CHAPTER VI

GEOCHEMISTRY

Introduction

A total of 43 fresh samples were selected for geochemical analysis. Selected
21 representative specimens of the Haad Nai Phlao Gneiss, 9 specimens of Laem
Thong Yang Gnetss 6 of Khao Dat Fa Granite and 7 of Khao Pret Granite were
determined using X-ray fluorescence (XRF) spectrometer for major and trace
elements at Mineral Resource Analysis Division, Department of Mimeral Resources.
The rock safnples were crushed to powders of less than -200 mesh in order to
minimize matrix effects. Major element determinations were performed on fused glass
bead and trace elements were measured on rock powder pellets. FeO was determined
by wet analysis using the titrﬁtion metho&. The representative samples were analyzed
for concentrations of rare earth elements (REE) by mstrumental neutron sactivation

analysis (INAA) at the Office of Atomic Energy for Peace, Bangkok.
Major Elements

The chemical compositions and weight norms of these gneissic and granitic
rocks are presented in Table 6.1. The granitic rocks are classified chenﬂca]ly
according to O’ connor (1965) using normative feldspar abundances. This
classification scheme is valid for rocks containing more than 10% of normative or
modal quartz and also useful for the coarse- grained rocks. Important points of their
major element characteristics show the spread of points on the diagrams. It can be

noted that the chemical composition of the Khanom granitic units fall with widely



Table 6.1.Chemical analysis (major-oxide concentrations) and CIPW norms of the Khanom Gneissic Complex.

Uhits Haad Nai Phiao Gneiss
Sample No. | KN1-2  KN2-2 KN2-3 KNI12-1 KN18-1 KNI18-2 KN18-3 KNISA KNI19-] KN19-2 KN19-3 KN4l KN24-2 KN24-3 KN34-1 KNS4-2 KN34-3 KNS4-4 KN34-5 KN6B KNT72
Symbols ® o o -] [ ] [ ] [ ] L ® [ 2 o ® & L [ ] -] ® ® ® ® ®
sion 7440 7414 7230 7105 7440 7677 7501 7545 TIRS 6962 7110 7387 T3 7152 6757 7185 6655 7424 7189 7586 6728
TiO?2 0.22 0.27 047 0.63 034 0.18 0.35 0.26 0.30 0.37 0.55 0.51 0.53 0.14 0.5 0.60 0.57 032 0.42 0.10 0.41
Alz03 1470 1419 1403 1428 1346 1296 1318 1256 1487 1584 1445 1350 1379 1264 1571 1491 1651 1349 1368 1381 1639
FelO} 0.71 0382 0.88 0.74 133 098 1.25 132 0.87 0.85 0.74 067 0.65 0. 1.24 091 183 1.11 1.19 0.11 1.86
FeO 0.95 1.26 2.14 281 133 0.84 1.45 036 1.62 2.3 248 1.56 1.4 0.83 291 214 2.18 136 1.50 0.69 192
MnO 0.03 0.04 0.06 0.05 008 0.05 0.07 0.05 0.065 0.08 0.05 0.06 0.06 0.05 0.08 0.06 0.10 0.09 007 0.02 0.08
MgO 0.24 0.21 048 0.66 0.41 0.21 043 0.36 0.34 0.55. 063 0.55 0.55 0.25 LO7 0.45 0.96 0.40 030 010 0.69
Ca0 0.55 116 1.52 1.69 1.91 161 239 132 2.04 256 1.47 1.05 0.96 116 2.52 109 344 2.09 145 0.9% 273
Na20 125 1.74 2.12 2.8} 1.02 1.8% 0.85 1.60 1.50 1.70 213 1.7 1.71 110 256 2.12 1.82 1.57 103 193 150
K20 5.10 497 4.39 3.39 4.45 325 3.65 4,79 4.96 4.78 4.97 492 5.03 4.88 i 4.94 4.03 395 562 510 524
P205 0.18 037 0.16 0.25 0.08 0.02 0.07 0.03 0.15 0.21 023 0.05 0.05 0.04 0.25 0.13 0.29 0.06 0.13 0.11 0.25
H210- 0.29 0.19 0.23 0.21 0.19 0.22 0.19 0.04 0.24 0.28 027 0.12 0.04 0.15 0.04 0.00 030 0.25 0.22 0.25 0.25
LoI 0.98 0.76 0.65 1.02 0.63 0.65 0.79 . 0.87 0.52 0.58 0.60 0.64 0.53 0.81 0.52 1.05 075 077 0.75 0.65
TOTAL 9960 9968 9963 9962 99.68 9963 9968 9814 9967 9I6B 9965 9957 99.51 9963 9926 9972 9963 9968 9967 9974 99.65
[CIPW NORM
Q 5001 43.04 3918 3665 4709 5001 5065 4539 3940 3470 3524 4192 4182 4971 3031 3722 3232 4512 4187 4339 170
Cc 3.50 4.79 345 354 73 350 31.70 245 374 3.76 3.49 4.02 395 3.57 M 4.44 3.66 3.02 3.63 377 27
Or 1945 2975 2628 2036 2662 1945 2186 288 2974 2857 2973 12942 3008 29.15 348 2943 2424 1366 3366 3053 3136
Ab 1619 1451 1816 2434 873 1619 729 1380 1288 14355 1824 1464 1464 941 2201 1808 1567 1346 881 1654 1618
An 796 3.38 658 6.86 9.06 796 1L55 6.48 927 1148 585 494 4.49 555 1104 460 1544 0.1 643 384 1106
Hy 1.06 218 378 535 198 1.06 2128 091 2.76 4.52 475 298 293 175 6.26 345 420 224 171 1.31 n
M 1.4 0.56 1.29 1.09 1.95 1.4 1.84 0.58 1.28 125 1.09 0.98 0.95 0.50 1.83 1.33 2.70 1.63 1.75 0.16 273
n 0.35 0.52 0.50 1.22 0.65 035 0.67 0.50 0.58 0.71 106 098 1.02 0.27 1.14 115 1.10 0.62 0.8t 0.19 0.79
Ap 0.05 0.89 0.38 0.60 019 0.05 0.17 0.07 0.36 0.50 0.55 0.12 0.12 0.10 0.60 0.3 0.70 0.14 031 0.26 0.60
DL 8565 8770 #3162 8135 8244 8565 79.80 .88.05 82202 7782 8321 8593 8654 B827 75B0 B473 7123 T124 8436 9045 TN
[KI0/MNa20 | 4.08 2.86 207 1.20 436 1.72 429 299 kX ) | 2.81 233 2.88 2.94 4.44 1.53 233 2 1.5 545 2.64 2.76
Fe"'fFe™ 0.12 1.65 045 0.52 0.39 0.M 0.19 019 0.24 0.16 0.13 0.18 0.14 0.19 0.19 0.19 0.38 0.37 0.28 0.07 0.43
Na/K 0.18 0.26 036 0.62 017 043 017 0.25 022 0.26 032 0.26 0.25 0.17 0.49 0.32 0.34 0.29 0.14 0.28 017
ACNK 1.45 1.29 1.29 1.37 1.39 1.47 1.54 i.18 1.32 1.36 1.23 1.28 1.79 1.26 1.38 1.30 1.47 i38 1.22 1.22 1.29




Table 6.1.(continue).

K Lacm Thang Yang Gneiss Khao Dat Fa Granite. | Khao Pret Granite
leNo. [KN22-1_ KN30 KN30-2 KNT0-2 KN70-3 KN71 KS84A KSI57-1{ KN59 KN63 KN74 KSI1I6B KSI53 KSI56 [KNII4 KN21-5 KN216 KN21-7 KNz2 KN4y KNS8
Symbols » - [ » B » M = » - . - n A A A A A Y Iy
S [ 7347 7137 7353 7278 7172 7363 7416 7127 | 7152 7210 7006 7302 7308 7196 | 6411 G084 6672 6986 6865 7142 7150
TiO2 022 052 026 045 051 028 029 O08SR| 072 042 033 041 057 o045| 07 08 049 042 03 069 066
ARO3 | 1468 1397 1474 1405 1440 1438 1378 1481 | 1468 1602 1534 1291 1292 1381 | 1734 1819 1658 1551 1531 1538 1571
F203 | 030 157 068 066 05 057 030 095| 094 058 134 073 08 08 | 173 256 140 144 248 064 073
FeO 114 052 095 207 238 115 18 222 | 218 136 16 16 203 192| 275 300 297 145 074 148 170
Ma0 003 005 002 006 005 002 004 O00Sf 012 003 009 009 015 005) 005 010 010 007 008 005 003
MgO 025 052 023 043 058 019 021 OB | 08 037 048 059 067 051 | 126 159 106 048 074 035 038
Ce0 078 157 078 166 150 066 OB7 127 | 162 088 229 122 115 145{ 391 446 331 238 248 0% 102
Na20 | 233 184 188 18 140 114 208 274 | 153 246 185 200 100 221 | 145 18 25 LT 193 219 218
K20 496 521 450 458 546 650 510 368 | 447 a4 525 609 543 SM4 | 459 450 3212 S14 S22 555 53
05 } 022 021 019 018 017 013 013 0I8]| 010 016 018 008 009 015| 043 05 033 022 077 02 014
H20- | 042 004 029 02 032 029 021 004| 004 008 022 007 008 004| 034 027 019 022 007 004 002
Lo 0.79 116 064 063 064 049 | 083 o081 053 097 036 | 095 084 070 076 052 04
TOTAL | 9959 9739 9961 9966 99.64 9958 99.03 99.40 | 9962 100.10 9965 9886 9900 9886 | 9965 9965 9966 99.66 9871 99.33 9984
MW NORM
Q 3945 3819 4279 39834 3RI2 4078 3994 3735 | 4050 3698 3372 3435 4308 3553 | 2833 218 3029 3509 3404 467 3566
c 466 303 S4B 344 392 464 361 449 | 468 557 291 101 360 237 397 336 365 338 398 467 A8
Or 2980 3163 2950 2740 3270 3894 3050 2200 | 2675 2878 3138 3644 3277 3086 | 27.58 2699 1927 3079 3068 3314 3158
Ab | 2004 1599 1620 1618 1200 978 1781 2345 | 1311 2098 1583 1713 B64 1899 | 1247 1588 2219 1466 1655 1872 (836
An 247 659 268 7.4 642 246 351 SIB| 748 335 1030 560 522 631 | 1687 1874 1444 1051 137 372 417
Hy 220 133 139 374 470 171 333 402 | 448 232 284 343 411 353 | 587 616 639 213 18 204 248
M 044 034 100 097 076 084 044 139 138 08 196 107 127 119 ) 235 377 205 212 168 094 106
1 042 101 050 08 098 054 056 169] 138 080 063 079 110 08| 135 172 094 o081 065 132 126
Ap 033 051 046 043 041 031 031 043 024 038 043 019 022 036 L04 135 079 033 18 029 033
DI | 8929 8581 8849 8342 8282 §950 8825 8280 | 8036 8674 8093 €792 8449 8538 | 6338 6473 7175 8054 8127 5653 8580
20MNa20 | 213 283 261 242 39 570 245 134 | 292 196 284 304 543 232 | 316 243 124 301 265 253 144
Fe'Fe? | 012 136 032 014 010 022 019 007) 019 01 03 020 019 019 028 038 021 044 150 019 019
Na/K 035 026 028 031 019 013 030 o055| 025 038 026 024 014 032 023 030 05 024 028 029 030
ACNK | 127 180 136 128 125 LI70 120 141} 143 138 124 098 121 104 ] 146 144 152 129 123 126 130

$9
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A Turalite

B: Gransdierty
C: Aduplilts
. Tewrudhjorsitn
E: Granits

© Hand Mal Phiso Gneiss (Ine-greined)

O Haad Mal Phiao Graiss (coarse-grained)
¥ Laem Thong Yeng Grsiss (coarse-grained)
5 Lesm Thong Yang Greiss {younger phase)

®

Albhn

¥ hao Dat Fa Graniis
A Khao Prat Granits (main phase)
& Khao Pret Granite (minor phase)

(b)

Abite

Figure 6.1, Normative feldspar diagram for the classification of the Khanom gneiss
(2) and granite (b) after O’connor (1965).
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scattered patterns in the fields of granite, adamellite (quartz monzomite) and
granodiorite fields, however the latter is uncommon.

$i0; values in the Haad Nai Phlao Gneiss range from 66.55 to 77.52%
(nverage 72.76%), the Laem Thong Yang Gneiss range from 71.27 to 74.16%
(average 72.74%), the Khao Dat Fa Granite range from 70.06 to 73.08% (average
71.96%) and 68.65 to 71.50% (average 70.36%) for the Khao Pret Granite.

TiO, contents range from 0.34 to 0.69% (average 0.53%) for the Khao Pret
Granite, those of the Khao Dat Fa Granite range from 0.33 to 0.72% (average 0.48%),
those of the Laem Thong Yang Gneiss range from 0.22 to 0.88% (average 0.43%) and
0.10 to 0.63% (average 0.39%) for the Haad Nai Phlao Gneiss. The range i TiQ,
values is related to vanation in either or both bimodal titanite, and ilmenite content,

ALQ; values vary from 15.31 to 15.71% (average 15.53%) for the Khao Pret
Granite, 12.91 to 16.02% (average 14.28%) for the Khao Dat Fa Granite, 13.78 to
14.35% (average 14.35%) for the Laem Thong Yang Gneiss, 12.56 to 16.39%
(average 14.25%) for the Haad Nai Phlao Gneiss. ALO; displays a slightly negative
correlation with $i0,. High values of Al,O; correlate with high amounts of plagioclase
in the Khao Pret Granite.

Fe,0; contents range from 0,64 to 2.48% (average 1.32%) for the Khao Pret
Granite, 0.58 to 1.34% (average 0,88%) for the Khao Dat Fa Granite, 0.11 to 1.33%
(average 0.95%) for the Haad Nai Phlao Gneiss, and 0,30 to 1.57% (average 0.69%)
for the Laem Thong Yang Gneiss. The variation m Fe;0, correlates with the mafic

mineral content, i.e., biotite.

MgO. values range from 0.35 to 0.74% (average 0.49%) for the Khao Pret
Granite, 0.37 to 0.87% (average 0.58%) for the Khao Dat Fa Granite, 0.19 to 0.82
(average 0.40%) for the Laem Thong Yang Gneiss, and 0.10 to 1.07% (average
0.47%) for the Haad Nai Phlao Gneiss. It illustrates a negative correlation to SiO,.
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The range in MgO contents is fairly consistent with variation in modal abundance of
mafic mineral as is the case for Fe;0; .

CaO contents range considerably from 0.90 to 2.48% (average 1.70%) for the
Khao Pret Granite, 0.88 to 2.29% (average 1.44%) for the Khao Dat Fa Granite, 0.55
to 2.39% (average 1.41%) for the Haad Nai Phlao Gneiss, and 0.55 to 2.73% (average
1.70%) for the Laem Thong Yang Gneiss.

Na,O contents range from 1.71 to 2.19% (average 2.00%) for the Khao Pret
Granite, 1,00 to 2.46% (average 1.84%) for the Khao Dat Fa Granite, 1.14 to 2.74%
(average 1.91%) for the Laem Thong Yang Gneiss, and 0.85 to 2.83% (1.72%) for the
Haad Nai Phlao Gueiss. High Na;O values can be correlated with a high plagioclase

abundance, as is the case for ALO; .

K;O contents range from 4.47 to 6.09% (average 5.20%) for the Khao Dat Fa
Granite, 3.68 to 6.50% (average 5.05%) for the Laem Thong Yang Gneiss, 5.12 to
5.55% (average 5.28%) for the Khao Pret Granite and 3.25 to 5.62% (average 4.59%)
for the Haad Nai Phlao Gneiss. K;O is a very mobile constituent and is possible for
highly altered granitoids from any tectonic environment to have abnormally low K;O
values (Hong, 1992). This alteration can be easily identified petrographically. The
sample which have high abundances of K;O normally show extensive sericitization of
feldspar. |

The abundance of P,Os varies from 0.12 to 0.77% (average 0.31%) for the
Khao Pret Granite, 0.13 to 0.22% (avérage 0.18%) for the Laem Thong Yang Gneiss,
0.08 to 0.18% (average 0.13%) for the Khao Dat Fa Granite, and 0,02 to 0.37%
(average 0.15%) for the Haad Nai Phlao Gneiss. Some sampies show relatively high

P,O; contents which are attributed to high abundance of apatite.

Figures 6.2a and b. show the variation of SiO; content of individual granitic
unjts with respective to the other major oxide. SiQ, contents from all granitic units
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Figure 6.2a, Major oxide analyses of the Khanom gneissic samples potted on MgO,
Al,0;, Na,0, K;0 and CaO versus SO (as Harker variation diagram).
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Figure 6.2b. Major oxide analyses of the Khanom granitic samples potted on MgO,

ALO;, Na,O, KO and CaO versus Si;O (as Harker variation diagram).




@ Haad Nal Phisc Grelss (lne-grained)

© Haad Nal Phiso Gralss (coarse-grained)
W Leom Thong Yeng Greiss (cosrse-grained)
Laem Thong Yang Gralss (yaunger phase)

(2)
\.
A i v i A4 “ v AL -
_Na20 ca0
K20
(b) M_phae Dat Fa Granite

4 Whao Prat Granits (main phass)
4 Khao Pret Grantte (minor phase)

Na20 Ca0

Figure 6.3. K;0-Na,0-CaO variation diagram of the Khanom gneiss (a) and
granite (b).
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FeO*

¥ Khao Dat Fa Granite
A Knhao Pret Granite (maln phase)
& Kivao Pret Granfte (minor phase)

Figure 6.4. Na,O+K;0 - FeO* - MgO temary diagrams can be divided between

tholeiitic and calc-alkaline suites of the Khanom gneiss (a) and granite (b)

after Irvine and Baragar (1971).

72



73

Table 6.2. Summary of mainly chemical geocharacteristics (mean) of the Khanom
Gneissic Complex. '

Relative Na/K Relative Na/K Relative Na/K Relative Na/K -
0.258 0.296 0.265 0.277
Fe™ /Fe** ratios Fe* /Fe* ratios Fe* /Fe®" ratios Fe* /Fe’" ratios
0.324 0315 0.220 0.580
A/CNK A/CNK A/CNK A/CNK
1,356 1.343 1.230 1.270
Normative Normative Normative . Normative
Corundum Corundum Corundum Corundum
3.27 4.49 336 4.23
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display strong negative correlstion with CaO, ALO; and MgO. The Haad Nai Phiao
Gneiss shows a wide variation of the K,0/Na,O ratios from 1.20 to 4.44 with a mean
of 2.94. The Laem Thong Yang Gneiss shows most variation of the K,;O/Na,O ratios
from 1.34 to 5.70 with a mean of 2.92. The K;O/Na;O ratios of the Khao Dat Fa
Granite range from 1.96 to 5.43 with an average of 3.09. The Khao Pret Granite range
show less variable ratios as 2.44-3.01 (mean = 2.66). The plots of variation triangular
diagram depict that there is quite distinction between Haad Nai Phlao Gneiss and Laem
Thong Yang Gneiss, and also Khao Dat Fa Granite and Khao Pret Granite in K0 -
Na,O - CaO diagram. Mild distinction occurs when these types of granites and
gneisses are plotted in FeO - Na,0 + K;O - MgO diagram. Table 6.2 shows the
summary of geochemical characteristic of the Khanom Gneissic Complex.

Trace Element

Trace element determinations of the Khanom gneissic and gramuc rocks are
given in Table 6.3, The average Rb/Sr ratios are generally higher m the Laem Thong
Yang Gneiss (5.63+3.96), Haad Nai Pl_llao Gneiss (3.81+3.39) and Khao Dat Fa
Granite (2.42:+2.40) than in the Khao Pret Granite (2.54+2.50). The high Rb/Sr ratio
may be explained by either strong fractionation of Rb-poor and Sr-enriched plagioclase
or plagioclase may not be mvolved i the melt phase retaining at the unmelted restite
during low degree of partial melting (Hong, 1992). The K/Rb ratios of the Khanom
samples fall in a quite wide range, 140-340 (mean = 254) in the Khao Dat Fa Granite,
90-313 (mean = 222) in the Haad Nai Phlao Gneiss, 140-246 (mean = 186) m the
Khao Pret Granite and 132-218 (mean = 151) in the Laem Thong Yang Gneiss.

The Khao Pret Granite displays higher in Sr, Pb and Zn contents whereas the
Khao Dat Fa Granite shows higher in Cr and Ni contents, the Laem Thong Yang
Gneiss are enriched in Rb and Co contents and the Haad Nai Phlao Gneiss shows

higher in Ba and Cu contents.




Table 6.3. The characteristics of the trace element (ppm) in the Khanom Gneissic Complex.

Ukits Haad Nai Phlso Goeiss
Sample No. |[KN1-2  KN2-2 KM2-3 KN12-1 KNI18-1 KNI8-2 KNIR3 KNIEA KNI19-1 KN192 KN19-3 KN241 KN24-2 KN24-3 KN54-1 KNS4-2 KNS43 KNS4-4 KNS4-5 KN68 KNT2
Symbols [ ] [+] [+] [+ ] ® @ @ ® ® ® =] ® e [ ] [ ] 0 [ ] ® L ] [ ] ®
Ba 160 415 542 598 952 458 689 1035 3017 1008 540 1209 {177 482 1113 479 1342 706 508 98 929
Cr 12 12 42 37 87 27 62 179 77 7 20 122 185 36 B 60 263 44 308 23 59
Cu 32 28 23 28 k)]
N 109 59 9 14 162
Pb 13 14 16 15 [ 6 6 5 25 19 113 AW 7 ] 10 i1 12 6 lj 23 11
Rb 322 M3 312 314 118 123 118 165 i 159 281 161 163 159 129 22? i1l6 153 188 241 152
S 23 43 61 7 67 57 64 42 451 5B 65 45 3 29 626 s2 58 67 52 27 641
In 30 a5 42 55 10 10 8 10 37 49 40 24 5 7 49 26 49 13 27 11 52
Co 6 30 .7) 91 81 78 63 60 31 43 40 47 56 B4 124 71
Rb/Sr 1400 798 511 436 176 216 184 393 038 030 432 358 494 S48 021 440 020 228 36 893 024
KRb | 13148 25947 10624 £9.62 31305 21934 25677 24098 24078 24955 14682 26520 125934 24852 251.60 179.07 28839 21481 24815 17566 286.17
Uits Lacm Thong Yang Gneiss Khsao Dat Fa Granite | Khao Pret Granite
Sample No. [KN22-1 KN30 KN30-2 KN70-2 KN70-3 KN71 KS84A KS157-1| KNS9 KN6&3 KN74 KSI116B KS153 KS156 JKN214 KN21.5 KN216 KN21-7 KN22 KN49 KN3B
Symbcls ] ] ] ] a - [ ] [ H n = » ¥ = A a .4 ' A A A
Ba 136 964 195 360 612 241 401 643 | 466 379 729 915 860 788 | 1732 834 565 614 . 8%0 303 355
Cr 15 93 2 29 15 28 6 103| 24 202 s 153 106 521 31 i 53 4 208 240 146
Cu £7) 16 19 21 26 12 35 19 19
Ni 7 4 it6 1 st 278 1s 126 7
P 16 12 17 20 22 23 12 41 7 22 14 13 7 24 17 1 8 19 21 49 36
Rb 312 326 297 217 207 321 351 246 | 18 285 147 313 132 160 | 159 118 206 173 203 339 313
Sr 15 104 30 54 3 42 J4E 3] 19 67 487 406 52 351 571 699 480 430 500 65 . 76
Zn 28 s 28 Lk 44 36 10 49 11 13 50 10 53 7 56 B4 58 4] 44 41 45
Co 67 23 0 44 57 43 49 40 50 99
Rb/Sr 12.48 313 9.90 4.02 2.84 7.64 1.01 4.03 6.21 425 .30 077 2.54 0.46 D.28 017 043 0.40 0.41 522 412
K/Rb 131.96 132.66 13695 17520 21895 168.09 12061 124.08) 31445 14068 129646 161.51 341.47 26667 232.63 31656 12975 24663 20936 147.66 14083

SL
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Detailed description of individual elements of gramitic rocks in the Khanom
Complex area are given below.

Ba vahies range from 98 to 3017 ppm (average 831 ppm) for the Haad Nai
Phlao Gneiss, 303 to 880 ppm (average 538 ppm) for the Khao Pret Granite, 379 to
915 ppm (average 689 ppm) for the Khao Dat Fa Granite and 136 to $64 ppm
(average 444 ppm) for the Laem Thong Yang Gneiss. The remainder of samplers
shows a scatter agamst Si0O, with a broad negative correlation.

The mean Cr content is 201 ppm with a range of 5 to 521 ppm for the Khao
Dat Fa Granite, 158 ppm with a range of 41 to 240 ppm for the Khao Pret Granite, 79
ppm with a range of 7 to 308 ppm for the Haad Nai Phlac Gneiss and 46 ppm with a
range 15 to 103 ppm of the Laem Thong Yang Gneiss. Cr shows scatter with negative
correlation with Si0,.

Pb has a broad range in abundance. Pb ranges from 19 to 49 ppm (average 31
ppm) for the Khao Pret Granite, 12 to 41 ppm (average 20 ppm) for the Laem Thong
Yang Gneiss, 7 to 24 ppm (average 15 ppm) for the Khao Dat Fa Granite and 5 to 25
ppm (average 12 ppm) for the Haad Nai Phlao Gneiss. It shows scatter with no
correlation with SiO,.

Rb value ranges from 207 to 351 ppm (average 284 ppm) for the Laem Thong
Yang Gneiss, 173 to 339 ppm (average 257 ppm) for the Khao Pret Granite, 116 to
343 ppm (average 196 ppm) for the Haad Nai Phlao Gneiss and 118 to 313 ppm
(average 192 ppm) for the Khao Dat Fa Granite. Rb displays a broad positive
correlation with Si0,.

The mean Sr content is 267 ppm with a wide range of 65 to 500 ppm for the
Khao Pret Granite, 230 ppm with a range of 19 to 487 ppm for the Khao Dat Fa
Granite, 172 ppm with a range of 23 to 641 ppm for the Haad Nai Phlao Gneiss and 92
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ppm with a range of 25 to 348 ppm. Sr shows a scatter with a broad negative
correlation with Si0,.

Zn ranges from 41 to 45 ppm (average 42 ppm) for the Khao Pret Gramite, 10
to 49 ppm (average 34 ppm) for the Laem Thong Yang Gaeiss, 10 to 53 ppm (average
30 ppm) for the Khao Dat Fa Granite and 5 to 55 ppm (average 28 ppm) for the Haad
Nei Phlao Geiss. |

Plots of SiQ; versus some trace elements of gramitic rocks in the Khanom
Complexes (Figures 6.5a to f) indicate that there are some geochemical distinctions
between these types of granites and gneisses.. The trace element geochemistry shows
more regnizable contrast m the different granites (Khao Pret and Khao Dat Fa) than i
the different gneisses (Haad Nai Phlao and Laem Thong Yang).
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Figure 6.5£ Plot of chromium against silica for the Khanom gneiss (a) and granite (b).
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Rare Earth Elements

The rare earth elements (REE) have generally been considered to be immobile
during secondary or non-magmatic geochemical processes. Most studies of many rocks
in high-grade metamorphic terrain of Precambrian age of Collerson & Fryer (1978) and
~ Collerson & Bridgwater (1979), assume that metamorphism has not affected REE
distributions although many other elements have been shown to be mobile, The overall
slope of REE abundance patterns also gives mnportant informsation on the behavior of
REE during weathering. For example, minerals such as monazite, allanite and
florencite, have light REE (LREE) enriched abundance patterns, on the other hand,
xenotime, garnet, and zircon are heavy REE (HREE) enriched (Kamioka et al., 1994).

The REE data of granitic rocks of the Khanom Complex are presented in
Table 6.4, and further displayed as chondrite-normalized patterns in Figures 6.6a, b, ¢
and d. Chondrite normalized pattern of the total samples shows right hanging-down
feature, from light REE enrichment to heavy REE depletion.

In Figures 6.6a, b and c, the ranées of REE content found in three granites are
compared with ranges of REE contents in monzogranites (adamellites) and syeno-
granites (granites) of Cullers and Graf (1984). It is illustrated that the Laem Thong
Yang Gneiss contains moderate to large negative Eu anomalies, the Khao Pret Granite
containing small to moderate negative anomalies, whereas the Khao Dat Fa Granite
containing little to no Eu anomalies and stmilar to REE characters of the Haad Nai
Phlao Gneiss. |

The Khao Pret Granite contains the most total REE content with an average
value of 337.62 (+ 73.99) ppm, as.compared with those of the Khao Dat ¥a Granite
with an average value of 218.77 (+36,78) ppm the Haad Nai Phlao Gneiss with an
average 202.43 (* 31.67) ppm, and the Laem Thong Yang Gneiss with the least
average value of 185,36 (+ 59.83) ppm.



Table 6.4. REE characteristics (in ppm) of the Khanom Gneissic Complex, showing the average value with standard deviation (+). -

5.4440.29

Ukiits Haad Nai Phlao Gneiss Laen Theag Yeng Gneiss Fhso Dat Fa Grmite Khao Pret Granite Chandrite
SampleNo. | EN2-3 KN182 KN24-1 KN22-1 KN30-2 KN70-2 KN59 KN63 KS153 XS156 KN49 KNS8 |(Sun,1982)
La 36.94+5.47 38694056 50.5412.16 |37.6540.94 27294125 G66BSH2.83 | 56.57+1.11 70344146 SBIMH449 41514070 | 76.86+2.80 104.48+1.55| 0.329
Ce FIT.OB}-_I0.0S T38947.12 89.79+1.28 | 62.73+0.39 62.5640.05 118.7411.66 {100.124+3.13 129.1334.53 99.114341 78.574290 [126.6241.13 185324876 | 0.865
Nd 29.0442.72 32.88+0.72  40.004041 31.6&0.49 29.554292 5093+3.61 [350343.30 51.00+0.85 47634193 33694097 |55.78+1.01 77.0244.95 0.629
Sm 1099+1.09 6624055 7474024 { 8094008 5974012 11152034 | 7.5040.57 8444065 B32+40.11 5914027 (10114094 12224031 0203
En LOGH0.02  L1440.11  1.0640.00 | 0.63+0.01  0.25+0.01 0.70+0.05 | 1.7640.00 0.8430.00 1354005 1.38+0.13 | 0.574001  1.24+0.07 0.077
b 13210.13  0.48+0.03  09230.06 | 0.68+0.01 0.804008 1444008 | 0.6940.01 098+009 1064007 093005 | 1014067 0.732005 0.0498
Dy 13914134 566+0.12 5884013 [ 5974027 6434056 16784104 | 6994056 828+0.79 6164039  4.1840.12 | 7314070  7.45:039 0.343
Yo 10923029 4351030  6.38:0.60 | 1.3840.11 4644034  3.0580.19 { 2223020 1344004 36840.13 1324008 | 6744056  1.4040.07 0.219
Lu 011+0.01 0074001 0.10£0.00 {§ 0.05+0.00 00740.01  G.10+0.01 | 0.0540.00  0.10+0.00  0.08+0.00  0.05+0.00 | 0094001  0.08+0.00 0.0339
Total REE 24136 163.78 202,14 148.79 137.56 269.74 21093 270.45 226.16 167.54 285.29 389.94 2,749
CefYh 10.72 16.98 14.07 45.45 13.48 3893 45.4 96.36 26.93 59.52 1882 13237
(La/Lan 53.49 5712 52.23 77.82 40.29 69.08 11692 71.29 75.27 BS5.79 §3.25 134.96
Hf 6041043 4574012 5273006 | 3454021 4084025  6.49+0.39 6543022 5844048  3.8940.11 | 564023  7.0240.10

¢8
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Figure 6.6. Chondrite-normalized REE patters for (a) Laem Thong Yang Gneiss, in
compare to a range of REE content of Cullers and Graf (1984)’s
granites contain moderate to large Eu anomalies.
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range of REE content of Cullers and Graf (1984)’s granites contain
small to moderate negative Eu anomalies,
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content of Cullers and Graf (1984)’s granites contain little or no Eu
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Figure 6.6. (d) Haad Nai Phlao Gneiss. .
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