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Eighteen representative specimens of Singhbhum granite (including 12 from
magmatic members and six from the Bahalda metasomatic series) and two
specimens of soda-granite along the Copper Belt thrust zone were used for
(@) fluorimetric determination of uranium, (b) neutron-activation analysis -
of thorium, (c) flame-photometric determination of K and Na in 15 specimens,
(d) wet chemical analysis of major constituents in five specimens and (e) point-
count modal analysis and optical determinations of the compositions of the
constituent minerals, and computation therefrom of the major element
chemical composition of the rocks.

The available data indicate (@) abnormal richness of uranium in all three
suites of rocks (by a factor > 2), (b) abnormally low thorium content in all
the rocks except in soda-granite and (c) abnormally low Th/U ratios, the
averages being 1-29, 1-01 and 2-36 for the magmatic members, Bahalda
metasomatic series and soda-granites respectively.

In the magmatic units of Singhbhum granite, thorium shows fairly consistent:
positive correlations with Larsen Index, K 9, and Si 9, while uranium shows
only poor correlations with the above parameters; also in such rocks, the
Th/U ratio shows highly significant positive correlation with the ratio

Fo,04 ‘) . . Fe,04 )
(m. ; all specimens with Th/UF< t)ha,ve (m < 04,
82Y3

whereas all those with Th/U > 1 have (Fm ) > 0-4. It is suggested

tentatively that in parts of the magma with low oxygen pressure, the erystal-
lizing rocks incorporated abnormally small amounts of thorium, leading to
low Th/U ratios. In parts of the magma with higher oxygen pressure,
uranium was partly leached out with the vapour phase or hydrothermal
solutions and redistributed within the entire granite body, leading to its
rather erratic distribution.

In the Bahalda series of rocks which represents all stages of metasomatic
granitization of hornblende schist to hornblende granodiorite, it appears that
the uranium and thorium brought in by the granitizing fluids were preferen-
tially incorporated in sphene, allanite and other accessory minerals leading to
the erratic distribution of both these elements.

INTRODUCTION

In the course of the authors’ (Saha et al. 1965, 1968) studies on the trace
element distribution in the magmatic and metasomatic members of the
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F1e. 1. Generalized geological map of the northern part of Singhbhum granite (after A. K. Saha 1966) with locations of
the analysed specimens: 1, soda-granite and feldspathized schist; 2, granophyre; 3, gabbro; 4, Dhanjori lavas; 5, Dhanjori quartzite-
conglomerate; 6, Kolhan series; 7, intrusive units of Singhbhum granitic complex; 8, metasomatites of Singhbhum granitic complex;
9, para- and orthometamorphic rocks (mostly of pre-Singhbhum granite age); 10, foliation and lineation; 11, bedding; 12, Copper
Belt thrust zone; 13, location of the spectrochemically analysed samples. Important towns indicated thus: BH, Bharbharia;
CP, Chapra; D, Dalima; GM, Gamaria; GN, Gurumshisani; HG, Hat Gamaria; HP, Haludpukhar; JK, Jorapokhar; KJ, Karanjia;
KB, Khorband; KY, Kuyali; KP, Kalikapur; KD, Kudada; MS, Mushabani; RP, Rairangpur; RN, Rajnagar; SA, Saraikells;

TR, Tiring.



2- ©
[«]
o o o e THORIUM
- o 0
o © URANIUM
o A Thiy
15+
Thppm
[+]
10 4
o)
* 000 s ® B 15 1
. LARSEN INDEX [3Si+K-(Ca+Mg))
L) L T T T
30 32 34 36 o] 2 14
Si% t 2 H
T K%
2-
° Th/U
204 12 I A
7 1.0+ U‘l
® L 1O ‘U.
[ ] Lo
104
o] o L8 Uppm .
8 4 Ly [ 3
74
Thepm 6 . -6 08 4
S
54
4 o 061 A A a
4 had ) - o b A
L2.s 0-@0'4‘ (Y'Y 4
3 ,fg {1 4
O-2 4 a
b 4
4 7 L s © e . . :
LARSEN INDEX ! 2
K% [ SieK-(CasMg)) Thiy

Fio. 2A-G. Disgrams showing correlations of uranium and thorium contents in the specimens of the magmatic units of Singhbhum granite with several
chemical parameters of the rocks, (A) Th (ppm) vs. 8i%; U (ppm) vs. 8i%; (B) Th (ppm) va. K%; (C) U (ppm) vs. K%; (D) Th (ppm) vs. Larsen Index; (ppm)

v8. Larsen Index; (E) Th/U vs. Larsen Index; (F) Th/U vs. K%; (@) Th/U vs.

Fe,04

FeO + Feg‘)a :



Tasre 1

Poini-count modal analyses of the specimens used for the study of U- and Th-distribution
(Data in weight, per cent)

Magmatic units of Singhbhum granite

Phase 1 Phase 11 Phase 11T Metasomatic unit o
: — A e —e o Ae Soda-granite
Sm%’;isgg Dalima unit Rairangpur-Onlajori Bharbharia-Karanjia Bahalda metasomatic unit ,———~g¥——-—~«
P183 P255 P28 124N R237 R307 R371 R293 B33/63 B28/63 K37/63 T57 51N 233N 276N 239N B30/62 107N AT 20 T 252
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Quartz 19-8 29-5 224 31-3 27-6 26-8 26-5 27-8 355 32-2 36-3 42-7 X 39 12-9 145 18-1 24-7 389 34-3
Plagioclase 58-8 545 61-3 545 44-1 48-3 47-3 444 50-9 40-1 373 330 334 36-3 60-5 58-9 62-3 55-0 443 37-6
K-feldspar 53 5-1 T4 57 13-4 16-1 17-3 14-4 6-6 17-2 19-0 154 1-5 31 1-3 8.9 0-1 9-5 -
Muscovite X X X X X X X 0-2 05 1-3 1-1 0-8 - - - - - - 5-5 10-5
Biotite 6-6 52 2:7 x 2-0 39 4-5 11-0 3-6 0-8 K 1-0 — — — — - - 4-1 12-9
Chlorite 35 1-7 2:6 56 0-5 0-8 0-4 0-2 14 1-4 4-9 2-3 35 0-2 17 1.2 2-1 6-6
Hornblende - - - — - - - . - - - -~ 54-3 540 19-7 11-8 147 11 - -
Epidote-zoisite 54 2:6 2.3 2.6 10-3 16 2:3 1-2 1-0 6-5 0-9 18 6-0 14 31 2-9 1-3 2:6 X 0-6
Opaques 0-2 12 07 X 0-6 2-0 1-5 0-2 X 0-4 0-8 3-0 0-1 0-4 0-1 0-7 - 0-3 53 3-3
Sphene 05 0-2 0-3 0-3 0-8 0-3 0-1 0-3 pe 0-1 tr tr 0-2 0-6 0-5 1-0 1-3 0-2 X
Apatite tr 0-6 02 01 0-2 01 X X X 0-3 - 0-2 tr 0-1 0-1 1-9 I 0-8
Zircon X X X tr 01 01 01 01 % X X X - - tr tr tr tr X
Total 100-0 100-0 99-7 100-0 100-0 100-1 100-1 100-0 99-6 100-0 100-3 100-0 99-3 999  100-0 99.9 100-0 1001 1000 100-0
An content of
plagioclase Angy Any; Angy Ang, Angs Ampg  Ang,  Angg Angy Ang  Angg; Angg Angg Ang, Anyg, Any, Angy  Anggsg Ang.;  Anyg;




TaBre IT

Thorium, urantum and some related chemical par
. (See text for Methods of Determination)

ters in the granitic rocks of Singhbhum

Magmatic units of Singhbhum granite

Dalima unit

Rairangpur unit

Bharbharia-Karanjia anit

Bahalda metasomatic unit

Soda-granite

Sample D = o o
numbers P183 P25 P285 124N R237 R307T R371 R203 B 33 B 28 K 37 T 57 51N 233N 276N 239N B30/62 107 N AT 20 .T 252

1 2 3 4 i1 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Th ppm 6-4 4-2 2-3 2:9 4-9 52 91 6-4 4:2 11-9 13-7 25-0 2.2 12-6 9-6 7-3 0-4 7-6 19-0 23-4

U ppm 10 4 7 5 3 3 3 8 10 9 12 9 23 8 5 6 10 25 9 9

Si 9, 30-81 32-82 32-31 33-80 32-38 33-02 33-17 32:69 3474 33-92 34-74 35-64 24-34 26-32 30-03 29-83 31-15 32-74 34-10 34-30
K 9% 1-72 1-49 1-50 1-41 1.82 1-77 1-98 2-56 1-46 2-97 2-47 2-58 0-82 1-13 0-85 1-58 1-05 1-83 2-17 2-20
Na 9, 3-55 3-38 3-80 319 2-95 3-63 3-48 3-11 3-40 2-68 272 2-43 2-64 2-78 3-84 2-80 3-62 3-47 2-33 2-55
Ca 9, 3-13 2-50 2-01 2-32 372 1-71 1-69 1-93 1-87 2-44 1-20 111 7-29 6-18 3-87 3-91 3-21 1-89 0-83 0-84
Mg 9% 0-78 0-49 0-55 0-63 0-24 0-36 0-31 0-42 0-36 0-20 0-47 0-33 4-78 4-45 1-78 1-24 1-43 0-84 0-47 0-38
Larsen Index 8-08 9-44 9-71 9-73 8-65 10-71 11-04 11-11 10-81 11-66 12:38 13-02  —3-14 —0-73 5-21 6-37 6-79 10-01 12-24 12-41
Th/U 0-64 1-05 0-33 0-58 1-63 1-73 3-03 0-80 0-42 1-32 1-14 2-78 0-10 1-58 1-94 1-22 0-94 0-30 2-11 2-60
(Th/K) x 104 37 29 1-5 2-1 2-7 2:9 4-6 2-5 2-9 40 55 9-7 2.7 11-1 11-4 4-6 9-0 42 88 10-6

(U/K) x 104 58 2.7 4-7 3-7 1-65 17 1-5 31 6-8 3-0 4-9 35 28-0 71 59 3-8 95 13-7 415 4-1
FeQ 2-18 1-71 2.24 1-74 0-51 1-46 1-29 1-84 1-01 0-68 1-59 1-80 7-31 6-17 271 1-87 2-53 2-26 1-71 1:32
Fey Oy 1-35 1-57 1-13 0-33 1-76 1-92 1-68 1-15 0-41 118 1-09 2-39 4-18 316 1-45 1-45 1-52 0-60 3-18 1-78
Fey0y 0-38 0-48 0-33 0-16 0-78 0-57 057 0-38 0-29 0-63 0-41 0-57 0-36 0-34 0-35 0-44 0-37 0-21 0-65 0-38

FeQ+Fe, Oy
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Singhbhum granite as well as in the soda-granites of the Copper Belt thrust
zone, it was noted that the uranium content of these granitic rocks are much
higher (by a factor > 2) than normal granites. Thorium content of the rocks
was not determined in these earlier studies.

A detailed knowledge of the geochemistry of uranium and thorium in
these granitic rocks of Singhbhum is important for (¢) understanding the
ultimate source of uranium mineralization along the Copper Belt thrust zone
and (b) providing clues for future search for uranium in the Singhbhum region.

The present paper reports the preliminary results of such studies which
have been just started. Twenty specimens out of the suite of 56 granitic
and associated rocks from the Singhbhum region, whose trace-element distri-
bution had already been reported upon (Saha ef al. 1965, 1968), were used for
the present study. Out of these 20 specimens, 18 are from the Singhbhum
granite batholithic complex, four each being from three magmatic units (Dalima,
Rairangpur and Bharbharia-Karanjia units), which belong respectively to
Phases I, II and III of the intrusion sequence (Saha 1966); the other six speci-
mens represent successive stages of metasomatic granitization of pre-existing
basic metamorphics, as observed in the Bahalda metasomatic unit (Saha
1954; Saha and Chakrabarti 1963). Two of the specimens are typical soda-
granites from the Copper Belt thrust zone, they represent a fairly advanced
stage of soda-feldspathization of a group of mica schists and chlorite schists
along the Copper Belt thrust zone (Banerjee 1957). As will be noted from the
modal data (Table I), the 12 representatives of the magmatic members of
Singhbhum granite are mostly biotite granodiorite with gradations to biotite-
muscovite adamellite and leucogranite.

METHODS OF STUDY

Uranium in the above-noted 20 specimens was determined fluorimetric-
ally by M. D. Shirgaonkar of Atomic Minerals Division while thorium was.
determined by neutron activation analysis at the Analytical Division of
Bhaba Atomic Research Centre, Trombay, through the kind cooperation of V. T.
Athavale. Full wet chemical major element analyses (by B. P. Gupta)
are available for five of the specimens, while Na and K in the remaining 15
specimens were determined flame-photometrically at Presidency College by
A. K. Saha in cooperation with P. K. Chattopadhyay. Major element che-
mical compositions of these 15 specimens were computed from the modal
data, using certain assumed chemical compositions of the constituent minerals
on the basis of their optical characters. As already noted (Saha 1966;
Saha ef al. 1968), such computed values correspond satisfactorily with the
chemically analysed values, except for Na and K percentages, which were
determined in all the 20 specimens directly by flame-photometry or by wet
chemical method.

4



394 A. K. SAHA, A, V. SANKARAN & T. K. BHATTACHARYYA

The percentages of the major elements in the 12 specimens of magmatic
rocks were used to compute their Larsen Index [} Si-+K—(Ca-+Mg)], which is
generally considered to be a good indicator of the progress of differentiation in
magmatic sequences (cf. Ragland et al. 1957) (Table II).

The geological and geochemical significance of the data thus accumulated
will now be discussed.

DiscussioN oF REesurts

The salient features of the U-Th distribution in this small suite of samples
are as follows:

1. The magmatic as well as the metasomatic members of the Singhbhum
granitic complex have abnormally low Th/U ratio. Whereas the average
Th/U ratio in salic intrusive rocks is 3-4 (and only very rarely less than 1, cf.
Adams et al. 1959), the average Th/U for the magmatic units of Singhbhum
granite, the Bahalda metasomatic unit and the soda-granites are 1-29, 1-01
and 2-36 respectively, with as many as 40 per cent of the specimens having
Th/U < 1.

2. The average uranium contents in all the three suites of rocks are
much above the granite average of 475 ppm, while the thorium values are in
general {exeept in the soda-granites) muech below the granite average of 17-36
(cf. Heier and Rogers 1963). Thus the low Th/U ratios in the specimens of
Singhbhum granite are due both to the abnormally high U and abnormally
low Th values. A

3. In the magmatic units of Singhbhum granite, Th values show good
positive correlations with K 9%, Si 9, as well as with Larsen Index (Tables 1T
and ITT; Fig. 2A, Band D). However, these correlations are feeble or absent for
specimens with low Th values (< 7 ppm). Thorium appears to be absolutely
uncorrelated with K, Si and Larsen Index in the Bahalda metasomatic series.

4. Uranium shows only low, statistically non-significant positive cor-
relation with K, Si and Larsen Index in the magmatic units (Tables II and III;
Fig. 2A, C and D). According to Larsen et al. (1956) a broad distribution
pattern rather than a confinement to a narrow zone is expected in uranium
values of granitic plutons. As in the case of thorium, uranium also appears
to be absolutely uncorrelated with K, Si and Larsen Index in the Bahalda
metasomatic series.

5. The Th/U ratio in the magmatic units shows fair (though statistically
non-significant) positive correlations with K 9,, Si 9%, and Larsen Index (Tables
IT and III; Fig. 2E and F). This ratio alsc shows highly significant positive
Féf)?i—g%o;) (Fig. 2G); the latter is generally
considered to represent the ‘oxidation state’ of the rock (ef. Heier and
- Brooks 1966). Of considerable interest is the fact that all magmatic samples

correlation with the ratio (
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Tasre I1I

Values of correlation coefficients (r) between certain chemical parameters in the magmatic
members of Singhbhum granite (sample size = 12)

Th(ppm)  U(ppm) K (%)  Si(%) ?;g——ﬁf;g Larsen
Th (ppm) - 041 0-72 HS 0:60 S 0-35 0-82 HS
U (ppm) - - 0-14 0-32 0-44
Th/U - - 0-39 0-32 0678 049 PS
(Th/K) x 104 - - - - - 0-725 HS
(U/K) x 10 - - - - - —0-04 NS

—{after Snedecor (1957)]
To.g9 = 0-708; 7. = 0-576; 7 oy = 0-455;
HS = highly significant at the 99 per cent level; S = significant at the 95 per cent level;
PS = probably significant at the 90 per cent level.

. F8203 .
with Th/U < 1 have Fo0, 4 Fo0 << 0-4, whereas all those with Th/U > 1
F6203 . s s s . FeZOS
have Foy0, + Fe0 > 0-4. It is significant also that in samples with FeO+ Fe0,

< 0-4, thorium content is always less than 7 ppm. In the Bahalda metasomatic
series, Th/U is uncorrelated with K 9,, Si %, and Larsen Index, but here, too,

Fe,O
Fe0+2Fe3._,03) (< 0-4).

6. The ratio (Th/K)x 104 shows highly significant positive correlation
with Larsen Index, while the ratio (U/K) X 104 is uncorrelated with the latter.

7. Although no autoradiographic or mineral-wise study of U-Th distri-
bution in the present suite of rocks has been made, the abundance of pleo-
chroic haloes around the accessory sphene and allanite in these rocks suggests
that mueh of the uranium and thorium are locked up in sphene and allanite
respectively. Adams et al. (1959; Table 5, p. 314) report that thorium con-
tent of allanite in igneous rocks has a range of 50-5000 ppm and uranium from
30 to 700 ppm with a Th/U between 5 and 10, while in sphene Th ranges from
100 to 600 ppm and U 100 to 700 ppm with a Th/U range of 1-2.

The fairly consistent relationship between thorium content on the one
hand and Larsen Index, K 9, and Si 9, on the other as well as the significant
correlation between (Th/K)x 104 and Larsen Index in the magmatic series of
Singhbhum granite suggest that the original Th content of the rocks has not
been depleted or increased by redistribution during the late stages of crystal-
lization or subsequent low-grade metamorphism. On the other hand, the lack
of statistically significant correlation of uranium with Larsen Index or K %
and its generally high values probably suggest the late stage enrichment and
redistribution of uranium in these magmatic rocks.

samples with low Th/U (< 1) have low(
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Uranium and thorium are considered to occur in igneous rocks (i) as
discrete minerals, (ii) as trace-element in minerals or (iii) in interstitial grain
boundaries as loosely held ‘Paint’. It has also been noted that a certain
quantity of the uranium is easily leachable, giving rise to its erratic distri-
bution. Uranium (U#*) in many granitic magmas is partly oxidized to the
more easily soluble hexavalent state, leading to its partial loss with the hydro-
thermal solutions or with the vapour phase (cf. Adams et al. 1959; Ragland
et al. 1967), so that in such bodies uranium shows general decrease with
increasing fractionation. In the magmatic units of Singhbhum granite, there
is no general decrease of uranium with inereasing fractionation, rather there is
a feeble tendency of rising uranium with increasing Larsen Index (Table IIT;
Fig. 2). This suggests that the hexavalent uranjum in the late stage magma
did not appreciably escape out of the granite body but was mainly redistri-
buted within the granitic rocks themselves.

In respect of the low Th/U ratios and several other features, the magmatic
members of Singhbhum granite resemble the white granite members of the
Heemskirk granite in West Tasmania (Heier and Brooks 1966). In the latter,
Th/U ratio ranges between 0-6 and 2-5, but unlike in Singhbhum granite
() the low Th/U there is largely due to uranium enrichment (U, 12-5-27-4
ppm) with only a light depletion of thorium, and (b) there is negative correla-

. . F6203 ) . .
tion between Th/U ratio and (m ratio. Heier and Brooks (1966)

suggested that low Th/U in magmatic sequences may appear (@) in rocks
formed by crystallization of strongly differentiated rest magmas that have
been produced under non-oxidizing conditions, or (b) in the late stage granites
undergoing oxidizing conditions if the vapour phase does not escape appreci-
ably into the surrounding rocks but is incorporated within the granite itself.

From & critical consideration of the available data on U-Th distribution
in the magmatic members of Singhbhum granite, it appears that oxygen
pressure in the magma played an important role as follows:

1. In parts of the magma with low oxygen pressure (as in Dalima unit),
the orystallizing rock incorporated abnormally small amounts of thorium,
leading to abnormally low Th/U ratios. In such rocks thorium values do not
show any clear correlation with increasing fractionation. For reasons which
are not yet clear, entry of thorium in minerals crystallizing from a granite
magma seems to be impeded under conditions of low oxygen pressure. This is
borne out also by the data of Heier and Brooks (1966).

2. In other parts of magma with higher oxygen pressure, uranium was
partly leached out with the vapour phase or hydrothermal solutions and re-
distributed within the entire granite body, thus leading to its rather erratic
distribution. Thorium, however, increased continuously with increasing
fractionation, except in rocks with low oxidation ratio.
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The erratic and often abnormally high values of uranium and thorium
(particularly the former) in the Bahalda metasomatic series of rocks are ex-
plicable in terms of a hypothesis of preferential incorporation during progressive
granitization of certain trace elements within pre-existing mineral aggregates.
During the metasomatic granitization of hornblende schists to hornblende
granodiorite, both uranium and thorium brought in by the granitizing fluids
seem to have been preferentially incorporated in sphene, allanite and other
accessory minerals; this caused rather erratic distribution of both these ele-
ments in the granitized series of rocks.

CoNCLUSIONS

The data on the distribution of uranium and thorium as presented here
are yet too meagre to hazard even a guess at the source of uranium mineral-
ization along the Copper Belt thrust zone. As will be noted from Fig. 1, the
specimens of Singhbhum granite whose uranium-thorium data are presented
here lie over 30 km away from the outcrops of the Copper Belt thrust zone.
Detailed studies on the uranium-thorium distribution in the Singhbhum
granite near its northern borders, which are now under way, are expected to
throw light on uranium mineralization along the thrust zone.
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