CHAPTER VII

GEOCHEMISTRY

7.1 Introduction

A great care was taken to select fresh specimens for analyses
that were reasonably representative. The details of sampling techniques
and analytical procedures were discussed in the method of investigation
(Section 1.6). The analytical data together with CIFW norms, differen-
tiation index (P.I1.) and some &lemental ratios are present in Table 2
and 3. All major~cxide ~cgncentrations are given in weight percentage
and trace element concentrations im part per million (ppm). The

differentiation index is calculated from the sum of normative quartz,

orthoclase and albite, corrected to 100 percent. The whole rock-analytical

data from the Phuket Plutons have previously reported by several workers
(Pitakpaiwan, 1969; Carson, et al., 1975: Suensilpong and Putthapiban,

1978).

Silica variation diagrams for major oxides and some trace
elements arc¢ shown in Figure 8 to 19. The ranges and averages of these
major oxides and trace elements arc summerized in Table 4(a) and 4(b)
in order to provide a comparision with the average compositions of
granites from many parts of the world (Table 5 and 6). The variation

diagrams of the major-oxides and trace elements versus 8102 do not show
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the significant differeﬁce among the granite suites. Some trends of
oxides and trace eclements are alsc compared with those of Mesozoic Fang
tin-bearing and-barren granites, northern Thailand (Boom, et al., 1979)
and of Mesovzoic Benom tin-bearing and-barren granites, western Malaysia
(Ahmad, 1979). Hosking (1 279) noted that these granites of Fang, Benom
and Phuket Plutons 2re located in the same tin belt (i.e. western tin
belt of S,.E, Asia). Broadly speaking the chemical results as shown in
many figures and tables reveal that the granite types of Phuket Plutons
can be simply grouped into the more siliciec and less silicic groups

depending mainly on the silica contents (Figure 5) and the D.I.

(Figure 25 C).

Key to Table 2 to 4

G-1 = coarse-grained porphyritic biotite granites

G-2 = fine - to medium-grained biotite granites
G-3 = medium ~ to coarse-grained biotite-muscovite granites,
slightly porphyritic

fine - to medium-grained bictite-muscovite granites,

loecally porphyritic

G-5 = fine-grained biotite-muscovite-tourmaline granites
Q = normative guartz

or = normative orthoclase

ab = normative albite

an = normative anorthite, ap = normative apatite
C = normative corrundum, il = normative ilmenite

hy = normative hypersthene, mt = normative magnetite
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Table 2 (a). Major-oxide values (weight %), C I P W norms
snd differentiation Index (D#I) of granites of

Fhuket Plutons

6-1 |

Type G - 2

Sample |22-6-1 h5-€15i34—5-2127-4-1;25—?-253-?—1!58-1-4
No. i i ] | ! 1

=k

Major oxides

i

510, 168455
TiO2 055
A1203 1531
F9203 0+61
FeO 2.5?
MnO 0,07
Ca0 \ 1.87
Na,0 VAT RS

1

K,0 b, L2
P205 0.21
L O T 1281
Toto 99.99

C I P W norns

Q

or
ab
an
c

hy
ap
il
mt
D.I.

30464
26.16
22453
8435
3. 16
5461
0,81
1.06
1o 1k
80,17

t
i H i
| ] 1

| ' 1 ! l.
]
i

169445
| 0,54
15.02
1.18
L 2¢58
| 0,08
0193
| 1,99
k12,00
3,80
021
1467

|
99.45

1.90

33,83
23.26
18.78
918
2459
5421
0.31
1.06
1.83

t 784 74

. : .
-?0.53;66.98 }68.54
0,51 0461 | 0459
14,77 116632 115427
0,844 1565 1 1331
2.72. 2432 2,62
| 0,077 04074 0,09
1 0.961] 0498 | 0,95
1.87] 1489 1 2.21
| 24364 289 i 2.20
| b.26 | /4a67 13450
0,17 -6a30 0419
16l =19 1.62
hoo.70E99.87 192.79
| 3.73} 4,20 | 4.19
14811 1e62 | 1459

|

33,89 26,38 130,51
| 25,04 127,82 |22.59
19493 (24465 |19.35

8e351 7480 111.02 !
34265 3,57 1 3.09
6,101 4426 | 5.31

031! 0481 | 0.31 {
0.91] 1e21 | 1.06
1014 | 2,51 | 1.83
79471 {79480 '|26.21

4,01

70,98 67.37
0.35| 0452
14,12 16.55
0.66] 1.12
2,08 2.54
' 0,06 0.1k
! o.78i 1.07
i 2.00! 2.79
i 2.51l 2,91
bkl 3.95
| 0.17| 2.19
: 1.25! 0480
'99.55!100.04
| 2,95 3.91
1475|1439
]32.68 26425
26.15| 23.93
21.50| 25.65
9437 | 13.08
1.73| 2.55
4,91 5.74
| 0.31] 0.31
| 0.61] 1.06
0.91] 1.60
81.42! 75,46
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Table 2 (b). Major-oxide values (weight %), C I P W norms and Tf.;
differentiation Index (D.I) of granites of "5
Phuket Plutons _____t:
ot : 1
| Type | 5 G -4 ,I*_
| Samp1e29~l-8;9~1—13}9—3-1[29—d—3l32-1*2;32~11—12511-3~f?10—4-1 31-7-1{26-5-2{ |
Sl e S TR e
tiajor oxides | E : | | | ! '73
80, 72.84(73.13 '73.13%72.37 i?&.O? 14,09 |77.09 |75.00 |73.45 |74.07 ;
Ti0, 0.26| 0.28 0.25{ 0.26. | 0.15 | 0.18 0.05 | 0.07 | 0.17 | 0.13 _fﬁ
AL,05 (13.75 14.53 13.91 [{14.21 (14,11 :14.03 13.15 [14.32 {14.07 [13.99 i.-?é
Fe,0, 0.37! 0.31 | 0.26| 0.32. | 9,09} 0.30 0.03 | 0.12 | 0.15 | 0.14 -ffé
| Feo 1.74| 1.50 | 1.36) 1:37 ) 1.80 | 0.84 0.55 | 0.48 | 1.01 | 0.80 | =8
40 | 0.07| 0,03 | u.d | 0.03 | u.d i 0.05 | 0.08 | 0.10 | 0.03 | 0.04 '?
| Hgo 0.45| 0.48 | 0.301 0.48 |.0.40 [ 0.25 ! 0.11 | 0.11 | 0.27 | 0.18 | =
| Ca0 0.81| 6.80 | 1.25] 0/90 | 1.06 | 0.88 0.58 | 0.66 | 1.17 | 0.99
' Ha,0 | 2.43 2.58 | 3.66/ 2,54} 2.69 } 2,86 2.47 | 2.83 | 2.90 | 2.61 |
K,0 5.01] 5.01 | 5.30 5.78 {1534 |5.52 | 4.79 5.12 | 5.71 | 5.3
PO, | 0.14]0.12 | 0.14 /0410 .08 | 0.05 0.09 | 0.12 | 0.08 | 0.14
L.0.T.1 1.76 1.61 | 1.42}| 37657 A3 | 2,03 1,72 | 1564 | 1.41 | 1.25
Tot. 99.65{109.37101.18 101.52 190.68%101.05 100.71 {100.57 [100.42|99.54 :
Feo (t) 1.93% 1.96 | 1.75] 1.83 | 1.19 % 122 | 0.63 | 0.64 | 1.06 | 1.02 | =
Kzolﬁa102.06£ 1.94 [ 1.45]2.76 | 1.98 1.93 i 1.93 | 1.81 | 2.47 | 2.06 | =5
| C L7 W normé { :| |
Q 36.59&34.9? 27.80 |34.98 |34.61 %33.40 §&2.36 37.30 |31.30 35.45 |
or 20.45 130.61 |31.16/33.94 [31.72 !32.83  128.38 [30.05 [33.94 31,72
ab 20.45 (22,03 |30.94 21.50 |22.55 124.12 20.98 [24.12 |24.65 (22,03 |
an | 3.06(3.06 | 5.29} 3.62 | 5.01 t 4.45 | 2,78 | 2.50 | 5.01 | 5.01 “f
c | 3.25i 3.57 | 2.20| 2.45 | 2.04 | 1.73 2.85 | 3.16 | 1.22 l 2.04 |
hy 3.47 1 3.71 | 3.05| 3.05 | 2.45 | 1.79 1.49 | 1.09 | 2.15 E 1,59 {54
ap 0.31]0.31 | 0.31] 0.31 | 0.3t | - - 0.31 | 0.31 | - =
i1 0.46 | 0.61 | 0.45| 0.46 | 0.30 | 0.30 - 0.15 | 0.30 | 0.30 |
| mt 0.6810.46 | 0.46| 0.46 | 0.23 ‘ 0.46 - 10.23 | 0.23 ( 0.29 |
in.x |86.09 86.67 {90.21196.61 [89.58 91.19 92,80 [92.42 90,50 {90.62 'L";
u.d. = undetectable, # = glightly greisseniged ;_
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Major-oxide values (weight Z), C I P W norms and

differentiation Index (D.I.) of granites of Phuket

Plutons
- i g T

~ Type E o8 3 i ¢ -5 X
Sample ]26—9-1 31-8-1 | 26-2-2 |33-6-1 |19-5-2 |35~5-1 | 38-1-6
No. | e f

Major oxides | | I. | |
s10, | 72.02 | 72.02 | 72.07 | 74.60 | 73.51 { 72.39 | 75.61
740, 0.26 | 0.18 | 0.26 | 0.31 | 0.19 | 0.20 ! 0.10
41,0, 14.11 | 15.01 | 14.93 /|/14.25 | 14.65 | 14,53 | 14,30
Fe,0, 0.37. | 0.36 1128 (2049 | 0.23 | 0:20 | 0.05
FeO 1.60 1 1.024-0.6% |10 1.04 1 1.35 [ 0.48
MnO 0.06 | 0.05176/63 | 0.06} 0,03 | 0.03| 0.03
MgO 0.42 | 0.43/0.3391 o0.51 t 0.30 | 0.34 [ 0.14
Ca0 1.06 | 1.32/ /0.8 1.17 | 0.99 | 0.92 | 0.50
Na,0 2.43 | 2.77 | /246 ) 2.36°| 2.81 | 2.61} 2.72
K,0 6.19 | 5.15 |/ 5807, 3.16'| 5.00 | 6.08 l 4.45
P,0, 0.11 | 0.12°<90.09 {0.08 | 0.13 | 0.11 { 0.07
L.0.1. 1.74 | 1906 T T A48 PIL.S5 b 1.75 | 1.74 | 1.52
Tot. 106,37 100,39 |100.26 (100,22 :1100.63 [100.50 i 99,97
FeO(t) 2.13 |- 1.48 . .1.96 | 2,36 | 1.37 | 1.69 | 0.58

K,0/Na0 | 2.55 | 1.86 | 2.40 | 1.34 | 1.78 { 2.33°| 1.64
CIP W norms
Q 30.58 | 32.14 | 33.16 | 44.16 | 35.15 | 30.88 | 41.70
or 36.73 | 30,61 | 35.06 | 18.92 | 29.49 | 36.17 | 26.15
ab 20.45 | 23.60 | 20.93 | 19.93 | 23.59 | 22.03 | 23.07

_an 4,45 | 5.84 o B aas a1l
c TR T S N e S S
hy %t O % \ 0.80 | 3.67 | 2.28 | 2.718 | 1.09
ap 0.3r 1 0.1 ! 831 = 0.31 | 0.31 &
11 0.46 | 0.30 | 0.46 | 0.60 | 0.30 | 0.46 | 0.15
mt 0.46 | 0.46 i 1.37 | 0.68 | 0.23 | 0.23 -
he - - I! C.14 t - - - -
D.1. 89.06 !8?.?0 \90.47 84.2 | 89.2 | 90.13 | 92.08

ey T



Table 3 (a). Trace-element concentrations (ppm) and elemental ratios

of granites of Phuket Plutons

- Type : e~ 1 G- 2
Sample | 22-6-1 [13-1-5 | 34-3-2 |27-4-1 |25-7-2 3-7-1 |38-1-4
No. | j

 Trace-elements I
Rb 463 | 405 | 401 | 338 | 383 | 529 | 470
Sr 118 95 118 124 128 138 | 184
Zr 280 306 231 1'4,//22,2,3 25"0_ 289 | 149
Y 25 |73 Sy /jfi 1¢ 21 {8
Nb 1 13 st A Tl 5 7 22
sh ¢ &« 75 AN N 5 7
Ba R B /;8/1 Y720 475 | 323 | 674
La 103 90 /1hs | 140 | 89 132 | 124
Ce 117 172 <1 /109 | 183 | 303 176 | 157

| Na 134 136 | 132711136 88 103 | 106
Sm 27 I S 19 10 | 10
sb e NS it s e B Wy B ke
| Wty '

Elemental ratios gﬁ“-“~_.«,»-r*’fE;

Rb/Sr 4 4 3 iR 4 3
K/Rb 83 88 78 87 83 70 | 72
K/Ba 95 65 54 41 67 |15 5D
Ba/Sr | 3 6 5 N e 2 4

| Ba/Rb 0.9 1.4 ot T 0 O RS 0.6/ 1.4
ca/sr | 134 141 114 | 127 111 104 | 108
Ca/Y 558 406 | 409 632 747 680 | 711
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Table 3 (b). Trace-element concentrations (ppm) and elemental ratgtos of ‘:
granites of Phuket Plutons ﬁﬁ
o
| Type 'I Sy &
Sample 9-1- 18| 9-1-13| 0-3-1]29-4-3 |32-1-2 32-11-12 {11-3-11 [15-3=2 [31-7-12 |6-5-2|19-2-1 |
No. : :??:
Trace-elements 3 ,4:
Rb 815 186 704 | 633 727 | 652 1370 | 1141 | 655 1666 626 E
St /TSR R TR (G SR B TS 1 16 | 40 |38 | 65 “'g
zZr 238 | 205 | 199 | 194 54| 103 90 99 | 209 85 | 399 |
Y 39 28 23 | 25 35 |43 b 46 | 15 | 41 50 - 18
Nb 22 14 20 | 28 26 23 64 46 | 31 19 29 |
Sh 8 6. | "B linaA k 7 19 TRt 5 7
Ba 186 | 185 | 275 | 233 7229 1263 84 51 | 169 95 | 240 | |
La 56| & | 80 |.357 4 /9 V26 29 33 | 37 - | 61 | 133 TN
Ce 172 | 157 | 198 | 134 A /75 71/63 59 55 | 67 |114 | 140
Nd 37 70 70 | 41 [ €8T 1148 25 4 | 60 | 42 28
Sm 11 24 5 13 1 10 | 22 3 19
Sb 2 2 1 2 4 1 Tk 6 2L
Elemen'tal ratilos |
1 |
Rb/Sr | 18 18 19 (bradar Dpdd=0itntd 124 71 | 16 |18 10 |
k/gb |52 | 49 | e3 | 77 |62 7| 7 29 3 | 73 ler | -
k/Ba | 229 |229 | 162 | 209 |1%6 176 479 863 |286 le2.2 | - |
Ba/St | & 4 o 7 6 8 ¥ T 3 | s
Ba/Rb | 0.2 |0.2 |0.4 | 0.4 0.3 0.4 0.1 0.1 (0.3 Joqi | 0.6 e
casse | 126 {119 | 240 | 136|224 |147 372 203 200 87 | - |
ca/y | 149 |204 | 38 | 256 217|147 93 102 {558 (i3’ | = S
1 I . '! : :




Table 3 (c). Trace~element concentrations (ppm) and elemental ratios of

granites of Fhuket Plutons

Type C -3 G -5 ! greisen granites
Sa321e526-9-1i31~8-1 26»2*2}33—6-1 19-5-2 {35-5~1|38~1-6|Rang 1|11-5~1|Kao 1{Kao 2
:
Trace-élement% !
|

Eb 662 | 661 |®587 | 469 | 670 | 680 | s04 [1395 [1134 |2574 [2606
Sr 43 32— Tray 67 39/ N/ 44 29 8 1 1 1
Zr 158 60 | 140 | 134 41, 157 46 | 174 | 134 61 | 273
Y 29 43 22 20 27 38 19 47 62 | 110 | 96
Nb 11 25 17 12 3 28 38 35 25 | 105 | 99
Sn 6 7 6 6 6 6 11 23 29 | 124 | 125
Ba 264 | 219 | 188 | 127 /|/¥2b9q 193 21 78 85 50 | 38
La 27 74 78 62 24 49 54 44 31 37 | 24
Ce 245 | 121 | 163 | 141/} 98 94 32 | 134 66 20 | u.d
Nd 25 50 87 62 80 10 35 13 25 | u.d | 38
Sm 8 10 16 9 32 2 9 24 10 10} )2
Sb 2 > 1 2 2 1 2 2 i
Element ratioé

Py o B T 167 15wy oF 15 | 31 | 174 [1134 |2574 |2606
K/Rb | 79 64 84 57 63 75 41 % = > =
R/Ba | 197 | 198 264 1209 | 347 | 265 |1780 - - - <
Ba/St 6 6 7 5 4 bl D27 10 85 50 | 38
Ba/Rb | 0.4 | 0.4 |0.3 [0.3 {e.2 [0.3 | 0.2 | 0.1 |0.1 |0.02 {0.01
ca/sr |. 177 | 294 |157 {125 | 222 | 150 | 124 - - % -~

Ca/Y 262 219 264 420 263 174 189 - - -

_‘woj-\‘ $
Ot [ e

.. Bt
W 11 T
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Table 5

Lverage major oxide values (in weight

percent) of some granitic rocks.

Sources are in page 90,51

Source 510, |T10, |A1,0, | Fe,0, | FeO | 10 | g0 | Cad |iNa,0 |K,0 | P,05
v l7i.21lo.ez 14,70 | - (3.247}0.05 | 0.55 [2.00 |3.54 {4.18] 0.16
» 173.10l0.21 | 13.96 | 0.91 |1.44 {0.05 | 0.55 | 1.21 {3.01 |4.58| 0.20
3 [71.39]0.26 | 15.44 [0.30 {1.53 10,04 | 1.13 | 1.44 | 3.30 4.04 0.33
4 |71.53]0.26 | 13.70 l.ng?z;oiJ o;@éﬁ;bigs' 1.37 | 3.42 |4.75] 0.15
s l6s.6910.63 | 16.30 | 3:13°F 7/ |0.05{ 1:59 | 1.34 | 2.09 |4.79] 0.13
6 |74.67|0.12 | 13.90 0.49*“ - 710.01 0.23 ] 0.17 | 3.38 [5.17{ 0.04
7 |70.3110.42 | 14.46 | 0.88/|1.97 |0.05 | 0.93 | 1.81 |3.24 |4.42 0.17
8 |75.60(0.13 | 12.96 | 0.38 1.22‘;0}03 0.31]0.35 | 3.61 |4.62]0.04
o |72.8300.27 | 13.43 |0.65 [T.88 {004 | 0.53 | 1.83 |2,98 |4.92 ) 0.11

10 [71,80(0.32 | 13.82 070 190 0,05 | 0.83 | 2.25 |3.43 |3.9116.07
11 |75.40]0.15 | 12.89 | 0.32 [1.17 (004 0015 | 0.87 |3.53 |4.63 | 0.05
12 170.7410.15 | 16.41 | 6.4 [0.76 |0.05 [ 0.72 | 1.01 |3.36 |4.19 | 0.24
13 172.08(0.29 | 14.25 | 0.45 {1.49 [0.06 | 6.46 | 1.17 [3.11 [5.09 | 0.25
16 173.5510.09 |14.43 |0.85 [0.67 [0.02 | 0.38 | 0.70 |3.77 |4.46 {0.42.
15 175.73l0.02 | 13.63 | 0.24 |0.56 {0.11{ 0.19 | 0.63 | 3.47 |4.70 |0.00
16 |74.36]0.20 | 13.63 [ 1.16 [0.95 |0.04 | 0.41 1,07 |3.40 |3.90 |0.18
17 l92:6510.10 113.92 | 0.59 | 1.08|0.04 | 0.20 | 0.65 | 3.12 |4.45 |0.27
18 172.4510.51 |12.32 | 1.64 | 1.86 {0.65 | 0.66 | 1.31 |3.67 [4.61 {0.11
Total iron as FeQ ; 4 Tctal iron-as Fezo3
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Table 6 Average trace-element vzlues (in ppm)

of some granitic rocks | ”
Source Eb St .'Zr Y Sn Ba Cs La |
1 145 | 285  |180 | 40 3 600 57 SSC1 .
; 2 |440 70 149\?\”55:;1//// o2 |1 n.d n.d
T \\\,f - /_/ - | 1 >
3 n.d 200 n.d  |n.d =] 400 500 n.d n.d
S Y S
5 340 75 f/ 36 728 |n.d 126
6 494 56 i /N 326 n.d 101
7 284 166 €40 o.d 27
8 585 20 54 n.d 3
10 219 124 420 | 64 36 |
11 404 42 174 69 41 |
15 |383 42 270 |n.d | 30
16 |34 | 57 0 aia faue 6 | 180 |n.d | n.a
17 | 645 ehBLALERGMaRE LUNIVEBSITY. 7y n.d | n.d |
| % e RS RS ) S e RO e T e N e T
- n.d o= ot determined :
. - - - ’ F-
Sources are in pagef-i-:_? s A
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8.

10.

i1,

1Z,-

and;Lébonne; 197¢)

?ources of Table 5 and Table 6

Avérage-gran;tf (Ta}lor, 1968)

Average of ISS tin-bearing granites (Stemprok and Skvor, 1974)
Average of 6 two-mica granites of Kguutan Batholith, N
Thailand (Suensilpong et al., 1977) l

Average of 15 Quartz monzonites of Tak Granites; N, Thailand

(Pougaapicch and ﬁhhawat l@?? //

Average of 12 Fang :inrb’ reﬁ gréﬂites, i# Theiland (Boom

- /// -
et al., 1579) a7/ |
/ }L S 4 * 1

Average of 15 Fang tinﬁ bgaring granites, N Thailand

{(Boom et al., 1879)

O B ;":L/ 4

Average of 5 Benom tin-bazren,gran1t=s W Halaysia (Ahmad ,

T T e
ST

e e

1079) e W AN NG == P
A — . — - A:\ -~y -

Average of € Benoéitin‘ﬁearing graqi}gag W lialaysia (Ahmad
(| W SRR | ‘

1979)

.
.

Average of 3 tin-bearing granites, Indonesia (Stemprok
and Skvcer, 1974) '
Aweihge of 106 tin-barren granites, Nﬁ.dueénslénd (Sheraton

average of 140 tin—‘beariﬁg granites, NE~Queen§1and

(Sheraton and Labonne, 1978)

Average of 41 tin-bearing granites of Bretagne Plateau

France (Stemprok and Skver, 1974)

St A




13. Average of 25 tin-bearing granites of Cornwall, England

(stemprok and Skvor, L97&)

14. Average of 15 tin- bearing 3ran1tee of Erzgebirge GDR
(Stemprok'ana quor,.1974) _

.15a Average qf 3 tin-bearing granités of Alaska, USA (Stemprok
znd Skvor, 1974) (msjor oxides)

Average of 8 tin-becring granites of Snowy lMts., Australia

/¥ 4

K1 d T L19 2o ééaan ents
(Xlobe and Tavlor,l 661;§t‘ ce ﬂ‘_/,s)

N S

16. Average of 69 tinebeari/g~graditeﬁth~centra1 Kazakstan, =
' 727/

i

USSR (Stemprok and Skw/y /1914? (majo: oxides)

///t

f d

Average of 31 tin-ba&rxég gtaﬂith cf Central Kazakstan,
USSR (Kozlov, 1974) ( /zapg elamgnts) '

17. Average of 144 tin-beariﬁgigranites ot Czechoslovakia

_‘wr errerrered

(Stemprok and Skﬁq;‘ 197&} (majof‘otigggj

= ———————— ,r

N

Average of 70 tin-]
{Xlominsky and Absolénnve. 1974} (trace elements)
18. Average of 12 tin-bearing gronites of § Africa ($temprok
 and Skvor. 39?4}-(qajofioxidea) .
Lverage of & tin-bearing grﬁnifes-of 5 Africa-(KIObe;'-

1566) (trace clements)

A G o .'. s 7
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7.2 Major-oxide and Trace-element GCeochemistry

7.2.1 Major-oxide data >

3102 ¢ The ranges of Sio2 contents of each granite type are

relatively restricted (66-77%), indicative of silicic composition

(Table 2). The average percentage of $i0,_ is apparently lower in G-1

2
and G-2 and close to value of Fang tin-barren granites and lower than
that of average granite (Taylor, 196£). The 8102 values of G-3, G~4,

G-5 arec relatively higher and nearly the contents of tin-bearing granites
of many countries as expressed in Table 5. Consequently, G-1 and G-2

are principally less silicic type and G-3, G-4, and G-5 are reclatively

more silicic type.

I;QZ ¢ The TiO2 contents of Phuket Plutons range from 0.05 to

0.69 percent. There are some differences in contents and distributions
among the granite types (Figure 5). Average T102 contents are higher
in G-1 and G-2 and gradually decrease in G-3, G-4 and G-5, respectively

(Table 4a). G-1 and G-2 have the average TiO, contents close to average

2

granite (Taylor, 1968) and Ni Queensland tin-barren granites (Sheraton &

Labonne, 1978). G-3, G-4, G-5 have Ti0, contents nearly the average

2
tin-bearing granite (Stemprok & Skvor, 1574), biotite-muscovite granites
of Khuntan Batholiths (Suensilpong, et al., 1977). and NE Queensland
tin-bearing granites (Sheraton & Labonne, 1978). Figure 8 shows that the
TiO2 contents decrease as the SiO2 contents increase. The trend of G-3,
G-4 and G-5 is mostly conformed with that of Benom tin-bearing granites

and of Fang tin-bearing granites whereas G-1 and G-2 trend is close to
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those of Benom and Fang tin-bearren granites.

.éiegg :\ The Phuket-Plutons granites have rather high A1203
content with relative to the average granitic rocks compiled in Table 5 .
They have A1203 contents ranging from 13,15 to 16,55 percent. The A1203
contents in G-1 and G-2 are relatively high (mostly exceed 15.0%), whereas
those of C-3;, G-4 and G-5 are relatively low (mostly less than 15.0%).

and slightly higher than the value of the average granite (Taylor, 1968).
Variation diagram shows that the A1203 content decreases as the 5102
content increases (Figure 9). The G-1 and G-2 plots are close to the

trend of Fang tin-barren granites, and the G-3, 4 and -5 plots are slightly

near the trends of Benom and Fang tin-bearing granites,

T'eO. (total): The total iron-oxide content of granites of Phuket

Plutons varies widely from 0.58 up to 4.2 percent. Most of totél iron

(as Fe203) against 3103 shows that total Fe0 1s negatively correlated
with 3102. In general, FeO trend is relatively high in G-1 and G-2 (close
to the trend of Benom tin-barren granites) and sharply decrease in G-3,
G-4, and G-5 which is systematically close to the trend of Fang tin-bearing
granites (Figure 10). Figure 5 shows frequency distribution of total FeO
content. It is worthy to note that G-1, G-2 have high total iron contents
and close to average values of Tak Granites, average granite of Taylor
(1968) and Almanden Granites. This can be distinguished from rather low
values of G-3, G-4 and G-5 Ey this context. The average total iron oﬁide
content of G~3, G-4 and G-5 are close to the average values of Elizabeth

Creek Granites, Benom tin-bearing granites and Khun Tan Granites.
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MnO : The MnO contents of G-3;, G-4 and G-5, most commonly, fall

within the ranges of 0.025 to 0.05 whereas those of G-1 and -2 vary from
0.05 to 0.15 (Figure 5). With the exception of 2 samples of G-4, MnO is
generally negatively correlated with 3102 (Figure 11). The average
percentage of MnO of G-1 and G-2 is rather high with relative to that of
the average granite (Taylor, 1968). @MnO of G-3, G~4 or G-5 is averagely
close to those of biotite muscovite granites of Khuntan Granites and
Indonisian and USSR tin~bearing granites (Table 5). When plotting against
SiOz, MnO trend of granites ot Phuket Plutons cannot be correlated with

any trends of Fang and Benom tin--bearing and-barren granites.

MgO : Frequency distribution and variation diagram in Figure 5
and 11, respectively show that Mg0O contents of most G-1 and G-2 ranges
from 0.8 to 1.0 percent, and are higher than those of G-3, G~4 and G-5
(averaging 0.33 percent). Mgo tends to decrease with increasing 81)2
(Figure 11)., Trend of 6~1 and G-Z conforms with Fang tin-bearing granites
whereas that of more silicic is quite consistent with those of Tak, Fang
and Benom tin-bearing granites. Table 4a shows that G-1 and G-2 have a
relatively restricted range of Mgd content (averaging 0.95) which is
slightly higher than value of Benom tin~barren granites. The more silicic
type has lower MgO content nearly that of Benom tin-bearing granites but
slightly lower than that of average tin-bearing granites of Stemprok and

Skvor (1974).

Ca0 : The Ca0 content of Phuket Plutons ranges from 0.5 up to
2,79 percent. It is rather high in less silicic type with average value

of 2.1 percent and close to that of average granite of Taylor (1968).
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The more silicic type (6-3, G-4 and G-5) contains rather low Ca0, having

the average value of 0.9 percent and resemble those of NE Queensland R
tin-bearing granites and two mica granites of Khuotan Batholiths

(Suensilpong et al,, 1977). Such value appears to be aligﬁtly lower than f; ?;

that of average tin-bearing granites of Stemprok and Skvor (1974) and %;
also close to that of average tin-bearing granites from USSR (Stemprok | E:jFG
and Skvor, 1974). As depicted in Figure 12,. Ca0 shows a tendency to _Ff;;v
decrease with increaaing 31?2\ Treéolgf’G—l and G-2 is consistent with 'f;%igl
Fang tin-barren granites of whareos thgtjof the more silicic type is _fﬁmﬁ{
quite similar to that of oenéézéi;—oearin' granites., ';-4 i;
ngzg 3. The amouoo “of Ré? oﬁf?huket Tlutons varies from 3.16 wp to léijg¥
6.19 percent (Figure 5). Tﬁa’oiiigolvuriation diagram for K,0 shows a ;fﬁki-
considerable scatter, As shoﬁn inf?igure 13, G-1 and G-2 show little ;:ji;
systematic variation with 5102 and alightly conform with the trend of ?;‘b

Benom tin-bearren granit ThE’average v e of the less aillcic type rs
eﬁ 3

— —t

— ——— B o=

is ag the same as value riven by Taylor (1968) of the average granite. ) i'
K20 of G-3, G-4 and G-5 is.nebatively correlated with 8102, and mostly : ::‘-§
close to trend of fang tin-beariny granites. The average content of R,
this more silicic group (5.2 percent) is rather high and relatively close e
to those of Fang tin-bearing granites and Cornwall tin-bearing ones fi:%?
(Stemprok and Skvor, 1974). ' ’};jgg.
ygzg : The amount of'Nozo ranges restrictly from 2.0 to 3.66 o 4
percent, Figure 13 shows that most plots of the N320 contents show no {i“.
correlation with the 5102, with the exception of some of more silicic i h” :&_
type. The plots show a slight decreasec as 5102 increases. lowever, as :? ii
olucidated in Table 2(a), (b), (c) -all the analyzed samples have lower ‘ _;; ,;
" = S
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Na,0 contents than the averapge granite of Taylor (1968). G-3, G-4 and -

L]

G~5 has néarly gsimilar in K20 contént to Indonesian tin~-bearing granites

(Stemprok and Skvor, 1974).
P,0; : The P,0; content tends to be better than that of the alkali
contents when plotting versus 5102. its trend clearly shows a negétive

decrease with increasing 8102 (Fijure 14), The G~1, G-2 granites have
higher P205 than average granite of Taylor (1968). The averape ons cdntéﬁ'._;

of the more silicic type is mpch,IOWQQ/A " that of average tin-bearing

s 7_,_,—

granites (Stemprok & Skvor, %Q}é) but ié”é& the same as those of Indonesiau

i ~

and South Africa tln—bcarigt granitgs (Stemprok and Skvor, ob. eit.).

From these above4dath;,¢Q3tl§+l and G-2 have not only their
compositicns but alsc their’trenﬁgsgeaﬁly Fang and Benon tin-barren granites
whereas those of G-3, G-4 andigiﬁJaxgyggre or less close to Fang and Benom

tin-bearing granites. [ '7L NNES Vs

Rubidium (Rb) : Figure 15, 21 and 22 show that Rb concentrations

distinctively increase with inéreasing 810, and K, 0, but decrease with

2 2
increasing Sr, respectively.' Figure 6 illustrates that the less silicic
type (i.e. G-1 and G-2) has the restrict Rb abundances with rélhtive to

u
the more silicic type (i.e. G-1, G~4 and G-5). Most of the G-1, G-2 granitéa

The G-3;, G-4 and G-5 granites have higher v:lues of which their trend 13
conformed with those of Feng and Benom tin-bearing granites. The greisen

granites contain considerably high values of Rb (approx. 2,000 ppm).



Strontium (Sr): Sr concentrations tend to have a positive

correlation with Ca0 (Figure 21) and have a strongly negative correlation =

with 5102 (Figure 15) and Rb (Figure 22). All the samples analyzed are |
depleted in'Sr with relative to value given by Taylor (1968) for his
average granite. Strontium abundances seem to be higher in G-1 and G-2,
intermediate amount “n G-3, and rather lower in G-4 and G~5 (Table 4 b
and Figure 6). A few of the greisen granites contain Sr as small value
as 1 ppm. The G-l and G*? granites contain values of Sr nearly those of
Fang, Benom, and NE Queensl&nd tin—Barren franitea. The more felsic
group (G-3, G-4 and G—5)*contains Sr close to those of Fang, Benom, and
NE Queensland tin—beariﬁg'?t&niiésu Sr trend of granites of Phuket

Flutons is similar to thesg of Faag tin-bearing and - barren granites.

Zirconium (Zr): ,The Zr-céncentrations tend to decrease slightly
with increasing 5102 (F?gure %?). It is epriched in G-1, G-2 and
relatively mildly depletely in G-4, G-3 and 6-5 respectively (Table 4 b).
However, greisen granitée have to average»Zr nearly G-2, Generally,

G-1 and G-2 has higher Zr abundances higher than average granite of
Taylor (1968) and close to coarse-grained porphyritic granites of S,
Africa (Kolbe & Taylor, 1966). Thez other types of granites, particularl;-
G-3, G-4 as well as greisen granites have average concentration lower
than values given by Taylor (1968) and close to the average values of

Fang, Benom, and NE Quecnsland tin-hearing granite.

Barium (Ba) : Ba shows strong depletion as the silica content
enriches in more amount. Table 4 b clucidates that it is distinctly

higher in G-1 and G-2 and relatively lower in G-3, G-4 and G~5,




Irespﬁctively. Greisen granites have éveragely the lowest Ba content.
As compared with the average value given by Taylor (1968) in_Table 6,_'_
all the analyzed grapites have lower in Ba concentration. The average
Ba contents of Gn3, G-4 and G-5 are close to that of Elizébeth Creek
Cranites. It is important to dote also that tha Ba values of granites
~din the arég studied ere plotted in the same trend of Fang and Benom ?:

. tin~bearing and-barren granites (Fiéure 17y

5 ///// B0
! s ar
Yttriug (Y) : The heavy raréieafth like element, Y, in the
g gy
| il
silica variation diagram,LFiguré 16)“sﬁowg that concentration increase

slightly with increasing 8102 &neragc Y abundances in G*l and G~2 .
(26 ppm) are nearly the averqge-va&ues rgpotted for Fang tin-barren
granites. The concentzaticns a:a slightly higher in G-3, G-5 and C-4,
respectively (Table 4 b). ?hg~awetage Y of G~4 is close to values of
Taylor (1968) for his average—gr@aitgs<iiahie 6) and is slightly lower
than those of Fang andtﬂL"Queensland tin—ﬁgaring granite. The average
greisen granite has the highest Y concentratiocn, ranging from 47 to 110

PPm. The Y trend of Phuket Plutons is exactly opposite to that of the

Fang Cranites.
‘I

Niobium (Nb) : Vhen plopting the ¥b concentration versus SiOﬁ,
the variation diagram shows a2 rather smocth positive_correlntibn
(Figure 19). As illustrated ip Tab;e 4b and Figurz 6, the Wb éontant_{.i}
seems to be rclatively low in G-1 and G-2 and slightly increasing in
more felsic type (G~3, G-5 and C-4,.respectively). The greisen granites
have the average Nb content 2 times gfeater than G-4 (Table 4b). The '

Nb concentratiocns of G-1 and G-2 are quite similsr to thosé reported




Phuket and Phangnga Repion, whereas those of G-3, G-4 and G-5 are higher. e

- the La contents as thcse ovf -aireﬁggq ‘-gran:i.:'l;e of Taylor (1968). When

Pang tin~bearing and rbarrem&ranires.a_ﬂiéh amount of light rare earth -".,'T .-

that of NE Queemnslzsnd ‘tin-bearing’granites, The Ce trend is approximately_f

by Garson, et al (1975) for their ccarse—grainéd biotite granites from Ay e

than those of biofite-muécovite granite of the same region. The.Phukeﬁd F; }%

Plutons. granites have the Nb trend mostly conformed with that of the ' Eﬂ

Benom Gfanites. g s (e < .;,i;"“
: {?

Lanthanum (La) : The silica variction diagram (Figure 17) shows =2
tﬁat La has a strong tendency to décreasa with increasing 5102 2 5 4 1s_u ;_}%,‘
rather high in G-1 and G-2 {average‘f/a 5 ppm), intermediate in G-3 and .
low in G-4, G—b as well as greigen granttes. respectively (Table 4b). -

Most of the rocks analyzéd/qannﬂt;be correlated with the average graniteé - R

(Table 6). The exceptions are tha\se values of G~4 and G~5 having nearly i

plotting La against 8102, the Jsa;mné* is conformed with the trend of

\ r——~'—~~ e et ~14

element (Lz, Ce, and “rquhiy;ﬂdlwreflett.gbe accessory mineral contents, "4

particularly sphene and allanite (Llyakovieh, 1967, Sheraton and Labonne,
1978) as well ac apatite (Fairbridge, 1972; Bateman & Chappel, 1979).
These accessories are quite abundance in G-1, G-2 and rarely found in -

the more silicic group.

Cerium (Ce) : The other type of light rare earth metal, Ce,
show systematically lower in concentration when 5102 increases (Figure;
18). Table 4b also shcws that G—liand G-2 have higher Ce concentration
and 2 times above that of the average granite of Taylor (1968). G-3, t i

G-4, and G~5 heve a decrgase in Ce and most values are also close to
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the same as that of La (i.e. negatively correlated with 5102).

Neodzmium.(Nd) : Nd, the light fare earth metal, tends to show a
strongly negative correlation with 8102 (Figure 18). The G-1 and G-2
granites contain high amount of‘Nd&(uvlrage 100 ppm) whereas the G-3,

G-4 and G-5 granites contain velatdively low Nd amount (average 45 ppm)
(Table 4b). The greisen granites have averagely the ldwest Nd abundances

‘with relative to the other types of granites. .

Tin (Sn) : Sn tends to show a strongly positive correlation with
_ 5102 (Figure 19). It increases significantly with high differentiation
and where the SiO2 exceeds 75 percent the Sn contents increase in
considerable amount (more.than 10 ppm). As expressed in Table 4b, it

was found that Sn ranges from 3 to 7 ppm in G-1 and G-2, mostly 6-7 ppm
in G-3, widely ranging from 5 to 19 ppm in G-4 and is restrictly limited
in 6 ppm in G-5. The highest amount of Sn is found in greisen granite
with the average value of 75.25 ppm (Table 4b). It was found also that
all the specimen analyzed have average Sn contents much higher than value
given by Taylor (1968) for his average granites. It is worthy to note
that trace amounts of Sn contents in G-3, G-4, G-5 and greisen granite
are significantly higher than the high Sn-values of some granites shownm
in Table 6. When cémparing with the Sn trends of Australian granitic
rocks (Rattigan, 1964) and 206 granites of NE Queensland. (Upper Paleozoic
~ages) (Sheraton & Labonne, 1978), the trend of Pﬁuket Plutons (Figure 19)

is higher.

To summarize, silica variation diagrams. show normal calc-alkali

trends for most elements—TiOz, A1203, FeO (T), MnO, MgO, CaoO, P205, Sr,-



velatile & H20 components (as L.0.I) increase with differentiation. Na

and Y show little systematic variation althcough beth tend to increase

f

with increasing 8102. ' . A £

The bictite-muscovite granites (i.e. G-4, G-5 and possibly G-3,) ] <

have higher SiC_ and possibly K. 0, Rb, Nb, Sn, and Y and lower Ti0,, Al 0

2 2
FeO (t), MnO, CaO, P505’ Sr, Ba,‘ma,/QQ, Nd-and possibly Zr than the

3*f

biotite granite (G-1, G—Z)“‘“Theac TLP-H ‘norns as shown in Table 2a, 2b,-g} 1
g / P Ry

2c reveal that the averageslof albite, anorthite hypersthene, apatite,
ilmenite, and megnetite ngfms/fnt G~1 and G—2 are relatively higher than -,:"-iﬂ
those of G-3, G-4 and G—J. Beaidea these, the average differentiation .. 5
incices (D.I.) of G-1 and.édZ aﬁe‘mdch lower than those of &-3, G-4 and 3ii 7
G-5. The plots of all major axides vﬁrsus D, I:.are given in Figure 25a, f% QT
25b and 25c. B - 2 B

ﬁl R i — : :
7.3 Differentiation Trends of Phuket Plutone - AR

-

When the alkalinity ratioc of Wright (1969) is plotted ageinst the

S:I.O2 contents, the majority of samples of Phuket Plutons show a typicaiin‘c B
v Bl
calc-alkaline affinity becoming more alkaline with increasing 5102 Cbnteéf;

(Figure 20), althcugh scme of the more silicic rocks are either cloée-tdr ;

or fall within the alkaline field. This appears to be characteristic of Y : i
many generally calc-azlkaline associations (Ewers and Scott, 1977; "#ﬂ
Sheraton & Labonne, 1978),. ?
ol R
Some elemental ratios ccmmonly used as indicators of ind}eésiqg_ _15_ o,
fractionation in granitic rocks are increasing Fe/Mg ratios (Koibe, 196&);f§ .,
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2nd decreasing Mg/Li ratics (Kuts and Mishchenko, 1263). Though, the Li
contents of the analyzed granmites of Thuket Plutons have not been
determined, the Fe/Mg ratiocs of C~1 and G-2 range mostly from 4 to 5 as
compared with ratios of 6 up to 8 for G-3, G~4 and G-5, Binary elemental
variation diagram (Figure 21, 22, 31) indicste that the G-4, G~5 and
possibly G~3 is relatively more depleted in Sr, Ba, and Ca 2nd enriched

3 in Rb aﬁd K than G-1 and G~2, Such enrichment and depletion are well __A
known features in crystellization products of late-—stage residual melts =
(Taylor,et al., 1968, Ewers and Scott, 1977). Many authors, i.e. Tayler,

et al. (1956),. Taylor,et ak. (1968), Groves (1972), Sheraton and Labonne

e |, Ny, LN

(1978) have observed a similay enrichment in Rb relative to K and

depletion in Ca, Sr, and /Ba in Cornwall granites, Snowy Mountains
leucogranites, Blue Tier two-mica granites, and NE Quecnsland Upper. :
Paleozoic granites, respectively. They have suggested that these rocks _;
crystallized from a melt which had already undergone considerable T?
differentiacion. The useful data present in Figure 7 show frequency ";t
distribution cf elemental ratios of FPhuket Plutons., The more silicic E
types (i.e. G-3, G-4, G-5 and also greisen granites) have higher Rb/Sr, ”%
K/Ba, Ba/Sr, a2nd Ca/Sr as well as lower K/Pb, Ba/Rb, and Ca/Y than the :{g
lower silicic type (G-1 and G-2). As illustrated also in Figure 22, G-1 ‘E
and G-2 have rather low K20/C50 and Rb/Sr whereas C-3, G-4, G~5, on the ;f
contrary, have relatively high KZOICao and Rb/Sr suggesting that the G-3, QTE
G-4 and G-5 granites show the more intensive differentiation. Such cases ﬁ%g
seem to be semilar to NE Quesensland Upper Paleczeic granites which hi
| Elizabeth Creek Granites are the late stage nroduct (Sheraton & Labonne, :E
1978). ".'{Ii
3

o
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It has been previously accepted that because the ionic and atomic
properties of Rb are similar to K. and Sr to Ca. These interrelated
clements should be strongly positive correlated (Heir and Billings, 1270,
Croves and Taylor, 1978). ®b is commonly enriched in residual liquids
resulting from fractionation as well as Sr is depleted in late crystalliza-
tion due to the element capture in early formed minerals (Feirbridge,
1972). The ratic K/Rb less than 160 generally cccur in strongly
differentiated granitgs and pegmatites-while Ca/Sr ratiﬁs generally
increase (Taylor, 1965; Bradshaw, 1967, Groves, 1972). The K/Rb ratics
" of the bictite granites are relatively low (average 82 ppm) ana Ca/Sr
ratio averages 125 ppm suggzesting that they are somewhat fractionated.

The K/Rb ratios of the biotite-muservite granites (average 60 ppm) are
exceptionally low a2nd average €a/St ratic is about 200 pom being considered

to be an indicative of extreme fractionmtion,

In addition to Bheae—the Uhuket Blatons data have been plotted
in the Rb-Ba-Sr ternary diagram with the field determined by El Bouseily &
El Sokkary (1575) and the direction of differentiation is also
superimposed (Figure 23). Although, meny of the G-1 and G-2 data do not
fall exactly within the nominated fields, the interpretation is open
without protestion that all the granites are highly fractionated, and
biotite-muscovite granites (G-3, G-4 and G-5) show more differentiation,
the greisen types exhibit extreme differentiation as well, The other
triangular variation diagram of trace element proportions (i.e. Rb, Sr,

Y) seems also sicnificant end was firstly used by Smith (1972) in order

to distinguish among the acid igneous rocks having slichtly varied or

non-varied major oxide concentration and tc define whether the rocks

- \ I o I
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have undergene more or less differentiation. The present data are oo
plotted aceccmpanied with the trend of calc-alkaline suite from Medicine * =
‘ _ : : : . . “i q.!l'..
Lakes Highlands (¥ockelds, 1954), showine that all the analyzed rocks e
show highly differentiated particularly those of G-3, G-4 and G-5 . v L
(Figure 24). And the greisen granites are extreme differentiated as R
- ).:,Trl, -7
compared with the normal calc-alkaline line. -
From the previous magiior}?g///dgta, > i should be ammarized that N
the granites of Phuket le aze @-alkaline suite with aemewhat
. 3 Q:\/ - .:"‘:,Js .
" fractional diffetentiat:_[pa/?/ /}h t tlx\\bLtite-muscovj,te affinities Lo
(4.e. G=3, G-4, G-5) exHibi Aéﬂgiffpm\fiauon than the biotite ones
I
(i.¢. G-1 and G-2). Thts/g aréwfgg“dnitc_s zeen to show extreme = -
differentiation with reladiye \t$¢gif"othex types.
/ey
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