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ABSTRACT: The Bunam Stock is classified into four lithofacies based on presence of enclaves, modal composition
and textural features: (1) coarse-grained granite, (2) quartz monzodiorite, (3) granodiorite and (4) fine-grained
granite. The granodiorite, containing many mafic microgranuar enclaves (MME), occurs between coarse-grained
granite and quartz monzodiorite. The MME are fine-grained, dark gray and enriched in mafic minerals as comparing
to the host rocks, which means physical mingling and limited hybridization of felsic and mafic magma. MME and
mafic rocks show disequilibrium textures such as accicular hornblende and apatite, rapakivi feldspars and quartz
ocelli. The textural features suggest mingling and mixing, and undercooling of magma in the processes of formation
of the plutonic rocks of the Bunam Stock. The rapakivi feldspars and quartz ocelli are inferred to be xenocrysts
by crystal transfer from the felsic magma into MME. Rapid cooling of mafic magma resulted in the nucleation
and growth of accicular hornblende and apatite crystals in MME. Chemical transfer from felsic to mafic magma
resulted in enrichment of silica and alkali in MME. The MME exhibit shallow negative Eu anomalies, but
coarse-grained granite show deep positive anomalies and hybrid granodiorite display moderate negative anomalies.
The various textural and compositional features in MME are controlled by the evolving nature that involves magma
mingling and mixing.
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Fig. 1. Geological map of the Bunam Stock, showing sampling locations.



866 gt

of QPPN AP, 24, Beme} Aol
SAlka ae] el BEYRER 74
= Q13] 4, &0 o] REETHIH 3b). APFAlS
AFUA R o2 53] o 125 7HAH 2
Qo] E AR & o] F3 E8A) Bav|E-cutolE
WA S ERiIT 2 AL o Ao 2 ey

, SREE P o R QEALS Hdh ¢Ze
A3 4 e EFolm UAFS Aolo] 2 74
o2 Uehdth 2EEREL 44 BE Yol ZHE
2 EASAY TR g4 o2 vehdtt Q134
& ) A T8 WS Hoizrh Sa) 2 21y
4o Atsjel gl Az 1 ool wrE o
2t A nYgER S EF 4] (opacite)S 3
et leh( 3b).

53] SPHEUT BA R Add Yz
Dol A APHA S 22 Bh mokg o] 2T ZPIH L
&3] FAE YeEPdth g 3c). gL 1HE
AFEA o 2 Ente] gtuly|8] A4 (rapakivi feld-
spar)2 FAdsttH 19 3d).

33 syM=g

CREE DR ERCELESERS R
o go R BEshe o Age FYUT 2Y
A BT WS Hold 24 MR Hojzn]
HYERNZYTE o BHHY EL Bk E
a HgERRdTte) gRol s 1AW )Y
A} AL S5 TR o] AR B4 ¥
R3S r FYPolT ZAAT A ot
uby 22 7w D8 vl gA 2GRS Ea
et

o QAR APEA, M, TLH, 244, B
om FoE P, 184, HojE T U
THY 3e). AP A e 294 shgehact
AR o Be YA AT HIEEHS
orEch o A WL Ak LS BRHS
QFollA] b B erel HER A A B
ofm %2 chuol= AL o] 2r] B3] WHgeA
Fola oo TEE ekl 49 YRS ALl
o %2 4o et degae Fa
B A Bk 02 S8 APl el o
sk ]u] A4S B BT de). ZHAS
2 R FERES T W TERIE S

E

&3] U0z WAl grt.

34 NEZE sizet
MHEA 32 Bk dEHo] IA| g &

.l

g ww, Algdo|y FEdS Uehie, 39
A FEAFAT PP EYO] 3~10 em FA 9]
oS g o2 Yeh| & gtk

o] 2 MY, LA, Aoz FA4H
i A ER]RE VY 1Ed FEs =
RokaL, wge EREE, AoE AdIME
FHRIT H9e Aade Holn, I Aat
A AATE v]EA; 22| (micrographic texture)S
HItH | 3f). &L FA S T2 BF Y HALo]
EZ yeidth APEHS A &2 ixges o
Hlo|E 7ol L-AISHAl Uehyw, =54 +o +
25 BojErh SEs Wizt & g glen,

Ry o U4 Hoj .
4. MMES| &M I|XH

MMES 71 SP3ekaelst 22 388 B99
gt 98] 71 k2K 9|, Dorais ef al., 1990; Barbarin,
1991). AR 8] MME+= 40| 2 A gEXRA

A Fine-grained granite

# MME(mafic microgranular enclave)
® Granodiorite

0 Quartz monzodiorite

A Coarse-grained granite

A P
Fig. 2. Normative QAP diagram for the plutonic rocks
of the Bunam Stock showing the classification of in-
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Fig. 3. Photomicrographs of lithofacies and enclaves in the Bunam Stock. (a) Coarse-grained gnanite; (b) me-
dium-grained quartz monzodiorite rich in mafic minerals; (c) Fine-grained quartz monzodiorite composed of tiny
plagioclase laths and accicular hornblendes in chilled margin; (d) A rapakivi feldspar in fine-grained quartz mon-
zodiorite; (e) Hybrid granodiorite bearing a rapakivi feldspar; (f) Fine-grained granite showing micrographic tex-
ture; (g) Mafic micrigranular enclave including an antirapkivi feldspar; (h) Mafic micrigranular enclave showing
tiny antirapkivi feldspar laths and accicular hornblendes in the chilled margin.



868 AT - 0I5
Table 1. Petrography of lithofacies in the Bunam Stock.
; Mafic . .
Lithofacies Coarse-gramed Quar.tz . Granodiorite microgranular Fme-grgmed
granite monzodiorite granite
enclaves
. medium to . very fine to .
coarse to medium f . medium to . . fine-grained,
. ine-grained, . medium-grained, .
Textures grained, | coarse-grained, hvritic and equigranular,
rarely porphyritic scarcely porphyritic porphyritic an micrographic
porphyritic equigranular
Essential pl<qz<or pl>or>qz pl>qz>or pl<qz<or pl<or<gqz
minerals bt >> (hb) bt > hb bt > hb bt > hb bt
Accessory magnetite, zircon, magnetite, zircon, magnetite, zircon, magnetite, zircon, . .
. . . . : magnetite, zircon
minerals apatite apatite apatite apatite
Altered chlorite, sericite chlorite, cp idote, chlorite, epidote, chlorite, e_p1dote, sericite
minerals opacite opacite
Roles in host granitic injected mafic
. .. blobs of mafic
magmatic magma of magma magma of magma mixing magma maema late magma
evolution mixing mixing &
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Table 2. Major and trace element composition of the plutonic rocks of the Bunam Stock.

_If;:;lil:s Coarse-grained granite

S*}\]“zfle HC751 HC765 HC766 HC767 HC771 HC772 HC775 HC777 HC778 HC779 HC781
wt %

SiO, 73.56  70.56 6840 65.16 6670 6582 66.79 63.58 67.67 6640 67.21
TiO, 023 037 042 065 054 057 051 066 055 063 065
ALLO; 12.66 1413 1538 1494 1510 1522 15.15 1548 14.67 1513 1442
Fe,Os 339 333 291 501 410 460 402 510 434 463 476
MgO 007 093 100 146 159 172 147 200 124 135 095
MnO 009 006 006 007 010 009 006 009 007 0.10 007
CaO 044 195 157 290 278 339 275 373 274 222 195
Na,0 467 310 380 3.8 336 329 359 403 339 405 342
K20 438 488 523 382 420 400 424 382 429 419 460
P,0s 003 008 007 015 011 012 010 014 012 014 0.16
L.Ol 030 051 102 1.8 123 100 118 124 079 105 167

Total 99.83 9990 99.86 99.83 99.81 99.81 99.87 99.88 99.87 99.88 99.86

ppm
Li 197 192 206 136 178 321 172 145 310 194 216
Sc 075 349 222 509 609 809 582 1004 594 454 414
\Y% 72 412 402 710 669 747 592 798 664 702 685
Cr 1622 466.8 138.8 2045 1463 1894 1859 209.5 2632 1353 130.0
Co 107 681 495 846 896 1148 818 12.88 823 823 425
Ni 9.05 2146 11.53 1520 16.09 20.02 17.54 23.18 1887 1044  8.79
Cu 500 3775 1173 2022 18.80 819 23.64 1623 19.65 2521  8.88
Zn 1222 422 347 347 418 290 307 463 553 606 515
Ga 203 191 185 214 174 190 206 195 216 184 192
Rb 1479 183.8 110.6 921 1377 1441 1508 1443 1426 1214 135.1
Sr 206 1241 966 172.8 230.6 211.7 193.8 2584 147.0 1987 1172
Ba 2674 3366 4856 4784 4812 520.6 478.0 481.6 412.8 4825 4745
Y 225 246 138 280 213 246 236 289 291 236 257
Zr 3653 1464 113.0 141.1 488 634 945 1810 1382 946  77.8
Mo 1.08 371 143 218 1.86 254 155 365 330 148 186
Cs 287 1062 655 473 425 361 576 1405 847 509 564
Pb 1480 183.8 1106  92.1 137.7 1441 1401 1646 2337 23.85 2127
Th 501 25.19 1069 1058 1344 1437 1730 1574 1407 1073 12.14

U 1.71 6.78 2.00 2.17 2.47 3.80 323 4.33 3.94 2.14 3.17
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Table 2. Continued.

Ifitho Coarse-grained granite Quartz monzodiorite MME
-Tacies

S*}\]’?le HC782 HC783 HC784 HC 752 HC 753 HC 758 HC 760 HC 761 HC 768 HC 786 HC762
wt %

SiO, 7480 6298 6928 59.51 5852 59.75 5841 57.30 5598 53.61 56.64
TiO, 028 051 043 091 1.00 098 101 1.00 088 094 077
ALLO; 13.68 14.93 1492 1582 1617 1612 1622 1633 1641 1663 1631
Fe,Os 1.72. 608 196 806 804 751 763 738 864 886 807
MgO 027 311 105 297 247 276 233 267 386 471 433
MnO 005 0.0 021 012 020 0.14 012 014 014 0.19 012
CaO 021 305 187 440 415 512 58 495 690 680  4.66
Na,O 148 336 178 389 431 358 387 396 349 383 466
K20 627 405 571 277 310 239 257 28 183 218 218
P,0s 002 019 008 030 027 022 023 021 022 020 0.5
LOl 1.17 147 256 109 162 126 156 291 144 183 186
Total 99.94 99.84 99.87 99.84 99.85 99.82 99.78 99.72 99.79 99.78  99.74
ppm

Li 112 241 241 179 328 150 122 245 195 304 294
Sc 1.68 1321 217 1419 1457 1633 1695 1556 22.11 23.15 21.73
\% 132 792 459 1294 1438 1313 1440 1399 1855 191.6 137.6
Cr 148.6 3416 1517 6082 153.8 123.8 1715 1122 1226 112.5 1483
Co 1.77 1740 423 19.16 13.62 1626 1676 16.61 22.82 2634 19.65
Ni 929 4159 1542 3121 1932 1602 19.19 1146 21.04 2682 28.02
Cu 1229 3436 1201 4529 2278 1547 1481 2431 1936 83.80 47.68
Zn 362 612 1065 871 900 516 552  73.0 699 783  72.6
Ga 161 175 91 196 100 179 188 178 176 112 198
Rb 2802 1369 2002 763 102.1 648 733  87.6 479 994 836
Sr 40.8 199.6 489 309.7 2183 2958 309.9 307.6 359.1 407.7 372.0
Ba 468.7 460.7 4352 4354 3827 443.6 423.0 4043 3167 2248 206.7
Y 203 343 165 341 341 350 343 304 322 249 319
Zr 1052 1269 1109 1047 1073 994 177.0 795 89.1 645  85.0
Mo 236 227 591 28 325 112 197 095 187 139 107
Cs 12.86 532 1454 430 245 294 704 309 172 1021 320
Pb 16.67 2022 1729 21.06 1600 12.11 13.65 1871 479 1326 21.99
Th 18.80 2062 1149 926 636 867 756 736 575 683 11.67
8] 420 403 322 255 129 168 186 153 135 207 324
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Table 2. Continued.

_If;::?:s MME Granodiorite Finger-agéii:ed
Sample HC762 HC763 Average
N © HC763 HCTs4 e I HCT64 HCT69 HC770 HC785 HCTS6 HCTST
wt %
SiO, 5820 6426 6504 6341 6651 7047 61.01 63.63 69.55 6945 6435
TiO; 1.06 0.74 0.55 0.62 0.63 0.67 0.68 0.69 0.42 0.42 0.66
AlLO; 16.14 1494 1583 1670 15.13 19.52 1575 1549 1488 1503 1545
Fe,O3 8.87 5.67 4.00 5.16 4.78 2.62 6.63 5.56 3.12 3.34 5.37
MgO 2.92 2.31 1.39 1.54 1.38 0.53 2.75 2.45 0.46 0.37 1.85
MnO 0.15 0.09 0.06 0.09 0.08 0.02 0.09 0.11 0.08 0.10 0.10
CaO 4.08 3.53 2.28 3.34 2.57 0.28 443 2.79 0.82 1.18 3.08
Na,O 3.83 3.04 4.11 437 3.55 1.02 3.07 3.29 4.80 471 3.66
K,O 2.09 4.26 5.41 2.95 4.27 3.12 3.38 4.08 429 4.04 3.77
P,0s 0.23 0.16 0.10 0.20 0.14 0.03 0.22 0.15 0.09 0.09 0.15
L.Ol1 2.26 0.77 1.04 1.42 0.78 1.52 1.86 1.56 1.22 1.01 1.34

Total 99.84 99.78 99.81 99.81 99.80 99.80 99.87 99.80 99.74 99.75 99.82

ppm
Li 234 239 143 127 135 228 165 214 150 109 19.62
Sc 1781 944 462 563 632 1353 1154 960 195 431 949
\Y% 1870 89.0 648 637 713 1262 1152  91.0 207 137 86.54
Cr 90.5 2946 1823 1852 319.6 1757 4779 2413 1027 129.0 207.22
Co 1382 1347 698 826 9.19 1474 1678 1289 251 202 1098
Ni 831 28.15 18.04 896 17.60 2123 3730 2418 7.63  7.04 1823
Cu 17.95 41.67 2055 1555 2147 29.08 34.17 2266 725 490 2271
Zn 798 424 316 464 395 559 554 534 357 628 5794
Ga 158 190 213 207 206 199 205 167 181 186 18.11
Rb 612 1260 1476 585 1352 1218 100.6 1388 912 1143 118.28
Sr 397.0 1537 1993 306.8 183.8 285.1 2852 2133 969 783 210.52
Ba 3746  430.1 5916 5795 5259 3627 481.8 480.1 5024 4893 444.18
Y 337 290 181 200 282 287 280 279 132 250 266
Zr 1152 1263 1128 893 1009 1162 1227 652 1844 2651 12422
Mo 152 147 111 109 156 171 289 112 110 177 206
Cs 599 925 444 356 589 539 571 392 238 242 5.8
Pb 612 1771 1476 585 1352 1218 100.6 1930 1048 1754  51.6
Th 6.66 1208 11.89 528 13.05 1262 1289 1294 502 864 1115

U 1.49 2.92 2.51 1.02 2.65 2.69 2.32 2.89 1.23 2.06 2.59
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Table 3. Rare earth element abundances (ppm) of the plutonic rocks of the Bunam Stock.

_%;gfss Coarse-grained granite

Sﬁple HC751 HC765 HC766 HC767 HC771 HC772 HC775 HC777 HC778 HC779 HC781
La 1638 2830 13.51 20.18 2129 30.60 2391 2729 22.64 20.69 19.02
Ce 3480 5921 31.14 5176 4652 6502 5035 59.02 52.67 4995 5534
Pr 457 656 337 543 507 747 577 694 588 548 631
Nd 18.15 2445 1270 2133 1942 2797 21.63 2745 23.65 2131 2591
Sm 381 429 222 477 376 500 432 545 473 416 530
Eu 042 048 037 082 077 085 076 101 072 070 081
Gd 384 404 212 465 349 459 392 504 471 393 462
Tb 067 063 036 073 056 070 064 082 078 067 071
Dy 437 397 228 494 365 434 393 503 505 427 463
Ho 092 090 049 102 076 090 083 105 1.04 087 095
Er 272 266 150 290 229 267 248 325 318 265 293
Tm 043 043 024 044 035 040 039 045 047 042 041
Yb 312 307 182 330 248 278 281 325 364 278 2091
Lu 046 047 027 049 036 039 041 048 048 042 044
SREE  94.67 13944 7238 122.76 110.77 153.69 122.13 146.54 129.65 11829 130.27
(LaLujn  3.68 625 525 425 602 803 605 580 48 511 450
(Ce/lYb)n 2.84 491 434 399 476 594 456 462 368 456  4.84
(EwEu*)n 034 035 052 054 065 054 057 059 047 053 0.50
_I;;)(E}ilé)s Coarse-grained granite Quartz monzodiorite MME
S*}{I‘;ple HC782 HC783 HC784 HC 752 HC 753 HC 758 HC 760 HC 761 HC 768 HC 786 HC762
La 2245 2272 23.62 2281 2120 2498 2375 22.12 19.60 1639 28.83
Ce 46.49 5422 6870 5238 49.55 52.87 5091 4842 4098 3546 6024
Pr 531 603 626 665 617 680 648 614 531 473 741
Nd 1921 2507 23.10 2838 2643 2838 27.68 2551 2350 2029 29.04
Sm 359 533 369 601 583 594 5890 517 502 453 607
Eu 031 076 029 118 139 132 142 122 128 113 097
Gd 3.05 547 266 622 599 594 620 521 554 451 571
Tb 052 092 041 095 095 092 090 084 083 069  0.89
Dy 337 565 241 606 595 603 598 531 540 438 556
Ho 071 1.19 053 125 125 122 123 110 116 094 1.16
Er 227 346 157 349 356  3.64 343 329 323 265 3.49
Tm 037 054 026 050 050 054 053 048 047 040  0.53
Yb 251 380 184 339 362 341 361 312 328 265 345
Lu 038 053 028 050 048 053 053 049 048 036  0.50
SIREE  110.54 135.68 135.62 139.77 132.87 142.52 138.54 12843 116.09 99.09 153.87
(La/Lupn 612 439 884 473 452 487 464 464 417 463 597
(Ce/lYb)n 471  3.63 951 392 348 394 359 395 318 341 444
(EwEu*n 029 043 029 059 073 068 072 072 075 077 051
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Table 3. Continued.

-Ifgiz};é)s MME Granodiorite Finger_ag;iiéled Aver
Sample 963 perss HET62 HCTO3 yoges He769 HC770 HC785 HC756 HCTS7T 8
No. H)  (H)
La 19.08 2025 1623 1879 23.63 2556 2467 2583 1244 2447 21.98
Ce 4463 4774 3841 4217 5319 5501 5462 5746 2808 57.28 49.83
Pr 573 563 413 467 602 640 660 657 302 625 579
Nd 2411 2295 1599 1809 2349 2593 2624 2543 1157 22.83 23.04
Sm 535 488 298 382 515 510 537 516 235 463 468
Eu 124 090 063 107 08 115 097 08 034 080 087
Gd 544 478 300 357 472 534 509 467 224 437 452
Tb 093 077 047 054 076 081 078 071 036 071 072
Dy 598 514 297 353 492 510 484 452 244 442 458
Ho 128 108 064 073 100 106 102 092 054 094 096
Er 375 318 187 217 311 298 293 275 163 294 2.83
Tm 056 046 031 032 046 045 043 040 027 046 043
Yb 378 316 207 219 319 308 296 284 195 341 298
Lu 056 049 031 034 046 043 045 043 030 050 044

2REE 12241 12142 90.00 102.01 130.92 138.40 136.96 138.55 67.53 134.02 123.62
(La/Lu)n 3.52 426 533 5.74 5.31 6.14 5.64 6.15 433 5.03 528
(Ce/Yb)n 3.00 3.85 4.72 4.90 4.24 4.54 4.70 5.14 3.66 427 437
(BwEur*)n 0.71 0.57 0.65 0.89 0.51 0.68 0.57 0.53 0.46 0.55 0.57

FeO' FeO'

Tholeiitic

o
a

.
island

Q. L YN
Oceanic =

ridge

re
Calc - alkaline

MgO Al203 Naz20 + K20 MgO

Fig. 4. FeO'-MgO-ALO; diagram for the plutonic rocks Fig. 5. AFM diagram for the plutonic rocks of the
of the Bunam Stock showing orogenic affinity(after Bunam Stock showing calc-alkaline affinity(after
Pearce et al., 1977). Symbols as in Fig. 2. Irvine and Baragar, 1971). Symbols as in Fig. 2.
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and Rino, 2006). ¢ @ MME, <1 3739 &
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802 747 FIb] ¥8) Rz} AU E ek
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Fig. 8. Trace element distributions for the plutonic rocks
of the Bunam Stock normalized to primitive mantle val-
ues (Sun and McDonough, 1989).
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(4], Didier and Barbarin, 1991; Blundy and Sparks,
1992; Wiebe et al., 1997; Perugini et al., 2003; Kumar
and Rino, 2006). 4T+ A4S EHAIZA 1
A o] E4A BAS 7L Al gFHA e = thefst
Al Asfstet. FgetFolAl st g Uetili= 54
2789 1183 dAI MME: wkamt Xgtof A &
A28 MY AATH= 23 F/dHolth o]
9 At FA e oJstH MME= vtanbrt f-5
Al el A= o 2EAEY X DAl U=
TR 748 mpant o2 U FAHAL 1EE
Stet 97| H 9] mhant oSS dAIRT
(Hwang and Seo, 2016). oFe]#A|, n]zx9} 38}
2 A7o] 9std o] MME&= 38 A} 14 mfL
uf Zhol] EAZH-E(AA+2 7 o 8ol 3l B
FAE A= AS AR AAUAY AuF= F
A& EA LA O 3l BA =L EEA|TE 2] o]
cmof Al =10 em ¥ $12] FHY ZEA S 2=t}

6.1 ZHEQ| JIHH ol
MME®} A G iz 5ol A g2 v 9
A= TF JAE8= vehlle 40t (2™ 3d,
3e). oleldt AHEL 7 AHOR U S B
ozt ol A%o] HET wAA viantel 2
o] B3 44 nanke] T8-S hASTH
(¢, Hyndmann and Foster, 1988; Vernon et al.,
1988). 73-9-ofl w2t MMES} 578 Q1% 7ke] |
Sulol 4 A4 whgo] Urehks 212 MME
He o) Eokg B 39l 44 vhante] 4 1
A oh ke AR50 /AR O o EPSL YA
ek MMER 287 9o ] BREE 42
A, PRI A W 1 Rk iR 94
Y] EhAol s, AwlRi Heo] wet 84)Ho]
SItHH 3¢). MMES @A5Hs nhantelq $4
3 DAY 2L PR, 29 AP 4o
TS ARSI 770l ol Bt} 1jeg
MME$} =Q1¢kell A o= v o] Yehbe A2 +
ke 184 vhankel - nkante] 24 &
kg 28-S 18 A sk 7otk MME
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Fig. 10. SiO; versus 2REE diagram for the plutonic
rocks of the Bunam Stock. Symbols as in Fig. 2.
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1990, 1991; Hibbard, 1991)2 11384 9 734 o}
ot EEE W AIA e 4 2ol
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1995)0]gh= AE-S WA gt

MME9A A Q1342 &) =AL 144
oot rEo 2 o A7he S vl
A EAg sk Bt Bhztel] ofs) meA et
£ Z7E YehdAtH(Vernon, 1984, 1991). o83t &
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= AL FYdEch(Vernon, 1991). ZAF <1
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2= & 4 ok o] §142 MME A A4 9
o] &Y QAS 7= Aol Yl XA ETh T
9 3g).

whoF eloh 3 MME7H o] 5] 79l shderagh
Zz}at Bl @Rk, Y, Sm, Ybih 2o YAES B
S} whRo] Sr, Bag ThA] TAEITHGE 37} 1
7,8). o= WA 0|5 7} BAHAQ) Aol 5 §
Qboll HHE ol Tk AL olulat 4 o,
MMESIA Cos} 54)(E 29} 18 7)& e 25} o]
S0) BHHFEEASWIN WARE Anck
OFZE B AR, 0|59 1T HlwE 4= glew,
SR o 2 Qe o] Yaf] HEF o] Yol
ou] it

& Aol 95k K9 #4942 K (Rbe} Ba)9j



880 gt

HET2 44l SL8 YHS $ET - o
W, web el A nhanlely EGAE B4
She nlanlE o)5 o] o We B4k 23
713 MMEGA ol5e] 287l 518 2 2
oJtiJohnston and Wyllie, 1988; Bussy, 1991; Orsini
et al., 1991; Blundy and Sparks, 1992). 2181} o]
K 4L o] ATe] EGA oML As] Hglel
Ao g ABzren) kst 3219k Hsf MME®]|
A K, Rb, Ba] 2 532 Boizx] 971(19 7, 8) of
Ro|x, oju] w1yl vjg} go] B3] MMES] &%
M= S22 FFo] g7l dZolth(dl, Bussy,
1991; Debon, 1991). o]+ ofut= Q| mh1nfof A
527t =2 &84 FET 2FH] e, o]
2 Qlsf o] mpante] R g-gAolA K7t 2 73}
=3 ot 2tk A e 2 AgEri(Blundy and
Sparks, 1992). FE3L, 718} B2 ZHA|0A Zro] &
Z(Bussy, 1991; Orsini et al., 1991; Blundy and
Sparks, 1992; Donaire et al., 2005)3} HItj 2, Zr
o] ¢158] MMEQ)A] 17F]= Ho| i1 7). Chen
et al. (2009)2 & R o]Z A o] MME-@A ot
ko] 529 AJ7]of| Q1 up1utell A ofu] AR 3= ¢
o5 245 29 vhanelA] Zro] 5P WY
TehA Zre] SRS mrgkthn st Telm
TN TP =Y R Eu o H2d 9 13
2 31 wiante} MME-34 1184 nfante] 714
2 W/ 52 515He] J52g] FAE B o A4
3t ek

6.3 MME ZI3}0| MOIx odl

oFel-etal7| Aol el ATEEY SA5L 2
U sheron HEE 74 ohanbl 2R (E
A vkvte} A28 o grtke) 27) AR=E
ks Ae QA Jene D87
FEY dri= 7IAI- o2 E)tE N S (ZAA) vt
It E A8 S (Hwang and Seo, 2016), 1L
B0 9 A on 2o 9 HaT A 5
A Ajolg 2L Fol, gt Az 2L vl
q5H4] -2 YA FHTHHuppert ef al., 1984). o1
o} £3EY 2% BYS A7) SPIHE 27 2%,
d&%, FalE, 2H = et TEgof T
sz 7} oamte] ol 298 HolekSparks and
Marshall, 1986). oo} &2 4 MMEE td1&&

ol FHvtant E2 EAS SN2 R Y
222 Ao A ez o Aprhe 3 vk
op &0z E5hE Ao|ck()|, Dorais et al., 1990;
Neves and Vauchez, 1995). & MME+= AA| 2 ¢
212 MME (4 om W] 30 cm)2 S| Zolw,
Mo 2 Qe MMES] A2 8.2 452 gat
8420 Aol AUSEHE)} ZeHol
Qof Fo|ck. A F9l vhante] AT, A
A3} B7FEE MMEZ} 93] Tsteled] 9e
o AEEQb Sk ol AstEs RS e A
o]th(Furman and Spera, 1985). 3184 u}1u}o]| A
T vt it AR o5 MME
= FAHAE fxshe 58e AT,
Blundy and Sparks, 1992) ¥#al ojjz} FA]o] o]
T4 94 53] €Y RAEA Y 9T P&
Aot

7.8 E

zyBoke 398 284 e JHEE 34
Sore FRe 1A njanky E4AMME)S
o] ER2 A2 EITH MMES} 54144 18
A Bhml A 0 2 4oty st Bl
=e] gl

MMES @43k SPPSe SA4 183
B 4R whante] SRS, kgt okt
ol ook § 4= 9ich. MME-§4 nlaoket el
a4 whamte] 22 MMES] 4, MMESH
290 B3ere Fustel 1A U 85PE wa
o3l Y Eck 18 whak Ryekre) ohan)
WS YIS 2 Bgera mhante] AHare
o] A=) oW F7FEAe] I3kt Folokat
MMES} ¥4 9 14 $3o] ojstel 194 2§
A 184 wkan} 9 slane 402 5

2 B3 Yste] MME W2 2ars|9ieks 2
2 sk

Sl MMEY] ¢H47142 552 13
AL P ohanke] $AH HHE AAshEn,
SR o) ARBANA TS B



th. Zalape] shat Mk 5744 ST MMEZ}
TARA 2 FAA nanke] EFEo)gkls AL 9FA]
st e Ao o ke g 59l o)
o} Yo 722 MMES] E3l2k80| 9t 73
AolA 1AA YR FAE 949 sibzg
o 7 AHA-FAA npanp 2L Eoto] Yot

ot ol 2l MME-E44HA) 7| &4 3] 18hE 7] A

l MMEZ} 4 == E3Hh8 ¢l dofut.

At At

o o4 Feit HAsL A
A X-4B3EA 7ol o) £ 9T vl %
HEFUAE TR/ 2 YATY LR

|

A ICP-MSe] o3} zwo*u} YA & B30
AXA Q] v)H It A HE FFA FEHO] AALe] ¢t
A WA Sl ZAFE ek, zazﬂaroﬂ glot Al g
M&t AT o7 ko] Ego] YU3iTh.

REFERENCES

Allen, C.M., 1991, Local equilibrium of mafic enclaves
and granitoids of the Turtle pluton, southeast California:
Mineral, chemical and isotopic evidence. American
Mineralogist, 76, 574-588.

Baker, D.R., 1990, Chemical inter-difusion of dacite and
rhyolite: Anhydrous measurements at 1 atm and 10
Kbar, application of transition state theory, and dif-
fusion in zoned magma chamber. Contributions to
Mineralogy and Petrology, 104, 407-423.

Barbarin, B., 1991, Enclave of the Mesozoic calc-alkalline
granitoids of the Sierra Nevada batholith, California. In:
J. Didier and B. Barbarin (Eds.), Enclaves and Granite
Petrology. Development in Petrology, 13, Elsevier,
Amsterdam, 135-154.

Barbarin, B., 2005, Mafic magmatic enclaves and mafic
rocks associated with some granitoids of the central
Sierra Nevada batholith, California: nature, origin, and
relations with the hosts. Lithos, 80, 155-177.

Blundy, J.D. and Sparks, R.S.J., 1992, Petrogenesis of maf-
ic inclusion in granitoids of the Admello Massif, Italy.
Journal of Petrology, 33, 1039-1104.

Bussy, F., 1991, Enclaves of the Late Miocene Monte Capanne
granite, Elba Island, Italy. In: J. Didier and B. Barbarin
(Eds.), Enclaves and Granite Petrology. Developments
in Petrology, 13, Elsevier, Amsterdam, 167-178.

FEATS HEARUAM 01a0F 235 & =EAEe| ety S 881

Chen, B., Chen, Z.C. and Jahn, B.M., 2009, Origin of mafic
enclaves from the Taihang Mesozoic orogen, north
China craton. Lithos, 110, 343-358.

Debon, F., 1991, Comparative major element chemistry in
various “microgranular enclave-plutonic host” pairs.
In: Didier, J., Barbarin, B. (Eds.), Enclaves and Granite
Petrology. Developments in Petrology, 13, Elsevier,
Amsterdam, 293-312.

Didier, J. and Barbarin, B., 1991, Enclaves and Granite
Petrology. Development in Petrology, 13, Elsevier,
Amsterdam, 625 p.

Donaire, T., Pascual, E., Pin, C. and Duthou, J.L., 2005,
Microgranular enclaves as evidence rapid cooling in
granitoid rocks: the case of the Los Pedroches granodior-
ite, Iberian Massif, Spain. Contributions to Mineralogy
and Petrology, 149, 247-265.

Dorais, M.J., Whiteny, J.A. and Rodden, M.F., 1990,
Origin of mafic enclave in the Dinkey Creek Pluton,
Central Sierra Nevada batholith, California. Journal of
Petrology, 31, 853-881.

Ebrez, G.W. and Nicholas, .A., 1988, Microgranitoids en-
claves from Swift Creek pluton, SE Australia: textural
and physical constrain on the nature of the magma min-
gling process in plutonic environment. Geologische
Rundschau, 77, 713-736.

Furman, T. and Spera, F.J., 1985, Co-mingling of acid and
basic magma with implication for the origin of mafic
I-type xenoliths, field and petrological relations of an usual
dyke complex at Eagle Peak Lake, Sequoia National
Park, California, USA. Journal of Volcanology and
Geothermal Research, 24, 151-178.

Hibbard, M.J., 1991, Textural anatomy of twelve mag-
ma-mixed granitoid systems. In: Didier, J. and Barbarin,
B. (eds.), Enclaves and Granite Petrology, 13, Elsevier,
Amsterdam. 431-444.

Holden, P., Halliday, A.N., Stephems, W.E. and Henney,
P.J., 1991, Chemical and isotopic evidence for major
mass transfer between mafic enclaves and felsic magma.
Chemical Geology, 92, 135-152.

Huppert, H.E., Sparks, R.S.J. and Turner, J.S., 1984, Some
effects of viscosity on the dynamics of replenished mag-
ma chamber. Journal of Geophysical Research, 89,
6857-6877.

Hwang, S.K., Jo, .H. and Yi, K., 2016, SHRIMP Zircon
U-Pb Dating and Stratigraphical Relationship of the
Bunam Stock and Muposan Tuff, Cheongsong. Journal
of the Geological Society of Korea, 52, 405-419 (in
Korean with English abstract).

Hwang, S.K. and Kim, S.H., 2006, Magmatic processes of
the Muposan Tuff, southern and eastern Cheongsong,
Korea. Journal of the Geological Society of Korea, 42,



882 BARTL .

253-271 (in Korean with English abstract).

Hwang, S.K. and Seo, S.H., 2016, Field Evidence of
Magma Mixing from Concentric Zonings and Mafic
Microgranular Enclaves Hosted in Bunam Stock, Korea.
Journal of the Petrological Society of Korea, 25, 349-360
(in Korean with English abstract).

Hyndmann, D.W. and Foster, D.A., 1988, The role of tona-
lite and mafic dykes in the generation of the Idaho
batholith. Journal Geology, 96, 31-46.

Irvine, T.N. and Baragar, WR.A., 1971, A guide to the
chemical classification of the common volcanic rocks.
Canadian Journal of Earth Sciences, 8, 523-548.

Johnston, A.D. and Wyllie, P.J., 1988, Interaction of gran-
itic and basaltic magmas: experimental observations on
contamination processes at 10 kbar with HO. Contributions
to Mineralogy and Petrology, 98, 352-362.

Jwa, Y.-J. and Kim, K.-K., 2000, Petrology of host granites
and enclaves from the Bohyeonsan area, Euiseong
basin. Korea. Journal of the Petrological Society of Korea,
9, 187-203 (in Korean with English abstract).

Kim, J.S., Kim, K.-K., Jwa, Y.-J. and Lee, J.-D., 2004,
Petrographical study for the enclaves of the granitic
rocks, in the Gyeongsang Basin, Korea. Journal of the
Petrological Society of Korea, 13, 1-15 (in Korean with
English abstract).

Kim, J.S., Kim, K.-K_, Jwa, Y.-J. and Son, M., 2012, Cretaceous
to early Tertiary granites and magma mixing in South
Korea: Their spatio-temporal variations and tectonic
implications (multiple slab window model). Journal of
the Petrological Society of Korea, 21, 203-216 (in
Korean with English abstract).

Kim, J.S., Lee, J.-D. and Yun, S.-H., 1998, Magma min-
gling evidence of the granitic rockas in the Geoje-island:
Petrological characteristics. Journal of the Geological
Society of Korea, 34, 105-121 (in Korean with English
abstract).

Kim, K.-K., Kim, J.S. and Jwa, Y.-J., 2005, Petrological
study of Cretaceous granitic rocks in the Waryongsan
area, southwestern Gyeongsang Basin: Compositional
change of granitic rocks by magma mingling. Journal
of the Petrological Society of Korea, 14, 12-23 (in
Korean with English abstract).

Kumar, S. and Rino, V., 2006, Mineralogy and geochemistry
of microgranular enclaves in Palacoproterozoic Malanjkhand
granitoids, central India: evidence of magma mixing,
mingling, and chemical equilibration. Contributions to
Mineralogy and Petrology, 152, 591-609.

Lee, S.-M., Kim, S.-W. and Jin, M.-S., 1987, Igneous activ-
ities of the Cretaceous to the early Tertiary and their tectonic
implications in South Korea. Journal of the Geological
Society of Korea, 23, 338-359 (in Korean with English

abstract).

Nakamura, N., 1974, Determination of REE, Ba, Fe, Mg,
Na and K in carbonaceous and ordinary chondrites.
Geochimica et Cosmochimica Acta, 38, 757-773.

Neves, S.P. and Vauchez, A., 1995, Successive mixing and
mingling of magmas in a plutonic complex of northeast
Brazil. Lithos, 39, 275-299.

Orsini, J.B., Cocirta, C. and Zorpi, M.J., 1991, Genesis of
mafic microgranular enclaves through differentiation
of basic magmas, mingling and chemical exchanges
with their host granitoid magmas. In: J. Didier and B.
Barbarin (Eds.), Enclaves and Granite Petrology.
Developments in Petrology, 13, Elsevier, Amsterdam,
445-464.

Palicova, M., Waldhausrova, J. and Ledvin kova, V., 1995,
Ocelli in mafic rocks of granitic complexes. Krystalinikum,
22, 149-186.

Pearce, T.H., Gorman, B.E. and Birkett, T.C., 1977, The
relationship between major element geochemistry and
tectonic environment of basic and intermediate vol-
canic rocks. Earth and Planetary Science Letters, 36,
121-132.

Perugini, D., Poli, G., Christofides, G. and Eleftheriadis,
G., 2003, Magma mixing in the Sithonia plutonic com-
plex, Greece: evidence from mafic microgranular enclaves.
Mineralogy and Petrology, 78, 173-200.

Poli, G.E. and Tommasini, S., 1991, Model for the origin
and significance of microgranular enclaves in clac-al-
kaline granitoids. Journal of Petrology, 32, 657-666.

Reid, J.R., Evans, O.C. and Fates, D.G., 1983, Magma mix-
ing in granitic rocks in the central Sierra Nevada,
California. Earth and Planetary Science Letters, 66,
243-261.

Sparks, R.J.S. and Marshall, L.A., 1986, Thermal and me-
chanical constaints on mixing between mafic and silicic
magmas. Journal of Volcanology and Geothermal Research,
29, 99-124.

Streckeisen, A., 1976, To each plutonic rocks its proper
name. Earth Science Review, 12, 1-33.

Sun, S.S. and McDonough, W.F., 1989, Chemical and iso-
topic systematics of oceanic basalts; implications for
mantle composition and processes. In: Saunders, A.D.,
and Norry, M.J. (eds.), Magmatism in the Ocean Basin.
Geological Society Special Publication, 42, 313-345.

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

Vernon, R.H., 1990, Crystallisation and hybridism in mi-
crogranitoid enclave magma: microstructural evidence.
Journal of Geophysical Research, 95, 17849-17859.

Vernon, R.H., 1991, Interpretation of microstructures of



883

FOoIAM o0t =3t

AlA{OF A2 o
= o
Wiebe, R.A., Smith, D., Sturm, M., King, E.M. and Seckeler,
M.S., 1997, Enclaves in the Cadillac Mountain granite

(Coastal Maine): Samples of hybrid magma from the
base of the chamber. Journal of Petrology, 38, 393-423
2, 2016

Received : December
December 26, 2016

Accepted : December 27, 2016

microgranitoid enclaves. In J. Didier and B. Barbarin
Revised

(eds.), Enclaves and Granite Petrology, Developments
in Petrology, 13, Elsevier, Amsterdam, 277-291.

Vernon, R.H., Etheridge, M.A. and Wall, V.J., 1988, Shape
and microstructures of microgranitoids enclaves: in-
dicators of magma mimgling and flow. Lithos, 22, 1-11.

Watson, E.B. and Jurewicz, S.R., 1984, Behavior of alkalis
during diffusive interaction of granitic xenoliths with

basaltic magma. Journal of Geology, 92, 121-131.



	청송 부남암주의 심성암류에서 마그마 혼화작용 및 혼합작용의 화학적 증거
	요약
	ABSTRACT
	1. 서언
	2. 지질개요
	3. 부남암주의 암석기재
	4. MME의 암석기재
	5. 전암지구화학
	6. 토의
	7. 결론
	REFERENCES


