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Gas and Fluid Inclusion Studies of the Granitic and Rhyolitic
Rocks From the Bupyeong Silver Mine Area

Kyu Han Kim* and Woo Young Ha*

ABSTRACT : Volcanic rocks including rhyolitic tuff, rhyolite and welded tuff in the Bupyeong silver mine area form a
topographic circular structure which is interpreted as a resurgent caldera. Granitic rocks are emplaced inside and outside
area of the circular structure. Pervasive silver mineralization took place in the rhyolitic rock of the southwestern margin
of the caldera. Gas and fluid incluson studies were carried out to investigate the petrogenetic evolution and post-mag-
matic alteration for the rhyolitic and granitic rocks. Gas compositions are characterized by a low CH,/CO, ratio (0.004-0.
005) for rhyolitic and inside granitic rocks and a high CH,/CO, ratio (0.01~0.29) for outside granitic rocks such as the
Kimpo and Incheon granites. Homogenization temperature of solid daughter mineral bearing fluid inclusion (Il and IV
types) and two phase fluid inclusion (I and II types) for quartz in the Bupyeong granites range from 400 to 500°C and
121 to 514°C, respectively. Salinties vary from 20 to 30 wt% NaCl for type III and IV inclusions and less than 20 wt %
NaCl for type 1 and II inclusions. The fluid inclusion data shows a considerable influx of the meteoric water toward

post magmatic alteration stage.
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FZ35em 13-CNK WY (Papike e al., 1974)%}
15-NK W& AHgsted 0 Haghs Aesida Fe'st
Fe’'e] 7¥& Laird, Albee (1981)2) ¥y o2 A 4}s}
At (Leake, 1978). IMAC] & ZH4 ERYE 48
3 £ A9 Alze 24 L Ca o] &7} 1.75~1.86°]
11 BA}E] Na o] &4+ 0.074~0.1332 (Ca+Na)B>1.34,
NaB<0.67¢ al%93l= 3|24d43<1 ferroan pargastic
hornblendesl] 43},

S o] 83 AAYEAS AAzAe g2 o
TRl 98 Busle] 9lch (Hammarstrom, Zen, 1986,
Hollister et al., 1987, Johnson, Rutherford, 1989). X
A Fde AN AALGEA A Lol A5 vl
719l BE 2R AR+ +E SR+ ST
A+ +20+x088 e BN E x¥sie 23
gz Ade] AAl |22 Johnson and Rutherford
(1989)9] A A A A go] 7bed Aoz Aol 2
A W] @FolE ek 7)xeo g-S ALtadct
(Table 2).
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olg}”] Br}E subsolidus crystallization?] 232 471
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Aol 8% 7152 Si>7.252 FeAd. 18 2EAY
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(Blundy, Holland, 1990).

2213 Blundy, Holland (1990)< AF3a s g2+
ZHd 9] Al (iv) &l 7128t A-ALZA & A A8k
th o] & o] & AlAHE 4 # &= Table 29 Z2th.

A AEAY spiketel b WeE 4.8~5.4 kbar
olpy &%= 786~823°Celtl. Johnson, Rutherford
(1989)9] A E ol g3l AL Felr] dlr et
o A4 ¥ exe 247 2.5~6.3 kbar# 700~790°C
o|mj wiety] Bl sptete] AU exe 7zt
2~4.2 kbar®} 680~770°CE 21Ho] Uth (Lee o dl,
1994). 71ek SUle] AFaHEe] o8 drsddFek &
AR 4 o] Al=HTh 25F (1992),
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Table 1. Electron microprobe analyses and structural formulae for amphibole in the granites from the Incheon district.

Sample No. 1-02-1 1-02-2 1-02-3 1-03-1
Sio, 41.488 41.481 41432 41972 43.139 41.785
AlLO; 10.733 11.602 11.291 11.872 10.727 11.285
TiO, 2.858 2,999 3.542 3.469 3.737 3.795
Cr,0, 0.000 0.000 0.000 0.000 0.000 0.000
FeO 19.782 17.178 18.184 13.596 13.253 13.596
MgO 7.995 9.489 9.268 11.724 12.147 11.644
MnO 0313 0.433 0.350 0.443 0.000 0.000
K0 2303 2216 2320 2.468 2511 2369
Na,0 0.999 0.950 1.051 0.872 0.755 0.904
Ca0 10.586 10.874 10.814 11.672 11.229 11.309
Total 97.057 97222 98.252 98.088 97.498 96.687
Number of ions on the basis of 0=23
Si 6.401 6.301 6.266 6.245 6.435 6.306
Al(iv) 1.599 1.699 1.734 1.755 1.565 1.694
Al(vi) 0.355 0.380 0.281 0.330 0323 0.315
Ti 0332 0.343 0.403 0.388 0419 0.431
Fe™ -0.038 0.043 0.029 -0.080 0248 0.167
Mg 1.838 2.148 2.089 2.600 2700 2,619
Fe*? 2.590 2139 227 1.772 1.902 1.882
Mn 0.041 0.056 0.045 0.056 0.000 0.000
Cr 0.000 0.000 0.000 0.000 0.000 0.000
0.117 0.108 0.116 0.065 0.096 0.080
Ca 1.750 1.770 1.752 1.861 1.795 1.828
Nagg 0.133 0.123 0.132 0.074 0.109 0.091
Na(A) 0.556 0.530 0.548 0.638 0.617 0.602
K 0.197 0.184 0.203 0.165 0.144 0.174
Mg/(Mg+Fe+Mn) 0415 0.490 0.471 0.598 0.620 0.604
Fe¥'/Fe*+Mg 0.585 0.499 0.521 0.405 0.413 0418
Mg/Mg+Fe?* 0.415 0.501 0.479 0.595 0.587 0.582
Fe™/Fe™ 0.015 0.020 0.013 0.045 0.131 0.089
Table 2. Calculated pressure and temperature of empla- oz Ag¥r
cement of the granite plutons from the Kimpo district based
on the amphibole geobarometer and plagioclase-amphibole
geothermometer by Johnson, Rutherford (1989) and Blundy, 4 ZRE P
Holland (1990), respectively.
Sample No.  Al(t) Xan P(kbar) T(C) MY
1-02-1 1.599 0.652 48 797
1-02-2 1.699 0.652 53 811 P R = ola By 5 @
1734 0652 51 23 FAZHE A7E 93 79, I 2 AXAG 37
1-0203 1.755 0.652 5.4 823 < *}E 1371 E A& §}7]'° LH Modo] ¥ H FAE
1-03-1 1.565 0.680 45 786 2o 73 exsl A 233t 23
1.694 0.680 5.0 805

Al(t); total aluminum content of the amphibole.
Xan; mole fraction of albite in the plagioclase.

2587 A9 (1994)9] 44 XA A &) o
BIAUFE 2.8~79kbarE BZALS 3.0
kbarm|gte] Agtoz FFHNUTE AEAY a2 o

B g7t} A4 wol sfdsle 28 AxdA A

U3 Ake]l AW FFo] A AMRE ZHo Sle

=2
tae

Fluid Inc. adapted U.S.G‘S. gas-flow heating/freezing
stageE ol &8ttt #U3} &% (Th, homogenization
temperature)t W2t %= (Tm, final ice melting tem-
perature)®] 53 eahe 242k £1.0°C £0.5°Celch. ®
89 d¥se Tms Z33td H¥4 (Potter e dl,
1978, Potter, Clynne, 1978) 2.2 AlAtal3it),
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et e THE F 2HE vl 50%v) 9] MY
(multi-phase solid inclusion), BF&2] B]&°] 50%°1%
Q1 IVE (multi-solid inclusion) &2 F2319th (Fig. 2).

EFE] Fe = g dYol 7k Aol o 249
= o e 270 5um el 55 um 74A) o
o] th 55 7 pm~15 umell &3k},

EHEY W HEA S F8H 5 (first
ice melting temperature)+ -56°C~-21°Co|t}. ¢d 2%

Fig. 2. Various types of fluid inclusion for the granites from the Bupeong, Incheon and Kimpo areas. A) Type I; liquid-rich
two phase inclusion, B) Type II; vapour-rich two phase inclusion, C) Type III; solid bearing inclusion, D) Type IV; multi solid
bearing inclusion, E) immiscible inclusion and F) tabular shape inclusion.
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Table 3. Fluid inclusion data for quartz in granites from the Bupyeong, Incheon and Kimpo areas

mni *
Sample No. Type Degree of fill size (um) Tm (°C) (NaCl S;l::::y wt.%) Th(n(CT)S )
S-1-1a I 0.65 10 -1.0 1.8 331.8
S-1-1b I 0.75 10 24 4.0 290.8
S-1-2 1l 0.4 11 -183 21.0 267 (>500)
S-1-3 I 0.85 13 -18.0 209 166.5 (270)
S-1-4b I 0.3 15 -20.4 225 121 (>500)
S-1-6 v 0.7 10 -21.0 2332 270 (447)
S-1-7 I 0.85 20 -26.0 26.8 200 (389.4)
S-2-1 I 0.85 12.5 -19.7 21.85 2424 (412.5)
§$-2-2 I 0.85 20 -13.1 17.1 126 (203.1)
S$-2-3b 1 05 15 54 3241
S-2-4 HI 0.75 14 -21.0 2332 120 (270.2)
S$-2-5 I 0.55 13 -313 305 174.2 (443)
B-29-1-1 I 05 8 -33 5.35 256.3
B-29-1-2 I 0.75 10 -7.6 11.2 243
B-29-1-3 I 0.75 32 -18.0 209 198 (316.2)
B-29-14 I 0.75 18 -6.6 10.0 170
B-29-1-5 I 0.65 17.5 -6.6 10.0 275.7
B-29-1-6 I 0.5 8 -4.0 6.4 260.1
DS-1-2 I 0.7 7 -10.8 14.8 5217
DS-1-3 m 0.25 13 5.6 8.7 417 (580)
DS-1-4 I 0.7 -8.1 11.8 522.1
DS-2-1 I 0.75 125 5.2 8.1 284.9
DS-2-2 I 0.8 10 -4.4 7.0 2725
DS-2-3 Il 0.2 21 -7.4 11.0 405.4
DS-2-4 I 0.8 11 -4.0 6.4 304.5
DS-2-5 I 0.5 20 -26.7 270 >500 (350)
DS-2-6 I 0.6 20 -25.0 26.1 245 (460.5)
DS-3-1 1 0.8 20 -10.5 145 2913
DS-3-2 I 0.5 19 -10.0 14.0 211
DS-3-3 Il 0.3 15 -9.0 12.9 480
DS-3-4a 1 0.5 9 -21.0 2332 292.8 (513.5)
DS-3-4b I 0.35 25 -18.6 212 300.2 (>500)
DS-3-5 1 0.65 10 -10.0 14.0 287.8
DS-3-6 I 0.80 10.5 -11.3 153 214.8
DS-3-7 [ 0.75 10 -10.8 14.8 1713
DS-4-1 I 0.7 11 -13.7 177 242.5
DS-4-2 il 0.3 11 221 2332 (468.2)
DS-4-3 v 03 8.8 220 24.0 (453.2)
DS-4-4 I 0.85 13 -4.2 9.7 125.2
DS-4-5 HI 0.55 12.5 -244 25.6 (514.6)
DS-4-6 I 0.9 132 95 135 200.2
DS-7-1 I 0.5 12 9.3 207.9
DS-7-2 I 0.6 125 8.7 199
DS-7-3 I 05 13 9.5 177.3
DS-7-4 1 0.6 8 8.5 2822
DS-7-6 Il 0.4 5.5 11.2 236.8
DS-8-1-1 1\% 0.1 17 4.6 315 (500)
DS-8-1-2 11 0.5 15 5.8 318 (>500)
DS-8-1-3 Il 0.35 15 5.6 245
DS-8-1-4 Il 0.35 9.5 7.3 327
DS-8-1-5 Il 0.5 6.5 -13 22 264.9
DS-8-1-6 1l 0.45 6.2 6.3 283.7
DS-8-2-1 v 0.15 23 -14.4 18.3 248.7 (327.6)
DS-8-2-2 1 0.65 13.8 -6.4 9.7 251.5 (478.3)
DS-8-2-3 11 0.55 21 -8.4 12.1 266.9 .(478.3)
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Table 3. Continued.
. . Salinity Th (Ts*)
Sample No. Type Degree of fill size (um) Tm (°C) (NaCl eq. wt.%) )
DS-8-2-4a [ 0.45 14 5242 309
DS-8-2-4b 1l 025 6 5742 440.8
DS-8-2-5 I 0.55 13 5.4 8.3 219.2 (366.5)
DS-9-1 1 0.4 115 -0.5 0.9 360
DS-9-2 1 05 15 0.0 0.0 3749
DS-9-3 I 0.7 10 -0.2 04 254.5
DS-9-4 I 0.7 115 -13 22 225.8
DS-9-5 I 0.75 55 -1.0 1.8 2872
DS-9-6 )| 0.6 15 269.2 (288.6)
1021 1 07 65 17.4 205 >500
1-02-2 I 0.6 20 334 323 >500 (334)
1-03-1 I 0.6 7 6.0 (-20.6) 92 >500
1-03-2 1 0.75 7 2.6 (-45.2) 44 >500
1-03-3 I 05 7 -4.09 (-34) 6.4 >500
*Ts; Homogenization temperature for solid daughter mineral bearing fluid Inclusion
£ % /B THLEE -21.2C Wolnz 9e] ov
2R TR A7} EHEI NaCl A& gt 2 .
a
bt K-Ca- Mg Fe-Cl Alge] Badt A28 ?}%6}2 ) " I " g
2 MEA AT welT QWAL AR AR F B2 .
Tm>0°Ce) E'n‘€°] ol Bl HAE o] R me- T o
tastable superheated ice®] &2l (Roedder, 1984) wj& T(g 0 . : Or o ; A
9l Ao Bt} 0 600
el 18 dale » Th(c)
7t Aol 18E diAz2 dgoz N¥e dAz — 40
713 o2 gdslEy 2tz o wile) AS e B Q
I, V32 14 B3Eo] galgdezn #3999 E, 1
ool L= 23t o] A AR HAe] fg 20 .
FALFES deret Fdstexe 23 A9 Table = o
33 22t} £ O @O B
ZRU ABE B4 Sk - g5 BEele B o ———
i EASIE 7‘41]@.4 AIEA G g7petelnh. 3L FF 0 200 Th(c) 400 600
AU ZE £8 (I~IVH)Y] SAZREY FL3 2% — 40
x 121~514"cu4% Yehle 144 THE2S Fost Q
E EH IVEY $ALSEe] #Ust L2k gAz g " ey
400~500°C 91 9] =& vebdch 18lx NaCl 429 5 20 - o '.
FEe 13, 18 58S F2 20 wt% P|etel U 11, IV > O® O o 9
¥ FREL 20~30 wt% Nejolth. BatEze) shator) % ] © So ® . c
ARt iR aejn JHAY Y] FAEFES] B v o . pense . "
g Atolele zbol7t VERR] ot ( F)g. 3) AEAY 0 0 Th(‘C)4°° 600

o) sletel FAEREIE Aol7t <l
2.oksts Table 49} 2t}

Table 4049} #o] mA7} faEAN F
18, V3] /2o #d3 27} 4, 138

.3 2%E

R
IfE

2 1

Fig. 3. Homozenization temperature vs. salinity (expressed as
equivalent wt. % NaCl) for liquid-rich (circle) and solid bear-
ing (square) inclusions. A; outer granites of the circula vol-
canic body, B; inner granites of the volcanic body and C; In-
cheon granites.
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Table 4. Summary of the homogenization temperature and salinity data for the granitic rocks from both side of the circulated

thyolitic belt

Location Type of Tm (°C) Salinity Th (°C)
inclusion (NaCl equiv. wt.%)
Bupyeong (outside) I -4.1~-1.0 6.6~1.8 291~332
I -31.3~13.1 30.5~17.1 270~>500
Bupyeong (inside) I -7.6~-3.3 11.2~5.4 170~276
I 20.9 316
Incheon I -13.7~-0.2 17704 125~522
It -9.0~0 12.9~0.0 237~480
oI -26.7~-18.6 27.0~21.2 289~580
v -25.4~-22.0 26.4~24 328~453
Kimpo 1 -6.8~-2.6 9.2~-4.4 >>500
il 323 >>500
Hg] 39s] 5 & 5 vk L+V @ ZREAAMET &0
L5 Ve IF TR FL2} 257} 0k 39 o
b pe
slo] B B3E gF THEo] dds LU M B - B Typelilv
T IRtk o] o B2 dehde 2e f¥dNE O 4o
o U Tkl TUk e BAY 3
(=)
i), $UY §39) FAXREY FYH =S ) I .
ﬂ@wgwﬁﬂmmgwmg%JWMﬂ 2 . ";E .
(= ||
72 Use] el ve) L7 ki ) 2 = 20 o %
A9 H9YREA 499 I, V8 FATFES 72 @ °F 6 5, 43
3 eEE BAY: ABLEANA 2ol LR R
Abste] g7k whawte]l 1A A w7t 24 e AL 0 o #8 o,
| T T T T
Al g} ol Al o] o p 3
2 HuE olx A (1985)8] AA o] A . o il oo
3}7keto] Ml A BT} @& Aog e Aol Th('C )

T g aehv 2EX G 7Y fAERE
7Yzl £xE 500°Co)dololM AME-E{Y Heating
stage2 & 3¢ 7% 3t aelx dellA 71&d
AR -ZE A A A 2 A o 98] 786~823°Co R H2
L=t Aok

0|2 L= dite] FAW IR Ry
F (372~539°C)hEZ ARl (337~556°C)2] T
3 2= (UM%, 1995)9 Kim ef al. (1992)9] 4t4 59
A AH A ofs] dojzl e sP7tete] e
(500~630°C) &} E=Al 317dete] &= (520~660°C)Eth
24 gt

I VY FAZARAELE vlant dAl A P49 2oz
A ko] g3l® Hag oy 24 shte] EAIEH,
£ FHITHAM BoiA TAlHE st 4uA
SR WE THEL I A5 G THH Aoz
A sk (UFE 5, 1996). B A7 A H 9] 37kt
ME dEEFE 3 1, IV"%* EHEH I 118 TR/
Afolol] o] WE3IT) (Fig. 4). 2 I, IVE X4

R

,Fl

Fig. 4. Homozenization temperature vs. salinity for Type I,
II, Il and IV inclusions in the granites of the Bupyeong
area. The solid line is the solubility curve of NaCl.
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(Andrawes, Gibson, 1979; Welhan, 1988)3 -#AlslA)
AZE vaokfsl AP Etate] AP AXE
FE23 % EXHFAE o] &stgith

3mmAE 37)9] Al 5¢& HAE Ao Y F
ST 7tAE A WEE FATE F 100kg/cmBE G
% 328 7128 TCD7l232vEad o HE 2
A3l3 FID-7}23 ek a8i9]d A CH, CO, COZ ¥
Mgt AFE 7tae F& Alg9 FUAY trog
(ml/em?) 224 ¥y 22Q] greltt.

#4325

By sdgRel A2 A3 s2AE 2
A3} Table 59 2t}

f2A e tha CH/COME 0.004~0.0052 CO,
7} B ez S AEHH FEAY Y (A7
3 102, 1-:03)7 1A $5A9 374 (DS-1-6)E
A ZE S F £ COt FAE foltt. @A
QA F=AY #Wely] WA A%e] CH/COME
0.152.2 CH, §Zo] 43z Fo} $EX9 5H2
370F 941 CH/CO, M7} 0.01~0.292 CH, ko)
E. o] A9 Hantele|EA g7keke] CH/COME
1.242 93] CHS &%ol &2 53¢ Ushlz sioh
ag|m 7kl MzlHezlolAllel E2R Hmghe
CH, &% (CH/CO,=10.9)c] i3] &r} AEXANY F

F A FEgARH ABEFY t2 4 FAZRE A7 527

2] 444~ L8 37k CH/CO, H17F 0.14~0.272
CH, §#ol Buz oz wout CO.o A 3ol 718
Ao B3] tid?] W},

Atd 5 (1996)0) 2Jaha ko) Fapriel siaret
F9] CH/CO, ¥l 0.1~672A W3}e] Zo] & ubd A4}
HAEA W] Wty sk CH/CO, B2t 0.1 W)
2 7Y% EAS /Y B, AX, ARG Fep) 3
2] CHY/CO, Hl& F7te 5 (1996)0] Hugh gt
T Fep) UK 37379 CH/CO, HIS) S fAkst
t}h. CH, CO,, CO 7}29} 22 C 3 7129] Abg-gigd
Al mlaepoae] AiRete] o8] Eke W=t}
(Arculus, Delano, 1981; Sugisaki ef al., 1995). EIgEE A7)
SR AEAA 3744E A o] A8 {0,
9] 9&kg W=t} (Ishihara ef al., 1981). AH8} L= 3 H
o] g7ete] ARl miarhilel SO, e WA E #Ee]
s12m SO, 3ol 250 ppm ol&lo| R El@UMA s7ket
o] FAHI SO, FFol 250-1700 ppmAZ ¢ 3479t
2 A FEW] & AN A AEAA 3ol 3
A€t} (Tetsuichi, Tsukimura, 1997). RFA XA §7}eke]
AAshRg-2 F4 wpanhlle] 29 43 (dissolution)ol 2|
g 2ol 3 BB M A 37gte] $i9)2h8-2 §H 7|99 8
A4 ol 71913} (Sugisaki ef al., 1995).

Y29 Fer] dAUdFE A2 iM%
GFZ Buso] ok (5%, A9, 1994). H,-COs-

Table 5. Gas compositions of the granitic rocks from the Bupyeong silver mine area, South Korea

Sample No.  Description H, co CH, CO; CH./CO;
B29 Pink feldspar granite (M) 3.79 0.05 1.43 126.1 0.011
B29-1 Pink feldspar granite (M) 4.08 0 1.23 99.6 0.012
1-02 Hornblende-biotite granite (F) 333 0 0.23 1.68 0.137
1-03 Hornblende-biotite granite (F) 2.59 0 0.45 1.67 0.269
S-1 Pink feldspar granite (M) 4.97 0.66 0.86 375.1 0.002
S-2 Pink feldspar granite (M) 224 0.29 0.99 305.5 0.003
S-3 Pink feldspar granite (M) 5.64 0.49 3.29 718.8 0.005
S4 Pink feldspar granite (M) 1.37 0.5 0.72 645 0.001
DS-1 Biotite granite (F) 0.93 0 0.45 1.55 0.29
DS-2 Leucocratic granite (C) 0.56 0 331 26.76 0.124
DS-3 Foliated granite (C) 1.29 0 1.03 6.77 0.152
DS-4 Pegmatitic granite 147 0 20.39 16.51 1.235
DS-6 Biotite granite (F) 2.67 0 0.38 4.99 0.076
DS8-1 Diorite (F) 2.87 0 0.45 46.73 0.01
DS8-2 Pink feldspar granite (M) 0.55 0 0.51 438 0.001
DS-9 Biotite granite (F) 1.15 0 0.35 0.81 0.432
I-1 Grey rhyolite 1.59 0 0.5 121.7 0.004
I-3 Purplish rhyolite 1.58 0 0.42 98.5 0.004
I-4 Brownish rhyolite 1.08 0 0.48 1013 0.005
1-01 Biotite gneiss 347 0 3592 33 10.885

Unit: 10 mL/cm?, abbreviations: C; coarse grained, M; medium grained, F; fine grained
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Fig. §. H,-CO,-CH, plots and H,-CO,-CO plots for granitic
rocks from the Bupyeong silver mine area. Open circle; Bu-
pyeong granite (inside), closed circle; Kimpo granite, cross
mark; Incheon granite and triangular; Bupyeong rhyolite. Di-
vided line between magnetite series and ilmenite series after
Sugisaki et al. (1995).
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Fig. 6. T-fo, diagram based on CH,/CO, ratio in the grani-
tic rocks at 5 kbar (Sugisaki et al., 1995). GRM; magnetite
series granite, GRL; ilmenite series granite. Oxygen fu-
gacity of the Bulguksa and Daebo granites (Kim ef al.,
1996). Oxygen fugacity of the granitic magma of the Kim-
po granite is estimated to be -16.5.
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