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Spatial Compositional Variations and their Origins in the
Buseok Pluton, Yeongju Batholith

Sang Koo Hwang*, Ung San Ahn* and Sang Wook Kim**

ABSTRACT: The Buseok pluton in the Yeongju Batholith is a comagmatic plutonic rocks which have concen-
trically compositional zoning. The lithofacies of the Buseok pluton comprise hornblende biotite tonalite in the
southern part of the pluton, porphyritic and equigranular biotite granodiorite in the northern part and biotite
granite in the north-central part. The compositional variations change gradually with continuity both within
and between the lithofacies. The concentrically zoned pattern is relatively mafic rocks composed of high-tem-
perature mineral assemblages in margin of the southern part, passing inward and northward gradually to more
felsic rock in core of the north-central part. Changes in the textures and microstructures, as well as in the
mineral content, take place between rock types of the plutons. Darker colored, generally coarse-grained, well
foliated tonalite pass inward to light colored, coarse-grained, poorly foliated granodiorite, and finally give
way to lighter colored, medium-grained, nearly nonfoliated granite. The foliation are best developed in the
marginal part of the tonalite. Here, the regional myolitic foliation in the tonalite is steep northward and paral-
lels to its southeastern contact with the country rock, but the magmatic foliation from disc-shaped mafic
microgranitoid enclaves is subvertical and parallels the contacts with the country rock. As the tonalite
approaches biotite granite in composition, the foliation is indistinct. Modal and chemical data for the pluton
show quantitative compositional variation from the margin of the southern part to the core of the north-cen-
tral part. Quartz and K-feldspar increase toward the core of the pluton, whereas hornblende, biotite and color
index decrease. Abundances of SiO, and K,O increase toward the core according to the variation in quartz
and K-feldspar, whereas those of MnO, Ca0, TiO,, Fe,05', MgO and P,0Os decrease corresponding to the
variation in mafic and accessaries. The compositional zonation resulted from fractional crystallization involv-
ing downward settling of earlier crystals, accompanied by upward movement of melt and volatiles, and fol-
lowed by accessary marginal accretion of crystalline material in the magma to the marginal part. Although a
little crustal contamination by the wall rock is recognized from the isotope data, the contamination is not
only dominated over but also appropriate for forming the compositional variation in the pluton.
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Fig. 1. Geological map showing four lithofacies of the Buseok pluton in the Yeongju granitoid batholith, and showing
sample locations and traverse MS-PG and MH-MY lines across the pluton. HY is added to the head of each sample No.
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Table 1. Modal analyses of the Buseok pluton in the Yeongju Batholith,

MS-PG line

HY16 HY26 HY17 HY19 HM20 HY35 HYS51 HY3 HY2 HY48 HY47 HY9 HY!10 HY59
Distance (km) 0.6 1.5 30 73 82 93 109 118 136 142 147 194 202 24.1
Quartz 29.1 246 236 175 246 320 321 317 250 252 292 309 318 254
K-feldspars 3.6 6.0 06 04 72 75 114 165 94 141 150 127 114 13.0
Plagioclase 51.8 498 545 571 461 474 425 417 464 471 456 448 486 427
Biotite 12.3 16.0 193 214 196 116 121 88 144 10.1 8.9 9.5 72 143
Hornblende 0.4 0.7 04 03 06 0.1 0.5 1.6
Muscovite 19 04 02
Allanite 2.6 0.7 06 07 06 1.3 1.0 19 0.1 0.2 14 0.7 2.5
Epidote 20 1.1 23 1.0 04 0.6 1.3 07
Opagques tr tr
Sphene 0.1 03 02 02 04 0.2 14 0.1 0.3
Apatite tr tr tr
Color index 14.8 195 211 173 219 128 139 98 171 129 96 114 8.0 18.7

MH-MY line

HY501 HY503 HY505 HYS07HYS509HYS10HYS511 HMS545 HYS36HYS39HYS541 HYS533 HYS29 HY530
Distance (km) 0.6 4.3 56 87 119 128 147 183 197 208 226 255 276 285
Quartz 233 203 198 225 278 276 293 318 352 287 235 258 273 294
K-feidspars 7.7 6.2 4.1 0.8 151 187 197 219 208 248 149 166 174 15.2
Plagioclase 53.7 554 567 514 468 454 436 390 359 400 414 462 438 442
Biotite 12.5 141 139 200 94 75 6.5 60 70 38 180 8.2 9.8 73
Horblende 0.7 1.7 2.5 35 03 0.4 0.8 tr 0.6
Muscovite tr tr 0.4 1.7
Allanite tr tr tr tr tr 02 tr tr 04
Epidote 1.6 1.8 1.7 1.1 04 03 0.7 04 04 038 1.1 2.6 0.9 2.1
Opaque tr tr 0.1 02 0.2
Sphene 0.3 02 0.8 05 tr 02 0.2 tr 02 03 0.3 04
Apatite tr tr tr tr tr tr tr tr tr
Color index 15.0 178 189 251 10.1 80 72 70 76 47 200 111 112 11.0
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Fig. 2. TUGS classification for modes of samples that are
taken across the pluton along traverse MS-PG and MH-MY
line. Solid square, hornblende biotite tonalite; open square,
porphyritic biotite granodiorite; solid circle, equigranular
biotite granodiorite; open circle, biotite granite.

Zae] chide molz AW A HEOE 2~5
mmol] Gate Y A, EdM, ASAF Aol
g YEH 2PN FeE, 08 23w g7 U
BT S84 He A SR} AFHE REsie
SAeI e A5 SIS Holx SEA A
20 i@ BE 98 ekt =a4e Ay
2 mmZ DT W §eeg T e
3 oA ERdTh 2BE 2 mm Wele) 7)o
Z2 2PN B Yehdth

S22 HZMEeY

Hhat K24 stZomet
TR HEYLS FTYBERA HY, AP,

MS-PG line MH-MY line

%
304 0

atz W Qtz \//(‘\/vj
0 20-

. e T T
5 16 15 2 25km 0 5 0 15 20 25 km
s Distance N S Distance N

Flg. 3. Variations of modal minerals across the pluton along
the traverse MS-PG and MH-MY line. Symbols are the
same as in Fig. 2.
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Table 2. Major and trace element composition of the Buseok pluton in the Yeongju Batholith,

MS-PG line

HY16 HY26 HY17 HYI19 HY20 HY35 HY51 HY3 HY2 HY48 HY47 HY9 HY10 HY59
Si0, 6437 6460 62.80 62.02 64.74 6752 6495 6721 6923 6857 69.81 6864 6934 6693
AlO, 1691 1724 1689 17.09 1648 1552 1606 1572 1535 1556 1541 1466 1489 1674
Fe,O5* 4.59 461 548 564 463 378 514 417 299 288 253 333 1316 3.46
MgO 1.71 1.88 225 237 187 140 188 143 094 087 061 126 112 1.21
Ca0O 4.54 470 515 520 445 398 427 392 3.09 318 295 370 3.67 3.77
Na,O 3.88 384 353 343 356 341 351 322 307 343 346 316 339 3.61
K,0 2.35 312 230 250 3.04 291 269 303 396 406 421 319 224 3.20
TiO, 0.65 058 080 071 056 0352 070 060 041 042 035 044 049 0.44
P,0s 0.23 023 023 020 019 017 020 017 013 013 012 014 014 0.15
MnO 0.06 007 008 0.08 007 006 008 007 005 005 003 006 004 0.06
total 99.29 100.87 99.51 99.24 99.59 99.27 9948 99.54 9922 99.15 9948 9858 98.48 99.57
Ba 705 1128 396 812 758 890 685 748 1145 1110 1483 663 547 784
Co 9 10 11 13 10 8 10 9 7 7 6 7 6 9
Cr 8 11 18 12 9 8 12 8 7 5 4 6 7 7
Cu 10 7 13 16 8 6 15 8 7 7 5 3 6 8
Li 41 45 32 34 38 36 34 30 31 31 28 39 33 38
Nb 7 6 12 8 6 10 12 13 9 10 7 10 10 8
Ni 9 5 8 11 6 6 7 7 6 3 5 6 4 5
Sc 5 9 9 11 7 7 9 7 3 2 2 6 3 3
Sr 620 652 475 533 460 527 459 431 450 499 608 414 540 452
\Y 54 57 71 78 58 44 59 44 28 22 13 40 35 37
Y 7 8 13 10 7 12 15 18 8 9 5 14 10 5
Zn 82 83 94 88 81 67 91 80 60 59 58 57 66 67
Zr 176 193 201 153 157 210 191 194 194 194 193 169 193 164
Rb 86 97 101 93 108 80 100 98 130 118 116 94 101 110
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Table 2. Continued.

MH-MY line
HY501 HYS503 HYS505 HY507 HYS09 HYS510 HY511 HM545 HY536 HY539 HY541 HY533 HY529 HYS530

Si0, 64.37 6347 6334 6134 6784 7019 7121 6865 70.68 7317 66.74 67777 6747 6872
ALO; 1719 1650 17.02 1773 1584 1519 1465 1553 1530 1509 1511 1558 15.67 1557
Fe, 03 4.60 528 498 580 361 302 284 321 302 219 382 366 402 343
MgO 1.63 2.08 1.88 232 119 083 060 102 084 043 142 120 131 123
Ca0 4.31 463 458 545 343 272 240 306 267 1.99 338 336 376 348
Na,O 3.47 323 352 362 332 343 339 356 327 322 303 326 340 336
K,O 3.53 310 301 185 401 380 385 343 379 506 414 352 278 351
TiO, 0.55 056 060 083 042 035 026 034 032 018 046 04 045 04
P,05 0.19 016 018 019 013 011 011 011 01 007 014 012 017 0.15
MnO 0.06 008 007 008 005 005 004 006 006 004 006 006 007 007
total 99.90 99.09 99.18 9921 99.84 99.69 9935 9897 100.06 101.44 9830 9897 99.11 99.93

Ba 1223 742 857 317 731 692 1011 535 661 756 887 585 679 597
Co 10 11 H 11 8 7 7 7 6 5 9 7 8 7
Cr 14 22 20 22 12 9 7 11 10 6 15 11 11 13
Cu 8 38 10 12 53 6 6 58 13 8 7 7 7 3
Li 32 41 37 33 45 33 36 43 79 69 56 74 44 39
Nb 9 8 11 14 9 13 8 11 10 7 10 10 8 9
Ni 13 12 12 14 10 9 8 9 11 9 11 9 9 10
Sc 8 10 9 i0 5 2 2 5 3 2 8 5 6 6
Sr 572 492 527 524 405 378 420 363 372 322 416 380 546 456
v 54 70 63 78 39 26 17 33 26 16 47 41 45 45
Y 13 14 17 25 13 23 5 15 6 6 15 17 13 16
Zn 35 37 36 42 31 33 30 29 35 21 31 29 30 25
Zr 176 134 161 178 129 143 190 127 148 116 134 108 154 100
Rb 96 95 87 73 127 103 99 130 137 167 136 134 75 117

S 2oz SHET. FeE FPASY e Al ZHEAT 2mo] Y Sem Eddelsst wate
BE UAE AW U 0AE AR, 2T AT 20198 A5oE EdedT SeuE EuelEs)
YA AT WA Sem AL B WK msE B0 2] ARBLL NS 49
B A B Ads KA4 A4S gRUth ok 3 KANE madelsst w8 0 Wl 2%

Tol::ole 3. Rare earth element concentration (ppm) of the Buseok pluton in the Yeongju batholith.

MS-PG line

HY16 '~ HY26 HY19 HY20 HY35 HYSI1 HY3 HY2 HY9 HYI0 HYS9
La 86.14 25.21 3953 21.13 2524 5837 4097 53,76 21.63 4148 35.06
Ce 178.45 53.03 80.54 4424 5485 121.06 87.39 10992 4695 8626  74.83
Pr 17.95 5.80 823 4.77 6.04 12.13 9.20 11.02 5.11 8.96 7.73
Nd 58.20 19.60 26.30 1570 2050 3890 3090 34.50 17.30  29.00 24.80
Sm 6.97 3.14 3.52 2.26 332 5.53 5.53 452 3.06 4,11 332
Eu 1.39 0.87 0.89 0.67 0.98 1.29 1.34 1.05 091 1.06 0.85
Gd 3.83 247 2.61 1.72 2.69 391 4.42 2.71 2.64 2.70 2.07
Dy 1.63 1.51 1.66 1.06 1.80 2.55 3.04 1.41 1.95 1.66 1.01
Ho 0.27 0.27 0.31 0.19 0.34 0.46 0.53 0.26 0.37 0.31 0.18
Er 0.42 0.56 0.68 0.47 0.73 0.87 1.15 0.49 0.92 0.69 0.39
Yb 0.35 0.40 0.59 041 071 0.87 1.00 0.51 0.90 0.74 0.39
Lu 0.06 0.06 0.09 0.06 0.12 0.13 0.14 0.09 0.14 0.12 0.07
REEs 355.66 112.92 164.95 92.68 11732 246.07 185.6]1 220.24 101.88 177.09 150.70

(La/Lu), 153.53 4494 46.08 3765 2186 46.55  30.27 62.65 1598 3697  53.15
(Eu/Eu*), 0.75 0.92 0.87 1.00 097 0.81 0.80 0.84 0.96 0.92 0.92
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Table 3. Continued.

MH-MY line

HY501 HY503 HY505 HYS507 HYS09 HYSI0 HYS545 HYS536 HYS539 HYS41 HYS33 HY529 HYS530
La 3448 3067 3098 4237 2447 3408 2087 21.18 2858 29.17 2397 2697 1997
Ce 6839 6332 6323 8714 4965 6879 4211 4323 5392 5953 4689 5428 4285
Pr 7.49 6.87 6.95 9.87 5.43 7.59 4.67 436 574 661 547 604 4091
Nd 2570 2310 2470 3550 1860 2620 1610 1390 1840 23.00 1940 2070 1820
Sm 3.92 3.56 4.21 6.44 3.19 4.85 2.87 203 287 397 347 329 335
Eu 1.06 0.93 1.18 172 0.88 .10 079 072 065 104 093 095 093
Gd 2.86 2.73 3.39 5.39 2.53 4.08 246 144 182 319 285 264 280
Dy 2.08 2.10 2.66 424 1.98 3.36 221 1.02 108 247 228 206 236
Ho 0.35 0.37 0.46 0.76 0.34 0.58 0.40 0.16 0.18 042 041 038 042
Er 1.02 1.12 1.37 212 1.06 1.59 1.33 061 062 129 125 1.18  1.39
Yb 0.82 0.96 1.17 1.88 0.91 1.26 1.27 0.51 0.61 1.16 1.14 1.06 132
Lu 0.12 0.14 0.17 0.28 0.13 0.17 0.20 008 0.11 018 0.8 0.17 021

REEs 148.29 13587 14047 197.71 109.17 153.65 9528  89.24 114.58 132.03 108.24 119.72 98.71
(La/Lu), 29.86 2268 19.16 1566 19.53 21.08 1090 2791 2706 17.00 1396 1667 992
(EwEu*), 093 0.88 0.93 087 092 074 089 124 081 087 088 095 091

*Mean value between Smn and Gdn

stE7] AAREE AAEY. 23 SR Sl

Ae)e) e AR,

A AHD AEe E MG KA 238
S}, ol 3PdESte]l I3lE Fole dAsE] Al
2e-2 AR

EER SPFAEQNAM B Mg KA dA
o] Yepths A2 A Alzte] 7A4]] $A7T =l
1, 33 3E o] o] HFoz FvtEle AL
Wzl o3t A ARG FVEE U olF
o AAI 7R vERdh ZF A B WielA
Aga KA gl tAlZ AT RS oj59
H|go] 72| RS oA HAASEUR-S AAIgH
g KAAMe] ghape] eiFow FrHogm A
e AL F e vE 7l7E AZE & £ Sl
(Bateman and Chappell, 1979). 3 Hx 7171e 2%
7 A9 wiaeidee] GHFPolM £ FEo] 2YF
7] AREIRA A W] Wzl ulet o] AR}
o] etZoz Hz o IPHUks Aotk F ¥
A 717 A9 KAgHo]l FAslE7] Alzket o o
BE-o] AA o] nlantel] EAslA] GUAT o]EL] H]
&8 N2$ FES0 24349 1 Fri=la E§ vt
anje] olu] ExjlE thE HAEC] AAE o HS
S7Hthe Aotk AN H BeRE Eddlo|Es
PHIERY AARCNA Thh 7HEA ZAFHI o
Hrl ¢iEeN 1 faisid) A" olge sE
ZAe A Sene AAE) Hlgol F Y A
ojeljA] we] FAFPES AT SRS e o)

=9 A% Blgo) MM BaEAY A BRE

AR e EdelolEdlg AV BRI 9
o serem R4E UAz BY gased, o 4
2Rl Wsks of PAlolMe] vlant s AR
AgolA ZeAEIAY oI charkER e R
fAFRE AL M. 2E) 27 4R A}
A4 9o The #BE FAYREAL A8 A
Huo} g R WA wEY MM YRE 24
of mlarlel $EERRE FHHANEL AN &
gl olg ol ohleks Aolch, BRI L
WA 32E 2Yo] AR S88RTH M Peldt
R SJulshed, Mebd ol HEWAE (unmixing)
oL ¥ & Qow ol AN 8889 T &
Ae) zA4e wsle), THEE ol 4R WaE
Yosl ARe] 429 s} dophe SgERY
B 2elst 2 oulsith aed ARREagel
zesE 24 U Whe 2RF §8R0e B
wslsh PRI AH3 §4E Ulel HRuEE u
Gk, oleis siHe o) B W AHNH F¢
= 239 A9 PRy U Aass 9xEt

KA ARE Sem spdscte) ARl o
o Tt FReIAIL A7} F7HeT iR AF
& el AP wolAe BipHstm ANE 2%
W2 7HT o] AYEE A AP Bem 24
& ZfeL =87 49 A4S TRUt XY 2
BEe TR0 W} SR AR 2 AR}
g=sl EREE, ol AR 4N 24 A



156 BT - A - A
= o T ] & hb bt tonalite )
o 4 % e . 3 [J porphyritic bt granodiorite
: s o f.' ] @® equigranular bt granodiorite
% 65f =, ., 3 O bt granite )
N i 1 .% ; — -
o1oi IS 8‘22 . =y
e i L E ool o 00" §
§ o Fg [] 9 oo s & ¢ 2
00sF  og &° 1 & otop | ) i
b o' 0.05 4
o, o) o 1 il PRGOS [ ST U T S 't
6} s 5 o i
.
o 5 [} T . -
o} . Q4 g
N 4 g b > og. " g
o o> ¥ s o 8t .
21 o - 2 u® B
PRI T W W ST ol { S IR SPUS SRR N TN S S S E G G Sy
18 |- e oL i
© 17 N LN | - o [ ]
Q b L [ o @ L
~ 16 . L .8
2 o o) L 1
<5p o;lﬂ"..f j 240 ° ou'rg, v
14 |
. P A i P ] e
™ | | bl B
Ngz I <] : « ! Q j o ” ! ’
o Il [ [ ] 1 - T
Eoal guo"‘ . Ssk gm." 4
0.2 0° 4 2l o° J
FYRSUNT SR SR (N T VO ST T DU T S a4 1 L PN
0 1 2 3 0 1 2 3
MgO (wt.%) MgO (wt.%)

Fig. 4. Major element Harker's diagram composite.
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Fig. 5. Trace element Harker's diagram composite.
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Fig. 6. Variations of major elements across the pluton
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Table 4. Srisotopic data for the typical samples of the rock units in the Buseok pluton.

Sample 8751/86Sr St (ppm) Rb (ppm) 87Rb/AOST #8128 p)i* Lithologic zone
HY16 0.716220 620 86 0.4016 0.7151 hb bt tn (in contact)
HY19 0.717684 533 93 0.5052 . 0.7163 hb bt tn

HY2 0.718235 450 130 0.8365 0.7160 por bt gd

HYS51 0.717910 459 100 0.6309 0.7162 por bt gd

HY11 0.717343 447 136 0.8810 0.7150 equ bt gd (in contact)
HY13 0.718005 404 87 0.6236 0.7163 equ bt gd

HY31 0.718217 475 139 0.8474 0.7159 equ bt gd

HY47 0.718093 608 116 0.5525 0.7166 equ bt gd

*Initial ratios are calculated from an assuming intrusion age of 190 Ma.
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fig. 11. Measured ¥'Sr/%Sr versus *'Rb/*Sr diagram for
lithofacies of the pluton, showing pseudo-isochron except
for HY 11 and HY 16. Symbols are the same as in Fig. 2.
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Fig. 12. Initial ¥’Sr/%Sr versus 1/Sr diagram for lithofacies
of the pluton, showing no change in *'Sr/*Sr ratio with
increasing 1/Sr except for HY11 and HY16. Symbols are
the same as in Fig. 2.
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