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Studies on Fluid Inclusion and Stable Isotope of the
Namsan Gold-Silver Mine

Se-Hyun Kim* and Sang-Hoon Choi**

ABSTRACT : Electrum-sulfide minerals of the Namsan Au-Ag mine were deposited in two stages of
quartz and calcite veins that fill fault planes in Mesozoic granitic rocks (230~155 Ma). The K/Ar ra-
diometric dating of hydrothermal sericite indicates that mineralization is early Cretaceous age (127
3.0 Ma). Mineralogic, fluid inclusion and sulfur isotopic data show that ore minerals were deposited at
temperatures between 340°C and 200°C from fluid with salinities of 3 to 6 equiv. wt % NaCl. Evidence
of fluid boiling (and CO, effervescence) indicates a maximum pressures of 100 bars. The formation
temperature and fs,of Au-mineralization from the Namsan mines are mainly 280~230°C,and 101~10"
atm, respectively. Au deposition was likely a result of boiling caused to chemical change (pH, fo,,
3 u,s..) of ore-fluids. Sulfur isotope composition of sulfide minerals (5*5=5.1 to 8.2%) are consistent
with 5%S,,s value of +6 to +7%, suggesting an igneous source of sulfur partially mixed with wall-

rock sulfur.
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Fig. 1. Geological map of the Namsan Au-Ag mine.
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Fig. 2. Generalized paragenetic sequence of minerals
from veins and alteration zones of the Namsan Au-Ag
mine.

Table 1. Chemical compositions of arsenopyrite from
the Namsan Au-Ag mine.

Weight % Atomic %
Fe As S Total Fe As S

NS-1 3511 42.04 22.17 99.33 33.42 29.83 36.76
34,35 43.70 21.32 99.37 33.01 31.31 35.68
NS-2 3514 4257 22.10 99.81 33.35 30.12 36.53
35.28 42.98 22.47 100.72 33.14 30.10 36.76
NS-5 3511 41.80 22.66 99.57 33.21 29.47 37.32
35.14 41.39 23.06 99.59 33.10 29.06 37.83
34.77 42.24 22.19 99.20 33.14 30.01 36.84
NS-16  34.28 43.38 21.60 99.26 32.89 31.02 36.09
35.06 43.18 22.39 100.63 33.00 30.29 36.71
35.17 42.68 21.51 99.36 33.67 30.45 35.87
NS-23  35.00 42.16 21.33 98.49 33.79 30.34 35.87
34.49 41.93 22.50 98.92 32.87 29.79 37.35
34.94 43.67 21.29 99.90 33.41 31.13 35.46

Sample
No
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Table 2. Chemical compositions of sphalerite from the
Namsan Au-Ag mine.

Sample Weight % Mole %
No Fe Mn Cd FeS MnS CdS

NS-1 415 0.20 0.20 7.25 0.37 0.26 284 to 330
5.04 0.19 0.32 8.80 0.35 0.42
472 013 0.17 8.24 0.24 0.22

NS-17 4.65 0.08 0.21 8.10 0.15 0.27 224 to 276
345 0.07 0.10 6.02 0.13 0.13
511 0.15 0.21 892 0.28 0.27
245 0.04 0.17 427 0.07 0.22

NS-36 1.90 0.06 0.12 3.31 0.11 0.16 221 to 280
118 0.09 0.08 2.06 0.17 0.10

NS-39 141 0.04 0.06 247 0.07 0.08
199 0.07 0.15 3.47 0.13 0.20

1) Based on fluid iclusion temperatures
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Table 3. CO, mole % and fluid densities of fluid inclusions in quartz from the Namsan Au-Ag mine.

Sample Phase density (gms/cc) Phase volume(%) at 25°C Mole % Fluid den-
No. TC LHO LCO, VCO, LHO LCO, VCO, NaCl HO  co, Sty (gms/co)
NS-1 17.9 1.0 0.79 0.18 63 23 14 3 85 12 0.84
NS-5 17.9 1.0 0.79 0.18 55 9 36 4 86 10 0.65
NS-6 19.5 1.0 0.77 0.19 44 49 7 3 69 28 0.83
NS-14 17.9 1.0 0.79 0.18 32 35 32 4 38 58 0.66
NS-18 19.5 1.0 9.77 0.19 48 44 8 3 68 29 0.83
NS-56 19.5 1.0 0.79 0.18 44 27 29 7 47 45 0.56
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Fig. 3. Frequency diagram of total homogenization of
fluid inclusions in vein minerals from the Namsan Au-

Ag mine.
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Fig. 4. Frequency diagram of estimated salinities of
fluid inclusions in vein quartz from the Namsan Au-Ag
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IVE AR CO, 82 Kelly & Rye (1979)i%
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A L YEE 0.56~0.84 g/ccolth. tiREo)
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Fig. 5. Total homogenization temperature versus sa-
linity diagram for fluid inclusions in vein quartz from
the Namsan Au-Ag mine.

B3t A 710 F 2 FalA dol= 18 gy
BAEH, 214°CollA 142°C2) #4332 zhet) (Fig.
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Table 4. Sulfur isotope data of sulfide minerals from the Namsan Au-Ag mine.

roanple Mineral  8%%)  AMSG)  TCOP  TCCP  8Sus (%)° comments
NS-1 pyrite _6.8 284~330 +5.7 E
NS-6 sphalerite +7.8 sp-gn +7.5

galena +5.5 2.2 282+20 254~310 +7.5 L
NS-9 pyrite +7.3 289~309 +6.0 L
NS-18 pyrite +6.9 201~243 +5.7 L
NS-22 pyrite +7.2 312~320 +6.0 L
NS-23 arsenopyrite +8.2 L
NS-36 sphalerite +7.7 sp-gn +7.3 L

galena +5.1 2.6 255+19 221~280 +7.3

Abbreviation: E=Pre Au-(Ag) mineralization substage; L=Au-(Ag) mineralization substage
1) Claculated sulfur isotope temperatures using complified data of Ohmoto and Rye (1979)

2) Based on fluid inclusion temperatures

3) Calculate H.S isotope composition based on isotope fractionation of Ohmoto and Rye (1979)

A AlgolM s 183 13 ZAEREC] ZUiE
3 GAHE L5 9] (330~270°C)ol N L3 He
Fala-e 27 v w584 F H0-NaCl
NAZA A YSg AAE Frt dutHeR &
-dxzol zte H,0-NaCl 9AZA (Hass, 1971)°l
ol 83l gbimaEel WHFEE & ek Potter,
Clynne (1978)% #HLiis4R COyt @Z= dod
H,0-NaCl QA=A olated 78 kel BEHzol
gg B4R APt w2k 12~58 mole %2
CO, 2 GAsHs Faade] BS54 B3ha8Al
BHZAL H,0-C0,2l 9AZFA (Takenouchi, Ken-
nedy, 1964)°l ©jste] 3y atAct. gLgERS 1V iife
o) FL3 exrtb ok 300~250°Ce] 1 PRS2l
FId3} 5= 280~230°Ceolth. F x99 TEEE
9l 280~250°C7} sERMEMS & BE2Tetn s,
CO, &% (7 30 mole %)% &7 H0-CO, AAFAlel
Agsbw o 100 bare) BEHERAGNA 27| FeHaHEe] 2
o] o] Foj A& S & & U

=
p>3

REFLTR FR

gAAle] B HES e s 3 BHdA BHE S
gstart. SO7HAE Grinenko (1962)8k0 23l R85
2, ¥A49 SO7t2E Nuclide FFHEA7] (6inch-60
degree ratio)oll 2lsle] EAEATE FFAEE Canyon
Diablo Triolite (CDT)ol#}, A8 23k +0.1%°ITh

dAAre| A 2AE o7 Al the BHEHALHUS
B 6.8~7.3% ; WSEA 8.2%; FEhA, 5.1~5.5%;
BIEESSH, 7.7~7.8%°Ith. BEAAEIN FAld FZdE

Aoz sfolg MHoldMz LX)l FEdLn|e]
2 (AYS values)E 2.29 2.6%24 Ohmoto, Rye
(1979)7} AIAIg Aot A Fojdi Frsol o
3 7 AdolaA-ddA 4o BHUA HIREE
282+20°CS 255+19°CEA o3 FATA Y e A
of @ MoldMy 2T REY FUeE MG & 4
2 gS HojFrt

Rtk Faewst FAWAC e AY 2 Aot
MU wpkFas A TR ES ol &8t 4 3%
23} kil e BsAU HSY #FEHes
(8%S) Z+-2 Ohmoto, Rye (1979) & 2]o] ojdtod 73+
Fe Table 49 2o FABALe] SRILHAEAN HoS2 O
QB Fe +6.0%0]ch. ¥, BohA AR E o] AR
Bkl pH7t P S AXEFT don, & F
Ay BAgBEe] BAe B3] Bt 45N
AP PSS deiFeh o2 FRANE KA &
B BEZE HS7F 7P $ASH ok & F3RAW H
89 %S ge ZEfE (09)9] &S oz e + 3
o TeEE GabEAre) gRLiaen A 229 8 e
+6%°l 3ddrt.

Schneider (1970)& 223 ZEAE ke TG
A gatEe] B 6% e +1.3+105%0l Raatiy,
Kanehiro (1973)2 Mid-Atlantic Ridge®} tholeliitic rock
W o8¥se] zte]l 0.3~1.6%US ¥3rh Ohmoto, Rye
(1979)% TEREE vl (AaEgd=-12atm, 4=
1Kbar, &E=800°C)ol A FdiEE vlart ) A fE)
§4S gto] BT +4%< FYAF gt FHSHAT
B pAe] 8594 g oS Ave W HEE B
sy Bala ol 7leda go] F2 ABZI9EE ¢ F U
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Table 5. Silver contents of electrum, iron contents of sphalerite, and calculated temperatures and fugacities sulfur
for typical mineral assemblages from the Namsan Au-Ag mine.

Iron content of

Ag content of sphalerite Electrum-sphalerite Estimated
Sample No. electrum (atomic) (Feg mole %) temperature(°/C)" log fs, (atm.)”
NS-1 0.724 7.25 257 -12.58
0.737 8.24 258 -12.62
0.675 8.80 278 -11.62
NS-36 0.672 3.31 243 -12.66
0.656 2.06 232 -12.92

1) Based on equation of Barton and Toulmin (1962) and Bartion and Skinner (1979)

2) Based on equation Barton and Skinner (1979)
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Fig. 6. Temperature-fS, diagram showing the possible

range of ore deposition during stage I mineralization

from the Namsan Au-Ag mine.
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o Fe-S (Barton, Toulmin, 1964), Fe-Zn-S (Scott,
Barnes, 1971), Fe-As-S9} Au-Ag-S (Barton, Toul-
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T8kt
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Fig. 7. Fugacity of sulfur versus fugacity of oxygen di-
agram showing the depositional enevronment of gold-
silver mineralization at 250°C in Namsan Au-Ag mine.

HIREE 280~380°Col siFE L) (Fig. 6).

FH 7 AR AL FARAE HAFE Hold
2©] FeS (2.1~8.8 FeS mole %) $tm} ofel =g
Ag & (NAg=0.65~0.73)%, T-fs, F=F | & 59
g vk 2 A o E-D JoldMo] FEetE
gt 33} 719 FH3A 719 259 BHEQhe) W=
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Fig. 8. Logefo,pH diagram showing the depositional
environment of gold mineralization at 250°C and ~8=
6.6x10°, .

AuEd (389 itfiaugny tdsezs o
350~250°Co| ™, wakA o] =l B3RAY W
feferol ARSS LHFT)h fEbiase wEAEL
pH, AAESH SHS, 3CO2l #tE o71A71H, o2
g FalaAu 33ty aHse 34 ol A}
BIAA BEFE JAAEL oAzt (Drummond,
Ohmoto, 1985; Seward, 1984). $&(LiEfA 3712 245
oo} BEETE A Balago| AYHWEA Ade
9] §9lo] AUSS A8, I KRG AhdiEEl
= drert A5 gl 2R F=F ASF f8le &
&2 o /eSS B Ed

23T 999 F-2 Bl et AT (1988)2
FE3A, Au/Agh], MERY] Ag FF TF 7IELE
sl AFENY 23, FENE
373, AE|2E

o

34, 32y 28
ZF-e345e sREeE BRI, So
& Shelton (1988)2 = F-2%4<
B, ERGRJE, HkgE 2 ZERRITR 544 st
#okgER, Korean-type 333 B8VKIRACE E5H3I%
. 2 394 FRE 25 9499 9, B2
o] sgEE ol Bde AL HIAFHY 3
Korean-type 3733 vlwstd 1) AHL%=rt 53, 2)
Au/AgHl 2 A ERS] Ag 3HaFo] o, 3) SE{LIREST
Aok 281 4) AL, $4 FRTHR S AFRYd 4
gho] A}, meh GRS oleld 71Eo R ERE B
A Zg5a4to] opd A# 29l Korean-type 3ol 812

[l RS

1. gt A fEREEE (230~155 Ma)d] 29
3 GEE IS 2408 FFe GGt FA 2 74
gon Btk Azle 27] ey (127+3.0
Ma)e) sj2€rh.

2. BepAg-e T2EF) Futo] 230 A APH

on, & #2719 F3 Al 7] F3LL 3~6
equiv. wt % NaCle] 9%5E e B3AA2 5
340°0A 200°Col AR AP on, 7] vlFASH
HO-COAY dABELE 283l FH9 FagA
gt e Hh 100 bar ©|th

3. 49 8 AL 2% 280~230'C, FEY 10"~
10" atm S04 Bl52E5 F9re FshfAle st
84 (pH, fou, & s )E el ofal o752t

4. 33eAY A FEo) §SEe +6% 8 FN B8
o) 7] e 2 sHd7idelch

H

B QTE 190dE FEAFAG A7 (AT
02-D-0528) A\ 93t HFFEAAATAELS] A7H] A
foz Faggon oF 71ud Alelg Fuch ¥ o

2 3o B ARANE w9t FA nejjetn F
A7t mHds WES HADY HALE =

2E3UK

AL, & & L9 (1976) FFAAEE (1/58), A
AdATFA
AR, s, B3 (1993) 34 FF39] #ESH 4

AR, A 2, 249, 284 (1982) B+
BT, G LA 1A, p. 227-228.
5 (1980) =ARAEE (1/58), AHANEAT

228, 2194, $85 (1982) Rb-Sr AHZH AT, 2AHE

Hargd AT 2, p.193-208.

, AAA, 9= (1986) sHEEe] em-
placement®t #3812t &3e] #HHAA A7, KR-86-(B)-10,
KIER.

AN, AAA, ddY (1988) SHEE 44 7 - 2%
Aol Fo BatRgo] BE AT, FARA A 217 4%,
p.267-380.

AN, AMA, £, 784, #A4 (1989) AR .
ospaye) spahatg, AR A Al 229 43, p.303-314.
Barton, P. B., Jr., and Skinner, B. J. (1979) Sulfide min-

eral stabilities, In geochemistry of hydrothemal ore

 offt



B F-230e ALRE

deposits (Barnes, H. L. Ed.), p.798. Wiley and Sons
Pub. Co., New York, p.278-403.

Barton, P. B. Jr., P. Toulmin, IIl (1964) The electrum-
tranish method for the determination of the fugacity
of sulfur in laboratory sulfides system: Geochim. Cos-
mochim. Acta., v.28, p.619-640.

Drummond, S. E., and Ohmoto, H. (1985) Chemical evo-
lution and mineral deposition in boiling hydrothemal
systems: Econ. Geol., v.80, p.126-147.

Grinenko, V. A. (1962) Preparation of sulfur dioxide for
isotopic analysis: Zeitschr. Neorgan. Khimii, v.7, p.
2478-2483.

Haas, J. L., Jr. (1971) The effect of salinity on the max-
imum thermal gradient of a hydrothermal system at
hydrostatic pressure; Econ. Geol., v.66, p.940-946.

Kanehiro, K., Yui, S., Satai, H., and Sasaki, A. (1973) Sul-
phide globules and sulphur isotope ratios in the a-
byssal tholeiite from the Mid-Atlantic Ridge near
30°N latitude. Geochem. Journal, v.7, p.89-96.

Kelly, W. C., and Rye, R. 0. (1979) Geologic, fluid in-
clusion, and stable isotope studies of the tin-tungsten
deposits of Panasqueira, Portugal : Econ. Geol.,, v.74,
p.1721-1822.

Kretschmar, U., and Scott, S. D. (1976) Phase relations
involving arsenopyrite in the system Fe-As-S and
their application: Am. Min., v.14, p.364-386.

Nash, J. T., Fluid inclusion studies of some gold deposits in
Nevada: U.S. Geol. Survey Prof. Paper 800-C, p.15-19.

9 HEALL A7 127

Ohmoto, H., and Rye, R. O. (1979) Isotopes of sulfur and
carbon, in Barnes, H. L., ed., Geochemistry of hy-
drothemal ore deposits, 2nd ed.,: New York, Jhon Wi-
ley, p.509-567.

Potter, R. W. III, Clynne, M. A., and Brown, D. L. (1978)
Freezing point depression of aquous sodium chloride
solutions: Econ. Geol., v.73, p.284-285.

Roedder, E. (1979) Fluid inclusions as samples of ore
fluids, In Geochemistry of hydrothermal ore deposits,
H. L. Barnes, Ed., John Wiley & Sons, Inc., p.684-737.

Scott, S. D. and H. L. Barnes (1971) Sphalerite geoth-
ermometry and geobarometry: Econ. Geol., v.66, p.
653-669.

Schneider, A. (1970) The sulfur isotope composition of
bsaltic rocks. Contrib. Mineral. Petrol., v.25, p.95-124.

Seward, T. M. (1984) The transport and deposition of
gold in hyhdrothermal system, in Foster, R, P., ed.,
Gold '82: Rotterdam: A. A. Balkema Pub., p.165-182.

So, C. S, and Shelton, K. L. (1988) Stable isotope and
fluid inclusion studies of gold-silver-bearing hy-
drothermal vein deposits, Cheonan-Cheongyang-Non-
san mining district, Republic of Korea: Chonan area:
Enoc. Geol., v.82 p.987-1000.

Takenouchi, S. and Kennedy, G. C. (1964) The binary
system H:0-CO. at high temperatures and pressures:
Am. Jour. Sic., v.262, p.1055-1074.

1996 24 79 Yuy<



