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Fig. 1. Geological map of the study area (modified from Lee et al., 1964; Son et al., 1978). 1. alluvium; 2. granitic rocks; 3.

diorite; 4. volcanic rocks; 5. fault.
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Fig. 2. The sampling sites and litho-facies map of the granitic rocks and diorite. 1. diorite; 2. granodiorite; 3. porphyritic
granite; 4. enclave-rich porphyritic granite; 5. equigranular granite; 6. micrographic granite.
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Table 1. Modal compositions of the representative samples from the study area.

Rock type GD PG EPG EG MG EN ZEN

Sample No. DY20 DY20-1 A-73 YS34 A-71-A YS37-1 YS35 AKJ4 A-75 A-77 YS36 A-71-B YS37-2 A-71-C YK3 YK4 YK5 YK6 YKS8
Quartz 211 229 316 327 322 344 318 399 413 389 308 226 73 119 197 182 212 235 172
K-feldspar 95 11 332 312 381 368 277 518 472 597 552 1.6 2.3 0.1 - - 0.1 0 0.7
Plagioclase 61.8 578 325 314 280 269 352 74 9.8 04 134 568 694 674 528 621 589 537 632
Biotite 0.1 - 0.6 3.0 0.7 0.2 4.7 0.3 0.2 0.1 - 6.2 6.5 19 251 185 138 111 6.5
Amphibole 6.3 2.6 - - - - - - - 0.2 - 78 111 146 - 0.1 3.0 6.6 6.3
Clinopyroxene - 20 - - - - - - - - - - - 0.6 - - 0.1 1.9 1.5
Epidote 0.1 - 0.1 0.1 0.1 tr. - - 0.1 0.1 0.2 0.4 0.1 0.2 tr. 0.1 - 0.1 0.3
Chlorite 0.2 2.0 15 1.0 0.6 14 0.2 03 - 0.1 - 31 0.5 15 0.4 tr. 0.5 13 1.1
Zircon 0.1 - - - - - tr. tr. tr. - - - - - - - - - tr.
Opaque 13 13 0.5 0.6 0.1 0.3 0.3 0.3 0.3 0.4 04 1.2 2.1 1.1 0.5 04 12 0.8 1.0
Apatite - - - - - - tr. - - - - - 05 - 1.2 0.6 0.8 0.9 11
Others 0.4 0.1 - - - - 0.1 - 11 0.1 - 0.4 - 0.4 - - - 0.1 tr.

Abbreviation. GD: granodiorite, PG: porphyritic granite, EPG: enclave-rich porphyritic granite,

EG: equigranular granite, MG: micrographic granite, EN: enclave in enclave-rich porphyritic granite,

ZEN: zoned enclave in enclave-rich porphyritic granite.
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Fig. 3. Quartz(Q)-alkali feldspar(A)-plagioclase(P) ternary
diagram for the granitic rocks (after Streckeisen, 1976). 1.
alkali feldspar granite; 2. granite; 3. granodiorite; 4. tonalite;
5. quartz diorite.
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Fig. 4. Or-Ab-An triangular diagram for the plagioclase
from the granitic rocks, enclaves and diorite.
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Table 2. Chemical compositions and structural formulae of zoned plagioclases of the representative samples from the study area.

Rock Facies DI GD EPG EN
Sample No.  A-76 DY20 YS37-1 A-T1-A A-71-B A-71-C AKJ8
Location rim core middle rim core  rim core middle rim core  rim core  rim core  rim
Si0, 57.64 60.42 60.26 60.29 64.83 65.38 61.95 64.90 65.43 60.52 63.78 55.74 63.19 5848 63.13
Al,O4 25.39 23.89 23.87 24.22 20.81 20.67 23.58 21.26 20.74 25.66 21.62 27.07 22.67 2535 22.55
FeO* 0.36 - 036 - - - - - - - - - - - -
Ca0 7.76 6.00 626 6.13 254 176 491 2714 255 721 3.04 930 4.03 737 394
Na,0 6.81 764 770 753 9.86 10.22 840 917 9.89 703 936 6.08 8.72 690 834
K,0 0.24 034 055 063 069 0.19 031 061 049 023 0.42 018 034 031 0.70
Total 98.19 98.28 99.00 98.80 98.72 98.22 99.15 98.68 99.09 100.66 98.22 98.30 98.96 98.41 98.66
cations per 32 oxygens
Si 10.51 1092 10.86 10.86 1158 11.67 11.06 11.56 11.62 10.69 11.44 10.18 11.27 10.60 11.29
Al 5.45 508 507 514 438 435 496 446 4.34 534 457 5.82 4.76 541 4.75
Fe?+ 0.06 0.00 005 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 1.52 116 121 118 049 034 094 052 0.49 1.37 058 1.82 077 143 0.76
Na 241 268 269 263 342 354 291 317 341 241 3.25 2,15 3.02 243 2.89
K 0.06 0.08 013 0.14 016 0.04 007 014 0.11 0.05 0.10 0.04 0.08 0.07 0.16
mole percent (%)
Ab 60.50 . 68.40 66.80 66.40 84.20 90.30 7420 82.70 85.10 63.00 82.70 5360 78.10 61.70 76.00
An 38.10 29.60 30.00 29.90 12.00 8.60 24.00 13.70 12.10 35.70 14.80 4530 19.90 36.50 19.80
Or 1.40 200 320 3.60 3.80 1.10 1.80 360 2.80 140 2.40 1.00  2.00 180 4.20

Abbreviations are the same as those in Table 1. DI:diorite, *Total Fe as FeO.
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Table 3. Chemical composition and structural formulae of biotites and amphiboles of the representative samples from the

study area.
Biotite Amphibole
Rock facies PG EPG EN Rock facies GD
Sample No.  A-73 A-TI-A A-71-C AKJ8 Sample No. DY20 A-71B A-71-C
Si0, 35.73 36.51 36.26 35.54 Si.OZ 48.80 47.27 48.89
TiO, 407 3.99 3.54 4.22 TiO, 1.28 0.92 1.06
ALO; 1239 12.46 12.79 12.56 AlOs 6.19 4.90 5.07
FeO* 2085 2132 2196 2066 FeO 14.74 1594 16.80
MaO 0.78 100 0.88 0.68 MnO 0.50 1.50 1.30
1 . ‘ - - MgO 13.73 12.12 12.03
MgO 10.17 9.80 933 9.82 Ca0 105 10.76 10.66
Na, 0 0.51 0.24 0.39 0.33 Na,O 1.75 1.49 1.46
K,0 9.78 10.16 10.35 9.85 K,0 0.40 0.52 0.45
Total 94.28 95.48 95.50 93.66 Total 97.91 95.41 97.71
cations per 22 oxygens cations per 23 oxygens
Si 5.38 5.44 5.42 5.38 Si(T) 7.12 7.18 7.24
Al(T) 0.88 0.81 0.76
) AlgC) 0.18 0.06 0.13
Ti 0.46 0.45 0.40 0.48 Fe3t(Q) 0.40 034 0.36
Ti(C) 0.14 0.11 0.12
Fe?* 2.63 2.65 2.75 2.62 M%(C) 2.99 2.74 2.66
Fe?*(C) 1.26 1.66 1.66
Mn 0.10 0.13 0.11 0.09 Mn(C) 0.03 0.10 0.08
Fe?*(B) 0.14 0.02 0.06
Mg 228 2.18 2.08 2.22 Mn(B) 0.03 0.10 0.08
Ca(B) 1.65 1.75 1.69
Na(B) 0.19 0.13 0.16
Na 0.15 0.07 0.11 0.10 Na(A) 031 0.30 0.26
K 1.88 1.931 1.98 1.90 K(A) 0.08 0.10 0.09
MgO/FeO* 0.49 0.46 0.42 0.48 MgO/FeO* 0.93 0.76 0.72
Abbreviations are the same as those in Table 1. *Total Fe as FeO
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Fig. 5. (A) Classification of biotite in according to Al(IV) vs.
Fe/(Fe+Mg). (B) Classification of calcic amphiboles in
according to Mg/(Mg+Fe*2) vs. TSi(IV) (Leake and Winch-
ell, 1978). (Na+K)A<0.5, Ti<0.50. Symbols are the same
as those in Fig. 3.
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Table 4. Major element and CIPW norm compositions of the representative samples from the study area.
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Rock Facies (Kim et al., 1998) DI GD PG EPG EG

Sample No. YB07 YB25 DY14 A76 DY20 KJ15 YS34 A73 YK-1 A71-A YS35-1 YS37-1 A75 AKJ4
Si0, 54.29 54.68 58.50 58.86 67.33 69.27 74.09 73.62 7433 76.08 7442 74.59 7740 76.25
TiO, 1.07 1.03 0.88 0.88 0.46 043 0.20 0.20 0.28 0.15 0.19 0.17 0.11 0.15
Al,04 1742 17.15 16.35 16.50 15.67 14.99 13.34 13.87 13.31 1281 13.16 13.27 11.61 12.52
Fe,03* 8.99 8.62 7.85 7.49 4.17 3.48 2.20 2.06 2.23 1.39 2.08 1.69 1.42 1.80
MnO 0.17 0.16 0.21 0.18 0.08 0.06 0.07 0.06 0.10 0.05 0.06 0.05 0.03 0.04
MgO 3.89 3.84 3.25 3.10 113 1.00 0.24 0.24 0.49 0.24 0.34 0.25 0.03 0.03
Ca0 8.11 8.41 5.78 5.83 3.19 2.66 0.87 0.90 1.59 1.20 0.93 1.02 0.52 0.49
Na,O 3.47 3.52 3.40 3.75 3.97 4.18 4.21 434 3.40 2.73 3.41 3.22 3.28 3.52
K50 1.27 1.14 1.87 1.69 2.97 2.96 3.67 3.69 4.08 5.21 4.66 4.51 4.25 4,72
Py0s5 0.23 0.21 0.24 0.27 0.13 0.10 0.05 0.04 0.09 0.04 0.05 0.04 0.02 0.01
LOI** 1.21 0.99 0.60 0.31 0.46 0.47 0.41 0.33 0.44 0.76 0.94 0.16
TOTAL 100.17 99.81 99.55 99.54 99.70 99.43 99.41 99.69 100.30 100.22 99.74 99.57 99.61 100.06
Q 5.49 6.08 12.0 11.6 229 25.3 32.7 314 34.0 36.8 33.6 35.8 40.8 35.9
Or 7.6 6.83 11.3 10.2 17.8 17.7 22.0 22. 24.2 30.9 27.8 27.0 25.5 28.1
Ab 29.66 30.12 294 324 34.0 35.7 36.0 37.1 28.8 23.1 29.1 27.6 28.1 29.9
An 28.48 27.93 24.4 23.7 153 128 4.1 43 74 5.7 4.4 49 25 24
C - - - - 0.4 0.3 1.0 1.2 0.6 0.6 0.9 1.3 0.7 0.7
Di 892 10.73 3.0 3.6 - - - - - - - - - -
Hy 13.34 12.06 15.7 14.5 15.0 12.5 3.2 6.0 74 43 33 26 1.8 2.2
Mt 3.96 3.8 1.9 1.9 1.0 0.9 0.5 0.5 0.6 0.3 0.5 0.4 03 04
Il 2.06 1.98 1.7 1.7 0.9 0.8 0.4 0.4 0.5 0.3 04 0.3 0.2 0.3
Ap 0.51 0.46 0.5 0.6 0.3 0.2 0.1 0.1 0.2 0.1 0.1 0.1 - -
DI*** 42.03 43.03 52.8 54.2 74.7 78.8 90.8 90.6 87.0 90.8 90.5 90.4 94.5 94.0
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Table 4. continued.

Rock Facies MG ZEN EN

Sample No. A77 YS36 YK2 YK3 YK4 YK5 YK6 YK-7 YK8 MEAN A71-B A71-C YS35-2 AKJ8 YS37-2
Si0, 7653  76.50 62,57 6157 6158 6369 6240 62.08 6257 6231 63.22 60.14 6056 6249 6001
TiO, 0.07 0.08 0.68 0.74 0.71 0.66 0.71 0.73 0.72 0.71 0.71 0.79 0.76 0.68 0.79
Al Og 1239 12.33 1661 1656 17.03 1586 1597 1615 1620 1630 15.71 1656 1580 16.64 16.91
Fe,05* 131 1.77 5.78 6.28 6.08 5.72 5.86 6.22 5.68 5.97 6.29 7.26 6.82 5.63 6.73
MnO 0.03 0.04 0.30 0.38 0.32 0.36 0.42 0.45 0.42 0.39 0.30 0.32 0.41 0.24 0.28
MgO 0.02 0.03 1.71 1.78 1.82 1.63 1.66 1.82 1.78 1.75 2.11 2.43 2.00 167 2.01
Ca0 0.20 0.20 4.39 4.75 4.48 4.68 5.15 5.12 4.95 4.86 4.57 5.14 5.10 3.96 4.79
Na,O 3.75 3.79 4.57 4.48 4.69 4.21 4.09 4.09 4.16 4.29 4.45 4.88 '4.53 4.64 4.92
K,0 4.48 4.27 1.88 1.67 1.94 1.81 1.82 1.78 1.93 1.83 1.56 131 2.10 170 173
Py0s5 0.01 0.01 0.42 0.45 0.48 0.42 043 0.45 0.44 0.45 0.22 0.23 0.43 0.32 0.44
LOI** 0.84 1.04 0.50 0.51 0.51 0.48 0.73 0.70 0.78 0.62 0.38 0.39 0.54 1.35 0.85
Total 99.63  100.05 9940  99.17 9964 9952 9924 9959 99.63 9947  99.53 99.45  99.04 9932  99.46
Q 36.9 371 152 14.6 12.8 18.5 172 16.4 16.6 16.0 16.7 10.1 114 16.4 9.9
Or 26.9 25.6 113 10.1 11.6 10.9 11.0 10.7 11.6 11.0 9.4 7.9 12.7 103 10.4
Ab 32.1 324 39.2 38.6 40.2 36.1 353 35.1 35.7 36.9 38.1 41.9 39.1 402 424
An 1.0 0.9 19.5 20.5 19.7 193 20.2 20.8 20.1 20.1 18.5 19.7 16.9 182 19.3
Cc 1.0 1.1 - - 0.1 - - - - - - - - 0.7 -
Di - - 0.2 14 - 3.0 5.6 4.0 3.7 29 5.3 8.1 10.7 3.9
Hy 1.7 2.3 22.0 23.1 23.3 20.3 19.6 22.1 20.6 21.5 22.6 25.1 21.0 214 23.6
Mt 0.3 0.4 14 1.6 15 14 15 15 14 1.5 15 18 17 14 1.7
Il 0.1 0.2 13 14 14 1.3 14 14 14 14 14 15 1.5 13 15
Ap - - 0.9 1.0 1.1 0.9 1.0 1.0 1.0 1.0 0.5 0.5 1.0 0.7 1.0
D¥** 95.9 95.1 65.7 63.3 64.7 65.5 63.4 62.3 64.0 63.8 64.2 59.9 63.1 67.0 62.8

*Total Fe, **Loss on ignition, ***Differentiation Index.
Abbreviations are the same as those in Table 1. DI(®): diorite, AL( A ): aphyric lava.
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Table 5. Trace and rare earth element compositions of the representative samples from the study area (in ppm).

Rock Facies AL Kimetal, DI GD PG EPG EG
1998)

Sample No. YB07 YBZ5 DYl A76 DY20 KI5 YS34  A73 YK1 A71-A YS351 YS37-1 AT5  AKH
Ba 409 337 353 399 590 709 616 642 79 752 613 714 392 a8z
Rb 430 380 453 350 779 8Ll 114 984 862 118 145 101 159 177
Sr 521 515 208 296 244 211 769 786 150 115 119 138 368 340
Ga 313 344 450 512 397 440 162 160 379 427 302 358
Nb 38 39 134 73 41 80 128 93 104 43 60 65 51 92
uf 32 33 13 10 10 16 27 15 28 26 17 14 7 21
7r 600 650 365 203 361 379 604 287 804 626 375 275 322 379
Y 225 237 244 252 182 169 322 168 207 78 159 143 306 420 o
Th 41 42 64 80 93 89 138 99 114 184 127 141 147 192 2
U 09 10 12 12 22 19 28 24 25 42 25 29 37 51 ol
Cr 503 532 58 356 523 245 640 580 780 299 429 399 530 360 N
Ni 161 182 234 200 258 142 301 351 381 214 244 178 268 255 oy
Co 197 174 103 72 69 84 43 63 66 44 62 63 iy
Sc 323 314 41 08 ;
v 329 300 61 117 o
Cu 167 135 136 118 106 200 91 111 180 79 104 113 pre
Pb 124 103 47 138 146 126 128 81 156 126 120 167 ol
Zn 911 724 61 604 322 258 472 309 284 268 215 327 .
Sn 37 13 04 96 16 27 14 03 11 28 N
Mo 7 39 54 36 57 69 54 36 60 76 ©
Ia 55 159 189 21 %56 182 187 120 186 84 251 161 126 391 4
Ce 356 367 23 550 479 346 102 233 364 158 511 303 308 793 =
Pr 45 46 52 69 54 41 44 29 42 18 57 34 44 o3 ry
Nd 193 197 22 274 200 148 169 111 160 69 218 132 206 367 5
Sm A4 44 50 59 37 33 42 29 35 16 39 26 51 78
Eu 14 14 12 15 L0 09 09 10 0 07 10 08 05 05
Gd 16 47 49 59 38 30 49 29 41 17 35 28 55 76
Tb 08 08 08 09 06 05 09 06 06 02 05 04 L0 13
Dy 46 46 47 56 33 31 59 36 38 14 32 25 65 79
Ho 09 09 09 11 07 06 12 07 08 03 10 06 13 16
Er 25 25 28 34 22 20 37 21 24 09 18 16 41 49
Tm 04 04 04 05 03 03 06 03 04 01 03 03 06 07
b 23 23 28 33 20 17 39 23 24 10 20 17 12 48
Lu 03 03 04 05 03 03 06 03 04 02 03 02 06 07
YREE 970 992 1124 1429 1168 874 1069 66,0 944 411 1212 765 979 2026
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Table 5. continued

Rock Facies MG ZEN EN
Sample No. A77 YS36 YK-2 YK3 YK4 YK5 YK6 YK7 YK8 MEAN A71-B  A71-C YS35-2 AK]J8 YS37-2

Ba 407 438 379 270 319 385 400 362 430 458 274 183 271 307 363
Rb 137 154 83.8 80.6 94.9 71.5 70.9 775 66.3 76.9 112 80.2 113 104 724
Sr 12.0 17.0 316 319 281 320 322 318 319 176 288 256 238 341 334
Ga 325 335 28.5 315 30.1 26.4 29.8 32.0 15.0 21.7 26.6 20.1 35.5 30.7
Nb 5.2 6.8 8.4 11.7 8.7 8.9 7.8 8.6 28.5 124 19.5 94 15.7 10.7
Hf 3.7 3.8 2.4 2.8 2.1 2.1 1.5 15 15 2.0 2.1 1.2 144 15 1.0
Zr 77.6 84.6 84.9 92.7 77.1 72.8 56.9 474 58.8 65.0 24.2 2.1 37.8 26.3
Y 36.1 36.4 35.4 43.7 40.4 32.9 32.8 33.0 325 359 57.6 35.1 53.5 53.2 55.0
Th 15.7 17.3 7.7 8.1 7.1 4.8 34 4.5 6.0 5.6 14.0 5.5 46.4 8.0 45
U 34 3.1 2.0 2.0 2.0 15 1.1 13 1.1 1.5 4.0 15 10.5 1.8 1.2
Cr 397 846 127 155 116 120 128 142 94.0 264 359 2.5 472 369
Ni 185 414 59.5 75.7 58.6 64.8 70.4 84.9 64.6 139 174 86.7 276 168
Co 4.2 9.0 11.0 11.9 11.1 11.1 114 12.5 12.5 8.4 10.5 59.7 7.8 75
Sc 7.9 13.6 8.5 9.0 9.2 10.0 10.1 15.6

v 26.1 30.6 28.5 27.0 29.0 31.8 311 15.8

Cu 79 14.3 78.4 60.4 37.8 164 10.8 7.1 119.3 7.6 12.8 70.9 17.1 15.1
Pb 26.9 16.7 111.2 142.6 66.1 72.2 42.2 46.1 305 66.6 7.1 9.8 84 32.4 10.1
Zn 114 38.7 354 3803 516 1003 879 719 828 80.1 112 6.9 262 102
Sn 1.0 16 11.0 23.0 0.1 5.8 2.0
Mo 0.7 8.6 13.3 5.4 5.3 3.6
La 32.2 42.6 12.5 11.6 11.6 15.7 15.9 17.0 48.6 20.1 19.9 149 16.2 16.5 13.8
Ce 37.5 88.6 32.3 33.1 31.2 35.9 36.4 399 104.0 46.8 52.0 38.3 411 36.8 39.1
Pr 8.9 11.1 4.8 5.3 54 5.4 5.6 6.1 13.1 6.8 7.6 5.8 6.7 53 6.0
Nd 33.6 40.4 22.7 26.0 26.7 24.1 25.5 27.2 474 29.5 32.5 25.2 304 24.2 31.5
Sm 6.9 8.3 6.2 7.6 7.9 6.2 6.4 6.7 8.8 73 8.1 6.3 79 6.7 9.0
Eu 04 0.5 14 1.7 1.7 1.7 1.7 1.7 19 1.7 13 1.2 1.4 1.9 1.7
Gd 6.2 6.5 76 94 94 74 7.6 7.8 9.8 8.6 85 6.8 9.5 8.0 9.5
Th 11 1.1 1.2 1.6 1.5 1.2 1.2 1.2 13 1.3 1.5 1.1 1.5 14 1.6
Dy 6.9 6.7 7.6 9.9 9.7 73 7.2 7.3 7.9 8.2 9.8 7.1 10.0 9.1 10.8
Ho 14 1.3 1.6 2.0 2.0 1.5 14 1.5 1.5 1.6 2.1 1.5 2.1 19 2.2
Er 4.4 4.0 4.7 6.2 5.7 45 43 43 45 49 6.7 45 6.5 5.8 6.6
Tm 0.7 0.7 0.7 0.9 0.8 0.7 0.6 0.6 0.6 0.7 1.0 0.7 1.0 0.8 1.0
Yb 44 4.6 4.7 6.2 5.5 44 4.0 41 41 4.7 7.0 4.7 6.8 5.6 6.7
Lu 0.7 0.7 0.7 0.9 0.8 0.7 0.6 0.6 0.6 0.7 1.1 0.7 1.0 0.8 1.0
>REE 145.1 217.1 108.8 122.4 119.9 116.4 1184 126.0 254.3 142.9 159.0 118.8 142.2 125.1 140.5

Abbreviations are the same as those in Table 1, 4.
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(Langmuir et al., 1978) for the analysed rocks. Symbols are
the same as those in Fig. 6.
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enclave core. Symbols are the same as those in Fig. 6.

3, o #E ReeE & 4 9l aE|a g}
A FAHel sl YK-8 AlRe] I ERUA &
HF2 o2 RSl vls) 2v) Aol sdsks 7
£ 7}#t}. o)== Eberz and Nicholls(1990)¢] 2=}
o= o7t o e E a5 s Ak
HEHe] oA 3 AE 2 S A=
o2 Hushmha F7petae] HEFade) o8t A
ghof] 9|3k A2 Mgk} glvh. 2y o o
TR} 7o) ol T EQFe] FAFo| IEFUL
o] gefo] =2 L IPIYCEHE]S] Ao F
Fo2 A=A ¢kl ol EISte] It}
3] AFE tEco 22 S ERAE 23
sl QS 7FsA S AlAIg ool IEFR
A4 =2 AW} ke AHspdAM 914 1
3= 2L, o]e|gt Ryt dHAH o R AR gsle] F
A|R7) Aoz HA s nalEma] 289 24|
o] F3AE B8l FATOIAM A B IER
A4 g=Rs 7P " AR SdEn ol &
A ZIAA ] HEF 2 dAEka 9leh =3 o]
g dAade e TR FEke] Aele] 27| B
R = AReE 253 5o ofs FAEA|
A5 U3

Aol FAd 0] sl I EFHULES F
2 3|4, TR}o|E,| #HoZ, duholE Sof
o] HE Zoz deyx okSilva et al., 2000).
PyOs, Y, Th, Zr®] & Wslel] & FIEFAS
o] A%L AEE Y 12), P05, Y= A2 At
HAAZ 2 BedFm| Th, Zre BAake 73S Hed
o wetd AFAde] ERYL] gk 2
3N, Buzlo| E, olehle|E Fof s3E3} A9




162

AwH - AEA - ol

300 P

A2 ALY § T T
°
be ]
200 p* ;
) 0 '
o~ X . o
A [ o i o L ple
100 F+ © %. AA ":
F 3 ]
o ]
g ]
0' ..... Licaiy N FTTTTTTETY FUTTRTUUTY FUTTT TR
0 0.1 0.2 0.3 04 0.5
P20s
300 ———————
; . ]
H 9
t 4
L X 1
200 [ +4
BJ.] [
e
= s* s oo T x
L] ...’... o o
100 | a s 0 °+ 3
5 °
o
F ) T R A .
0 10 20
Th

offt
e
o
i
&
o
oX

300 ARELR A ERGES R TRAE N RARES RS R R pt e T
°
X
200 F + 3
. .
E E LN ) o ° x
° |
2] i ° f ® °° o )
100 F + Ra o
. % ]
: ° ]
]
1 a2l 1 alaaagl 1 1 alaaias
10 30 50 70 90
Zr
300 [ .
. ]
i ]
i x ]
200 + .
ﬁj [
.J
ﬁ b . ® . °
b . ®
Ou ° g. [ ]
100 oth  + B
o 1
o
°
0 sa) 1 2l | I
0 10 20 30 40 50 60
Y

Fig. 12. Variation diagrams of XREE versus minor and trace element abundances in the study area. Symbols are the same

as those in Fig. 6.

o] 9lE % 3ok a3y Euate| Eg} dehto|E
E AEFUAY F3E ksl BEEeld 2
S| Efdae] WS 2 sigtella £
22 A3 ERL] F3p¥ate] o} FIEFE ¥
3=e] Q. 28BE ol5 FEHOE= HIER
o} FI T[] H312 pulsl= Ql3A o] Alaat
A7l 2ok 2 7oz gosld, oie], nian} &
T Egfo] dold 7AF 74 £Le] Qo &
TE A7 A B dolx|7] o Fef| glo
A7 BA&e 3 AT Sojrle AnE Sulst
oH(Watson, 1976; Ryerson and Hess, 1978).
71 Q] S A AT ] BE A4
o] ql3|Mo] EAsl T3t 2 ZA4E
o]l A HoE Fylsh= a2 I3

0
ol o | & o

o i

ZEfo yel

SEEEEIEDIEE IEECISE SRS IR
2 AZelA ARsRe] A 717 A= 7}
S 7 Sieh () e mlaebh )

AR 3= B FH FEshd 2oke] s x
b ashE]o] AR Zlo|t o] A%, A
T =2oke] FHE 93 gloiA A= vt B
HAAo|m, T4 F7Fete] A AEH Fo ¢t
o] motro] EAaly, AR Ay VAL HEF F
ool AFH oz RExo wpebr A zut
23 3F Bxsivhy Ak FH =9ko] glgio] of
g 7FsAd ol A JA 23] MRS wet A
A 2] B o] ol 9lS 7lsAlel sk o
AR EEgte] FAIsMAREe] huiel A, HEE
o] spikghe dubdod wialzzAl S sixEmE 2
21& )7l A daAspH Fcto] Jbesich 1
o} AFA| el Exsh= 23] 35 ol9t o
A H e oFAFe Bz okt

(2) Eukamt 1zl 271l 3A
o] %] (aggregates) =X EHo| 28t A o= o]
B A 23k A =)= R 24
frAlsAY o] 5 B ad. B4 sPete] vk 3
£ %3 (mineral assemblage)®} frAFslAY ] )

g FEEFS 2ok A A vhast A

¥ AR

td

LI I i

J. Petrol. Soc. Korea



A AR

He| s H-2 ZApE AR wlxr) TS A A
S 7RZ e A7 A TR A B 2
o] AR AR AR AA YRS =27)= 3
ste] At =7l AR 22 A 534 23]
< 7B o|Bfdt 7FsAd o) vt =3t 3
Efdae] gepishe 23 o & 3
IR, ol FY mlanfllM Z7]o ¥AH
9] AFAAL AAHA] gk

= o 7psAL whaa) e F9E 2] o
HE 7] glel] 2]5t Zlolo}, olal 7% A EI
2 747 9j8e] B o|x, T4 EIte] +¥7}
3j7dake] i ol HFH . A M3 =
2L 7 AY, 3kse] iAo g AR kR
2 7 AR ek AR FEERIHE 7}
2 Zlole}, 7R E3Fgke] A4 AR} AR ok
A falslela & 4 gle 7o, AR EA)
oFAFS AXHRA| p=r}t. 12T FIEFUL] &
Fpasle A=A det

(3) Chappell(1978)2} Chen e l.(1989, 1990)<]]
o) AR 7oz, IR 37t F]4de] H
=M F =4 g =2 A H, o9} 2
Forx= 4go] dolvbe F¢F WEAH] o]2X]
E3E A= ol x Aot o#3 A,
AR 2] 932 UM glHE 7 5
et B4 T} PRk A A A
" Aolzma AAYAY] =z 7t FARAY, Zel
7} velgts AlgbH Y 75 el vk 2y A
o] A== AR ksl Age dRk=
7], ¥4 3K migmatization)=}, HAH A F-F
o] <o, A el M) F¥ (retrograde) 32
FZ274 WA Sl F-kBarbey, 1991). 1
3 gubqed g3}t 2 Fot A= F
7Vl Aeg odelx g)th(Mehnert, 1968). A
X2 7109k A 2HE-(ultra-matamorphism)
o 93 PAHemZ HAFES) 23S HAA
et A ARge) A2 A 02 S-8(type)
3}739tellA] B8] 3 9feK(Chappell, 1978). T3
FAEA A A Q] W3PS B A+
A|¥e] E3qte] 75, el o] Ak A
2 o2 Ao rlsd 4 9loh. et A=)
9} o8] 7R 2] Yz FAE olEd 7
S AAEA gkt 53, ARst 7|deled 13
gke] AJfo] vl e|ASE A=y |r) AR
71l gt = E-73lal o]edt 2 AAHRA
obert. el o EEgkM B AlF9
AwF-of EFgto] Mgt RAE HoFE A

Vol. 9. No. 3. 2000

Ab 37t qtell AbEE = E 2ot g M AT 163

= ol#lgt 7S AA A et =3 d7A|
o] E3he shie] FoA ookt 22H, =
A W3S BeFed AR RdaNE Al
Zatalct, ofusba AR BddMEe 23Tt &
49 gAloh= HaledA JAE AYS A3l
Qxd, FaEA A oA EFgle] tlofit x
A, 2A4 Ha3E 7P $ ot s Aol
ol¢} 72 79 E 3t shishbel £5H dA %}
77y o Eejalshd g slollA A F g
slofsli=d], obfa] 445714 2kl o)A (het-
erogeneity)s T#slezle shle] xF 2H|dd)
M Aol Erbssicta e}, spatal el ¥
ol A FAIELAS] wizke Al HIPFS B
ogF1), o) g Alxe) W eke nlav} £ =
E 243 790 FEASHA osiME Ao
7hssit 21 a3 100A B ERAe] W
743kE AR 19 ekt 29] ) Alelo] wF
Aol Yxel= S 2F sdete] 7]t
7V ZAolekal 1A o] dAELe R 7}
HA HAEFLARY FFgo] I F=k S &
4 gleh 2y ol 'S ARt £EY B
2= AusoiRA] ko), g AR +
F3l= 3ok 18 3Pkl sigEE o= A
@24 d=(in, 1988).

(@) vk} £ E3F0) 71| 93t Ao, 4
714 ] IS FEAQ AAdEHY =24l
3ok ulante} B B3kl o3t 4714 =t
avpe] vheE B3 A 974 wkaete] gz
off ol EIFL AAL] AL /A =Y, =
A 2] 7} 8343 (disequilibrium) 3o} Vielhd
GFEA 9, 1998). AR F viawle] Wkl A
A zlelell o3l el 93-g 7IAA HE AL
2 H ARG Didier, 1973; Didier and Barbarin,
1991a). 2|3 YA FAELA] Wal= AAql
78k el 2 (Didier and Barbarin, 1991a), ©H
X 3 ERYAe] gepishe vlant £ o), 4
714 vlane] B3RS A|AlER= gk} vkwt
&3 ol F, V1A whamts} 7se] AR ghel
& el 2le) AeE Jehdel(Poli and
Tommasini, 1991). ]88t A2 w3 7|4 vl
ole} #73ske) A el of(volume)rte], ZH A2
27129} A¥ale], WEe} HAx}o|, 37qte)
AR Az, 2 H7e] 75, B &5 5ol
<$-%lv}(Blake and Koyaguchi, 1991; Debon, 1991;
Fernandez and Barbarin, 1991). 7-AYe)] 2¥3}
B FIHGE follM Aoz AHg RI7EA]



164 Au]R - A2 -

SFAS BF Hol3 glom AEA £)(1998, 2000)
o} Z1FA o) F5(2000)°] AHZ ) 74 oF
e A QA gt wekA Rt A9 sRe)
Woll Rxsh= gl 39k Jr|A vlaviel
b wiamte] 2 Eftel o3t AR S
T 4 let.

4 £

[LEAL A9 e) PFAHE FE s 23
78k 3FA S, what 3kl T3S
g ub) 3Pk, S 3Pl vl iR
TR em o] 5 St sk o o2
A sdedel) sidsich =3 TR e
olEg} Mo AE<te) sfgiie). XL ey
2] 23e] MBI 0.5cm~5m AEY F7E 7}
A2 glen, motale] FE3F HAE Hel= A
72 oF9] A} FA g} AMed S ERNT Qe &
AN, A AN, JA3e) MR 3R, 2
78] 23] 59 Av|ARS] AL olEel It
sho| mlan} B &l o8] A" AYL A
A ghe}

APgA e BE 2L ZIshe] A4 e
iy Aol sk Bhe] ARRA ukA e
2T fAE A, T 20 AES 7A@
oo A, AT Jeldehe A S22 olE
o] nlamt EgHA 3 PAH AYE BAF
I ik A E2me] 22 et 23
ShlelA FEER] d=d], o] wlanprl A3
23}=7)7HA] ANBEHL F3 FAoF A

w3 FAAELRAY Al IR F i)
58 Mol Py0s9F MnO9] W3p4sF 52 |7
2192 9t So] wiaml Edtell o3 3AE A
£ Zzgc) a3 F3ERUL gepHsle v}
b Eglo] douy] oA, Q714 vhamte] B3}
o} 37}k mlante] 23} F RN E BF 3eE)
ofg ZYE HelFoh o E3SteA Hedx]=
Ao AR zAsle} FEZF Y F
FEFULe] il osbd Fo 39l 3}
743k wlamlel AspEA el o] FAHA
or] o x|t JHE) splstel digk 94%
Hozno dgg g AR s,

AEALG AL Aol EXse vk £k,
WS A9 JRR A QlA] g2 A} APHLeE q
At Bx3b= A, 282 A7) whaeke] 4
AlZ7|2 ol 70 Ma¥<e] Fhikstelztes A, F

NFF - AL - W14

AEA49 3R] FaellA] TS 4
A A& A oA ATA
ool Fxsh= EIgke] 7|14 BAdEo2A )
Aol vt =}, et o] AFsbA kb
o] mulamprl #7<9kd ZAulaeid 7FeA S
WA 4= gl

AFA A Aol B3 9L vt Adey 7
= e Agels, GFu 23T, RS
TEgtat AFekE vetekFulvt Ao e,
St kel A 2okl ool
gl 28]l ACNK®] Zte] L1 °l3k2, 97
AFel] EE3R= P FHEE 13 3Pdstell
el £ Y8A) EEss AR F
253l 2A4-& 0.5~2 kbar?] gHEslelr A25
dom, A& gHHS 1 kbarZ 71 A% 760~
700°Ce] 2=oM HEH oz Hlrh wlepA,
ARAL 3P Aol FYste] LA Feoll
70 MaZ AFsle] A7 Rt whoanle] £
o 23] vlar} B7A ERAAS e,
shfie] o] ok o3t A AER
A= L ol F 3 o] ALHAUR, FH
A et v e vhant Bud &g
HA oo AEE HedHd.

AL AL

o] AP 1996 TS 7] 22eH-A )
2)91e] 23 A (BSRI-96-5423) ¥3lc}, =9
AAFANM folgt AAE HE FEF T4
o]%e] uhalA ZHAF=eL. ol Al atglel
23S & FAISR oMl gAY diEkidE
A7 A& Aol Eape)

n-)'i-l

rot

=

AEA, 1996, AAES spiabaalel B3t abAebe o
T e Egbl A5k 2@ R B3k, o
AL S, 82p.

ZEA, o)FF, 2000, AA=e) FiekAske] A3k
EAe) gt wian} Bga &3 7. AAEX,
36, 19-38.

ZEA, o)FF, 2, WA, HRA, 2000, A ¥
oJxdy Fzlohilell AbEsEl= E3gbe] ek o
T. A3, 36, 73-92.

ZIEA, o]&%, AR, 1998, AN = 3ierAste] v}
an} B &5 7 102 71AA BAL 2AEE
2], 34, 105-121.

84, S, AT, AT, & F, 454, 1999,

J. Petrol. Soc. Korea



FAA A EAL 7okl A2 H = T ol A NI AT 165

7 oFAF edEl Tk MR 3P
ol veh = Z3joke] s 1. hArIAER Wl 1
2713 9. ARARAEE]R], 32, 339-351.

252, FAR, A, 1998, AlEAAISAL Ao #
3= wWoby] IR SS9 AEE AT
. AAgE=], 32, 137-153.

AZEF, 1995, 73 oFAE- AAAE 449 Welr] 3t
el wiat obAEkd o, BAaddiska e, ol
AAL S, 50p.

&2 5, olidwt, RS, 734, 1978, FEAAS
(1:50,000), 5l - =S P A=A, AddT
27p.

olviA, 74 E 1964, TEAAE(1:50,000), AIEE
9 A, AR ZARL, 23p,

TS5, UMY, 1994, F3ke) A Fste] Fen
AREE-] A3 7)) HEEshA G Rl o
g A2, e, 3, 1-19.

A, AR, A, 1972, AR d@dek-EEA
o)) AEE Fsltgel A G FARA, 5,
151-162.

FFARN ATAEKIGAM), 1995, T AA E9194
A A=, AAE3E

271, 1980, A R QEARY) AR
o gk kst QA Akt HhEsl, olshHA}
4 =%, 40p.

Bacon, C.R., 1986, Magmatic inclusions in silicic and
intermediate volcanic rocks. Jour. Geophys. Res., 91,
6091-6112.

Barbarin, B., 1986, Comparison of mineralogy of mafic
magmatic enclaves and host granitoids, Central
Sierra Nevada, California. Meet. Cordilleran Sect.
Geol. Soc. Am., Los Angeles, Calif., Abstr. Progr,
18, 83p.

Barbarin, B., 1988, Field evidence for successive mix-
ing and mingling between the Piolard Diorite and
the Saint-Julien-la-Vetre Monzogranite (Nord-Forez.
Massif Central. France). Can. Jour. Earth. Sci., 25,
49-59.

Barbarin, B. and Didier, J., 1992, Genesis and evolu-
tion of mafic microgranular enclaves through various
types of interaction between coexisting fesic and
mafic magmas. Trans. R. Soc. Edinburgh, Earth Sci.,
83, 145-153.

Barbey, B, 1991, Restites in migmatites and autochth-
onous granites: Their main features and their gene-
sis. In Enclaves and Granite Petrology (eds. ].
Didier and B. Barbarin), Elsevier, Amsterdam, 479-
492.

Bateman, PC., 1983, A summary of critical relations in
the central part of the Sierra Nevada Batholith, Cal-
ifornia, USA. Geol, Soc. Am. Mem., 159, 241-254.

Bateman, PC. and Chappell, B.W, 1979, Crystalliza-
tion, fractionation, and solidification of the Tuolumne
Intrusive Series, Yosemite National Park, California.

Vol. 9. No. 3. 2000

Geol, Soc. Am. Bull,, 90, 465-482.

Bateman, PC. and Nokelberg, WJ., 1978, Solidification
of the Mount Givens granodiorite, Sierra Nevada,
California. Jour. Geol., 86, 563-579.

Blake, S. and Campbell, LN., 1986, The dynamics of
magma-mixing during flow in volcanic conduits.
Contrib. Mineral. Petrol., 94, 72-81.

Blake, S. and Koyaguchi, T., 1991, Insights on the
magma mixing model from volcanic rocks. In
Enclaves and Granite Petrology (eds. J. Didier and
B. Barbarin), Elsevier, Amsterdam, 403-413.

Chappell, B.W, 1978, Granitoids from the Moonbi Dis-
trict, New England Batholith, Eastern Australia. J.
Geol. Soc. Aust., 25, 267-283.

Chappell, B.W, White, AJ.R. and Wyborn, D., 1987,
The importance of residual source material(restite)
in granite petrogenesis. Jour. Petrol, 28, 1111-1138.

Chen, Y.D., Price, R.C. and White, AJ.R., 1989, Inclu-
sion in three S-type granites from Southeastern
Australia. Jour. Petrol., 30, 1181-1218.

Chen, Y.D., Price, R.C., White, AJ.R. and Chappell,
B.W, 1990, Mafic inclusion from the Glenborg and
Blue Gum Granite Suites, southeastern Australia.
Jour. Geophys. Res., 95, 17757-17785.

Clemens, ].D. and Wall, V], 1988, Controls on the
mineralogy of S-type volcanic and plutonic rocks.
Lithos, 21, 53-66.

Crank, J., 1975, The Mathematics of Diffusion, 2nd
edn. Oxford University Press, Oxford, 414p.

Debon, E, 1991, Comparative major element chemis-
try in various "microgranular enclave-plutonic host"
pairs. In Enclaves and Granite Petrology (eds. J.
Didier and B. Barbarin), Elsevier, Amsterdam, 293-
312.

Didier, J., 1973, Granites and their enclaves: The bear-
ing of Enclaves on the Origin of Granites. Develop-
ment in Petrology, 3. Elsevier, Amsterdam, 393p.

Didier, J. and Barbarin, B., 1991a, Enclaves and Gran-
ite Petrology, Elsevier; Amsterdam, 625p.

Didier, J. and Barbarin, B., 1991b, The different types
of enclave in granites- Nomenclature. In Enclaves
and Granite Petrology (eds. J. Didier and B. Bar-
barin), Elsevier, Amsterdam, 19-23.

Dodge, EC.W. and Kistler, R.W, 1990, Some additional
observations on inclusions in the granitic rocks of
the Sierra Navada. Jour. Geophys. Res., 95, 17841-
17848.

Dorais, M.J., Whitney, J.A. and Roden, M.E, 1990, Ori-
gin of mafic enclaves in the Dinkey Creek pluton,
central Sierra Nevada Batholith, California. Jour.
Petrol., 31, 853-881.

Eberz, G.W. and Nicholls, LA., 1990, Chemical modifi-
cation of enclave magma by post-emplacement crys-
tal fractionation, diffusion and metasomatism.



166 Hu|A - A FA - o

Contrib. Mineral. Petrol., 104, 47-55.

Elburg, M.A,, 1996, Evidence of isotopic equilibration
between microgranitoid enclaves and host grano-
diorite, Warburton Granodiorite, Lachlan Fold Belt,
Australia. Lithos, 38, 1-22.

Fernandez, A.N. and Barbarin, B., 1991, Relative rhe-
ology of coeval mafic and felsic magmas: Nature of
resulting interaction processes and shape and min-
eral fabrics of mafic microgranular enclaves. In
Enclaves and Granite Petrology (eds. J. Didier and
B. Barbarin), Elsevier, Amsterdam, 263-275.

Fourcade, S. and Javoy, M., 1991, Sr-Nd-O isotopic fea-
tures of mafic microgranular enclaves and host gran-
itoids from the Pyrenees, France: Evidence for their
hybrid nature and inference on their origin. In
Enclaves and Granite Petrology (eds. J. Didier and
B. Barbarin), Elsevier, Amsterdam, 345-364.

Grout, EF, 1937, Criteria of origin of inclusions in plu-
tonic rocks. Bull. Geol. Soc. Am., 48, 1521-1572.
Helz, R.T., 1979, Alkali exchange between hornblende
and melt: a temperature-sensitive reaction. Am.

Miner., 64, 953-965.

Hibbard, M.J., 1981, The magma mixing origin of man-
tled feldspars. Contrib. Mineral. Petrol,, 76, 158-170.

Hibbard, M.J., 1995, Petrography and Petrogenesis,
Prentice Hall, New Jersey, 537p.

Hibbard, M.J. and Watters, R.J., 1985, Fracturing and
diking in incompletely crystallized granitic plutons.
Lithos, 18, 1-12.

Hofmann, AW, 1980, Diffusion in natural silicate
melts: a critical review. In Physics of Magmatic Pro-
cesses(ed. R.B. Hargraves), Princeton Univ. Press,
Princeton, 385-417.

Holden, P, Halliday, A.N. and Stephens, WE., 1987,
Neodymium and strontium isotope content of
microdiorite enclaves points to mantle input to gran-
itoid production. Nature, 330, 53-56.

Holden, P, Halliday, A.N., Stephens, WE. and Henney,
PJ., 1991, Chemical and isotopic evidence for major
mass transfer between mafic enclaves and fesic
magma. Chem. Geol,, 92, 135-152.

Humphries, S.E., 1984, The mobility of the rare earth
elements in the crust. In Rare earth element
geochemistry (ed. P Henderson), Elsevier, Amster-
dam, 315-341.

Irvine, T.N. and Baragar, WR.A., 1971, A guide to the
common volcanic rocks. Can. Jour. Earth. Sci., 8,
532-548.

Jin, M.S., 1988, Geochemistry of the Cretaceous to
early Tertiary granitic rocks in Southern Korea, Pt.
II. Trace elements geochemistry. Jour. Geol. Soc.
Korea, 24, 168-188.

Lacroix, A., 1890, Sur les enclaves acides des roches
volcaniques d'Auvergne. Bull. Serv. Carte Geol. Fr,

¥

E A% Wy

2, 25-56.

Langmuir, C.K., Vocke, R.D., Hanson, G.N. and Hart,
S.R., 1978, A general mixing equation with applica-
tions to Icelandic basalts. Earth Planet. Sci. Lett.,

- 37, 380-392.

Leake, B.E. and Winchell, H., 1978, Nomenclature of
amphiboles. Am. Miner,, 63, 1023-1052.

Lee, J.I, 1991, Petrology, mineralogy and isotopic
study of the shallow depth emplaced granitic rocks,
southern part of the Kyoungsang Basin, Korea-Ori-
gin of micrographic granite-Dsc thesis, University of
Tokyo, 197p.

Lee, J.I, 1994, Major element geochemistry of the
shallow-depth emplaced granitic rocks, southem
part of the Kyeongsang Basin, Korea. Jour Geol.
Soc. Korea, 30, 482-496.

Liankun, S. and Kuirong, Y, 1991, A two-stage crust-
mantle interaction model for mafic microgranular
enclaves in the Daning granodiorite pluton, Guangxi,
China. In Enclaves and Granite Petrology (eds. J.
Didier and B. Barbarin), Elsevier, Amsterdam, 95-
112.

Mass, R., Nicholls, LA. and Legg, C., 1997, Igneous
and metamorphic enclaves in the S-type Deddick
Granodiorite, Lachlan Fold Belt, SE Australia: petro-
graphic, geochemical and Nd-Sr isotopic evidence
for crustal melting and magma mixing. Jour. Petrol.,
38, 815-841.

Mehnert, K.R., 1968, Migmatites and the Origin of
Granitic Rocks. Developments in Petrology, 1.
Elsevier, Amsterdam, 393p.

Noyes, H.J., Wones, D.R. and Frey, EA., 1983, A tale
two plutons: petrographic and mineralogic con-
straints on the petrogenesis of the Red Lake and
Eagle Peak plutons, central Sierra Nevada, Califor-
nia. Jour. Geol., 91, 353-379.

Poli, G.E. and Tommasini, S., 1991, Model for the ori-
gin and significance of microgranular enclaves in
calc-alkaline granitoids. Jour. Petrol., 32, 657-666.

Phillips, G.N.,, Wall, VJ. and Clemens, J.D., 1981,
Petrology of the Strathbogie Batholith: a codierite-
bearing granite. Can. Mineral., 19, 47-63.

Piper, D.Z., 1974, Rare earth element in the sedimen-
tary cycle: a summary. Chem. Geol., 14, 285-304.
Reid, J.R., Evans, O.C. and Fates, D.G., 1983, Magma
mixing in granitic rocks of the central Sierra
Nevada, California. Earth Planet. Sci. Lett., 66, 243-

261.

Ryerson, EJ. and Hess, PC., 1978, Implication of lig-
uid-liquid distribution coefficients to mineral-liquid
partitioning. Geochim. Cosmochim. Acta, 42, 921-
932.

Schmidt, M.W, 1992, Amphibole composition in
tonalite as a function of pressure: an experimental

J. Petrol. Soc. Korea



FAIA] QEAL 7okl AEEH = Tl T FATAH AT 167

calibration of the Al-in-hornblende barometer. Con-
trib. Mineral. Petrol., 110, 304-310.

Silva, M.M.VG., Neiva, AM.R. and Whitehouse M.].,
2000, Geochemistry of enclave and host granites
from the Nelas area, central Portugal. Lithos, 50,
153-170.

Streckeisen, A., 1976, To each plutonic rock its proper
name. Earth Sci. Rev,, 12, 1-33.

Sun, S.S., 1982, Chemical composition and origin of
the earth's primitive mantle. Geochim. Cosmochim.
Acta, 46, 179-192.

Tuttle, O.FE and Bowen, N.L., 1958, Origin of granite
the light of experimental studies in the system of
NaAlSi308-KAISi308-Si02-H20, USA. Geol. Soc.
Am. Mem., 74, 153p.

Vernon, R.H., 1984, Microgranitoid enclave in gran-
ites-globules of hybrid magma quenched in plutonic
environment. Nature, 309, 438-439.

Vol. 9. No. 3. 2000

Vernon, R.H., 1990, Crystallization and hybridism in
microgranitoid enclave magamas: Microstructural
evidence. Jour. Geophys. Res., 95, 17849-17859.

Wall, VJ., Clemens, ].D. and Clarke, D.B., 1987, Mod-
els for granitoid evolution and source compositions.
Jour. Geol., 95, 731-749.

Watson E.B., 1976, Two-liquid partition coefficients:
Experimental data and geochemical implications.
Contrib. Mineral. Petrol., 56, 119-134.

White, AJ.R. and Chappell, B.W,, 1977, Ultrametamor-
phism and granitoid genesis. Tectonophysics, 43, 7-
22.

Wyllie, PJ., Cox, K.G. and Biggar, G.M., 1962, The
habit of apatite -in synthetic systems and igneous
rocks. Jour. Petrol., 3, 238-243.

FYHY: HEF)

(20004 6@ 209 H=, 20004 7¥H 209 2))



168 AR - AEA - I BF - DS - A

Petrology of enclave in the Mt. Wonhyo granite, Yangsan city

MiJung Jeen, Jong-Sun Kim, Joon-Dong Lee, In-Soo Kim and InSung Paik!

Department of Geology, Pusan National University, Pusan 609-735,
Division of Earth Environmental Science, Pukyong National University, Pusan 608-737, Korea

Abstract: The granites distributed in the Kyongsang basin contain the rocks which are different from
the host rocks, and they are known as mafic microgranular enclaves. The genesis of the mafic micro-
granular enclaves can be divided into four types: (1) rock fragments from country rocks; (2) cumu-
lation of the early crystals in host magma or disruption of early chilled borders; (3) magma mingling;
and (4) restite. These enclaves can be easily found in the granites around Mt. Wonhyo, Yangsan city.
They are ellipsoidal in shape, and have phenocrysts might be originated from the host rocks and
sharp contacts with the granites. Under the microscope, textures such as oscillation zoning, horn-
blende-mantled quartz, rapakivi texture, and acicular apatite are observed, and these indicate that the
enclaves were originated from magma and then produced by chilling. The evidences showing that the
enclaves were formed by magma mingling are: (1) petrographical characteristics; (2) similarity of the
compositions between the rim of plagioclase in the enclave and plagioclase in the granite; (3) linear
trends of the major elements; (4) total REE content of the enclaves; and (5) Textural and composi-
tional variations from rim to core in zoned enclaves. The mafic end member of the enclave is
regarded as the aphyric basaltic andesite in Mt. Sinbul-Youngchui area. The granites around Mt.
Wonhyo experienced the magma mingling process which was produced by the injection of mafic
magma at about 70 Ma, during the crystal differentiation, and then continued the crystallization. The
equigranular granites and the micrographic granites in the study area are considered as the results
after the magma mingling process.

Key words: mafic microgranular enclave, mingling, restite, granites, mafic end member
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