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Gold-Silver Mineralization of the Mujeong Mine, Korea

Sang Jung Kim*, Hyun Koo Lee**, Jae-Hyung Yu** and Hyo-Taek Chon*

ABSTRACT: The Mujeong Au-Ag hydrothermal vein type deposits occur within the Tertiary igneous rocks of the
Janggi basin. Ore minerals consist of pyrite, pyrrhotite, sphalerite, chalcopyrite, galena, cosalite, lillianite, argent-
ite and electrum, and are associated with epidotization, sericitization and pyritization. Fluid inclusion studies
reveal that ore fluids were low saline with a simple NaCl-H,O system. Fluid inclusion data indicate that homoge-
nization temperatures and salinities of fluids are 150 to 340 °C and 1.0 to 6.5 wt.% NaCl equivalent, respectively.
Sulfur isotope compositions of sulfide minerals (§*4S=6.2 to 9.6 %c) indicate that the §*Sy,g value of ore fluids
was about 10.4 %o. This 8**Sgps value is likely consistent with an hydrothermal sulfur, whereas the fluids were
highly influenced by mixing with meteoric water. Measured and calculated oxygen and hydrogen isotope values
(8"80mp0=—2.7 to 3.4 %o, 8Dypo=—83.6 to —52.7 %) of ore forming fluids suggest mixing with hydrothermal and
meteoric water. Equilibrium thermodynamic interpretation by mineral assemblages and chemistry indicates that
sulfur fugacities (~log fs,) ore forming fluids range from 9.0 to 12.6 atm in stage II.
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Plolle 594, Aens} 7 A% FaHo| A&T
AT 7] o= 5§13 A9 3 F34, 734,
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Fig. 2. Paragenetic sequence of minerals from the Mujeong
Au-Ag deposits.



Fig. 3. Microphtah showing the mineral asseblages from the Mujeong Au-Ag deposits. A; Pyrite (Py) replaced by
sphalerite (Sp), B; Pyrite replaced by sphalerie and galena (Gn), C; Sphalerite coexist with cosalite (Co) and lillianite (Li), D;
Argentite (Art) coexisting with electrum (El) in sphalerite.

LB e Fea o JqgdEd T3 YHS FAAAE /RXH, A
oAl FeS 32 0.76~3.80 mole%®A %712 4

Moldd e 7] z7|9} 7)o dwtdgoz HEH = olAME T} A e HL zh=t) (Table D).
FEolr) 2710 FEE dolaae] FeS @32 10.79 3eNe ) S-57000 354, Adolds 2 Wiy
~12.03 mole%S] HHAE BT}, F-F7)e] Holsdale I A3t FAAAE zhet). 3532 Table 2004

Table. 1. Electron microprobe analysis of sphalerite from the Mujeong Au-Ag deposits.

Weight % mole %
Stage
Zn Fe Cu Cd Mn S Total FeS
57.94 7.00 1.84 - 0.07 33.43 100.28 12.03
58.42 6.31 1.75 0.39 0.07 32.94 99.88 10.87 IL-I
5747 6.11 1.41 0.22 0.07 33.05 98.33 10.79
62.23 1.78 1.04 0.44 0.12 33.32 98.93 3.17
61.89 2.12 0.62 0.36 - 33.38 98.33 3.80 -1
66.74 0.44 0.30 0.73 - 33.18 101.39 0.76

64.96 0.71 0.69 0.14 0.02 32.18 98.70 1.25
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Table 2. Electron microprobe analysis of argentite from the Mujeong Au-Ag deposits.

AEE -

@t - FAF - AEH

Weight % Atomic % Structural Formulae
Ag Cu Fe S Total Ag Cu Fe S S=1

85.73 1.05 1.03 13.21  101.02  64.00 1.33 1.49 33.18 Ag 3Cugo4Feg0sS
85.20 1.20 1.00 12.60 100.00  64.76 1.33 147 32.22 Agy 01CuggsFeg 55
84.83 0.22 0.18 12.75 9798  66.04 0.29 0.27 33.40 Ag; 65Cug 1 FegnS
85.12 0.26 0.11 12.52 98.01  66.55 0.34 0.17 32.94 Agy 02Cug 1 Feg S
85.70 0.18 0.28 13.60 99.76  64.77 0.23 041 34.59 Agy5:Cuo01Fe0mS
84.98 1.12 0.90 13.10  100.10  64.04 143 131 33.22 Agy 92CuqosFeg3S

Table 3. Electron microprobe analysis of electrum from the
Mujeong Au-Ag deposits.

Weight % Atomic %

Au Ag Total Au Ag
67.90 33.95 101.85 52.27 47.73
67.65 33.95 101.60 52.18 47.82
72.55 27.67 100.22 58.95 41.05
64.48 32.95 97.63 51.81 48.19
65.14 34.03 99.17 51.18 42..82
57.82 42.81 100.63 42.52 57.48
56.11 42.93 99.04 41.72 58.28

Hojags ule) o] o]l 3249 sigfalel] & o
282 Aoy Fe (0.11~1.03wt.%) 2 Cu (0.18~
1.20 wt.%yt EElel Sl g ERLS 7] 5-37]9
Aol 9l 3124 23 FASIH Ao JEHH
o|E9] 3lkzAe Table 33 Zt}. clHEZNY Aul
FL 41.72~58.95 atomic %2 BHE HAE T

FAllEx 7] 3710 By o Hejohto|ES}
AT FAFAE /A &% AEd. o] itz
A& S=52 T W], MWty o oA 5y
(Pb,Bi,S:) 3 LA 8= Pby o~ 205CUg10~045F€001~021

Bij 3-159:8 E9F2 ok 23y Pbe} Bt o
ZAYHo] 9on Cu (0.63~2.81 wt.%)s} Fe (0.08~
124 wt.%)7} 2% 355 o] AUt} (Table 4).
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olE 53} AP IAWAE T &% AEEr o
E9] 38 BAXE B o] A<l 38 (PhyBiSet
FARRE 724 (Pbysg~280Cu013~019F€005~0.00Biz12~21456)
£ Zt=t} (Table 4). o] EEolubo]Ex Ph7t thd
AR 42 Birt i HF3EN e IAEto|ES}
Zro] &%9] Cu (0.13~0.19 wt.%)$} Fe (0.05~0.09
wt.%)7F Ff-= o e

wrHERE

FARde] FAZHEITE TS @)l MY
S e Qe dUskeEs P3Nt fAE
FE EF= A 7Y A E det A
FHATI} 60~80 %= 71EA o= FUs) H, Y
8] HA COM CO, F3HES] AAdo] gle I3
FHET A3 FAES 30~50 % 7HEA] 7o
2 Y3} =, YA A3 COt COyT3ES]

Table 4. Electron microprobe analysis of Pb-Bi-S mineral from the Mujeong Au-Ag deposits.

Weight % Atomic %
Structural Fomulae
Pb Bi Cu Fe S Total Pb Bi Cu Fe S

4265 3832 257 040 17.00 10094 2129 1896 4.18 0.74  54.83 Pb, oBi; 7Cug 4Feq S50
4203 3941 267 033 1677 10121 21.08 19.59 4.37 0.61 54.35 Pb, ¢Bi; §Cuq 4Fey 1S5
4334 3938 160 081 1637 10150 2207 19.88 2.66 153 53.87  Phy;Bi; gCugsFeq S50
42.78 3840 174 022 16.16 9930 2231 19.85 296 043 5446  PbyBi; gCuy3Ss50
41.77 3926 148 0.63 17.03 100.17 21.11 16.67 2.44 1.18 55.61 Pb, ¢Bi; §CugsFey 1550
42,16 38.02 089 073 1588 97.68 2242 2004 154 1.43 5456  PbyBi; sCug Fe S50
39.72 4023 108 082 17.10 98.95 20.20 2028 179 155 56.18  PbygBi; gCugsFey 1S5
4271 38.76 145 111 17.04 101.07 21.34 1920 2.36 2.06 55.03 Pb, ¢Bi; 7CugoFeg S5
4060 39.15 121 107 1632 9835 21.06 20.13 2.05 2.06 54.71 Pb, oBi; ¢Cug sFeg 2550
46.28 35.77 068 022 1537 9832 2514 1926 120 044 5395  PbygBiy Cugy;Se0
46,51 3551 095 041 1545 98.83 2498 1891 166 0.82 53.63 Pby gBiy 1CugoFeq 1Se0
8449 097 074 090 1413 10123 46.29 053 132 1.83  50.03 Phy oS
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Aol e I¥ Ef=o] it ¥ EREHde &
ERE Hole IAEFE EFHY e A= A
o o] FME I ERE0] tIF-ELE olFx, II¥
EfEe W§ =84 A2dr 47 AsdMe B
EZFEH I8 THEC] IS8 3] F3HHA 7
A HEE AMES ¢ F AUtk

Y=k

Wz Yol 7R £X= Roedder (1962, 1971)
9] ABE o]43k] GFEE AMSIET. TS
33381719 7] 2719 NaCl 43E5EE 1.0~65
wt.% HHE HnF Yo WE HoFEn) 133
TEE 18 EF29 IFs 24~27wt %9 B
delth 7] £719] I8 E/ES 3 fATFEY
NaCl A EEEE 05~40wt.%e] H9E 2718k
Bz HEEo] FLE HAFH, 0.5~2.0 wt.%2]
Aol 70 %ol Eihs EENEE HAZT) (Fig. 4).

TUE2T

EAFAe 7] 27 FAERES adsleEe
185~340°Ce] ®W$E HAFA UL, H5Y FH
B AAsle 18 ES4E] 2258 205~
290 °Ce] HYE vt} IV) 719 FAERES
150~230°C2 Z7|Ht} thh @ &% HYE H
oFEr), F4YIeEr gF=e vRvRZ F3t
APl wepr 2=t thd Aslehe AFE e
t} (Fig. 5).
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Fig. 4. Histograms showing salinities of fluid inclusions
from the Mujeong Au-Ag deposits.
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Fig. 5. Histograms showing homogenization temperatures
of fluid inclusions from the Mujeong Au-Ag deposits.
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Fig. 6. Homogenization temperature versus salinity diagram
for fluid inclusions from the Mujeong Au-Ag deposits.
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o] FiollM A= FsFEY S P2 62~
9.6 %= Th: F& B9E ZEY (Table 5). V] =
719] &S L 62~96%, F71° FFEL 76~
84 %= A7l ul zke] wale A FAER o=
¥ ol Afe f9d e Mo EFH=E AzE)
o] F33Ea FARA Je A E Hdotdd
ZATHES FU32EE o]4-3l4, Ohmoto} Rye
(1979)7} MAIE 594 B0z Ae Sy
2 47~104 %2 HAE ek

ARk o2 wioam} 7)) $Sy,s ghol 0% 2o
Fe 994 IgEE A I 998 (Ohmoto,
1972), E&7199 2L vle FHAs FAL HE
& Hole oz dujd Ik 73 F-2Bde] #s)
FEollA dojA $4Sy,s ghol miambr|Ye] FE o
4 ¥ AL B3lahge] AWM FshiAd] &
5 vloae) 7199 3o FE 2o 2RE Abelgg)
Zo] f9o] YU Aoz AyztETt 3 A M
A2 o] EuAl4 (Ohomoto, Rye, 1979)°l 2|3t
Z994 BPLEE 301+21°CEA FAIERES] &
Az o] Hfd gt

Table 5. Sulfur isotopic compositions (%) of sulfide
minerals from the Mujeong Au-Ag deposits

Mineral 88  §%Sys” TCCY? T(C)® Stage
Pyrite 96 8.1 250 49149 M
Galena 6.5 8.8 250
Sphalerite 7.9 7.6 250
Pyrite 6.2 4.7 250
Sphalerite 8.4 8.0 195 -1
Galena 76 104 195

Y Calculated sulfur isotope compositions of H,S in ore flu-
ids, using the isotope fractionation equation of Ohmoto
and Rye (1979).

Y Based on average fluid inclusion temperatures.

3 The sulfur isotope temperature calculated using the frac-
tionation equation of Ohmoto and Rye (1979).

Table 6. Oxygen and hydrogen isotopic compositions (%)
of quartz and sericite from the Mujeong Au-Ag deposits.

Mineral 8°0 8D 800" 8Dgz0? Th(°C)® Stage

Sericite 5.8 -924 +34 =527 340 1
Quartz 87 -781 0.0 250 II1
Quartz 92 836 -28 195 II-I0

D Calculated water compositions based on oxygen isotope
fractionation of Matsuhisa et al. (1979) and Friedman and
O'Neil (1977).

2 Calculated water compositions based on hydrogen isotope
fractionation of Suzuoki and Epstein (1976).

» Based on average fluid inclusion temperatures.
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FAGolN A2EHE 9 2 WA HALRE
ez 3 4tAh B 4 9940 Ay /4
FHE W £ATYL BNAFE Table 67 72
th A9 Dt 580 (SMOW)S e 836~
-78.1 %, 8.9~9.2 %=A HlZA FL HHE 7HAH,
Agre §Do} 5802 e 924 % 2 58%= B
k. o] el tial F3FEA] FSRA oA A
B, AR} B Aol 54U HE S fA5H
IFHUG e W HE-E, AdeRE-E Alele]
FHAXE o851 Dyt 80y S ANTEA
t} (Suzuoki, Epstein, 1976; Matsushisa ef al.,
1979; Friedman, ONeil, 1977). ©] A Ao 2 RE
A2 Do) S -83.6~-52.7 %o, 8¥0p,0 B
-2.8~34 %2 AAE A, Fsirt 8ol ua)
ta YolxlE A Bl

7} g0 APLxo] mE §D-5402] FHU4 &
2o ofslr] Lojzl mlanm} 719e] D} §%09 7t
& 74z} -85~-50 %, 55~10.0 %S HHAZE 2= A
o2 4EA Ut (Taylor, 1979). webx 1719} A&
2olA 73 i D Ak FHUA F @Dgo=-
52.7 %, 8%0m0p=34 %)°] vk=} 719e] FGZA
FFshs Aoz Hol WA 9] FEFAE viw} 7]
FolRe Aoz FFHT) W V2 71EA Hpe
9ol w2 THULS] 7S} (SDyy=-83.6~-78.1
%0, 8¥0pp0=-2.8~0.0 %7t JUANH A2 Qz}ET],

E =

T3 F-23739] Fa Al i A=) &
e 20 FE] FAIA OE AEIBA, /A
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Fig. 7. Temperature-fs, diagram showing the possible range
of depositional conditions by mineral assemblages from the
the Mujeong Au-Ag deposits. Data plotted on diagram
given in Barton and Toulmin (1966), Scott and Barnes
(1971), Shikazono (1985), FeS; FeS mole % of sphalerite,
Nag; atomic fraction of Ag in electrum, Py; pyrite, Po;
pyrrhotite.

EREY gURE 2 YIS BT 52
Efiz 245t 33} 7] Zrlde g A53
Ao] ZAzo] HAT T Qom, o] A7) SAEFEY
TUeEE T 340°Colt) o] Al7|e] FEARAE &
EE 340°CE 7FE3la FANARENY FEAAE
EE R FEgS 109 atmz 390, 39
AN AN AL o83 IFFHYUA HEYREE
301 °CEA] Agollr 3 FYslek (185~340 °C)
o Wl Ut

38 7] F-37100e Aoldd -3 24 g Ef ]
Ao AE o] FAFAE BartonF} Toulmin
(1966), Shikazono (1985)%] €¥ &8 AEF o] &3}
of 23 HETA] 2= 220~260 °Col, 32
107119~ 1026 atme] WS HolZ Yt} (Fig. 7). ©I
' BYA7] YN 13 AAIEREY Fdse s
(150~230 °C)Ech= tha &U}. welA] 33yt 28
o waEtA FEYGL 100 atmolA 10719~107126
atm 2 7SI, LEE F7|9] 340°CoA F7)9
150°CE 748ty J&s A A g

7] 2719 =8A I, ¥ E{50] 5Y A8
A FESRe ¥Te] A7 T oW &t EF
E 240°Ce}t 24 wt.% NaCl 43I 5=E He) ¢|&
2 A2 Souriragjan¥} Kennedy (1962), Hass (1971)¢]
AEE o8-8l 3t FaAle) Fpe oF 33 barel
3, ojuf A=A AARAEE °F 370 mE BlEE B
o8 2 AT FAE oz FHHY,

P AEEE FalEEe My, whe 4.7~

e siag
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Fig. 8. Plot of hydrogen versus oxygen isotope compositions
showing stable isotope systematics of hydrothermal fluid
compositions in the Mujeong Au-Ag deposits. Meteoric water
line is from Craig (1961), magmatic water box is from Taylor
(1979). The range of the Korean paleometeoric water
composition is from Shelton et al. (1988) and So et al. (1990).
The compositional range of modern Korean groundwaters is
from Kim, Nakai (1988).

104 %2 B2 vlan) 7|9 fFARG AL e
o, ojeigh Yele FaA7E At FHES
o] wkgo] 3t Anz 2Pt 49 2 ALR
A g Do WS —83.6~-52.7 %, 880, #E
—2.8~34 %2 HYE 279 B3gAE virt 714
o] EAS zk3 glon) B3yt A EHHA Agete]
whgo] s 4 R 2kk T4 o] ¥sk A
22 AZdEY (Fg. 8).

wit RoPHAES] AR Mg TR F4
2 Ak2 THLA ol 2JolE Ho|x Y. o= F
F2gA] At SEFe o] A7HH Aol o&
B2, g 829 B9 3Dy 2 Y ¥
Aol AEHe &v, 7Y 2 ABgE e
F FAE I FEse FEAA R R BE
7] gEo = s Art (Kuroda, 1986). wlghA] 2
HABNAN S 4 D 4k FHYL 7 9
ot 19 fA fAEE FHe By etk o] #
Ao AN doiF Axx viarlrlgs AR
7t (ODuo=-52.7%, 8®0y0p=34%)<% zt=tlh. 3H
Agel 7t (ODp=-83.6~-78.1%, §®Omyyp=-2.8~
0.0y Tk R}, ol 27] B3A7 W= Jhd
A Hge FYol % £ A= FH .
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Aot 712 7be] Ae] £990) A Aew
AH

At Af
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