A STUDY OF THE MINERALIZATION OF RADIOACTIVE
ELEMENTS IN SINGHBHUM SHEAR ZONE, BIHAR*

by S. C. SARRAR, Department of Qeological Sciences,
Jadavpur University, Calcutta 32

The paper deals with some salient aspects of the mineralization of radioactive
and the associated elements along the Singhbhum shear zonme. The shear
zone in general and the down-dip warps in schistosity and the shear surfaces
in particular are the loci of mineralization. Ore shoots generally trend
towards NNE-NE, subparallel with the dominant lineations in the zone.
Rich veins of radioactive minerals and copper sulphides do not generally
coincide. Locally, however, there is concentrated mineralization of nickel
and molybdenum along with uraniom. The ore zone is at places charac-
terized by the development of cherty quartz and oligoclase veins with
abundant inclusions of dusty hematite. Radioactive minerals so far recorded
and studied are uraninite, pitchblende, xenotime, allanite, autunite, meta-
autunite, torbernite, schoepite, meta-schoepite. Details of these as well as
other ore minerals associated with them are discussed. The nature of the
ore mineralization, the source of the ore materials and the process of their
deposition are discussed. A hypogene middle-high temperature hydro-
thermal origin, with the ore materials essentially derived from an unknown
source, is suggested here.

INTRODUOTION

Singhbhum shear zone, which has for the last half century been con-
sidered as the largest copper-producing area in the country, has in recent
years also come to be known as one of the rich zones of radioactive ores in
the country. The area is located at the north-eastern end of the Indian
Peninsula and the mineralization has taken place in the Precambrian rocks
formed by metamorphism and metasomatism of basic voleanic and (ortho-)
sedimentary rocks. As would seem natural, the entire Singhbhum shear zone
is not uniformly mineralized and differential concentration of ore materials
has given rise to ore deposits of varying size and richness. Some of
the deposits have been located, starting from the south, at Khadandungri-
Kanyaluka-Bhalki, Mainajharia-Bagjata, Pathargara-Surda, Jaduguda-Bhatin,
Naroapahar, Keruadungri, Rajgaon-Tamadungri, Sankhadih-Galudih areas
(Fig. 1).

CONTROL OF MINERALIZATION

The ore bodies have been emplaced along a zone of dislocation of regional
dimension, known as the Singhbhum shear zone. This has been the principal
locus. In the shear zone the schistosity, shear planes and bedding (wherever

* Paper presented at the symposium on Geology and Mineralogy of Atomic Minerals
Deposits and their development for use in the Nuclear Power Programme in India held in
New Delhi on 14-16 October, 1968, under the suspices of INSA, Convener Prof. D. N. Wadia.
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S. C. SARKAR. Proc. Indian natn. Sci. Acad., Vol. 36, A, Plate XVI

Fic. 4. Martite. Jaduguda, showing inherited (I11) cleavagos
of magnetite. x 168,

Fie. 5. Fractures in Jaduguds magnetite, ¥ic. 6. Pitchblende forming a composite
filled in by chalcopyrite {Cp). Uraninite (U) polygon with grains of quartz at the core,
ahutting against magnetite (M) grain. x 72, % 168,
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Fia. 7. Pitchblende (P) filling in schistosity planes
in the host rock, Jaduguda. 168,

Fi1a. 8. Xenotime, Kanyaluka. Distinctive Fic. 9. Allanite (4) overgrown by epidote,
(TI0) cleavage visible, x 160. Mosahoni. x 80.
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F1e. 10. Autoradiograph of
uraninite disseminated in the
ore, Jaduguda.

Fia. 11. Millerite (M3) partially replaced by mackinawite (Mc), central
Jaduguda. x 168.
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traceable) are parallel to sub-parallel with one another and the ore bodies are
broadly parallel with them. The warps in the schistosity and shear planes
have been found to be generally better concentrators of ore mineralization.
As these warps trend parallelly with the predominant linear structures («-) in
the area, the ore shoots formed also trend sub-parallel with these structures.
Nome post-mineralization transverse faults have offset the ore hodies, as in
the Jaduguda-Bhatin area.

Apparently the biotite-chlorite-quartz schists (‘granular rock’) in the
central part of the ore-zone (containing Jaduguda-Bhatin area) have been
hetter as the host rocks compared to the biotite-schists or quartz-chlorite
schists, playing hosts at most other places. But possibly the mechanical
property of these rocks or the chance-location of the mineralization sites,
rather than petrochemistry of the rocks, should deserve credit for this.
Although mineralization of both copper and uranium has taken place along
the Singhbhum shear zone, zones of intense copper and radioactive ore
mineralization do not coincide. On the surface or in penetrated depth, the
migmatites or the 'soda granites’ do not show any visible relationship with the
radivactive ore deposits.

S/1

s/2 Fe, 0, > 7-Fe, 0,

1 1 1 L i { L . L
] 100 200 300 400 $00 600 700 800 900 1000 T

S/1 Khadandungri magnetite - martite.
S/2 Jaduguda magnetite,1-2L.
Fie. 12, Differential thermal analysis eurves showing absence of metamictization
in the iron oxides from Singhbhum.
WaLL Rock AND OrE ZONE ALTERATIONS

There is no definite pattern of wall rock and ore zone alterations along
the zone of radioactive ore deposition in Singhbhum although locally it is not
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very inconspicuous. The entire zone of this mineralization is characterized by
gilicification and tourmalinization. But it is difficult to assert how much of
these are associated with the mineralization of radioactive elements, since the
zone, as is well known, also happens to be one of pronounced shearing as
well as locus of copper mineralization. However, the association of hematitic
cherty vein quartz with uranium ores in Jaduguda Mine is too conspicuous to
be oversighted. Besides, veinlets and lenses of Na-feldspars (Na-oligoclase)
reddened with hematite dusts are often noted in the radioactive deposits of
Jaduguda-Bhatin, Rajda-Naroa and Rajgaon areas. At Rajgaon carbonat-
ization is also noted in the zone of uranium mineralization. Small but varying
amounts of sericitization and chloritization along the zone of uranium mineral-
ization have been noted in many places.

MINERALOGY OF THE ORES
Radioactive Minerals

Primary radioactive minerals identified and studied by the author are
uraninite, allanite and xenotime. Bhattacharyya and others (1966) have
reported the occurrence of monazite also.

Uraninite here is isometric. In view of the fact that thorium is practi-
cally absent in Singhbhum wuraninite, in its formula of UOQ,,, the value of
z, therefore, should not exceed 0-2 (Alberman and Anderson in Berman 1957).
Uraninite grains vary in size in the range of 0-05-0-02 mm. Grains in Naroa-
pahar deposit and those in the further west are smaller in the range. Urani-
nite has so far not been found in the surficial or near-surface ores. Allanite
has been found mostly in the border zone between the soda granites and the
basic voleanics or their derivatives such as the chlorite schists, etc. Over-
growth of epidote around short prisms of allanite is a common observation
(Fig. 9). Allanite is sometimes metamicted. Xenotime has been found
mostly in the Bhalki-Kanyaluka area in biotite schists. Individual xenotime
grain in an aggregate in the area often exceeds 1 cm. Apatite is a common
associate of the mineral. Allanite is also sometimes present.

The secondary radioactive minerals consist of pitchblende, autunite,
meta-autunite, torbernite, schoepite, meta-schoepite. Pitchblende is either
shooty or forms rims around grains of gangue minerals such as quartz and
magnetite and fills fractures in them or schistosity in the host rock (Figs. 6
and 7).

Autunite —Light yellow, flaky aggregates form along schistosity
planes. Weakly reactive to luminescence.
N: ~ 1-580.
Meta-autunite —Forms rosy aggregates and is more reactive to lumines-
cence.
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Torbernite —Green flakes in aggregates usually along schistosity.
N, = 1-60-1-604.
Schoepite-
meta-schoepite -—Replaces autunite and meta-autumte Yellow prismatic
grains, pleochroic.
N -—Colourless, 1-694-1-705.
N. —Yellow, 1-737-1-750.

Uranium is partly leached out from a zone below the surface often extend-
ing to a depth of 30-40 metres as in Jaduguda and Naroa (Fig. 3).

Radioactivity in other Minerals

Many of the gangue minerals in the ores show radioactivity in various
intensities. These minerals include magnetite, martite, apatite, chlorite
tourmaline and even quartz. The phenomenon has been recorded wy
Bhattacharyya and others (1966). This has been restudied by the present
author and the results of this study are shown in the following Table (I).

Tasre I

eUgOg-content in gangue mineral

% U304
Mineral
Author Bhattacharyya
and others
(1966)

Chlorite . 0-027 -
Biotite .. - 0-080
Tourmaline . 0-23 0-880
Apatite .. 0-11 0-12
Quartz 0-017 0-036
Sulphides (pyrite and

chalcopyrite) .e Traces Traces
Magnetite .. 0:027-0-16 0-23

Karkhanavala (1958) noted that the uranium content (expressed as
Us0s) increased with the increasing hematite content. According to him
uranium is located in hematite-structure. While others (Rao 1960; Bhatta-
charyya et al. 1966) think that oxidation of magnetite in Jaduguda leads to the
formation of magnetite-maghemite and changes in the original lattice of the
magnetite made accommodation of uranium possible. For the explanation
of the occurrence of uranium in magnetite, Rao and Bhattacharyya et al.
(op. cit.) support the opinion of Walker and Osterwald (1956) that uranium
can occur in the magnetite lattice, while according to Karkhanavala uraninite
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associated with magnetite is the source of radioactivity of the latter phase.
The present author, however, will like to put his observation as such: uranium
content in magnetite as well as oxidation of magnetite increase with approach
towards the surface and the oxidation of magnetite may produce mostly
maghemite, mostly martite or both (see Tables II, III and IV). Near the
surface the oxidation product is predominantly martite (Fig. 4). Therefore, a
conclugion like ‘Jaduguda magnetites contain about 65 per cent y-Fe,Og’
by Rao (in Bhattacharyya ef al., op. cit.) will seem less warranted. Greater

TaerLe I1
Composttion of magnetite

1 2 3
FeO .. 26-06 29-76 30-42
Fe,04 .. 68-06 65-86 67-37
ALO, .. 600 2.61 1-00
TiO, .. 0-13 0-28 Traces
MnO .. 0-08 0-006 0-19
Ca0O .. 0-09 0-18 -
MgO .. 0-46 0-60 0-05
V205 - - - 0-08
H,0" . 032 0-42 -
H,0~ .. 0-11 0-08 -

(analyst : B. P. Gupta)

Calculated Norms

Hercynite

(Fe0.A1,0;) .. 9-83 565 2:99
Ulvospinel

(2Fe0.TiOy) .. 0-27 0-61 -
Magnesioferrite

(Mg0.Fe,03) .. 1.78 3-28 0-25
Jacobsite

(MnO.Fe,03) .. 0-19 0-01 0-68
Magnetite

(Fe0.Fey03) .. 50-65 8517 92-44
Maghemite

(Feg0y) . 37-64 528 3-69

Note—Calcium has been left out of calculation as there is no
caleium-bearing spinel known as yet. It is likely
that the element here occurs in a minute but discrete
phase as apatite. Vanadinm has been allotted to

magnetite.
1. Magnetite from Jaduguda (central) 1-2 level
2. ’” . 3 level

3. " b level
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Tasre III
Relationship of oxidation of magnetite and its eUgOg-content

Depth in the State of oxidation
Jaduguda mine of magnetite U308
1-2 level Fey03 409%, (mostly
normative) 0-16
2 level (100 m) 0-079
3 level (165 m) Fe,03 59, (normative
only) 0-027

values of eU30yq in the oxidized magnetite may be explained better as due to
adsorption of uranium in it. That at least a large part of uranium in the
iron-oxides under discussion occurs as a discrete easily extractable phase/
phases will be evident from the results of the leaching tests done by the author
(Table IV). The leaching in these cases was done with dil. (1 : 1) HCI for a
period of five minutes with — 60480 mesh material. This may be noted that
leaching was found to be more perfect with the prolongation of the time of
action or diminution of grain size in the probe.

TaBLe IV
Leaching tests on ‘radioactive’ magnetites

% U304

Locality Nature of the ore
Before After

leaching leaching

Khadandungri* ‘Magnetite’—martite

(martite 809, approx.) 013 0-092
Pathargarah ‘Magnetite’ (with approx.
209, martite and 30-
329, maghemite) 0-006 Traces
Jaduguda Magnetite (with very
1-2L little or no martite and
38-409, maghemite) 0-14 0-028
3L Magnetite 0-050 0-040

* Average grades of Khadandungri and Jaduguda ores are same.

Substitution of iron by uranium in the magnetite structure cannot also
be supported from a crystallochemical point of view, particularly because of
the large ionic radii of the latter, assuming that Goldschmidt’s laws of sub-
stitution (1937) will more or less hold good in case of magnetite, which is
predominantly ionic in bond-characters. Moreover, uranium, taken within a
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mineral structure would affect it through the geological time and will lead to
the metamictization of the phase. D.T.A. and X-ray analyses have not been
found to show any such effects (Fig. 12) (of. Karkhanavala, op. cit.).

Nickel and Molybdenum in Association with Uranium

Significant mineralization of nickel and molybdenum has been noted at
places in association with uranium mineralization. It is intense in Jaduguda,
closely followed by that in Bhatin. In Keruadungri ores only nickel is
reported (Bhola 1966).

It may be recorded that in Jaduguda, the concentration of uranium and
that of nickel are almost directly variable. Samples of chlorite, one each
from central Jaduguda and eastern Jaduguda gave the NiO-content of 0-29
and 0-26 respectively. Ny of this chlorite is 1-62904-0-0002; cell: @ = 5-39+
002 A, b= 9-28-9-3240-02 A, ¢ = 14-27-14-2840-02 &, B = 96° 57'-97° 7'+
30’. A Dbiotite sample from central Jaduguda on analysis was found to
contain 0-34 p.c. NiO. It is interesting to note that the same chlorite and
biotite occurring beyond the limits of Jaduguda along the ore zone do not
contain nickel. Pyrite occurring at central Jaduguda in the zone of uranium
mineralization has been found to contain up to 2-4 p.c. of nickel. Cell-edge of
this pyrite is of the order of 5:41540-005 A. This high content of nickel in
pyrite may be explained in two ways: (a) pyrite formed at high temperatures
did not re-equilibrate with the falling temperature, since pyrite forming at
200 °C and below cannot have more than 0-5 p.c. nickel dissolved in it (Clark
and Kullerud 1963); (b) minute grains of millerite included in pyrite gave
this high value. Millerite appears and becomes the most important nickel
mineral below 100 metre-level. It occurs as granular aggregates with
occasional prisms and also fills the fractures in the associated pyrite grains.
Millerite is replaced along margins and fractures by a mineral whose optical
properties are closest to those of mackinawite (Fig. 11). The phase is too
minute to be confirmed by X-ray analysis. Nickel in Jaduguda also occurs as
pentlandite and its alteration produet violarite along with the copper sul-
phides which occur mainly in the foot-wall side of the uranium lodes. These
minerals do not appreciably contribute to the nickel values in the Jaduguda
uranium ores.

Molybdenum occurs as molybdenite. Preliminary studies indicate the
presence of rhenium in molybdenite in trace quantities (< 5 ppm).

It is interesting to note here that the assemblage of elements in the radio-
active ores of the zone, particularly those of Jaduguda-Bhatin area, do not
conform to any of the sub-types of the ‘five-element’ assemblage suggested by
Schueiderhohn (1955), but constitute a type of its own, i.e. hematitic uranium-
nickel-molybdenum ore. Millerite, which is the principal mckel mineral here,
is usually rare in multi-element uranium deposits.
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Orr GENESIS

~ Genesis of radioactive ores and with them nicke] and molybdenum minerals
at places along the shear zone poses a very interesting problem. For the
convenience of discussion the problem may be divided into three parts: nature
of the mineralization, source of the ore materials and the process of ore
deposition.

The mineralization under discussion is epigenetic-hydrothermal. This is
borne out by the mineralogy of the primary radioactive minerals, and that of
the associated minerals of nickel and molybdenum, development of hematite-
bearing cherty quartz and Na-oligoclase and also a small but observable amount
of chlorite and sericite along the ore zone. Ore bodies often branch out
and coalesce. Presence of cubic uraninite, xenotime and molybdenite suggests
a moderate high temperature type of hydrothermal mineralization (cf. Kerr
1956, Heinrich 1958, Kotliar 1961). If the nickel-content in pyrite as
reported in an earlier section is due to solid solution of NiS, in FeS, then the
above conclusion will be corroborated by pyrite also. The fact that the zone
of ore deposition coincides with the zone of a regional disjunctive structure
(Singhbhum shear zone), when considered alone, may not get its full weight
since the shear planes are also sub-parallel with the stratification in the host
rocks and this latter fact may lead one to suggest that the mineralization is
syngenetic sedimentary. But the observations noted above plus the mode
of occurrence of uranium-nickel-molybdenum mineralization at Jaduguda
(Fig. 2) will definitely suggest the mineralization to be hydrothermal-epigenetic
in character.

Regarding the source of the ore materials opinions vary. According to
Bhola and others (1966), the solutions for radioactive ore mineralization came
from the soda granites oceurring at different places along the zone, the soda
granites having presumably been thought to be magmatic in origin as believed
by Dunn and Dey (1942). Banerji (1962) on the other hand thought the soda
granitic rocks to be migmatitic in origin and according to him the uraniferous
minerals were partly indigenous to the migmatitic materials and were partly
extraneous, having been derived from the shear zone rocks during migmatiz-
ation. The author is in agreement with Banerji on that the soda granites
along the shear zone are essentially of migmatitic (metasomatic) origin. But
most of the uranjum deposits along the zone are not closely associated with
the soda granitic rocks and besides the host rocks of most of the deposits
are any of biotite schists, chlorite-quartz schists and sericite-quartz-chlorite
schists. These rocks are mostly derivatives of mafic voleanic rocks and they
are known for their poverty of radioactive elements. Under such circum-
stances neither the migmatizing fluids nor the host rocks may be considered
to have remarkably contributed to the formation of the radioactive ores.
Solutions came from below.
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The problem is further complicated by the deposition of molybdenite and
nickel-bearing minerals in the zone of radioactive ore deposition. Vein
deposits of molybdenum are thought to be genetically connected with a
granitic (silicic) source while nickel should be related to a mafic or ultramafic
one. According to Barsukov and others (1967) the source of such elements as
nickel, cobalt, etc., in a complex uranium deposit is the mafic rock in the
immediate neighbourhood of such deposits. Elements like nickel and cobalt,
etc., are leached out of such a rock by the rising hydrotherm. Such an
explanation may hold good for particular deposits but will be insufficient to
explain all cases. For in Singhbhum shear zone alone there are places where
the host rocks are equally mafic (if not more) as those of Jaduguda and there
no mineralization of nickel has taken place. In Jaduguda a peridotitic
intrusive occurs in the neighbourhood which might give out nickel on hydro-
thermal leaching. But no ultramafic rock has so far been located in the
Bhatin area where nickel has been mineralized in almost the same intensity
as in Jaduguda. The following suggestion is advanced to explain the occur-
rence of uranium and nickel in some deposits. Nickel goes into the structure
of early silicates and excess, if there is any, will remain in solution.
Uranium because of its large ionic radii is accommmodated in only a few rock-
forming minerals and the bulk of it accumulates in late solutions. So if at
the source there is some excess of nickel or nickel is introduced at a late
stage, that nickel will be accumulated along with uranium in the hydro-
thermal solutions.

Many of the uranium deposits of the world, particularly those accompanied
by multi-element mineralization, are characterized by the deposition of
hematite and apparent absence of pyrrhotite in the gangue as well as in the
host rocks. As examples may be cited the deposits of Erzbirze in Germany;
Cornwall in England; Gold-fields, Great Bear Lake, Lake Athabaska,
Colorado, Front Range deposits in North America and the Myponga deposit
in Australia (Rumbold 1954, Conybeare and Campbell 1951, Campana ef al.
in Heinrich 1958). Reddish hematitic albitization is, however, also prominent
in Cobalt, Ontario, around calcitic veins of native silver and complex
arsenides of cobalt and nickel (Thomson 1957). Reddish feldspathization with
calcite and minor amount of chlorite and sericite is also conspicuous in
the copper deposit of the Chilean Coast Ranges (Mayer and Hemley 1967).
The common association of hematite with uraninite lead some workers to
suggest that hematite in these cases may be product of oxidation of ferrous
iron during probable reduction of Ut to U** according to the following
equation:

3H20+2F82++[U6+02]2+ = F8203+U02+ 6H*
(McKelvey et al. 1956).
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But, as has been noted above, occurrence of hematite is not exclusive to
uranium veins though more frequent, and even in Jaduguda where the
deposition of the mineral has been maximum in the zone it is found to oceur
below a certain depth (100 m level) in the ore body and elsewhere in the zone
veins of hematitic cherty quartz and oligoclase have been found to occupy
only very small parts of uranium lodes. A portion of the hematite formed
together with uraninite but the bulk of it apparently preceded. These
observations may be taken to suggest that the occurrence of hematite in
the uranium deposits may, in general, have no ‘cause and effect’ relationship.
Rather, they represent an association of minerals which are products of
the same chemical environment, i.e. high oxidation potential. Where
alkali/H+ ratios were sufficiently high Na-feldspars formed in addition
(cf. Mayer and Hemley, op. cit.). It is more likely that the precipitation of
uraninite here took place in accordance with the other suggestion of McKelvey
and others (op. cit.) which recommends precipitation of uraninite due to
decrease in temperature, pressure or both.

During metasomatic introduction of nickel to chlorite and biotite the
metal came in some form, soluble in an aqueous medium (hydrolysed chloride ?).
" But later, as the sulphur species in the solution increased, it precipitated in the
form of sulphides.
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