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ABSTRACT

Based on surface abundances of U, Th and K, and selected trace elements, the Siwana, Jalor
and Tusham granites of the Malani igneous suite have been identified as the high heat production
(HHP) granites, In heat production these granites are similar to the Nigerian Younger granites.

INTRODUCTION

Radioactive heat production is a thermal property of rocks irndependent of in situ
temperature and pressure. It contributes 2 major amount to surface heat flow. On an average,
surface heat flow is 63 mWm=? and the heat flow from the mantle in continental areas is around
20 mWm=-3; the difference is due to radioactive heat production in crustal rocks (Rybach, 1976).

All natural radioactive isotopes generate heat to some extent, but the significant contribu-
tion arises from the decay of 38U, 232Th and 4°K. There has been exponential decline in the
activity of the long lived isotopes through geological times, and hence markedly high heat has
been produced during Archaean-early Proterozoic. The heat production is approximately
9.5 per cent less in Tertiary than during the Cambrian times (Plant e al, 1985).

HIGH HEAT PRODUCING GRANITES

The high heat production in the granitic rocks is due to enhanced content of 238U, 232Th
and 49K. There is no precise definition of a high heat producing (HHP) granite; a level of
10 ppm U (the dominant heat producing component of the natural radioelements) is accepted
as lower limit by Simpson (in Parslow, 1985). This is about 2.5 times the mean value of granite
(Rogers and Adams, 1969). Taking into consideration the decay of U over geological times,
this minimum (10 ppm) has been lowered to about 7.5 ppm ‘present day’ U for granites over
1.75 Ga in age (¢f. Parslow, 1985). This value can be further lowered for younger rocks. In
view of lack of a precise definition of a. HHP granite, Plant et al (1985) have suggested the
following geochemical characteristics for identifying alkaline and subalkaline HHP granites:
(a) exceptionally high contents of the radioclements Rb, Th, U, K and Cs, Ta, Nb, Y, Sc and
Li together with low Nb/Ta, Th/U, Zr/Sn, V/Nb, K/Rb, Sr/Y and Mg/Li, low to very low
contents of Ba, Sr, Ti, Zr and of elements such as Cr, Mg, Co, V and Ni; and (6) high total
REE contents, pronounced negative Eu anomalies and the heavy REE enrichments at higher
silica contents, The HHP granites have been shown to comprise evolved calc-alkaline intrusions
emplaced later in orogenic cycles. Alkali and subalkaline post-orogenic granites, commonly
enriched in Sn, occur in continental rift zones. These suites show evidence of extended history
of crustal fractionation (Plant et al, 1985).
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Heat production is caleulated using surface abundances of U, Th and K according to
the following equation (Ashwal et al, 1987):

A=Heat generation uWm=3=P(0:966 cU--0-026 cTh +-0-036 cK),
where ¢U and ¢Th=abundance of U and Th in ppm,
cK=abundance of K in weight per cent, and
P=density gm/cm?

HEAT PRODUCTION IN MALANI ROCKS

The late Proterozoic, trans-Aravalli Malani igneous suite of rock (55,000 km®*: 750 Ma)
comprises peralkaline (Stwana) and peraluminous (Jalor and Tusham) granites with cogenetic
carapace of acid volcanics (welded tffs, rhyolites, trachytes, explosion breccias and perlite)
and is characterisecl by granitic and voleanic ting structures. The Malani granites are of A-type
and plot in the “Within Plate Granites™ field (i.c. anorogenic magmatism), The emplacement
of the Malani magmatism was controlled by NE-SW trending lineaments and owed its origin
to hot-spot tectonics (Kochhar, 1984). The radivelement abundances and radioactive heat
production in the rocks of Malani suite and the Nigerian Younger Province are given inTable 1,

A perusal of the Table 1 shows that the Tusham granites have uniformly high HPU
values followed by Mokalsar and Kolar (Jalor) granites. The sample B-14 has the highest value
recorded, The low value of TG (Tusham) is due to potash depletion. The lower values of some
rhyolites and trachytes are also due to potash depletion accompaning hydrothermal alterations
and devitrification (Kochhar, 1984), In heat productivities the Malani granites are quite
similar to the Nigerian Younger granites. The high radioactive heat production in the Malani
rocks appear to be the cause of the observed high heat flow in the Khetri copper belt (Gupta
et al, 1967) and in Tusham area (A. Sunder, person. commun.). .

TRACE ELEMENT BEHAVIOUR OF MALANI ROCKS

In order to understand variations among the Malani and Nigerién granites, the abundance
of selected trace elements (Table 2) have been normalised to the primordial (undepleted)
mantle and are shown in the Figs. 1-2. The primordial mantle (bulk Earth minus the core)
is useful in this context as it gives the fractionations that have béen involved in generating the
present mantle since the accretion of the Earth (Wood, 1979). The figures show that the
Mokalsar (Siwana) granites have higher contents of U, Th, La, Ce, Zr, Hf and Sm as com-
pared to the Nigerian Younger granites but are very low in Ba and Ta. K and Ti are similar
to those of the Nigerian granites,

The Kolar (Jalor) granites have lower abundance of U, Th, La, Ce, Zr, Hf and Sm but
higher Ba than the Siwana granites. The Tusham rocks are very much depleted in Ta and Ti
as compared to the Jalor rocks; however Ba, Th, U, K, Zr, Hf and Sm.abundances are also
quite low. The Mokalsar granites are characterised by high total REE abundance and relatively
flat chondrite normaliged patterns (La/Yb: 2.8). The Tusham samples fzll in a very restricted
range of REE abundance and LREE are significantly enriched with respect to HRER
(La/Yb : 17). The Mokalsar granites have much more pronounced Eu anomalies (Eu/Eu* :
0:44). The chondrite normalised La/Y¥b ratio for Jalor granites (La/Yb: 5) are intermediate
between the Siwana and Tusham granites, The Jalor granites have the lowest total REE
abundances and the Eu/Eu* js 1.24-0.56 (Eby and Kochhar, in press).
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TABLE 1

RADIOELEMENT ABUNDANCE AND HEAT PRODUCTIVITIES FOR ALKALI GRANITE, RHYOLITE,
TRACHYTE OF MALANI IGNEOUS SUITE AND NIGERIAN YOUNGER GRANITE PROVINCE

Sample Rock type U Th K Th{U HPU
No. (ppm) (ppm) (%) (uWm™)

Malani Igneous Suite

Ml (Siwana)  Mokalsar alkali granite 10.5 58.1 3.76 5.53 7.09
L6 B » " 6.8 29.8 3.59 4.38 4.16
100 2 0 2 T 6.4 43.0 3.99 6.72 5.01
Bl4 5 7 5 17.1 95.0 3.5 5.56 11.31
R8 ,, 5 . 11.2 33.3 3.67 2.97 5.53
190 - . B 11.0 60.8 3.65 5.53 7.39
Pl . » B 15.3 50.6 3.59 3.31 7.78
14 » s - 593  26.3 2.15 444 3.55
157 » » ” 10.84 - 38.8 3.74 3.58 5.83
184 G . » 9.87 52.0 3.32 5.27 6.45
85 Mokalsar alkali rhyolite 14.0 59.9 3.90 4.28 8.33
MIi2 i » 5 538 295 3.32 5.48 3.84
132 35 m - 461 305 4.23 6.62 3.80
R1 o - . 1.21 5.29 3.67 4,37 1.06
Mill Mokalsar alkali trachyte 372 12,10 2.29 3.25 2,08
101 B B 5 1.4 9.23 291 6.59 1.82
R9 5 o . 1.14 8.14 3.84 7.74 1.26
K01 (Jalor) Kolar biotite granite 58 29.3 4.19 5.05 3.92
K02 5 5 5 6.9 31.0 3.67 449 4.27
K05 » 2 2 2.6 13.3 3.16 5.12 1.89
K06 - »» . 3.8 17.8 341 4.68 2,54
Ko08 . - - 2.0 8.4 3.01 4.20 1.38
B3 (Tusham) Tusham microcline oligoclase granite 9.3 94.0 432 10.05 9.32
C4 » s » 11.3 74.0 3.74 0.51 8.39
D3 " £ . 7.9 57.7 3.74 7.30 6.39
M5 - 55 i 11.0 88.4 4.57 8.04 9.39
KHI Tusham granite porphyry 10.5 96.5 4.57 9.19 9.83
TG2 Tusham muscovite-biotite granite 4.1 21.6 2.49 527 2.79
Nigerian Younger Granite Province (Kinnarid e al, 1985)
SH5 Shira peralkaline granite 39 12.0 3.30 3.10 2.15
SH90 . . [ 7.0 5.5 2.76 0.79 2.44
D23 Dutse peralkaline granite 4.6 1.4 3.24 3.04 1.59
N83 Ririwal peralkaline granite 14.0 51.0 3.43 3.64 7.46
N8o » " . 10.0  120.0 3.57 120 11.24
N82 . . - 170 124.0 3.06 7.29 13.26
N25 Amo biotite granite 5.2 2.1 3.39 4.04 1.80
N28 ’ " s 3.9 32.0 3.30 4.78 3.5¢
Ni51 Jos biotite granite 5.4 22.0 3.84 4.07 3.28
149 » . ' 2.0 35.0 8.17 7.50 3.25
W7 Dutsen biotite granite 7.5 23.7 2.98 3.16 3.85
Average Sp. gr.: Mokalsar granite—2.77; Trachyte—2.76; Mokalsar rhyolite—2.74; Jalor granite—2.71;

Tusham granite—2.65.

SIGNIFICANCE OF HHP GRANITES

The identification of HHP granites is important not only in locating magmatic mineral
deposits, but also in locating epigenetic ore fluids in carbonate and other sedimentary cover
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sequences over such HIP granite: ie basetnent. The HHP granites act as ‘heat engines
which prolong th culation of ¢ i hydrothermal fluids. Nb. Sn. W and Zn deno
are assocrated with the Nigerian Younger granites (Kinnarid et al, 1985) and Nb, Zr, RE]
U and Th mineralisations are associated with Saudi Arabian granites (Jackson et al, 1985)

Tin mineralisation in the Tusham ring complex (Kochhar, 1985) is also associated with the
HHP granitss of the Malani representatives of the Tusham area,
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