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Abstract: Mesozoic granites of Peninsular Thailand contain large amounts of uranium (5-57
ppm, avg. 16.2 ppm), thorium (3-85 ppm, avg. 33 ppm) and potassium (3.5-5.3%,, avg. 4.3%,).
Th/U ratios vary widely (0.2-11). The granites are especially enriched in uranium, thus
characterized by low Th/U ratios (avg. 2.0), as compared with data reported from common
granitic terrains. Thorium tends to decrease but uranium may increase slightly with increasing
a differentiation index. The uranium-enriched granites are seen in high-level plutons.
Predominance of radioactive elements in the Thai granites indicates a large heat
generation capacity within the continental crust. The heat may have affected to some extent
the present-day geothermal system as well as geological hydrothermal activities. Readily
leachable uranium from the U-enriched granites could have been precipitated as secondary
uranium minerals in the granite, and may possibly form uranium deposits in the surrounding
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sediments.

Introduction

During field work for the Geological Re-
search Project of the Prince of Songkhla Uni-
versity in the southern part of Peninsular
Thailand (GRP-PSU, 1979), tobernite was
seen along weathered cracks of ‘‘unaltered
granite” at a few places. It was found on Japa-
nese granitoids that this occurrence of second-
ary uranium minerals (IsHIHARA, 1967) as well
as smoky quartz in granite (e.g., Naegi granite)
are suggestive of a high concentration of urani-
um and thorium in the host granitoids (Ism1-
HARA ¢t al., 1969). Thus the Thai granites were
analyzed for U by fluorescence method (Mo-
cuizuk! and SEKINE, 1976) and Th by spectro-
photometry (SExINE and MocHizuki, 1976).
In this paper, the results and their bearing on
petrogenesis and uranium exploration are re-
ported.

*Mineral Deposits Department
#*Geochemistry and Technical Service Department

Granites of Peninsular Thailand are monzo-
granite and syenogranite containing biotite and
muscovite. A majority are porphyritic biotite
granite. Muscovite-biotite granite occurs in
apical part of individual plutons. The granites
are characterized by high contents but narrow
range of Si0O, and K,O (IsHiHara et al., 1980).
The age seems to be late Triassic (-late Paleo-
zoic) in most cases but granites in Ko (island)
Phuket area and some in the backbone range
are Cretaceous. Locality of the analyzed sam-
ples is shown in Figure 1.

Results

Analytical results are listed in Table 1, to-
gether with potassium contents: reported in
Ismizara et al. (1980). The Thai granites are
characterized by a wide range of uranium and
thorium contents, and thus by diversity of
Th/U ratios.

Itis generally known that common granitoids
have averaged uranium content of 3-4 ppm
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Table 1 Uranium, thorium and potassium contents of Mesozoic granites from Peninsular Thailand

. U Th K U/K Th/K
1 .
Analysis and Sample Nos (ppm) (ppm) Th/U (%) (x 10-4) (x10-4)
Bu Ke
(1) 77110408-1 8.6 44 5.1 3.97 2.2 11.1
(2) 77110407-2 7.4 21 2.8 4.07 1.8 5.2
(3) 771104064 6.8 25 3.8 3.49 2.0 7.2
(4) 77110406-2* 7.1 15 2.1 0 5.91 1.2 2.5
Average (n = 3) 7.5 26.3 3.5 3.84 2.0 6.9
Tan Yong
(5) 77110403-1 8.9 43 4.8 5.03 1.8 8.6
(6) 77110401-1 9.1 34 3.7 4.40 2.1 7.7
(7) 77110402-1 11 15 1.4 4.87 2.3 3.1
Average (n = 3) 9.7 30.7 3.2 4.76 2.0 6.5
Ruso
(8) 77110313-1 4.3 20 4.7 4.32 1.0 4.6
(9) 77110312-1 7.1 12 1.7 4.34 1.6 2.8
(10) 77110311-1 19 16 0.8 4.34 4.4 3.7
Average (n = 3) 10.1 16 1.6 4.33 2.3 3.7
Pa Na Re
(11) 77120201-1 14 17 1.2 4.23 3.3 4.1
(12) 77120202-1 13 6.0 0.5 4.07 3.2 1.5
Average (n = 2) 13.5 11.5 0.9 4.15 3.3 2.8
Ku Long
(13) 77110204-1 12 21 1.8 4.23 2.8 5.0
Pin Yok
(14) 77110308-1 8.9 34 3.8 4.47 2.0 7.6
Khara Khiri
(15) 77110202-3 22 31 1.4 4.55 4.8 6.8
(16) 77110203-1 9.5 27 2.8 4.17 - 2.3 6.5
Average (n = 2) 15.8 29 1.8 4. 36 3.6 6.7
Songkhla
(17) 77112805-3 16 ° 53 3.3 4.48 3.6 11.8
(18) 77112805-1 13 18 1.4 4.26 3.1 4.2
(19)  77112804-2%* 21 20 1.0 4.52 4.7 4.4
(20) 77102502-1 57 12 0.2 4.09 13.9 2.9
(21) 77102501-2%* 18 8.9 0.5 3.78 4.8 2.4
(22) 77102501-1%* 28 10 0.4 4.25 6.6 2.4
Average (n = 6) 25.5 20.3 0.8 4.23 6.0 4.8

*Dike-like form, excluded from average.
#*Tourmaline-bearing muscovite-biotite granites.
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Table | Continued

. : U Th K U/K Th/K
Analysis and Sample Nos. (ppm) (ppm) Th/U A (x 10-4) (x10-4)
Khao Kachong
(23) 77112906-1 11 38 3.5 3.98 2.8 9.6
(24) 77112905-2 11 38 3.5 4.06 2.7 9.4
(25) 771129042 11 31 2.8 4.23 2.6 7.3
(26) 77112903-1 12 23 1.9 4.45 2.7 5.2
Average (n = 4) 11.3 32.5 2.9 4.18 2.7 7.8
Khao Luang
(27) 77112304-2%* 18 13 0.7 3.69 4.9 3.5
(28) 77112304—4** 13 2.9 0.2 3.04 4.3 1.0
(29) 77112301-2%* 18 4.2 0.2 3.65 4.9 1.2
Average (n = 3) 16.3 6.7 0.4 3.46 4.7 1.9
Ko Samui
(30) 77110907-1 15 57 3.8 4.17 3.6 13.7
(31) 77110909-1 15 76 5.1 4.71 3.2 16.1
(32) 77110905-1 52 85 1.6 5.05 10.3 16.8
(33) 77110905-2 23 53 2.3 5.29 4.4 10.0
Average (n = 4) 26.3 67.8 2.6 4.81 5.5 14.1
Yod Nam mine
(34) 77T104 15 70 4.7 3.98 3.8 17.6
(35) 77111402-3 9.6 35 3.7 4.26 2.3 21.6
(36) 77T11-9 31 43 1.4 4.57 6.8 9.4
(37) 77T11-11 35 58 1.7 4.71 7.4 12.3
(88) 77T10-2 25 28 1.1 3.28 7.6 8.5
(39) 77T10-6 22 27 1.2 4,22 5.2 6.4
(40) 77T10-3 18 16 0.9 3.72 4.8 4.3
Average (n = 7) 22.2 39.6 1.8 4.10 5.4 9.6
Ko Phuket
(41) 771130014 7.0 39 5.6 4.10 1.7 9.5
(42) 77113001-1 5.4 60 1.1 4.36 1.2 13.8
(43) 771130022 15 57 3.8 4.62 3.3 12.3
(44) 77113001-7 14 73 5.2 5.05 2.8 14.5
(45) 77113004-1 13 56 4.3 4.91 2.7 11.4
Average (n = 5) 10.9 57 5.2 4.49 2.4 12.7

Analysis numbers, (1)-(45), correspond to the numbers in Fig. 1.

Analyst: T. MOCHIZUKI
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Distribution of Mesozoic granites and locality of the analyzed samples in Peninsular

Thailand. Numbers correspond to those of Table 1.

and Th/U ratio around 4 (Apaws et al., 1959;
CLARK ¢f al., 1966; IsurmarA ef al., 1969;
Kanava and Ismmara, 1975). In the case of
Thai granites, however, uranium varies from 5
to 57 ppm and thorium ranges from 3 to 85
ppm, yielding their Th/U ratios from 0.2 to 11.
These values are rather unusual, because K,O
contents are more or less constant (4.2-6.4 %).
Among the studied plutons of varying size,
samples from two large plutons, Bu Ke and
Khao Kachong, give relatively constant values:
6.8-8.6 ppm U and 21-44 ppm Th for the Bu
Ke, 11-12 ppm U and 23-38 ppm Th for the
Khao Kachong. Generally speaking, granites
occurring in northwestern part of the studied

area are enriched in both uranium and thorium,
as compared with those of the southeastern part
(Figs. 1, 2), among which the highest is ob-
tained from Ko Samui pluton. (U/K = 5.5 x
107¢, Th/K 14.1 x 107* in average).
Cretaceous granites of Ko Phuket (Th/K =
12.7 x 107*) and Yod Nam mine (Th/K =
9.6 x 107*) are high in thorium, but uranium
is concentrated in Yod Nam mine (UK =
5.4 x 107*), Khao Luang (U/K =4.7x 107*%)
and Songkhla (U/K = 6.0 x 107%) plutons.
These granites are related to tin and tungsten
mineralization (IsHIHARA et al., 1980).
Uranium is least (UK = 1-2 x 107%) in
the most calcic granite of the Bu Ke pluton in
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Fig. 2 Average contents of uranium (solid circle) and thorium (open circle) of the studied

granites. Bar indicates their range.
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Fig. 3 Uranium and thorium contents plotted against
differentiation index (D.I.). Open circle implies late

Triassic granite; solid circle, Cretaceous granite.
KS, Ko Samui.

the studied area. Thorium is generally low in
tourmaline-containing granites, particularly of

Khao Luang pluton (Th/K = 1-3 x 107%).
Uranium and thorium are plotted against
differentiation index (D.I., normative gz +
ab + or recalculated excluding H,O) (Fig. 3).
Uranium shows a slight increasing nature
against increase of this index. Thorium, on the
other hand, reveals different trend. Cretaceous
granites indeed show a decreasing tendency
and, if the Ko Samui samples are excluded, late
Triassic granites can be considered to have the
same trend as the Cretaceous one. Thorium
may be preferentially fixed in an early crystal-

lized accessory minerals (RoGer and Apawms,
1969).

Application

It was found that Mesozoic granites of Penin-
sular Thailand contain large amounts of radio-
active elements. Averages of the analyzed sam-
ples are given in Table 2. Heat generation
capacity of the Thai granites is three times more
than that of typical granitic terrain in Japan.
Many of the analyzed samples were obtained
from apical part of granite batholith. However,
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Table 2 Averages of radioactive elements of granitoids from Peninsular Thailand and Japan.

Locality and number of samples U (ppm) Th (ppm) K (%) HG (cal/cm?® sec)
Thailand, all the granites (n = 45) 16. 2 33.0 4.31 16. 6 1018
ditto, deep phase granites (n = 10) 9.8 26. 8 4.13 11.6x 10-18
Central Japan (n = 107 for U & Th, 44 for K) 3.2 13.4 2.98 4.9%x 1078

HG, heat generation, calculated using conversion factors of Rov et al. (1968). The Japanese data were taken from the
Chubu transect of Isamara et al. (1969) and Isuinara and TerasaMA (1977).

biotite granites of Bu Ku, Ruso and Khao
Kachong plutons may extend deeply. Heat
production rate of these granites estimated from
the uranium, thorium and potassium data is
calculated to be 11.6 x 107 cal/cm?®sec. It is
not unreasonable to assume this kind of coarse-
grained granite to extend 10 km in depth in the
continental crust. If so, the granite itself can
produce 1.2 HFU (x 107° cal/cm?®sec). Ob-
served heat flow in land part of Thailand are
1.0-1.5 HFU of the Khorat plateau and 2.0
HFU of Phetchabun province of the western
edge of the plateau (THIENPRASERT ¢t al., 1978).

Granites similar to those of Peninsular Thai-
land occur in northern Thailand (NuTaLava;
1975). In the well known hot spring area of
northern Thailand, Raminewong et al. (1978)
described that “most of hot springs are region-
ally related to granitic rocks and lie generally
within 10 km of the granitic rock outcrops”.
The high heat generation capacity of the Thai
granites indicates that the heat generated by
radioactive decay may have contributed, at
least some extent, to the hot spring system.
Similar phenomenon could have occurred
during geologic time.

Throughout geochronological studies of gran-
ites in Malay peninsula, younging K—Ar age
on micas against Rb—Sr whole rock ages has
been found in an extensive area from western
Malaysia (BieNeLL and SnerriNg, 1977) to
southernmost Thailand (IsHiHARA et al., 1980).
This rejuvenation was considered due not to
later overlapping magmatism but to largely
mechanical heat (PATavARHA of al., 1978;
BartoN and Encranp, 1979) provided by
regional shearing along fault zones. A large
production capacity of heat within the Thai

granites obtained in this study may add another
supporting evidence for this interpretation.

Secondary uranium mineral found in Sila-
thong quarry of Songkhla pluton and others
(GRP-PSU, 1979) must have been originated
in the host granite that has high uranium con-
tents as well as low Th/U ratios, because there
is no other rocks which could be source for the
mineral. Uranium-rich granite has often genetic
connection with bedded-type uranium deposits.
Wherever the uranium deposits occur in sedi-
ments that overlie granitoids in Japanese is-
lands, even 4 ppm U vs. 2 ppm U in the base-
ment granitoids would provide significant effect
on formation of overlying uranium deposits
(Isutaara and Suzuki, 1969). All the studied
granites in Thailand have an advantage as to
the source materials, because of their high
uranium contents.

Cenozoic sedimentary basins are known to
exist in Peninsular Thailand (JAVANAPHET,
1969). If suitable reducing agent and structural
elements for precipitation of uranium minerals

are found in these basins, there could be a

chance of bedded-type uranium deposits, other
than sedimentary uranium deposits in Khorat
plateau (SuwanasiNg and IntHUPUTI, 1978).
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