direction with a dip 35° due WNW. The quartz veins are
sheared and fractured.

2.1.2 Deposits / Occurrences associated with Bundelkhand Granite Gneiss:
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Bhawratekra Zinc deposit, Multai Tehesil, Betul district
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The surface indications of mineralisation in the quartz veins are in the form of specks, fracture
and shear fillings of chalcopyrite and pyrite with malachite encrustations and maroon to orange
coloured limonitic material showing box work. The strike length of the mineralized zone is 300m with
a maximum thickness of 20m (average around 8m).The results of geochemical samples, however, are
not encouraging.
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Bhawratekra, a small hillock near the village Kherlibazar lies between latitudes 21°57'40'' N
and longitudes 78°21'E - 78°22'30''E. The area forms a part of an isolated inlier of Precambrian rocks
comprising impersistent bands of metasediments, metabasics and metamorphosed rocks of granitic
composition. The metasediments consists of anthophyllite-cummingtonite schists, calc-silicate rocks
and garnetiferous ± staurolite-biotite-chlorite schists with gahnite. Metabasics include metabasalts,
showing pillowed structure at places and shallow level intrusives, all of which now occur as
amphibolites. The granitic rocks show compositional range from granite to granodiorite and quartz
monzonite. The general strike of the formations is ENE-WSW with moderate to steep dip towards
south. The rocks show penetrative deformations, but large scale folds have not been found.
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The work so far completed comprises: large scale geological mapping - 2.16 sq.km; 5286.70m
of diamond drilling and chemical analysis of 3431 Nos. of core samples. Surface indications of
mineralisation are in the form of gossans, limonitisation and malachite stains. An open cast pit is also
present in the area.
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Massive sphalerite ore studded with chalcopyrite, galena, pyrite and pyrrhotite occur within the
lensoid type of metasediments consisting of anthophyllite-cummingtonite schists and garnetiferous
quartz ± staurolite-biotite- chlorite schists. In addition to the massive ores, stringers and blebs are also
present. Considerable amount of zinc spinnel (gahnite) is also found alongwith the sphalerite. The ores
occur parallel to S2 schistosity; but presence of ores along S1 planes, deformed by F2 folds indicate preS2 mineralisation.
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Sphalerite, chalcopyrite, pyrite, pyrrhotite, galena and certain altered copper sulphides
constitute the major ore mineral. They are associated with ilmenite, haematite, titanomagnetite and
rutile. Sphalerite dominates over chalcopyrite and galena forms a minor constituent. Pyrite and
pyrrhotite content varies from small to appreciable amount. Sphalerite occurs as discrete subhedral to
euhedral grains, as grain aggregates and in the form of intergrowth with other minerals. These
sphalerites may be very rich in iron content.
The mineralised zone has been established over a strike length of 265m. The oxidised zone is
limited to a depth of 20 m from the surface (690 m R.L.). The ore bodies have been intersected around
660 m R.L. Six lodes varying in length from 50 m to 265m have been delineated, which show pinching
and swelling character both in grade and width along the strike as well as along the depth. The lenses
attain a maximum width of 8.27m. The grade varies from 2 to 16% Zn. Zinc is the predominant metal
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with minor Cu, Pb, Cd, Ag and W. Cadmium and tungsten values increase with the increase of zinc
values and silver values increase with Pb values and attains maximum of 115 ppm in one sample of
50cm length. Tungsten occurs mainly along with sphalerite rich zones and a maximum value of 0.19%
W was recorded in one sample of 50 cm length. The inferred resources estimated at 2% and 4% Zn cut
off upto a depth of 180 m, under the category of 333, are as follows :1. At 2% Zn cut-off of 5.10 m average width - 1.58 million tonnes of 4.52% Zn, 85 ppm Cd &
3.5 ppm Ag.

In
d

ia

2. At 4 % Zn cut-off of 5.83 m average width - 0.85 million tonnes of 6.48% Zn, 120 ppm Cd
&3.4 ppm Ag.
Other deposits / occurrences
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Salaiya (24°40': 79°45') - Jamtoli area Chhatarpur district
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The area comprises medium to coarse grained granite/ granitoid traversed by quartz reefs and
veins at a number of places. Quartz reefs are seen along considerably long silicified shear zones which
are of complementary and conjugate type. These regional shears trend NNW-SSE and are considered to
represent axial plane shears of NNW-SSE trending regional cross folds. Limonitic veins showing box
work and sparsely disseminated fine specks of pyrite, chalcopyrite, covellite and stains of malachite
occur in the quartz veins and reefs emplaced along the shear zones. Reconnaissance stage (UNFC G-4)
investigation was carried out in this area.

eo
l

og

ic

al

In course of geological mapping, 16 shear zones were delineated.Geochemical sampling in 3 of
them indicated low anomalies. These zones were tested by 6 boreholes. The boreholes intersected
zones with disseminations and stringers consisting predominantly of arsenopyrite, pyrite and
subordinate chalcopyrite varying in thickness from 0.5 to 10.20 m. The copper values in the borehole
cores varied from 50 to 500 ppm. The drilling also tested two moderate zones and one feeble anomaly
zone brought out by the ground geophysical surveys in the area of aeromagnetic anomaly zone.
Analysis of samples from the mineralised zone did not indicate the presence of gold.
Antri (26°03':78°15') and Bhageh (26°31': 78°26') - Gijora (26°04': 78°28') areas,

G

Gwalior district

Reconnaissance stage (UNFC G-4) investigation was carried out in these areas. A quartz reef
2000 m long and 20 m thick occurs 1.8 km due south of Antri. Pyrite, pyrrhotite, chalcopyrite and
galena are noticed in quartz breccia zones within the quartz reef. The sulphide mineralisation is weak.
In the Bhageh-Gijora area, a quartz reef trending N35°E-S30°W and ranging in thickness from
50 - 500 m has been traced over a strike length of 5 km.
Disseminations of pyrite and chalcopyrite have been recorded from a 800 m long, 80 cm wide
sheared and brecciated zone near Lakhnauti (26°02' : 78°26'), Near Andar (25°42' : 78°06'), Shivpuri
district, sporadic galena is seen in the contact of a pink granite and the quartz reef.
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Bagrodha (24°19': 78°58') Sagar district
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area. Sulphide
mineralisation has been observed in chert breccia along narrow discontinuous shear zones in
amphibolite in the vicinity of its contact with granitoid (Bundelkhand granitoid). Chert breccia away
from contact is devoid of mineralisation. Chalcopyrite, pyrite, covellite and malachite are found in
chert breccia as grains, stringers, specks, etc. Detailed mapping and geochemical sampling showed that
the mineralisation is limited.
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Tigora (24°23' : 79°15' ) Sagar district

2.1.3 Betul Belt Prospects

y

A. Muariya prospect (22° 01'14'': 78° 17'15'') Betul district
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Mineralisation is in quartz vein intruding into the dolomite and ferruginous breccia of Bijawar
Formation. Old working for copper is seen. Geochemical surveys did not give encouraging results.
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Quantum of work
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LSM (1:125000): 10 sq km; DM (1:2000): 1.04 sq km; Drilling: 3425.65m (16 boreholes);
Sampling: Core: 623 nos.; Soil: 364 nos.; Bed rock: 90 nos.;Pitting/Trenching: 139.50 cu.m
Geological set-up
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The area around Muariya represents a typical bimodal volcanic sequence composed of
pillowed and non-pillowed metabasalt and metarhyolite. Metarhyolite contains lensoid bodies of
metasediments and tuff intercalations, which hosts sulphide mineralisation in the area. This volcanosedimentary sequence is intruded by younger granites and basic intrusive.

Mineralisation

og

Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
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The mineralisation in Betul Belt is stratabound and stratiform in nature and found to be
associated with the impersistent bands of metasediment bodies. Specks of pyrite, chalcopyrite and
sphalerite are seen within the metasediments as surface indication of mineralisation. The host rocks,
aluminous and magnesium rich metasediments and tuff, i.e. quartz+ sillimanite+ biotite + garnet +
anthophyllite + chlorite + gahnite + actinolite + tremolite and quartz + sericite + gahnite schists
interlayered with siliceous tuff and the presence of gahnite are the only guides to mineralisation.
Drilling in this block has indicated that massive sulphide, semi massive sulphide and disseminated
mineralisation is associated with metasediments and tuff intercalations and adjoining metarhyolite
generally parallel to foliation planes.
Mineralisation in this area is polymetallic with zinc playing a pivotal role in concentration of
other metals, i.e. Cu, Pb, Cd and Ag which, also tend to concentrate in the zones rich in zinc. The ore
bodies are pinching, swelling and bifurcating in nature and continue for a strike length of 450m
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Resources
A total inferred resource (UNFC 333) of 1.51 mt with an average grade of 7.88% Zn, 0.78% Cu and
1.83% Pb and average width of 4.40m was estimated in this block. Besides this, Ag 77 gm/t and
133ppm Cd were also reported.
B. Dahelwara (21°59'17'': 78°17'47'': 55 J/8) zinc prospect, Amla tehesil, Betul district
Quantum of work
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Drilling: 2665.65m (in 13 boreholes); Mapping (1:2000): 1.0 sq.km; Pitting/Trenching: 132
cu.m; Sampling: Core: 551nos; Soil: 234 nos.
Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
Mineralisation
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The host rock for mineralisation is bimodal volcanics of middle Proterozoic rocks (quartz –
biotite – sericite – chlorite – garnet – staurolite – muscovite schist). The mineralisation is of
stratabound type. Zinc mineralisation is associated with metarhyolite, metavolcanoclastics and metatuff
of Banskhapa Formation of Badgaon Group. In Betul belt these subeconomic deposits of Zn or Zn - Pb
– Cu or Zn – Cu occur as clusters within a radius of 5-10km and are of volcanic hosted massive
sulphide (VHMS) type. The main minerals are sphalerite, chalcopyrite and galena.
Resources
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A total of 1.12mt of inferred resources (UNFC 333) with average grade of 1.83% Zn, 0.45%
Pb, 0.26% Cu, 22ppm Cd and 8.26 g/t Ag with average thickness of 2.57m over a strike length of
0.55km was estimated in this block.
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C. Bhuyari zinc prospect (21°59'38'':78°35'41'', 55 K/9), Parasia tehsil, Chhindwara district
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Quantum of work
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Drilling: 1624.40m (in 9 boreholes); Mapping (1:12500): 10 sq.km; Detailed mapping
(1:2000): 1.5 sq.km; Sampling Soil: 432 nos.; Core: 278 nos.; Pitting/Trenching: 68 cu.m
Geological set-up

G

The area exposes a typical bimodal volcanic suite of rocks dominated by the felsic volcanic
rocks belonging to the Bhanskhapa Formation. The felsic volcanics represented by massive rhyolite is
the dominant rock type and the basic volcanics occur as conformable flows within the felsic volcanics.
Later basic intrusives and quartz veins intrude the volcanic sequence. The altered rhyolites which are
rich in phyllosillicates display a strong foliation which is generally E-W with low to moderate dips
towards south. Well developed two sets of foliation are observed only in the highly mica rich altered
rocks south of Bhuyari, where the pervasive E-W trending foliation is crenulated. No major or minor
folds could be recognised in this area.
A number of NNE-SSW trending brittle shear zones have been recorded in the area. They form
linear ridges showing deformation related silicification and brecciation and extends discontinuously for
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more than a few kms. Besides, a number of small and discontinuous shear zones are found to the north,
east and south of Bhuyari.
Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI
Mineralisation
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The host rock of zinc mineralisation is hydrothermally altered metarhyolite with quartz-biotite
– muscovite-phogopite- garnet schist and tremolite – carbonate- actinolite - chlorite - talc schist. These
hydrothermally altered rhyolites show wide lithological variations and contain porphyroblasts of a large
number of metamorphic minerals like garnet, staurolite, sillimanite, plagioclase, gahnite, magnetite,
anthophyllite, actinolite and tremolite.
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Surface indications of mineralisation are in the form of malachite staining which is profusely
developed on the calc-silicate (tremolite-carbonate) bearing hill south of the Bhuyari village. Although
the tremolite-carbonate outcrops show consistently high zinc values in percentages, primary sulphide
minerals are rarely found in them, therefore it is inferred that the high zinc values are the result of some
secondary zinc bearing minerals. Malachite and possible smithsonite coating is also profusely
developed in the biotite - plagioclase - muscovite bearing schists, the tremolite-carbonate outcrops and
the silicified rhyolites. Apart from the secondary sulphide minerals, primary sulphide minerals like
pyrite, sphalerite, galena and chalcopyrite occur as disseminations and veins in the altered rhyolites of
the area. It is generally found that the stringers and veins of primary sulphide minerals occur parallel to
the E-W trending foliation planes of the host rocks. Even in hand specimen the veins of sphalerite
display effects of metamorphic recrystallisation with 2-3 mm sized grains.
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The sulphide lenses (Zn-Pb-Cu) in this prospect consist of mainly disseminated ore, which at
places encloses sub-parallel lenses and bands of massive and semi-massive ore. Sulphide minerals
consist of mainly sphalerite and pyrite with subordinate galena, chalcopyrite and pyrrhotite. Pyrrhotite
is rare or absent in the mineralised zones, but occur as disseminations towards the footwall side in the
less altered rhyolite alongwith pyrite and magnetite. Major gangue minerals are quartz, chlorite, biotite,
muscovite, plagioclase, garnet and gahnite.
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A total inferred resource of 1.56 million tonnes (UNFC 333) with average grade of 2% zinc
and with average thickness of 3.27m over a strike length of 200m has been estimated.
D. Koparpani zinc prospect (22°00'24'' : 78°26'45'' and 22°01'46'' 78°28'54') Chhindwara
district
Geological set-up
Koparpani prospect is located in the south central part of Betul inlier which exposes a sequence
of Precambrian rocks and is surrounded by Gondwanas in the north and west and Deccan Traps in the
south and east.
Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
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Mineralisation
The host rock for mineralisation is metamorphosed hydrothermally altered rhyolite and felsic
volcaniclastics represented by quartz - sillimanite – biotite - garnet, anthophyllite - chlorite - biotite –
garnet – gahnite, actinolite – tremolite and quartz – sericite – gahnite schist. The mineralisation is
restricted in the hydrothermal pockets within metarhyolite.
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Sulphide minerals consist of mainly sphalerite and pyrite with subordinate galena, chalcopyrite
and pyrrhotite. Pyrrhotite is rare or absent in the mineralised zones, but occur as disseminations
towards the footwall side in the less altered rhyolite alongwith pyrite and magnetite. Major gangue
minerals are quartz, chlorite, biotite, muscovite, plagioclase, garnet and gahnite.
Quantum of work
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Drilling: 1641.80m (in 7 boreholes); Mapping: Scale 1:12500: 10 sq km; Scale1:2000: 1.2
sq.km; Sampling: Core: 222 nos; Soil: 410 nos.; Pitting/Trenching: 55 cu.m
Resources
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A total inferred resource of 1.37 million tonnes (333) with an average grade of 0.85% Zn and
average thickness of 3.55m over a strike length of 650m has been estimated.
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Biskhan- khari zinc prospect ( 21° 56' 12'': 78° 27'39' and 21° 57' 00'': 78° 29' 00''), Betul district
Geological set up

al

The area is characterised by altered rhyolites represented by quartz-biotite- sericite-chloritegarnet schist.
General Exploration stage (UNFC G-2) investigation was carried out in the area by GSI.
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Mineralisation
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The strike length is 350 m with width varying from 80-100m with an average of 90m. The
thickness of the ore body is 9.16 m. The principal economic mineral is sphalerite with subordinate
chalcopyrite and galena.
Quantum of work

G

Mapping (1: 2000): 1.55 sq. km , Pitting/trenching: 347 cu.m , Drilling : 2279.95m involving16
nos of boreholes, Core sample: 971 nos, Pit sample: 340 nos, Soil samples: 946 nos.
Resource
An indicated resource (332) of 1.91 million tonnes with grade of 1.14% Zn has been estimated.
Ghisi Block zinc copper prospect (21°58' 30'' : 78° 10' 30''), Betul district
Geological set-up
The area comprises metasediments, massive rhyolite and calc- silicates.
General Exploration stage (UNFC G-2) investigation was carried out in the area by GSI.

183

Mineralisation
The zinc mineralisation is associated with meta-rhyolite, meta-volcanoclastics and meta-tuffs
of bimodal volcanic sequence of Banskhapa Formation of Badgaon Group.The strike length is 0.45 km
with average width of 50m. The principal economic mineral is sphalerite with galena and sulphides of
copper, nickel and cobalt.
Quantum of Work
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Mapping-(1:125000)-11 sq km and (1:2000)- 0.7 sq km, Pitting/Trenching- 20cu m, drilling
1174.70 m invoving 6 boreholes with 100 m spacing, Core samples 214nos, pit sample 10nos, soil
samples 82 nos.
Resource

of

An indicated resource (332) of 0.25 million tonnes with grade of 2.78% Zn, 0.26% Cu, 0.68%
Pb and 44.75 ppm Ag has been estimated.
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Banskhapa Piparia zinc-copper Prospect (210 59' 28'' : 780 24' 00'' and 220 00' 05'': 780 24'12''),
Betul district
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Geological set-up
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The area is represented by typical bimodal volcano sedimentary sequence which includes metasedimentary bands, acid and basic volcanics intruded by hornblende granite, pyroxenite/ gabbro/
dolerite sills and dykes, pegmatite and quartz veins.
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General Exploration stage (UNFC G-2) investigation was carried out in the area by GSI.
Mineralisation
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Quantum of Work
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Principal economic mineral is sphalerite and chalcopyrite.Surface manifestation of
mineralisation is in the form of malachite stains and limonitisation. The host rock for mineralisation is
anthophyllite-talc- tremolite schist and garnetiferous biotite-chlorite-gahnite-staurolite schist.

G

Based on the geochemical studies, GSI had identified three sub- blocks viz, sub-block-I, II&III
of which sub-block-I is most promising. In sub-block-I, GSI carried out geological mapping (1:2000)
of 1.68 sq km and drilling of 5121.35m involving 20 boreholes, core sampling of 2314 nos.
Resource

The estimated indicated resource (332) at different cut-offs are tabulated below:
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Table II.2.1 Estimated indicated Resource at Different Cut-offs
Cut-off

1
2
3

At 1% Zn, 0.2% Cu
At 2% Zn, 0.2% Cu
At3% Zn,0.3% Cu

Ore resource(332)
( million tonnes)
4,37
3.12
1.18

Average grade
1.91% Zn, 0.32% Cu
2.31% Zn, 0.50% Cu
3.24% Zn, 0.93% Cu
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Sl no
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2.1.4 Deposits / occurrences in Mahakhosal Group
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The (Lower Proterozoic) Mahakhosal Group of metasedimentary rocks trend in a N60°E S60°W direction over a length of about 300 kms in the Sidhi, Shahdol and Jabalpur districts. The
principal rock types are shale/slate, phyllite interbedded with (cherty) dolomite and limestone, quartzite
and conglomerate resting over greenstones and Banded Iron Formation. These are intruded by quartzporphyry and basic dykes.
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The rocks are folded into E-W isoclinal folds (overturned towards north) with superposed
NNW-SSE cross folds and is traversed by a number of shear zones (mostly parallel to the strike) and
faults. A number of basemetals occurrences mostly localised in the zones of shearing and faulting have
been recorded from different parts of this belt.
Imalia (23°36': 80°16'), Bhula (23°37': 80°20'), Nawalia (23°39': 80°28') area, Jabalpur district
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The major rock types in the mineralised areas are massive and bedded dolomites and dolomites
intercalated with phyllite bands. NNW-SSE trending dykes of quartz porphyry carrying fluorite
mineralisation are confined only to Imalia area. Mineralisation occurs as replacement/ fissure filling in
fractured/brecciated zones at right angles to the bedding of the host rock. All the mineralised zones
generally trend in N-S direction with steep (60°-75°) dip towards west.
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In Imalia area Prospecting stage (UNFC G-3) investigation was carried out. The work led to
the delineation of two N-S trending mineralised zones. The eastern zone is 1.15 km long with a width
varying (on the surface) from 1m - 2.5m The western zone includes 4 small shears having an aggregate
strike length of 480m The individual shears are, however, small upto 125 m in length, and having
widths of 0.6m to 1.17m The ore minerals are chalcopyrite, tetrahedrite, pyrite and magnetite with
minor arsenopyrite, sphalerite and galena.
The eastern zone has been tested by drilling (8 boreholes), persist to a depth of 35m – 60m
below the ground level. A zone 400m in length (with a poorly mineralised stretch of 160 m in the
central part), has been established with Cu values ranging from 0.20% x 0.75 m (TW) to 1.04% x 2.07
m (TW). In the western zone persistance of ore zone was proved by drilling down to 35 m depth with
the copper values ranging from 0.20% x 0.19 m (TW) to 0.83% x 0.78 m (TW) over a strike length of
480 m
In the Imalia area inferred resources (333) of 0.3 million tonnes of copper ore with 1.16% Cu,
0.266 million tonne lead ore with 1.29% Pb and 0.21 million tonne zinc ore with 0.75% Zn over a
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strike length of 325 m have been estimated. In addition to that 0.466 million tonnes of gold ore with
1.27g/t Au and 0.586 million tonne silver ore with 58.6g/t Ag has been estimated.
In addition, presence of bismuth and arsenic has also been established in the sulphide ores of
Imalia Block there by suggesting polymetallic nature of mineralisation. The drilling results have proved
the depth wise (60m) extension of the silver mineralisation with a gradual widening of the zone with
depth. Deeper drilling will be necessary to get a complete picture regarding the potentiality of the silver
mineralisation.
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In Bhula and Nawalia area Reconnaissance stage investigation was carried out. In Bhula area, 5
boreholes drilled to test a geophysical anomaly, did not indicate any mineralisation whereas in Nawalia
area, three test boreholes were drilled to test the depth persistence of several small mineralised veins;
but no significant ore zones were encountered.
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Other deposits / occurrences

Bahera - Baheria Shear Zone (24°20' : 81°52' and 24°31': 81°56') Sidhi district
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The area exposes a sequence of quartzites, carbon-phyllites, phyllites and limestones resting
over greenstones and banded iron formations with an intervening impersistent conglomerate zone, all
isoclinally folded with axis trending ENE-WSW and overturned towards north. This sequence is
traversed by a number of silicified shear zones having malachite stains and goethite, mostly parallel to
the strike. There are number of ancient old workings in the shear zone. Reconnaissance stage (UNFC
G-4) investigation was carried out in this area by GSI.
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The shear zone trends ENE-WSW with steep dips towards south and extend over a strike
length of 11 km from Bahera in the east to Baheria in the west. Sulphide mineralisation consists
dominantly of pyrite with subordinate chalcopyrite and is associated mostly with sericite-carbon-quartz
phyllite occurring between breccia zones. Oxidation continues to 80 - 90 m depth and the main zone of
mineralisation has been intersected below 200 m depth in the boreholes. There are indications of a thin
zone of supergene enrichment. Besides copper, lead, zinc, cobalt and nickel occur as traces in the
mineralised zone. Few samples gave silver values of 1 to 50 ppm. Out of a total length of 7 km tested
by boreholes (spaced at intervals of 180 to 1200m) only 2 boreholes intersected copper zones averaging
0.50% Cu viz., SD/1 - 0.50% Cu x 9.0m and 0.51% Cu x 6.5m; SD/6 – 0.50% Cu x 2.5m. The
remaining boreholes intersected zones averaging less than 0.2% Cu. The possible strike extension of
the zone with +0.5% Cu is about 600m.
Baragaon (23°41': 80°25') Jabalpur district
The geological and geochernical studies carried out in Baragaon and Pondi areas indicate that
the sulphide mineralisation occurs as irregular pockets and disseminations mainly of chalcopyrite,
tetrahedrite and galena in quartz veins traversing white dolomite. The disposition of visible surface
mineralisation is near the axial region of the Baragaon anticline. The geochemical soil surveys did not
show any encouraging results.
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Sunhera - Mohania area (23°41'30'': 80°27'20'') Jabalpur district:
In this area the sulphide mineralisation is seen as irregular pockets and disseminations of
galena, tetrahedrite, sphalerite, chalcopyrite and pyrite in quartz veins along the shears/faults/joint
planes in the dolomites of Mahakhosal Group. To the east of Malan village, pebbles and boulders
carrying stains of malachite/azurite are observed in N-S shear zone. Reconnaissance stage (UNFC G-4)
investigation was carried out in this area by GSI.
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The mineralised vein ranges in width from 1m to 20m, with the length rarely exceeding 260m.
Old workings are seen over brecciated and gossanised quartz veins following NNW-SSE trending
joints and fracture planes. Fluorite and wall rock alteration like sericitisation and kaolinisation is seen.
In the old workings on the western bank of Mahanadi River, opposite to Sakrigarh village near
Karuakup (Karuakup prospect described separately) one mineralised vein (oxidised) showed
tetrahedrite and malachite over a width of 0.65m to 1.20m. Geophysical investigation did not show any
encouraging results.
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Karuakup (23°49': 80°39') Jabalpur district
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI. In this
area indications of mineralisation consist of a few chalcopyrite grains in sheared metadiorite, malachite
stains in dolomite, 3 small pits and a linear (30m x 7m) quarry. 4 boreholes drilled to test the
mineralized zone indicated only poor disseminations of primary sulphides with less than 700 ppm
copper.
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Amgaon (23°40': 80°29’) Jabalpur District
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Copper mineralisation is localised in quartz veins traversing dolomite. The dolomite also
contains sporadic disseminations of chalcopyrite. The mineralisation is poor and patchy.
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Sleemanabad (23°38': 80°13') Jabalpur district
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In this area the mineralisation is mostly along faults, fractures/ joints trending N10° - 20°W to
S10° - 20°E. Baryte veins and limonitic patches are noticed in the brecciated quartzites. Geochemical
sampling showed poor results for copper.
2.1.5 Deposits / Occurrences associated with Vindhyan Supergroup
Kua (23°35': 79°52') - Kondakhurd (23°34': 79°50') area, (55 M/14) Damoh district
Galena occurs on the western slope of the .1645 hillock NW of Kua and on the top of a hillock
250 m south of Kondakhurd. The structural control for the mineralisation of galena appears to be a
metre wide shear zone trending N10°E - S10°W between the shale and Bhander limestone at Kua. The
other occurrence near Kondakhurd appears to be structurally controlled by a fault extending in a
general N10°E - S10°W direction for over 500 m. Surface indications are poor. Geochemical
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prospecting carried over both the occurrences brought out secondary dispersion zones with values
reaching upto >1000 ppm Pb.
Choraiya (24°25': 79°34') - Banki (24°28': 79°37') area Damoh district
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area. Mapping has
revealed that the host rocks for basemetal mineralization are cherty dolomite and chert breccia
occurring in the form of lenses within the Palkawan shale Formation. The mineralisation is syngenetic
and stratabound. The mineralised zone is highly irregular, pockety, subhorizontal and completely
oxidised. Fresh sulphides are rarely seen in the form of cubes of galena and pyrite. The mineralised
zone ranges in thickness from few centimeter to about 10 m, the thickest and the richest being in the
southeastern part of the Choraiya block. It is essentially a lead-zinc occurrence, with metal values of Pb
ranging from 20 ppm to 0.32% and Zn 40 ppm to 0.40% in oxidised zone. The rest of the Choraiya
block is poorly mineralised. There is a possibility of getting unoxidised sulphides in the area 1.5 km SE
of Choraiya under the cover of Kaimur Group of rocks.

ve

y

The test pit sunk in Bhartala block indicates that the host rock chert breccia has a maximum
thickness of 2.5 m and is poorly mineralised. The test pit in Banki block showed that the mineralised /
oxidised zone in cherty dolomite is about 4 m thick with poor mineralisation.
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2.1.6 Other areas

Chichola (21°04': 80°40') Durg district
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Copper and fluorite mineralisation localised in silicified fault breccia, quartz vein and
epidiorite has been recorded from this area.
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Chandidongri (21°05' : 80°38') Durg district
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Lead-zinc and fluorite mineralisation occurs in quartz veins, silicified fault breccia, pegmatite
and epidiorite emplaced along N-S to N10°E - S10°W shear zones. The shear zone is traceable for
about 20 km within a coarse to porphyritic hornblende granite (Dongargarh granite). The sulphides
comprise galena, sphalerite, chalcopyrite and pyrite. Data of 6 boreholes indicate that the
mineralisation is sporadic, patchy and sparsely disseminated. The maximum metal contents in core
samples were 2.5% Pb, and 1.20% Zn (mostly traces to 0.5% Zn).
2.2.0 CHHATTISGARH
The recently constituted state of Chhattisgarh is known for its mineral wealth, particularly for
iron ore, coal, bauxite, limestone, tin and recently discovered diamond bearing kimberlitic pipe rocks
but is not well known for the basemetal deposits. The basemetal mineralisations are recorded from the
southern and eastern parts of the state.
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2.2.1 Bastar district
Occurrence of copper has been reported from a number of localities in Bastar district.
Maximum value of copper, in a core sample from Mundatikra (19o28’:81o19’) area, indiciated 0.30%
Cu. Minor copper mineralisation has been encountered at Netanar (18o52’:82o03’), Modenar
(18o48’:81o43’), Tongsal Dongri (19o38’:81o15’) and Kesarpal (18o46’:82o03’).
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2.2.2 Chichola (21°04': 80°40'): Durg district
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Copper and fluorite mineralisation localised in silicified fault breccia, quartz vein and
epidiorite has been recorded from this area.
Chandidongri (21°05' : 80°38') Durg district
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Lead-zinc and fluorite mineralisation occur in quartz veins, silicified fault breccia, pegmatite
and epidiorite emplaced along N-S to N10°E - S10°W shear zones. The shear zone is traceable for
about 20 km within a coarse to porphyritic hornblende granite (Dongargarh granite). The sulphides
comprise galena, sphalerite, chalcopyrite and pyrite. Data of 6 boreholes indicate that the
mineralisation is sporadic, patchy and sparsely disseminated. The maximum metal contents in core
samples were 2.5% Pb, and 1.20% Zn (mostly traces to 0.5% Zn).
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2.2.3 Surguja district
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Copper-lead-zinc mineralisation, in the form of primary sulphides, have been eported by GSI
in calcsilicates near Dhulangi (23° 59’ ; 83° 27’), Surguja district. The geochemical values indicate 10
ppm to 3.04% Cu, 40 ppm to 4.40% Pb and 10 ppm to 0.55% Zn, <1 ppm to 200 ppm Ag.

eo
l

og

ic

Poor incidences of lead-zinc, associated with cerussite and chalcopyrite, have been reported
from two shear zones in Bhelai (23° 14’: 83° 22’) area and in Dhorpur area (23°12’:83°26’) of Surguja
and Sidhi districts. The mineralisation noticed over 15 km strike length, occurs along shear and fault
zones in dolomitic rocks intruded by granites.
2.3.0 MAHARASHTRA

G

In Maharashtra five small to medium grade copper deposits and one fairly large zinc deposit
have been delineated.Besides, a number of basemetal occurrences are also reported from various parts
of the State. No distinct mineralised belts has been demarcated though most of the deposits and
occurrences are from the Chandrapur, Nagpur and Bhandara districts. Four of these deposits viz.,
Kolari Zone III (zinc), Pular-Parsori, Ran-Mangli and Thutanbori (all copper) occur in the metasedimentaries of the Middle Proterozoic Sakoli Group, the Thanewasna (copper) deposit occurs in
Archaean rocks and the Dubarpeth (copper) deposit occurs in a shear zone at the contact of the
Archaeans with the Proterozoic.
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FIG.II.2.2 MINERAL MAP OF MAHARASHTRA

2.3.1 Basemetal deposits / occurrences associated with Archaean rocks
Thanewasna copper deposit (19°51': 79°44' ) Chandrapur district
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The main rocks exposed in the area are hornblende granite/gneisses, metapyroxenites and
granulites with younger granites, pegmatites and quartz veins (Archaeans). A major NNW-SSE
trending zone of shearing and brecciation runs for over a length of 30 km It has a dip of 60° - 70° due
WSW. Part of this zone is marked with intermittent sulphide mineralisation, accompanied by chert and
quartz veins which are generally restricted to the southern part. The northern portion of the shear zone
is characterised by sulphide phase of mineralisation with one notable deposit of baryte ore at Phutana.

G

The mineralisation is essentially structurally controlled by closely spaced NNW-SSE trending
fractures and foliation developed in metapyroxenite (chlorite-epidote schist). However, the silicified
chlorite epidote rock is comparatively better miner General Exploration stage (UNFC G-2)
investigation was carried out in the area by GSI.
Mineralisation
The mineralisation is well established over a strike length of 2.3 km Chalcopyrite, arsenopyrite
and pyrite constitute a simple assemblage of sulphides. The gangue minerals are magnetite,
speculiarite, baryte and calcite.
Exploration was carried out in two phases. The first phase of exploration was carried out
during the period from1971 to 1979 and the second phase during the year 2005-07.
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Quantum of work
Exploration carried out by GSI in the area from 1971 to 1979 and from 2005-2007 as is given
below:
Geological mapping

295sq km(1:31,680 scale)

1.44 sq km(1:2,000 scale)

ia

10 sq km (1:15,680 scale)

GSI: 5,682.65m,(1st and 2nd level
drilling)(1971-79)
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Drilling

1,170 nos.
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During the period from 2005 to 2007

y

Sampling

of

DGM: 241.40m (1961-62)

GSI: 1908.50m in 7 boreholes (3rd level
drilling)
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Drilling

809 nos.
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Ore zones and grade
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Sampling
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First level (60m vertical depth) drilling by 14 boreholes established the ore zones over
a strike length of 1.96 km. Three separate lenticular bodies were delineated, viz. northern, southern and
intervening ore bodies. They have a strike length of 465m, 975m and 520m, an average width of 6.0m,
8.8m and 1.2m and a grade of 0.88% Cu, 1.15% Cu and 0.80% Cu respectively.

G

The second level drilling (110 m depth) by 13 boreholes established mineralised zone over a
strike length of 2.08 km with average width of 3.01m It showed a general improvement in grade as well
as in width in the northern and intervening part of the shear zone. However, in the southern part of the
shear zone, comparatively richer shoots (0.8% to 1.0% Cu VE) over 3 to 4 m width were intersected in
the second level drilling corresponding to the 1.15 m wide zone of over 500 m strike length intersected
in the first level of drilling. The northern ore body has shown depth persistence up to 2nd level for over
a limited length of about 300 m while the intervening ore body does not have persistance up to second
level.
The exploration was confined to only two blocks, viz., the intervening block and the northern
block. A total of 7 boreholes have been drilled over 1.1km strike length in these two blocks for
intersecting ore body at 3rd level. The intervening ore body was explored by 3 boreholes whereas the
northern orebody was explored by 4 boreholes. The average width for the mineralised length of 898 m
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on the 3rd level is 4.36m for these two blocks.The grade of mineralised zones intersected in these
boreholes range from 0.50% Cu to 1.63% Cu. The true width ranged from 1.24m to 16.42m. The ore
resources for intervening and northern blocks have been estimated for the mineralised strike length
established by drilling of 1908.50m
Resources and Grade
Table II.2.2 The Block Wise And Level Wise Break Up Of Indicated Resources Estimated

0.84
0.56
0.62
0.65

ia

477
450
562

6.35
3.20
10.13
8.50

499
609
536

1.17
1.69
1.92
1.67

of

y

0.86
0.97
0.93
0.92

Strike length True width
(m)
(m)
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Average grade
(Cu%)
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Indicated
resources (tonnes)
Northern ore body:
st
1 (150-70 mrl)
763275
nd
2 (70-35 mrl)
282632
3rd (35–40 mrl)
1941550
2987457
Intervening Ore body
st
1 (150-70 mrl)
148091
2nd (70-35 mrl)
202604
rd
3 (35–40 mrl)
277287
627982
Southern Ore Body
1st and 2nd level
3025750
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The aggregate indicated resource (332) of 1st , 2nd and 3rd level of drilling for northern ore
body comes out to be 298747 tonnes (2.98mt) of average grade of 0.92% Cu with 8.50m average width
whereas it is 627982 tonnes (0.63 mt) of 0.65% Cu and 1.67m for intervening ore body. The resource
for southern ore body for 1st and 2nd level was calculated earlier as 3025750 tonnes (3.02mt). Thus,
the total indicated resource (332) for entire mineralised zone of three blocks comes out to be 6641189
tonnes or 6.64 million tonnes with average grade of 0.81% Cu at 0.50% Cu cut off grade. Based on the
UNFC classification, the copper resource of Thanewasna copper prospect fall under 332 category.
B. Dhubarpeth Copper Deposit (19°32-19°45 : 79°38'25’’-79°39’35’’) Chandrapur district:
Geological Set-Up
Geologically, Dubarpeth-Karanji Cu-prospect forms the part of the western Bastar craton and
exposes Archaean basement rocks of Sukma/Bengpal/Amgaon gneiss (hornblende gneiss, diorite,
tonalite, pyroxenite with granite) in the east and the younger supracrustal sediments comprising
conglomerate, quartzitic sandstone and limestone are exsposed. The contact between the two is
demarcated by a prominent NNW-SSE trending narrow fault/shear zone occupied by the
hydrothermally altered fractured and brecciated gneissic rock with silica and carbonate veins which
hosts copper-sulphide mineralisation.
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Mineralisation
Surface evidences of mineralisation are seen over a 5 km strike length of the shear zone
extending between Dubarpeth in the south and Karanji in the north. Geochemical anomaly for copper
was pronounced over this zone. Copper mainly occurs as disseminations and stringers of chalcopyrite
in association with pyrite and arsenopyrite. The mineralised zone is parallel to the Thanewasna zone.
Quantum of Work
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General Exploration stage (UNFC G-2) investigation was carried out in this area by GSI.
Exploration was carried out in two phases. The first phase of exploration was carried out during the
period from1978 to 1982 and the second phase during the year 2004-08.
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Regional exploratory drilling in Dubarpeth prospect for copper and other basemetals was
carried out by drilling 22 boreholes, besides other components like 2.59 sq km geological mapping in
1:5,000 scale, 100 sq km Regional Geological Mapping, 441 nos geochemical sampling during FS
1978-1982. Two ore bodies (northern and southern) were delineated.
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During FS 2004-2008 investigation was carried out to explore further continuity and to
decipher the ore body geometry of copper mineralisation at deeper levels at 50 mr.l. by deep drilling at
100 m interval for evaluating the grade and resources. The exploration work involved detailed mapping
of 2 sq km on 1:5,000 scale near Karanji, pitting and trenching of 400 cu m with 946 soil samples, 222
trench and bedrock samples and 2773.10 m core drilling by putting 13 boreholes and 970 nos of core
samples.
Resource and grade
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In the first phase of work 0.951 million tonnes of indicated copper ore resource was estimated
for northern and southern ore bodies with average grade of 1.02%Cu for 3.86m average true width over
a cumulative strike length of 988m at 0.5%Cu cut-off grade in between 190 and 120m RL.
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After the second phase of work total revised indicated resource of two blocks (southern and
northern) of Dubarpeth Copper Prospect was estimated to be 1.343 million tonnes at 0.50% Cu cut-off
grade with average grade of 0.91% Cu for an average width of 3.84m over a strike length of 1288m
upto 50m RL i.e 150m vertically below the surface. As per UNFC the estimated resources has been
classified under the category 332.
Other Occurrences
Ghot area (I9°46'-19°57': 79°52' - 80°00'') Chandrapur district
The area exposes Precambrian Banded Magnetite Quartzite, hornblende schist, garnetiferous
biotite schist and massive cherty quartzite. Of the Bengpal Group, Acid and basic rocks
(metavolcanics?) are also present.
Sulphide mineralisation in chert bands associated with the metavolcanics is seen intermittently
over a 6 km long zone. A 1.5 km long parallel zone is also seen in the southeastern part. The
mineralization is along fractures/shears developed along NNW-SSE trending faults. Surface sampling
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in the Ghot zone indicated a zone of 600 m strike length with one sample analysing 1.05% Cu and
other samples upto 1000 ppm Cu.
Four boreholes drilled by the DMG indicated only minor zone of copper. Scheelite
mineralisation in quartz veins and silicified metabasics was also intersected in two boreholes.
Vishamundi-Jinjgaon Kothi area (l9°20'30" - 19°32'35":80°26' - 80°37'); Gadchiroli district
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2.3.2 Basemetal deposits / occurrences in Sakoli (Proterozoic) Group
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The area exposes Bengpal-Surajgarh (Archaean-Proterozoic) Group of rocks, viz. biotite and
hornblende gneiss, quartzite, metabasics and meta-ultramafites, Chalco-pyrite, pyrite, rare galena and
sphalerite occur associated with sheared cherty quartzite. The mineralisation is sporadic and randomly
distributed

. Kolari (Zone-Ill) Zinc deposit (20°48': 79°31') Nagpur district

y

Geology and Structure
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The area comprises Lower to Middle Proterozoic Sakoli Group of rocks represented by (a)
chloritoid mica schist ± garnet, andalusite and magnetite, (b) banded garnet - amphibole chert (BGA)
and (c) grey phyllite with tuffaceous material, thin layers of basic schist and quartz -tourmaline schist.
Gabbro-diorite suite of rocks is intrusive into the dominantly argillaceous assemblage. In addition, vein
quartz and quartz tourmaline veins are also present. The rock units strike NNW-SSE with steep to
vertical northeasterly dip.
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Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
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Mineralisation
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Zinc mineralisation is restricted to a finely banded garnet-amphibole rock showing alternation
of essentially (a) garnet + sphalerite and (b) quartz + biotite + amphibole ± feldspar layers. Garnet in
the rock is essentially spessartite with subordinate almandine and grossularite.
Four main horizons of banded garnet - amphibole rock designated 3A, 3B, 3C and 3D
occupying different tectonic stratigraphic levels have been established.
3A

at the contact of the chloritoid-mica schist and suite of rocks

2

3B

within the meta diorite-gabbro

3

3C

at the contact of the meta diorite-gabbro with grey phyllite,

4

3D

within the grey phyllite

G

1

The band 3B carries the richest lode as discontinuous lenses within the meta-diorite gabbro.
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The zinc mineralisation is stratiform and stratabound. The sphalerite rich laminae parallel to
the compositional banding (S0) of BGA constitute the principal mode of zinc, though later
remobilisation syn-to post dating D1 deformation is noticed at places.
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Sphalerite is the most dominant ore mineral with which pyrrhotite and pyrite are associated
together with minor amounts of chalcopyrite and traces of galena. In the zone of oxidation, however,
goethite, pyrolusite, haematite and very rarely fine specks suspected to be of gold are associated with
sphalerite. Sporadic scheelite mineralisation is associated mainly with the altered basic rock, BGA and
zones of alteration.
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Quantum of work

Total work done

Geochemical Sampling

6.46 sq.km

of

Nature of work
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(soil samples on grid 75 m x 30 m, 150 m x 30 m, 300 m x 30
m in blocks A, B, C; 60 m x 20 m and 240 m x 30 m in block
D and selected rock samples)
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Geological mapping and sectional survey (1:2000)

2.52 sq.km
2.52 sq.km

Exploratory drilling

3451.25 m in 17 boreholes
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Geophysical surveys (EM, Mag, I.P. & S.P.)

Ore bodies
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Exploratory drilling revealed the following dimensions of the ore bands.
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Band 3A

G

The cumulative length of the band is 2 km of which 1.3 km was tested by drilling, establishing
ore body for 690m length, with four intersections in the second (50 - 100 m) and one at the third level
(100 - 150 m) (Datum : 265 m RL).
Band 3B

The strike length explored is about 700m with 7 second level (50 - 100 m) intersections and
two each in the third (100 - 150 m) and fourth (150 - 200 m) levels indicating depth persistence. But
the total length of the zone is difficult to assess due to paucity of outcrops.
Band 3C
The total strike length of the band is 1.8 km of which about 800 m has been explored by 3
intersections each in the first (0-50 m) and second (50 - 100 m) and one each in the third (100 - 150 m)
and fourth (150 - 200 m) levels.
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Band 3D
Out of the total strike length of about 780 m of this band about 500 m has been explored by
three intersections in the first level (0 - 50 m) only.
Resources
Ore band wise inferred resources estimated, categorised under UNFC 333, are summarised

ia

below:-

Cut-off
grade
Zn %

0.378
1.100
0.335
0.058
0.096
1.967

6.46
7.80
4.38
5.27
5.16
6.76

4.72
5.13
3.06
2.58
2.51
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Average
thickness (m)

Inferred
Resources (333)
(Mt)

Average grade
Zn %

Average
thickness (m)

1.432
2.857
1.139
0.277
0.600
6.305
8.272

6.71
8.29
4.48
5.16
5.13
6.80
6.79

4.96
6.65
3.50
2.65
2.64
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C-2Category
3A
3B
3C
3D
Unclassified
Total
Total resources (Cl +
C2)=

Average grade
Zn %
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Ore band
designation

Resources
(MT)
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Cut-off grade
Zn %
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Ore band
designation
C-1Category
3A
3B
3C
3D
Unclassified
Total
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Table II.2.3. Ore Band – Wise Inferred Resources

Pular (20°51': 79°) and Parsori (20°50': 79°33') Copper deposit Nagpur district
Geology and structure
The prospect falls in the southwestern part of the Sakoli-Synclinorium and comprises Lower to
Middle Proterozoic Sakoli Group of rocks represented by quartz-chlorite schist with bands of
amphibolite, phyllite with carbonaceous partings and impersistent lenses of quartzite, amphibolite,
granite, hornblendite, pegmatite, quartz veins, quartz-tourmaline veins. Fault breccias are also present.
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The area shows superposed folding. The foliation (S1) strikes between N20°W-S20°E to
N40°E-S40°W. The strike of S2 is generally N70°E-S70 °W with steep northerly dip. A major fault has
been traced along N70°E –S70oW trend from Tarna to Karondia.
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Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.

FIG.II.2.3

MAP

eo
l

GENERALISED GEOLOGICAL
PARSORI AREA, NAGPUR DISTRICT

OF

COPPER

AND

GOLD

BELT,

PULAR

Mineralisation

G

The indications of sulphide mineralisation in the Pular-Parsori ridge include gossan, old pits,
slag dumps, malachite, azurite stains, etc. seen over a strike length of about 3 km. The primary minerals
are chalcopyrite, bornite and sphalerite. Pyrite and to a minor extent pyrrhotite is also associated with
chalcopyrite. The sulphide occurs as irregular patches. The mineralisation is mainly confined to
brecciated quartz veins or quartz which is found distributed in the country rock in an en-echelon
pattern. The length of these brecciated quartz veins varies from a few metres to 15 m and width is
generally less than 3 m Drilling has revealed the presence of five mineralised zones. Zinc in the range
of 0.05 to 0.20% is present in most of the core samples.
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Quantum of work
Total work done

1.Geological mapping on 1:31,680 scale

110 sq.km

2.Large scale mapping on 1:15,840 scale

79 sq.km

3.Large scale mapping on 1:2,000 scale

3.66 sq.km

4.Geochemical sampling on 100 m gid

524 soil and bed rock

5.Geophysical surveys (electromagnetic/IP, SP)

98.25 Line Km

6.Exploratory drilling

12,128.87 m in 93 boreholes
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Nature of work
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663.25 m by DMG (74-75)

ve

y

The inferred resources estimated for the five mineralised zones, categorised under (UNFC
333), are detailed below:-

Inferred Resources (tonnes)

Average grade

(m) Average

(Cut off +0.5% Cu and 0.8 m width

(%) Cu

Pular Sector
140

Zone-II

280

eo
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Parsori Sector
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Zone-I
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Strike length

ic

Sector / Zones
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Table II.2.4 Inferred Resources of The Five Mineralized Zones

2,350

1.20

9,190

1.80

430

87,650

1.86

Zone-Iv

180

12,290

1.35

Zone-V

360

7,540

1.56

1,19,020

1.76

G

Zone-III

Total

As the mineralised zones occur as small, lensoidal bodies; and are irregularly distributed, the
resource estimates are very approximate. The best mineralised zone is Zone-Ill in Parsori sector which
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extends for over a strike length of 430 m Analysis of 42 borehole samples for gold by fire assay
method, reveals that more than 50% of the samples carry more than 1 gm/tonne of gold. Two samples
analysed as much as 9.8 and 12.3 g/t. The inferred resources in the best zone-Ill works out to 87,650
tonnes of 1.86% Cu for a vertical depth of 25 m on either side of the level of intersection which is
generally between 60 m and 80 m In other zones the resources are much less. On the evidence now at
hand, the deposit will have to be regarded as sub-marginal as the ratio of mineralised strike length to
barren stretches is high.
Ran-Mangli (20°48': 79°27') Copper deposi, Nagpur district
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Geology and structure
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The Ran Mangli prospect is occupied by a sequence of volcano-sedimentary rocks with preand post-tectonic intrusives and effusives and post tectonic quartzo-feldspathic influx, belonging to the
Lower to Middle Proterozoic Sakoli Group. The rock formations comprise chloritoid mica schist ±
garnet ± magnetite ± andalusite with lensoid bodies of quartz -chlorite/specularite rock; acidic
volcanics (felsic lava and tuff); and mica schist/phyllite with intrusives of altered basic rock/epidotechlorite schist and intercalated lithologies of carbonaceous and/or magnetite phyllite, tourmalinite and
epidote-quartzo-feldspathic rock. The formations trend NW-SE to WNW-ESE with 65° to 80° NE dip.
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Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
Mineralisation
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(1) The northern contact of the main acidic volcanic unit with the chloritoid mica schist
defines a zone of hydrothermal vein / alternation carrying significant copper
mineralisation. This zone contains linear old workings and corresponds to a copper
anomaly zone of 1200 m length and a magnetic discontinuity.
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Chalcopyrite is the main sulphide occurring as stringers, clots, vein fillings and
disseminations within the generally concordant hydrothermal veins. Chalcopyrite is
associated with pyrite and minor sphalerite, galena, pyrrhotite, bornite, chalcopyrite and
occasional cobaltite, safflorite, skutterudite-chloanthite-lollingite, antinonite-borthierite
assemblages, bournonite, tetrahedrite, ilmenite and rare magnetite. The gangue minerals
include quartz, tourmaline, muscovite, chlorite, epidote, calcite, garnet, chloritoid in
varying proportions.

G

(2) The southern contact of the main acidic volcanic unit with the phyllite is marked by a zone
of brecciated chert and silicification. The phyllite with associated basic units (epidotechlorite schist, amphibolite) contains zones of pneumatolytic/hydrothermal vein / alteration
carrying sporadic Zn-Pb-Cu sulphides. A zone of Zn and Pb anomaly has been demarcated
for about 1200 m length and 240 to 360 m width associated with geophysical anomalies,
high chargeability supported by resistivity low and EM anomaly. In this zone sphalerite,
galena, pyrite, pyrrhotite, chalcopyrite and rarely bornite occur in clots, stringers and
disseminations associated with veins of barite-quartz-fluorite ± carbonate ± tourmaline;
epidote-quartz-mica-scheelite; quartz-tourmaline ± apatite ± scheelite and pegmatite veins
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within the phyllite, garnet-amphibole-quartz and quartzo-feldspathic portions of altered
basic rocks.
(3) Scattered lensoid bodies of quartz-chlorite ± magnetite within the magnetite phyllite and
chloritoid-mica schist, grouped into a zone of 1000 m x 120 m extent, carry visible
malachite and associated sulphide mineralisation, in the northwest section of the prospect.
Quantum of work done
Total work done

Geochemical sampling

401 Nos.(Soil-379; rock-32)

Geological mapping and sectional survey (1:2000)

7.8 sq.km

Exploratory drilling

5201.15 m in 22 boreholes
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Nature of work
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(4.3.1983 to 10.9.1987)
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Ore bodies
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(1) In the copper anomaly zone exploratory drilling of 2,533.48 m in 10 boreholes (200/164 m
strike interval) testing the hydrothermal alteration zone bearing copper mineralisation,
established copper ores for a strike length of 1128 m at depths of 235 m RL. to 162 m RL
(datum 280 m RL.) in the first series (200 m RL. ± 30 m) and a cumulative length of 364 m
at depths of 140 m RL. in the second series (140 m RL. ± 30 m) confirming a small copper
deposit. Based on the lithostratigraphic position, a main copper ore zone designated vein-I
and a minor zone 1A above, and another IB below it could be correlated. Ore resources
have been computed between 260 m R.L. and 110 m RL. The inferred resources can be
categorised under UNFC 333.
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(2) In the Zn and Pb anomaly zone, exploratory drilling involving 1541.35 m in 7 boreholes at
200 m strike intervals, revealed impersistant and poor Pb-Zn-Cu ore zones ranging from
0.29 m to 8.42 m with 0.12 to 3.18% Zn, traces to 0.49% Pb and traces to 0.16% Cu at
different lithostratigraphic levels which are uncorrelatable. Hence no resources have been
computed.
(3) Exploratory drilling of 641.90 m in three boreholes testing the zones of hydrothermal
alteration associated with quartz-chlorite ± magnetite bodies in the north-west contiguity of
the prospect, did not indicate any significant mineralisation.
(4)

Geophysical anomalies, viz. (1) an E.M conductor associated with resistivity low within
the phyllite and (2) a significant magnetic anomaly within the chloritoid mica schist ±
magnetite, tested by drilling 484.65m in two boreholes, did not reveal any significant
sulphides.
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Resources
Inferred copper ore resources (333) estimated in the Ran Mangli prospect are given in table
II.2.5.
Table.II.2.5 Inferred Copper Ore Resources Estimated in The Ran Mangli Prospect
Cut off (%Cu)

Minimum
width (m)

Inferred Resources

Av.grade
(Cu%)

Av. Width
(m)

0.829

0.81

1.00

1.00

0.344

1.25

1.77
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1.00

1.73

of

0.40
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(in million tonnes)
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Thutanbori (20°51': 79°35') Copper Prospect, Nagpur district
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Geology and Structure
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The prospect exposes a volcanosedimentary sequence of the Sakoli Group (Lower to Middle
Proterozoic) comprising chlorite - mica schists constituting the main lithotype, which often contain
magnetite, garnet, andalusite and chloritoid, with subordinate lensoid bodies of acidic volcanics (felsic
tuffs and lavas), garnet-quartz rock, quartz-chlorite rock and polyphase quartz veins. Phyllites
associated with basic rocks and banded garnet-quartz rocks occur to the east of the prospect. The rock
units strike ENE-WSW with subvertical southerly as well as northerly dip.
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Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
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Mineralisation
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Sulphide mineralisation occurs as disseminations, stringers or massive zones, generally
stratabound, associated with (i) garnet-quartz and quartz-chlorite rocks and quartz veins, within mica
schist and (ii) within acidic volcanics conformable zones containing magnetite megacrysts are devoid
of significant sulphides. Alteration zones in the vicinity of mineralisation include chloritisation,
silicification, sericitisation, chlorite muscovite alterations, garnetiferous zones, quartzo-feIdspathic
impregnations.
Chalcopyrite is the main ore mineral with associated chalcopyrite covellite, pyrite, pyrrhotite,
tenorite, cuprite, minor shreds of native copper, rare galena and sphalerite. Quartz, feldspar, garnet,
chlorite, mica and magnetite constitute the chief gangue minerals.
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Quantum of work done
Total work done

1. Geochemical sampling

Selected sampling

2. Geological mapping and Sectional Survey (1:2000)

2.5 sq km

3. Geophyswical surveys

2.5 sq km
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(Magnetic, IP, Resistivity, SP, EM and Mise-a-lamasse method)

6,526.50 m in 26 boreholes
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4. Exploratory drilling
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Nature of work
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(21.9.1987 to 31.5.1990)

Ore bodies
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Thutanbori prospect of 2.8 km length was explored by drilling of 6,525.50 m in 26 boreholes.
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(1) In order to test the copper mineralisation associated with garnet-quartz and quartz-chlorite
rocks and quartz veins within mica schist, 13 boreholes totalling 3,402.10 m were drilled at
100/200 m intervals testing a total strike length of 1,000 m; and exploring copper ore zones
between 233 m RL and 6 m RL below datum (260 m RL). The main ore zone, designated
Zone-I (+1A+1B+1C) could be correlated at 150 m, 120 m, 60 m and 0 (zero) m RL. with
five intersections in the first, two in the second and one each in the third and fourth levels,
establishing extrapolated ore zone length of 200 m, 115 m, 100 m and 100 m at the
respective levels. Inferred Resources were estimated between 240 m RL (20 m below datum)
and (-) 30 m RL and categorised under UNFC 333.

G

2) The copper mineralisation associated with the acidic volcanic rocks (felsic lava and tuff) has
been explored by 11 boreholes at 200 m intervals testing a strike length of 1500 m and
exploring the ore zones between 140 m RL and 55 m RL below datum (assumed at 240 m
RL.). Three discontinuous ore zones of varying lengths, designed I, II and III (+IIIA+IIIB)
could be distinguished and correlated based on stratigraphic position. Inferred ore resources
were estimated zone wise and can be categorised under UNFC 333, between 220 m R.L and
70 m RL.

(3) The northern continuity of ore veins intersected in two boreholes in the Khapri prospect has
been explored over a stretch of 420 m in the Thutanbori prospect by two boreholes totalling
411.50 m Only one of these boreholes intersected a submarginal zone of copper ores at a
different tectono-stratigraphic level and hence no reserve has been computed.
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Resources
Inferred Resources (UNFC 333) estimated in the Thutanbori prospect at different cut off are
given in table II.2.6.
Table II.2.6 Inferred Resources estimated in the Thutonbori prospect
Resources(in
million tonne)

Av.grade
(Cu%)

A. Copper ores associated with garnet- mica schist
1.0

0.747

1.84

1.00

1.0

0.469

2.73

of

0.40

1.00

1.0

0.376

A+B

1.909

al

0.40

0.845

3.23

2.03

1.64

1.35

1.18
2.24
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1.00

4.58

0.76
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1.162
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B. Copper ore associated with acid volcanics
0.40

Av. width(m)

ia

Minimum width
(m)
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Cut off (%Cu)

Other Occurrences
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Khapri (20°51': 79°34') area Bhandara district

G

This area is adjacent to the Thutanbori copper deposit and comprises rocks of the Sakoli
Group. Sulphide mineralisation is associated with vein quartz and with impersistent lensoid bodies of
garnet-quartz rocks. Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
Two out of 7 boreholes intersected copper mineralisation (1.35 m x 0.57% Cu and 1.65 m x 0.57% Cu
in MBK-3 and 1.10 m x 0.54% Cu, +0.20% Zn in MBK-4). The zone in MBK-4 also contains
appreciable scheelite. Some gold values 0.10 to 4.45 g/t (average 1 g/t x 1.00 m) were also obtained in
MBK-4 in a zone occurring above the copper zone. The boreholes did not indicate any persistent zone
of mineralisation.
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Garara (21°02': 79°47') - Nerala (20°55': 79°44') area Bhandara district
The area comprises metamorphosed felsic and basic volcanics and associated pelitic schists and
lenses of Banded Iron Formation traversed by quartz veins (Sakoli Group). Reconnaissance stage
(UNFC G-4) investigation was carried out in this area by GSI.
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Pyrite-chalcopyrite mineralisation with occasional molybdenite isobserved mainly in quartz
veins within meta-rhyolite. These quartz veins are mostly aligned parallel to F2 fold axes. In the Garara
block 6 anomaly zones for copper have been delineated over an area of about 2 sq. km. These zones
range in strike length from 150 to 700 m and in width from 20 m to 200 m. In Nerala block, en echelon
anomalous zones for copper have been traced over a strike length of about 2 km.
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Dongarmunda (21°54': 79°20') Nagpur district
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Rocks of the Sakoli Formation comprising phyllites, schists and intercalated bands of quartzite
constitute the long ridge extending for about 10 km between Dongarmunda in the east and Dani (20°52'
: 79°23') in the west. Intense brecciation and silicification are observed. Disseminations of
chalcopyrite, pyrite and minor galena, sphalerite and tetrahedrite are observed in quartz veins
traversing the breccia zones. Two boreholes were drilled by DMG Maharashtra.Values of 0.30 to
0.45% Cu and 0.02% Zn are reported from core samples.
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Geology and Structure
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Mendki (21°03': 80°09') Bhandara district
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The rocks exposed in the area belong to the Sakoli and the Dongargarh Groups. Sakolis
comprise granite gneisses, hornblende schists, quartzites and mica schists intruded by basic rocks and
quartz veins. Dongargarh Group is represented by feldspathic and gritty quartzite, conglomerates and
andesite flows, granitoids, etc. The two groups are separated by a conspicuous and persistent fault zone
trending N20°E-S20 °E occupied by brecciated and sheared cherty quartzite and quartz veins. At
Mendki, the Sakoli Group lies to the west and Dongargarh Group to the east.

G

Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.

Mineralisation
The shear zone and the andesitic flows display disseminations of chalcopyrite, pyrite and
galena. At a few places molybdenite is also reported. To the south of Mendki, copper mineralisation
(0.15-0.50%) occurs in cherty quartzite and quartz veins occupying the shear zone over a strike length
of 1 km in a N20°E-S20°W direction. Individual lenses are 100-500 m in length with 1-10 m width.
The silicified shear zone occurring 1.5 km east of Bhusaritola (21°12' : 80°11') is mineralised
and the sulphides are represented by disseminations of galena with minor chalcopyrite and rare
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sphalerite. This zone trends N30°E-S30°W and extends for 900 m with a width of 10 m. Another zone
is traced 2.5 m NNW of Bhusaritola.
Mineralised zones with disseminations of chalcopyrite and galena are also located 2.5 km west
of Mendki shear zone and 0.5 km NE of Kojbi (21°06' : 80°09'). They are 100-250 m long, 2 to 10 m
wide, trending in N-S and N30°E-S30°W directions.
The andesitic flows at Duggipur also exhibit sporadic disseminations of pyrite and
chalcopyrite.
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Regional drilling consisting of two boreholes have been drilled in Kojbi area. The two
boreholes have intersected disseminated zones of sulphides in the andesitic flows and brecciated
quartzites. One borehole has gone through the oxidised zone (in brecciated quartzites) between 30 and
51.0 m depth. The two boreholes drilled at the Mendki hill also showed sparse copper mineralisation
corresponding to the mineralized exposures.
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CHAPTER-3
SOUTHERN REGION
3.1.0 ANDHRA PRADESH
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In Andhra Pradesh several small basemetal deposits and a large number of occurrences are
known. These deposits and occurrences are mostly hosted in rocks of the Cuddapah Supergroup and to
a lesser extent in rocks of the Pakhal Supergroup, Dharwar and Sargur Supergroups and in Peninsular
Gneissic Complex. The bulk of the basemetal mineralisation is localised in the Nellamalai sub-basin
within the Cuddapah Basin. 70 of the 84 deposits/occurrences recorded from Andhra Pradesh are
hosted in the rocks of the Cuddapah Supergroup (Fig.II.3.1).
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Till recently, only the lead deposit at Bandalamottu in Cumbum Formation of the Cuddapah
Supergroup and the copper deposit at Mailaram in the Sargur Supergroup were being worked on a
small scale by M/s. Hindustan Zinc Limited and the Andhra Pradesh Mining Corporation Limited
respectively.

Fig.II.3.1 MINERAL MAP OF ANDHRA PRADESH
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3.1.1 Basemetal Deposits / Occurrences in Dharwar Craton (Dharwar, Sargur Supergroups and
Peninsular Gnessic Complex)
Nellore Schist Belt, Nellore district
Garimanipenta (14°59'30'': 79°33'10'') Nellore district
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The area exposes gneisses and schists of the Peninsular Gneissic Complex in the eastern part
and Dharwar schists in the western part. The rocks trend in NW-SE direction with steep dips (55 to
75°) towards south-west. In this area Reconnaissance (UNFC G4 stage) investigation was carried out.
Copper mineralisation is associated with vein quartz and pegmatites intruding the amphibolites and
mica schists. Out of 10 boreholes drilled in the area, only one intersected sporadic copper
mineralisation.
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Sporadic occurrences of malachite, pyrite and chalcopyrite associated with vein quartz and
pegmatites in mica schists and amphibolites have been reported from a number of locations in Nellore
District.
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Jonnagiri Belt (15°44' : 77°31') Kurnool district
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The area is made up of schist rocks of Dharwarian age, intrusive granitoid and basic dykes and
quartz veins. Low grade basemetal mineralisation is associated mainly with the schists (chlorite schists
and chlorite-sericite schist) of Gavanikonda Formation of Jonnagiri Group. The schists are isoclinally
folded. The strike is ESE-WNW with steep dip towards NNE. Old workings with extensive coatings of
malachite and azurite are seen over a strike length of 2 km in chlorite schist. Two bands of gossans are
exposed along the old workings. Prospecting (UNFC G-3) stage investigation was carried out in this
area.
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Drilling data indicate that the zone of sulphide mineralisation is essentially made up of
pyrrhotite and pyrite with subordinate chalcopyrite and sphalerite. The zones of copper mineralisation
are narrow with copper contents of 0.1 to 0.5%. Only in one borehole a richer zone of 6.45m thickness
averaging 0.8% Cu and 2.20% Zn was intersected.

G

In one borehole, massive pyrite zone of 9 m thickness was intersected. This zone is traceable
over a strike length of about 300m. The average sulphur content is about 23.12% over a width of 5.24m
Inferred resource (UNFC 333) of 0.9 million tonnes of pyrite ore with 2.3% sulphur are estimated
down to a depth of 100 m.
Mailaram Belt, Khammam district
Mailaram (17°43': 80°38') Deposit
The area comprises quartz-chlorite schist, biotite gneiss intruded by amphibolite, granite,
pegmatite and quartz veins. The schists and gneisses (of the Sargur Supergroup) trend NE-SW and dip
at 50 to 85° towards south-east. The quartz-chlorite schists are traversed by numerous veins of black,
grey and white quartz. Blue and grey quartz carry sulphide mineralisation, whereas the white quartz is
barren.
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General exploration (UNFC G-2) stage investigation was carried out by GSI in the Mailaram
Block. The Mailaram Block extends over a strike length of 1100 m and has been explored by 20
boreholes. The copper mineralisation is localised in a NE-SW trending shear zone. Chalcopyrite is the
principal ore mineral and is associated with pyrite, pyrrhotite and molybdenite. Sericitisation is
developed in the vicinity of the copper mineralisation.
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Exploration by drilling indicates that there are three orebodies in the area viz., main oreshoot
(400 m), central oreshoot (140m) and northern oreshoot (l60 m). The oreshoots are narrow and range in
width from less than a metre to a maximum of 12m The average width is around 2 to 3m At a cut-off of
0.3% Cu, indicated resource (UNFC 332) of 0.812 million tonnes with 1.07% Cu was estimated.
The deposit was mined on a small-scale by the Andhra Pradesh Mining Corporation Limited.
3.1.2 Basemetal deposits/occurrences in Purana Basin
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3.1.2.1 Cuddapah Basin
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The crescent shaped Cuddapah basin occupies an area of over 44,000 sq. km It has an arcuate
length of 440 km and a width of 145 km in the middle and is estimated to contain over 12 km of
sediments and volcanics. In this basin, middle to late Proterozoic sediments of the Cuddapah
Supergroup and the Kurnool Group are preserved. The Cuddapah Supergroup is predominantly
arenaceous to argillaceous with subordinate calcareous to dolomitic units. The Kurnool Group consists
of carbonate facies sediments with subordinate fine clastics. The stratigraphic succession in the
Cuddapah basin is given in table II.3.1.

Formation

ic

Group

al

Table II.3.1Stratigraphic Succession in Cuddapah Basin
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Kurnool Group

Nandyal Shale
Kollkuntla Limestone
Panyam Quartzite
Owk Shale
Narji Limestone
Banganapalli Quartzite

Thickness (m)

Lithology

50 - 100
15 - 50
10 - 35
10 - 15
100 - 200
10 - 50

Shale
Limestone
Quartzite
Shale-Ochrous
Limestone
Conglomerate, Quartzite

-------------Unconformity -------------

Srisailam Quartzite

300

Quartzite and shale

-------------Unconformity ------------Cumbum (Pullampet)
Formation

2000
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Cumbum phyllite, slate
quartzite
dolomite
Pullampet Shale
dolomite, quartzite

Nallamalai Group
Bairenkonda (Nagari)
Quartzite

Bairenkonda quartzite,
shale.
Nagari conglomerate,
quartzite and shale
with intrusives.

1500
4000

-------------Angular Unconformity------------Gandikota Quartzite
300
Tadpatri Formation
4600

1-75

Vempalle Formation

1900

Gulcheru Quartzite

28-210
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Pulivendla Quartzite
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Chitravati Group

Quartzite and shale
Shale, ash fall tuffs,
quartzite, dolomite with
intrusives.
Conglomerate and
quartzite.
Stromatolitic dolomite,
dolomite mud-stone, chert ,
breccia and quartzite , with
basic flows and intrusives.
Conglomerate arkose,
quartzite and shale
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Papaghni Group
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-------------Non-conformity------------Archaean granites, gneisses and schists
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The Cuddapah Basin can be sub-divided into three sub-basins, Viz: (1) Papaghni and Chitravati
Group sub-basin, (2) Highly folded and faulted, moderately metamorphosed Nallamalai Group subbasin and (3) Srisailam Formation sub-basin. The bulk of the basemetal mineralisation is localised in
the Nallamalai sub-basin.
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Agnigundala Belt
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The Agnigundala Belt is located in the north-east corner of the Cuddapah Basin. Over 30
copper-lead and zinc occurrences are located in this belt in the calcareous quartzites and dolomites of
the Cumbum Formation. The only lead mine worked by H.Z.L. viz., Bandalamottu deposit is located in
this belt (Fig.II.3.2).
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Fig.II.3.2 GEOLOGICAL MAP OF AGNIGUNDALA
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Bandalamottu (16°13'30'': 79°34'45'') deposit, Guntur district
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The area comprises dolomite and dolomitic limestones interbedded with phyllites and
quartzites belonging to the Cumbum Formation of the Nallamalai Group. Zones of lead-copper
mineralisation occur mainly in the upper part of the dolomite. Dolomite is fine grained and massive and
shows discrete carbo-naceous matter in the interstices between carbonate grains. Occasionally thin
bands of chert are seen in the carbonate host rocks. The mineralisation is generally poor where the
dolomites are associated with chert bands.

G

The regional strike of the formation is ENE-WSW with moderate dips of 10 to 35° towards
NNW. The regional structure is an anticline plunging at low angles towards north. Cross folding has
given rise to a series of asymmetric to isoclinal folds plunging gently towards NE and SW.
Concentration of the mineralisation is better along depressions between the anticlines.
Galena is the dominant sulphide mineral with minor chalcopyrite and occasionally sphalerite
and pyrite. GSI carried out general exploration (UNFC G-2) and HZL carried out detailed exploration
(UNFC G-1) stage investigation in this area.
The deposit has been investigated by 92 surface boreholes and a large number of underground
boreholes and mine development by Hindustan Zinc Limited (HZL). The lead orebody is being
exploited by the HZL at the rate of 240 tpd.
210

As a result of drilling and mine development, the mineralised zone in the Bandalamottu hill has
been established over a strike length of about 1200 m with a down dip extension of about 500 m (about
20° dip). Three orebodies main, eastern and western have been identified. The main orebody is
developed on the northwestern flank of an anticlinal structure and consists of five overlapping lodes
over a strike length of 400 to 600 m. The thickness of the orebodies ranges from 1 - 11 m and the
average thickness of the individual lodes from 1.5 to 6.5 m.
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The eastern orebody is located on the eastern flank of the anticlinal structure which extends
over a strike length of about 320 m and comprises the lode number I only.
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The Western orebody is located to the west of the main orebody. It extends over a strike length
of 150m and comprises lode no. one only. In addition there is a zone of copper mineralisation below
lode no.one of the main orebody in the lower part of the upper dolomite horizon. This orebody extends
over a strike length of about 900m.
The indicated resources estimated by the GSI (UNFC 332) for the various orebodies are given
in table II.3.2.
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Table II.3.2 Indicated Resources for the Various Ore Bodies in Bandalamottu
Average
thickness (in
metre)

Grade (Pb %)

Indicated
Resource (in
million tonne)

2.84 to 6.36

4.29 to 8.99

7.899

5.12

5.58

1.059

3.15

6.45

1.100

1.49

3.10

0.650

1.60
3.48

3.08
3.18

0.180
0.571

Total

11.459

1.71%

Cu 0.775
Cu 0.261
1.036
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Lead ore body
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Grade-A

Main ore body
(lodes:I,II,III,IV &
V)
Eastern ore body
(Lode-I)
Western ore body
(Lode-I)
Main ore body
(Lode-I)
Eastern ore body
Western ore body
(Dolomite zone)

G

Grade-B

Copper ore
Grade-A
Grade-B

Main ore body

1.5-3.0
0.5-1.6

Total

The measured resources (331) estimated by the HZL (over a strike length of 700m) are of the
order of only 2.46 million tonnes with an average lead content of 4.98% (at 2% cut-off).
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Dhukonda (16°13'30'': 79°43'30") deposit, Guntur district
The geological setting in this area is similar to that of Nallakonda. The rocks are intensely
folded about NE-SW axis and subsequently crossfolded with accompanying N-S and N15°W to S15°E
shears. As a result, the Dhukonda area is by far the most disturbed in the Agnigundala belt.

ia

GSI carried out general exploration (UNFC G-2) stage investigation in the area. Copper
mineralisation is dominant and confined to coarse grained quartzite. Lead mineralisation is subordinate
and is localised in dolomites. The area has been explored by 79 boreholes.
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The orebodies are spread over an aggregate strike length of 2 km in the southern and
southeastern slope of Dhukonda peak and adjoining areas. Due to structural complications it has not
been possible to clearly establish the exact nature of correlation of the orebodies. Drilling data indicate
that the orebodies occur as parallel en-echelon and has limited depth persistence. The orebodies are
repeated due to folding.The indicated resources, which can be categorised under UNFC 332, are as
follows:
Copper ore
resource

Grade (%Cu)

NE Dhukonda

1.59

1.39

SW Dhukonda

0.04

Central

0.13

Western Dhukonda

0.40

0.22

9.94

2.60

-

-

1.48

0.17

8.00

1.91

0.07

7.06

1.51

0.46

8.98
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Total

Lead ore
resource
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Block
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Nallakonda (16°13' - 79°) deposit Prakasam district
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The area comprises chlorite phyllites and grey argillites with intercalations of quartzites and
dolomite of the Cumbum Formation. The general strike is NE-SW with southeasterly dips (40°-45°).
The rocks exhibit broad drag folds with NE-SW trending axis.
Copper mineralisation is localised in coarse grained calcareous quartzites. The better zones of
mineralisation are seen along the nose of major anticlinal drag fold plunging towards north-east.
GSI carried out general exploration (UNFC G-2) stage investigation in the area by putting 72
boreholes. Exploratory mine development at 4 levels was done by Hindustan Copper Limited (HCL).
GSI drilling indicated the presence of mineralisation over a strike length of 1300m and a vertical
interval of about 60 m The orebody comprises a series of parallel en-echelon lodes with sinistral shifts.
The lodes pinch and swell both along strike and dip. It appears to have a gentle pitch of about 10 to 15°
towards north-east and has downdip extension ranging from 90 m to 450 m
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Indicated resources of the order of 3.14 million tonnes (332) with copper content of 1.82%
were estimated on the basis of the drilling data by GSI. But the resources estimated by HCL after
exploratory mine development over a strike length of about 150 m are of the order of 0.35 million
tonnes with 1.50% copper only. This downward revision of the reserve estimate is mainly attributed to
the limited strike and depth persistance of the oreshoots as revealed from exploratory mine
development.
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Vummidivaram (16°09'19'': 79°25'3'' 8) area Prakasam district
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The area comprises quartzite, and dolomitic breccia intercalated with thick phyllites of
Cumbum Formation. The beds trend in NE-SW direction with 35° to 60° southeasterly dip. Lead
mineralisation is hosted in dolomitic quartzite breccia and quartzite. Prospecting stage (UNFC G-3)
investigation was carried out in the area by GSI.
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The area is divided into two blocks, Viz., Gabbilagavi and Ittammakuvva. The Ittammakuvva
Block has been explored by five boreholes. Inferred resource of 0.3 million tonnes (333) with 2.69%
lead was estimated. In the Gabbilagavi Block, several breccia zones of 0.5m to 30m thick are seen on
the surface over a width of 800m Exploration by four boreholes has not indicated the persistance of
breccia zones beyond 70m depth, probably due to pinching/faulting of the mineralised zone. Lead
values range between 0.3 and 0.8%; the highest value being 1.40% Cu over 0.77m
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Karempudi: (16°23'30": 79°40'40'') area Guntur district
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The area comprises phyllites interbedded with dolomite and quartzite of the Cumbum
Formation. The dolomite host rock is folded into an anticline plunging gently towards east and is partly
sheared. General exploration stage (UNFC G-2) investigation was carried out by GSI in this area. The
mineralisation is predominantly in dolomite in the form of veinlets, stringers, pockets and streaks of
galena and sphalerite with stray specks of pyrite and chalcopyrite. 15 boreholes have been drilled. The
mineralised zone has a strike length of 600 m in the northern limb and 200 m in the southern limb. The
average width of the mineralised zone is 2.43m. At a cut off of 2.0% Pb + Zn, indicated resource of 0.5
million tonnes (332) with 1.38% Pb + 0.96% Zn has been estimated upto a depth of about 150m below
the surface.
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Peddagavalakonda (16°16'30'': 79°39'30'') area Guntur district
The area comprises phyllite, slaty phyllite and argillite with interbeds of dolomitic limestone
and quartzite of the Cumbum Formation. The beds strike NE-SW with dips of 40° to 60° towards
south-east. Prospecting stage (UNFC G-3) investigation was carried out by GSI in this area. Old
workings in mineralised dolomite are seen over a strike length of about 1000 m The area has been
explored by 18 boreholes. Four of these boreholes intersected significant zones of lead mineralisation
in the lower dolomitic horizon with lead values of upto 8.99% over widths of 1.60 to 3.19 m These
zones do not appear to have dip or strike continuity. Inferred resource of the order of 0.18 million
tonnes (333) with 4% Pb has been estimated.
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Other occurrences in the Agnigundala belt
Veerappakonda (16°12': 79°42) area Guntur district
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In this area specks of chalcopyrite and galena are seen in sheared and silicified dolomites of the
Cumbum Formation. At the surface a persistant leached zone is seen over a strike length of 400 m. Two
boreholes drilled in the area intersected highly limonitised zone with malachite and specks of
chalcopyrite. Reconnaissance stage (UNFC G-4) investigation was carried out in this area.
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Papayapalem (16°22': 79°38) Guntur district
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area. Galena mineralisation is
seen in brecciated dolomite of the Cumbum Formation. Old workings are seen over 500 m. Out of 8
boreholes drilled, only 2 boreholes intersected mineralised zones: 0.45 m x 3.04% Pb and 1.30 m x
2.02% Pb + 0.55% Zn.
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Kanchugavi (16°12': 79°24) Prakasam district
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Other reported occurrences are
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Disseminations of galena are reported to occur in breccia zones in quartzites of the Cumbum
Formation. Old workings are seen over a strike length of 150 m.

Sarikonda (Cu), located 3.6 km northwest of Bandalamottu
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Balam Devlam (Pb) located east of Bandalamottu
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Ling-alakonda (Cu) located along the northeast continuity of Dhukonda block
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Yerrakuppukonda (16° 01': 79° 42')
Sakalavonikuvva (Pb-Cu)

G

Currapusala (Cu)

Tadivaripalle (Cu-Pb)
Ramasamudram (16°01': 79°42')
Gajjalakonda: Copper (15°45': 79°24')
Basuvapuram: Lead (15°24': 78°38')
Koilkuntla: Pb-Cu (15°13': 78°19')
Chityale: Pb (15°28': 77°47')

214

Varikunta - Zangamarajupalle Belt
This belt is located in the south-central part of the Cuddapah Basin and stretches over 50 km in
N-S direction. Lead zinc ores are localised in dolomites enclosed within Cumbum slates. Dips are
moderate and rolling.
Zangamarajupalle (14°46': 78°53) deposit Cuddapah district
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The area comprises variegated slates and phyllites interbedded with dolomites and quartzites
belonging to Cumbum Formation. Dolomites are the host rocks. Three dolomite bands are interbedded
in the slates. The upper dolomite is 3-8m thick with chert band at the top. It is developed all along the
strike length of 2km The middle dolomite (30 to70m) carries the mineralisation and is a fine grained,
light to dark grey rock with argillaceous, arenaceous and carbonaceous intercalations. The lower
dolomite (10 to 20m) is impersistent and merges with the middle dolomite in the southern part.
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The Zangamarajupalle area forms the western limb of a doubly plunging major anticline. The
strike trend is NNW-SSE with dips ranging from 10° to 35° towards east or west. Slaty cleavage is well
developed and strikes NS to N15°W - S15°E and dips at 35° to 65° towards east. Zones of shearing and
brecciation occur in dolomite.
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The mineralisation is mostly stratiform and confined to the transitional zone between dolomites
and cherts and the overlying carbonaceous slates.
There are five lodes (I-V) in the main dolomite and one in the upper dolomite. The lodes I to V
in the main dolomite are lead-rich whereas the lode-V in the cherty dolomite is zinc rich.
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Subsequently, four series of boreholes spaced at intervals of 50 to 100m along the strike to test
the mineralised zones at 50m, 100m, 150m and 200m vertical depths were drilled by the MECL. These
boreholes indicate the persistence of the mineralised zone both along strike and depth.
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The resources estimated on the basis of MECL data can be categorised under Indicated
resource (UNFC-332) and are as follows:

G

At 3% Lead+Zinc cut off
At 2% Lead+Zinc cut off

Resources

Grade

1.34mt

2.63%Zn, 1.91%Pb

2.42mt

2.74%Zn, 1.3%Pb

Golapalle: (14°45'00'': 78°54'00') deposit Cuddappah district
The area comprises greyish green slate, grey dolomite and black pyritiferous carbonaceous
slates of the Cumbum Formation. Thin chert bands occur interbedded with dolomite. The
mineralisation mostly occurs in the grey dolomite. The rocks are folded into anticlines and synclines of
low amplitude plunging at 10 to 20° towards south. The beds strike NNW-SSE with dips of 20-45° to
east or west. The doubly plunging nature of some of the folds has given rise to culminations and
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depressions. General exploration stage (UNFC G-2) investigation was carried out in the area.
Sphalerite and galena with minor chalcopyrite occur in association with pyrite at the chert bearing
brecciated contact of the dolomite with carbonaceous slates. The sulphides occur as continuous to
semi-continuous beds/lensoid bodies in cherty dolomite with fine grained (stratiform) layers of
sulphides along bedding planes. The total strike length of the block is 3.3 km divided into Golapalle
East Block, Kothapalle Block and Chikativaripalle Block. 33 boreholes have been drilled in the
Golapalle Block, two in the Kothapalle Block and five in the Chikativaripalle Block. In the Golalpalle
Block, continuous mineralisation has been established over a strike length of 1.33 km. The
mineralisation is weak in the other two blocks. The resources estimated in the Golapalle Block has
been categorised under the indicated resource (UNFC 332) and details are given in table II.3.3.

0.46
0.50
1.22
1.89

Zn%
2.03
1.87
1.76
1.50

Width(m)

Total
(Pb+Zn)%

2.55
2.23
3.94
4.30

4.91
5.70
3.37
2.86
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5
4
3
2

Grade
Pb%
2.88
3.83
1.61
1.36
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Resources in
million tonne
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Cut-off
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Table II.3.3 Indicated Resources in the Golapalle Block

The entire deposit falls in the submersion zone of the proposed dam site of Telugu - Ganga
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Project.

Varikunta (15°11': 78°46') area Cuddappah district
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This area is located along the northerly strike extension of the Zangamarajupalle belt and
comprises mainly Cumbum Slates interbedded with dolomites and dolomitic quartzites. The strike
trend is NNW-SSE with dips of 10° to 35° to east or west. Old workings in the area appear to be along
a shear plane in dolomite as also along axes of minor folds in the dolomite. Reconnaissance stage
(UNFC G-4) investigation was carried out in the area. The mineralisation appears pitching at 10° to 20°
towards north, some of the old workings are very extensive with large open stopes. The old workings
indicate a series of lenticular ore zones of 100 to 200 m strike length and 5-20m thickness. Random
samples of oxidised zones analysed 0.34 to 3.59% Pb, 0.25 to 0.85% Zn and 0.23 to 0.63% Cu. Two
mineralised zones have been identified. An upper zone associated with cherty dolomite with mostly
sphalerite and minor galena and a lower zone of chalcopyrite with minor galena. Six boreholes drilled
in the area indicated that the mineralisation is impersistant and lensoid. The metal content in the
mineralised zones was found to be less than 2% Pb+Zn (0.88 to 3.72%) over widths of 1.20 to 4 m.
Karredukuppa (14°51'30" :78°49'30) Cuddappah district
This area is located about 21 km south of Varikunta and has a similar geological setting.
Reconnaissance stage (UNFC G-4) was carried out in the area. Drilling of 6 boreholes indicated only
sporadic specks of galena and sphalerite.
\
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Chinnelupatti area Cuddappah district
The area forms the northwestern extension of the Zangamarajupalle- Kareduppan belt.
Reconnaissance stage (UNFC G-4) investigation was carried out in the area. Galena-sphaleritechalcopyrite mineralisation within dolomites is noticed over a strike length of about 2.5 km.
Geochemical surveys have indicated several linear anomalous zones for zinc and occasional spot
values for Pb and Cu.
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Ambavaram:
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Preliminary geochemical surveys indicated an anomalous zone of Cu-Zn over an area of 200 m
x 4000 m. The country rock is greenish grey shale traversed by dolomitic lenses and quartz barytes
veins having galena.
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C. Gani-Kalava Belt Kurnool district
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The Gani - Kalava Belt extends over 16 km in the northwestern part of the Cuddapah Basin.
The Gani-Kalava Copper Belt area comprises Vempalle Limestone and Pulivendla Quartzite of the
Papagni Group which are overlain by Tadapatri Shale of the Chitravati Group belonging to Cuddapah
Supergroup. These rocks are intruded by sills and sheets of metagabbro and metadolerite. Copper ore
occurs in quartz reefs (nearly vertical) cutting through the Tadapatri shales and traps of the Chitravati
Group. Structurally, the area is an asymmetrical anticline plunging at low angles of 8° to 10° towards
N80° E, with steep dipping northern limb and a gently dipping southern limb. Mineralisation is
confined to WNW-ESE trending shear faults occurring in the Tadapatri shales. It is in the form of
disseminations, stringers and pockets associated with breccia and quartz vein in traps or at the contact
of the trap and shales.
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Gani (I5°40'70'': 78°19'57') block Kurnool district
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The mineralisation in the Gani Block consists of an eastern sector of strike length 1100m and a
western sector of strike length 950m with a gap of about 350m in between. The mineralisation in the
western sector is highly lenticular though old workings are extensive. Prospecting stage (UNFC G-3)
investigation was carried out in the area. Borehole intersections have shown copper values ranging
from 1.31 to 2.7% over 1.25m thickness. But the strike persistence of these values is very limited.
Drilling in the eastern sector over a strike length of 500m has indicated the probability of a significant
and persistent zone of copper ore over a strike length of at least 300m On the basis of borehole data,
inferred resources (333) of 0.43 million tonnes with 1.37% Cu have been estimated over a strike length
of about 550m and a depth of 100.
Copper occurrences have also been recorded from Somayazulapalle (15°35’: 78°11')
Kommamarri (15°12’: 77°53') and Gummankonda (l5°38’30’’: 78°18'00'') in the Gani-Kalava belt.
Chelima (15°30’: 78°40') Kurnool district
The area is made up of quartzite and cherty quartzites with dolomite of the Bairenkonda
Quartzite and green shales, slaty and phyllitic shales of the Cumbum Formation. These are intruded by
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dykes of kimberlitic carbonatite. The strike of bedding varies from NNW-SSE to NNE-SSW. The dips
range from 50° to 85°. The formations are folded into asymmetrical synclines and anticlines with fold
axes plunging either north or south. Reconnaissance stage (UNFC G-4) inveswtigation was carried out
in the area. Surface indications of mineralisation are seen over an aggregate strike length of 1 km. The
mineralisation is more conspicuous in the nose of the fold where the mineralised dolomite has a
thickness of 10 m. Mineralisation is found mostly in the zone of brecciation and dolomites. Three
groove samples from trenches indicated values of 2.15 to 6.96% Pb, and 6.36 to 8.32% Zn. But drilling
of 5 boreholes did not intersect any mineralisation of significance.
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Ahobilam (15°08'00'' : 78°40'30') Kurnool district
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Prospecxting stage (G-3) investigation was carried out in this area. Copper-lead-zinc
mineralisation is hosted in dolomites of the Cumbum Formation. Drilling of 12 boreholes indicated
only weak mineralisation with 0.14 to 2.15% Pb, over widths of 0.30m to 4 m.
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Pacherla (I5°23': 78°42') Kurnool district
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Galena and sphalerite and occasionally chalcopyrite and pyrite are seen in dolomite
intermittently over a strike length of about 2 km. Two samples indicated 3.10% Pb+Zn over 0.97 m.
thickness.
Basavapuram (15°24’: 78°43')
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Lead mineralisation associated with barytes is noticed in quartz veins traversing slaty rocks.
D. Pulivendla Belt Cuddapah district
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area. Copper
mineralisation associated with barytes occurring along shear zones in the Tadpatri Formation have been
recorded from Venkatapuram (14°24': 78°13'), Vemula (14°22': 78°14') and Midipenta (14°19':
78°19'). The mineralised zone contains barytes, chalcopyrite, pyrite and galena. Six boreholes drilled in
the Venkatapuram area did not indicate any significant zones of mineralisation. Geochemical surveys
in the Vemula area indicated an anomaly zone with lead contents of 300 to 1000 ppm. The zones of
high values coincide with the known shear fractures in the area.
Mallapuram (15°30'35'': 79°10'30'') Marakapur belt Prakasam district
The area comprises rocks of the Cumbum Formation, viz., slates, phyllites with quartzite,
limestone, dolomite and chert trending NNE-SSW to NE-SW with variable dips of 10° - 80° towards
SE. Prospecting stage (UNFC G-3) was carried out in this area. Eleven boreholes have been drilled, of
which three intersected mineralised zones with upto 3.73% Pb over a width of about 5m. In the fourth
borehole a 0.85 m thick zone with 5.30% Cu was intersected. The strike length of the mineralised zone
is about 600 m.
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3.1.2.2 Pakhal Basin
Venkatapuram (17°46': 80°47') area Khammam district
The area comprises phyllite, quartzite, dolomite and ferruginous phyllite of the Pakhal
Supergroup. The Venkatapuram block is situated on the western limb of an anticline. The regional
trend is NNE-SSW with dips of 65 to 80° towards NW. En-echelon zones of shear and brecciation are
developed parallel to the axis of the anticline plunging towards NNE.
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Prospecting stage (UNFC G-3) investigation was carried out in this area.The chalcopyrite
mineralisation occurs as disseminations and stringers in quartzite and dolomite. Old workings are seen
over a length of 120 m Drilling of 8 boreholes has indicated two en-echelon zones of copper
mineralisation with a cumulative strike length of about 150m. The average grade of the mineralised
zone ranges from 1.27 to 1.58%Cu over widths of 1.5 to 5.40m
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Venkatapalem (17°16' : 80°13') Khammam district
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The area comprises cherty dolomites interbedded with phyllite and cherts and quartzites of the
Pakhal Supergroup. Prospecting stage (UNFC G-3) investigation was carried out in this area. Baryte is
often associated with cherty quartzites. Disseminations of chalcopyrite, pyrite and galena are associated
with dolomites. Drilling of 15 shallow boreholes indicated that the mineralisation occurs as lensoid
bodies with limited strike and depth persistance. Only three boreholes indicated significant values.
These are:

1. 2.68% Pb, 2.88% Zn and 0.38% Cu over 2.24 m
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2. 0.97% Pb, 0.2% Zn and 0.2% Cu
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3. 2.65% Pb, 0.35% Zn and 0.13% Cu
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Ragaboyingudem (17°31': 80°22') Khammam district
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area comprising
dolomite and phyllite with sheared quartz veins belonging to Pakhal Group. Three boreholes were
drilled of which only one intersected 0.61% Cu over 2.08 m

G

Banjar (17°43' : 80°39')

Reconnaissance stage (UNFC G-4) investigation was carried out in this area. Ferruginous
zones over brecciated Pakhal quartzites are seen over a strike length of about 600m Six boreholes
indicated only minor disseminations of pyrite in brecciated quartzite, phyllite and dolomite.
Sarakal (17°43': 80°42')
Prospecting stage (UNFC G-3) investigation was carried out in this area. Some old workings in
felspathic quartzites and ferruginous quartzites (of Pakhal Group) are seen. Six boreholes were drilled.
One borehole intersected oxidised zone with 1.10% Cu over 1.55 m width at 80 m depth. A deeper
borehole was negative.
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Yellambailu (17°41': 80°40') area Khammam district
This area is located 8 km south-east of Mailaram, and comprises quartz-chlorite schists and
biotite gneisses (Sargur Group) intruded by pegmatite and quartz veins and quartzite, tremolite, marble,
dolomitic limestone, phyllite and quartz veins of the Pakhal Supergroup. The strike trend is NE-SW
with steep dip towards north-west.
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area. Copper
mineralisation is seen in quartz-chlorite schists traversed by grey quartz veins. Excavations are seen
over a strike length of 370 m close to the Archaean and Pakhal contact, but within the Pakhal quartzites
and limestones. Three boreholes drilled in the area indicated two zones of mineralisation, one
corresponding to the line of old workings and the other in the underlying quartz-chlorite schists. The
zone corresponding to the old workings analysed 1.83% Cu over a width of 0.68m.
3.2.0 KARNATAKA
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Karnataka has a few small low grade deposits of basemetal but a large number of occurrences
of basemetal mineralisation, particularly copper mineralisation have been recorded from a variety of
geological settings from different parts of the State (Fig.II.3.3). The deposits / occurrences can be
broadly grouped into the following four categories:
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1. Associated with the metavolcanic - metasedimentary greenstone belts of the Dharwar
Supergroup.
2. Associated with sheared quartz veins and metabasic rocks traversing the granitoids of the
Peninsular Gneissic Complex.
3. Occurring in the schist belts as enclaves within the Peninsular Gneissic Complex.
4. Associated with ultramafic complexes.
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At present, two small deposits, one at Ingaldhalu located in the Chitradurga Schist Belt and the
other at Kalyadi located in Dharwar Schist enclave within the Peninsular Gneissic Complex are being
worked on a scale by the Chitradurga Copper Company which is a subsidiary of the Hutti Gold Mines
Co. Ltd.
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Fig.II.3.3 GEOLOGICAL MAP OF KARNATAKA & GOA

3.2.1 Basemetal deposits / occcurrences associated with Dharwar Supergroup
A Chitradurga Belt
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The Chitradurga Schist Belt, located in the central part of the State, has a NNW-SSE trend and
extends from Gadag in the north to Srirangapatna in the south over a strike length of about 460 km and
a maximum width of about 40 km near Chitradurga. The schist belt is made up of metasediments and
metavolcanics traversed by dykes of dolerites and gabbro. The Chitradurga Granite is inferred to
occupy the core of an anticline in the central part of the belt. A belt of polymetallic sulphide
mineralisation with copper, lead, zinc, antimony, arsenic, gold and silver values has been traced over a
strike length of about 40 km along the eastern part of the schist belt. This mineralised belt (designated
as the Chitradurga Sulphide Belt) extends from Chikkananahalli (14°26': 76°22') in the north to
Yarahalli (14°04': 76°26') in the south. Copper mineralisation mostly occurs in quartz veins emplaced
along shear zones occurring within the metavolcanics. Pyrite mineralisation with galena and occasional
quartz veins is seen in chert bands and quartz reefs occurring within the metavolcanics. Copper
mineralisation is prominent in the Belligudda-Ingaldhalu- Kunchiganahalu sector and is observed over
a strike length of about 5 km Galena mineralisation with silver values is seen in the KurubamaradikereMadikeripura area over a length of 10 km Galena occurrences have also been reported further to the
north, near G.R. Halli. In addition, arsenic, antimony, and gold mineralisation occur along the GonurG.R.Halli-Chikkananahalli stretch (about 16 km).
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Ingaldhalu copper deposit Chitradurga district
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The Ingaldhalu (14°11': 76°27' 57'') copper deposit which is now being mined by the
Chitradurga Copper Company is located in the Belligudda- Ingaldhalu-Kunchiganahalu sector referred
to above. This sector has been explored in detail by the GSI and the DMG. For purposes of exploration,
this sector has been divided into 5 blocks, (from south to north) viz., Ingaldhalu South Block - strike
length about 1.3 km; Mines block - strike length about 1.1 km; Ingaldhalu North/West Block - strike
length about 1.8 km; Ingaldhalu North block - strike length about 750 m and Ingaldhalu Northeast
block – strike length about 260 m The mines of the Chitradurga Copper Company are located in the
Mine block and the North block.
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The sulphide zone in Ingaldhalu Mine block is located within a pile of metamorphosed
volcano-sedimentary rocks with sulphide rich iron formation forming a major interflow unit. The
volcanic assemblage is bimodal and comprises both mafic and felsic varieties, viz., pillowed and
variolitic basalts, rhyolite, amygdaloidal basalts.
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The sulphide mineralisation is localised in quartz veins occupying narrow shear zones in the
metabasalts and is of polymetallic type containing copper, zinc and lead with some silver and gold
values. The width of the veins generally ranges from 20 to 50 cm and occasionally exceeds one m,
especially where the basalts are highly sheared and schistose. The principal sulphide minerals are
chalcopyrite, pyrrhotite, pyrite and sphalerite with minor galena.
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The general trend of the mineralised zones is N-S with dips of 65°- 70° towards east or west
and conforms to the general strike of the enclosing rocks. General exploration stage (UNFC G-2)
investigation was carried out by GSI and detailed exploration stage (UNFC G-1) by Department of
Mines and Geology, Government of Karnataka. Mines block has been explored by 45 boreholes drilled
by GSI and the mine development has been done to a vertical depth of about 300m in 12 levels. On the
basis of the borehole data, the measured resources (331) in the mine block have been estimated to be
1.4 million tonnes with a copper content of 1.2% of which about 0.27 million tonnes is proved reserve
blocked out for mine development.
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The silver values in the ore mined ranges from 6 to 85 g/t with occassional higher values upto
950 ppm. The gold content is generally between 0.1 to 0.2 g/t with occasional values upto 3 to 5 g/t.
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Ingaldhalu North block

General Exploration stage (UNFC G-2) investigation was carried out in this block by GSI by
drilling 24 boreholes. The mineralisation is similar to that in the Mines block. The copper lodes range
in width from 0.44 to 4.3 m. (mostly less than 1 m). The grade ranges from 0.75 to 2.25% Cu, mostly
around 1%. Appreciable zinc and lead are also present in the mineralised zone.
An indicated resource of about 0.22 million tonnes with an average copper content of 1.46%
has been estimated for this block over a strike length of 450 m and a vertical depth of 120 m and the
resource can be categorized under UNFC 332. The mineralised zone does not appear to persist to
deeper levels.
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Ingaldhalu North West block
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The block lies in the area intervening between the Mines block and the North block. The total strike
length of the block is 1.8 km. General Exploration stage (UNFC G-2) investigation was carried out in
this block by GSI by drilling 37 boreholes. Significant concentrations (0.5% copper and above) are
confined to 4 discontinuous zones varying in length from 70 to 440 m. The cumulative strike length of
the 4 zones is about 1380 m. The width of these zones ranges from 0.35 to 3.03 m (average 1.36 m) and
copper content from 0.5 to 1.53%. Apart from these, a parallel mineralised zone has also been
established over a strike length of about 350 m. The width of this zone is upto 1.55 m and copper
content ranges from 0.35 to 1.77%. On the basis of borehole data the indicated resources estimated is
391,330 tonnes with 0.95% copper and 9.31 g/t silver and can be categorized under UNFC 332.
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Ingaldhalu Northeast block
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The block is located to the east of the North block. General Exploration stage (UNFC G-2)
investigation was carried out in this block by GSI by drilling 23 boreholes. As a result, one zone of
copper mineralisation has been established over a strike length of 240 m. The width of this zone ranges
from 0.99 to 2.79 m (average 1.7 m) and the copper content from 1.14 to 3.38%. The indicated
resources estimated in this block are of the order of 0.16 million tonnes with a copper content of 1.79%
and can be categorized under UNFC 332.
Ingaldhalu South block
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Prospecting stage (UNFC G-3) investigation was carried out in this block by GSI. In this
block, copper mineralisation has been traced for over a strike length of about 750 m. The copper
content in the sulphide zones vary between 0.1 and 2.2%. Zinc ranges from 0.32 to 10%, generally
between 2 and 6%, and lead from 0.3 to 9%, generally between 0.5 and 2%.
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Resources have not been estimated from this block, since the average copper content is <0.5%
and the mineralised zones are very narrow. The overall pattern of the distribution of copper, lead and
zinc values indicate zoning of the metals; copper with minor lead and zinc in the central part and the
zinc and lead contents increasing laterally both towards south and north of the Ingaldhalu Mines block.
On the whole, the gold and silver contents of the mineralised zones in the Belligudda-IngaldhaluKunchiganahalu sector are also quite high. Some boreholes core samples have indicated upto 12.2 g/t
gold and 950 g/t silver.
Other blocks in Chitradurga Belt
Madikeripura (14°13'30'':76°26'30'') - Kunchiganahalu (14°12':76°27') Chitradurga district
The block is located about 3 km north of Ingaldhalu and has a similar geological set up as that
of Ingaldhalu area. Reconnaissance stage (UNFC G-4) investigation was carried out in this block by
GSI. Geochemical sampling carried out in the area has resulted in identifying a few parallel en echelon
quartz veins showing intense shearing and presence of sulphides such as chalcopyrite, galena,
sphalerite and stibnite, malachite and cervantite, thus indicating multi-elemental anomalies (for lead,
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zinc, copper, antimony, arsenic and silver) scattered over an area of about 2.5 sq.km The quartz veins
traversing acid and mafic-volcanics have analysed 0.6% copper, 3.2% zinc, 0.88% arsenic, 0.62%
antimony and upto 410 ppm silver and 0.11 to 10.2 g/t gold.
G. R. Halli Northwest block (14°16': 76°25')

Kennedlu Southeast block (14°07'45'': 76°30') Chitradurga district
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This block is located in the northern part of the Chitradurga Sulphide Belt. A well marked
shear zone trending NW-SE over a strike length of about 1 km has been delineated in this block.
Reconnaissance stage (UNFC G-4) investigation was carried out in this block by GSI. Geochemical
sampling has indicated anomalous zones with values upto 0.66% copper and 0.30% zinc coinciding
with I.P. anomaly zones.
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Reconnaissance stage (UNFC G-4) investigation was carried out in this block by GSI. In this
block, regional geochemical surveys have indicated high values of copper, lead and zinc in rock
samples. A prominent NW-SE trending shear zone in highly carbonated and silicified metabasalt has
been traced in this block. The shear zone has an average width of about 50 m and has been traced over
a strike length of about 500 m It is traversed by a number of mineralised quartz veins. Samples of
quartz veins have analysed upto 12% lead, 3-5% copper and 2% zinc. This anomalous zone is also
proposed to be evaluated by drilling.
B. Sandur Belt
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Yeshwantnagar (15°32'30'': 76°30'00'') Sandur taluk Bellary district
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Reconnaissance stage (UNFC G-4) investigation was carried out in this block by GSI.Copper
mineralisation occurs in the form of disseminations and stringers of chalcopyrite, chalcocite and bornite
associated with pyrite and pyrrhotite, within silicified metabasalts of Krishnanagar Formation of
Sandur schist belt. Integrated surveys have indicated that the sulphide mineralisation is very poor,
highly scattered and erratic in nature. The chemical analysis of the borehole cores from 32 shallow
boreholes have given low copper values ranging from <10 ppm to 0.24% Cu, 70 ppm to 0.15% Ni, and
20 ppm to 100 ppm Co.; Besides 10 to 20 ppm Pb and 30 to 100 ppm Zn. The area is largely covered
by soil. Evidences for mineralisation are seen in the well cuttings only, in the area immediately to the
southwest of Yeshwantnagar village.
3.2.2 Basemetal deposits / occurrences associated with sheared quartz veins and metabasic rocks
traversing granitoids
Kallur (16°08'30'':77°12'25'') Raichur district
The area is mostly under soil cover and comprises granite, diorites and pink porphyritic granite.
Quartz veins are seen along a major E-W trending fault/fracture zone. The fault zone also comprises
cataclasite, pink porphyritic granite and quartz feldspar mylonite.
Copper mineralisation in the area consists of disseminations of chalcopyrite and pyrite and is
accompanied by wall rock alteration viz., epidotisation, chloritisation and kaolinisation. In the quartz
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reefs native copper is occasionally seen as specks and flakes along joints. Specularite and haematite are
also usually associated with the sulphides.
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General exploration (UNFC G-2) stage investigation by drilling 30 boreholes has been carried
out in the area by the Department of Mines and Geology, Karnataka. The orebody is lenticular and
consist of four sub-parallel to parallel zones ranging in length from 450 to 1100 m and width from 5 to
40 m, with the maximum width in the central part. The strike of the orebody is E-W with steep (80°)
northerly dips. The oxidised zone extends to a depth of about 40 m. An indicated resource (332) of 2.47
million tonnes with 0.85% Cu has been estimated by the DMG.
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Machanur (16°15'50'': 72°42'30") Raichur district
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The main rock types in this area are pink porphyritic granite and metadiabase with cherty
quartz veins which are highly sheared and brecciated. A prominent shear zone 700 m long, 5 to 10 m
wide and dipping at 75° towards north is noticed within the granite. The shear zone is marked by a high
degree of brecciation, mylonitisation, silicification and epidotisation. A highly sheared basic dyke is
also seen within the shear zone.
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Specks of chalcopyrite associated with malachite and azurite with minor speculiarite and pyrite
are noticed in the shear zone.
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Prospecting stage (UNFC G-3) investigation by drilling six boreholes was carried out in this
block by DMG. These boreholes have tested mineralised zone for a strike length of 430 m the deepest
intersection being at about 210m On the basis of drilling data, four lodes have been delineated. The
lodes range in width from 2 to 30 m and have copper contents upto 3.14%. Mostly the copper values
range between 0.12 and 0.97%. Based on the exploration data, inferred resources (333) of 1.91 million
tonnes with 0.95% Cu has been estimated.
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Tinthini (16°23': 76°31') Gulbarga district
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The predominant rock type in the area is pink, massive porphyritic granite. It is intruded by an
E-W trending 24 m wide metagabbro dyke extending over a strike length of 5 km.

G

Copper mineralisation is seen in the sheared and brecciated hanging wall contact of the
metagabbro dyke over a strike length of 5 km. The mineralised zone along which quartz veins have
also been emplaced, trends E-W with steep (80° to 85°) northerly dips. The metagabbro contains on an
average, 0.15 to 0.33% Cu.
General Exploration stage (UNFC G-2) investigation by drilling 26 boreholes was carried out
in this block by DMG, Karnataka. On the basis of the borehole data, a mineralised zone extending over
a strike length of 1.25 km with width of 4.5 to 14 m. has been delineated. Indicated resources (332) of
about 1.84 million tonnes with about 0.6% Cu have been estimated. Subsequently, the deposit was
taken up for exploratory mine development by the Hutti Gold Mines Company Limited. 250.80 m of
shaft sinking and 1879.60 m of level developments in two levels were carried out over a strike length
of 300 m in the central part of the block. The mine development indicated that there is no improvement
in the grade at depth. The work, was therefore, concluded in view of the low grade ore.
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Harpanahalli (15°04'45'': 76°21'22'') Bellary district
The main rock types in the area are granite and granitic gneiss intruded by basic dykes and quartz
veins. Reconnaissance stage (UNFC G-4) investigation was carried out in this block.Malachite and
azurite encrustations and fine disseminations of chalcopyrite occur in quartz reefs over a strike length
of about 7 km.
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Four boreholes to test the strike length of 1 km indicated only sporadic specks of chalcopyrite and
quartz reefs in three boreholes. The fourth borehole intersected a disseminated chalcopyrite zone which
analysing 0.2% Cu over 8 m.
Gogalgatti (16°25': 76°37') Gulbarga district
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This area also is made up of pink porphyritic granite traversed by numerous north-south and E-W
trending dolerite dykes and quartz veins. A prominent highly sheared, brecciated and silicified quartz
vein trending N-S is seen along a linear ridge at Gogalgatti village. The dips are sub-vertical. Quartz
veins have been traced over a strike length of 1.5 km with widths of 10 to 15 m at the centre, tapering
to 3 to 5 m towards north and south.
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The quartz veins show vugs and cavities with extensive malachite stains and ramifying speculiarite
veinlets. Reconnaissance stage (UNFC G-4) investigation was carried out in this block. Chalcopyrite
and pyrite mineralisation is seen in the central and northern part. Random samples collected from the
area analysed 935 ppm to 1.4% Cu. However, 7 boreholes, drilled by DMG to test the central and
northern part of the zone, did not intersect any significant mineralisation.
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Anthargange (15°55': 76°35') Raichur district
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Reconnaissance stage (UNFC G-4) investigation was carried out in this block. Copper mineralisation is
confined to a WNW-ESE trending steeply dipping quartz reef. The mineralisation is in the form of
malachite and azurite stains with occasional specks of chalcopyrite. A few shallow boreholes did not
indicate significant mineralisation.
Chimmalagi (16°25': 75°52'') Bijapur district

G

Disseminations of copper sulphide occur in thin quartz and calcite veins occupying the fracture and
breccia zones in pink granites invaded by pegmatites.
3.2.3 Basemetal deposits / Occurrences associated with ultramafic complexes
Nuggihalli Schist Belt Hassan district
The Nuggihalli Schist Belt comprises metavolcanics (hornblende schist and amphibolite)
surrounded by Peninsular gneisses and granites with associated quartz veins and pegmatites of postDharwarian age. These formations are intruded by an ultramafic complex consisting of serpentinite,
talc-tremolite schist (pyroxenite), olivine dolerite, titaniferous magnetite veins and chromite veins.
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Sulphide mineralisation (pyrite with subordinate pyrrhotite and chalcopyrite) associated with
titaniferous magnetite bands is seen near Nuggihalli (13°01': 76°28'), Belagumba (13°14': 76°18') and
Tagadur (13°26': 76°26'). Reconnaissance stage (UNFC G-4) investigation was carried out in these
blocks.
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Near Nuggihalli, titaniferous magnetite band extends over a strike length of 1.25 km with
width varying from 2.75 to 42 m Drilling of 14 boreholes (for titaniferous magnetite) indicated that
sulphide mineralisation is associated with titaniferous magnetite and extends over a strike length of
about 625 m The thickness of the mineralised sequence varies from 1.5 to 18.35 m The average copper
in the individual borehole ranges from 0.19 to 0.5% and nickel from 0.17 to 0.2%.
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In the Belgumba area, the titaniferous magnetite band extends over a strike length of about 900
m of which about 640 m was tested by five boreholes. The drilling data indicate copper values of 0.3 to
0.48% over widths of 1.8 to 5.8 m in two boreholes.
In the Tagadur area, sulphide mineralisation (pyrite, pyrrhotite, pentlandite and cubanite) is
seen in gabbro and titaniferous magnetite bands.
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The area has been investigated by three boreholes. The drilling data indicate presence of copper
mineralisation over an area of 600 m x 200 m The overall copper content is estimated to be around
0.4% with occasional high values over narrow widths.
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Occurrences of basemetal mineralisation with ultramafics have also been recorded from
Ranganahallibetta (13°03': 76°26'40''), Idagondanahalli (12°39': 76°19').
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Masanikere (13°51': 75°59'), Tavarekere (13°51'30'': 75°57'30''), Magyathhalli (13°53'30'':
75°57'00'') areas, Shimoga district
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In these areas, the metasediments (quartz-chlorite-carbonate schist with quartzite bands) of the
Chitradurga Group are intruded by a gabbro-anorthosite complex. The basic complex comprises
magnetite gabbro, metagabbro and gabbroic anorthosite showing transitional relationships and autohydrative effects. The metasediments are folded into a broad synform with low plunge of 15° to 20°
towards NNW. The gabbro-anorthositic complex occupies the core of this synform The basemetal
mineralisation (pyrite and chalcopyrite) is seen in the magnetite gabbro occurring in the basal part of
the complex. Copper is concentrated in the magnetite gabbro and vanadiferous titaniferous bands.
Copper values in these rock types range from 0.3 to 1.56% whereas the copper content in the other rock
types is less than 0.1%.
General exploration stage (UNFC G-2) investigation was carried out in these blocks by GSI. A
strike length of 1 km has been proved by three series of boreholes testing the magnetite orebody at
vertical depths of 60, 100 and 200 m The average width of the orebody is about 16 m Indicated
resources of 6.38 million tonnes of titaniferous-vanadiferous magnetite with copper content of 0.36%
has been estimated on the basis of the 1st and 2nd level boreholes. The resource can be categorised under
UNFC 332. The copper values were mostly less than 0.1% in the third level borehole.
The continuous stretch of ferro-gabbro in quartz-chlorite-carbonate schist is exposed over a
strike length of seven km from south of Tavarekere to north of Magyathhalli. The width of the gabbro
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body varies from 300m to 500m Magnetite bands varying from 6 to 25m in width are exposed over a
strike length of 0.3 to 1.8 km Samples drawn at Magyathhalli analysed 900 ppm to 0.6% Cu.
On the basis of drill hole data, indicated resources of 8.2 million tonnes of vanadiferous
titaniferous magnetite with 0.34% Cu has been estimated and that can be categorised under UNFC 332.
The copper content in the ferrogabbro ranges from 40 ppm to 0.18%.
Sowanahalli (12°08': 76°48) Mysore district
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In this area of high grade granulite rocks, the Konkanhundi Layered Complex, consisting of a
rhythmic, layered (and concentrically arranged) sequence of gabbro, norite and anorthosite, occurs as
an oval shaped body within the Peninsular Gneissic Complex. The complex covers an area of about 50
sq. km Non-layered norites are also conspicuous.
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Sulphide mineralisation is noticed in the northwestern part of the complex in the form of
gossans and malachite encrustations along fractures in a dolerite dyke trending N18°W - S18°E. The
gossan zone is traced for a strike length of 400m intermittently. Old workings are also present.
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Prospecting stage (UNFC G-3) investigation was carried out in this block by DMG
Karnataka.The strike length of 400m has been tested by 13 boreholes drilled. Mineralisation consisting
of veinlets, stringers and disseminations of pyrrhotite, pentlandite, chalcopyrite and pyrite was
intersected over narrow widths in seven boreholes. The analytical data indicated copper values of 0.14
to 0.37% over 0.20 to 3.50 m widths and Ni values of 0.10 to 0.42% over widths of 0.20 to 2.9 m.
Kaiga (14°51': 74°26') - Mothimakki (14°45': 74°34') area North Kanara district
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The rock formations in this area consist of rnetasediments, ultramafics and metavolcanics of
Dharwar Supergroup surrounded by granitic gneisses and traversed by dolerite dykes. Sulphide
mineralisation of the disseminated and occasionally massive type is found in the pyroxenite, peridotite
and gabbro which constitute the ultramafic complex in the area. Pyrrhotite is the dominant sulphide
with pyrite (cobalt bearing) and chalcopyrite in subordinate amounts. Marcasite, pentlandite and
bismuthinite and rarely native gold are also recorded. Prospecting stage (UNFC G-3) investigation was
carried out in this block. Exploration by drilling in the Kaiga area has delineated a zone of copper
mineralisation over a strike length of 300 m Inferred resources are placed at 0.32 million tonnes with
1.23% Cu and about 0.2% Ni and can be categorised under UNFC 333.
3.2.4 Basemetal deposits associated with schist belt enclaves in Peninsular Gneissic Complex
Kalyadi Copper Deposit (13°14': 76°09') Hassan district
The Kalyadi copper deposit is located in a supracrustal Dharwarian schist band relict in the
migmatite terrain of the Dharwar Craton.
The Dharwar schist band of the Kalyadi area consists of a narrow lensoidal body of
metavolcanics and metasedimentary suite of rocks. The rock types in the schist belt comprise
hornblende schists, quartzites, quartz-sericite schist which is the host rock for the copper
mineralisation. Ultramafic rocks like quartz diorite and gabbro occur as intrusives. The rocks have been
folded into parallel anticlines and synclines plunging towards east. The regional strike is NW-SE with
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steep dips of 60° - 70°. The mineralised quartzite exhibits sinistral drag folds and is involved in intense
shearing, slickensiding and pucker folding.
Copper mineralisation is confined to the sheared and folded quartzite, quartz-chlorite schist and
to a minor extent to amphibole-biotite schist. The ore minerals are chalcopyrite, and pyrite with
subordinate magnetite and pyrrhotite.
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General exploration stage (UNFC G-3) investigation was carried out in this area by GSI and
DGM, Karnataka. The ore zone has been tested by drilling 34 boreholes. These boreholes have
established the orebody over a strike length of 500 m down to a depth of 250 m Indicated resources are
placed at 3.8 million tonnes and can be categorised under UNFC 332.

Kalasapura (I3°17': 75°56') Chikmagalur district
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Mine developments on the orebody consist of six levels. The mine developments indicate that
the orebody ranges in width from 5.60 m to 26.31 m (average 14.34 m). Copper content in the samples
from six levels varies from 0.59 to 1.03% with an overall average of 0.89%.
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The area forms the southeastern part of the Chikmagalur Schist Belt and consists of
Precambrian metavolcano-sedimentary suite of rocks belonging to the Bababudan Group. These rock
formations rest over the grey porphyritic granite and associated migmatites of the basement complex
with a well defined angular unconformity.
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The basal part of the Bababudan Group comprises conglomerate (quartz pebble) and current
bedded quartzite and quartz-sericite schist which are the host rocks for sulphide mineralisation. The
conglomerate-quartzite horizon is overlain by a thick sequence of metavolcanic suite of rocks such as
amygdular amphibolite, greenstones, acid lava flows and tuffs. The general strike trend is E-W with
rolling northerly dips in the quartzites. The quartzites and the conglomerates are folded into plunging
folds which are intensively sheared, faulted and drag-folded.
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Pyrite and chalcopyrite occur as disseminations throughout the quartzite band. At the surface
the better concentrations are seen in the folded portion over a strike length of 800 m with an outcrop
width of about 80 m and true thickness of about 15 m

G

Prospecting stage (UNFC G-3) investigation was carried out in this area. Nine boreholes have
been drilled and these boreholes indicated mineralised zones ranging in width from 1.10 to 8 m
(average 3.27 m) with copper contents of 0.13 to 0.43% (average 0.25%). The mineralisation is
conspicuously restricted to the uppermost contact of the quartzite with amygdular amphibolite. Inferred
resources of 0.16 million tonnes with an average grade of 0.25% has been estimated over a strike
length of 240m which can be categorised under UNFC 333. Uranium mineralisation is also associated
with the quartzite and conglomerate.
Geochemical surveys are reported to have indicated anomalies for copper in quartzites and
quartz veins of Bababudan Group in the area about 1 km NW of Hosakere (13°36': 76°21'),
Chitradurga district.
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Aladahalli (13°08'; 76°21') Hassan district
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This is a narrow NW-SE trending schist belt within the Peninsular Gneissic Complex. It
extends over a strike length of 12 km from Ugranahalli (13°10': 76°20’) in the NW to Bhaktarahalli
(13°05': 76°20') in the SE. The schist belt mainly comprises a series of high grade pelitic schists,
quartzites, granulites, quartzofelspathic schists and gneisses with varying amounts of garnet, staurolite,
magnetite and minor amounts of kyanite-sillimanite, hornblende, andalusite and actinolite. The schists
are highly migmatised. A number of lenticular bands of ultramafic rocks occur both within the schists
and the adjacent gneisses. All these rocks are intruded by basic dykes, pegmatite and quartz veins. The
high grade schists and the gneisses trend in NW-SE direction with steep dips on either side.
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Sulphide mineralisation comprising pyrite, chalcopyrite and pyrrhotite occurs as
disseminations in micaceous chlorite schist. Several discontinuous NW-SE trending gossan zones are
seen near Aladahalli, Balehalli, Dasapura, Bhaktarahalli, Mangalapura and Ugranahalli.
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Prospecting stage (UNFC G-3) investigation was carried out by GSI in this area. The gossan
zones listed above have been tested by drilling – twenty boreholes in Aladahalli Main Block, seventeen
boreholes in Balehalli East and Main Block, seven boreholes in Aladahalli West Block, ten boreholes
in Dasapura Block, three boreholes in Bhaktarahalli Block, five boreholes in Mangalapura Block and
one borehole in Ugranahalli Block.
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In the Aladahalli Main Block, three parallel steeply dipping copper bearing lodes with varying
strike lengths (100 to 750 m) and widths from 1.3 to 7.65 m have been delineated. On the basis of
drilling data, the inferred resources (333) at following cut-off have been estimated which can be
categorised under UNFC 333:

= 1.757 million tonnes with 1.03% Cu

og

At 0.8% cut-off
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At 1% cut-off = 1.6 million tonnes with 1.24% Cu

At 0.5% cut-off = 3.186 million tones with 0.75% Cu
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In the Aladahalli West Block, two zones of mineralisation are present. The western zone with
a strike length of 750 m has been tested in three boreholes. These boreholes have indicated a 10 m wide
zone of sulphide mineralisation with 5 to 10% total sulphides, mainly pyrite with minor chalcopyrite.
The second zone extending over a strike length of 1.5 km has been tested in 4 boreholes, but no
significant sulphide zone was intersected.
In the Balehalli Block, 5 boreholes have been drilled to test the main zone over a strike length
of 600 m and a vertical depth of 250 m The borehole data shows that the zone consists of three sulphide
lodes varying in width from 5 to 25 m with 10 to 90% (average 25%) total sulphides. But the copper
content in these zones seldom exceeds 0.1%. The sixth borehole drilled to test the eastern zone
intersected a 16 m wide sulphide zone out of which a width of 2.1 m yielded 0.48% Cu.
The ten boreholes drilled in the Dasapura Block have tested a strike length of 1 km Sulphide
zones with relatively good copper values are present over a strike length of 500 m The widths of the
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zones range from 1.6 to 4.85 m Inferred resources of 0.34 million tonnes with a copper content of
0.83% are estimated to be available at 0.5% cut-off. This can be categorised under UNFC 333.
The three boreholes drilled in the Bhaktarahalli block cover a strike length of 400 m. The
boreholes intersected only disseminations of pyrite and rarely chalcopyrite and pyrrhotite with a few
veins of sphalerite.
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The five boreholes drilled in the Mangalapura block also did not indicate any appreciable
copper values. Zinc values in the sulphide zones in Bhaktarahalli and Mangalapura East block were
found to range upto 1.36% over 4.15 m and 1.04% over 8.8 m respectively.
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Mineralisation similar to Aladahalli sulphide zone is also recorded from Ramanahalli (13°23':
76°20'), Kadikengalbetta (13°20': 76°16'), Hassan District.
3.2.5 Other basemetal deposits / occurrences
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Kollegal (12°09': 76°07') area Mysore district
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This area is located in high grade granulite terrain and comprises predominantly charnockite,
with intercalated pink granulite and garnetiferous cordierite-sillimanite gneiss. Two types of sulphide
mineralisation are noticed in the area. In the first type, syngenetic, stratabound pyrite and pyrrhotite are
associated with pyroxene granulite and magnetite quartzite. This type of mineralisation occurs along
Talbetta-MM Hills Ghat section and MM Hills-Palar Ghat section. The second type of mineralisation
consisting of pyrite, pyrrhotite and chalcopyrite occurs in the fenitised gneiss and associated quartz
veins related to alkali syenite-carbonatite emplacement near Tomyarpalya and other places.
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Old workings for copper are seen on the northern slope of the ridge near Hadabanatta village.
The reef trends E-W and dips at 33° towards south. The thickness varies from 0.5 to 2.44 m
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Musturu (14°28’: 76°26') Chitradurga district
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Two brecciated quartzose/cherty zones (250 to 800 m) within the Peninsular Gneissic Complex
contain disseminations of sulphides, viz., pyrite, chalcopyrite, galena and sphalerite. Three shallow
boreholes intersected only narrow, lean zones of copper, lead and zinc viz., 0.50m to 1.90m with 0.16%
- 0.3% Pb, 0.11% - 0.52% Zn and 0.34% - 1.14% Cu.
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Nagavand (14°20': 75°35') Dharwar district
The area comprises metasedimentary-volcanic suite consisting of andesite flows, tuffs,
carbonaceous shales and ferruginous cherts. Gossanous bands have assayed 0.64 to 12.80% copper.
Further exploration is required to assess the nature and intensity of mineralisation.
Purana Basin
Incidence of copper mineralisation has been recorded from two locations in the Kaladgi basin
of Bijapur district. Traces of copper on talcose laminae in limestone has been recorded at Khajjidoni
(16°10'N : 75°31'E) located about 7 km from Kaladgi Veins of calcite cutting through the Kaladgi
limestone, seen to the north of the road side village of Gaddankere (16°11'N : 75°37'E), show specks of
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malachite and occasionally chalcopyrite. Although these two occurrences are of sporadic nature, the
possibility of finding economically viable deposits for copper in the Kaladgi basin cannot be ruled out.
Deccan Traps
Native copper as thin films along joints, vesicular infillings and disseminated grains have been
reported from the Deccan basalts near Handigund (16°25’N: 75°05'E), Belgaum district. Magnetite,
haematite and maghemite are other associated minerals.

ia

3.3.0 TAMIL NADU
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In Southern Granulite Terrain (SGT) of Tamil Nadu, only one basemetal deposit, viz., the
multimetal copper-lead-zinc deposit at Mamandur is so far known. The SGT in Tamil Nadu comprises
Nilgiri-Madras Granulite Belt. This Proterozoic terrain comprises the northern Periyar-Madurai
granulite belt, also referred to as the Madurai Block, with intercalated charnockite (charnockite massifs
of Nilgiri hills, Kolimalai and Pachchamalai hills along Cauvery shear zone) and metasedimentary
(pelitic) sequence and the southern Kerala Khondalite Belt. Other major rock units along the Cauvery
shear zone includes sheared charnockitic and migmatitic gneisses intruded by layered anorthositic
rocks around Bhavani and Sittampundi. It also consists mainly of high grade remnants of greenstone
belts (Sathyamangalam Group) along with supracrustal enclaves of the mobile belt, namely quartzites,
pelites.
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In addition, there are a number of reported occurrences of copper and copper-nickel-sulphide
mineralisation from different locations. These occurrences are mostly associated with calc-granulites,
pyroxene granulites, pyroxenites and mafic-ultramafic rocks. Quartz barytes vein with galena and
molybdenite have been recorded from the Alangayam area (Fig.II.3.4).

Fig.II.3.4 GEOLOGICAL AND MINERAL MAP OF TAMIL NADU AND PONDICHERRY
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3.3.1 Mamandur Deposit (12°02': 79°02') South Arcot district
The Mamandur area is made up of migmatites and charnockites with bands of garnetiferous biotite
sillimanite gneiss, magnetite quartzite and a suite of ultrabasic rocks comprising pyroxenite, gabbro,
norite and anorthosite. The general trend of foliation is NNE-SSW to NE-SW with dips of 60 to 65°
towards SE.
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The Mamandur area has been explored initially by large scale geological mapping,
geochemical soil sampling, geophysical surveys and drilling by the GSI (General exploration stage –
UNFC G-2). Subsequently the Directorate of Geology & Mining, Government of Tamil Nadu under a
collaboration programme with UNDP carried out detailed exploration. Exploratory mining consisting
of development of an adit level and the first and second levels have been carried out by the BGML. A
total of about 30 boreholes were drilled and 607.46 m of mine development was carried out.
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The exploration work has shown the presence of two zones of mineralisation, viz., the
multimetal lode with lead-zinc-copper and silver values and a parallel lode on the foot wall side with
disseminated copper mineralisation.
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The multimetal lode comprises sphalerite, galena, chalcopyrite, pyrrhotite and pyrite with
minor tetrahedrite, marcasite, cubanite, bornite etc. and is considered to be of the stratiform exhalative
volcanogenic sedimentary type. Part of the zinc values in the lode are in the form of the zinc spinel
gahnite. This mineralised zone has been traced over a strike length of 760 m by drilling. Of this, the
northern part of about 300 m is relatively better mineralised; the southern part being generally poorly
mineralised and containing mostly chalcopyrite. This zone is localised at or near the contact of the
garnet biotite - sillimanite gneiss and pink migmatite. Wall rock alteration is in the form of
development of biotite, sericite and alteration of pyroxene to tremolite and actinolite.
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Drilling data indicate that the multimetal orebody does not persist beyond a depth of 280 m
Drilling and exploratory mine development data indicate that the width of the multimetal orebody
ranges upto about 9 m in some sections with an average of about 3.15 m Exploratory mine
development shows continuity of the orebody: the adit level of the BGML exposing the ore zone
continuously over a strike length of 182 m The range in metal contents in the orebody are as follows:

G

Copper

0.17 to 1.04%

Lead

0.16 to 1.86%

Zinc

2.23 to 14.0%

The second zone comprising essentially of chalcopyrite is located about 10 to 15 m to the foot
wall (western) side of the multimetal lode. It has been traced over a strike length of about 460 m
Appreciable concentration of chalcopyrite of possible economic significance is found only over a strike
length of about 180 m The depth persistence of the lode is also limited to about 35 m below the surface.
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The average width of the lode is about 8 m On the basis of the drilling and exploratory development
data, the measured resources (331) available in the orebodies are estimated to be as follows:
A. Multimetal Lode
Resources in Average grade
million tonne
%Pb

%Zn

Ag(g/t)

%Cd

0.20

0.54

1.13

5.88

39.92

0.13

0.46

0.37

1.16

5.19

0.12

0.69

37.00
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0.62
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0.13
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B. Footwall Lode
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%Cu
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Ore beneficiation tests carried out by IBM shows that the recoveries of metal, particularly zinc
are only partial, as part of the zinc is present as gahnite.
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Regional geochemical surveys in an area of about 350 sq km falling along the strike extentions
of the Mamandur deposit has not brought out any significant mineralisation.
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Thus the Mamandur Cu-Pb-Zn-Ag deposit is the only one multimetal deposit, so far known
from Tamil nadu. It is a small deposit with 0.66 million tonnes of ore averaging 0.42% Cu, 1.14% Pb,
5.40% Zn and about 40g/t Ag.
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3.3.2 Arumanullur (8°19'15'': 77°24'35'') and adjacent areas, Kanyakumari district
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In this area, sulphide mineralisation is found in meta-norite bands which occur interbanded
with charnockites and garnetiferous biotite- sillimanite -graphite gneisses. Incidences of pyrite pyrrhotite – chalcopyrite have been recorded from a number of meta-norite bands occurring in the
Arumanullur area and in the areas lying about 3 to 10 km to the north and north-east of Arumanullur.
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The occurrence near Arumanullur is by far the best known and contains the maximum
concentration of sulphides. Here, the sulphide zone has been traced over a strike length of about 135 m,
in a NNE-SSW direction. Trench sample data have indicated copper values of 0.12 to 1.94% (average
0.44%) and nickel values of 0.12 to 0.72% (average 0.34%) . The drilling carried out by the DGM
indicated that the orebody is highly lenticular and discontinuous. The concentration of sulphides in the
other meta-norite bands ranges from less than 0.5% to about 5% in some bands. Analytical data of
samples with fresh sulphides have indicated that the copper and nickel contents are very low; copper
upto 0.12% and nickel less than 0.1%. However, gold values of 0.10 g/t to 1.16 g/t with an average of
about 0.5 g/t for seven samples have been recorded from the sulphide zones. The strike length of these
bands range from about 50m to over 500m and the width of the sulphide bearing zones from less than a
metre to about 50m (true width about 12 to 15 m, as the dips are moderate - about 20 to 25°). A similar
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occurrences of pyrite - pyrrhotite – chalcopyrite mineralisation within meta-norite band is also reported
from Pattankadu (8°37': 77°34'), Tirunelveli district. Groove samples indicated only 0.02 to 0.12% Cu.
3.3.3 Josiar Alangulam (9°53': 77°58') Madurai district
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This area comprises calc-silicate rocks (carrying diopside, hornblende, scapolite, sphene,
plagioclase, and calcite) which are interbanded with amphibolite, garnetiferous gneiss, quartzite and
charnockite in a country of granite gneiss. The rocks strike NW-SE and form a broad regional
synformal structure. General exploration stage (UNFC G-2) investigation was carried out in this area.
Sulphide mineralisation consisting of pyrrhotite, pyrite and chalcopyrite occurs as disseminations in the
calc-silicate rocks and to a lesser extent in the enclosing gneisses over a strike length of about
450m.This strike length has been tested by 13 boreholes. On the basis of the drilling data, Indicated
resources of 0.36 million tonnes copper ore with 0.4% Cu are estimated and that can be categorised
under UNFC 332. The thickness of the mineralised sections with a relatively better concentration of
chalcopyrite ranges upto 4m.The nickel values in the area are 0.05%.
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3.3.4 Satyamangalam area (11°15': 76°54' and 11°28' : 77°15') Periyar and Coimbatore districts

og

ic

al

Su
r

ve

The Satyamangalam area lies between the Moyar-Bhavani-Attur lineament in the north and
Noyil Cauvery lineament in the south and forms a part of the Cauvery Suture zone (transform fault ?).
It extends right across the state in an east-west direction from its western border with Kerala to the
boundary of the Cretaceous sedimentary basin on the east. The area comprises fissile garnetiferous
hornblende-biotite gneiss and its variants, such as hornblende gneiss and biotite gneiss (major country
rocks), garnetiferous quartzo-felspathic gneisses and charnockites with several thick mafic-ultramafic
complexes of metagabbro, anorthositic gabbro, anorthosite, metapyroxenite, talc-chlorite-actinolite
schist, peridotite and a few thin bands of magnetite quartzite. Some amphibolite bands (possibly
metavolcanics) are also present. A major pink granite body (Punjai Puliampatti granite) is extensively
developed along the southern margin.
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Sulphide mineralisation occurs in sheared, silicified zones occurring within the metagabbros or
close to the meta gabbro hornblende-biotite gneiss contact. These zones contain pyrite, pyrrhotite and
chalcopyrite with some nickel and gold values. In addition, sulphide mineralization with copper-nickelcobalt and marginal PGE and gold values also occurs in sheared ultramafic bodies occurring within
hornblende gneiss.
Reconnaissance stage (UNFC G-4) investigation was carried out in the area. In the course of
regional geochemical surveys and mapping, numerous sulphide shows in well dumps with coppernickel-cobalt etc., values and as many as 15 silicified zones with development of in situ limonite after
sulphides have been delineated. The silicified zones range in strike length from 100 - 200 m to about
6500 m, as seen in the Nadukavundanpudur and Ballepalayam and other areas. The width of these
silicified zones ranges from 0.5 m to about 8 m. Data of a few boreholes indicate that the sulphide
content ranges from sparse disseminations of less than 0.1% to as much as 50% total sulphides in some
sections. The borehole cores indicate that the predominant sulphides are pyrrhotite, pyrite and that
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chalcopyrite is a minor constituent only. Analytical data of core samples yielded less than 0.2% Cu and
less than 0.1% Ni.
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Sulphide mineralisation associated with the ultramafic bands occurring within the hornblende
biotite gneiss country rock is seen in well dumps at several locations in toposheets 58 A/15 and E/3.
Outcrops are rare due to soil cover. On the basis of geophysical surveys and a few boreholes, it is
inferred that these ultramafic bands are of limited size ranging in strike length upto 200-300 m and in
width from 2-15 m. The well dumps at a few locations indicate appreciable pyrrhotite and pyrite with
subordinate chalcopyrite. A few grab samples have analysed upto 2.1% Cu, 0.9% Ni, 0.65% Co, 2 g/t
gold and 0.3 g/t Pt.
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Though the results of exploration so far have not indicated appreciable nickel and copper
values in the various silicified zones and sulphide shows in ultramafic fragments from well dumps the
overall geological setting is considered favourable to warrant further search.
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A similar geological setting prevails over large areas to the East of Cauvery River in Salem and
Tiruchirapalli districts in toposheet nos. 58 I/2,3,4,6,8,10,12 and 16. In these areas also values of
greater than 1000 ppm nickel and copper have been reported in association with ultramafic rocks on the
basis of random litho-geochemical sampling.

Su
r

Several bands of banded magnetite quartzite and sillimanite bearing gneisses are also present in
these areas indicating that there may be possibilities of locating copper-lead-zinc deposits of the
Mamandur type.
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3.3.5 Other Areas
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Chalk Hills area (11°43': 78°10') Salem district
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The ultramafic complex of the Chalk Hills area comprises pyroxenite, peridotite, dunite and
serpentinite bordered by foliated hornblende biotite gneiss on the west and south and charnockites on
the north and east. Some of the major magnesite deposits of the country are located in this complex.
Incidence of pentlandite, pyrrhotite and chalcopyrite have been recorded from Chalk Hills and Red
Hills area and the nickel content is fairly high in the limonitised peridotite/dunite suggesting the
possibility of locating copper-nickel sulphide mineralisation associated with mafic - ultramafic
complexes.
Thaniar area (12°25' : 78°57' and 12°40': 79°05') North Arcot district
This area lies in the granulite terrain and comprises charnockites, pink migmatite, garnetiferous
sillimanite gneiss, BMQ and pink granite traversed by pyroxene granulites. Massive concentration of
pyrite -pyrrhotite occur as thick bands in association with the pyroxene granulite and BMQ bands. Five
parallel bands with thickness upto 7.9 m. and strike length upto 3.5 km have been mapped. Since
zoning of iron, copper, lead, zinc, with iron at the base and copper-lead-zinc at higher levels is common
the world over, the possibility of locating Mamandur type of copper-lead-zinc deposit in this area is
considered worth examining.
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Alangayam - Harur - Bhavani belt, North Arcot and Dharmapuri districts
This area is a major alkaline carbonatite province in northern Tamil Nadu and exposes epidote
hornblende gneiss (fenitised gneiss) with intrusives of dunite, pyroxenite, gabbro, anorthosite, syenites
and carbonatites. The alkaline carbonatite province extends over a strike length of over 200 km from
the border with Andhra Pradesh on the north to near Bhavani in the south.
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A large number of quartz baryte veins with galena have been recorded from the Alangayam
area and galena is a common association with molybdenite bearing zones/ ores which occur along shear
zones in a number of areas in the belt. Incidence of pyrite has also been recorded from a number of
locations and in association with the quartz-barytes and molybdenite mineralisation. Since copper-leadzinc-baryte zoning is reported from a number of areas the world over, the possibility of copper zinc
mineralisation in the vicinity of quartz-baryte veins and other sulphide mineralisation will be worth
evaluating.
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Vettilaimalai (10°27' : 77°41) Madurai district
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In this area, sulphide mineralisation (pyrite, pyrrhotite and chalcopyrite) hosted in pyroxenite
has been recorded. The area comprises charnockites with pyroxene granulite, pyroxenite, anorthosite
and quartzofelspathic gneiss. The pyroxenite body is about 50 m
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wide and extends for a strike length of 290 m. Trench samples have indicated 0.18 to 0.48% Cu
(average 0.30%) and upto 0.37% Ni (average 0.09%). Reconnaissance stage (UNFC G-4) investigation
was carried out in this area.
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CHAPTER 4
NORTHERN REGION
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Geologically, the states of Haryana, Himachal Pradesh, Jammu and Kashmir, Punjab, Uttarakhand
and Uttar Pradesh encompass diverse rock types ranging in age from the oldest Archaean metamorphites /
granitoids to the youngest Quaternary alluvium.A major part of the area is covered by Ganga alluvium, which
constitutes the Ganga Plain.This plain separates Himalaya or the Extra-Peninsular Region from the Peninsular
Region. Extra-Peninsular and Peninsular areas expose a wide spectrum of hard rocks of metamorphic,
sedimentary and igneous origin. The Himalayan mountain chain constituting the Extra-Peninsular Region,
resulted due to continent-continent collision tectonic process during Tertiary period. The Ganga Plain is a part
of the ‘Indo-Gangetic Foreland Basin.’ This foreland basin developed during upper Tertiary and is closely
related to the birth and rise of Himalaya. The Peninsular portion of the region forms a part of the Indian
Craton exposing rocks of Archean to Mesozoic period. It remained mostly passive after the Proterozoic period
till Mesozoic when Gondwana sediments were deposited in rift basins. Geological map of Northern Region is
given in Fig.II.4.1

Fig.II.4.1 GEOLOGICAL MAP OF NORTHERN REGION.
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4.1.0 HARAYANA
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The state of Haryana comprises five districts of southern Haryana, where rocks of Delhi Supergroup
constitute nearly 10% of the total area and alluvial and aeolian sediments cover the rest. Out of five districts,
only two i.e. Mahendragarh and Bhiwani districts, being located in the neighbuorhood of Khetri Copper Belt
bear some economic importance especially Mahendragarh district. This southern part of Haryana i.e.
Mahendragarh district resembles largely with Khetri Copper Belt in respect of geology and structure and
points out the probable continuity of Khetri Copper Belt into this part. Based on this similarly and reported
occurrence of profuse malachite stains and few surface indications of chalcopyrite and chalcocite in the calcschist belonging to Ajabgarh Formation, particularly at Golwa-Gangutana area of Mahendragarh district, this
part was subjected to intensive geophysical, geological and geochemical investigations for nearly two decades
so as to explore the areas for basemetal mineralisation in Haryana to the possible presence of sulphide
mineralisation in areas, viz., Golwa-Gangutana, Mosnuta, Panchnota Teejanwala hill, west of Antri-Biharipur
and Khodana were noticed and the same were later tested by drilling, but, no where a sizeable deposit was
deciphered except between Golwa-Gangutana area (Fig.II.4.2.2).
Table-I Lithostratigraphic Sequence Of Delhi Supergroup In Haryana.

Formation
in Lithology
Haryana with their
equivalents
in
Rajasthan

Group
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(After Sheo Prasad Et Al 1994)

Alluvium/aeolian Sand
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Quaternary
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Intrusives
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Ajabgarh

Granite,
dolerite

pegmatite,

Amphibolite,

Tasing
(≡Arauli) Formation

Slate, phyllite, schist with quartzite
laminations and tuff beds.

Asarwas
(≡Bharkol)
Formation

Phyllite, slate, schist,
quartzite and tuff beds.

Thanaghazi
(≡Thanaghazi)
Formation

Carbonaceous phyllite.

Deota-Dantal
≡Seriska) Formation

Brecciated quartzite, phyllite, schist
and tuff beds.
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Group
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limestone,

Golwa-Gangutana

g) Amphibole quartzite / quartzite
with tuff beds.

(≡Kushalgarh)
Formation
f) Amphibole-epidote schist with
marble bands
e) Calcareous-quartz-biotite schist
d) Tremolite limestone/ marble with
quartzite & minor schist.
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c) Biotite-Muscovite schist.
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Delhi
Supergroup
(Middle
Upper
Proterozoic
age)
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b)
Garnetiferous
mica
schist
Actinolite schist with marble
Amphibole-epidote quartzite.
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a) Calcareous quartz-biotite schist.
Amphibole limestone

Bayal-Panchnota
(≡ Pratabgarh)
Formation

Massive feldspathic gritty quartzite,
minor phyllite and schist (mica
schist,
anthophyllite
schist
amphibole-mica-schist and chlorite
schist), and limestone.
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Alwar
Group

Amphibole quartzite with limestone,
mica schist.

G

Regional Geology

Delhi Supergroup of rocks is exposed in Mahendragarh district. The stratigraphic sequence of the
rocks of Delhi Supergroup comprises a thick pile of sediments having a cumulative thickness of 6000 m
Moving up the stratigraphy or west to east there is a facies change from arenaceous (Alwar Group) to
calcareous and then to argillaceous facies (Ajabgarh Group) in the upper part or toward the easternmost part
of the district (Tasing Formation). A calcareous sequence, “Kushalgarh Limestone” of Heron (1917),
sandwiched between Alwars and Ajabgarhs has been placed as the basal member of the Ajabgarh Group. The
rocks of Alwar Group, though mostly arenaceous also show argillaceous intercalations. Likewise, the rocks of
Ajabgarh Group though mainly argillaceous have arenaceous units also.
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Fig.II.4.2 GEOLOGICAL MAP OF SOUTHERN PART OF MAHENDRAGARH DISTRICT HARYANA
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4.1.1 Basemetal deposits / occurrences associated with Delhi Supergroup
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Golwa-Gangutana Block (27° 51' 40'': 76° 03' 00'' and 27° 50' 40'' : 76° 01' 04'') Mahendragarh
district
Geological set-up
The block is in proximity to the Khetri Copper Belt (Rajasthan) and is continuing into the southern
part of Haryana. The rocks of the area belong to Ajabgarh Group of Delhi Supergroup(Fig.II.4.3).
Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI(.
Quantum of work
Geochemical survey for copper was carried out during of F.S. 1977-78, 78-79 and 79-80 on a grid
pattern of 50 m x 25 m over the entire stretch from Gangutana to Golwa and adjoining areas. An area of 120
sq km of the area by regional geological mapping on 1:50,000 scale and 1.82 sq km and 0.702 sq km of large
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scale mapping on 1:2000 and 1:1000 scale respectively along with collection of 745 number of geochemical
samples was carried out. A total of 4440.85 m were drilled; 2440 nos of core samples, 85 nos of surface
samples and four bulk samples were collected for chemical analysis.
Mineralisation
Malachite stained calcareous quartz- biotite schist within the Golwa-Gangutana ridge extends from
Gangutana in the north to Golwa in the south trending NE-SW over a strike length of about six km Staining of
malachite is exclusively confined to the calc-schist showing width ranging from 5m to 15m throughout its
strike length.
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The exploration in the Golwa-Gangutana Block was carried out in three phases. Eight boreholes were
drilled at about 500m interval in the first phase to decipher the sub surface extension of the mineralised zone.
These eight boreholes intersected sulphide mineralisation in the form of disseminations of bornite, chalcocite,
covellite and rare chalcopyrite with pyrite within the calcareous quartz -biotite schist extending over widths
ranging between 5.00m and 64.50m The work helped in delineation of 2000 m long zone of copper
mineralisation averaging 0.36% copper over a width of 34.38 m with dip length ranging from 113m and 140
m, excluding the oxidized ore nearer the surface.
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In phase II six more boreholes at 250m intervals were drilled on the section lines placed in between
the section lines of phase I drilled boreholes in 2000 m long zone. Boreholes intersected the mineralised zones
at the anticipated depths i.e. around 300m RL and indicated 0.30% copper over a width of 29.62m with
mineralogical assemblages and the host rock being similar to that seen in the Phase I drilled boreholes.
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In phase III of drilling operation, 3 additional boreholes on section lines of Phase I for obtaining
additional intersections at around 200m RL. Taking into consideration all the intersections from phase-I, II
and III of drilling operations, the average copper content works out to 0.32% copper. This was taken as the
overall grade of mineralisation.
Resources
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Two zones of copper mineralisation, viz., Zone A and B were delineated over 2350 m and 1000 m of strike
length respectively. The inferred resource (UNFC 333) for zones ‘A’ having a width of 30.66m is 26.12
million tonnes with 0.32% copper and for zone ‘B’ the inferred resource is 2.24 million tonnes with 0.42%
copper. The average grade for two zones comes to about 0.33% copper.
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Fig.II.4.3 GEOLOGICAL MAP OF NORTH AST OF GOLWA VILLAGE

G

.

eo
l

.

.

.

.

PRIMARY MINERALISATION

244

F

F

FAULT
MICA SCHIST QUARRY

BH-7

BOREHOLE
ROAD
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Southeast of Golwa, Mahendragarh district
Prospecting stage (UNFC G-3) exploration to search for copper mineralisation was carried out
by way of large scale mapping and drilling in continuation of the encouraging surface chip sample
results during F.S.2004-05.
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On the basis of surface chip sample results, 10 m wide malachite stained mineralised zone with
copper content varying between 0.02% to 0.70% Cu over a strike length of 300 m, without any
interpolation at either end was demarcated within the calcareous quartz-biotite schist and amphibole
marble. An area of 0.14 sq km on 1: 2000 scale was covered by geological mapping. It exposes
calcareous quartz biotite schist, which is bounded between biotite schist in the west and calcareous
quartz- biotite schist with amphibole bearing marble bands in the east, belonging to Golwa-Gangutana
Formation (≡Kushalgarh Formation of Rajasthan) of Ajabgarh Group. All these litho-units strike N200
to 250E - S 200 to 250W with steep to vertical dips towards west.
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The subsurface exploration by drilling was planned and implemented to test the nature and the
depth persistence of this mineralised zone. In this connection a total of 572.70 m drilling in five 1st
level boreholes at approximate 100 m strike interval, 410.30m drilling in two 2nd level boreholes and
280.00m drilling in one 3rd level borehole were drilled to intersect the surface mineralised zone at 60 m,
120 m and 180m respectively below the surface level. A total of 496 nos drill core samples for
chemical analysis were collected and analysed.
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The copper mineralisation in the explored area occur in the form of malachite stains,
disseminations of chalcopyrite, bornite, stringers of chalcocite, hosted within calcareous quartz biotite
schist and amphibole marble over a strike length of about 464 m ResourceAn inferred resource (UNFC
333) of 0.414 million tonnes with 0.39% Cu have been estimated over a strike length of 464m and
vertical depth of 60m for the 1st level boreholes and for 2nd level boreholes 0.548 million tonnes with
0.38% Cu have been estimated over a strike length of 340m and vertical depth of 120m.
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North of Gangutana, Mahendragarh district
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Exploration in Golwa-Gangutana has established continuation of copper mineralised zone from
Gangutana village towards south up to Haryana/Rajasthan Border. The review of exploration data
revealed that the host rock for copper mineralisation extends almost for 1.5 km further north of
Gangutana below the soil cover where it is folded into a southwestern plunging fold.
Geological set-up
The copper mineralisation in north of Gangutana village occurs within the malachite stained
calcareous quartz - biotite schist and in amphibole marble of Golwa-Gangutana Formation
(≡Kushalgarh Formation of Rajasthan) of Ajabgarh Group. The host rocks trend NNE-SSW with steep
dips towards west and forms the low-lying topography as compared to the high relief of adjacent Alwar
quartzite.
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All these litho-units strike N050 to 100E - S 050 to 100W with steep to vertical dips towards
west and continue up to 800m north of Gangutana. Further north up to the Nangal Durgu village, strike
swerves toward N100 to 150W - S 100 to 150E with 550 to 600 dips towards west. Local reversal of dip
in calcareous quartz- biotite rock is owing to minor wraps or loading has been noticed near Gangutana
village where biotite / amphibole percentage is much higher.
Mineralisation
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The mineralisation on the surface is in the form of malachite stains and occasional primary
chalcopyrite and bornite. The sulphide mineralisation has been intersected almost in all the boreholes
(except in 3 boreholes) and the richer mineralisation is recorded mostly along the calcite veins and
rarely with quartz veins within the calcareous quartz- biotite schist and amphibole marble.
Exploration
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A three year (FS 2006-2009) Prospecting stage (UNFC G-3) investigation involving detail
mapping, groove sampling and drilling was carried out to the north of Gangutana village by GSI. Eight
1st level boreholes at 200 m apart along the strike were drilled to intersect the host calcareous quartz biotite schist and amphibole marble at 100 m vertical depth. A total of 1,343.60 m drilling was carried
out in eight 1st level boreholes from north of Gangutana village to Nangal Durgu village. Based on the
encouraging results of 1st level boreholes two 2nd level boreholes at 400m apart along strike line
involving 716.75m drilling was carried out to ascertain the depth persistence of sulphides
mineralisation at 200 m vertical depth. Later, two shallow level boreholes were planned to intersect the
mineralised zone at 60 m vertical depth at 200m strike interval.
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A total of 508 nos. drill core samples have been analyzed by XRF/AAS for copper, lead, zinc,
nickel, cobalt, silver and gold etc.
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Inferred resource (UNFC 333) of 2.318 million tones with 0.34% Cu have been estimated over
a strike length of 800m and vertical depth of 100m towards north of Gangutana.
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Bakrija prospect, West Bakrija village, Mahendragarh district
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Nature of mineralization

The mineralization is in the form of dissemination, stringers and fracture filling of chalcopyrite,
bornite, covellite and rares pecks of chalcocite associated mostly with thin calcite veins/vein-lets
intruding the calcareous quartz biotite schist of Kushalgarh Formation of the Ajabgarh Group of the
Delhi Supergroup. The Prospecting stage work is in progress.
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Faizabad-ki-Dhani, district Mahendragarh district
Nature of mineralization
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The mineralization is in the form of dissemination, stringers, veins and to a lesser extent as thin
bedding parallel laminations along foliation and schistosity and are mainly associated with dark grey
graphite biotite phlogophite schist and calc silicate. The bulk of mineralization is represented by
pyrrhotite, pyrite and rare specks of chalcopyrite. Potentiality of the prospect/deposit: Two mineralized
zones of 52.50m and 3.20m thickness have been intersected in the borehole FDBH-1 and one zone of
12.75m in borehole FDBH-2.
The Prospecting stage work is in progress.
4.2.0 HIMACHAL PRADESH
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Sb-Pb-Zn-Pyrite-Cu mineralisation of Bara Shigri area
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4.2.1 Basemetal deposit / Occurrences in Himachal Pradesh Himalaya
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Antimony mineralisation of Bara Shigri is mostly confined to the peripheral zone of the
granitoid batholith forming a part of the Central Crystallines. The granitoid constituting the host rocks
includes biotite granite, granodiorite, porphyritic granite and tourmaline granite. The mineralisation is
mainly polymetallic containing stibnite, galena, sphalerite, pyrite and chalcopyrite and occurs mainly
as veins and cavity filling along fracture planes. Stibnite is mainly along steeply dipping cross fractures
occurring as bladed, radiating and clustered crystals. The mineralisation is highly sporadic and
inconsistent (Fig.II.4.4). This mode of occurrence of the mineralisation as veins within granitoid rocks
without any dissemination in the country rock suggests hydrothermal origin.

Fig.II.4.4 GEOLOGICAL AND MINERAL MAP OF HIMACHAL PRADESH

247

Ambota Prospect, Sirmur district
Geological set up
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The Tons valley lead-zinc belt is located on the H.P.- Uttarakhand border, in the southeastern
part of Sirmaur district(H.P.). This belt extends 10 km NW-SE (approx.) along its strike. The southeastern part of this belt has proven reserves of lead and zinc (0.39; 2.5 and 0.27 million tonnes in the
Chamri, Amtyar Gad and Anyar Blocks of Uttarakhand). The Ambota Block, in H.P. (30°45’ 50”: 30°
46’ 40” and 77° 40’ 00” : 77° 43’00”) lies at the other end of this belt ( i.e. north-western limit)
covering an area of 2.05 sq km with the identification of three lead-zinc mineralised zones. The
mineralisation is associated with the dolomitic limestone of the lower unit of the Minas Formation of
the Deoban Group (of mid to late Proterozoic age).
Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.
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Strike length of mineralised zone
: A number of lensoid gossan zones 10m-50m in width and
200m-400m in length along a postulated strike length of 800m
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Nature of mineralisation
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The Pb-Zn mineralisation occurs within bluish grey dolomite which constitutes the lower unit
of the Minas Formation of Deoban Group. It is concentrated either along NW-SE and N-S trending
cross joints or along the crest part in F2 folds. Interference pattern produced due to superposition of F3
folds in F2 folds may perhaps be responsible for the lensoidal nature of the mineralisation in the area.
The surface manifestation of mineralisation in the area is in the form of: 1) pockets & veins of galena
and veinlets of sphalerite in dolomite, 2) lenticular bands of gossan (3) old workings.
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Three mineralised zones have been identified, the first with a strike length of 500m and varying
in width from 16-37 m have analysed Zn values between 0.155 to 4.08%; Pb - 125ppm to 0.83% , Cd
upto 90 ppm and Ag upto 60 ppm The second mineralised zone with a strike length of 500 m and
varying in width from 2-9 metres has barren partings has analyzed 100ppm to 1.79% Pb & 500 ppm
to 1.22% Zn from channel samples. A four m zone has yielded 5.3- 11.5% Zn and 0.45% Pb. The third
mineralised zone with a strike length of 260 m near Jalau Khad has analysed 1.70% Zn.

G

The Pb-Zn mineralisation of Ambota- Jalau area occurs in the south-western limb of the Minas
Tons regional antiform The mineralisation is hosted in the dolomite of the lower unit of the Minas
Formation of Deoban Group, and is localised along the N-S and NW-SE trending cross joints or along
the crest /hinge of F2 folds. The superposed folding of the latter has resulted in the formation of
interference patterns manifest as lenses along which the mineralisation is constrained.
The Ambota-Jalau Block was taken up for sub- surface drilling with a total of five test bore
holes projected to drill 1000 metres in the F.S. 2007-08 and 2008-09. However, only two bore holes
could be completed during F.S. 2008-09 and 2007-08 which were spaced at 175 m and intersected the
first mineralised zone. Two more bore holes were drilled to intersect the second mineralised zone, the
spacing between them 235m. Both these bore holes had to be abandoned at 103.5m on account of
drilling difficulties. The total cumulative depth drilled in this are is 416.5m
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In drill cores sphalerite is the dominant constituent of the mineralisation followed by galena.
Pyrite is also present. Sphalerite occurs as stringers, vug fillings, fracture filling veins & ramifying
veinlets. Galena on the other hand is sporadically distributed as pockets, veins stringers and associated
with the later remobilized calcite veins. Analytical data of borehole AS1 reveals Zn ranging from 0.1%
to 5.00%, whereas Lead values are mainly in ppm although two stray values of 2.80and 4.50 % have
also been recorded. A total seven Zinc rich zones were delineated.
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AS2 analytical results have indicated three lean minerlised zones of lead and zinc with zinc
yielding values in ppm AS- 3 could not be completed as the core barrel of the drilling rig jammed at
103.5 m.
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Motipur- Narag Prospect (30°48’ 30”: 30° 52’20” and 77° 10’00”: 77° 13’ 00”) Solan district
Geological set-up
The earliest reference on the occurence of basemetal minerlisation was based on the Padhan- Narag old
workings (1868). Subsequently the area was studied by Sehgal (1961) and later by Sharma and Prem
Kumar (1991) and Sharma and Nagal(1997) who also conducted regional geochemical sampling
examining the old workings of Padhan. Geophysical surveys (magnetic and Sp. along with I.P
anomalies warranted test drilling to establish the sub-surface extension, grade and behavior of
mineralization.
Mineralization
The area forms southeastern extension of the Padhan old workings, which are reported to have
been worked for lead and silver in the past. The NW-SE trending fault is a prominent feature in the
area. Along this fault, a shear zone, characterized by gossanised, red, limonite coating and sulphurous
encrustation, is observed in the hard, sheared, brecciated and jointed quartzite of Sanjauli Formation.
Sporadic galena disseminations have been found in sheared/ brecciated quartzite of Sanjauli Formation
in the area.
Mineralization is mainly galena, sphalerite, chalcopyrite, pyrite and silver. The fractures in
quartzite are filled with yellow-red-maroon oxidized material and at places brownish-black oxidized
material. Galena occurs as disseminations, fracture filling, along quartz veins and as veins along with
pyrite. Quartz veins are at places folded and galena is mostly confined to hinge zone as fine
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Quantum of work done
Nature of work

Achievement
229.60 m

Core Samples

211 nos.

Channel samples

51 nos.
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Drilling
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disseminations. Sphalerite occurs as veins along with galena. Chalcopyrite occurs as stringers and
minor veins. Pyrite occurs as disseminations, fracture filling and as veins.
The area was explored by sub surface drilling, with three bore holes drilled to a cumulative
depth of 547.10 metres. The drill cores analysed Lead ranging from 0.5 to 2%; Zinc from 0.5%- 5%
and Silver values recording upto 60 ppm. from MSN1.
Prospecting stage (UNFC G-3) investigation was carried out in the area by GSI.

14 nos.

Samples for chemical analysis

273 nos.
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Result and assessment The drilling is in progress
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Samples for ore microscopic study

Strike length of mineralized zone: 420 m surface anomaly zone.
Average width and grade of the zone: several low grade mineralized zones intersected.
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Anyar basemetal prospect
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Other basemetal deposits / occurrences
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A number of Pb-Zn bearing mineralised/gossan zones were delineated in a 10 km long
northwestern strike segment of the Chamri basemetal prospect, Anyar area falling in Sirmaur district of
Himachal Pradesh. The Pb-Zn mineralisation is associated with tuffaceous slates/dolomitic limestones,
occupying the upper part of the Minas Formation (Deoban Group) in close proximity to its contact with
the rocks of the Morar-Chakrata Formation (Simla Group). The individual mineralised/gossan zones
are equidimensional, lensoidal or lenticular bands, localised along shear zones. The width of these
zones varies from 10m to 50m, extending 200m to 800m in strike lengths.
Pyrite, sphalerite and galena with occasional chalcopyrite (mostly occurring in pyritous bands)
are the main minerals constituting the mineralisation in the area. The galena occurs as sparsely
dispersed grains, clusters, lenses or pockets confined to N-S, NW-SE cross joints. The sphalerite, on
the other hand, is distributed as fine network of veins and veinlets along the fractures in the host rock or
as open space fillings in quartz/calcite vugs. The Anyar, Jalau Khad and Ambota are Zn dominated
zones and show significant Pb-Zn concentrations. The Tons valley Pb-Zn mineralisation depicting
Mississippian type characters may exemplify the Bleiberg-Kreuth model in its miniature form. The
gossan zones are characterised by the presence of profusely limonitised bands
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The Pb-Zn shows in the Anyar block (30°43’: 77°44’ and 30°44’:77°44’16”) are located about
1.25 km to the northwest of the Chamri zone. The mineralisation is exposed at two outcrops lying
about 700m apart on the right bank of the Tons river. The intervening area being covered under thick
scree/river fill.The mineralisation in the southeastern exposure (30°43’46”:77°44’16”) scattered in a
25m wide zone, trends in E-W direction having 35° to 60° northerly dips. A 4m wide sub-zone pyrite
band hosts the sphalerite and galena mineralisation. The Zn content varying from 0.17% to 3.34%
shows dispersion in 25m width across the strike of the mineralised zone, while the corresponding Pb
values are low being 500ppm to 0.63% and are restricted to a width of 9m within this zone. The Cd
ranges from 10ppm to 105ppm. The spongy cellular boxwork with cubical cavities and white-yellow
sulphur encrustations are also present in some of the gossan zones, in Anyar areas
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The northwestern exposure (30°44’05”:77°44’00”) contains mineralisation in a 40m wide zone
within which a 8m wide tuffaceous slate containing 4m thick pyritous band serves as host rock for PbZn mineralisation The galena occurs as blebs, stringers and fine disseminations in the tuffaceous slates
as well as in the pyrite band. The sphalerite is distributed in pyrite band. The 1.20m thick central part of
this pyrite band encloses rich disseminations of sphalerite, veinlets and veins measuring up to 2cm in
thickness. The mineralisation trends in N20W-S20°E direction and dips 60° to 80° northeasterly. It
shows a progressive gain in width (from 4m in the southeast to 8m in the northwestern exposure) as
well as in the intensity of the Pb- Zn concentration.
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Geophysical surveys especially the IP and SP methods carried over a 700m intervening, river
fill stretch have indicated the continuation of the mineralisation underneath. The strike length of the
mineralisation in this zone is about 800 m.
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The Pb-Zn concentrations in this exposure range from 500 ppm to 4.58% and 0.1% to 27.86%
respectively and are dispersed within a width of 60m with intervening barren partings; across the strike
of the mineralised zone (Plate-III).
Jalau Khad Basemetal prospect (30°45’25”:77°42’20”)

G

This zone is exposed on Dharwa-Ranhat road section, across the Jalua Khad lying about 3km
to the northwest of the Anyar zone. The mineralisation in this zone is confined to two horizons viz.
lower and upper. The lower horizon is about 30m wide contains partly oxidised and yellow to brown
leached pyrite disseminations in thin (10cm to 15cm) carbonaceous-phyllite partings occurring within
the dolomitic limestones. The analytical results of the samples from this zone yielded <10ppm to 220
ppm Pb and <10 ppm to 110ppm Zn. The upper horizon varies in thickness from 30m to 40m, and
contains pockets, blebs and fractured filled galena mineralisation along with disseminated sphalerite in
the greyish dolomiticlimestone. The exact mineralised zone being along an escarpment could not be
sampled. However a 10m wide zone in the footwall side was sampled in the old working pit. It yielded
0.11% to 0.65% Zn showing a progressive increase in Zn content towards the main zone. The
mineralisation trends in NW-SE direction with almost vertical dip and runs for about 600m in strike
length.
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Uchich Prospect Kullu district
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As far as sulphide mineralization in quartzite is concerned, the only other example from the
Himalaya comes from Uchich in Parvati valley, district Kullu, H.P. where sulphide mineralization
occurs in a highly jointed, sheared and brecciated quartzite. The ore mineralogy at Uchich with galena,
pyrite and arsenopyrite, however, is not comparable with that of the Galpakot which is rich in copper
minerals. The genetic aspects of Galpakot occurrence are as enigmatic as those of Uchich. Such a kind
of basemetal mineralization (quartzite-hosted) is not listed by Cox and Singer (1986), who may be
interested in knowing details of these mineral occurrences. One thing however is certain. Both
Galpakot and Uchich basemetal occurrences are of hydrothermal origin. For the latter, Sharma (1979)
envisages the solutions having been derived from the Bandal Batholith which brough about the
deposition of galena-arsenopyrite-pyrite lenses. In case of Galapakot occurrence, the solutions could
have been derived from acidic intrusive located nearby.
Ranhat Basemetal prospect (30°46’15”:77°39’08”)
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Highly oxidised yellow to yellowish brown leached spongy gossanised material, containing
leached out box work after pyrite and thickly impregnated with remnant pyrite dissemination is
exposed about one kilometre east of Ranat on Ranat-Dharwa road section. The gossan is developed in
shared bleached grey phyllite/quartzite interbeds within the limestones. It is 15m wide having 30m
exposed strike length. Though no visible Pb-Zn mineralisation, except pyrite, was recorded yet the
analytical results of geochemcial samples from this zone revealed fairly good concentration of Pb and
Zn.
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Galu Ki Dhar Basemetal prospect (30°40’30”:77°41’05”)
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This zone lines about 500m to the northwest of Ambota zone in its strike continuation, and is
exposed at Galu Ki Dhar area about 2km to the east of Ranat on Ranat-Gumma road Section. The zone
is 20m wide, and has a 100m strike length. It shows patchy yellow to brown encrustations and encloses
a 4m thick highly oxidised deep yellow to brick red gossan with cellular box-work in the greyish
dolomitic limestone. The Zn values vary from 100ppm to 0.56% in this zone. The average Zn content
in 4m wide zone over the gossan zone is 0.4%. The zones are localised and, host stratabound pyrite as
dominant mineral. Their presence indicates that the Pb-Zn mineralisation terminates laterally resulting
into pyrite mineralisation from Deoban/Simla contact towards the Deoban/Jaunsar contact.
Bhangal Nadi Basemetal Prospect (30°45'50'':77°38'50'')
It is a zone of localised nature about 15m long and 5m wide exposed on the left bank of the
Bhangal Nadi, about 0.5km SW of Ranat. Minute pyrite disseminations and limonitised rock occur
along the sheared contact of the Deoban Group and dark grey slats of the Mandhali Formation. The PbZn content in this zone is negligible except one sample, which yielded 0.15% Pb values.
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Gumat Gad Basemetal Prospect (30°46'50'':77°38'50'')
Exposed across the Gumat Gad on Ranat-Panog road section this block is marked by highly
ferruginised, sheared quartz-sandstone and phyllite. The block is about 30m wide and extends about
500m along strike in NW-SE direction. Pyrite is the main constituent of mineralisation occurring as:-
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1) Sparse disseminations, pockets and stringers in sheared quartz-sandstone, occurring
within dolomitic limestone.
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2) Nodules of 10cm x 5cm dimensions in greenish grey phyllite interbeds in dolomite
and

y

Minas Bridge Basemetal prospect (30°45'50'':77°42'20'')
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3) Disseminations and nodules in thin (10cm to 20cm) carbonaceous-phyllite partings
in dolomite. The Pb, Zn content of this zone ranges from <10ppm to 110 ppm and
<10ppm to 150 ppm respectively.
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The mineralisation through occupies the upper part of the Deoban Group, exists
only in the segments, where the Simla Group rocks are in contact with the
Deoban Group. The Deoban/Jaunsar Groups contact is barren of the
mineralisation.
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Exposed on the left bank of the Tons river near the Minas bridge, thin phyllite partings (10 cm
to 15cm) within the dolomitic limestone host pyrite disseminations in a block of 10m width and 30m
strike length. The Pb and Zn contents in this block range from 10 ppm to 125 ppm and 25ppm to 930
ppm respectively. However, single instance of 0.1% Zn was recorded in one sample of this zone. The
study of the Tons valley mineralisation is in its preliminary stage and it is difficult to drawn any
conclusions on the deposit. However, on the basis of the outcrop data and the available analytical
results following trends of the mineralisation can be visualised at present.

II)

There is diversity in the favourable host rock varying from limestone and
intercalated tuffaceous slates in the SE (Chamri and Anyar zones) to greyish
dolomitic limestone in the NW (Jalau and Ambota zones)

III)

The mineralisation shows lensoidal nature of disposition and is scattered over a
10km NW-SE trending strike segment.

IV)

The mineralised lenses show dextral shift with respect to the Deoban/Simla
contact when traced from SE to NW.

V)

The modes of occurrence of galena and sphalerite also differ in the southeastern
sector as compared to the north-western.

253

The galena is finely disseminated occurring as blebs and chunks in the Chamri and Anyar
zones, whereas it is sparsely distributed as pockets of 20 cm x 10cm to 10cm x 15cm size confining to
the N-S or NW-SE cross joints in the Jalau and Ambota zones. Sphalerite similarly shows veins and
veinlets nature aligned parallel to bedding in the southeastern part (Chamri and Anyar Blocks) whereas
it is distributed as quartz/calcite vug filled concentrations, or as small veins and films occupying the
fracture planes.
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Genetic Aspect of Mineralisation With limited data, at this stage, it is premature to comment
on the genetic modelling of the Tons valley mineralisation. Yet following factors so characteristic of
the mineralisation give clue to understanding the broad frame work.
The association of Pb-Zn with shallow water dolomitic limestones containing bioherms
in basal part.

(II)

The existence of pellectoidal limestone bands in the mineralised zones possibly of
supratidal environment.

(III)

More or less equi-dimensional nature of mineralised zones localised along intensely
sheared and/or fractured zones.

(IV)

The typical shape of the ore-bodies as lenses and/or group of pockets such as Pb in
Ambota zone.

(V)

The fine network of sphalerite veinlets controlled by the fracture pattern of the country
rock.

(VI)

The occurrence of sphalerite as open space fillings in quartz/calcite vugs and cavities.
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The above-mentioned factors typify the Mississippian type deposit (Sangstar, 1976). They
represent the general characters of deposits formed by karstification processes (Zuffardi, P, 1973) and
may exemplify the Bleiberg-Kreuth sub model (Bachatadt and Hiner, 1983) in its miniature a form, in
which the supratidal carbonate undergo the processes of Karstification causing secondary porosity and
other features, that become sites for accumulation of the mineral of the mineral deposits (Kyle 1983).
The porosity in the carbonate rocks can also be brought about by normal sedimentary diagenetic means
such as primary porosity of reefs or by the process of dolomitisation (Sangster, 1976).
4.3.0 JAMMU AND KASHMIR
4.3.1 Bakkal-Sersandhu-Kherikot, prospect Reasi district
Nature of mineralisation
Reconnaissance stage (UNFC G-4) investigation has been carried out in this area by GSI
(Fig.II.4.5). The galena mineralisation is recorded in dolomitic limestone and brecciated quartzite in
Reasi inlier in the form of disseminations and sporadic veins/veinlets following the bedding planes,
joint planes and the induced cavities with barren partings. Surface indications of mineralisation are
recorded in the form of ferruginisation and limonitisation. The presence of slag pieces and a good
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number of old workings reveal ancient mining activity in the area. The nature of mineralisation is
attributed to hydrothermal activity.
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Fig.II.4.5 GEOLOGICAL MAP OF JAMMU & KASHMIR STATE SHOWING MINERAL OCCURRENCES
Quantum of work done

Achievement
103 nos.
3 cu.m

PS

50 nos.
To be established

og

Pitting and trenching

eo
l

ic

BRS

al

Nature of work

Result

G

4.4.0 UTTARAKHAND

The newly formed state of Uttarakhand which has been carved out of Uttar Pradesh comprises
mainly Garhwal and Kumaon part Northwestern Himalayan Belt represented by the basement of
Middle Proterozoic-Lower Palaeozoic folded sequences and Late – Palaeozoic and Mesozoic and
younger sedimentary cover, both of which were reactivated during the Meso-Cainozoic orogenesis.
This belt has remained intermittently mobile throughout Late Proterozoic and Phanerozoic periods
resulting in three evolutionary cycles in Proterozoic, Early Palaeozoic, Upper Palaeozoic-Mesozoic and
Meso-Cainozoic periods. Granitoid rocks,basic effusive and intrusive of varying ages are associated
with the metamorphic and volcano-sedimentary formations (Fig.II.4.1).
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The Himalayan belt comprising rock types of late Proterozoic and Phanerozoic ages could be
subdivided into four major morpho-tectonic belts from South to North, namely – Foothill Siwalik Belt,
Lesser Himalayan Belt, Main Central Crystalline Belt of Higher Himalaya and Tethyan Belt. The
metallogenic events in this mobile belt are related spatially and temporally with the tectonic evolution
of this belt.
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In Uttarakhand, basemetal mineralisation is located in the large hilly tracts covered by the
Garhwal Group of rocks. Though there are a number of reported basemetal occurrences in the State of
Uttarakhand, the most important one is the Askot deposit associated with Lesser Himalaya Crystalline
Belt of Late Proterozoic – Early Proterozoic age. Sporadic occurrences and small deposits of metallic
minerals in Uttarakhand are mainly restricted to Late Proterozoic to Early Palaeozoic sediments. The
distribution of metalliferous mineral occurrences in the Uttarakhand indicates a close inter-relationship
of metallogenesis with tectono-magmatic cycles. The major metalliferous mineral occurrences could be
broadly classified into the following broad metallogenic episodes, corresponding to the major tectonic
cycles in the Himalaya. The mode of occurrence, mineralogy, geological environment and mode of
emplacement in relation to tectono-magmatic evolution of the significant metalliferous mineral
occurrences of Uttarakhand Himalaya can be grouped in to
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a) Late Proterozoic-Early Palaeozoic basemetal mineralisation associated with Lesser
Himalayan Crystalline Belt
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b) Late Proterozoic-Early Palaeozoic basemetal mineralisation associated with Inner
carbonate Belt
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c) Late Proterozoic-Early Palaeozoic basemetal mineralisation associated with Outer
Carbonate Belt and

e)
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d) Late Proterozoic-Early Palaeozoic basemetal mineralisation associated with
Deoban Group
Late Palaeozoiic basemetal mineralization.
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4.4.1 Late Proterozoic-Early Palaeozoic basemetal mineralisation associated with Lesser
Himalayan Crystalline Belt

G

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 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). Some
of the characteristic geochemical signatures include occasional anomalous values of Cd, Sb, Ag, Bi and
Sn. General Exploration stage (UNFC G-2) investigation was carried out by GSI in this area.
Subsequently mine development was carried out by Mineral Exploration Corporation Ltd. (MECL).
The host rock of sulphide mineralisation is schist consisting of quartz, chlorite, biotite,
muscovite, almandine, cordierite and epidote. The mineralisation is represented by veins, stringers,
256

pockets and disseminations of arsenopyrite, sphalerite, galena, chalcopyrite, marcasite, bornite and
chalcocite. Widespread wall rock alteration includes propylitisation, sericitisation, biotitisation and
silicification. The polymetallic sulphide ore bodies are stratabound but lensoid in shape. It comprises
five lenses having an en echelon disposition.
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The southern ore body, (the most important one), which had been explored 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.
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The exploratory mining carried out exposed the ore at 985m 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 tonne of gold and 84.40 grams per tonne of silver by fire assay.
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GSI has estimated indicated resources of about 0.77 million tonnes of ore averaging 2.32% Cu,
2.64% Pb and 3.95% Zn in the area and can be categorised under UNFC 332.
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The other explored occurrences are Dudhi (copper-lead-zinc) in Mirjapur district, KhanayunGalpakot-Kimkhet area (copper-lead-zinc) in Nainital-Pithoragarh districts and Tons Valley in
Dehradun district.
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4.4.2 Late Proterozoic-Early Palaeozoic basemetal mineralisation associated with Inner
carbonate Belt
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Geological set-up
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Strata bound basemetal mineralisation occurs in the carbonate rich formations of the volcano –
sedimentary sequence of the Garhwal Group in Uttarakhand Himalaya. Though these occurrences
contain a number of old workings their potential as a workable deposit has not yet been established.
Lithostratigraphic, structural and geochemical studies have been carried out at various places.
Occurrences of basemetal sulphides of Cu and Pb with Zn are confined to narrow zone of silicified
dolomite, magnesite and talc forming the upper horizon of the carbonate rich lithounits of the Garhwal
Group of Late Proterozoic-Late Palaeozoic age in the Uttarakhand Himalaya Mineralisation is wide
spread and is present in both linb of WNW-ESE trending Garhwal Syncline umber of copper
occurrences are noted on both the limbs of the Garhwal Syncline extending across the Pithoragarh
district from Kali river in the east to Almora district in the west. In northern linb mineralisation extends
from Dhanpur in the N. W. to Bora Agar-Rain Agar in the S. E. while in the southern limb it extends
from Gangolihat in the east to Ganai Rithaint area of Almora district in the west. Effusive and intrusive
basic rocks of basaltic to partly spilitic composition are common in these sedimentary sequences of the
Garhwal Group. The stratiform nature, restriction of the mineral occurrences in a particular
stratigraphic unit, the association with metavolcanics indicates a synsedimentary volcanic exhalative
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origin for these sporadic mineral occurrences. However, a few cross cutting veins, pockets suggest a
later remobilization at selected structural setups.
Dewalthal–Agar copper Occurrence, Pithoragarh district
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In Dewalthal-Agar area mineralisation is associated with dolomite of Pithoragarh Formation of
Garhwal Group. Dolomite is grey to dark grey, massive to bedded with frequent intercalation of slate
and phyllite Dolomite is occasionally stromatolitic with pockets of anglesite and soapstone. In AgarMelapani area the litho units exposed and from south to north are slate, dolomite, magnesite, phyllite,
dolomite with magnesite and talcose phyllite. In the area around Agar, where old working are seen,
rocks units trend in E-W direction with 35-55 northerly dip.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Two mineralised zones at Melapani and Agar have been studied of which Agar appears to be
promising.
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Melapani area: The mineralised zone is 200 m long and 4 m wide. The analytical results of the
samples collected from this zone show good copper value. One mineralised phyllite sample collected
from below the road shows, 0.25% Cu and phyllite and magnesite from mineralised zone in road
section show 2.38 % and 0.74% Cu respectively.
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Agar area: About two km south of Dewalthal and just due west of Agar there is an old
working. Trend of the formation is WNW–ESE with 55°-75° northerly dip. The mineralisation is in
form of sporadic disseminations and minute fracture fillings and chalcopyrite. The mineralize zone is
about 250 m long and 10 m wide. The mineralisation is mostly at the contact of phyllite and magnesite
contact seems to be faulted. The extension of mineralised magnesite band is of course seen in the
Dewalthal-Pithoragarh road cutting where primary sulphide and secondary copper encrustations can be
seen in Magnesite. Mineragraphic studies of the samples from Agar have indicated that magnesite
commonly contains specks of chalcopyrite. Microscopic study shows that chalcopyrite, pyrite, calcite
and goethite are the minerals associated with the copper mineralisation chalcopyrite and pyrite do not
show any replacement relation and appear to be simultaneous.
Six samples from mineralised magnesite and talcose phyllite from Agar shows upto 0.25% Cu
only. Only one sample shows 205 ppm Cu, Mn, however is upto 0.64%
Bora Agar, Rain Agar Pb-Cu Mineralisation, Pithoragarh district
In Rain Agar and Bora Agar areas rock of the upper part of Pithoragarh Formation are exposed.
They include dolomite with magnesite bands, siliceous magnesite, talcose phyllite/slate and quartzite.
Stromatolites present in the dolomite indicate investigation of beds locally.
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The rock sequence exposed in the Rain Agar–Bora agar area, from south to north is tabulated
below: Table.II.4.1 Lithostratigraphy of Rain Agar And Bora Agar Areas
Lithology

Berinag Formation

Quartzite Chlorite Schist
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Group/Formation

Phyllite and slate

Kanalichhina Formation

Magnesite (barren)
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Kaflani Formation
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Tectonic Contact

Coarse magnesite (mineralised)
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Coarse silicified magnesite with sulphides
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Grey, medium grained magnesite (barren)
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Dolomite
Quartzite
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Slate /phyllite
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Mineralisation in Bora Agar is associated with magnesite, talcose phyllite and soapstone. It is
in form of disseminations and at times fractures fillings and stringers of chalcopyrite, bornite, pyrite
and some galena with malachite. Stains. Blebs and grains of sulphides are connected with one another
by thin films. The three sets of Mineralised fractured are N-5 with 60°/E dip, ENE-WSW with 70°/N
dip and NW–SE with 60°/NE dip. Extensive old workings can also be seen here. Old workings are
confined to magnesite bands and are seen in form of pits and wide massive magnesite showing
silicification and disseminations of sulphides. Miner dumps contain pieces of s Talc schist and
magnesite containing sulphides and malachite stains.
There are three mineralised bands in the area.
1.

The first extends from south of Bora Agar village in northerly direction. The mineralised
zone is 145 m along and its thickness varies from 10 m to 45 m.
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2.

The second zone is separated from the first by a band of silicified magnesite on the
surface. This zone starts from north of the village and trends in N 10° W–S 10° E. The
zone is about 150 m along and 25 m wide. The mineralisation in this zone is poorer than
in zone No. 1.

3.

The third zone is underlain by dolomite and overlain by phyllite. It is exposed on the
northern slope of E-W trending Bora Agar ridge. This zone is 100m long and 20m wide.
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The chemical analytical data shows that the first zone shows 0.26% Cu in 12m wide zones. In
the central part grade is 0.31% and further north its grade diminishes.
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Geophysical and geochemical surveys followed by drilling have also been carried our in
Bora Agar area
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Geophysical surveys indicated presence of three anomaly zones. A total of 13 bore holes
totaling 1384.50 m of drilling were done in this area. An isolated zone of copper was met with in bore
hole No. BCR-4 over a thickness of 3.66 m between 52.15 and 55.80 m in silicified soapstone and
associated magnesite. Another zone of 2.75 m thickness was intersected in the bore hole No BOR-10
with 1.2% copper. A careful study of the field data, however, indicates that mineralisation is along the
foliation fractures parallel to the axial planes of the first phase of isoclinal folds. This may be the
reason for missing the mineralisation at depth.
Rain Agar Pb-Cu Occurrence
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Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
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The first zone of mineralisation is associated with magnesite at the contact of dolomite
and quartzite. It is in form of sparce disseminations, mostly of pyrite with occasional
chalcopyrite and malachite stains. The mineralised zone is 50 m long and 1.9m wide
extending in N 65° E– S 65° W direction with 50° northerly dip.

G

1.
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Mineralisation in Rain Agar is again confined to quartz veins and magnesite bands and
quartzite -dolomite contacts. Mineralisation is noted on the west and North West of the village. Three
zones of mineralisation are noted here.

2.

The second mineralised zone is within a soapstone body occurring in form of lenses of
bands of pyrite. The pyrite bands have a cumulative thickness of 3.5 m.

3.

The third zone shows sporadic dissemination of chalcopyrite and galena along with pyrite
within lower magnesite and interbanded phyllite. An old working is evinced in form of a
trench and mine dumps.

Geophysical surveys carried out in the area indicated the presence of two parallel and extensive
zones of I.P. anomalies corroborating well B.M. anomaly axes.
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The area has been explored by drilling also. A Total of nine bore holes, totaling 745 m of
drilling have been put. The drilling showed only minor chalcopyrite disseminations, veinlets and
stringers in silicified dolomite, magnesite and talcose rocks. The bore hole No. RAI-II (inclination
50°S10°E) put to intersect mineralisation in the old working zone showed sphalerite as veinlets,
stringers and sporadic disseminations in association with pyrite and occasional spaces of galena in
silicified dolomite between 22.48-23.35 m, 27.15-27.40 m, 27.40-27.90 m, 28.05-25.48 m, chalcopyrite
in other bore holes (No. RAI-2,4 and 5) with inclination of 60/55 E 50 E and 45/50 E respectively is
rare and occurring as disseminations in very thin zones. Four samples collected from different
mineralised zones show a maximum of 2.81% copper from the zone No. 2 and 0.35% cu from the zone
No, 1 One sample from zone No. 3 (Pyrite zone) shows only 115 ppm cu and sample of brecciated and
ferruginous quartzite with little malachite shows only 140 ppm Cu. Other elements are also negligible

of

Ganai-Rithayat copper Occurrence
Geological set-up

Su
r

ve

y

Rocks exposed in Phadyali-Ganai-Rithyat are described as “Calc Zone of Badolisera” by Heim
and Gansser (1939) during their traverses through Ganai. The rock exposed in the area, from south to
north are dark grey limestone with phyllite alternating sequence of slate / phyllite and dolomite and
quartzite with occasional chlorite schist/ amphibolite bands fall in the strike continuity of the
Gangolihat Formation. Rock units in the area trend NNE-SSW to almost E-W with a general northerly
dip of 25° to 75°.
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Sulphide mineralisation in the area is seen from Juliakhet–Phadyali in the Rithyat in the east.
The mineralisation is in form of sporadic disseminations of sulphides in magnesite and talc
disseminations of sulphides in magnesite and talc phyllite. Area is dotted with number of oldworkinng
which were actively minned in the past.

G

There are there zones of mineralisation; all associated with magnesite bands in the area are
(1) Ganai-China zone (2) China–Pilkhi Zone and (3) Nainoli-Pilkhi–Gwasilote zone.
Fractures trending N60W and dipping subvertically shows mineralisation in form of
space chalcopyrite and malachite stains. Talcose phyllite shows intense malachite stains.
The mineralisation follows a N 50-70W S50-70E trending faults zone extends for 250300m. The interesting thing about the area is the presence of two large heaps of slags. One
slage heap is 50 m x10 m x 10 m dumped between Rithyat and Khirmande. The other is in
a nala about a km south of Nainoli village. These slag pieces show malachite stains.
However, the analytical results of the samples collected from the slag dump do not show
any encouraging copper values.
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Bhandarigaon-Kothera-Gangolihat Copper Occurrence
Geological set-up
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Rocks exposed in the area include light grey dolomite Pithoragarh Formation of Garhwal
Group with magnesite and quartz veins. The regional trend of formations is WNW-ESE with moderate
to steep dips towards north. Mineralisation in the area extends from Bhandarigaon in the east to
Gangolihat in west and further extends up to Ganai-Rithayat area described above.
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.

Geochemical exploration in the area has revealed copper anomaly zone of approximately 500m
in the Bhandarigaon area Area is dotted with number of old workings.
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Mineralisation
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Mineralisation in Bhandarigaon area is confined to dolomite and associated magnesite-talcose
phyllite and quartzveins. It is in form of vein lets, stringers and blebs of chalcopyrite. The general trend
of magnesite vein is NNE-SSW with steep easterly dip. Stringers and blebs of chalcopyrite are
developed within magnesite. Such stringers run in E-W direction with 55southerly dip. Magnesite
and quartz veins, parallel to local shaer planes also show sulphide mineralisation. 2-3 m thick quartz
veins are exposed. These veins trend in WNW–ESE direction with steeply northerly dip. Quartz veins
have sharp contact with the dolomite. The vein material shows. Pitted appearance formed due to
removal of sulphide granis. Mineralisation in the quartzite vein is in form of disseminations and
fracture fillings of chalcopyrite pyrite, bornite and galena specks. Iron ore minerals and malachite–
azurite stains are also seen. Stringers of sulphides are oriented in E-W direction.

og

Cu-Sb mineralisation in Mohankhal-Pokhri area, Rudraprayag district
Sporadic occurrences of copper and antimony mineralisation are known from the
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metamorphosed volcano sedimentary sequence of the parautochthonous Garhwal Group in MohankhalPokhri area, Uttarakhand Himalaya. The metamorphosed equivalents of the Garhwal Group
represented by schistose and quartzite, phyllites, metavolcanic chlorite schist talcose sericite-quartz
schist with lenticular bands of dolomite and magnesite contain a number of old workings with oxidized
copper ores confined mostly in the lenticular dolomite-magnesite bands and quartz-sericite-chlorite
schists. But good concentration of the ore has not yet been reported from the area.
Small pockets of stibnite – quartz veins occur in the granitoid gneiss emplaced within the
schistose quartzite in Mohankhal-Pokhri area. The sporadic occurrence of Sb as stibnite – quartz vein is
related to epigenetic hydrothermal cavity fillings along joints and fractures connected with
emplacement of granitoid of possible Late Proterozoic – Early Palaeozoic age.
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Dobri- Pinglapani Basemetal Gold prospect
Geological set up
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Rocks exposed in the area belong to the Garhwal group and include quartzite, phyllite
sequence of the of the Agastmuni Formation, Volcano sedimentary rocks of the Chamoli Formation
and argillite-carbonate sequence of the Lameri/Gwanagarh Formation. Kharpatiyakhl Granite is
exposed in the northern part of the area and intrudes the rocks of the Agastmuni formation. Diorite and
epidiorite traverse all these rocks The area is bounded tectonically in south by North Almora Thrust
(NAT) and in the north by Main Central Thrust (MCT). The general trend of rock is NNW-SSE to
NW-SE with gentie to moderate northeasterly dips. Numerous faults and cross faults are present in the
area.
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation
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Basemetal mineralisation in the area is associated with veins of varying composition and cherty
resilcified quartzite horizons of varying composition both in Gwanagarh-Dobri and Lameri- Trini
Koteshwar areas. It includes chalcopyrite, bornite, chalcocite, pyrite, and galena. Bedrock samples
from Gwanagarh area show anomalous values for copper lead and zinc in 11, 3 and 7 samples
respectively. Fifty-six samples have shown anomalous values for copper in Lameri area. Apart from
these, 8 samples show significant values for gold (0.1 ppm and 0.5 ppm). These have been collected
from 50 cm to 1 m long channels across Silicified dolomite in Lameri area. Stream sediment survey has
brought out the signature of known mineralisation very well. Heavy pan concentrate samples show
good values for gold at three places and presence of Scheelite in almost all-major drainage cutting the
calc silicates and granites of Chopta-Ghimtoli-Kharpatiya Khal area
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Basemetal mineralisation occurs in three forms in the area. Description of different types of
mineralisation is given below:

G

i) Mineralisation associated with quartz-magnesite-calcite vein These are 2 mm to 7 cm thick and
extend for about 4m (max.). These replacement veins are in form of crustification banding and
cockscomb structure (Plate-5 & 6). The veins are extensively associated with sulphide mineralisation in
both the carbonate members of Gwanagarh and Lameri Formations. The crustification banding is
indicative of sustained circulation of mineralising fluid through the joints.
These bandings are mostly parallel to strike of bedding but have steeper dip. The crustification
is marked by the presence of symmetrically arranged mineral bands are distinctive because of different
colour and texture. Magnesite forms outer symmetrically paired band and quartz mostly inner one. But
visa- versa can also be seen. Sulphide in these veins is present as specks and disseminations of
chalcopyrite and pyrite and is mostly associated with quartz.
Mineral occurrence associated with cherty-brecciated silicified quartzitic horizon. These are
0.5m to 2.5 m thick and about 10 to 100m These are light to blackish grey brecciated cherty quartzite
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intensely criss crossed by coarse-grained quartz veins. The breccia seems to have developed due to
hydraulic fracturing and fragmentation, which is often referred as hydrothermal breccia.it, occurs at six
stratigraphic levels in Lameri C Member. Brecciated horizons contain stringers; specks and
dissemination of chalcopyrite ate seemingly associated with number of small faults seen in the area.
However such mineralisation in Dhanpur as thought to be associated with number of small faults seen
in the area. However such mineralisation in Dhanpur is thought to be associated with shear zone. These
are close to the contact of quartzite with dolomite. Presence of mineral zoning has been observed in the
old working of dhanpur. Copper is near the contact and lead mineralisation at higher level and in
peripheral zone. Khan (1970) has explained this pattern by suggesting that weak zone to retain these
elements (Pb sulphides) in solution but at some distance outwards in the permeation zone the pressure
had decreased to a critical value and precipitation commenced.
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Sulphide mineralisation associated with metavolcanics Sulphides mostly chalcopyrite and
some pyrite is present as minor stringers, spcks and as thin rim the pink coloured albite forming the
outer rim of amygdales (Plate-10). Sulphides are present as stringers and specks also in milky white
quartz veins.
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Development of skarn has been noted in Ghimtoli Kharpatiya Khal and Hat-Chandrapuri areas.
These are developed in impure carbonate bands, which have been metasomatised, by intrusive granite
into calc silicate. Three types of skarns have been noted in the area. Magnetic skarn is developed in
Chopta area. Graphite talc and asbestos (chrysotile actinolite) skarns ate observed near Chopta and
Kanda. These skarns are 50 cm to 2 m x 5 to 10 m in size. Faint demarcation into exoskarn, skarn and
endoskarn is possible at places based upon the mineral zonation. Heavy these rocks show the presence
of scheelite in them under ultra violet lamp.
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4.4.3 Late Proterozoic-Early Palaeozoic basemetal mineralisation associated with Outer Carbonate Belt
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Cu Mineralisation in Golpakot –Kimkhet area
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Mineralisation in the form of chalcopyrite, bornite, chalcocite, covellite, bismuthinite is
associated with lenticular quartzitic bodies enclosed in metabasics rocks of Lower palaeozoic age. The
mineralisation is very sporadic occurring as veins, stringers and cavity fillings along joint planes. The
occurrence of Cu within this autochthonous to par-autochthonous metamorphosed volcanosedimentary sequence of late Proterozoic-Lower Palaeozoic cycle is very inconsistent. The geological
sequence, form south to north, met with in the area is given below:-
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Table.II.4.2 Geological Sequence in Golpakot –Kimkhet Area
GROUP

Lithology
Augen gneiss
Mica schist and Quartzite

ia

Quartzite
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Gneiss
RAMGARH GROUP

Quartz felspar porphyry Chlorite schist and gneiss

Quartzite
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Chlorite sericite schist and gneiss
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LADHIYA/RAMGARH THRUST
Quartzite, phyllite and meta basics.
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BHIMTAL GROUP
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Regionally rocks of the Ramgarh group from the southern limb of the Lohaghat syncline.
Bhimtal–Khansyun area falls on a major anticlinal structure aligned more or less in NW-SE direction.
The Ramgarh Ladhiya Thrust marks the contact between the Ramgarh Group, which is steeply dipping,
highly crumbled and mylonitised and the Bhimtal Formation, which is gently dipping. The thrust plane
dips steeply towards NNE and runs between Kimkhet and Galpakot and south of Khansyun.
Galpakot Copper Occurrence
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Geological set-up
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The sulphide mineralisation in Galpakot area is located about a km northwest of Galpakot village on
escarpment slope. It is associated with quartz veins emplaced along shears. Sulphide mineralisation in
the form of thin veinlets, stringers and specks of pyrite, chalcopyrite and bornite with encrustations of
malachite are seen associated with quartz veins near faulted contact of chlorite –phyllite with quartzite.
These veins show magnetite with hematite in the mineralised parts. Three mineralised lensoidal zones
1.5 to 6 m wide and 5 m. to 25 m long are parallel to N 70E-S 70W trending fault Two old exploratory
pits (5 X 0.5m) are located in the area. The pit walls bear thick coating of malachite and azurite and
stringers of chalcopyrite.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
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Mineralisation
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The mineralisation is structurally controlled by the shears and fracture cleavages developed
parallel to the axial plane of folds and are of hydrothermal in origin, the analysis of channel samples of
the mineralised zones have indicated copper values varying from 0.42% to 3.26%. Mineralisation in
Galpakot is associated with quartz veins emplaced along shears. Stringer and blebs of pyrite,
chalcopyrite, bornite and covellite in quartz veins, stains of malachite and azurite in brecciated
quartzite, vugs and cavities lined with limonite in quartz veins and intense limonitisation in shear zones
are indication of mineralisation in the area. Patches and veinlets of magnesite with some hematite are
associated with the sulphides.
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Two mineralised zones of extending up to 200m with varying width of 2-8m have been
mapped in the area. Analysis of samples from the mineralised zone has indicated 2.65% of Cu.
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The paragenetic studies indicate presence of chalcopyrite, bornite, covellite, chalcocite and
bismuthenite The ore minerals show crystallographic intergrowth of bornite–chalcopyrite and covellite
chalcocite and also replacement and relict texture. The intergrowth texture show by bornite–
chalcopyrite suggests crystallization of minerals at 475°C. Thus the mineralisation seems to be of
hydrothermal origin controlled by shears.
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Kimkhet Copper Occurrence
Geological set-up
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Rocks exposed in Kimkhet area include chlorite schist, sericite schist, gneiss and quartzite belonging to
Bhimtal Group of Late Proterozoic age. General trend of the rock formation in the area varies from
WNW-ESE to ENE-WSW with moderate to steep (40°-60°) northerly dip. Foliation is well developed
and has veering trend from 50° E-SSW to S-W and dips at 50°-70°.
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation

G

The mineralisation at the western end is in greenish grey, slightly micaceous quartzite in a
brecciated and silicified zone. The mineralised zone is formed by swarms of fractures parallel to the
main shear, filled with sulphides and limonite. The individual mineralised fractures are 2mm to 20cm.
wide. These fractures show intense malachite-azurite stains. galena and pyrite could be seen at a few
places. Quartz veins associated with the zone show rectangular and triangular voids / cavities lined with
limonite.
There are two sets of mineralised fractures on trending N50°-S50°E with subvertical dip and
the other parallel to it but dipping at 35° towards north east. These planes have been formed by folding
with a plunge of 150°/N50°W. Kimkhet area is dotted with number of old adits and exploratory pits.
Rock fragments in the mine dump are limonitised and show malachite–azurite stains.
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Surface samples representing the mineralised shears from different parts were got analysed Out
of 9 samples 7 showed poor copper. Only one sample representing one m. width from the face of
incline showed 0.71% Cu. Another sample from the mineralised zone on the western side shows 0.35%
Cu. Two samples collected from the eastern deep incline showed 0.3% gm/t and 0.26 gm/t of gold.
Drilling done in two boreholes with a total metreage of 250.65m also did not show any
encouraging mineralisation.
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Khansyun Copper Occurrence
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In the Khansyun area rocks exposed are chlorite schist, quartzite biotite gneiss and quartzite
belonging to the Ramgarh Group. The contact of schist and gneiss, as seen in Rithant, is gradational.
Here well schistose, puckered, greenish grey and brownish schist is exposed. Quartz veins are
developed in all the rock types though are more prominent in phyllite, schist and gneiss. There are two
sets of quartz veins, one is developed along foliation planes, shows stretching forming pinch and well
structure the other are along the axial plane fractures and shears ion WNW-ESE direction. A third set
of quartz vein is developed along the axial plane of the cross folds in Khansyun area
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation
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Mineralisation here is associated with milky white to smoky quartz veins within the gneisses of
the Ramgarh Group. The mineralisation is seen just due east of Rithant village in the Pasyun Gad.
There are two mineralised quart veins within the biotite gneiss These have been emplaced along the
axial zone of WNW-ESE trending folds. The mineralised quartz veins show malachite stains and
sporadic grains of sulphides including pyrite, chalcopyrite and galena. Maximum concentration of Cu
is 870 ppm and that of the load is 645 ppm. Tungsten is less than 25 ppm, Mo and As are less than 10
ppm and Sb is always less than 5 ppm As Geochemical sampling of the area also did not show
encouraging results
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4.4.2 Late Proterozoic-Early Palaeozoic basemetal mineralisation associated with Deoban Group
Tons Valley Basemetal Prospect
Basemetal mineralisation occurs at Chamri, Amtiyargad, Anyar and Ambota on either side of
river Tons between Chamri in the south and Ambota in the north along 10 km long belt falling in
Sirmur district of HP and Dehradun district of Uttarakhand. The area is connected with district
headquarters of Dehradun and Sirmur by fair weather roads.
The basemetal mineralisation occurs in the upper part of Sauli Formation of Deoban Group of
Proterozoic age along its contact with overlying Morar-Chakrata Formation. The Sauli sequence of
Deoban mainly comprise dolomite, dolomitic limestone with subordinate shale while the overlying
Morar Chakrata Formation comprises mainly slates and minor calcareous bands. Igneous acivity has
267

limited extent and comprises mainly of pyroclastic tuffs interbedded within Morar-Chakrata Formation
which has undergone polyphase deformation. WNW-ESE and N-S trending folds and shears are most
visible in the area.
Mineralisation occurs in the area as specs, stringers, pods and fracture filling. Widespread
limonitisation, silicification and ferruginisation and presence of malachite are surface indicator of
mineralisation in the area. In the mineralised zone pyrite, sphalerite, galena, chalcopyrite with minor
bornite and chalcocite and traces of argentite and gold are present.
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Prospecting stage (UNFC G-3) basemetal exploration involving large scale geological,
geochemical and geophysical mapping and subsurface exploration by trenching and drilling has already
been completed in Chamri(HP), Amtiyargad (UK), Anyar(HP). Exploration is in progress in Ambota
Block in Sirmur district (HP). The first borehole in Ambota Block has intersected five Pb-Zn
mineralised zones of varying width 1 and 2 m at first level.
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Based on subsurface exploration completed in Chamri, Amtiyargad and Anyar Blocks inferred
resources (UNFC 333) work out to 0.39mt, 1.41mt and 0.27mt respectively at 6% TMC. The ore is
amenable to beneficiation.
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Chamri Basemetal Prospect
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Geological set-up
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The area exposes rocks of Proterozoic age, which are divisible into Deoban Group, consisting
predominantly of carbonate rocks and overlying Morar Chakrata Formation comprising terrigenous
sediments of volcanogenic components. The study indicates that both the Deoban and the MorarChakrata were deposited in a tidal-flat environment (supratidal to sub-tidal) with tidal lagoons.

Lithology
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Group/Formation
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The stratigraphic sequence in the area is as follows
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Morar-Chakrata
Formation (Jaunsar
Group)

Sauli Formation
(Deoban Group)

White and grey quartzite, greenish grey-purplish brown shale and slate
with siltstone quartzite, thin
dolomite bands and tuff bands.
Gradational contact
Dolomites and limestone with occasional thin
shale/slate bands

Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.
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Mineralisation
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The basemetal mineralisation of Chamri area is mainly epigenetic in nature and occurs near
Deoban-Morar-Chakrata contact hosted by carbonates and associated carbonaceous and calcareous
shales and slates. The mineralisation is structurally controlled and is later to the tectonic deformation.
The mineralisation is in the form of specks, disseminations stringers, veins and vug fillings of
sulphides. The surface manifestation of the mineralisation is represented by a 200m long and 5-10m
wide limonitised oxidised zone with clusters of old workings and pits on the right bank of the Tons
river. The polymetallic mineralisations in order of abundance of minerals are pyrite, galena, sphalerite
and chalcopyrite with some arsenopyrite, bornite, chalcocite, covellite, tetrahedrite-tennanite, lollingite,
barite and traces of mercurous-sphalerite and argentite. Stratiform syn-sedimentary pyrite is also
present along the bedding planes.
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Genetically, the first phase of mineralisation is represented by the syngenetic sulphide
mineralisation, whereas, the second phase of well pronounced epigenetic mineralisation is represented
by the hydrothermal remobilisation and concentration along shear planes.
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The ore microscopic and petrographic studies carried out have revealed two generations of
pyrite, i.e. primary and late digenetic/hydrothermal. The sedimentary pyrites are medium to fine
grained and granular in shape. These are free from recrystallisation and show cataclastic texture and
granulations, intense fracturing and sieve like structures. They show replacement by chalcopyrite. The
shredded structure is present in pyrite, which also shows flow banding and fluid inclusions. The second
generation of pyrite as well as major basemetal sulphide (Pb-Zn), have primarily crystallised during the
late diagenetic/hydrothermal stage. The sphalerite shows mutual replacement with galena and also
contains chalcopyrite occurring as exsolution blebs. A few grains of covellite are present which
indicate low-temperature hydrothermal mineralisation. The ore microscopic studies indicate a
sedimentary environment for the precipitation of sulphides, which was subject to later remobilisation
under low temperature. The paragenetic sequence of the ore minerals in Chamri area is given below:
Pyrite (I)
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Leollingite

G

Chalcopyrite (I)
Pyrite (II)
Sphalerite
Chalcopyrite (II)
Galena
Tetrahedrite-tennanite and covellite.
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Hydrothermal alteration of wall rock is feeble. However it is indicted by silicification and
carbonitisation evidenced by increase in the grain size of recrystallised dolostone and profuse calcite
vines. The association of montmorillonite and Illite group of clay minerals indicates low-temperature
replacement.
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Two prominent mineralised zones have been intersected. The first zone (Lower Zone) was
intersected in CH-8 and CH-9, is about 150m in strike length and is mainly zinc rich and thickness
varies from 3.5m to 7.00m It analysed between 3.13% to 20.60% Zn with an average of 9.33%. The
second zone (upper) is traceable between CH-8 to CH-4 and its thickness varies from 0.30m to 3.5m It
has analysed Pb 2.95% Zn. 4.20% and Cu. 0.4% (TMC-7.5%) In these mineralised zones a number of
lensoidal sulphide-rich ore shoots showing pinch and swell structures have been observed.
Resource
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The mineralised zone over a strike length of about 550 m has been explored by drilling. A total
of 3840.05m of drilling was done in 11 number of boreholes for the 1st level of intersection and in 4
bore holes for the 2nd level of intersection in Chamri Block.
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The resources have been calculated for the rich sulphide pockets that are arranged in an enechelon pattern in the mineralised zones. The total thickness of the mineralised zone including barren
partings upto 1.50m has been taken into account. This has been done because individual small lenses
could not be correlated from one borehole to the other. By doing so, though the grade of the deposit has
been lowered, the overall resources of the total metal content remain the same.
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The core recovery in Chamri Block ranges from 70% to 100% with an average of 84%.
Therefore, the unrecovered portion in a run has been taken as the cut-off grade. 8. 8% TMC has been
taken as the cut-off grade. The average specific gravity of the rock has been taken as 3.60.
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The strike length of the mineralised zone in the level-I intersection works out to about 500 m
with thickness varying from 0.50m to 7m with an average thickness of 1.60m The average grade of the
Pb is 2.89% Zn 4.80% and Cu 1.01%. The total metal content is 8.70%. In level II intersection, only 3
blocks were recognised with a strike length of 350 m and thickness varying form 0.85 m to 2.30 m with
an average of 1.36m The average grade of the Pb is 3.34%, Zn 5.00% and Cu 0.08% with total metal
content of 8.42%. Thus in the level I the cumulative strike length comes to about 500 m in bore CH-9
to CH- 4 and in level II intersection of bore holes i.e. bore-hole Nos. CH-11 to CH14 is about 350 m
except for in bore-hole CH-11 which has not intersected the mineralised zone at depth. By combining
both the mineralised zones, a total of about 0.39 million tonnes of inferred resource ore with Pb 2.86%,
Zn 4.90% and Cu 0.37% (total metal content 8.13%) has been estimated.
Amtiyargad Basemetal Prospect
Geological set-up
Amtiyargad prospects lying on the bank of Tons river form part of Kwanu Lead – Zinc –
Copper Belt in Dehradun District, Uttarakhand extending over a strike length of about 1 km from
Chamri in the south east to Sheora in the north west.
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The Amtiyargad deposit lies east of Chamri deposit. A number of old working are located on
either side of Amtiyargad stream A gossan zone has been traced for about 500 m with an average width
of 4m Genral geological succession is as given in table II.4.3.
Table.II.4.3 Generalised Geological Succession of Amtiyargad Prospects
Group/Formation

Lithology
Alluvium/Terrace material Quaternary/Recent
Shale, slate with siltstone

ia

Morar-Chakrata
Formation
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Quartz-arenite interbands and lapilli and vitric tuff bands,
lenticular and pelletal algal dolomitic limestone.

Dolomitic limestone and limestone with minor interbands of
shale, lenticular pelletal and algal dolomitic limestone.

of

Sauli Formation
(Deoban Group)

y

Prospecting stage (UNFC G-3) investigation was carried out in this area by GSI.

ve

Mineralisation
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Mineralisation occurs mainly in the form of stringers, disseminations, vug fillings, veins and
patches of metallic sulphides, mainly pyrite, galena, sphalerite and chalcopyrite. Traces of mercurous
sphalerite and argentite are also present. Fractures and shears, parallel to the axial planes of tight folds
are the main locales of mineralisation.
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There are four mineralised zones, viz., Amtiargad bridge Lode-I and II in the scarp section of
Amtiargad south, along road, and in the western cross-cut of the adit. Strike extension of the zone III
and IV of the scarp section and adit is about 30m with Pb upto 1.92% and Zn upto 5.93%. The
mineralisation is associated with the rocks of the Sauli Formation (Deoban Group). The principal host
rocks for mineralisation are dolomite, shale, carbonaceous and / or calcareous slates and tuffs and are
controlled by NW-SE trending shears and fractures. Mineralisation is mainly in the form of veinlets,
stringers, disseminations and blebs of sulphides. The estimated inferred resource (UNFC 333) worked
out in Amtiyargad Block is 1.41 MT with 6.57% TMC (Pb- 1.65%, Zn- 4.92%)

G

The samples studied for fluid inclusion were mineralised (pyrite + sphalerite + galena) calcite
veins from five drill core samples (99.45 to 145.90 m) from three boreholes drilled at Amtiargad.
Thermometric data on bi-phase (liquid + vapour) inclusions gives a wide range of homogenization
temperatures varying from 880C to 1720C (averaging 1330C for a total number of 20 measurements.
This temperature fall well within the range of 850C to1000C measured on sphalerite deposited under
sedimentary-exhalative environment. The estimated salinity of the fluid trapped in inclusions in 9.6 to
17.9 wt.% NaCl equivalent, again similar to values known from exhalative Pb-Zn deposits.
The polished sections of the rock show euhedral crystals of light yellow pyrite with high
reflectivity and it is not completely isotropic. Feldspar shows alteration to sericite. Some quartz and Kfeldspar inclusions are present in pyrite. Pyrite, galena and sphalerite occur together in the ore. Galena
is white, isotropic and shows triangular facets of the polished surface. Inclusions of pyrite in the galena
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indicate pyrite to be older than galena. Similarly the pyrite crystallised earlier than sphalerite. However,
the paragenetic relationship of galena and sphalerite could not be established by ore microscopic
studies. The heavies separated in the Petrology Division NR, indicated presence of mercurial sphalerite
by x-ray studies carried out by the Mineral Physics Division, NR, GSI. The mercury is present along
with sulphide ores.
In all 14 boreholes were drilled in Amtiyargad Block with over 2000m of drilling. Core
recovery is poor due to cavernous nature of the sediments.
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Sheora Basemetal Prospect
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Sheora, Block lies, between Amtiyargad and Anyar in the central part of Tons valley
mineralised belt. The rocks exposed in the area comprise a sequence of carbonates belonging to Sauli
Formation of Deoban Group overlain by mainly argillaceous sequence belonging to Morar-Chakrata
Formation. The generalised tectonic succession is given in table II.4.4.
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Table.II.4.4 Generalised Geological Succession of Sheora Basemetal Prospect
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Subathu
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Unconformity

Morar-Chakrata Formation
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Gradational contact
Sauli Formation
Bajmara Formation
Tons Thrust
Krols and infra Krols
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Deoban Group

The general trend of the rocks exposed in the area is NW-SE with moderate to steep dips on
either side. The area has undergone two phases of deformation as indicated by secondary planar
structures in the form of cleavage planes and associated minor folds.
Reconnaissance stage (UNFC G-4) investigation was carried out in this area by GSI.
Mineralisation
Surface indications of basemetal mineralisation are in the form of isolated oxidised limonitised
zones, exposed intermittently over strike-length of 700m These zones of predominantly Pb-Zn
mineralisation, are confined mainly to carbonate rocks of Sauli Formation (Deoban Group), close to its
contact with overlying siltstone/ shale units of Morar-Chakrata Formation. However, a few oxidised
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zones have also been noted well within the carbonate sequence away from the contact of the
argillaceous sequence. These discontinuous oxidised bodies show hues of chocolate red, brick red and
yellow colours. The most prominent oxidised zone is exposed near Khaktar village measuring 75 m in
length and 2-5 m in width. Signatures of ancient mining activities are present in the area in the form of
small exploratory pits along the banks to Tons river. Cupola dumps with fragmented earthen retorts,
indicative of ancient smelting activities, are also seen at about 200m north-west of Khaktar village.
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Basemetal mineralisation in the area occurs in the form of lenses, stringers blebs, specks and
disseminations of sulphides associated with quartz-calcite veins emplaced within sheared and
brecciated dolomitic limestone. The sparry variety of massive dolomitic limestone also forms a
common association with sulphides.
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Petrographic study indicates the remobilisation to have taken place in two phases the earlier
one along calcite veins and the later one along cross cutting quartz calcite veins. Wall rock alteration
is indicated by silicification, with formation of secondary silica, recrystallisation as evidenced by
increase in grains size and crystallinity of calcareous rocks and dolomitisation of the host carbonates.
The association of calcite quartz-illite- kaolinite is suggestive of epithermal nature of mineralising
fluids

Table II.4.5 Summarised Details of Mineral Deposits
Type of
Locality
mineralisation
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eo
l

og

ic

al

Su
r

Study of polished sections of rocks from the area indicates the presence of following oreminerals: Sphalerite, galena, chalcopyrite, pyrite and minor bornite and chalcocite. The gangue
minerals include dolomite, calcite and quartz. Euhedral to subhedral grains of pyrite (I) appears to be
the first phase of sulphide formed in the sequence. Transverse fractures have been noted in a few
elongated grains of pyrite indicating their predeformational nature). Chalcopyrite (I) is formed after
pyrite evidenced by automorphic inclusions of pyrite within chalcopyrite and fracture fillings of
chalcopyrite within and showing alteration to chalcocite have also been observed at places. Sphalerite
(I) formed in a later phase is indicated by grain boundary replacement of chalcopyrite by sphalerite.
Sphalerite is replaced by another phase of chalcopyrite (II) along grain boundaries. Galena is formed
after sphalerite (I) as indicated by grain boundary replacement of sphalerite by galena, but it, in turn, is
replaced by another phase of sphalerite (II) and chalcopyrite (III).

Basemetal
(Cu, Pb, Zn)

Shishakhani, Almora
district, Uttarakhand

Resources

0.5 MT. with 2.5 % of TMC
Lead

Askot deposit, Pithoragarh Copper, Lead and
district. Uttarakhand
Zinc.

1.14 MT. with 8.91 % TMC
( with average grade of Cu 2.32 %,
Pb 2.64 % and Zn 3.95 %)
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Kwanu Chamri deposit,
Kwanu Lead Zinc Copper
belt district Dehradun.
Uttarakhand

Cu, Pb, Zn

Amtiyargad deposit
Kwanu Lead Zinc Copper
belt district Dehradun.
Uttarakhand

Cu, Pb, Zn

0.39 MT. with 8.03 % TMC
(Cu 0.37 %, Pb 2.68 % and Zn 4.97 %)

1.41 MT. with 6.57 % TMC
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(Pb 2.65 % and Zn 4.92 %)
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4.5.0 UTTAR PRADESH
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The Peninsular Province present within the domain of the region is represented by rocks of two
dominant geological tracts namely (1) The Bundelkhand Granitoid Complex (BGC) and Dudhi
Gneissic Complex (DGC) and (2) ENE- WSW trending supracrustals which occur as Mahakoshal
Group and Bijawar Group. The rocks of Vindhyan Supergroup transgress the Bijawar Group and also
separate outcrops of Mahakoshal and Bijawar Groups. The Bundelkhand Granitoid Complex is
primarily a complex of granite and granite gneiss The dominant group of the massif is a series of
undeformed granitoid rocks, which constitute about 80% of the outcrop of the massif. The granitoids
have been emplaced into an intensely deformed basement comprising gneisses, migmatites, banded
iron formation (BIF), metamorphosed sediments, and mafic, ultramafic to felsic volcanics, which occur
as enclaves and also as slivers, rafts and a few narrow belts. These basement components may be parts
of an Archaean greenstone belt. The large granitic massif also includes a wide variety of rocks, such as
mafic and ultramafic bodies, rhyolites and mafic dykes. Mafic dykes are mostly emplaced along NWSE trending fractures. NE-SW trending fractures are predominantly filled by giant quartz veins / reefs.
The Dudhi Gneissic Complex consists mainly of granite gneiss, migmatites and non foliated, massive
granite with enclaves of metamorphites and veins of pegmatite, aplite and quartz. The DGC is the
westward continuation of Chotanagpur Gneiss Complex (CGC) of Jharkhand state. The PalaeoProterozoic rocks of the Mahakoshal Group exposed in the states of Uttar Pradesh are the eastward
extension of similar rocks of Madhya Pradesh and include metasediments with interlayered
metavolcanics and granitic bodies intruding it. The Group is divisible into a lower argillite – arenite
facies with chemogenic rocks (Agori Formation) and overlying argillaceous predominant facies (Parsoi
Formation) .The Proterozoic supra crustal rocks mainly belong to the green schist facies. Sedimentary
rocks of Neo Proterozoic Vindhyan Supergroup rest unconformably over the Mahakoshal and Bijawar
groups. The Palaeozoic rocks of Gondwana Supergroup occupies a very small area in the state of Uttar
Pradesh, resting over the Dudhi Gneissic Complex but laterally continues westward in the state of
Madhya Pradesh.
The mode of occurrence, mineralogy, geological environment and mode of emplacement in
relation to tectono-magmatic evolution of the significant metalliferous mineral occurrences of
Himalaya are studied in detail.
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4.5.1 Basemetal deposits/occurrences in Bundelkhand Granitoid complex
The metallogenic events in this part of the province are related spatially and temporally with
the tectonic evolution of this belt. However, only sporadic occurrences and small deposits of metallic
minerals are reported which correspond to Archean to early Proterozoic.
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Traces of malachite, azurite, covellite and small quantities of galena have been reported from
some of the reefs and encrustations of molybednite have been observed along fracture planes in
medium grained pink granite poor in ferromagnesium. Numerous quartz veins of massive dimensions
contain pyrophyllite as the important mineral within them
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4.5.2 Basemetal deposits / occurreences of Sonrai Area
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Copper mineralisation in Lalitpur district occurs around Sonrai. The mineralisation is confined
to a zone of black shale, chert and breccia within the Bijawar Group. This zone is overlain by massive
carbonate. Veinlets and stringers of chalcopyrite occur in crystalline carbonate of the Rohni Carbonate
member. The black carbonaceous shale of Gora Kalan member contains fine pyrite disseminations.
Galena, sphalerite and pyrite are associated minerals. The analytical results of the samples have shown
copper values upto 0.5%.
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The metallogenic events in this part of the province are related spatially and temporally with
the tectonic evolution of this belt. Mineralisation corresponding to geological ages between Archaean
to Proterozoic have been recorded in the Province as below.
4.5.3 Basemetal deposits / Occurrences in Mahakoshal Group
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Pb mineralisation of Amariniya & Kharatiya
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Disseminations and specks of galena occur in quartz veins around Amariniya. The associated
minerals are pyrite, pyrrhotite and arsenopyrite. The country rocks are phyllite interbedded with thin
quartzite bands and have been grouped under Agori Formation of the Mahakoshal Group. The quartz
veins intruding the above sequence are highly sheared and show cellular, spongy box work structures at
places. Samples from quartz veins have shown lead values varying from 0.08% to 2.0% and arsenic
upto 600 ppm .The mineralised zone extends for over a strike length of 2 km with width varying from 2
m to 2.5 m Gold mineralisation also occurs associated with quartz veins. In Kharatiya A few shallow
old workings are located along quartz veins around Kharatiya. Specks of galena occur in smoky grey
quartz veins within the phyllites of the Mahakoshal Group, running parallel to the foliation planes. The
quartz veins are mostly massive and milky white to smoky grey in colour. A few veins are about 20 m
long and 1.0 m wide. Samples from this area have analysed 0.05% lead.
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CHAPTER-5
EASTERN REGION
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5.1.0 BIHAR
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In the newly carved out Bihar state after the creation of Jharkhand, the occurrences of
basemetal mineralisation are in Golgo, Sonthalia, Belbathan, Bhagmari, Phaga, Toolsitanr, BhagroJhibra area, Bhusi-Dvariar area (Fig.II.5.1).

Fig.II.5.1 GEOLOGICAL AND MINERAL MAP OF BIHAR & JHARKHAND
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5.1.1 BASEMETAL DEPOSITS / OCCURRENCES ASSOCIATED WITH CHOTONAGPUR
GNEISSIC COMPLEX
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At Phaga, the main rock formations are biotite-granite gneiss, tremolite-actinolite schist and
amphibolite. Thin veins of quartz and pegmatite occur as intrusives within these rocks. This area,
reported to have been worked for lead, is now completely covered by soil. The four shallow boreholes
aggregating 308 m drilled in the area have not yielded any significant results although three of the four
boreholes probably passed through the old workings. In one of the boreholes, fine disseminations of
pyrite and arsenopyrite with occasional chalcopyrite and rare galena were found.
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The rock formations in Bhagro-Bajra-Jhibra area consist of Archaean schists occurring as
bands and lenses within granite gneisses. Two zones of mineralisation are found in silicified
garnetiferous actinolite schists. The northern zone extends over a strike length of 6.5 km with an
average width of 40 m and the southern zone extends over a strike length of 6 km with an average
width of 125 m. The sulphide mineralisation carries dissemination of pyrite and chalcopyrite at the
surface.
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In Bhusi-Bhandaria-Duarsar area also, schists of Archaean age occur as bands and lenses in
granite gneisses. Sulphide mineralisation comprising pyrite and chalcopyrite occurs as disseminations
within disconnected lenses of silicified garnetiferous rock. Mineralisation extends over a strike length
of 4 km and its average width is 40 m. Encrustations of copper carbonate are found at Katchnar
(23°32':84°24') along joint planes in a hornblendic rock which occurs as inclusions in banded gneisses
in the area.
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At Baghmari mineralised pockets (maximum extent 150 m x 50 m) are associated with
dolomite marble and tremolite-actinolite schist. Four boreholes were drilled. The maximum values
obtained were only 1.21% Pb x 0.50 m and 0.41% Cu x 0.11 m.

og

.5.1.2 BASEMETAL DEPOSITS / OCCURRENCES ASSOCIATED WITH UPPER
PROTEROZOIC ROCKS (UPPER VINDHYAN)
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Amjhore Pyrite Mine Area(24° 35': 83° 50'and 24° 45': 84° 00') Shahbad district
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Reconnaissance stage (UNFC G-4) investigation has been carried out in this area by GSI. The
stratiform Amjhore pyrite deposit (thickness 0.55 to 1.04 m; sulphur content about 40%) occurs in the
uppermost part of the Bijaigarh Shale horizon of the upper Vindhyans over an area of about 100 sq km.
The incidence of strata-bound lead-zinc mineralisation in the form of a thin seam varying in thickness
from 0.11 to 1.77 m (average 0.77 m) and metal content from 0.22% to 1.17% Pb + Zn (Average
0.44% Pb + Zn) has been established by drilling over an area of 5.21 sq.km. This zone occurs about 6
to 10 m above the pyrite horizon and dips northward at low angles.
5.2.0 Jharkhand
The State of Jharkhand has a varied and unique geological set up. The Precambrian
metamorphites associated with various types of intrusives and extrusives and metasedimentaries
comprise the most predominant hard rocks of the state. The cratonic part of the state has broadly been
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divided into two tectonic provinces – the Chhotanagpur and the Singhbhum. The boundary between
the two provinces is defined by a basement dislocation zone now manifested by Sighbhum Shear Zone.
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Over 150 occurrences of basemetal mineralisation have been recorded in the state. Almost half
of them are copper occurrences located in the Singhbum Shear Zone (Singhbhum Copper Belt) in
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.
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The other known deposits and occurrences are relatively very small and impersistent. Copperlead-zinc mineralisation appears to be confined to Hazaribagh and its adjacent districts of Santhal
Parganas. The lead-zinc mineralisation is widely distributed in the West Singhbhum district, southern
and eastern parts of Ranchi district. Except two 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.

Fig. II.5.2 BASEMETAL DEPOSITS OF JHARKHAND
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Fig.II.5.2 BASE METAL DEPOSITS OF JHARKHAND
5.2.1 Singhbhum Copper Belt
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The Singhbhum Copper Belt is one of the well known metallogenic provinces for copper in
India. In this belt copper mineralisation is localised along a shear zone designated as the Singhbhum
Shear Zone. In Jharkhand 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 southeast. 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
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The origin of copper mining in the Singhbhum Copper Belt dates back to at least 2000 years
and is lost in the limbo of antiquity. Ancient workings in the
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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.

Fig. II.5.3 GEOLOGICAL MAP OF SINGHBHUM SHEAR ZONE SHOWING BASEMETAL PROSPECTS
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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, but 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.
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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 and 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
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Table II.5.1 Generalised succession of the area is as follows (Saha et al., 1988)
Sandstone, shale,
limestone

C.2100-2200 Ma
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Kolhan Group

Mafic, ultramafic, quartzite
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Dalma/Dhanjori/
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Arkasani granophyre, Soda
granite Chakradharpur granite
gneiss
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--------------------------------------------- Unconformity --------------------------------------

------------------------------------------- Overlap ------------------------------------------------
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Singhbhum Group

Dhalbhum
Formation–

Carbonaceous phyllite,
quartzite, cherts, epidiorite, acid
volcanics

--------------------- Tectonic Contact ------------------------Chaibasa Formation -

Mica schist, quartzites,
hornblende schists

------------------------------------------------------ Unconformity -----------------------------------------Singhbhum granite (SBG-B)
Iron Ore Group

C.3.1 Ga
Tuffaceous shale, phylite, tuffs,
BIF, ferrigunous chert, local
dolomite, acid-intermediatebasic-ultrabasic volcanics,
quartzites and conglomerate
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------------------------------------------ Unconformity -----------------------------------------Singhbhum granite (SBG-A)
Older Metamorphic Tonalite
Gneiss (OMTG)

C.3.775 Ga

Older Metamorphic Group
(OMG)

Pelitic schists, quartzites, para
and ortho amphibolite

C.4.0. Ga
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Geological setting along the shear zone
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Over a major part of the strike length, only low grade meta-lavas and quartzites of the Dhanjori
Formation and the high grade metamorphics (garnetiferous mica schists and kyanite bearing quartzites)
of the Chaibasa Formation are involved in the shearing.

y

of

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.
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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.

ic

al

The mica schists and kyanite bearing quartzites of the Chaibasa Formation 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 Formation 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.
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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.
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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.
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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 (ßtectonites) 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.
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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.
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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 is generally seen adjacent to the basic schists in the
central part of the zone of intense shearing.
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The shearing is 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.
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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° towards north , northeast and east . At places 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.
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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 ‘gossans” are common in the mineralised areas.
Malachite-azurite stains are also observed at places in the mineralised zone.
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The gossans are in the form of in situ limonite after sulphides. The gossan 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

of

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.
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Nature and mode of occurrence
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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.
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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 300m). The other
sulphides present in the mineralised zone consist of pentlandite, molybdenite, marcasite, tetradymite,
tetrahedrite, cubanite, arsenopyrite, violarite, millerite, etc. The principal gangue minerals are quartz,
chlorite, biotite, magnetite, apatite, feldspar and tourmaline.
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The copper lodes have been emplaced principally along shear fractures developed within the
shear zone. The mineralisation of possible economic significance is confined to the southern part of the
zone of shearing containing the sheared, metasomatised and metamorphosed derivatives of the
Dhanjori lavas.
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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 chloritebiotite schists. The principal host rock in the mineralised zones is the chlorite-biotite schists, quartzchlorite- 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
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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 1m to 3m
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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 3m to 10m can be delineated indicating that some of the
mineralised zones are of the sheeted type.
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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 is 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.
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Depth persistence
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The available data of mining and drilling show that the lodes are tabular/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.
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Wall rock alteration
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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
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The Singhbhum Copper Belt has been extensively investigated by geological mapping,
geophysical surveys, geochemical soil sampling and scout drilling during the last 3 decades (Figs 2 &
3). 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
Singhbhum Copper Belt can be divided (from west to east) into the following 9 sectors.
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Table II.5.2 Sectors in the Singhbhum Copper Belt
Strike length (km)
50
22
8
5.4
7.6
8.5
10
13
3.5
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Sector
Duarpuram-Kharkari River
Kharkari River-Rajdah
Rajdah-Tamapahar
Tamapahar-Rakha Mines-Roam Sideshwar
Sideshwar-Chapri-Khendadih-Surda
Surda-Mainajharia
Mainajharia-Gohala-Kanyaluka
Kanyaluka-Baharagora
Baharagora Sector
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Sl. No
1
2
3
4
5
6
7
8
9
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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.
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Tamapahar-Rakha Mines-Roam Sideshwar Sector (22°36' : 86°21'08' and 22°38'50': 86°24')
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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. Detailed exploration stage (UNFC G-1) investigation
has been carried out in this sector (Fig.II.5.4).

Fig.II.5.4 GEOLOGICAL MAP OF TAMAPAHAR
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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.
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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.
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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 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.
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The total quantum of work carried out during this exploration is as follows:
: About 4 sq.km

Drilling

: 63,911 m in 240 boreholes

Exploratory mine Development :

Diamond Drilling

og

in mine development)

: 17,000 Nos.
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and groove samples

2,760 m
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Sampling (mostly core
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Mapping (1:2000 scale)
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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 0 to 10 m, 45 – 55 m, 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-II.5.3.
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Table-II.5.3 The details of the Boreholes Tamapahar-Rakha Mines-Roam Sideshwar Sector
Total
amount of
drilling (m)

60

38

4,657

Average
area of
influence
of each
borehole in
place of
lode (sq m)
3,729

I

45 to 55

60/120

60

8,977

5,564

II

95

60/120

42

10,687

III

185

120

44

11,061

IV

275

180

31

V

450

360

15

VI

600

360

10

of

y

ve

94,167

7,987

97,200
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7,369
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240

17,015
26,062
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Total

Zero series is
only drilled in
Tamapahar.

8,142

11,766
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Drilling done in two underground boreholes
in
I leveloff no 4 shaft
Drilling done in abandoned and deviated
holes

Remarks

ia

No of
boreholes
drilled
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Spacing
along
strike
direction
(m)

Zero

Vertical
depth of
intersection
below
datum
(150m RL)
(m)
0 to 10

al

Series
no

118

1,289
63,911
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1.The vertical
influence of the
VI series is
limited to actual
depth of
intersection of
boreholes. 2. VI
series boreholes
were drilled only
in Roam
Sideswar and
Mines block.

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.

ia

In the Roam Sideshwar Block, development at two levels viz. zero level at 140 m RL and a
sub-level at 125 m RL 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.
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Results of exploration

ve

y

of

In all the three blocks, copper mineralisation of varying intensities is noticed over a fairly wide
zone, upto 120m The richer zone of possible economic significance ranging upto 15m 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 occasionally, even barren
zones ranging in width upto 20m The lodes dip at 25o to 450 (average about 350) towards north-east.
There are rolls in the strike and dip directions (Fig.5&6).
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Nine lodes of varying strike length are seen to occur 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 traverse section.
The lodes are seen to pinch and swell corresponding with the antiformal and synformal rolls along the
strike and dip directions of the host rock. The ore shoots pitch down dip or sub-parallel to the dip. The
salient data of strike length, width, etc. of the various lodes are given in table-II.5.4
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Table-II.5.4 Salient Features of different Lodes
3
1,052

4
300

5
1,389

6
1,860

7
210

8
400

9
300

2.0

3.1

2.1

3.1

2.8

5.9

2.3

2.2

1.08

1.5

1.3

1.5

2.0

1.5

1.7

1.5

1.30

1
530

Av grade
(%Cu)

1.4

2
2,765
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Lode no.
Av strike
length (m)
Av width
(m)

Resources
Ore resources 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 35m i.e
115m R.L.) and the level of the deepest lode intersection in the sixth series boreholes at about 500m
R.L. (650m vertical depth) for the entire strike length of the block (5380m) for all the lodes except lode
no. 9, which is a minor lode.
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Since the lode contacts are essentially assay contacts, resource estimates have been made at
cut-off grades of 0.5%, 0.8%, 1.0% and 1.5% Cu.The measured resource (331) estimates are furnished
in Table-II.5.5
Table-II.5.5
Measured Resources
(in million tonne)
30.99
79.02
114.66
200.49

2.10
1.54
1.30
0.96
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1.5
1.0
0.8
0.5

Grade (%Cu)
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Cut-off Grade %Cu
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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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0.80%
0.011%
0.025%
0.008%
0.007%
2.10%
0.0025%
0.02%
0.55%
1.0 g/t
0.1g/t
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Nickel
Cobalt
Molybdenum
Bismuth
Arsenic
Sulphur
Selenium
U3O8
P2O5
Silver
Gold
Ore beneficiation studies
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The ore beneficiation studies carried out on a number of bulk samples by MML have indicated
that the copper ore in the Rakha Mines area are amenable to beneficiation by conventional floatation
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-Sideswar Blocks were taken over by M/s. Hindusthan Copper
limited and an underground mine of 1000 tpd over a strike length of about 1km in the No.4 shaft area
was opened up by 1974 (in the I 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 (-79m RL).
The II phase of mining covering the deeper horizons envisages a production of 6900 tpd. For
taking investment decisions for the II phase, nine 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
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

In
d

ia

In this area general exploration stage (UNFC G-2) investigation has been carried out.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.
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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.
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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 in table II.5.6
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Table.II.5.6 Significant Copper Values
Strike length (m)

Width (m)

Grade (%)

Sideshwar

877

3.02

1.77Cu

Lean zone

574

-

-

949

1.27

1.62Cu

150

-

-

Netra

370

1.50

1.65Cu

Lean zone

150

-

-

Kendadih

872

2.34

2.04Cu
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Lean zone
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Chapri
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Area

The lode zones of this area continue southeastwards into the Kendadih mine area. The potential
resources over the mineralised strike length of 3068 m down to a depth of 300m is about 8.24 million
tonnes with +1.60% Cu. These pilot boreholes have not intersected all the parallel lodes. The maximum
resource potential down to 600m 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.
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In the Chapri area, the ore zones are fairly wide and indicated resources of 14.71 million tonnes
of 0.73% Cu may be available for open cast mining. The resources can be categorised under UNFC
332.
The Sideshwar/Chapri zones have 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 100m to 500 m localised mainly in quartz-chlorite schist.
Probable reserves of 7.25 million tonnes with 1.74% Cu have been estimated.
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Kendadih mine area
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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 indicated
resources estimated in this area are 5.32 mt. with 2.01% Cu and the same can be categorised under
UNFC 332.
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Surda-Mainajharia Sector
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This sector extends in a NW-SE direction over a strike length of about 8.5km The Mosaboni,
Pathargora, Surda, 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 ChirudihSomaidih are also present.
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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')
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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 1250m). The Badia Mine is located to the
southeast of Mosaboni. The Pathargora mines lies 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
475m The Dhobani mine is situated one 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 are 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.
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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.
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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 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 1.10m 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 67,417m was done in this mine.
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The total resources of copper ore at Mosaboni estimated by the HCL as on 1.4.1984 are 14.93
million tonne with grade 1.70% Cu.
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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 1200m and down to a
depth of 500m with an average width of 3.68m Total resources estimated by HCL are 1.925 million
tonne.
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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 31m in width.
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The deposit has been proved by surface and underground drilling upto the14th level by
ICC/HCL. Resources estimated as on 1.4.1984 are 23.87 million tonnes with grade 1.18% 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 is 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.
Prospecting stage (UNFC G-3) investigation has been carried out in this area by GSI. A strike
length of about 3.2 km has been investigated by 19 shallow series and 8 deeper series boreholes spaced
150m apart (Total drilling 6638.40m). Eight correlatable lodes consisting of a number of ‘ore shoots’
with limited strike and dip persistence have been identified. Total inferred resources (UNFC 333)
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estimated at 1% Cu cut-off is 0.798 million tonnes with 3.13% Cu and at 0.5% cut-off it is 1.41 million
tonnes with 2.4% Cu.
The Mainajharia (22°28': 86°29') area is located SE of Badia Mine. ICC drilled 54 boreholes
(10,035.31 m) over a strike length of about 4 km which indicated the presence of 3 copper lodes
containing payable copper values. No resources have been assessed.
Tamajhuri area
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This area falls along the northern extensions of the Mosaboni-Dhobani area and comprises a
similar geological setting. Prospecting stage (UNFC G-3) investigation has been carried out in this
area.

Resources (million tonne)

1.0% Cu

0.27

0.5% Cu

0.59

Grade

1.70% Cu
0.91% Cu
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The area has been explored by 18 shallow series boreholes (total drilling 2,653.6 m) spaced
150-200 m apart. A number of mineralised zones ranging in width from 0.1m to 2.25 m were met
within most of the boreholes. Inferred resources (UNFC 333) estimated upto 100 m vertical depth at
1% and 0.5% cut-off is as follows:

Chirudih-Samaidih area
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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, five
boreholes on 5th level and 2 on 7th level.
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During 1985-87, Prospecting stage (UNFC G-3) investigation has been carried out in this area
by GSI by putting nine shallow boreholes. These boreholes have intersected several thin zones with 1
to 5% copper alternating with low grade zones. An inferred resource of 1.47 million tonnes with 1.39%
Cu has been estimated at 0.5% Cu cut-off. At 1% cut-off, the resource comes to 0.46 mt. with 2.58%
Cu. The resources can be categorised under UNFC 333.
Mainajharia-Gohala-Kanyaluka Sector
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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
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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

ia

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 biotitemica 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.
Khadandungri (22°26': 86°32') area
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The rock formations in the area belong to the Chaibasa stage comprising mica 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.
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Khejurdari (22°24': 86°34') area
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The area comprises pelitic schists and quartzites with lenses of amphibolite and ultrabasic
rocks. Malachite stains are seen in the dumps of old workings.
Kanyaluka-Baharagora Sector
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Baharagora Sector
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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.
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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 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 60o 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 is 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 meterage 7823.22 m).
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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
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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
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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-I 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.
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Charakmara Block
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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 block 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.
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The resources estimated for the various blocks upto 290m vertical depth is given in tableII,5.7

Cut-off

Resources (in million
tonne)

Grade

1.0%Cu

1.22

1.23%Cu

1.0%Cu+Ni

0.70

0.87%Cu+0.21%Ni

Total

1.92

0.7%Cu

2.65

0.92%Cu

0.7%Cu+Ni

1.22

0.74%Cu+0.21%Ni

Total

3.87

0.5%Cu

5.92

0.7%Cu

1.0%Cu

0.65

1.30%Cu

0.5%Cu

0.94

0.94%Cu

1.0%Cu

0.20

1.29%Cu

0.5%Cu

0.94

0.94%Cu
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Name of block
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Table.II.5.7 The Resources Estimated For The Various Blocks

G

Mundadevata-Darkuli
Block

South Jharia Block

Mundadevta Sub- Block
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Kharkhari River-Rajdah Sector
This sector extends in a NNW-SSE direction over a strike length of about 22km between
Kharkhari River on the west and Rajdah (22041’:860-17’) on the east. Cluster of significant copper
deposits with an aggregate resources of about 30 million tonnes and lying close to each other have been
identified in this sector. They are:

ia

Turamdih (22043'12'': 86010'47''and 22043'53'':86011'43'')
Nandup (22044'30'':86014'15'')
Ramchandra Pahar (22043':86013')
Bayanbil (22°44'00'' : 86°14'30'')
Dadkidih (22°44': 86°10').
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1.
2.
3.
4.
5.
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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').
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Turamdih
3.45
prospect
(1320m+)
Nandup prospect 0.90
(2,000 m)
Ramchandrapahar 0.7
prospect (1,200m)
0.5

Hitku (1,200m)
Rajdah (720m)

0.5
0.6

Garadih (1,000m)

1.77

G

Bayanbil
prospect91,200m)
Dhadkidih
prospect(1,500m)
Nohuldih (600m)

1.29

Geochemical
sampling
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Large Scale
Mapping
1:2,000 (sq km)

Bed rock
sampling done

Drilling
No of
boreholes
93

Total meterage

31

6,600.00m

23

4,145.04m

25

6,785.35m

13

2,340.94m

7

1,494.47m

6
5

1,081.96m
700.00m

3

319.00m

20,001.75m

al

Name of the
prospect (Strike
length-m)
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Uranium and apatite deposits are also found in this sector. The uranium mineral- isation 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 below.

Close grid
sampling done
Soil sampling
done on
60mx7.5m grid
Close grid soil
sampling
2643 soil
samples
Soil sampling
done
204 soil samples
Soil and bed rock
samples
Soil sampling
done
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Turamdih area
Geological set-up
From north to south, the area exposes quartzites (Chaibasa Stage); banded sericite-chloritequartz schist; sericite-chlorite-quartz schist / sericite-quartz schist; and chlorite-quartz schist. 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.
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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.
Detailed exploration stage (UNFC G-1) was carried out in this area.
Drilling

Su
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The Turamdih prospect extends over a strike length of about 1320 m and has been explored by
eight series of boreholes. The first and second series boreholes have been located on a 60m grid in the
western 780m of strike length and on a 120m 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 130m or 180m
m In the central part of the prospect covering a strike length of 720m, the lodes have been tested over a
width of 700m to 900m across the strike and in the remaining 600m, 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 600m and to the west for about 500m
Copper mineralisation

og

ic

al

Copper mineralisation of varying intensities is seen to persist over the entire strike length of
1320m 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 200m
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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 250m
wide zone. The richer sections (ore shoots) extend over lengths of 60m to 400 m along strike and over
lengths of 100m to 400m along the dip. There is a differential concentrates of resources at different
depths.
Lode No. 2, is more or less persistent over the entire strike length of the block; Lode No. 3 is
persistent over 300m in the central part and Lode No. 1 occurs generally as discontinuous lenses.
The lodes range in width from 1.20m to 13.44m at a cut-off of 1% Cu. The average width of
the individual lodes is 2.2m and the average cumulative width of the lodes over the entire strike length
is 4.42m
The mineralised zone as a whole is flexed along the strike into an antiformal warp with the
convex side pointing towards north in the central part, with the complimentary synformal warp in the
eastern part of the prospect .The mineralisation is better developed in the axial region of the antiformal
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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.
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 RL).
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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.
Summary of resources
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A summary of the measured resources for different cut-off grades estimated on the basis of
drillhole data is given in table II.5.8.
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Table.II.5.8 Measured Resources for different Cut-off Grades Estimated

1.5%Cu

7.270

1.2%Cu

12.100

1.0%

17.850

Resources in major lodes(Lodes
1A,2A & 2B)

Grade %Cu

Million tonnes

Grade %Cu

2.15

4.371

2.25

al

Million tonnes

1.81

7.434

1.87

1.59

10.992

1.59
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Cut-off grade
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Total resources (331)
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A bulk sample drawn by the MECL was beneficiated by the IBM The average grade of the
sample treated 1.15% Cu which on floatation yielded a good concentrate analysing 25.11% Cu with a
recovery of 90%.

G

Nandup Prospect

This prospect extends over a strike length of about 2000m and has been explored by 31 first
and second series boreholes spaced at intervals of 120m along the strike. The mineralisation occurs in
quartz-magnetite-chlorite schist. Detailed exploration stage (UNFC G-1) investigation was carried out
in this area. The copper mineralisation occurs over the entire strike length, but is not continuous. The
mineralisation is better developed over a strike length of about 800m to the east of the railway line. The
mineralisation is mainly in the form of disseminations of chalcopyrite in the host rock; richer pockets
of high grade ore being rare. Measured resources (331) of about 4 million tonnes with a copper content
of 1.29% have been estimated upto a depth of 200m, of which 1.77 million tonnes upto a depth of
145m may be workable.
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Ramachandrapahar
The area extends over a strike length of about 1.2 km and comprises mylonitised sericitechlorite-quartz schist with bands and disseminations of magnetite and apatite, quartz-chlorite schist,
quartzite, sheared, schistose soda granite and its variants. The strike is N40°W-S40°E with dips of 45°
(range 30° to 70°) towards northeast. There are four main lines of ancient workings in the form of
inclines and shallow excavations extending over a strike length of 400 m Detailed exploration stage
(UNFC G-1) investigation was carried out in this area.
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The area has been explored by 23 shallow boreholes. The ore bodies are impersistent seldom
extending 120 m in strike length due to folding and faulting. Based on drilling data, at 1% Cu cut-off
measured resources of 1.7 million tonnes with a copper content of 1.5% has been estimated in an area
of 540 m x 480 m down to a depth of 130 m below the surface.
Bayanbil
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This prospect extends over a strike length of about 1.2 km and consists of sericite, quartzchlorite schist, sheared and chloritised muscovite-quartz-chlorite schist, magnetite-quartz-chlorite
schist and phyllite. The rock units strike N65°W-S650E and dip at about 30° towards northeast.
Detailed exploration stage (UNFC G-1) investigation was carried out in this area by drilling 25
boreholes.
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Copper mineralisation occurs in magnetite bearing quartz-chlorite schist as disseminations,
blebs and locally as thin stringers. The zone of intense shearing where ore is localised is about 3m
wide.

al

The measured resources (331) down to a depth of about 140m (10m R.L.) at different cut off
estimated is given in table II.5.9.
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TABLE.II.5.9 summary of the measured resources
Resources in uncorreable lodes

Cut-off

Million tonnes

Grade %Cu

Million tonnes

Grade %Cu

1.5%Cu

0.81

2.12

0.60

2.31

1.25%Cu

1.09

1.90

0.98

1.95

1.0%Cu

1.36

1.74

1.69

1.64

G
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Resources in correable lodes (lodes
1&2)

Dhadkidih
This prospect extends over a strike length of about 1500m The host rock for the mineralisation
is quartz-chlorite schist, impregnated with apatite and magnetite. Phyllites occur on the hanging wall
side of the mineralised zone and quartz-calcite-chlorite schist is seen on the footwall side of the
mineralised zone. Prospecting stage (UNFC G-3) investigation was carried out in this area.
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The prospect has been explored by one series of 13 boreholes. Five lodes with width ranging
from 1m to 5.2m and copper content from 1.06 to 2.98% have been identified. The length of the
individual lodes range from 240 to 780 m Inferred resources upto a depth of 100/120m are placed at
3.18 million tonnes with 1.42% Cu, 0.03 to 0.08% U3O8 and 0.03% Ni at a cut-off of 1% Cu. The
resource can be categorised under the UNFC 333.
Mohuldih area
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This area lies about 4 km west of Turamdih and exposes quartz-sericite-chlorite schist, quartzsericite schist, talc-chlorite schist, phyllite and quartzite. The formation strike N65°W-S65°E with dips
of 40° (35° to 50°) towards northeast.The mineralisation is disseminated over an area of 600 m x 400 m
at the surface and ill-defined gossans are seen. Seven boreholes drilled in the area have indicated that
the mineralisation is weak (0.69 to 1.14% Cu over widths of less than 1 m) and impersistant.
Prospecting stage (UNFC G-3) investigation was carried out in this area.
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Hitku area
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This area extends over a strike length of 1.2 km and comprises chlorite schist, quartz-chloritesericite schist, felspathic-quartz-chlorite schist and quartzite-phyllite and soda granite occur to the
southeast of the mineralised zone and kyanite and staurolite bearing mica schist are found to be
northwest of the shear zone. Generally, the strike of foliation is N50°W with dips of about 40° towards
northeast. Reconnaissance stage (UNFC G-4) investigation was carried out in this area.
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Six boreholes drilled in the area indicated that the mineralisation is impersistant. Four of these
boreholes picked up either very thin zones on good grade (about 2.5% Cu) or very poor (less than 0.1%
Cu) but wide zones.
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Rajdah area
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The country rock of the area consists of quartz-chlorite schist, chlorite schist and actinolite schist and
there are numerous old workings at their contacts.Mineralisation is characterised by a zone of crushed
and brecciated quartz veins.Geochemical survey revealed anomalous zones for copper over widths of
7.5 to 52.5 m. Five boreholes drilled in the area over a strike length of 720 m intersected impersistent
zones of mineralisation varying in thickness from 0.79 to 1.53 m with 0.5 to 1.3% Cu. Prospecting
stage (UNFC G-3) investigation was carried out in this area.
Garadih area

The area is located 3 km NE of Ramachandrapahar. Sulphide mineralisation is in quartz-chlorite schist
and extends over a strike length of 1 km Geochemical soil sampling indicated 2 anomalous zones with
strike lengths of 560 and 375 m. The 3 boreholes drilled in the area indicated only disseminations of
pyrite.
Keruadungri area
This area is located north of Dhadkidih. Impersistent copper veins were intersected in boreholes drilled
by the Atomic Minerals Division.
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Duarpuram-Kharkari River Sector
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This is the westernmost sector and extends in an east-west direction over a strike length of about 50 km
from Duarpuram (22°46' : 85°34') in the west to the Kharkari river (located west of Turamdih) in the
east. Several occurrences, viz. Duarpuram (22°46': 86°34'), Galudih (22°47': 85°44'), Sankhadih
(22°47': 85°46'), Barachakri (22°45': 85°45'), Tamadungri (22°44': 86°02') and Ukam (22°42': 86°09')
are known from this sector. Some of them have been explored by drilling. But no significant copper
mineralisation of possible economic significance has so far been identified from this sector.
Prospecting stage (UNFC G-3) investigation was carried out in this sector.
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Duarpuram area
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This area is located at the west end of the Singhbhum Copper Belt, where old copper workings
are found. The rocks in the area consist of coarse grained mica schist penetrated by quartz veins close
to a large granite outcrop.Some exploration by geological mapping, auger drilling, pitting and
collection of geochemical samples has been done by the Geological Survey of India in the area. A
feeble copper anomaly was located in the NW corner of the prospect.
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Galudih area
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The host rocks in the area are silicified quartz-chlorite schists. Data of six boreholes (total
drilling 610 m) indicated that copper mineralisation occurs as several detached en-echelon lenses over a
strike length of 160 m. The grade of the individual occurrences ranges from 1 to 1.5% Cu.
Sankhadih area
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Barachakri area
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The area around Sankhadih-Kharswan is predominantly covered by alluvium. The area has been
explored by geophysical and geochemical surveys and drilling. The cumulative length of the
geophysical anomaly axis is 3 km and at Sankhadih, the strike length is 350 m. Three of the 11
boreholes drilled to test this zone intersected two en-echelon copper lodes. The mineralised zones
intersected vary in thickness from 1 to 2.17 m and in copper content from 0.89 to 2.49%.
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The major part of the area is covered by soil. Copper mineralisation has been observed in quartz veins
within the chlorite and biotite-rich schists. A strike length of 290 m of mineralised zone was tested by
drilling seven boreholes for a total of 844 m. Only thin and impersistent chalcopyrite and pyrite veins
were intersected.
Tamadungri area
Geochemical sampling of bed rock in the area located five discontinuous copper anomaly zones. The
zones measured between 120 and 400 m in strike length and 25 m and 130 m in width. Only one
borehole was drilled and suspended at a depth of 183.35 m. Disseminated sulphides were observed in
the quartz veins within quartz-chlorite schist.
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Ukam area
The area was geologically mapped and explored by geochemical and geophysical surveys. Seven
boreholes aggregating 1,294.35 m were drilled in the area. The mineralised zones intersected varied in
width from 1.09 to 5.20 m and in average copper content from 0.30 to 0.80%. Mineralisation is erratic,
mostly in the form of small lenses within the ultrabasic rocks.
Rajdah-Tamapahar Sector

In
d

ia

This sector extends in a WNW-SSE direction over a strike length of about 8 km. No significant copper
mineralisation has been recorded, but some uranium deposits are located near Bhatin and Jadugoda.
Some copper and molybdenum values are associated with the uranium mineralisation. Reconnaissance
stage (UNFC G-4) investigation was carried out in this sector.
5.2.2 Basemetal deposits / occurrences in Chhotanagpur Gneissic Complex
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There are many occurrences of copper, lead and zinc in this district. The main zone bearing
these minerals extend from Baraganda (24°04': 86°04') to Parasia (24°09' : 85°47') over a length of 30
km The rock types met with in the Baraganda and neighbouring areas are mainly quartz-biotite schist,
mica schist, amphibolite schist and tremolite-actinolite rock, talc schist and quartz veins. The general
strike of the formations is N70°W-S70°E. The dips are mostly vertical to sub-vertical towards north
and south. Mesoscopic folds and associated lineations are well developed.Old workings are found at
several places between Baraganda and Parsabera (24°04': 86°03').
Baraganda area
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In the Baraganda area, ancient workings in the form of five large pits are seen. The deposit has
also been worked by the Baraganda Copper Company upto a depth of 117m through five shafts and
five levels there of. The ancient workings and the workings of the Baraganda Copper Company cover a
strike length of about 1020m.

G

eo
l

og

The host rocks are garnetiferous quartz-chlorite-biotite schist and chlorite-biotite schist
occurring as lenticular band within silicified quartz-mica schist. The copper lodes occur along weak
zones of shearing and brecciation developed more or less parallel to the foliation. Chalcopyrite is the
dominant ore mineral and is associated with subordinate galena and sphalerite. The deposit has been
investigated by 27 boreholes with an aggregate depth of 4701.84m Two series of boreholes spaced at
intervals of 60 and 120m along strike were drilled.
Correlation of drill hole data indicates that the lodes occur as impersistent lenses, that they are
extremely erratic and die out rapidly both along strike and down dip. The strike and depth persistence
of individual ore shoots rarely exceeds 50 m Five ore lenses designated as Lode Nos. 1, 2, 3, 4 and 4A
have been inferred. Indicated resources of 0.571 million tonnes of copper ore with 2.31% Cu are
estimated to be available in these lenses ad can be categorised under UNFC 332.
Geochemical prospecting and drilling carried out on the eastern and western extension of
Baraganda revealed minor disseminations of chalcopyrite and galena only on the west. Drilling in
Jaridih further to the east of Baraganda revealed irregular copper and zinc mineralisation. The
mineralisation at Kusumarja (24°06' : 85°56') talc quarry was explored by four boreholes which
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resulted in the location of an ore body measuring 170m long and 3.2 m wide with an average copper
content of 1.02%. The mineralised zones at Parasia and Dondlo (24°06': 85°52') were also explored by
drilling but were found to be very small and impersistent.
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Disseminations of chalcopyrite have also been noticed in village Carisaran (24°03' : 85°03').
These occur in a band of hornblende-diopside-granulite 800m long and 400m wide located on the
hillocks, south of Carisaran. Copper mineralisation has also been found in a hill near Ceyjadih (24°03' :
86°02'). There are four mineralised zones in the area out of which three show old workings.
Mineralisation here is akin to the one found at Baraganda. Other minor occurrences are reported in
Patrin river bed, near Hesatu (23°59' : 85°01') and near Sonthalia village (24°24' : 86°23').
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Sparse disseminations of chalcopyrite with galena have been observed in the gneissic rocks and
sometimes in hornblende rocks in Patru river about 1.5 km east of Golgo (24°24': 86°22') whereas
chalcopyrite associated with galena is found in a one metre wide quartz vein traversing biotite gneiss
near Hebatu. The lode reported from the valley of Pathro near Sonthalia village is polymetallic.
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The lode is 9 m thick and extends in a NNW-SSE direction with a dip of 40° towards NE. It is
traceable for about 100m concealing thereafter under alluvium.The mineralisation consists of
disseminations of chalcopyrite, galena and sphalerite in hornblendic rocks. Copper ores bearing traces
of gold have also been occasionally found in granular limestone, clay, slate, gneiss, talcose schist and
feldspathic quartz rock in the area adjoining the above mineralised zone.
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Golgo (24°24': 86°22') area
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Santhal Parganas Area
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Galena-sphalerite-chalcopyrite disseminations have been recorded from 13 detached pockets
and lenses (maximum extent 900 m x 200 m) of talc schist, tremolite-actinolite schist and calcgranulite. A number of old workings and mine dumps are seen. Test drilling at Jhalakdiha, Ganganpur
and Chandio indicates that the mineralised lenses are small and impersistent.
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Numerous occurrences of lead, copper and zinc are reported in this area. Mineralisation occurs in
lenticular bands of actinolite-tremolite-talc schist, dolomitic marble and calc-silicate rock occurring
within Chhotanagpur Granite Gneisses.
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The lenticular bands of calc-silicate and associated rocks vary in length from 20 m to more than 100 m
and in width from 5 to 40 m. Malachite, azurite, occasional grains and streaks of galena, sphalerite,
chalcopyrite are seen. In many localities, old workings have been found. Some of the better known
occurrences in the district are at Belbathan (24°43' : 87°18’), Toolsitanr (24°35' : 86°37'), Charkipahari
(24°34' : 86°39'), Bodh Bandh (24°00' : 86°55'), Panchpahar (24°38' : 87°10') and Sankara (24°17' :
87°19'). Of these, some occurrences were explored and are described below:
In Belbathan area, copper and lead mineralisation has been noted in talctremolite schist and
tremolite-actinolite rocks. These rocks show a NNE-SSW trend over a length of 1.5 km. Mineralisation
is indicated by the presence of sparsely disseminated grains of galena and by stains of malachite and
azurite. A recent investigation carried out by the GSI has revealed that the deposit is not of much
economic importance.
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Charkipahari-Toolsitanr area
Copper-lead mineralisation extends over a strike length of 4 km in this area and is indicated by
the presence of malachite and azurite stains, disseminations of Chalcopyrite, chalcocite and galena, old
workings and mine spoils. Mineralisation is restricted to lenses of tremolite-actinolite schist within the
granite gneiss. The lens dimensions vary from 1 x 0.5m to 22 x 12 m in Toolsitanr area and from 3 x 1
m to 30 x 8 m in Charkipahari area.
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There are several old workings in the area about 2 km SSE of Bhairukhi village (24°36'00'' :
86°36'15''). Ore mineralisation is reported to have taken place in a discontinuous band of tremolite
schist varying in width from a few cm to 2.5 m and interbanded with a medium grained well foliated
gneiss which at places is highly garnetiferous. The strike of schist foliation is E-W. Chalcopyrite occurs
as small irregular lenticles along the foliation planes. Small amounts of galena, cuprite, tetrahedrite,
chalcocite and malachite have been found in the mineralized zone.
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Chalcopyrite has been reported from the Ajai river bed about 1,200 m NE of Bodh Bandh
village. Abundant stains of sulphate and carbonate of copper have been noted in a copper-lead
mineralised zone located about 1.5 km east of Gouripore (24°26' : 86°56').
Summary and concluding observations
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1. The Singhbhum Copper Belt extends over a strike length of 128 km in the Singhbhum district of
Jharkhand. Exploration to-date has established copper mineralisation of possible economic
significance in three sectors over a cumulative strike length of about 30 km in the central and
eastern part of the belt. They are:
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(i) The Turamdih Sector (strike length - 5 km)
(ii) The Tamapahar-Rakha Mines-Roam Sideshwar-Chapri-Kendadih-Surda-MosabaniBadia-Mainajharia Sector (strike length - 21.5 km) and
(iii) The Baharagora Sector (Strike length - 3.5 km)
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2. Turamdih Sector
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(i) A cluster of deposits viz., Turamdih, Nandup, Ramachandrapahar, Bayanbil and
Dhadkidih occur close to each other extending over a strike length of about 5 km The
resources in these 5 prospects at 1.0% Cu cut-off are:
Prospect

Resources in million tonnes

Grade (%Cu)

Turamdih

17.85

1.59

Nandup

4.00

1.29

Ramchandrapahar

1.70

1.50

Bayanbil

1.36

1.74

Dhadkidih

3.18

1.42

Total

28.09

1.52
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Mines-Roam

Sideshwar-Chapri-Kehdadih-Surda-Mosaboni-Badia-
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3. Tamapahar-Rakha
Mainajharia Sector
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(ii) Of these deposits, only the Turamdih prospect has been investigated in detail. In the other
prospects only one or two series of boreholes were drilled. Also even in the Turamdih
prospect, the depth probing by 8 series of boreholes is upto 200 m only because of
shallow dips and the development of a shallow, synformal warp at depths of about 200m.
There is scope for finding additional ore in the downdip/hanging wall direction. The
overall potential of this cluster of deposits may thus be much larger.
(iii) In view of the sizeable total resources in these prospects and the average grade of 1.52%
Cu it should be feasible to open a group of mines with a total capacity of about 2000 3000 tpd in this sector. In case the average grade of 1.52% is marginal, it will be feasible
to mine a higher grade at a cut-off of 1.2% or 1.5% Cu.
(iv) In the Turamdih prospect, the mineralisation is distributed over a wide zone, particularly
in the central part where the lodes are flexed into an antiform and the average dips are
about 20 - 22°. It may be feasible to exploit this section (of about 500 m strike length) by
opencast methods, particularly since appreciable U3O8 values over considerable widths
have been recorded in the banded sericite-chlorite-quartz schists occurring on the
hanging wall side of the copper lodes.
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(i) This sector comprises a strike length of 21.5 km of which 5.4 km is in the TamapaharRakha Mines-Roam Sideshwar prospect and the remaining 16.1 km lies in the leaseholds
of M/s H.C.L.

Average Grade% Cu

30.99

2.10

79.02

1.54

0.8

114.66

1.30

0.5

200.49

0.96

1.5
1.0
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Resources
in Million tones

G

Cut-off grade% Cu
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(ii) In the Tamapahar-Rakha-Roam Sector, resources estimated upto 600 m vertical depth on
the basis of drilling and exploratory mine development are as follows :

(iii) Part of this sector is being mined on a scale of 1000 tpd by H.C.L., but the known
resources can sustain a 8000 tpd mine for about 25 years if the ore at 1.0% cut-off is
exploited. There is therefore considerable scope for increasing the production from this
sector, especially since additional ore can also be anticipated from deeper levels.
4. (i) In the strike length of 21.5 km falling in the H.C.L. leaseholds, estimates of ore available are
placed at about 62 million tonnes with 1.5 to 2% Cu or more in the various mine areas.
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(ii)

This sector is at least as well (or even better) mineralised as the Tamapahar-Rakha-Roam
Sideshwar prospect. The sector has not been systematically assessed by drilling. The resource
potential of this sector will be much larger. At least 10-15 million tonnes of ore at a cut-off grade
of 1.0% Cu can be anticipated (by analogy with the Rakha-Roam Sideshwar prospect) for every
kilometre of strike length i.e. resource potential of this sector can be as much as 200-300 million
tonnes.
(iii) There is therefore considerable scope for further exploration and increasing the rate of ore
production from this 21.5 km stretch.
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5. Baharagora Sector
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The resource potential in this sector is presently estimated to be 2.77 million tonnes with about
1.27% Cu and nickel values of about 0.2%. It may not be an economically viable prospect at present.
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6. Baraganda area
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In this area resources of 0.571 million tonnes with 2.31% Cu have been estimated. Because of
extensive old mines, occurrences of the ore bodies as short, irnpersistent lenses and highly friable
nature of the host and wall rocks, the prospect may not be economically viable
5.3.0 ORISSA

Su
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In Orissa, basemetal deposits and occurrences have been recorded from the following different
tectonic belt (Fig. II.5.5).
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1. The Sargipalli Shear Zone in the Gangpur Basin of Sundargarh district. It extends
discontinuously over a distance of 35 km from Lokdega (22°02':83°55') in the east to
Amatpari (22°12':83°38') in the west and hosts lead mineralisation with subordinate zinc,
copper and silver in dolomitic marble and mica schist.
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2. The southern extension of the Singhbhum Copper Belt (of Jharkhand) for a strike length
of about 15 km in the Kusumbari (22°04':86°42'), Kesarpur (22°06':86°41') area of
Mayurbhanj district.

G

3. The Adash prospect (21°2305’’:84°37'45’’) in Proterozoic granulite belt of Sambalpur
district.
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Fig.II.5.5 GEOLOGICAL AND MINERAL MAP OF ORISSA
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Apart from the above mineralised belts, a number of occurrences of galena are reported from
Bolangir, Sambalpur and Mayurbhanj districts. Of which one significant zone between Ampali
(20°25’:83°20') and Chormaria (20°18':83°17') over a length of 29 km in the Bolangir district is
important.
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The Sargipalli deposit is far the best known deposit which is being mined by M/s Hindustan
Zinc Limited on a scale of 500 t p d.
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Basemetal deposits and occurrences in Orissa are in Sargipalli (Loldega) – Amtpani belt,
Ampali-Chormora belt, Gangajal, Kiringsera, Panpagh, Kesarpur, Adash.
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5.3.1 Basemetal deposits / occurrences in Gangpur Group
Sargipalli Lead Deposit (22° 03': 83° 55') Sundargarh district

G

The Sargipalli area is a part of the Gangpur synclinorium .The litho-units occurring in this area
belong to the Gangpur Group (Precambrian) and contain quartzite, quartz-sericite schist, phyllite, mica
schist and dolomite. These are intruded by granite/pegmatite and basic rock. These rocks are imprinted
with green schist to amphibolite facies metamorphism and the host rock, mica schist contains garnet
and staurolite porphyroblasts. All the litho-units have a general WNW-ESE strike with 35°-45° dip
towards SSW. Structurally, two principal fold systems are identified. The regional fold, F1 is highly
compressed E-W trending synform with fold axis plunging towards east. The Sargipalli lead deposit
occurs on the southern limb of the regional fold. Minor F1 folds are tight to isoclinal at places
recumbent and have E-W striking axial plane with fold axis plunging either to the east or west. F2
shows broad and open folds, developed on the limbs of the earlier folds on NNW-SSE striking axial
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plane with well developed axial plane schistosity. The mineralisation appears to be strata bound,
SEDEX type and its localisation influenced by shearing at pre-F2 period.
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GSI carried out General Exploration stage (UNFC G-2) investigation for lead in Sargipalli area
since 1966. Subsequently, MECL and HZL carried out detailed exploration stage (UNFC G-1)
investigation in this area. The Sargipalli prospect extends over a strike length of about 2.5 km and has
been investigated by detail mapping of 1.5 sq km area on 1:2000 scale, geophysical surveys and
drilling. Total 11,718m drilling in 86 boreholes was done by GSI and 2369 m drilling in 14 boreholes
was done by HZL (total 14087m in 100 boreholes) and exploratory mine development initially by GSI
and MECL and subsequently by HZL were made and commercial production was started in the
Sargipalli mine from 14.05.1983 with production capacity 500 tpd. (Fig.II.5.6).

Fig.II.5.6 GEOLOGICAL MAP OF SARGIPALLI DEPOSIT
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Mineralisation and Lode Characteristics
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The grey coloured garnetiferous mica schist is the host rock of this lead mineralisation;
however it is essentially confined close to the interface of mica schist with dolomitic marble. The width
of the mineralisation zone varies from 20m to 40m and it occurs along a WNW-ESE trending moderate
to steeply south dipping shear zone. Mineralisation occurs as veins and stringers; thin massive bands
parallel to foliation within the host rock, dissemination of minute grains and as fracture filling. At the
surface, malachite, azurite and cerrusite are seen. Wall rock alterations like biotitisation, chloritisation,
sericitisation and silicification are well manifested in the mineralised zone. The zone of oxidation is
restricted to less than 15m depth (up to 225m RL).

Dimension of ore zone/ore shoots and grade
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Principal ore mineral is galena and it occurs as disseminations, bands, veins, stringers and fine
laminae interlayer with host rock. The thickness of the individual laminae varies between 1mm and
20mm In these bands galena grains have variable size. At places, these bands are co-folded with the
host rock. Subordinate amount of sphalerite and chalcopyrite and minor proportions of pyrite,
pyrrhotite, arsenopyrite, cubanite, bornite and tetrahedrite are also present associated with galena.
Silver (on average 40 ppm Ag) associated with galena is also noticed. Gangue minerals include quartz,
chlorite, muscovite, tremolite, ilmenite and magnetite.
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The lead mineralisation extends over strike length of 1200m along a narrow shear zone. The
ore zone contains two main lodes, the western lode and the eastern lode; those are separated by
intrusive granite lying almost at the centre. The western lode is 600m in length and trending N70°WS70°E with E-W swerve at its contact with central granite body. The eastern lode is 580m in length and
trending N55°E to N80°E-S550W to S800W. The dip of the lodes is between 25° and 45° towards
south.

Grade
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At 2.0% cut off the width of the lodes ranges up to 12.50m and the lead content upto 16.49%.
The mineralisation shows greater continuity along strike than along the dip. Profuse granitic intrusion
resulted incomplete assimilation of lode zone at depth and this has also divided the main body into a
number of small ore bodies (physically detached in en echelon pattern along WNW-ESE direction).

G

In situ grade for Pb is 6.73%; Cu 0.33% and Zn 0.4% as established in underground
development at 30m level.
Resources
The total indicated resources estimated by the GSI are 6.01 million tonnes between 230 MRL
and 60 MRL at 2.00% Pb cut-off grade with the average grade of 5.77% and 6.36 m average thickness.
But the resources between 200m RL (average) and 60m RL is calculated to be 5.70 million tonnes.
with 5.70% Pb average grade and 6.38m average thickness. The resource can be categorised under
UNFC 332.
The available exploration data reveals that there is no scope of additional ore potential within
the explored strike length as well as down dip. Hence, no further surface drilling is proposed.
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Moreover in F.S. 2000 to 2002 the leasehold area of HZL was drilled by GSI to prove the
lateral and depth continuity of the mineralised lodes. A total of 1036.15m drilling in 5 boreholes could
not intersect any significant zone of lead mineralisation at depth; however, most of the boreholes
intersected granite.
H.Z.L. Estimates
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In the DPR prepared in 1975, the measured resources (UNFC 331) (at 2% cut-off) were
estimated to be 4.01 million tonnes with 4.63% Pb + 0.36% Cu for a production capacity of 750 t.p.d.
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Since the financial analysis showed that the average grade at 2% cut-off was not economically
viable, the resources were re-estimated at 3% cut off for a production capacity of 500 t.p.d. The revised
figures at 3% cut off are
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2.06 mt. with 6.73% Pb + 0.33% Cu
0.57 mt. with 6.5% Pb + 0.28% Cu

y

2.63 mt. with 6.69% Pb + 0.32% Cu
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Lead deposit in Sargipalli extension area
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The above resource estimates pertain to the ore zone lying between 200 m RL and 60 m RL.
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Reconnaissance stage (UNFC G-4) involving regional integrated surveys have been carried out
over the entire Sargipalli shear zone by GSI and some prospects have been tested by drilling. A study
of the geophysical data (IP method coupled with EM-Turam method) showed that the nature of
geophysical response varies from the eastern to the western extremes of the area, though the geological
framework is same. The sulphide mineralisation appears to be predominantly pyrite, pyrrhotite bearing
with minor galena in the western part.
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Lephripara (22°07' - 83°48') Giringkela-Surgura (22°10' - 83°49') area
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Reconnaissance stage (UNFC G-4) investigation has been carried out in this area by GSI. The
high order IP and EM anomalies were probed by drilling. There was appreciable concentration of
pyrrhotite with 0.2% Pb, 0.6% Zn and Cu, Ni and Co in traces.Drilling over the central portion of the
IP anomaly in Surgura showed only pyrite and pyrrhotite disseminations at 40 m depth.
Kuarbaga (24°35' - 83°56') (Sargipalli north limb) area
Reconnaissance stage (UNFC G-4) investigation has been carried out in this area by GSI. Lead
mineralization was traced for 300 m in the northern limb. Only one borehole intersected the lead
mineralized zone of 4.2m thickness (KU 1: 4.5% Pb x 4.2 m). But other boreholes along the strike
intersected the sulphide zone with pyrite and pyrrhotite minerals.
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Dayamunda (22°03' - 83°53') - Dumbahal (22°03' - 83°44') area
Reconnaissance stage (UNFC G-4) investigation has been carried out in this area by GSI. The
corroborating geochemical and geophysical anomalies were drilled (789.35 m) and the causative bodies
were mostly due to dissemination of pyrite, pyrrhotite and chalcopyrite in mica schists and
intercalations of calc-magnesian rocks.
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5.3.2 Basemetal deposits / occurrences in Singhbhum Copper Belt
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A number of copper deposits/prospects are found along the south-southwestern extension of
Singhbhum Shear Zone in Orissa. Old workings are also reported from this area and those are
concentrated in three blocks. The Kesarpur Block, the main block where old workings are spread over a
distance of about 1000m, Madansahi Block where old workings extend over a distance of about 600m
and Dudhiasol Block. The three blocks lay between latitudes 22004’-22007’ and longitudes 86040’86042’. The major rock formations in the area are hornblende-biotite-schist, quartz-chlorite-biotite
schist and quartzite of Iron Ore Group. A northerly plunging synform is the main structural feature,
where its core is occupied by syn-tectonic granite. A 20m-40m wide shear zone affected the limbs and
core of the synform.
A. Kesarpur (22° 06' 630":85° 41' 00") Copper Prospect Mayurbhanj district
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Prospecting stage (UNFC G-3) investigation has been carried out in this area by GSI. The
major rock formations in the area consist of hornblende-biotite-schist, quartz-chlorite-biotite schist and
quartzite of Iron Ore Group. These are intruded by Rompahari granites, and also subjected to
shearing.The foliation trend conforms to the regional structure which is a north plunging synform
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In this area, three groups of old workings have been noted, viz.,(i) Main Kesarpur Block where
the workings extend over a distance of about1,000 m (ii) Madansahi Block where the old workings
extend over about 600 m and (iii) Dudhiasol Block. The Kesarpur Block workings are more promising.
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Chalcopyrite is the chief ore mineral with associated pyrite and pyrrhotite. The mineralisation
occurs in the sheared foliation planes of the schistose host rocks and fracture planes of silicified schists.
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The most promising Kesarpur Block has been investigated by deatiled exploration stage
(UNFC G-2) by GSI in different periods by geochemical soil sampling, geophysical surveys, detail
mapping (2.37 sq km on 1:2000 scale) and drilling. Total forty nine (49) boreholes with 6690.42m
drilling were made in this prospect.
The Kesarpur Block has been sub-divided into five blocks, viz., East, West, South, West
(northern part) and East (northern part). The Kesarpur-East Block has been explored by 24 boreholes
along cross-sections spaced 100 m apart. Nine lodes occurring in en echelon fashion in schists have
been identified over a strike length of 1,100m. These lodes have been tested down to a vertical depth of
70m The lodes vary in length from 80m to 200m and in width from 1 to 14m The lodes are
conformable to foliation and show steep dips towards NW. Indicated resources estimated at a cut-off of
0.8% Cu by GSI on the basis of borehole data are 1.66 million tonnes with an average grade of
1.59%Cu and this can be categorised under UNFC 332.
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The Kesarpur West Block extends over a length of 500 m A geophysical anomaly was tested
by six boreholes. Copper lodes were intersected in most of the boreholes but the zones could not be
correlated. Results of drilling in the other blocks were also not encouraging. Inferred resources
estimated at a cut-off of 0.8% Cu by GSI on the basis of borehole data are 0.16 million tonne with
average grade of 1.46%Cu and this can be categorised under UNFC 333.
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Kesarpur East Block which showed best results has been explored by the MECL by drilling
and exploratory mining by way of driving two levels and cross-cuts. As a result of mining, it was
observed that the width of mineralisation ranged from 33.35m to 52.80m and copper content from 0.33
to 1.02%. A review of the data showed that it would not be possible to follow the individual shoots due
to their erratic nature. However, if the entire thickness of the mineralised zone is taken into
consideration, the deposit could perhaps be worked by opencast mining method. Results of testing of
the strike continuity of the ore body by drilling of 6 boreholes at intervals of 200m were not
encouraging.
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In the Dudhiasol area, Prospecting stage (UNFC G-3) investigation by drilling 9 boreholes
were carried out. The copper lodes met in the boreholes (strike length of 600 m) were either weak or
impersistent. Inferred resources estimated at a cut-off of 0.8% Cu by GSI are 0.24 million tonnes with
average grade of 1.28%Cu and this can be categorised under UNFC 333.
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In the Madansahi (Kusumbari) Block, Prospecting stage (UNFC G-3) investigation by drilling
5 boreholes were carried out. Three ore lenses with strike lengths ranging from 85 to 170 m, thickness
from 1 m to 1.58 m and grade between 0.8 and 2.22% Cu were delineated over a strike length of 975m.
Inferred resources estimated at a cut-off of 0.8% Cu by GSI on the basis of borehole data are 0.75
million tonne with average grade of 1.34%Cu and this can be categorised under UNFC 333.
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The two boreholes drilled in the Buramara Block (strike length 500 m) did not also yield
encouraging results.
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5.3.3 Basemetal deposits / occurrences in Eastern Ghat Mobile Belt
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Adash Prospect (21°23': 84°38') Sambalpur District
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The area lies close to the Eastern Ghat and Iron Ore Group province, and comprises mainly
graphite bearing quartz-garnet-sillimanite gneiss/schist (khondalite), charnockite, amphibolite,
garnetiferous granite gneiss and migmatites. Different variants of granite discordant to these country
rocks are common in this area. Pyroxene granulite and quartzite also occur at places. Three generation
of folds affected these rocks and country rocks have a general N600E-S600W to E-W strike with steep
to sub-vertical dip on either side. The major structural feature is a 650m long fractured as well as
silicified zone trending N60°E-S60°W direction and has 20m to 70m width.
Prospecting stage (UNFC G-3) investigation has been carried out in this area by GSI.
Mineralisation and Lode Characteristics
Copper mineralisation occurs at and near the contact between basic granulite and granite gneiss
and mainly along the silicification zone. SP and IP surveys picked up a number of anomalies which
were investigated by detail mapping of 3.96 sq km on 1:1000 scale and 4811.65m of drilling in 26
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boreholes, with 19 in School Block, six in Rampalli Block and one in Mundasani Block. The
exploration established copper mineralisation over a strike length of 1,600m. Top oxidised zone is
restricted to 40m from the surface.
Three parallel but en echelon lodes have been demarcated within silicified metabasic rocks and
those are separated from each other by 3m to 5m of poorly mineralised partings. Lodes are pinch and
swell in character with chalcopyrite as main ore with pyrite and pyrrhotite as accessories.

Lode no 2

Strike length

700m

400m

Width

2-21m

2-11m

Grade (%Cu)

0.41-2.87

0.2-2.27

0.8%Cu
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0.72-1.17
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0.4%Cu

0.93

1.46%Cu

1.81

1.04%Cu

0.122

0.66%Cu
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Rampalli Block
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0.4%Cu

3m

Inferred
Resource Av grade
(333) in million tonne
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Cut-off grade

School Block

50m
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Resources estimated down to a depth of 150m RL

Lode no 3
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Lode no 1
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The individual lodes are made up of a number of ore-shoots. The salient details of the lodes are
as follows:
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Lead prospects/occurrences in Bolangir district
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Traces and incidences of basemetal mineralisation mainly in the form of galena were reported
from high grade rock like khondalite, quartzite, calcsilicate granulite and charnockite of Eastern Ghat
Mobile Belt. Galena and other sulphide minerals are mainly found in quartz veins traversing these
rocks. Malachite stain and box work are also noticed at many places.
Ampali-Chormora area
Specks of galena occur in quartz veins in a zone of 29 km between Ampali and Chormora and
about 20 outcrops have been marked in this zone. Gossans capping occur east of Dummermunda
(20°23'-83°22') and copper mineralisation in quartz veins are observed between Kansar (20°22'-83°24')
and Dongarmunda (20°25'-83°20'). The lengths of the individual mineralised veins vary from a few
metres to 0.8 km
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The lead ore (and also copper ore) occurrences are also reported near Jolorpodar (20°24'83°22') and Badipara (20°26'-83°22') in the brecciated quartz veins occupying shear planes in the
Khondalite suite of rocks.
Dungripali (20° 24' : 83° 24')

ia

Reconnaissance stage (UNFC G-4) investigation has been carried out in this area by GSI.
Geophysical investigation revealed two zones of SP anomaly with EM responses. Exploration by
pitting, trenching and drilling did not indicate any basemetal ore body of economic grade. In the drill
cores only specks of pyrite, chalcopyrite and galena were observed in graphitic chlorite-biotite schist,
khondalite and charnockite.

In
d

Limpara (20° 22' : 83° 17')
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Small pockets, stringers, streaks and disseminations of galena were observed in brecciated
veins traversing khondalite suite of rocks at Limpara, Narabahal (20°22'- 83°19'), Badamal (20°23' 83°17'30'') and Papsi (20°24'-83°16'). Old workings were noticed in the above areas.
5.3.4 Other basemetal deposits / occurrences
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Saintala (20° 26' : 83° 31')
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Reconnaissance stage (UNFC G-4) investigation has been carried out in this area by GSI. Lead
and copper mineralisation are found in a set of quartz vein and irregular fracture filling in quartz
breccia reef and pegmatite vein in east of Saintala. Specks of galena occur in quartz veins over a total
length of 29 km and copper minerals occur in some of the veins at the centre of the area. Detailed
investigation by large scale mapping (1:2000), pitting and trenching, geochemical prospecting and
drilling were carried out around Saintala. No surface evidences of mineralisation are seen except for the
presence of minor specks of galena, malachite and chrysocolla occurring as fracture fillings in the
quartz veins. Geochemical exploration indicated uniformly low concentration of basemetals. Four
boreholes drilled on geophysical anomaly points encountered minor disseminations of pyrite,
chalcopyrite, bornite, galena and pyrrhotite. No continuous zone of basemetal mineralisation was
intersected.
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Gangajal (21° 38' 30":84° 32' 00"),Kalahandi district

G

Galena mineralisation is noticed within sheared quartz veins traversing quartz-sericite schist
near Gangajal. Thin stringers of galena in a quartz vein (about 40m width) traversing the granite gneiss
were reported on the northern bank of Mahanadi River near Junai (21°32'N- 83°54'E). Traces and
stringers of lead ore were also seen in a zone of silicified breccia at the northeastern edge of
Chandandungri around Thuntikantar Baga (21°42'N-84°00'E); and in Vindhyan Limestone exposed in
the bed of Mahanadi River near the village Padampur (21°45'ZN-83°55'E). In Kermali (83°16'17''N21°03'06''E) DMG, Orissa carried out investigation during 1973-74. Nine trenches (including
excavation of three old pits) excavating 285 cm were completed. In six trenches galena was found
associated with chalcopyrite. The length of the mineralised quartz vein is 450 m.
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Kiringsera (22° 05' : 84° 25' ) Sundergarh district
Galena with minor chalcopyrite and sphalerite occur at different depths in boreholes put down
for limestone at Kiringsera by the DMG, Orissa. Traces of galena are also noticed in WNW-ESE
trending silicified zone within a dolomitic marble band at Balikocha (22°00'N - 84°45'E) and Kanchera
(22°00'N - 84°45'E). Two pits were sunk and the results were found not encouraging.
Panposh (22° 14' : 84° 49' ) Sundergarh district
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Disseminations of chalcopyrite with sphalerite and galena were sporadically observed from the
Brahmani River bed close to the Raghunathpalli conglomerate horizon of the Gangpur Group. Though
the occurrence may not be of any economic significance, it has established the presence of basemetal
mineralisation along the Gangpur Shear Zone.
5.4.0 WEST BENGAL

1. The foothill regions of Darjeeling Himalayas.

y

2. The hilly southwestern part of West Bengal.
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Geographically basemetal deposits in West Bengal are restricted in two regions.
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At the foothills of Himalaya, in West Bengal, only one basemetal deposit has so far been
identified, viz., the Gorubathan lead-zinc deposits of Darjeeling district. Darjeeling Himalayas is
known for basemetal, coal and limestone deposits. Since the middle of the 19th century many workers
of Geological Survey of India have visited the area in search of such deposits. Mallet (1875), the
pioneer worker of the area, classified the rocks of the Darjeeling Himalayas into two groups: the Daling
Group and Darjeeling gneiss. Daling Series / Group is a thick sequence of low to moderately
metamorphosed slate and phyllite with thin to thickly bedded quartzite and the Darjeeling Gneiss
contains medium to high grade supracustals, granite, granite gneiss and migmatites. He also reported
the occurrences and signatures of ancient mining activities of copper in different parts of Darjeeling
district. Later on, Auden (1935) visited the area and reported the ancient mining and extraction imprints
of copper. As reported by him, the copper bearing lode was exposed in the left bank of Mo Chu stream
within Daling rocks. According to Sir Henry Hayden, the ore is distributed in fairly large masses of that
area: a picked sample gave as much as 26% Cu and 8 grains of gold per ton (cf. Dunn, 1942, pp 48-49).
In post independence time, geological studies in Eastern Himalayas were intensified and added to the
data mosaic (Fig.II.5.7).

G

Basemetal deposits and occurrences are in Gorubathan, Kushbani-Dhadka-Churku,
Bandhdanger, Beldih, Chirugora, Biramdih, Tamakhum, Belpahari.
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Fig.II.5.7 GEOLOGICAL AND MINERAL MAP OF WEST BENGAL
5.4.1 Basemetal deposits / Occurrences associated with Daling Group
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Lead-Zinc Deposit in Gorubathan area (26°58'30":88°38'05"and 27°00'00":88°45'00")
Sundergarh district Darjeeling district
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The deposit was discovered in 1971. A number of lead-zinc deposits and occurrences of copper
mineralisation occur in Gorubathan and adjoining area of Darjeeling district, West Bengal. These leadzinc deposits are hosted within the grey-green or green coloured quartz-chlorite-sericite schist /
phyllite, sericite-chlorite quartzite, quartz-magnetite quartzite and epidiorite of Gorubathan Formation
of Dalling Group.

G

These rocks record three phases of folding deformation. The regional foliation is axial plane
schistosity, which is veering from NE-SW to SE-NW with low dip (30°-35°) towards north. Besides,
broad warps on E-W striking axial plane (F2) and on N-S striking axial plane (F3) are also noticed in
these rocks.
General exploration stage (UNFC G-2) investigation was carried out in this area by GSI. The
work involved detailed mapping of 6.40 sq km on 1:1,200 scale and drilling of 12,157m in 97
boreholes spaced at intervals of 50m-100m along strike.
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Fig.II.5.8 GEOLOGICAL AND MINERAL MAP OF GORUBATHAN AREA
Mineralisation and Ore Zones
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The lead-zinc mineralisation extends intermittently over a strike length of 7 km and consists of
four blocks, viz. Khar Khola, Mal Khola, Daling Chu and Sukha Khola. The mineralisation consists
mainly of galena, sphalerite and subordinate chalcopyrite, pyrite and pyrrhotite along with magnetite
which occurs mainly in quartz-magnetite rock and also in quartz-sericite-chlorite schist/phyllite. The
lead-zinc minerals occur as fine bands and disseminations. Magnetite is the dominant metallic mineral
in the lodes.

G

The ore bodies occur in about 500 m wide zone in close association with epidiorite and
chlorite-rich rocks and are thick along the nose of the refolds. These are lenticular and occur in separate
patches over four horizons, viz. i) Dera Khola / Khar Khola quartz-magnetite rock, ii) Daling Kote
Lode No.1, iii) Daling Kote Lode No. 2, and iv) Mal quartz-magnetite rock. Apart from these four
lodes there is Sukha Khola Lode. Out of these five, Daling Kote Lode No. 1 is most important and
contains bulk of the ore. The maximum length and width of ore lenses is 240 m and 13.17 m
respectively. The metal content ranges from 4.00 to 30.00% Pb and Zn. The depth continuity is proved
up to 205 m and 100 m vertical depth in Mal Khola and Daling Chu Blocks respectively.
Resources and Grade
On the basis of borehole data, 191 m of discontinuous strike length in Daling Chu Block and
458 m strike length in two stretches in Mal Khola Block have been established. The average width of
the lodes is 4.04 m with an average grade of 3.77% Pb and 3.87% Zn at 2% (Pb + Zn) cut-off (over a
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minimum stopping width of 2m with a parting width of 5 m between parallel bands). Indicated
resources (UNFC 332) were estimated for the various blocks and lodes which are as follows:
TABLE.II.9 Indicated Resources of Lead – Zinc Deposit

Mal Khola

0.4455

4.04

2.5398
0.3350
3.7086

0.48

ia

1.75

4.00

1.90

3.77

3.97

4.69

4.30

3.03

3.79

3.59

3.87

4.04

3.77
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Khar Khola

0.0903

Average true
width (m)
3.27
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Daling Kote
Lode 2
Dalling Kote
Lode 1
Daling Kote
Lode 2
Dalling Kote
Lode 1
Khar Khola
Lode
Total

Average grade
Pb%
Zn%
3.19
1.01
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Dalling Chu

Resources
(million tones)
0.2980
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Name of Lode
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Name of Block
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In addition, float ore of 6,600 tonnes with 7.0% Pb and 2.1% Zn are also estimated. Magnetite
(by product) content in the in situ ore varies from 40-45%. About 1.66 million tonnes of magnetite are
estimated with 95% recovery during concentration. Other associated metals are Cu (0.14%), Ag (62
g/t), Cd (182 g/t) and Sb (132 g/t).
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Copper occurrence in Kumai area (27° 01' 00":88° 47' 30" and 27° 01' 25":88° 48' 30")
Darjeeling district
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A number of old workings and slag dumps are noticed in Khanigaon locality in Tinkatari
village of Kumai area. Reconnaissance stage (UNFC G-4) investigation was carried out by GSI in this
area which involved detailed mapping of 1.5 sq km on 1: 5,000 scale and pitting and trenching.

G

Slate, phyllite/ quartz-chlorite-sericite schist, felsic tuff and cherty quartzite of Gorubathan
Formation of Daling Group are the main rock types and their mineral assemblages indicate green schist
facies of metamorphismThese rocks bear imprints of at least three phases of deformation. A strong
schistosity (S1) and well-developed crenulations (F2) with crenulation cleavage are easily recognized in

phyllite and quartz-chlorite-sericite schist. Minor F1 folds are overturned, tight to isoclinal and have
low plunge towards west. Axial plane foliation of these folds is most pervasive and penetrative. F2
crenulations have E-W striking axial plane with steep dip towards north. Regionally F1 and F2 folds are
coaxial and part of single progressive deformation. N-S trending warps are the late stage deformation
imprints. Kumai area is also marked by E-W trending northerly dipping thrust faults.
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Stringers and veins of chalcopyrite and pyrite parallel to S1 foliation are seen in the quartzchlorite-sericite schist. Mineralisation occurs as discontinuous minor lenses (3 nos.) with an overall left
handed shift. Chalcopyrite and pyrite are main ore forming minerals. Channel sampling has been
carried out systematically from pits and trenches in this area. In Arikhola section, near Khanigaon
locality a 2m thick mineralised zone is encountered with 0.16% and 1.60% Cu (average 0.80% Cu).
Some trench samples from Khanigaon locality contain copper between 673 ppm and 1805 ppm and two
samples contain gold values 125 ppb and 200 ppb. One grab sample from Murti River near its
confluence with Arikhola gives 7.15 % Cu, 880 ppm Pb and 0.37 % Zn.
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Besides, dissemination of pyrite and galena are also present in quartzite and other schistose
rocks of the area.

In
d

Copper occurrence in Pedong area (27° 09' 00":88° 36' 30" and 27° 11' 00":88° 39' 00")
Darjeeling district
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In Pedong area, sulphide mineralisation is seen in chlorite schist of Gorubathan Formation and
in thin irregular silicification zones. At places thin bands and lenses of magnetite, quartzite, phyllite
(often garnetiferous and interbanded with thin quartzite bands), quartzite, epidiorite, amphibolite and
Lingtse Granite are noticed (juxtaposed by thrust). The main schistosity, S1 strikes from N300E to
N650E- S30oW to S650E with low to moderate dip towards southeast. Reconnaissance stage (UNFC G4) investigation was carried out by GSI in this area.
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The mineralised zone is trending NE-SW with 30-50° SE dip and it extend from Pedong upto
Rhenock across the Rishi Khola. The total strike length of the mineralised sericite-chlorite phyllite
zone is 2.5 km with a width ranging from 71 m to 114 m There are two zones showing significant
sulphide minerals concentration. The lower zone (footwall) is 1.15 m to 1.70 m wide. These zones are
confined to a strike length of 500 m. The mineralised zone is traced in the dip direction for about 890
m, from a level of 1,440 m RL near Pedong to about 550 m RL in Rishi Khola. The richer zones have a
grade of about 2.5 per cent Cu. Geophysical survey also showed good I.P. and S.P. anomalies.
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Three suspected old workings are also noticed in this area. Later on an area of 0.07 sq km was
mapped on 1:500 scale along with pitting and trenching in Pedong area. One 70cm long and 15cm thick
pyrite-chalcopyrite bearing silicified zone yielded 35 ppm to 260 ppm copper and one sample gives
0.12% Cu.
5.4.2 Deposits / Occurrences associated with South Purulia Shear Zone in

G

Southwestern part of West Bengal
A number of small deposits and occurrences of basemetal mineralisation are reported from
Purulia, Bankura and West Medinipur districts. All these deposits are restricted in metamorphosed
volcano-sedimentary rocks of Singhbhum Group, Dalma Group and granite gneiss of Chhotanagpur
Gneissic Complex. Singhbhum Group has two formations; Chaibasa and Dhalbhum Formations (Sarkar
and Saha, 1962) and Dalma Group has two formations; Lower and Upper Dalma Formations (Gupta et
al., 1980). The oldest Chaibasa Formation contains primary structures bearing quartzite, magnetitechloritoid bearing chlorite schist, andalusite-staurolite-kyanite bearing quartz-mica schist and
garnetiferous mica schist. The Dhalbhum Formation is essentially a thick phyllitic sequence with
intercalated bands of quartzite, banded iron formation, iron stone, calc-silicate rock and acid volcanic
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rocks with mafic-ultramafic sills. The Dalma Group is essentially tholeiite basalt and it has some
variants from mafic to ultramafic and also pyroclastics.
Both Singhbhum Group and Dalma Group together form the North Singhbhum Fold Belt and it
occurs between Chhotanagpur Gneissic Complex in the north and Singhbhum Craton in the south.
Regionally three phases of folding deformation and two episodes of green schist to lower amphibolite
facies regional metamorphism are imprinted in these rocks and regional schistosity is the second
generation deformation fabric.
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The granite and granite gneiss with patches of high grade supracrustals form the Chhotanagpur
Gneissic Complex. This gneissic rock vary widely from fine to coarse grained to porphyritic types and
contain enclaves and patches of supracrustals like amphibolites, calc-silicate rock, quartzite, mica
schist, khondalite. Leptynite and charnockite along with porphyritic and augen granite gneiss and
massif type anorthosite also occur within it in the eastern part.
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A number of crustal scale shear zones are reported from this area. Both the southern as well as
northern margins of the North Singhbhum Fold Belt are marked by ductile shear zones, the Singhbhum
Shear Zone in the south and South Purulia Shear Zone in the north. Copper, apatite-magnetite and
uranium mineralisation of economic grade are common along this Singhbhum Shear Zone. The South
Purulia Shear Zone is roughly 1-5 km wide and 100 km long ductile shear zone and has an average EW structural grain. Copper and apatite-magnetite mineralisation are found along this shear zone.
Another ductile shear zone named as North Purulia Shear Zone marked the contact zone between
granite gneiss of CGC and granulite facies rocks also reported from this area.
Tamakhun Copper Deposit (22° 59': 86° 36') Purulia district
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A number of basemetal occurrences have been reported along the south Purulia Shear Zone
in Purulia district, West Bengal. However, so far no basemetal deposit is proved except at Tamakhun of
Purulia district. The copper ore at Tamakhun area had apparently been worked out by the ancient
miners and later by European entrepreneurs by open cast method. Two old pits in the form of workings
are confined at 700m southeast of Tamakhun village. The main old workings are 5 m to 7 m deep;
however some shallower pits are also present on the eastern side. In the wall rock of these pits
malachite stains, box work, quartz vein, brecciation and chloritisation are common.
Geology and Structure

G

Metamorphosed volcano-sedimentary rocks of Singhbhum Group and granite, granite gneiss of
Chhotanagpur Gneissic Complex are exposed in this area. The contact zone between Singhbhum Group
and Chhotanagpur is marked by a ductile shear zone and all the rock types along this zone are
converted into mylonite. Quartzite mylonite, rhyolite tuff mylonite and mylonitised carbonate rock of
Singhbhum Group and granite and granite gneiss mylonite of Chhotanagpur Gneissic Complex are
main rock types of this area. At old workings area the quartz-sericite schist and quartz-chlorite schist
has been re-designated as meta-rhyolite tuff mylonite. Overprinting relation of structures suggests at
least three phases of folding in Singhbhum Group of rocks. The main foliation is a crenulation cleavage
(S2) and it has a general E-W strike with steep dip towards north. In mylonite the mylonitic foliation
has a general E-W strike with steep dip towards north and it bears a stretching lineation having steep
easterly pitch on it. Shear sense indicators like C/S mylonite, C’-shear bands, mica fish and
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asymmetric porphyroclast trail of feldspar consistently indicate top-to-south-southwest thrusting of the
shear zone.
Mineralisation and ore lode
This area has been investigated by GSI and Govt. of West Bengal in different periods by large
scale and detail mapping (1:1,000 / 2,000) along with drilling. Geophysical survey (IP, SP, Magnetic
and EM) and geochemical survey (NGCM) have also been carried out in Tamakhun-Thakurdungri and
adjoining area.
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In F.S. 1969-71 GSI carried out prospecting stage (UNFC G-3) investigation in this area by drilling
twelve boreholes in two series involving total drilling of 845.75 m along a strike length of more than
300 m The mineralisation as seen in the core is in the form of sulphide minerals and lode is fracture
filling type. Chalcopyrite is the main mineral which occurs as disseminations in veins, fracture,
foliation and breccia zones. Other sulphide minerals are pyrite and pyrrhotite. The grade of the lode
varies considerably from borehole to borehole. Only one copper ore bearing lode was intersected
within a vertical depth of 60 m by GSI. 33 boreholes involving 2,280.89m of drilling were done in the
area by DMM, Government of West Bengal over a strike length of 2 km during 1965-69 and 1969-71.
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The total inferred resources estimated by GSI in this area is in the order of 1,13309 tonnes
which includes 31,136 tonnes of ore at 0.5% cutoff with average of 0.75% Cu and 82,173 tonnes ore at
1% cutoff with an average of 1.85% Cu and those can be categorised under UNFC 333. The strike
length of the lode is about 300m and its width is varying from 1.40m to 4.65m with an average of
3.67m and its grade is varying from 0.61% to 4.97% Cu with an average of 1.85% Cu.
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DMM estimated a resource of 0.2 million tonnes ore with an average grade of 1.5% Cu down
to a vertical depth of 50m and over a strike length of 300m
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Tamakhun area was again investigated by GSI in 1991-95 to know the depth as well as strike extension
of the ore lode. Exploratory drilling of 841.30m were done in 4 boreholes and a mineralised zone of
0.85m with 0.71% Cu and 0.80m of 1.38% Cu was intersected in two boreholes at vertical depth
between 105m and 115m This investigation suggested that the ore lode has no further depth extension.

G

Recent investigation suggests that quartz-chlorite-sericite schist (chloritized meta-rhyolite tuff)
is the host rock for the copper mineralisation and it has remobilised and re-concentrated along the shear
zone during second phase of deformation.
Copper occurrence at Thakurdungri (22°58'55': 86°37'40'') area Purulia district
Reconnaissance stage (UNFC G-4) investigation was carried out by GSI in this area.In
Thakurdungri to the east of Tamakhun copper deposit; two limonitic, poorly gossanised and silicified
zones in mylonitized quartz-mica schist and quartz-sericite schist show significant geochemical
anomaly for basemetals with 400-1000ppm Cu, 300-1000Zn and 10-200ppm Pb. Kaolinisation of
feldspar in bands is noticed in gneissic rocks. Brecciation is also common, mainly in quartzite. The
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general strike of the foliations and breccias zones is N850E-S850W with steep towards north. However
sub-surface exploration not intersected any mineralized zone.
Basemetal deposits / occurrences associated with Singhbhum Group and Dalma Group of Rocks
Lead-Zinc occurrence at Kushbani (22°48': 86°34') Purulia district
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Reconnaissance stage (UNFC G-4) investigation was carried out by GSI in this area. In this
area pelitic schist, phyllite, quartzite and calc-silicate rock of Chaibasa Formation of Singhbhum Group
and metabasalt with metamorphosed basic intrusive of Dalma Group are mainly exposed. The
mineralization is located along a NE-SW trending linear belt which extends from Deshmul (22°46’:
86°28') in the southwest to Chirugora (22°58’: 86°36') in the northeast- over a distance of 19 km. A
number of old workings are present in the area. The dump materials of quartz boulders in old working
area show specks of sulphide minerals. Geochemical data (soil and bed rock) indicate that the anomaly
peaks occur either above or in the vicinity of quartz veins. Specks of galena, malachite stain and rare
sphalerite are noticed in the quartz veins. Specks of galena also occur in the quartz veins in Lewishai
hill (22°50’:86°30'), Janijhor (22°48’: 86°32') and Nanna (22°36’: 86°47'). At Dhadka (22°48’: 86°30'),
galena occurs as lenticular patches in quartz vein traversing the mica schists.
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Basemetals occurrence at Beldih (23°03': 86°18') Purulia district
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Prospecting stage (UNFC G-4) investigation was carried out by GSI in this area.Two distinct
silicified zones each having about 500m strike length were delineated to north of Beldih. These
silicified zones are narrow (10m width), having E-W strike with sub-vertical dip. Geophysical IP
anomaly was recorded across these silicified zones also. Three boreholes intersected two weak copper
zones without formation of distinct ore lode. The width of ore zone varies from 3.30m to 9.15m with
0.11% Cu to a maximum of 0.20% Cu. Dissemination of chalcopyrite, pyrite and galena are found in
these zones.
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To the south of Beldih a few lead anomaly zones with positive I.P. values were delineated in
the alkali-granite. During 1904-05, 272 tonnes of ore (yielding 92 tonnes lead, 134 gm of silver and 86
gm of gold) were produced from this area. In nineteen eighties five boreholes were drilled and which
intersected alkali metasomatic rocks with sulphide mineral bearing quartz-carbonate veins. Galena
occurs as stringers and dissemination in quartz-carbonate veins with pyrite and minor chalcopyrite. Sub
grade and thin lead mineralization zone was encountered, the width of the ore zone varies from 0.30m
to2.15m with 0.11% Pb to 0.67% Pb with minor Cu, Au and Ag.
Incidence of basemetal at Chirugora (22°58': 86°36') Purulia district
Reconnaissance stage (UNFC G-4) investigation was carried out by GSI in this area.
The rock formations found in the area are meta-rhyolite tuff (quartz-sericite schist), metabasalt
and phyllite of Singhbhum Group. The trend of these rocks and the schitosity is WNW-ESE. Some old
pits about 6 m deep were encountered in the area while prospecting for apatite. Discontinuous gossans
zones in metabasic rocks and carbon phyllite were also found over a stretch of about one km.
Geochemical anomalies of the magnitude of 4,000 to 15,000 ppm for copper in soil were noted against
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a background value of 100ppm. 818.63 m of drilling in the area during apatite investigation indicated
only thin, poor and scattered veinlets of chalcopyrite and pyrite. The copper content in them ranges
from 0.2 to 0.5%.
Basemetals occurrence at Biramdih (22°03': 86°12') Purulia district
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Reconnaissance stage (UNFC G-4) investigation was carried out by GSI in this area.
Occasional pockets of galena and chalcopyrite are seen in the silicified zone at Biramdih area. The
cumulative strike length of the silicified zone is about 400m and width is 2.5m and it contains
dissemination of galena. Surface samples show 0.13% to 0.93% Pb, 15-470ppm Zn and 7-30ppm Cu.
Two boreholes tested on geophysical IP anomaly; however it did not intersect any significant
mineralization.
Incidence of Copper-Lead at Bandhdanga (22°49': 86°35') Purulia district
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Reconnaissance stage (UNFC G-4) investigation was carried out by GSI in this area. Thin
stringers of chalcopyrite, magnetite and galena were located in a gossan zone associated with quartz
vein. Geochemical soil samples indicated high values for copper and lead.
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Basemetal occurrence at Makarbula (22°40'38'': 86°38'15'') area, West Medinipur district
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Reconnaissance stage (UNFC G-4) investigation was carried out by GSI in this area.Talcchlorite schist associated with schistose epidiorite, carbon phyllite and quartz veins of Dalma Group are
the main rock formations found in this area. Several gossan zones are present over a strike length of
900 m. Geochemical soil samples indicated copper and nickel values of 300 ppm and 1,500 ppm
respectively, the maximum values recorded being 0.37% Ni and 0.47% Cu. Geophysical survey by SP
and IP methods indicated three well-defined SP and IP anomalies in the area. Large scale mapping over
3.65 sq km on scale 1:2,000/4,000 were carried out and three boreholes (total length 811.65 m) were
drilled. The first borehole indicated five zones of disseminated pyrite and pyrrhotite. The second
borehole also met with weak pyrite mineralization whereas the third borehole drilled to test the
downward extension of the gossan zone having 0.47% Cu. It intersected a brecciated rock between
114.25 and 117.20 m depth and sulphide zone contained no copper and nickel values.
Incidence of Basemetal in Belpahari (22°38': 86°46') area West Medinipur district

G

Sporadic incidences of basemetals are found in Singhbhum Group of rocks in the western part
of Belpahari area (22°33' : 86°33' and 22°45': 86°50'). Dissemination of pyrite, chalcopyrite, galena
and arsenopyrite are noticed in quartzite, calcsilicate rock, metabasalt and silicified zone / quartz vein.
At Simulpal (22°36'45'':86°42'21'') the cherty counterpart of calcsilicate rock contain good amount of
pyrite with rare chalcopyrite. The thin chert band intercalated within metabasalt of Dalma Group
contains pyrite along some stratification. Lumps of galena are occasionally noticed in quartz vein and
silicified zone at Aguibil-Gohalberia (22°39'25':86°42'04' and 22°39'35'': 86°43'04') area.
Reconnaissance stage (UNFC G-4) investigation was carried out by GSI in this area.
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Basemetal deposits / occurrences associated with Kuilapal Granite
Copper Prospect at Kuilapal (22°59'50'': 86°37'00'') area in Bankura Purulia and West
Medinipur districts
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In last two decades, the Kuilapal Granite and its peripheral zone was studied by GSI in detail
for basemetals and gold mineralization. This granite body is about 13 km long and 6 km wide oval
shape mass and has a NW-SE trend. Within this granite gneiss small lenticular bodies of amphibolites
are also present. The main body is essentially plagioclase feldspar rich granite gneiss; however granite
and pegmatite also present in its outer part. In the surrounding area of Kuilapal Granite mica schist,
calc-silicate rock and metabasic rock of Singhbhum Group are exposed. A foliated, at places vesicular
and amygdaloidal metabasic rock is noticed along the western rim of the granite body. This granite
intruded the mica schist of Singhbhum Group and it occupies the core of the second-generation (F2)
antiformal fold whose western limb is overturned. The planer structure developed associated with this
fold is a crenulation cleavage / S2 and it is trending NNW-SSE with steep dip towards east.
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Reconnaissance stage (UNFC G-4) investigation was carried out by GSI in this area. Integrated
geochemical and geophysical surveys carried out in different period’s delineated presence of
mineralized zones in the peripheral part of the granite body. The western part of Kuilapal Granite at
Churku-Jamdih area is marked by thin ferruginized mica schist and presence of fairly strong IP
chargeability and moderate SP anomalies on it indicate causative source for Cu & Zn near Churku
(22°49'00'': 86°35'30'') and locally for Cu near Jamdih (22°49'35'': 86°35'3''). Detail mapping and
subsequent drilling were carried out in different phases by GSI. The exploratory drilling for basemetals
investigation in field seasons from 1993-94 to 1996-97 / 98 made nine boreholes with total drilling of
1909.25m in the western and eastern margin of Kuilapal Granite. One mineralized zone of 1.38m thick
with 2.09% Cu was intersected in one borehole, where the mineralization was associated with the
mafic-ultramafic exhalates. However two bore holes in western side of the Granite body near Nanna
(22°49'47'': 86°37'00'') - Jashpur (22°48'10'': 86°36'30'') show specks, stringers and disseminations of
pyrite and chalcopyrite minerals for a considerable thickness in meta-pelite horizon; but results are not
encouraging.
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Based on IP anomaly zone over Sushnidih (22°50'30'': 86°36'00'') - Kaera (22°49'35'':
86°34'45'') area to the north of Kuilapal Granite, two scout boreholes were made in F.S. 1999-2000
with total 197.7m drilling. Dissemination of pyrite with minor chalcopyrite, pyrrhotite and sphalerite
are noticed in the meta-pelite; however results are not encouraging. In F. S. 2005-06 three boreholes
have been drilled in Kanthaliya (22°48'50'': 86°38'49'') - Suritari (22°48'10'': 86°40'25'') area with a
total of 465.10m drilling. However, the results are also not encouraging.
5.4.5 ANDAMAN
Basemetal occurrence in Beadonabad (22°40'38'': 86°38'15'') area South Andaman
The major rock types in Beadonabad area include ophiolite suite of rocks including the
cumulate sequence, diorite, andesite, acid volcanic, plagio-granite and pillow basalts interbedded with
radiolarian chert. Gossans development is noticed on pillow basalt and acidvolcanic-andesitic
assemblage. Within the pillow basalt three lenticular outcrops of silicified material, oriented in NNE324
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SSW direction have been demarcated. In the coastal tract, ESE of Beadonabad, thin ramifying veins of
pyrite, chalcopyrite and arsenopyrite are also noticed. Moreover an I.P. anomaly zone indicating
sulphide mineralization has been detected by geophysical survey in this area. Spot and trench samples
from such zones yielded anomalous gold value. Detail mapping and drilling have been carried out in
this area. Six boreholes drilled in these bodies intersected mineralization at various depths. But results
are not encouraging. Reconnaissance stage (UNFC G-4) investigation was carried out by GSI in this
area.
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CHAPTER-6
NORTH EASTERN REGION
In Northeastern states minor basemetal occurrences mainly associated with Precambrian
crystalline rocks are reported from the states of Meghalaya, Arunachal Pradesh, Sikkim and Assam.
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6.1.0 ASSAM
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Minor basemetal sulphide minerals are reported from Gneissic Complex of Mahamaya
Pancharatna and Agia areas and Deolina and Khardong Hills in Goalpara district. In Karbi Hills,
occurrences of sulphide minerals (pyrite and chalcopyrite) have been noticed in basic rocks (epidiorite
and amphibolite) and also in quartz veins traversing basic rocks around Borjuri. Occasional sulphide
minerals have been reported from suspected ultrabasic diatreme in Luhajuri–Bajajuri–Tarapung areas.
6.2.0 ARUNACHAL PRADESH
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Minor basemetal occurrences are recorded in Lower Subansiri, West Siang, Dibang valley,
Lohit, West Kameng and Upper Subansiri districts in Arunachal Pradesh.
Ranga Valley (Potin-Yazali), Lower Subansiri district
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Prospecting stage (UNFC G-3) investigatin was carried out in the area by GSI. Polymetallic
sulphide mineralisation represented by pyrite, pyrrhotite, chalcopyrite and minor sphalerite and galena
are reported from Potin-Yazaliu area. The length of mineralised zone is 3 km and width is 300m and
the host rock is magnetite bearing green schist to lower amphibolites metamorphics of Potin/Khetabari
Formation.
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Three zones of basemetal occurrences are identified in the area
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(i) Cobaltiferous pyrite zone mainly in the north of the Ranga River, having a strike length of 250
m with 0.03% to 0.25% Co.
(ii) Nickeliferous pyrrhotite zone mainly in the south of the Ranga River with a strike length of
185 m with 0.28% Ni and sporadic high values of Pb (up to 4.6%) and Zn (up to 2.20%) have
been recorded and
(iii) Two Cu rich zones (a) extending upto 385 m with average grade of 0.33 % Cu and (b)
extending upto 145 m with average grade of 0.19 % Cu
Inferred Resources (UNFC 333) of 1.55 million tonnes of copper ore with average grade of 0.33 %
Cu has been estimated in the area.
6.3.0 MEGALAYA
Umpyrtha area (25° 50': 91° 30' and 25° 55': 91° 41') Ri-Bhoi district
Umpyrtha polymetallic basemetal sulphides of Cu, Zn and Pb are associated with a group of
amphibolite rich basic granulite, carbonates and related basic assemblages occurring in a highly
deformed sequence of Archaean gneissic complex comprising largely of micaceous quartz – sillimanite
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schist, migmatised quartz-biotite gneiss and granitoids with amphibolites, lenses and bands of basic
granulites and related host rocks are restricted to the quartz-biotite gneiss unit.
Nature of mineralisation and dimension
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Prospecting stage (UNFC G-3) investigation was carried out by GSI in this area.Twenty
numbers of lenses of polymetallic basemetal sulphides including the ore identified during early phase
of investigation with some trace metals viz, Cd, Bi and Ag have been identified within the amphibolite
rich basic granulite and carbonate host rock assemblage over a strike length of more than 500 m The
lenses vary in diameter between 20m x 30x x to 125m x 140m with their average thickness being
3.60m
Quantum of work carried out

260 line Km

Traverse mapping (1:12,500 scale)

30 sq. Km

of

Regional mapping (1:50,000 & 1:12, 500 scale)

35.5 line km

y

Detailed contact mapping (1:4,000 scale)

6344.11m in 29 borehole
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Drilling

Surface geochemical (bed rock)
Core sample

258 No
1364 No
282 cu.m
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Pitting & trenching
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Sampling:
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Grade/ Quality Resource position
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On the basis of the exploration carried out so far it can be said that Umpirtha polymetallic
basemetal deposit is a small, marginal deposit having an inferred resource of about 0.80 million tonnes
with 1.14% Cu, 0.85million tonnes with 1.60% Zn and 0.88 million tonnes with 1.88% Pb with minor
trace metal content of Cd, Bi and Ag. The resources can be categorised under UNFC 333.
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Additional resource from the western block where the boreholes drilled have intersected fairly
good zones of mineralisation may not be ruled out.
Mawmaram lead mineralisation (25° 31' 05":91° 41' 55" ) East Khasi Hills district
The prospect area at Mawmaram is an example of the uncommon “sandstone hosted lead
occurrence” in a white quartzite of Lower Shillong Group .The litho types met with are black quartzite,
white quartzite, mica schist and sugary quartzite. The average strike of bedding in the metasediments is
NE-SW to ENE-WSW with low dip towards north. The rocks show evidences of three dominant phases
of folding. Imprint of shearing/cataclasis have been recorded in thin zone parallel to bedding where
protomylonites have been produced. However, the main phase of recrystallisation of minerals took
place during the earliest episode of folding deformation with accompanying metamorphism which
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reached upto the “Garnet zone” of the amphibolite facies. Reconnaissance stage (UNFC G-4)
investigation was carried out by GSI in this area.
Nature of mineralisation and dimension
The mineralisation is in the form of small/ thin galena rich lenses/bands in white quartzite of
the lower Shillong Group (Proterozoic) which bears imprints of shear movement and multiple phases of
folding deformation. The galena rich bodies are broadly aligned parallel to the bedding plane in the
quartzite. The mineralisation is therefore, controlled both lithologically and structurally.

1.5 sq.km

Drilling

1148.80 m

Core Sampling

514 Nos.
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Detailed mapping (1:2,000 scale)

ia

Quantum of work carried out:

61 Nos
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Chip Sampling

Grade/quality and resource position
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Available surface and sub-surface data reveal that the mineralisation is feeble in nature, and the
dimension of the mineralised bodies is very small. The mineralised has taken place at different
stratigraphic cum-structural levels and the mineralised zone can not be correlated. No resource
calculation attempted because of poor mineralisation in small pockets.
6.4.0 SIKKIM
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A number of minor occurrences of basemetals are reported in the state of Sikkim Geologically
the state comprises of rocks belonging to Meso-Proterozoic and Neo-Proterozoic ages (Central
Crystallines and Daling Group of rocks) and the rocks equivalent to Gondwana sequences. As many as
40 basemetal occurrences confined essentially to the Daling / Darjeeling Group of rocks with biotite
granites occurring as tongue like bodies. It is observed that the basemetal ore bodies in Himalayas are
generally small and lenticular in shape and are highly deformed (Fig.II.6.1). In spite of the constraints
of low accessibility, thick vegetation and soil/debris/moraine cover, a number of basemetal occurrences
have been recorded by Geological Survey of India. Most of the occurrences are in Daling Group of
rocks in parts of West, South and East districts of Sikkim Basemetal occurrences at Bhotang,
Pachekhani and Dikchu have been explored in details. The Bhotang and Pachekhani lodes were mined
till recently. The important details of each of the basemetal resources are given in Fig.II.6.1.
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Fig.II.6.1 GEOLOGICAL AND MINERAL MAP OF SIKKIM
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A. Rangpo (Bhotang) deposit (27° 11': 83° 32')
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This is the only polymetallic basemetal deposit under active exploration in the entire Himalaya
producing Cu-Zn-Pb concentrates. The Cu-Zn-Pb sulphide deposit of Rangpo is exposed on the left
bank of Tista River, just north of Rangpo town. The host rocks of mineralisation are rocks of Daling
Group. The ore body is stratabound and folded. The mineralised quartz veins are post-tectonic and are
of hydrothermal origin. Disseminations of sulphide minerals are confined mostly to the basic sills
(amphibolite and amphibolite schists), chlorite sericite phyllites and phyllitic quartzite.
Two lodes- Bhotang lode or Lode-I and Subsidiary lode or Lode-II – have been delineated at
Rangpo. Bhotang lode is the important lode and is being mined in Bhotang Mines. The ore body is 280
m long and average width is 5 metres. The principal ore minerals are chalcopyrite, sphalerite and
galena with pyrrhotite, pyrite and marcasite. Minor phases comprise arsenopyrite, tetrahedrite,
pyrrhotite, jordanite – Silver and gold are present in traces in the ore with the former in greater amount.
The copper content varies from 0.02% to 1.57%, lead from 0.64% to 1.2% and zinc from 2.10% to 3.15
percent.
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IBM estimated 0.6 million tonnes of ore with 2% copper and Zn. GSI established more than
400 metres of strike length of Bhotang lode after carrying out Prospecting stage (UNFC G-3)
investigation in the area. The lode increases in width and copper content at depth. More than 0.1
million tonnes (333) of additional inferred resources with 2-3% Cu ore have been estimated due to this
additional 60 m strike extension. It is expected that with further development of lower levels, nearly 0.3
m tonnes of Cu-Zn-Pb ores could be established. A noteworthy feature is that silver metal occurs in the
lead concentrate. The amount of silver is estimated to be around 700-800 gm per tonne of lead
concentrate. Traces of bismuth, cobalt, cadmium, chromium and manganese are also recorded.
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Studies/exploration has also been carried out to prove the western extension of Bhotang lode
across Tista River.
Pachekhani-Rorathang deposit (27° 12': 88° 32')
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There are three old workings in the Rorathang area and five in the Pachekhani area. These
workings were being exploited at the time of visit of P. N. Bose. The Indian Bureau of Mines also
carried out detailed exploration in this block from 1957 to 1961 (Mukherjee and Jog, 1963). The
sulphide mineralisation occurs as disseminations in gritty, quartz-biotite-phyllites, slaty-carbonaceousphyllites and calcareous quartzites and is traceable for a distance of 300 m up the dip and for about 150
m along the strike. Some occurrences are also seen in post-tectonic hydrothermal quartz-veins and
along fault and shear zones. Vein-quartz type of concentration, occurring mostly along the foliation,
joint and fracture planes, is prominently seen in an old working at Rorathang and is traceable for a
distance of about 30 m In the Pachekhani area, a highly mineralised, calcareous quartzite was traced,
within which mineralisation was found to be pinching up and down the dip. Sulphide minerals are
mostly chalcopyrite, pyrite, pyrrhotite and galena. This area has been found to contain several small
isolated highly mineralised pockets, which do not show any systematic extension. Investigation carried
out in this block by the Indian Bureau of Mines indicated no workable lode.

G

eo
l

og

Old working of adits and incidence of copper bearing quartz veins in both the upper and lower
reaches of Pache and Rorathang villages led IBM (1958-61) & GSI (1970-71) to explore the two areas
separately. In all, three blocks-upper and lower Pachekhani Blocks and Rorathang Block – were
delineated by IBM IBM drilled 10 boreholes (1047m) and carried out exploratory mining of about
1500m length in Upper Pachekhani and Rorathang Blocks only. Later GSI carried out geophysical
survey and test drilling in Lower Pachekhani Block. Sulphide mineralisation occurs as lenticular bodies
arranged in “en echelon” fashion. The country rock hosting the basemetal mineralisation is chlorite
schist, phyllites and quartzite of Gorubathan Formation of Daling Group.
Copper mineralisation is confined to small, narrow impersistent lenses having limited strike
and depth extensions and analyzed in general 1.5% copper over widths of 1-1.20 metres. Hardly a
single lode could be found which showed persistence in strike for more than 30 metres and in depth for
more than 70 metres. A total resources of 0.15 million tonnes at cut-off of 0.75% Cu and 636.55 tonnes
at 1% Cu cut off were estimated.
Ore-microscopic studies from Bhotang and Pachekhani deposits reveal that the ore mainly
contains pyrrhotite, chalcopyrite, sphalerite and a minor amount of galena. In some samples concentric
bands of pyrrhotite and chalcopyrite with quartz at the centre are observed. Pyrrhotites are usually
330
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rimmed and veined by marcasite which is seemingly the alteration product of pyrrhotite which in turn
is altering to pyrite. A few grains of interstitial tennantite set in chalcopyrite are also noted. Ilmenite
intimately associated with pyrrhotite is also noticed. Disseminated allotriomorphic aggregates of
chalcopyrite with minor amounts of pyrite and pyrrhotite are seen in some of the samples. Ilmenite
grains are also noted. Coarse idiomorphic to hypidiomorphic granular aggregates of pyrite with
interstitial grains of highly altered pyrrhotite are dispersed into gangue, which also occur as discrete
dispersed grains along with a few grains of chalcopyrite. Dispersed chalcopyrite containing interstitial
grains of galena and pyrrhotite with minor amount of pyrite is also recorded. Discrete aggregates of
ilmenite are conspicuous. Pyrrhotite alters to pyrite. Pyrite shows a wide range of size variation from
coarse single idiomorphic to micro spherules of tiny pyrite aggregates. Hypidiomorphic granular
aggregates of pyrite, occurring in bands, contain interlocked grains of ilmenite.
Duglakha Block (27° 14': 88° 36')
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The location is along Pache Khola stream; about 2 km upstream of Pachekhani copper deposit.
Exact location of the lode is 27°14’:88°37’. The Daling Group of rocks comprises a sequence of
garnetiferous-biotite-chlorite phyllite, biotite-chlorite phyllite, chlorite phyllite, quartzites and
amphibolites. Amphibole schist occurs as sill within the metasediments. The Quartz veins follow
foliation planes but at times have cross-cutting relations. The general trend of the rocks is north-south
to WNW-ESE with persistent easterly to northerly direction. Raina and Bhattacharya (1963) carried
out detailed study of this occurrence.
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At Dugalakha three lenses of varying dimensions show on an average 2-5% lead in the surface
exposures. Lode ‘A’ is exposed over a strike length of 66 m and average width of about 1 metre.
Average grade is 2.5% lead. Lode ‘B’ could be traced over a strike length of 58 metres on the hanging
wall of the amphibolite sill; average thickness of lode is 1 metre. Average grade of lode ‘B’ is 5.8%
lead. Lode ‘C’ is traced over a strike length of 160 m and thickness of 15 m But in lode ‘C’ the
mineralisation is in disseminated mode. The analytical results are also very poor. Here mineralisation
is mostly of galena and pyrrhotite with subordinate chalcopyrite and sphalerite concentrated generally
in hydrothermal vein quartz, and disseminated along the foliation of the country rock. Several such
veins are seen along the fault or shear zones. This area does not show much of promise.
Dikchu area (27° 24': 88° 31')
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At Dikchu Cu-Zn- mineralisation occurs as conformable vein in the garnet-staurolite bearing
quartz-mica-schist of Daling Group near its contact with the gneisses of Central Crystalline Gneissic
Complex. The hanging wall comprises of hard compact quartz-mica schist grading into quartzite. The
footwall comprises quartz-biotite-muscovite-sericite schist (Fig.II.6.2).
Two lodes have been delineated at Dikchu. The Dikchu main lode trends north-south and dips
at 30° to 35° towards east. Ore appears to be stratabound. It is found to be persistent over a length of
about 600m up to a depth of 100 metres and has a thickness of about 1.25 metres. The Lingdok lode is
thin and impersistent. The Dikchu lode is essentially a massive sulphide lode of copper and zinc. It is
composed of chalcopyrite, pyrrhotite, sphalerite and traces of galena and covellite. Magnetite and
garnet are common gangue minerals. Exploration by IBM (1959-63) earlier established a resource of
0.3 million tones of 2.96% Cu and 1.5% Zn. Tests carried out by IBM on bulk sample of Dikchu ore
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yielded 90-95% recoveries of copper concentrate, 3.4 ppm gold and 92 ppm of silver. The common ore
minerals associated with the mineralisation are chalcopyrite, pyrite, pyrrhotite, sphalerite and g alena.
Magnetite is the common oxide. Presence of gold and silver has also been recorded in this deposit
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Fig.II.6.2.

Fig.II.6.2 MINERAL OCCURRENCE IN DIKCHU AREA
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The work by MECL included 1891.8 cum of exploratory mining, 290.50 m of underground
drilling and 3 numbers (500 kg each) of bulk sampling. The work was confined to the southern part of
Dikchu River. MECL proved 0.45 million tonnes of ore with 2.82% Cu and 0.9% of zinc.
Mamreng-Duga Belt: (27°10': 88°31')
Dominant lithounits are phyllite and quartzite-talcose phyllite. Epidiorite also occur as
subordinate unit. Sulphide mineralization is found within epidiorite, talcose phyllite and also in the
associated quartz veins.
Other basemetal Occurrences
Danak Khola
Reconnaissance stage (UNFC G-4) investigation was carried out by GSI in this area. The
mineralisation is located in Danak Khola (stream), about 5 km east of Rorathang village. Two
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mineralised veins have been recorded (Das et al., 1984). The first mineralised vein, in the northern part,
has a width of 1.5 m and continues for about 30 m along apparent dip direction. The second vein is
20 m south of the first vein and has a maximum width of 2.5 metres and continues upto 35 m along
apparent dip direction. The sulphide minerals are chalcopyrite, pyrite, pyrrhotite, magnetite and a few
specks and stringers of galena. Mineralisation is sporadic and discontinuous in nature. Nine samples
from these veins indicated copper values ranging from 0.14 to 9.15%.
Rungdu-Sodunglakha area (27°11':88° 38' 45˝)
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Reconnaissance stage (UNFC G-4) investigation by GSI has brought to light a promising
sulphide occurrence in the Rungdu-Sodunglakha Belt. The copper mineralization is associated with the
quartz-biotite-chloritoid schist band (within chlorite schist). It is confined to the schistosity plane and
more so along the silica rich portion. Schistosity of the rocks varies from N25°E-S25°W to N70°ES70°W with a south-easterly dip of 20°-65°. Groove samples indicate maximum values of 1.81% Cu in
Rungdu and 1.45% Cu in Sodunlakha area. Mineralisation is structurally controlled and better
concentrated at the closure of Rongpo Chhu antiform, near Sodunglakha than the limb portion. Gold
values from this area vary from 50 ppb to 255 ppb. A total of 990.50 m drilling was done by seven
boreholes. In general the analytical result of core samples is not encouraging except a few isolated
good values (Max. 3.55% Cu).
Sumbuk (27° 07': 88° 23')
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Indications of copper mineralisation are observed on both the banks of right tributary of the
Khani Khola, a branch of Manpur Khola. Two adits and two minor excavations are located on the left
bank of the stream
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Sulphide mineralisation is noted in quartz vein traversing a dark grey phyllite of the Daling
Group. These quartz veins are mostly of pinch and swell type. Sulphide minerals include chalcopyrite
and occasional pyrite and occur as nests and stringers in quartz vein and as dissemination in the country
rock in the proximity of the veins. The mineralised lode has maximum width of 1.00m and can be
traced along the strike for 30m Chemical analysis of the groove samples collected from the mineralised
zone indicate copper (0.98% to 1.86%) while Pb, Zn, Ag are present as traces.
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Pampukhani (27° 07': 88° 29')
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In Pampuk area, basemetal mineralisation has been observed in Pampuk R.F., located 5 km
south of the Namthang village. The mineralisation is exposed on a scarp face at a height of 200 m from
the Tista river bed. Sulphide mineralisation is noted in quartz veins traversing slaty phyllite of
Gorubathan Formation of Daling Group. The veins, which have a brown stained spongy appearance on
the surface, are exposed in a series of old inclines. Over all strike length of the mineralised zone
appears to be 30m and maximum width of mineralised zone is about 20 cm Mineralisation mainly
contains pyrite, chalcopyrite, galena and sphalerite. Chemical analysis of the mineralised zone indicates
0.05-1.64% Cu, 0.15-0.52% Pb and 0.16-0.96% Zn. Besides the above two locations, there are some
minor basemetal sulphide occurrences at Temi (27o14':88o26', 0.06%-1.25% Cu), Dong Basti
(27o12':88o20', 1.32% Cu) and Parbing (27o11':88o25',0.78% Cu) areas in South Sikkim
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Temi area (27° 14': 88° 26')
Reconnaissance stage (UNFC G-4) investigation was carried out in this area. The Dalings
comprise chlorite phyllite and quartzite with quartz veins. Both bedding and schistosity trend west to
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NW with moderate dips towards south-east. Basic sills within phyllite have also been reported with
asbestos bearing quartz veins near the contact. Chalcopyrite and pyrite bearing quartz veins are
emplaced along schistosity, shear plane and fracture cleavages in the phyllite. The mineralised veins
are confined along a zone which is about 370 m long and 4 m wide. The channel samples yielded
traces to 7.93% copper.
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Dong Basti (27°12' 30'': 88° 29'00'')
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Phyllite and quartzite dominant lithounits of the area are traversed by quartz veins.
Mineralization as disseminations and granular aggregates of chalcopyrite occurs in quartz veins (3 m
thick zone). Other associates are pyrite and covelite. Analytical data of channel samples show 1.32%
copper. This occurrence needs geophysical and geochemical appraisal before a final verdict.
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Sikkip ( 27°12': 88°20')
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Reconnaissance stage (UNFC G-4) investigation was carried out in this area. The mineralized
quartz veins traverse slate and dolomite, north of Sikkip Thrust. The mineralized quartz veins occupy
north-south trending fractures. The beds strike N70°E-S70°W with 40° dip towards north. Due to the
proximity of the thrust, these rocks are highly contorted and secondary foliation (N10°W-S10°E) has
been developed (Nautiyal et al, 1961). The mineralized quartz veins showing pinch and swell
structures plunge at 25°-30° towards north. A few small 3 to 6 metres long adits occur in these zones.
The copper values range from 1.07% to 3.40% over 30-40 cm width. The mineralization is structurally
controlled by the complementary shears. The deposit is fracture-fill type with little wall rock alteration
except for some sericite bordering the mineralized quartz veins. The predominant sulphide minerals in
order of abundance are chalcopyrite, pyrrhotite and pyrite.
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Tukhani (27°08':88°22')
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Copper mineralization is in the form of old workings, disseminations of chalcopyrite, stains of
malachite which are seen in the quartz veins traversing the phyllites of the Daling Group.
Namthang ( 27°10': 88°29')
The area comprises slaty phyllite and quartz-chlorite schist traversed by quartz veins. Sporadic
pyrite and chalcopyrite is found in quartz veins in Shenti Khola over 0.5 m thick and 30 m long zone.
Pamphuk Khani ( 27° 07':88°29'30'')
Oxidized and spongy quartz veins in slaty phyllite have been noticed in a series of old inclines
over a stretch of 30 metres. The 45 cm thick oxidized zone has a 20 cm thick lode. Pyrite and rarely
chalcopyrite occur as granular disseminations.
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Ratopani : (27°08':88°26')
Traces of pyrite and chalcopyrite have been noticed in quartz veins traversing the phyllite and
quartzite. Soil samples assayed less than 50 ppm copper.
Parbing (27°11':88°25')
Mineralised quartz veins, emplaced along the foliation planes of quartz-chlorite phyllite and
are spread discontinuously over 70 m long and 0.4 m wide zone. Pyrite and chalcopyrite are found as
disseminations. Analysis of ore indicated 0.78% copper.
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Rothak Khola
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Rothak Khola area is dotted with a number of small basemetal sulphide mineralisation of
which most important ones are Rothak Khani (27o09’50”N:88o15’18”E 0.15% Cu), Jagdum
(27o11’N:88o14’15”E, 0.64% Cu), Sirbong (27o10’35”N:88o15’30”E, 0.05% Cu), Chungbong
(27o07’30”N:88o15’E, 0.41% Cu), Sisni (27o10’18”N:88o14’20”E, 0.35% Cu) and Siging
(27o10’40”N:88o15’10”E, 0.30% Cu). During 1960-62, Reconnaissance stage (UNFC G-4)
investigation was carried out by GSI in this area. The work involved 0.645 sq km of mapping on
1:2000 scale, collection of 600 geochemical samples and 700m of drilling. All the mineralisation ore
associated with quartz veins as stringers and fracture filling within host of chlorite phyllite/sericite
chlorite phyllite of Daling Group. Main ore minerals are chalcopyrite and pyrite with minor amount of
sphalerite and galena.
Jugdam (27°11':88°14'15'')
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The area consists of chlorite phyllite, dark slaty phyllite, quartz sericite phyllite and epidioritequartz veins. Copper mineralisation occurs in quartz veins as stringers, foliation and fracture filling
(Nautiyal et al, 1961). The mineralised quartz veins with strike extension of 15m to 107m and width of
1.50m to 3.96m have been reported. A total of 751.78m drilling was done by eight boreholes exploring
a strike length of 240m to a depth of 70m-100m. Groove samples indicated 0.51% copper where as
drill core samples indicated 0.21% to 0.64% of copper.
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Rothak Khani (27°09'50'': 88°15'18'')

G

This occurrence is located at the confluence of Khani Khola and Rothak Khola. Dominant
lithounits are grey phyllite, sericite-chlorite phyllite and crumpled carbonaceous slate with thin bands
of quartzite. General trend of foliation is north-south to NE-SW with 60° dip towards WNW to NW.
Chalcopyrite with subordinate pyrite has been observed within quartz veins traversing slaty phyllite.
Main zone with 120 m length and 1 m to 1.5 m width is located on right bank of Khani Khola. A few
mineralized quartz veins are present on left bank. Soil samples from these areas indicated 1500 to 3000
ppm and 500 to 2000 ppm copper respectively. This occurrence needs to be evaluated by geophysical
and geochemical surveys.
Rinchinpong (27°14':88°16')
The area comprises greenish-grey chlorite schist with opaque quartz and chlorite-sericite schist
interbedded with flaggy quartzite, containing occasional sheared limonitised bands (Kurien and
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Pattanaik, 1963). A sheared limonitised 15 m long zone containing primarily pyrite and chalcopyrite
has been recorded.
Chonbong (Chungbong- 27°07'30'':88°16')

ia

Greyish-green phyllitic slate, interbedded with quartzite is traversed by quartz veins.
Schistosity trends N67°E-S67°W with 35° to 45° dip towards north-west (Kurien and Pattanaik, 1963).
Chalocopyrite and malachite with occasional crysocola associated with quartz veins has been observed
in phyllite along foliation planes and joints. Samples collected from the area analysed 0.41% copper. A
further geochemical appraisal is called for.
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Keorani (27°10'15'':88°14'52'')
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Host rock for mineralization in this area is carbonaceous and chloritic slates with or without
quartz veins. The foliation trends N20°E-S20°W with 40 to 45° dip towards WNW. Quartz veins
varying in thickness from 2.5 to 5 cm contain poor mineralization a 20 metres long and 0.6 m wide
zone.
Shribong (27°10'35'':88°15'30'')
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Chalcopyrite and pyrite has been observed in a 6 m wide and 40-50 m long zone, traversed by
thin quartz veins within the grey-slaty phyllite and quartzite. Foliation plane of the host rock trends
N30°E-S30°W with 53° dip towards N60°W. Analytical data indicates copper values from traces to 0.5
per cent.
Sisni (27°10'18'':88°14'20'')
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Carbonaceous slates with chlorite and sericite intercalations, traversed by quartz veins have
foliation which in general trends N20°E-S20°W with 70° dip towards WNW (Nautiyal et al, 1961). The
main mineralized band, 0.77 m to 2.44 m wide towards upslope over a slope distance of 44 metres.
Total mineralized zone is 213 m A part of the mineralized zone is across the Rothak Khola. Groove
samples indicated copper value from 0.15% to 0.35% . The minerals are mainly chalcopyrite and minor
pyrite.
Siging (27°10'40'':88°15'10'')

G

There are a few old adits at the confluence of Signing Khola and Santolo Khola. The
mineralization is in the vein quartz traversing the highly sheared and fractured quartzite. Geochemical
samples gave values ranging from 50-3000 ppm copper. The anomaly trends in roughly NE-SW,
making an angle of 15° to 20° with the strike of the beds. Old adits have been driven in N50°W
direction for a distance of 10-15 metres. This occurrence needs appraisal by structural analysis,
geophysical and geochemical surveys.
Bum (27°13': 88°15')
The mineral occurrence is observed in phyllite and quartzite which are exposed on either bank
of Rishi Khola near Bum village (Nautiyal et al, 1961). Pyrite, chalcopyrite, bornite, galena and
pyrrhotite stringers having thickness of less than 1 cm to 13 cm are seen associated with quartz veins.
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Samples from a 15 cm thick quartz vein have analysed 3.41% and 4.5% copper. However, the
mineralized zone does not show strike persistence.
Legship: (27°17':88°)
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In Legship area, the basemetal mineralization is observed in the northern bank of the Baniya
Nala, near its confluence with the Rangit River. Pyrite, pyrrhotite, chalcopyrite, bornite and galena
occur as disseminations and as thin hairline fracture-fillings in quartz veins. Groove samples from the
area indicated 1200 ppm to less than 100 ppm copper.
Sontale (27°11'05'':88°16'19'')

G

eo
l

og

ic

al

Su
r

ve

y

of

Copper mineralization occurs in association with quartz veins traversing the sericitic phyllite,
slate and chlorite schist of Daling Group. Three mineralized quartz veins were identified having
thickness ranging from 0.3 m to 0.60 metres.
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