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The uranium and copper lodes in the 5th level of the Surda Mines show
similar spatial disposition and reveal a sympathetic distribution in a selected
part. Data from Roam-Rakha and Mosaboni-Badia sections show a gradual
separation of uranium and copper, while Keruadungri-Jaduguda and
Kanyaluka-Bhalki sections mark a clear separation of the two.

The present studies suggest three horizontal zones in the Singhbhum Thrust
Belt—a central zone and an intermediate zone which include all the important
deposits of copper and an outer zone showing all the uranium deposits known
so far.

It is furthur suggested here that the focus of mineralization was close to
Surda-Pathargarah area and that migration of fluids laterally on both sides
developed a gradual separation of uranium and copper, resulting in the above-
mentioned zones of mineralization. No major time gap between the uranium
and copper mineralization is conceived.

INnTRODUCTION

Detailed geological investigations along the Singhbhum Thrust Belt
since 1950 have indicated certain distinet uranium-copper field relationships
and these have been dealt with, in detail, by Bhola (1964) and Bhatnagar
et al. (1964). The hypogene ore mineralization in this area is described to
have taken place in three major phases separated by a time gap—an early
oxide phase (apatite-magnetite) followed by a phase of uranium mineraliza-
tion and an end phase of sulphide mineralization (Bhola, op. cit.; Sarkar 1966a).
The coincidence of uranium and copper lodes in Tamapahar, Rakha Mines
and Roam-Sidheswar areas has been explained as due to the reopening
of the already mineralized fractures and subsequent deposition of lower
temperature ore (sulphide) minerals (Bhola, op. cit.).

In the present work studies have been concentrated on the behaviour
of uranium lodes in the 5th level of the Surda Mines (1.C.C.) and its relation-
ship with copper mineralization in space and time. An attempt has been
made to divide a part of the thrust belt into three zones on the basis of
uranium-copper relationship. Some data have also been collected from
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various bore holes drilled in Roam-Rakha and Mosaboni-Badia sections and
from the underground groove sampling in the Badia Mines for uranium,

GEOLOGICAL SETTING

The Surda Copper Mines (22° 33" 45" : 86° 26’ 15”) of Indian Copper
Corporation (P.) Ltd. is located in the Singhbhum District of Bihar and is
nearly 5 km N. 30° W. of the well-known Mosaboni Copper Mines (22° 31’ :
86° 28’). A very good review of the geology of this part of the belt has been
given by Sarkar (1966b). The rock types consist of garnetiferous mica
schists, quartzites, quartz-kyanite-schist, quartz-chlorite-biotite-schist, basic
schists and epidiorites, belonging to the Chaibasa Stage and the Dhanjori
Group of Dunn and Dey (1942).

In the Surda Mines there are three copper lodes, the Footwall Lode,
the Hangwall (Hanging-wall) Lode and the North Surda Lode, besides thin
sulphide stringers and disseminations here and there. These lodes are
arranged in en échelon pattern. The quartz-chlorite-biotite schist with inter-
vening lenticular bands of quartzites, lenses of basic schists and vein quartz
is the main host rock for the sulphide lodes.

PRESENT OBSERVATIONS ON THE URANIUM-COPPER
MINERALIZATION IN THE SURDA MINES

On the basis of the results obtained by the radiometric checking of the
rock dumps near the Tamajuri shaft, systematic groove sampling was under-
taken in the 5th level (Maximum developed) of the Surda Mines. Samples
taken from the cross-cuts did not provide encouraging results except those
taken from near the Hangwall drive which exposes the copper lode. The
average equivalent UzOy content of the samples taken from the cross-cuts
is of the order of about 0-004 per cent and rarely 0:01 per cent, while the
samples collected close to the copper lode (near the Survey Station 7X) and
also along the copper lodes have shown significantly higher concentration of
uranium (0-02 to 0-053 per cent eUyOyg).

Geological Data from the Surda Mines

The mapping of the Hangwall Copper Lode and the North Surda Lode
on a scale 1:200 and plotting of the equivalent uranium values obtained
from the groove samples have shown that the uranium lodes coincide quite
closely with those of copper. Though the lodes of both uranium and copper
appear to be simple at some places, they become complex and get mixed
up with ‘veinstone’ elsewhere. They have the tendency to swell and pineh;
send off offshoots both towards hanging-wall as well as foot-wall side; divide
into branches which after taking independent courses from 3 to 30 m again
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converge and rejoin the parent lode, enclosing thereby ‘horses’ and quartz
‘veinstone’.

The following evidences indicating some kind of structural control
responsible for the similarity in spatial disposition of uranium and copper min-
eralization in the Surda Mines (Fig. 1) are significant:

1. The shattering effect by the post-mineralization fractures and
minor faults, in both the Hangwall uranium lode as well as the
copper lode towards their southern end, is similar.

2. The presence of two similarly placed veins of uranium and copper
with a correlatable barren zone between the two, observed at
55 m south of the Survey Station 7N.

3. The close similarity in gradual swelling from south to north and
later waning with offshoots, of the lode of uranium and copper
near the Survey Station 7N.

4. The similarity of the courses adopted by the North Surda lodes
of uraninm and copper after branching at 70 m south of the
skip connecting the 4th and 6th levels.

5. The western branch of the lode of uranium and copper exposed
in the small dead end of the North Surda Drive show similarity
in their spatial disposition.

The spatial parallelism shown by the lodes of uranium and copper in
this area has most probably taken place due to mineralizing solutions per-
vading all fractures and other structurally favourable places, rather than
by reopening of earlier mineralized fractures to be filled again by later
sulphide minerals (Bhola 1964). In fact, in the absence of any secondary
fractures filled by the later sulphide minerals free of uranium, nor cross-
cutting of wuranium veins by subsequent sulphide phase is evidence dis-
favouring the latter view.

Chemical and Radiometric Data from the Surda Mines

Thirty chemical analyses for copper and the corresponding equivalent
uranium values (eUsOg per cent) are provided in Table I. The relationship
of Cu v. eUz04 in the Surda area is diagrammatically shown in Figs. 2b and 3
and for comparison the similar data from adjoining areas of Rakha and
Mosabani Mines are shown in Fig. 22 and 2¢ (data collected from Shirke and
Sharma (1966), Sharma (1967) and Gangadharam ef al. (1963)). The linear
Cu-eUz0; relationship in the Surda area is clearly brought out in Fig. 2b
and this is in sharp contrast with that of adjoining Rakha and Mosaboni
areas. This behaviour is attributable to changing composition of mineralizing
solution. Tt may be of interest to note in this connection that a grab sample
collected from the rock dump of the Pathargarah Mine (believed to be the
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south-eastern continuation of the Surda mineralization) analysis 0-13 per cent
eU304 forms a copper rich fraction whereas the copper impoverished fraction
analysed only 0-034 per cent eUzQs.

The data being obtained from the groove samples taken from the 4th
and 6th levels of the Surda Mines also confirm the relationship established
in the 5th level (i.e. coincidence of uranium and copper lodes). Further work
in the Surda Mines is in progress.

Tasce I

Average equivalent urantum and copper contents of
the 30 groove samples

Distance Average
from the Average equivalent
SL Survey copper uranium
No. Station 7X content content
(in metres) (per cent) (per cent)
(@) ® (0 @

1 4-6 3-56 0-026
2 7-2 2-67 0-023
3 86 2:37 0-020
4 11-8 2-59 0-023
5 16-4 3-45 0-032
6 19-0 2-60 0-029
7 20-6 2:25 0-026
8 24-6 4-15 0-032
9 28-6 2-11 0-022
10 36-0 3-84 0-028
11 374 3-59 0-027
12 46-2 200 0-020
13 56-6 2:39 0-021
14 59-8 1-57 0-020
15 76-5 2-80 0-022
16 81-4 2-57 0-022
17 94-5 2-45 0-033
18 99-3 2-56 0-022
19 100-8 3-02 0-029
20 102-0 3-33 0-035
21 109-5 3-20 0-030
22 111-0 2-65 0-024
23 114-0 1-74 0-021
24 115:0 2-26 0-023
25 118-0 2-72 0-023
26 123-5 3-19 0-029
27 1250 2-31 0-030
28 1264 2-64 0-029
29 127-9 2-52 0-027

30 129-2 265 0-031
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Some Darta oN UranioM-CoPPER RELATIONSHIP IN TAMAPAHAR,
RAkHA MINES AND ROAM-SIDHESWAR AREAS

The core sample assay results in respect of copper and uranium contents
and gamma-ray logging data, collected by Shirke and Sharma (1966) and
Sharma (1967), of 150 bore holes so far drilled by the Geological Survey of
India (Exploratory Wing) in Tamapahar, Rakha Mines and Roam-Sidheswar
blocks bring out the following relationship between uranium and copper
mineralization:

(@) The lodes of copper and uranium, in general, coincide in the Roam-
Sidheswar Block except in bore hole Nos. RMS-21, 43 and 49 and
RMS-22, where an independent uranium lens has also been noted
towards hanging-wall and foot-wall side of the copper-uranium lodes
respectively.

(b) Besides the combined uranium and copper lodes, independent uranium
lenses have been noted in good number in the Rakha Mines Block
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and they increase towards the western end. Three hanging-wall and
two foot-wall lenses in bore hole RK-42 and four hanging-wall lenses
in bore hole RK-68 have been noticed while RK-37, 50 and 58
recorded only one uranium lens (Fig. 4).

(¢) Similarly, also in the Tamapahar Block independent uranium lenses
have been noted which show an increase in number towards the
western side of the block (five hanging-wall and one foot-wall
lens in TM-15 and three hanging-wall lenses in TM-19).

The foregoing observations indicate the development of increasing
number of independent uranium lenses from east (Roam-Sidheswar Block)
to west (Tamapahar Block), thus suggesting a progressive trend in the separa-
tion of uranium.

Also an erratie behaviour of uranium and copper distribution, based on
the core samples assay results for equivalent uranium and copper contents,
in these blocks has been noted (Fig. 2a).

Urantom-CorPEr RELATIONSHIP IN THE BaDIA MINES

Geological mapping and the groove sampling undertaken in the 6th,
7th, 8th, 9th and 10th levels of the Badia Mines (I.C.C.) during the year 1955
by the Atomic Minerals Division indicated that the uranium though closely
associated with copper is not persistent all through. Small lenses of uranium,
of an average grade 0-024 to 0-034 per cent eU3Og, are found enclosed within
the copper lode (Krithiventy 1955).

The gamma-ray logging of I.C.C. bore holes (Nos. 209, 210 and 215)
drilled in the Badia Mines block has indicated a few independent uranium
lenses, mostly towards the hanging-wall side of copper-uranium lodes.

ZONING IN THE SiNgHBHUM THRUST BELT

The data described in earlier pages adequately bring out certain definite
zones in the uranium-copper relationship. It is proposed here that the thrust
belt be divided into three zones based on their interrelationships (Fig. 5):

(a) Central Zone, comprising of Surda-Pathargarah area, where the lodes
of uranium and copper coincide and a sympathetic distribution of
the two is discernible.

(6) Intermediate Zone includes the Mosaboni and Badia Mines on the
south-eastern side and Tamapahar, Rakha Mines and Roam-Sidheswar
areas on the north-western side of the central zone. Here, while
uranium mineralization generally coincides with copper, no systematic
relationship in the distribution of uranium and copper has been
noted. This zone is also characterized by the gradual separation
of uranium from copper-uranium mineralizing solution and the
development of independent uranium lenses.
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(c) Outer Zone flanks intermediate zone on the two sides and includes
Jaduguda, Bhatin, Narwapahar, Keruadungri and beyond towards
north-west and Kanyaluka-Bhalki towards south-east. In this zone,
the lodes of uranium and copper are well separated and distinct
from each other (ef. Bhola, op. cit.). The sulphide lodes occur either
to the hanging-wall or to the foot-wall side of the uranium lode.
At places, thin zones of copper are found to have cut across the
uranium lodes.

In the Singhbhum Thrust Belt all the important deposits of copper
with some uranium are located in the central and the intermediate zones,
while the outer zone includes all the uranium deposits so far known.

The zoning of uranium-copper mineralization in the Singhbhum Thrust
Belt appears mostly horizontal, although some vertical zoning may also be
present. An attempt has been made here to explain this zoning by the
lateral movement of the mineralizing solution along the shear zone both
towards north-west and south-east of the probable source.

The mineralizing solutions giving rise to the deposits of uranium and
copper in this region appear to have operated from a focus close to the Surda-
Pathargarah area (the central zone). These solutions after having moved
upwards into the shear zone, moved laterally both towards north-west and
south-east under the effect of the mass movement of the hydrothermal solu-
tion itself (Howkes and Webb 1962). This mineralizing solution, more en-
riched in uranium in its early stage, due to falling temperature, difference
in mobility and movement along the shear zone for a considerable distance,
resulted in the gradual change in its eomposition and finally in the sepa-
ration of uranium and copper, yielding separate lodes of the two in the outer
zone. All the well-known deposits of uranium in the Singhbhum Thrust
Belt such as Narwapahar, Bhatin, Jaduguda and Kanyaluka and also
presently coming-up deposit at Bagjata are located in this outer zone.

The formation of the intermediate zone is attributed to the mineralizing
solution, having undergone some impoverishment in uranium and a rise in
the concentration of copper at the source, which due to comparatively more
restricted movement resulted in the development of only a localized varia-
tion in the composition represented by small lenses of uranium enclosed in
the copper lode and irregular distribution of uranium and copper. The
frequent development of independent uranium lenses towards the hanging-
wall and the foot-wall sides of the copper-uranium lodes near the outer
margins of this zone indicates some separation of uranium from the copper-
uranium solution which formed the copper-uranium lodes.

The last stage of the activity of the mineralizing solution is marked by
the formation of the central zone, where the two constituents were deposited



328 K. K. SHARMA

together in marked parallelism with each other as a result of slow cooling and
localization by stagnation.
CoNcLUSION

The foregoing discussions about the Surda-Pathargarah and other ad-
joining regions of the Singhbhum Thrust Belt lead to the tentative conclusion
that the mineralization of the two metals, viz. uranium and copper, are not
geparated by any major time gap, the two having resulted from a single
continuous process of deposition from a mineralizing solution containing both
the metals.

This solution having moved upwards into the shear zone from a focus
close to the Surda-Pathargarah area spreads laterally towards the north-
west as well as the south-east along the shear zone and has given rise to
three distinct zones.

The presence of uranium and copper lodes together in this part of the
Singhbhum Thrust Belt is due to precipitation of the two from the same
solution followed by deposition in the structurally favourable places in the
shear zone and not due to deposition of copper in reopened fractures already
mineralized with uranium.
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DiscussioN

Questioner’s name: Dr. K. K. Majumdar
Question :

I would like to draw the attention of the author whether he has noticed
any relationship between uranium and copper minerals and chlorite in the
Singhbhum Thrust Belt. We have observed that as we move West or North-
westwards from Mosabani area, we find that copper mineral decreases and
chlorite and uranium minerals rise.

Author’s reply :

Wall rock alteration studies by many workers have indicated that
biotitization and chloritization of the rocks are as a result of intense
hydrothermal activities in the Singhbhum Thrust Belt. Biotitization is more
characteristic of apatite-magnetite mineralization, while chloritization is more
with uranium and sulphide mineralization. Some of the chlorite developed
towards north-western part of the belt may also be as a result of the second
metamorphism which does not rise above lower green schist facies.

20/11 (K. K. Sharma)
Questioner’s name: Dr. G. R. Udas
Question :

The polished sections of U ore are corroded by chalcopyrite indicating
U ore mineralization earlier than copper. The conclusions therefore need
be guarded.

Author’s reply :

Like uraninite, pyrite and pyrrhotite are also corroded and replaced by
chalcopyrite which is itself being marginally replaced by chalcocite and
covellite. So the polish section studies indicate only the relative position
of uraninite and sulphide minerals and not the time gap between the two.

15/11 (K. K. Sharma)
Questioner’s name: Dr. A. G. Jhingran

Question :

The data from Roam-Sidheswar showed that bulk of mineralization is
only of copper and only 2 or 3 holes gave uranium value. Hence his observa-
tion that uranium and copper mineralization which coincides in this belt
need to be checked.
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I also think that uranium and copper mineralization has taken place by
far and large in separation phase.

Author’s reply :

The assay results in respect of copper and uranium from the available
core samples of the bore holes drilled in the Roam-Sidheswar Block have
shown that uranium is associated with copper in all cases. The observation
that uranium and copper mineralization coincides in this part of the belt is
a well-established fact recognized by all.

Regarding separate phases of uranium and copper mineralization it may
be pointed out here that the field evidences on the bases of which Dunn (1937)
brought in the concept of two-phase—oxide phase and sulphide phase—
mineralization in the Singhbhum Thrust Belt are not seen in the Surda
Mines where detail underground mapping in the 5th level was done by the
author. The similar spatial disposition and the same degree of shattering
suffered by the lodes of uranium and copper in the Surda Mines are the evi-

dences contrary to those used by Dunn.
15/11 (K. K. Sharma)



