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Stable Isotope and Fluid Inclusion Studies of the Mugug
Au-Ag Mineral Deposits.

Kyu-Han Kim*, Ok-Joon Kim** and Weon-Sun Chang*

Abstract: A couple of Au-Ag-bearing epithermal quartz veins of Cretaceous(87.9Ma) in age are developed in
the Cretaceous(112Ma) granodiorite batholith which was emplaced in Mesozoic Baegyari sedimentary forma-
tion. Au minerals consist mostly of electrum with a 54.2-61.9 wt% Au and are closely associated with sulfide
minerals including pyrite, chalcopyrite, pyrrhotite, galena and sphalerite. Homogenization temperatures of fluid
inclusions in quartz, fluorite and calcite are 196-368C (avg. 240°C), 74-1767C(avg. 115C) and 75-200C (avg.
119C) respectively. Sulfur isotopic compositions(+5- +8%) of ore sulfides indicate a deep-seated sulfur ori-
gin. Oxygen isotope compositions of different stages of quartz vary from +5.6 to +9.3% and calculated § O
values of ore fluid at 250°C range from -3.2 to +0.4%, reflecting an isotopically evolved ore fluid mixed with a
O depleted meteoric water under the variable mixing ratios between hydrothermal and meteoric waters.
Isotopic data of calcite minerals support the above conclusions.
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Fig. 1. Geological map of the Mugug mine.
1; Samhyongjae vein 2 ; No. 1 vein, 3 ; No. 8
vein.
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Fig. 2. Paragenetic sequences of ore minerals in
the Mugug Au-Ag mineral deposits.

Photo 1. Photograph of the different stages of
quartz veins from the Samhyongjae vein.
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Photo 5. Electrum replacing the chalcopy-
rite(bar scale 50 z#m).
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Photo 2, 3. Electrum associated with sphalerite
and chalcopyrite(bar scale 50 m)
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Photo 4. Electrum filling the crack of the py-
rite. (bar scale 50 xm)

El; electrum, Py; pyrite, Ga; galena, Sp;
sphalerite Cp ; chalcopyriite.

Photo 6. Photographs of electron images of
electrum shown in Photo 5.
Au Le X-ray image (a) and Ag L@ X-ray im-
age (b) (bar scale 100 ¢2m)



= =
TR

Aol A f4 2

rlo

=1
T

A, BaNT A FAH7 = (A 4). 3EN 5
W electum & FFAE widted vehdTHARA 5),
AR 59 FEAullel ZdE electrum ] AuL @ ¥ Ag
L a X-ray image 914 electrum 9] A #-& @3] FAgo)
HAAHA 6). EPMA ] & electrum #4914 Au
£ 54.2-61.9w% o, AgE 38.1—45.8wi% At}

FHERE A7

£ g3 g FRAERE dTE F94(1986), Kane
da et al (1987), =}3]Q1, Z4F(1988) S &} o] 7R
v gick 2 At AN EE A 3 Auuge) Ha
e FFAGANA AAHALH, 49(1070), BA (M),
FAHA) F F 1670 A dshy A gt} THEL
FE 14 ERES ol43on, 23243E Table 1
Fig 33 2tk

AW 13 /89 793 2EE 196-368C(H T
240C)oIH, 23 THEL 68—8Tol}. N E 14—176C
(7 115C), W4 75—200C (B 19C)2 249
ot e, Kaneda et al (1987)& 200C W9l $HLE

=

al
=

OJQuartz
Fluorite
fACalcite

[t

300
Homogenization temperature (C)

Fig. 3. Histogram of the homogenization
temperatures for the Mugug Au-Ag mineral de-
posits.
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Table 1. Summerized result of homogenization temperature and salinity measurements of fluid
inclusions in quartz, fluorite and calcite from the Mugug mine.

Mineral Salinity(NaCl equ. wt%) Homogenization temperature(C)
Quartz(72) 1-6.6 (avg. 2.5) 196-368 (avg. 240), (68-85)*
Fluorite(43) 1.9-4.4 (avg. 2.7) 74-176 (avg. 115)

Calcite(26) 2.4-2.6 (avg. 2.5) 75-200 (avg. 119)

Numeral in parathesis indicates the number of inclusions.

* data of secondary inclusions.
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Table 2. Oxygen isotope compositions of the Samhyongjae quartz vein of the Mugug Au-Ag

mineral deposits.

Sample No. Description Mineral & O(%) Remark
ST-1 Milky white quartz vein qtz +5.7(-3.2) stage 1
STA-1 Grey quartz with pyrite qtz +7.0(-1.9) stage 2
STA-2 Milky white quartz vein qtz +7.7(-1.2) stage 3

cutting in the stage 2
quartz vien
STA-3 White quartz vein cross qtz +9.3(+0.36) stage 4
cutting in the stage 3
quartz vein
ST4 White barren quartz qtz +7.0(-1.9) stage S
ST-5 White quartz veinlets qtz +5.7(-3.2) stage 6
M-1 Pink feldspar granite WR +6.2 weakly
qtz +10.4(+9.4) altered
pl +6.8 granite

Numerals in parenthesis indicate the isotopic compositions of ore fluids in equilibrium with quartz at 250 and
quartz of a granite(M-1) at 600C. WR ; whole rock, pl; plagioclase, gtz ; quartz.
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Table 3. Carbon and oxygen isotope data of calcites from the Mugug Au-Ag mine.

Sampla No. Description 8C o0 Remark
S-1 Vein calcite in quartz vein -5.4 +3.8 Samhyongjae
S-2 Quartz—ﬂuorite—calcite—(pyrite) 4.8 +1.3 vein

in vug of quartz vein

S$-5 Calcite—(fluorite) in quartz vein -3.9 +2.0

S-6 Calcite—pyrite in quartz vein —4.3 +2.3

81 Coarse grained calcite -3.6 +0.9 No. vein

8-2 ditto -3.5 +53
KR-543 Calcite 5.1 +8.3 Shimazaki
KR~545 Calcite -5.0 +2.2 et al.
KR-546 Calcite 4.9 +2.2 (1987)

Table 4. Sulfur isotope compositions of sulfide minerals from the Mugug Au-Ag mineral deposits.

Sampla No. Description Mineral &S Remark
SM-1 Pyrrhotite in quartz vein po +6.8 No. 1
SM-2 Desseminated pyrite in py +7.5 vein
quartz vein

83 Chalcopyrite—(galena) in cp +7.9 No. 8
quartz vein vein

84-1 Coarse grained sphalerite sp 2.2
in quartz vein

84-2 ditto sp -2.2

8-6 Pyrite in altered granite py +8.6

8-8 Pyrite in granite py +9.2

S-3 Galena—halcopyrite— gn +6.1  Samhyongjae

sphalerite in quartz vein vein

po : Pyrrhotite, py : Pyrite, cp : Chalcopyrite, sp : Sphalerite, gn : Galena
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Fig. 5. Isotope composition of calcites from the

Mugug mine. MF indicates the isotopic range of
magmatic fluid.

tionation factor & ©] 43} A 2z §uC=—64
T 83%, 0"0=-64--138%= 4299 @
S22 480 4 599459 2 was 9 334
dol &89 Belog e =07} 2y Az Azt
=3

Z AT dan)

139, 85w 2|3 AgA o)A A5 234, 3%
A, Aokdd, RPN, WaANe Az W3t g oky
FAULHE RASAH Table 4). P52 o*S gt
2 22— +92%9 W wys HEhle, a4
(a*s=+75—92%o>,¢§°}@*4(—2.2%),%M(Jre.l%o).
BN (+7.9%), a4 (+6.8% ) Sojt}, gzmol
A SEE AR Yol (ng 8—4-1, 8—4
—2)& 0%S=-220%z= FEF= 718} 3148 (+7.9
T H02% )% FAAAY 2 g BAY. o= A
A8 Ao W29l Aoz HMu. 8379 Ag g—



A

8 A
4—1, 8—4—28 AT BE F3pFE st 250CAA
B I H,S Y FH4Y¥4HE Ohmoto & Rye
(1979)8) fractionation factor & ©]-&8}] AA3E +5.0 —
+8.4% 0] FojAt} o5& UNE YUY o=
A=, U9 7|et 95 3719 FIEEY F F
QA (A7, WAoleRf7], 1980)%= fAbstch
£3), AFANY FA9a07t e FHFEH FAbet
o, AFEAY FU9LoN A F39] & DLl
8%Szg=+6—+7% W Aoz F4F F ok

4 E
55 32 4L FAUY Holg] HAAFe #YF
Wot7)9) 3734 E9H112Ma, BSE 1971)Wo Bgsie

(e

10928 AGs Fa—& 99 A3gFozs Fazn
£ A71= 97.86 Ma ( Shimazaki et al, 1987)0lt}, F—&
BetagAe Fetg7 ) Faidde) 719S SN 9
3o} opzAL, FAERE AT, B, A4 2 ¥ A
FH94 B48 AT 1 dde o 2.

(1) ot} 3ot UL FAHAEULL B3 SFo] o}
Yz #ggEoz 2

(2) 3382 F2 ddEgdoz 2y, o FH
A, WdA, doldds) Uy Futsln FFHE 54.2—
61.9wt% Au olth.

(3) AFAHANA AHY A, F4, AN FAE
&9 793} 2= 247} 196—-368C (BT 40T), 74—
176C(H T 115C), 75—200T(H 119C)o] 2, NaClA3
HEEE 1.0-6.6 wth o]t}

(4) 2 SFAES Y AL FAYAHE AY(+6,
15% ), A9(+10.43% )°|2, Z+ F37] Mo ¥4 &
AL E stage 1 (+5.7% ), stage 2(+7.00% ), stage
3(+7.74%), stage 4(49.26% ), stage 5(+7.04%),
stage 6 (45.66 % )ol®, 250CoA 994 HEo) YUY
Qg5 3499 0%0E —3.2— +0.4% 2A 29
3¢l M F4E magma melt & F(+9.3% )T vl w3}
o B9 FAdLAoR Yus e Aare &9
(meteoric water 7]191)o] ALl FAAL) oL Z

stage b AtA F91QAang Wshe degdn 3459
3ol% mixing ratio o} 713 Ao Z A EH, ¢349
Qo) WE LA, HSY P4, pH, - eus

7t E-& 89 AR 714F Aoz {49

L.
2

A

.201-3_] q

pus

e

(5) 9o ut=le FPFEY F FHdiE +
1.6 — +9.2% ©|5, 250CAA BHeo] AN HS9 &
FAYIHE +5— +8.4% 2 AR/ oz FAe
o 23y 859 2yAR 0T AEHE Aopdy(—2.2
%o )& AAZAC] 7ere] F3}AED DS IvE F
Yok

(6) B3 3719 BHHL §°C=—3.5— —57%,
00 =409 — +3.8% 2 8 meteoric water )8 &
ol @2 B0 AYo| FHFA Yehdt)

Xt

AU

A, Wlol e B-471(190) B39} 9% 24534 4% ¥
994 HE 2 5994 AdLrd @3¢ 9F; 23
A, A6A A23, p. 14-14

A1) G A7 RLF AN AREE,
FAAE, A4PB A1E, p. 1-9.

NEFAAFZAH977) FUNFZAL HIA, A3,

3G F23AH1968) T FFRAIRIA,

v, AW, W71sH198) FEAY R 45 A
A3, p. 193—229.

wE]Ql, AHE(1988) FFFL AFAY) F-& B34,
BN, A 2@ A3Z, p. 25728,

AM et A Azt FE3)(1987) 9] A A FEAY,
P. 269—271.

FA4(1986) F= F—2 B4 B354 A% AF; ol
QAN BENGI A=,

%3, whgel, AFE(196) IFAEE SHEE(1/50000)
; AT A

Bottinga, Y.(1969) Calculation of fractionation factors for carbon
and oxygen isotopic exchange in the system calcitecarbon
dioxide water; ], Phys, Chem, 72 p. 800-808.

Kaneda, H., Shimazaki, H. and M. S. Lee(1987) Fluid inclusion
studies of ore deposits in South Korea In Tsusue, Afed);
Granite provinces and associated ore deposits in South
Korea(Overseas Field Research 2nd Report), p. 129-198.

McCrea, J. M.(1950) On the isotopic chemistry of carbonate and
paleotemperature scale; J, Phys, Chem, 18, p. 849-857.

Ohmoto, H. and R. O. Rye(1979) Isotopes of sulfur and carbon,
Geochemistry of Hydrothermal Ore Deposits ; Bames 2nd ed.,
p. 509567,

ONeil, J. R, Claytons, R. N. and T. K. Mayeda(1969) Oxygen
isotope fractionation in Divalent metal carbonates; ], Chem,
Phys, 51(12), p. 5547-5558.

Shimazaki, H, Lee, M. S, Tsusue, A. and Kaneda, H(1986)
Three epochs of gold mineralization in South Korea, Mining
Geol, V. 36(4), p. 265272,



TF L Bl A FAEGE Y QHEN UL ST 9

Shimazaki, H., Kaneda, H. and M. S. Lee(1987) Mineral deposits Taylor, H. P.and Epstein, S(1962)Relationship between '*0 /60
associated with felsic magmatism in South Korea In Tsusue, Tatios in coexisisting minerals of igneous and metamorphic
A(ed) Granite provinces and associated ore deposits in South rocks pt 2, Application to petrologic problems, Bull. Geol.
Korea(Overseas Field Research 2nd Report), p. 83128 Soc. Am, 73, p. 675694,






S

o gaAHaE e

Photo 2, 3. Electrum associated with s
and chalcopyrite(bar scale 50 2m)




