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Some aspects of Tak Granites, northern Thailand
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Abstract: The Tak Batholith is located in Tak province and nearby areas in northern
Thailand. The pluton covers an area of more than 4,000 square kilometers, and is believed
to be a composite intrusion. Minimum age of the emplacement is Triassic. The large pluton
is elongated north-south with small stocks scattered around its southern tip.

Petrographical and geochemical investigations reveal that the rocks can be classified into
four main types namely; quartz diorite, granodiorite, quartz monzonite, and granite. Quartz
diorite is found predominantly in the central cores; coarse-grained granodiorite forms the
northern and western margins of the batholith; whereas quartz monzonite occupies the
central-north and northwestern rims; and granite is scattered as small stocks in and around
the southern rim or the main pluton. Andesitic, rhyolitic, and lamprophyric dikes are com-
mon in the area studied.

The batholith shows strong enrichment of Na:O + K:0 in the A-F-M diagram.

INTRODUCTION

The study of Tak granitic rocks is part of the research project on granites in
Thailand. Field work was carried out in 1972. More than 100 rock samples have been
collected by blasting. All the rock samples have been studied by thin section and 23
samples have been chemically analysed.

The Tak Batholith is situated in the vicinities of Changwat Tak in northern Thai-
land. The exposures of granitic rocks cover an area of 4,000 sq. km. The distribution
of granitic rocks is shown is Figure 1.

MINERALOGY

Granitic rocks at Tak can be classified into four main types (Fig. 2). The grain-
size of these rocks, which are mostly medium-grained, tends to increase as the litho-
logy changes from quartz diorite to granodiorite, and quartz monzonite to granite.
In quartz monzonitic and granitic rocks, potash feldspar crystals are larger than other
minerals and are in places red or pink.

Mineralogically the Tak Batholith is composed of five major minerals, i.e., quartz,
plagioclase, potash feldspar, biotite, and hornblende. Minor minerals found are
sphene, apatite, opaques, and zircon. Felsic minerals constitute approximately 80-
909 of the quartz diorite and granodiorite, and 93-99 % of the quartz monzonite and
granite. The quartz in the Tak Batholith is generally higher than 109/, and in a few
samples is as high as 50%;,. Potash feldspar is minor or absent in quartz diorite and
increases as the rock composition changes toward granodiorite, quartz monzonite
and granite. Potash feldspar in quartz diorite and granodiorite is normally interstitial
and is othoclase in contrast to the larger subhedral crystals of orthoclase and micro-
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Fig. 1. Geological map showing the distribution of granitic rocks at Tak Batholith.
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Fig. 2. Modal and normative distributions of rocks of the Tak Batholith.

cline in quartz monzonite and granite. Carlsbad twining is a very distinctive feature
in these large crystals, and perthitic textures of various types are very common.

Plagioclase is the most abundant constituent in the quartz dioritic and granodio-
ritic rocks. The amount of plagioclase decreases as the amount of potash feldspar
increases in quartz monzonite and granite. The composition of plagioclase ranges
from andesine (quartz diorite-granodiorite) to oligoclase and albite (quartz mon-
zonite-granite). Normal zoning in plagioclase is rather common throughout the Tak
Batholith. Oscillatory zoning and synneusis texture are uncommon. Myrmekitic tex-
ture formed along the contact between potash feldspar and plagioclase more calcic
than albite. Most of the plagioclase of Tak Batholith has been subjected to post-mag-
matic alteration, which invariably produced sericite and epidote-clinozoisite.

Hornblende and biotite are the only major mafic minerals in Tak Batholith. Horn-
blende is absent or almost absent in the quartz monzonite and granite. The Horn-
blende and biotite are totally or partly altered to chlorite, sphene, and epidote.
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CHEMISTRY

The variation diagrams of major oxides versus SiOg (Fig. 3), constructed from
the bulk chemical analyses of 23 granite samples from the Tak Batholith (Table 1),
obviously show two differentiation trends, one is quartz diorite-granodiorite trend and
another is quartz monzonite-granite trend. In the quartz diorite-granodiorite trend,
as the SiOy content increases, AlyOs, TiOg, total FeO, MnO, MgO, CaO, and KO
decrease but Na,O increases. In the quartz monzonite-granite trend KoO and NayO
remain unchanged, whereas the other oxides decrease as SiOg increases.

TABLE 1@)

CHEMICAL ANALYSES
Tka Tk2 Tk~ Tko Tkio Tkiz Tkis Tkis

SiO2 72.51 67.05 69.45 74.56 70.52 72.29 67.83 65.59
Al:Os 13.37 17.15 15.68 11.63 10.51 10.27 12.03 14.36
TiO2 0.19 0.25 0.18 0.13 0.26 0.15 0.29 0.32
Fe20s 1.22 291 1.27 1.97 4.16 433 4.15 3.69
FeO 0.81 1.77 0.80 0.68 0.75 0.81 1.15 1.04
MnO 0.03 0.08 0.05 0.07 0.10 0.08 0.06 0.08
MgO 0.32 0.35 0.34 0.37 0.79 0.44 0.51 0.79
Ca0 1.43 1.85 1.54 0.73 1.42 1.09 1.37 2.26
NaiO 348 3.57 343 3.57 3.35 4.45 4.38 4.34
K:0 5.82 4.50 5.34 3.94 6.05 4.36 6.23 6.34
H20+ 0.48 0.41 0.68 0.80 0.74 0.54 0.34 0.57
H20- 0.02 0.01 - 0.04 0.13 0.12 0.11 0.10
P20s 0.05 0.02 0.11 0.18 0.23 0.12 0.16 0.19
Total 99.73 99.92 98.87 98.67 99.01 99.05 98.61 99.67
CIPW Norm

Q 27.20 24.35 25.48 38.18 27.32 30.17 20.07 12.55
Or 34.42 26.63 31.58 23.30 35.81 25.80 36.86 3747
Ab 29.40 30.18 28.98 30.18 20.23 28.45 26.78 36.68
An 3.64 9.09 6.98 2.53 - - - 0.95
Ac - - - - 7.15 7.85 5.87 -

C - 3.05 1.68 0.55 - - - -

1l 0.36 047 0.35 0.24 0.50 0.29 0.55 0.61
Mt 1.76 4.22 1.83 2.04 1.97 2.44 3.06 2.67
He - - - 0.56 0.34 - - 1.86
Wo 1.30 - - - 2.39 2.17 2.46 3.84
Fs 0.22 0.58 0.21 - - - - -

En 0.80 0.88 0.85 0.93 1.98 1.10 1.28 1.98
Ap 0.13 0.03 0.27 0.44 0.54 0.27 0.37 0.44
Total 99.23 99.48 98.21 98.95 98.23 98.54 98.13 99.05

MODAL ANALYSES

Quartz 254 16.6 19.3 303 4.2 30.6 20.0 24.8
Feldspar 39.6 43.8 42.6 384 30.2 52.8 59.8 14.8
Plagioclase 30.6 345 350 28.8 223 14.5 17.3 51.6
Biotite 39 33 1.8 1.4 2.7 1.4 1.8 6.3
Muscovite - 1.5 - - - - - -
Hornblende - - - - - - - 0.5

Others 0.5 0.3 1.3 1.1 0.6 0.7 1.1 20
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TABLE 1(ii)

SiO2
Al203
TiO:
Fe20s3
FeO
MnO
MgO
CaO
Na:0
K20
H204+
H:0-
P20s
Total

Or
Ab

Ac

il

Mt
He
Wo
Fs
En
Ap
Total

Quartz
Feldspar
Plagioclase
Biotite
Muscovite
Hornblende
Others

Tkis

72.70
12.75
0.16
1.65
1.09
0.07
0.08
0.76
4.08
5.40
0.62
0.04
0.10
99.50

27.10
3191
34.48

0.50

0.30
2.39

1.33
0.50
0.20
0.24
98.95

374
353
25.8

1.3

Tkzo

74.25
12.92
0.22
1.77
0.85
0.04
0.08
1.65
4.16
2.89
0.40
0.12
0.03
99.38

37.94
24.63
24.42

8.03

0.70
0.43
2.23
0.24

0.20
0.07
98.89

4.4
31.8
21.0

2.0

CHEMICAL ANALYSES

Tk22 Tke7
73.17 72.76
12.79 15.83
0.35 0.34
1.76 0.63
1.11 0.79
0.04 0.06
0.13 0.16
1.86 0.28
4.26 3.46
2.88 4.76
0.41 0.05

0.13 -
0.07 0.01
98.96 99.13
CIPW Norm
36.08 33.40
25.19 28.13
24.37 29.24
8.81 1.39
0.19 4.47
0.67 0.65
2.55 0.90
0.08 0.48
0.33 0.40

0.17 -
98.44 99.06

Tkes

67.10
16.07
0.45
2.52
1.57
0.12
0.52
2.12
3N
4.86
0.39
0.06
0.05
99.54

21.65
28.75
31.34
10.20

0.95
0.85
3.67

0.28
1.30
0.13
99.12

MODAL ANALYSES

40.1
40.7
14.5

4.6

0.1

30.2
42.6
26.2

0.6

04

13.2
375
43.7
4.0
0.7

0.9

Tkeo

73.88
14.49
0.14
0.67
0.49
0.02
0.20
0.97
241
4.20
0.20
0.03
0.23
97.93

41.92
24.85
20.38

3.48

4.69
0.27
0.97

0.15
0.50
0.54
91.75

Tk

71.39
15.05
0.21
1.19
0.93
0.05
0.32
1.19
2.38
5.96
0.29
0.05
0.28
99.20

32.21
35.25
20.12

4.25

3.10
0.40
1.72

0.48
0.80
0.67
99.00

30.5
40.5
26.0

27

Tk

69.74
15.70
0.35
1.71
0.88
0.04
0.75
2.31
2.29
4.93
0.09
0.09
0.29
99.17

32.23
29.13
19.34

9.81

2.99
0.67
1.95
0.37

1.88
0.67
99.04

29.7
36.7
26.1

5.4
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TABLE 1(jii)

CHEMICAL ANALYSES
Tks1 Tkas Tkas Tkeo Tke1 Tks Tkss

SiO2 70.85 61.80 67.98 62.19 64.38 56.14 60.75
Al2O3 15.29 16.40 15.63 16.19 15.15 17.80 14.25
TiO2 0.33 0.62 0.39 0.93 0.64 1.04 0.87
Fe20a 0.82 1.01 2.03 221 3.83 1.06 4.22
FeO 245 5.08 1.26 4.60 3.4 7.32 2.94
MnO 0.05 0.08 0.05 0.18 0.16 0.10 0.08
MgO 0.63 1.67 1.76 1.46 242 4.16 4.40
CaO 211 6.53 4.14 4.76 4.26 6.17 5.36
Na:0 2.08 1.51 0.31 4.49 2.63 1.70 1.59
K20 3.99 2.50 4.05 1.60 1.27 1.49 2.10
H:0+ 0.57 0.83 1.39 1.18 0.87 1.30 1.13
H20- 0.09 0.19 0.02 - 0.01 0.07 0.09
P20Os 0.31 0.26 0.04 0.01 0.06 0.23 0.31
Total 99.57 98.48 99.05 99.80 99.12 98.58 98.09
CIPW Norm

Q 37.31 22.60 31.85 16.10 30.55 16.66 25.94
Or 23.57 8.95 1.83 9.45 7.51 8.84 12.40
Ab 17.55 21.12 34.22 37.94 22.22 14.36 13.41
An 8.65 29.02 20.29 19.27 20.82 29.30 24.17
Ac - - - - - -

C 4.38 1.18 1.81 2.63 0.28

Il 0.62 1.19 0.74

B

1. 1.22 1.98 1.66
Mt 1.18 1.46 295 3. 5.54 1.53 6.12
He - - - - - - -
Wo - 0.79 - 1.82 - - -
Fs 3.37 7.60 0.08 5.41 2.40 11.02 0.61
En 1.57 4.18 4.40 3.65 6.05 10.40 11.00
Ap 0.74 0.60 0.10 - 0.13 0.54 0.74
Total 98.95 97.51 97.64 98.60 98.25 97.26 96.93

MODAL ANALYSES

Quartz 49.1 31.7 38.1 28.2 327 27.8 18.3
Feldspar 14.7 3.9 43 0.2 0.5 - 10.6
Plagioclase 31.6 49.3 4.5 49.8 54.5 53.5 519
Biotite 5.1 10.8 4.3 6.3 4.5 119 8.9
Muscovite - - - - - - -
Hornblende - 4.2 7.0 13.4 7.6 6.2 10.2
Others 0.5 0.1 1.8 2.1 0.2 0.6 0.1

The quartz diorite-granodiorite series has a alkali-lime index that falls in the cal-
cic igneous suite but rocks of quartz monzonite-granite do not show any distinctive
alkali-lime index (Fig. 4). Plots of weight percent of cations against Nockolds diffe-
rentiation index confirm these two trends (Fig. 5). However, these trends seem to form
into one simple trend in the AFM diagram (Fig. 6), from the center towards the F-A
side and plunges down to the A corner.

Normative percentages of the felsic minerals in the granites and quartz monzo-
nites make up approximately 90 9; of the total. The plagioclase in these rocks is highly
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albitic. These granitic and quartz monzonitic rocks have only 3 major components;
quartzo) albite, and orthoclase (perthite), with a combined normative percentage of
78-93%.

The quartz monzonitic rocks were dated as late Triassic by Teggin (1975) and
Besang (1975), but this may be only the minimun age. The quartz diorite and granodio-
rite have not been dated. Field evidence indicates that the quartz diorite was intruded
in the area earlier than the quartz monzonite. The normative Q-Ab-Or diagram com-
pares with the experimental work done by Tuttle and Bowen (1958) suggests the quartz
monzonitic rock was emplaced at PHz0 not greater than 1XKb. (Fig. 7). If it is pre-
sumed that the quartz diorite was emplaced at the same depth and PHz0 of 1 Kb. as
the quartzmonzonite was, the liquidus temperature of the quartz diorite is approximate-
ly 985°C when extrapolated from the experimental work by Piwinskii (1968) and Pi-
winskii and Wyllie (1968). Natural magmas emplaced at depth in a plutonic environ-
ment are unlikely to be saturated with HoO. Decreasing water content at constant
total pressure will raise both solidus and liquidus temperatures (Hill and Boettcher,
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System at various water Pressures (after Tuttle and Bowen (1958)).
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1970; Eggler, 1970). The temperature for a quartz diorite thus appears to be minimum.
However, this liquids temperature is so high, even under the favorable conditions of
high water pressure, that it is improbable that appreciable quartz diorite magma was
generated by fusion in the crust (Lambert and Wyllie, 1970; Wyllie, 1971). Presumab-
ly, they were generated by partial melting of the upper mantle materials (Green and
Ringwood, 1966, 1967, 1968; McBirney, 1969; Lambert and Wyllie, 1970; Kushiro,
1972; Kushiro et al, 1972; Kushiro and Yoder, 1972). The liquidus temperature of
quartz monzonite at 1 kb. water pressure is estimated as 850 °C (Piwinskii and Wyllie,
1970). It is unlikely that quartz monzonitic magma was differentiated quartz dioritic
magma as pointed out by their different variation trends, Quartz monzonitic magma
may have been generated by crustal anatexis (Tuttle and Bowen, 1958). The volume
of the exposed quartz diorite in the area is so small that large volumes of the quartz
dioritic magma may have been trapped at the great depth and might have provided
sufficient heat for the partial melting of lower crustal material. One other possibility
for the genesis of the quartz monzonitic magma is the contamination of the frac-
tionated quartz dioritic magma by deep crustal material.

Presumption of magmatic origin of these granitic rocks is deduced from a few
field evidences.
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. Contacts of individual plutons with one another are sharp.

. Finer grained rock is present in the marginal parts of the quartz monzonite.

. Mafic inclusions of different shapes and sizes are ubiquitous in the western
part of the batholith.

. Replgcement of the quartz diorite by later quartz monzonite - granite is locally
found.

. f".I'he meatamorphic grade of the wallrocks is chiefly albite-epidote hornfels

acies,

1% -~ [

MINERALIZATION

Mineralization related or possibly related to the Tak Batholith comprises minerals
containing Cu, Sb, Pb, Ba, F together with some gangue minerals—pyrite, arsenopyrite
and quartz. Only Sb has considerable economic significance. The distribution can be
summarized as follows:

Antimony ores — lodes at Doi Phae Long, Ban Mae Sa Lab; Ban Pang Ah;

along the crest of Doi Sum Pa Kha Loung.

Lead ores — lodes at Ban Dain Mai Sung, Doi Ta Ji.

Copper ores — dessiminated ores in andesitic rocks at Khao Kheow; Ban
Wang Chao.

Barite -— deposits at Doi San Pa Kha,

Fluorite — deposits at Ban Mae Chaing Rai Bon; Doi Ta Ji.

The distribution reveals that most of mineral deposits belong to the very late stage
of mineralization. Cu, Sb, Pb are found as sulphide minerals and are generally con-
centrated in the sedimentary rocks at the contact zone. Obviously, mineralization
occurred during a late stage of granite magmatism. Lodes generally cut through the
granitic rocks. Only sulphide minerals are found as gangue in the granite of the latest
phase. Pegmatites throughout the Tak Batholith are poor in ore minerals.
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