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The granitic rocks and mineralization at the Khuntan
~ Batholith, Lampang*

S. SUENSILPONG, A. MEESOOK, S. NAKAPADUNGRAT & P. PUTTHAPIBAN
Geological Survey Division, .
Department of Mineral Resources, Bangkok, Thailand.

Abstract: The Khuntan batholith lies within the tin-rich granitic belt of S.E. Asia. ....
Petrological investigations reveal that the igneous rocks at Khuntan consist predominantly
of granite with subordinate amounts of quartz monzonite, biotite-muscovite granite and
tourmaline granite. The manor phase is a coarse-grained porphyritic rock. Whole rock
radiometric dating by Rb/Sr method suggests an age of 206 + 4 m.y. (Upper Triassic—
Lower Jurassic).

Known deposits of tin, antimony and manganese indicate a considerable mineral poten-
tial for the area. Geochemical data suggest high trace occurrences of Sn, Sb, Pb, Zn, Cu
and Mn in the granitoids.

INTRODUCTION

The Khuntan batholith is one of the many granitic plutons in the tin-bearing gra-
nite range which extends from Thailand and Burma to the Malay peninsula and Indo-
nesia. The pluton covers an area of approximately 275 square miles in northern Thai-
land, northwest of Lampang and southeast of Chiang Mai. It is elongated northeaster-
ly followmg the regional structural trend of the area. Topographically this granitic plu-
ton forms the core of Khuntan Range, separating two Tertiary-Quaternary basins,
namely the Lampang Basin to the east and the Chiang Mai Basin to the west. The gras.:
nitoid rocks at Khuntan were formerly classified as “tin-barren™ granite.

The geology of Khuntan area was earlier mapped by Sanansiang ( 1966) and his
data were compiled on the 1:250,000 geological map by Piyasin (1972). The Khuntan
granite was studied by the authors at two different periods; in 1973 and 1975. Many
mineral deposits in this area were also visited. The Khuntan granitoid rocks were da-
ted by Teggin (1975) using Rb/Sr method on whole rock which yielded an age of 206+
4 m.y. This age is in good concordance with results obtained from analyses of single
minerals by the K/Ar method. Besang et al. (1975) also suggested a_g,e_s of 202 and 212
m.y. on analyses of biotite by K/Ar method. -

GEOLOGICAL SE'I'I'ING

The Khuntan area is underlain mostly by Paleozoic strata, leunan-Devoman
phyllite, schist, quartz schist and quartzo-feldspathic schist; Carboniferous quartz
schist, slate, phyllite, tuffaceous sandstone, chert limestone, and Permian tuffaceous
shale and sandstone with intercalated lenses of volcanic rocks. These country tocks,
particularly the Silurian-Devonian strata which border the batholith, are very strongly
folded and contorted, with major fold-axes striking northeasterly. The schistosity

*Publication authorized by the Director-General, Department of Mineral Resources, Bangkok
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of country rocks on the flanks of the batholith dips eastward. Small scale shear planes
in the country rocks also dip eastward but at different degrees.

The emplacement of the Khuntan granite, as suggested by the radiometric age of
206+ 4 m.y. (Upper Triassic), probably corresponds to the Indosinian Orogeny (Work-
man, 1972). The discordant and partly concordant contacts with the country rocks,
indicate that the igneous body was emplaced at a late tectonic stage of this Mesozoic
orogeny.

Paleogeographically this area was part of the eugeosynclinal structure in the Per-
mian, and became the western boundary of the eugeosyncline in the Triassic, prior to
folding and uplift by the Indosinian Orogeny. The dominant feature was a northeast
trending anticlinal structure with southeast dipping axial planesand cored by Silurian-
Devonian metasediments, and flanked by younger Carboniferous and Permian strata.
The batholith was subsequently emplaced into the core of this structure.

The contact of the Khuntan granite is commonly sharply discordant. At places
relics of country rocks were detected. The lack of a large aureole of recrystallization
and metasomatism suggests that the pluton is mesozonal (Buddington, 1959).

Structural features. The main structural features of the area are jointing and
faulting. Jointing is well developed in both the country rocks and within the granitoid.

Poles to joint planes

O EYzZ A

<1% 1-2% 2~4% 4-6% 6-9% >9%

Distribution per 1% arec

Fig. 2. Plot of joint planes, Khuntan granite
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Several hundred joint planes were measured in the granitoid and their distribution in
the granite is found to be concentrated in three maxima (Fig. 2), two of which lie at
right angles to each other and correspond to the shear jointing system; whereas the
other lies normal to the b-axis of the regional folding, thus corresponding to a tension-
joint system. Presumably, during the emplacement of the igneous mass, the compres-
sive stress was not yet completely released. The joint pattern afforded path ways for a
younger phase of igneous rocks.

Faulting is extensive in this area and some of it cuts across both granite and coun-
try rocks. At least three major sets of faultscan be distinguished northeasterly, north-
westerly and more or less westerly. The most important fault system trends northeas-
terly, parallel to the Mae Tha River, which, according to Sanansiang (1966), may have
been localized by the faulting. It is not yet clear whether the Mae Tha fault was deve-
loped before or after the emplacement of the granite. A thrust fault, more or less paral-
lel tl? Mae Tha valley, on the western contact transects both the igneous and country
rocks.

GRANITOID ROCKS

The granitoids at Khuntan consists predominantly of granite with minor amounts
of quartz monzonite, biotite-muscovite granite and fine-grained tourmaline granite.
Quartz and pegmatitic veins are also present, mostly following joints.

Granite. The major phase of the granitoids is a coarse-grained, porphyritic bio-
tite granite with an abundance of phenocrysts. The size of the phenocrysts varies from
1-8 cm with the common size range of 4-6 cm. The rock includes at places some ovoid
inclusions of a darker coloured igneous phase with a composition analogous to quartz
monzonite.

This porphyritic granite and the two-mica granite are more or less the same phase
of intrusion, although the latter is commonly equigranular and mediumto coarse-grain-
ed. The from change porphyritic to equigranular texture along the Lampang-Chiang
Mai highway is gradational.

Quartz monzonite on the other hand is found mainly as spots or large inclusions
up to bouldery sizes in the granite. Apparently it represents a more basic phase which
crystallized earlier and was enclosed in the major phase. Large quartz monzonite in-
clusions are found mainly on the western flank of the Khuntan batholith.

Tourmaline granite is a fine-grained rock, found in veins or dikes cutting through
the major phase. This fine-grained granite may represent a younger phase of intrusidn
which was derived from the same magmatic source as a product of fractional crystalli-
zation.

PETROGRAPHIC INVESTIGATIONS

Stained slabs of about 40 samples of Khuntan granitoids were prepared and mo-
dal analyses were obtained from most of them.

The results obtained reveal that the porphyritic biotite granite shows a hypidio-
morphic granular texture. The phenocrysts are mostly of potash feldspar, plagioclase
and quartz. The potash feldspars are commonly orthoclase and microcline, which often
show microperthitic intergrowth with sodic plagioclase. Alterations to clay minerals
are not uncommon. Some potash feldspar phenocrysts contain small inclusions of
quartz, biotite and plagioclase. U .
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Plagioclase consists of subhedral-euhedral crystal grains. The compositions vary
from Any; to Ang, (oligoclase to andesine) and the average An content is 27 9. Nor-
mal zoning is often found in large phenocrysts with more calcic cores (Angs) and so-
dic rims (Anys—17). Plagioclase is often serlcmzed

Quartz usually forms subhedral to anhedral crystals Undulatory extinction and
graphic intergrowth with potash feldspar are common.

. The groundmass is usually medium-to coarse-grained and the main mineral cons-
tituents are more orless similar to the phenocrysts except there are additional minerals,
e.g., opaque minerals (magnetite) and accessory minerals.

Biotite in most sections is the most abundant mafic mineral. It is generally fresh
with perfect cleavage. In shear zones most biotite grains are chloritized, e.g. at the
quarry along the Lampang-Chiang Mai highway. In some sections biotite is replaced by
muscovite. Pleochroic haloes surrounding inclusions of zircons are common. Mus-
covite is probably a secondary mineral, resulting from an alteration of biotite and pla-
gioclase due to hydrothermal solution, but it is present in several parts of the batholith,
and some of these crystals may be primary.

_ Accessory minerals including zircon, apatite and magnetite are found in most sec-
tions. Zircon is commonly included in biotite. Interstitial tourmaline is also found.

Biotite-muscovite granite. The mineral and chemical composition of the rock is
similar to the porphyritic granite but the two-mica phase is more equigranular, and me-
dium-to coarse-grained. The An content of plagioclases in both rocks is in the same
range. Thus, the rock is not a distinctly separate phase of intrusion but a différentiated
product. The muscovite grains are formed as an alteration product of the biotite.

Quartz monzonite. This is the only more basic phase and petrographic investi-
gation shows that it is similar to the dark inclusions found in the granite, i.e. equigra-
nular texture, low quartz content and more mafic minerals. The inclusions may vary
in composition to some extent due to size. This rock type consists of less than 10%;
quartz ,with a high content of mafic minerals (up to 307); hornblende is present in
most cases. Sphene is noted as an accessory mineral. The An content of the plagioclase
varies from 32 to 38.

Tourmaline granite or tourmaline aplite. This is a fine to very fine-grained rock.
The tourmaline content increasesin the coarser variety. Tourmaline granite forms di-
kes in the eastern part of the batholith, where it presumably represents the youngest
phase of intrusion of the area. 0bv1ous1y, the dikes are much younger than the joint
pattern of the major phase which control them. The rock is equigranular in texture
and consists-predominantly of tourmaline, muscovite and potash feldspar. Minor
amounts of garnet have been found The dliferentlal 1ndex is-as high as 91.86.

" CHEMICAL ANALYSES

The chemical analyses (Table 1) provide the CIPW normative minerals which af-
ter plotting gave a granite composition (Fig. 3.), except sample No. 23 which is quartz
monzonite. Analyses of different samples were plotted and projected along the C-D
line across the batholith, which is approximately normal to the fold axis, in order to
investigate any composmonal change across the batholith (Fig. 4). Apparently CaO,
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TABLE 1

CHEMICAL COMPOSITIONS, CIPW NORMS AND MODAL
ANALYSES OF KHUNTAN GRANITIC ROCKS

Chem. Comp. 1 2 3 5 6 7 8 9* 10

_§i02 T 6594 6762 7177 7199 69.91 72.80 73.90 71.64 7177
AlOs 1504 1424 1637 1343 1511 1393 1398 1437 1399
Fe:0s 022 046 082 028 042 045 064 058 0.39
CFeO - 318 311 059 199 200 166 206 112 244
‘MgO 128 136 007 045 049 038 056 0.14. 081
CaO . _ 194 261 066 124 122 097 104 054 1,03
Na:0 © 236 220 433 28 297 276 285 321 276
K20 ' [ 597 461 514 537 553 520 460 497 511
H.0+ 112 108 015 076 032 043 057 009 063
H20- 015 015 007 017 015 017 017 0.15 0.9
- TiOz.- . © . 048 - 051 005 028 029 017 027 006 033
P2Os: - 037 044 009 040 033 042 030 037 038
MnO 005 005 010 002 004 003 0003 001 003
_ Total 97.95 98.29 10042 99.06 98.63 99.26 99.67 99.96 99.54
CIPW.Norm -

q o 21,60 28.74 3048 3126 2748 '33.84 34.86 34.38 3240
or 3558 27.24 3058 31.69 32.80 31.14 27.24 2947 30.02
Sab o 1991 1834 2672 2410 2515 2358 24.10 2725 23.06
an. 806 ‘1056 - 361 445 224 361 0 195 250
c©c - .- 163 173 - 163 255 2.8 296 29 306
hy (en) _ 808 - 7.8 010 4.14 397 364 430 185 570
mt . 023 070 116 043 070 070 093 093 - 046
it T ’ 091 091 - 046 060 030 046 - 0.61
ap 062 101 - 101 067 101 067 034 101
di S - X - . . 4.74 - L - - . J -
Total - - . 9662 97.12 9778 98.33 9837 98.61 99.13 99.13 98.82
Mode. . e : . .
qT ©19.40 nd 40.80 31.30 26.87 29.36 36.50 30.18 30.72
k-fsp. 3590 nd - 17.80 39.30 - 33.60 37.00 3890 3866 30.52
plag. 3440 nd 30.60 26.00 30.80 26.16 21.35 28.34 26.68
mafic min. 1070 nd~ 1120 270 873 9.88 325 432 1258

" * Note:-*Tourmaline granite
-id—not detected
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TABLE 1 Continued.

Cheni.* Comp.”

‘§i02
“ALOs
‘Fe203
"FeO
MgO
‘CaO
‘Naz20 -
K20 -
H:0*
"H20- *
“TiO2
P20s
"MnO
‘Total

CIPW Norm
Q-
or -
‘ab *
an
CO
“hy (en)’
‘mt
-
ap
di
“Total -

Mode.
kedsp
plag. -
mafic min.

1

69.91
14.04

0.29
'1.86
~0.56
"1.39
2.54

5.84
-0.04

0.1

0.24
'0.42
-0.03
98.42

29.34
34.47
21.48
6.12
“1.33
417
0.46
046
1.01

98.84

31.04
25.66
31.56
11.95

12

72.21
14.47

0.26
2.57

0.86
1.59

2.54
554
0.19

0.19
‘0.15
'0.48
-0.03
98.59

26.77
32.80
21.48
~6.95
‘1.73

6.40
046
0.30

1.01

97.90

28.84
29.31
28.92
13.79

13

72.21
14.32

0.01
‘1.83
1025
0.68
"4.18
*5.08
70.14
‘0.19
"0.12
0.36
70.04
99.22

26.04
30.02
35.13
1.67
1.33
3.90

0.67

98.76

33.44
27.63
31.10
i0.11

14

73.48
14.01
-0.01

1.28
0.14
"0.68
"3.36
“4.86

0.09
0.17
-0.08
-0.59

0.03
98.61

33.66
28.92
28.30
"0.84

2.86
2.78

1.01

98.37

25.18
39.63
31.99

4.20

15
72.66
13.29

1.88
0.33
'1.03

3.30
‘475

0.19
“0.11
-0.19
0.41
10.04
98.07

32.58
27.80
2117
2.50
~1.84
3.97

0.30
1.01

97.77

35.60
29.10
29.60
480

16'*

71.14
13.80
0.02
1.82
0.29

1.56
-5.19

2.66
- 0.29
‘0.15

0.18
0.41

0.04
97.40

21.06
15.57
43.50
5.28
0.51
3.74
0.03
1.01

96.97

26.45
35.65
29.10

8.85

17

71.71
13.82
0.30
2.11
0.60
1.69
3.07
4.92
0.43
0.15
0.19
0.46
0.04
99.34

32.58
28.91
21.48
5.84
2.14
5.06
0.46

1.01

97.48

31.00
33.95
29.30
10.60

21

67.06
12.51

1.96 -
- 3.05

1.86
291
2.05
379
0.00
1.38
0.62
0.13
0.12
97.44

30.42
22.24
17.29
13.90

7.54 -

2.78
442

0.46
99.05

31.47
35.96
26.72

5.82

22‘#

67.78
: 17.99
0.86
0.83
0.14
0.09
5.04
4.36
"70.00
0.17

< 0.15
0.16
0.08
97.65

21.30
25.58
42.44
0.56
4.9
1.06
1.16
0.30

97.19

19.80
33.00
38.35
- 7.65

Note :~ *Biotite-muscovite granite

**Tourmaline granite
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TABLE ! Continued.

Chem. Comp.

Si0:z
Alz0s
FeaOa
FeO
MgO
Ca0
Na:0
K:0
H.O+
Ha20-
“TiO2
P2Os

Total
CIPW Norm.

or .
ab

hy (en)
mt ’
il

ap

di

Total - .

Mode.
q
K-fsp

plag.
mafic min.

23+

54.21
15.70
211
4.79
4.61
6.96
2,02
4.76
1.28
0.09
141
0.16
0.11
98.21

6.18
28.36
17.29

5.56

5.28
3.02
2.74

23.29
91.72

nd: .
nd
nd
nd

24

68.10
16.12
1.44
1.83
0.40
2.44
2.96
4.55
0.00
0.54
0.30
0.10
0.07
98.85

26.94
26.69
25.15
12,23
1.84
2.58
209
0.61

98.12

31.17
29.97
25.62
.8.92

27

66.05
15.00
0.99
242
245
2.29
2.67
5.54
0.00
0.72
0.49
0.12
0.10
98.84

19.44
32.80
22.53
11.40
041
9.00
1.39
0.91

97.88

37.00
26.70
25.70
10.70

31

68.09
18.24
0.11
1.70
0.70
2.33
245
4.14
-0.00
0.21
0.39
0.09
0.07
98.52

30.72
24.46
20.96
11.68
5.4
431

0.76

98.30

26.40
37.40
24.80
11.10

37

66.51
18.03
0.73
1.87
0.46
1.67
-3.08
4.68
0.10
0.43
0.35
0.07
0.09
98.07

25.14
27.80
26.20
8.34
4.79
34
1.16
0.61

97.48

31.30
37.35
22,05
-1.55

39

65.92
15.72
1.82
2.10
0.89
2,08
2717
4.96
0.04
0.55
0.42
0.07
.0.12
97.46

24.00
29.47
23.58
10.29
1.94
4.18

- 0.76

94.22

25.58
40,52
25.22
8.41

65.26
14.91
1.85
2.10
1.36
2.36
3.40
4.72
0.03
0.54
0.45
0.10
0.08
97.19

19.74
27.80
23.82
11.40

4.62
2.78
0.91

96.07

31.35
37.58
23.30

7.55

41

66.91
14.49
1.51
1.89
1.08
2.59
2.89
5.29
0.33
0.14
0.35
0.08
0.10
97.69

22.62
31.14
24.10
11.12

3.75
2.09
0.61

96.79

33.19
30.30
23.23
13.06

71.90
14.26
0.43
1.40
1.85
1.72
2.59
4.34
0.33
0.14
0.29
0.23
0.07
99.55

33.30
25.02
22.00
8.62
2.24
6.32
0.70
0.47

98.68

32.50
29.80
27.30

9.80

Note :- *Quartz monzonite
nd—not detected
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TABLE 1 Continued.

Chem. Comp. 45¢ 46 47  48* 49 S0t S51* 52 53-.-
SiOa 70.86 71.18 72,02 7227 7091 7204 7137 7006 70.71
Al2Os 1542 14.08 14.17 15.07 15.15 1471 1574 16,04 1586
Fea0s 043 064 050 035 016 039 036 056 -0.20
FeO 0.7t  2.00 1.71 1.13 166 145 1.21 1.50 1.66
MgO 206 1.63 145 082 176 134 129 1.64 1.60
Ca0 133 198 129 Li2 182 212 157 190 255
Na20 345 292 260 314 273 262 271 2.64 2.40
KaO 445 395 436 4838 440 390 433 452 488
Ha.0t 078 0.70 074 034 049 055 04 0.58 0.34
H:20- 027 0.13 023 023 020 0.13 023 0.26 0.25
TiOs 009 040 034 010 033 020 021 027 025
P20s 036 027 024 031 021 033 036 023 028
MnO 0.04 006 005 004 005 003 0.04 0.04 0.05
Total 9995 9994 9970 9990 99.87 99.81 99.86 100.24 101.03

CIPW Norm.

q 27.36 3126 3654 30.78 3048 3420 2622 2988 28.92
or 26.13 2335 2558 2891 26.13 22,80 2558 26.69 28.91
ab 2934 2463 2201 2672 23.06 2201 23.06 22.53 20.44
an 6.67 9.73 639 556 9.17 1056 1.78 945 1219
co 245 143 286 255 245 235 367 326 1.84
hy (en) 612 674 584 38 678 538 478 508  6.51
mt 023 093 070 032 023 046 046 0.93 0.23
il 032 076 061 015 061 046 046 030 046
ap - - - - - - - - -

di ~ - - - - - - - -

Total 98.62 98.83 100.53 98.81 9891 9822 9201 98.12 -100.10

Mode.

q 3320 37.50 3332 2820 3038 31.60 3330 2200 29.70
k-fsp 28.60 23.50 3868 3260 3506 40.50 29.75 3670 26.30
plag. 27.10 2890 22.16 3240 2428 21.60 2630 2540 22.50
mafic min. 10.50 9.90 584 580 1065 1540 1150 12.80 7.20

Note :- *Biotite-muscovite granite
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TABLE 1 Continued.

Chem. Comp, -

+8i02
AIZOJ S
FeaOs

. FeO

. MgO

- Ca0
Na20 -
K20

H20t -
H:0-

- TiO2
P2Os
- MnO
Total

CIPW Norm
a
or
- ab
. an
- CO
“hy (en)
mt
-l
ap
di
--Total

Mode.

q.
k-fsp.
. plag.

-mafic min. -

54

A 70.:37
- 16.05.
0.59 .

1.30

1.02
1.60-

2,66
4.46
0.19
0.26
0.21
0.25
0.05

..99.01.

132,28 -

.26.13
22.53

8.06
3.88.
4.05

0.93

0.46 .

..9832 ..

.28.50 -

38.20
.20.30

1030

55

72.60-
1523

0.31
1.16
1.26
2.16
2.47
3.67
0.38
0.27
0.19
0.22
0.03

99.95

35.84

21.68 .

20.96
10.84
3.16
4.78
0.46
0.30

99.02

33.60.
- 3543

23.53.
7.88

56

70.77
16.08
0.17
162
1.21
1.84

2.59
-4.82
.0.24

0.11

0.23

0.14
-0.04
99.86

30.42
28.36
22.01
9.17
3.26
5.51
0.46
0.30

99.49

32.70
29.60
27.10
10.30

57

.69.80
-17.08
037
-1.87
.1:02
1.53
2,66
447
0,24
0.08
..0.30
- 0.19
- 0.05
95.66

-31.02
-26.69
-22.53
. 7151

5.00

5.24
.-0.46
- 0.61

99.06

40.48
-28.60
24,38
7,08

58

- 69.94
172,33

0.52
212 -
156

1.87

2,28 -

400

070 -
0.14-

. 0.39

. 026
0.05.

-101.16
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1.64
1.03
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134

5.24
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nd .
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33.92
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.:DQ;
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Note :- *Biotite-muscovite granite
nd—not detected.
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Fig. 3. Ternary diagrams of Khuntan granite (a) Mode (b) CIPW Norm

MgO and TiO; increase slightly towards the northwest, while K>O increases slightly
to the southeast. Other oxides, for instance, FeO and NapO, do not show any signifi-
cant changes. SiOg, on the other hand, shows a slight increase towards the central part
of the batholith, suggesting the existence of a differentiation trend in a vertical dlrec-
tion.

The plots of CaO, femic oxides, KO and NapO against SiO; (Fig. 5) reveal that .
CaO and femic oxides increase as the SiO; decreases or that the changes of the CaO and
femic oxide are directly related to the differentiation of the rock. Na,O and KO show -
no discernible patterns and are possibly independent of the differentiation of the mag-
ma. Presumably the slight increase of KoO towards southeast is the effect of hydrother-
mal solutions acting on the eastern flank of the batholith.

Table 2 shows that the content of most of the trace elementsis higher than average,
particularly Sn, Cu, Pb, Zn, Sb and Mn. A few other elements, not included in the ta-
ble, are also reported to be significantly hlgh eg., F. Manganese included in major
oxides, is also higher than average. Another interesting element is W which was analy-.
sed in most samples. The result was nil, except for one sample in which the W content
is as high as 317 ppm. Judging from these elements it is possible to conclude that the
granitoids at Khuntan are mineralized.

MINERAL DEPOSITS

As indicated in the geological map, there are a few operating mines and mineral
occurrences in the Khuntan area. The mines are mostly in the contact zone of the
igneous and the country rocks, and include tin-stibnite mines and a manganese mine.
Most of the tin mines and tin occurrences are situated on the eastern flank of the batho-
lith, corresponding to the presence of the youngest phase of the igneous rocks. There
are at least twelve known tin occurrences, and some of them are under exploration.

Tin deposits are found in lodes, in pegmatitic veins or disseminated in the grani- -
toids, and as secondary deposits in the alluvial plains. The average tin concentration”
in the alluvial plain of the high potential area, e.g. the Huai Mae Kiang depos1t is
0.4 catty/cu. yard.
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TABLE 2 :
TRACE ELEMENTS OF KHUNTAN GRANITOIDS

21 2 24 27 29 31 37 39 40

Cu 009 006 016 010 010 006 013 013 009
Zn 002 003 008 004 003 . 003 003 005 004
Ba 0.03 nil nil 003 007 003 002 003 007
Ni 001 001 000 000 001 001 002 o001 001
Co ’ 009 007 009 012 007 005 010 006 0.13
Mo 002 020 008 nil nil nil nil 0.12 nil

Sb 027 013 008 011 007 006 008 007 0.16
Sr
Sn

010 003 008 005 020 0.08 013 015 0.08

Pb (ppm.) 200 100 100 100 100 200 300 100 100
B (ppm.) 8 128 133 15 21 116 54 84 22
Be (ppm.) 37 8 15 37 37 37 75 15 8
W (ppm.) - nil nil nil nil nil nil nil nil nil
Ce (ppm.) S1 37 il 30 30 30 il 51 nil
(R.E.)203 (total) 131 125 055 057 1111 028 076 150 099

41 44 45 46 47 48 49 50 51

Cu 008 002 002 001 001 001 001 001 002
Zn 001 0,01 001 002 001 002 002 002 001
Ba 003 001 004 006 001 003 004 005 009
Ni 001 001 002 00! 001 001 002 002 0.01
Co 002 002 002 002 002 002 002 002 001
Mo 0.02

Sb 016 003 001 004 001 001 002 001 0.5
Sr 002 001 003 002 002 002 003 003
Sn 608 001 010 001 004 002 001 001 0.09
Pb (ppm.) 400 125 375 625 125 250 375 500 875
B (ppm.) nil 105 10 44 5 66 61 77 69
Be (ppm.) 37 48 123 123 72 49 122 121 72
W (ppm.) nil 317 il nil nil nil nil nil nil
Ce (ppm.) 44 il nil nil nil nil nil nil nil
(R.E.)203 (total) 140 040 008 020 176 028 nil 024 0.02

52 53 54 55 56 57 S8 59 60 61

Cu 001 001 001 001 001 001 003 003 002 0.2
Zn 0.01 0.01 001 002 001 002 002 0.02 002 002
Ba 0.13 0.09 009 0.13 008 009 0.09 0.09 009 008
Ni 0.01 0.02 001 001 001 001 001 001 001 0.01
Co 0.02 0.02 001 001 002 003 003 003 002 0.02
Mo

Sb 0.03 0.06 007 003 003 003 004 004 0.05 003
Sr 0.03 0.03 003 003 002 002 003 0.03 005 003
Sn 0.01 0.05 001 006 002 001 003 003 0.08 0.004
Pb (ppm.) 1345 875 875 1345 750 875 875 875 875 750
B (ppm.) 43 92 97 18 144 56 17 6 715 63
Be (ppm.) . 123 124 49 121 120 49 50 50 48 49
W (ppm.) . nil nil nil nil @il nil nil npil nil npil
Ce (ppm.) : nil nil  nil nil nil nil nil nil  nil  nil

(R.E.)203 (total) 0.08 0.52 002 091 007 111 0.13 079 0.83 043
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Fig. 4. Plots of some major oxides (weight %) of Khuntan granites across the batholith in
NW-SE direction.

The most important stibnite deposits are found in the western part of the batho-
lith at Mae Wa Mines. They are in the vicinity of the Silurian-Devonian rocks. The ore
veins follow northerly trending faults, and their mineralogy can be divided into upper
and lower zones. The upper zone is oxidized and consists mainly of stibiconite and
other oxide minerals, while the lower zone consists mainly of stibnite and quartz; mi-
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Fig. 5. Plots of selected oxides (weight %) against SiO2 (weight %) of Khuntan granite

nor amounts of pyrite and other sulphide minerals are also found. The width of the
ore veins varies from 10-20 cm to 2 m. These veins can be traced discontinously up to
a few hundred metres in length. This area is under development at present.

Three magnanese deposits have found in this area, the largest deposit being the
one situated in the western part of the batholith, the ore consisting mostly of pyrolu-
site. This deposit has now been abandoned owing to the low content of the ore. The
other two deposits are on the eastern contact and they have not been developed.

CONCLUSION
The main events which took place at the Khuntan area are summarized as follows:
1. In the Triassic, the Khuntan area was the boundary of the eugeosyncline which

extended to the east. During the Indosinian Orogeny (Triassic-Jurassic) strong folding
and uplifting formed major structural features striking northeasterly.

2. Emplacement of Khuntan granites probably took place at a late tectonic stage
(206 +4 m.y. ago) of the Indosinian Orogeny after widespread strong folding. Fractio-
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nal differentiation produced phases of granitic rocks, first with a basic composition
chiefly of quartz monzonite, then porphyritic biotite granite, biotite-muscovite gra-
nite and tourmaline granite. Quartz and pegmatitic veins are also present as the final
products. The differentiation trend seems more obvious in a vertical direction.

3. Mineralization of tin, antimony, magnanese, etc., subsequently occurred, as-
sociated with quartz and pegmatitic veins, presumably at the same period or later than
the latest igneous phase (tourmaline granite).

4. Erosion took place at Khuntan and ore minerals particularly tin, were accu-
mulated in the valleys or plains.
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