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The Samkwang gold-silver deposits consist of gold-silver-bearing hydrothermal massive quartz veins which filled
the fractures along fault shear (NE, NW) zones within Precambrian banded or granitic gneiss of Gyeonggi massif.
Ore mineralization of this deposits occurred within a single stage of quartz vein which was formed by multiple epi-
sodes of fracturing and healing. Based on vein mineralogy and paragenesis, massive quartz veins are divided into
two main paragenetic stages which are separated by a major faulting event. Main ore mineralization occurred at
stage I. Wall-rock alteration from this deposits occur as mainly sericitization, chloritization, silicification and minor
amounts of pyritization, carbonitization, propylitization and argillitization. Ore minerals are composed mainly of
arsenopyrite (29.21~32.24 As atomic %), pyrite, sphalerite (6.45~13.82 FeS mole %), chalcopyrite, galena with
minor amounts of pyrrhotite, marcasite, electrum (39.98~66.82 Au atomic %) and argentite. Systematic studies of
fluid inclusions in early quartz veins and microcracks indicate two contrasting physical-chemical conditions : 1).
temperature (215~345°C) and pressure (1296~2022 bar) event with HyO-CO,-CH,-NaCl fluids (0.8~6.3 wt. %) related to
the early sulfide deposition, 2). temperature (203~441°C) and pressure (320 bar) event with H,0-NaCl &+ CO, fluids
(5.7~8.8 wt. %) related to the late sulfide and electrum assemblage. The H,O-NaCl * CO, fluids represent fluids evolved
through fluid unmixing of an H,O-CO,-CH,-NaCl fluids due to decreases in fluid pressure and influenced of deep-
circulated meteoric waters possibly related to uplift and unloading of the mineralizing suites. Calculated sulfur iso-
tope compositions (8**Sgy;e) of hydrothermal fluids (1.8~4.9%) indicate that ore sulfur was derived from an igne-
ous source. Measured and calculated oxygen and hydrogen isotope compositions (8800, 8D) of ore fluids (-5.9~
10.9 %o, -102~-87 %) indicate that mesothermal auriferous fluids at Samkwang gold-silver deposits were likely mix-
tures of H,O-rich, isotopically less evolved meteoric water and magmatic fluids.

Key words : Samkwang gold-silver deposits, Ore mineralization, Fluid inclusion, Stable isotope.
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Flg. 1. Geological map of the Samkwang mine. 1; Main vein, 2; Gukseong vein, 3; Sinri vein, 4; Daeheungl vein, 5;

Daeheung? vein.
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Fig. 3. Photomicrographs of ore minerals from the Samkwang
mine. A; Arsenopyrite coexisting with pyrite and sphalerite, B;
Galena infilling fracture of arsenopyrite, C; Pyrrhotite partly
replaced by chalcopyrite, D; Marcasite partly replaced by
galena, E; Chalcopyrite and galena infilling fracture of
sphalerite, F; Galena coexisting with electrum. Abbreviation:
Asp; arsenopyrite, Py; pyrite, Po; pyrrhotite, Sp; sphalerite,
Ma; marcasite, Cp; chalcopyrite, Gn; galena, El; electrum.
Scale bar indicated 100 micron in length.
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Table 1. Chemical composition of arsenopyrites from the Samkwang mine.

Vein Orebody ~ Sample No. Weight % Atomic %  Associated
Fe As Co Ni Cd N Total Fe As Mineral
T22(4) 3586 4348 003 001 000 20.81 100.19 3430 3099 PySp
T22(2) 3627 43.15 001 002 000 20.83 10027 34.62 30.71 PySp
T22 3599 4333 005 001 000 20.78 100.16 3443 30.89 PySp
T22 36.09 4265 004 000 000 21.33 100.11 3435 3026 PySp
T22 36.13 4234 004 000 000 2121 9972 3452 30.15 PySp
Tongdong T22(2) 3648 4222 005 001 000 21.80 10054 3442 29.70 PySp
T22(3) 36.02 4324 005 000 000 2097 100.28 3436 30.75 PySp
T3R27(3) 3582 4269 004 000 000 21.45 10000 34.10 30.29 Sp.Cp
T3R27(2) 3569 4261 006 005 0.00 2142 9982 3403 30.29 Sp.Cp
T3R27 3574 4293 003 003 0.00 2088 99.61 3431 30.72 Sp,Cp
T3R27 36.10 4229 004 000 000 2141 99.84 3440 30.03 Sp,Cp
Main Bonsahang5(2) 3538 43.69 004 002 001 2065 99.78 34.03 31.32 QzEl
Bonsahang5(2) 3527 43.61 006 001 001 2085 9979 33.86 3121 Qz
Bonhang Bonsahang5(2) 35.69 43.16 003 001 001 21.24 100.13 34.02 30.67 Qz
Bonsahang5 3581 4264 005 002 000 2148 10000 34.08 3025 Qz
Bonsahang5 3545 4301 012 015 000 2143 10016 33.73 3051 Qz
Bonsahang5 3594 4163 004 001 000 2125 9887 3455 2983 Qz
A2E-15(2) 3512 4467 042 0.17 - 20.62 101.00 3348 31.74 Py,Sp,Cp
A3E125CH41(4) 36.18 41.57 029 011 0.04 2212 10031 34.10 29.21 PySp
A3E125CH41 3536 4394 055 0.06 - 20.80 100.71 33.70 31.22 PySp
Guksabong A3W-19(11) 3569 4279 029 031 016 2140 100.64 3383 30.23 Sp.Cp.El
A3W-19 3578 43.07 008 0.38 - 2098 10029 34.12 30.61 Sp.Cp
A3W-19(2) 3549 4324 027 0.2 - 21.08 10020 33.86 30.75 Sp.Cp
A3W-19 3595 4253 020 030 - 2075 99.73 3448 30.40 Sp,Cp
ATE25CR(5) 3507 44.03 033 0.16 004 2076 10039 3355 3140 Sp
Sangban ATE25CR(2) 3479 44.65 022 020 023 2046 10055 3338 31.93 Sp
ATEBOCR(S5) 3439 4465 028 008 007 2019 99.66 33.32 3224 Sp,Gn
ASE10CR(4) 3472 4384 025 022 - 2142 10045 33.02 31.08 Sp
Gukseong(2) 3482 4442 013 020 - 20.59 100.16 33.45 31.80 Py,Sp,Cp
Gukseong Gukseong(2) 3514 4222 011 048 001 2135 9931 33.67 30.15 Py,Sp.Cp
Gukseong 35.81 43.98 - 0.33 - 2044 10056 3426 31.37 Sp,Cp
Gukseong(2) 3579 4265 020 022 007 2103 9996 3420 30.38 Sp,Cp

Py; pyrite, Sp; sphalerite, Cp; chalcopyrite, Gn; galena, El; electrum, Qz; quartz. Value in parentheses is the number of analysis.
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Table 2. Chemical composition of sphalerites from the Samkwang mine.
. Weight % Mole %  Associated
Vein  Orebody  Sample No. 7 g G4 Mn Cu S S Total FeS CdS Mineral
T22(4) 59.16 6.76 047 0.01 001 000 3282 9922 11.74 041 Asp,Py
T22(4) 59.95 6.67 045 000 000 000 3291 99.98 11.47 0.39 Asp,Py
T22(6) 6025 659 044 001 001 000 3285 100.15 11.30 0.38 Asp,Py
Tongdong T22(3) 5936 7.26 046 0.00 027 0.00 32.89 10025 1242 0.39 Asp,Py
T3R27(2) 59.14 435 044 000 2.82 000 3294 99.68 7.55 0.38 Asp,Cp
T3R27(2) 59.80 4.09 049 001 249 000 3292 9978 7.10 042 Asp,Cp
Main T3R27 5829 465 049 000 3.12 0.00 3313 99.68 8.10 042 Asp.Cp
A2E-15(3) 56.96 647 214 0.02 - - 3417 99.76 11.51 1.89 Asp,PyCp
A2E-15(2) 5722 636 2.18 - - 0.07 33.61 9944 1129 1.92 Asp,Py,Cp
Guksabon A3E125CH41(5) 57.65 6.77 155 0.01 - 0.05 34.10 100.13 11.92 1.36 Asp,Py
gA3E125CH41(4) 57.88 690 150 0.03 - 0.04 33.81.100.16 12.08 1.30 Asp,Py
A3W-19(4) 60.76 397 119 0.02 - 0.02 3423 100.19 7.03 1.05 Asp,Cp
A3W-19(4) 61.55 3.67 119 001 - 0.13 3379 100.34 6.45 1.04 Asp,Cp
AS5E210/2(4) 5792 650 197 0.05 - 0.03 3332 99.79 1140 1.72 Py,Cp,Gn
A5W125-175(3) 5845 6.99 211 0.02 - 0.06 32.69 10032 12.05 1.81 Py,Cp,Gn
ATE25CR(3) 5993 527 216 0.05 - 0.01 3229 99.71 9.15 1.86 Asp
Sangban ATE25CR(2) 58.62 642 207 - - 0.02 33.04 100.17 11.16 1.79 Asp
ATE80CR(2) 5877 575 211 0.08 - 0.08 3379 100.58 10.07 1.84 Asp,Gn
ATES0CR(2) 5539 780 266 @ - - - 3423 10008 13.82 2.34 Asp,Gn
A8E10CR(3) 62.19 473 022 002 - 0.05 3352 100.73 8.15 0.19 Asp
Guk Gukseong(3) 5942 508 194 0.09 - 0.03 3274 9930 893 1.69 AspPyCp
Hiseong Gukseong 6081 429 210 004 - - 3277 10001 748 1.82 AspPy.Cp
Asp; arsenopyrite, Py; pyrite, Cp; chalcopyrite, Gn; galena. Value in parentheses is the number of analysis.
AEHE A, 3) NEY 2 FENS P A2HE o FB A 2% ¥ A9 REL 9%
A(Fig. 3-Fyge] &zdu. = ol&=lojxitt Rggate] s e dEHE
AAEFL A1 Blol FENT PANT  WANG FRAGe) el AnhiRe Aol A
FABAE 2k Edn. AnsiolA 1) fHEA FeiArh. FAERES] A, 718 B WAEEe

2 Mol 7158 wet X% A, 2) $34 ¥
wdd g A e A5 TR JHgE-S
st S AESuA 171 Al 584=F 808 o
slod 3}8HEAS AAGE A3}, JHERS Au atomic
%= 39.98~66.822] WS ZF=r}eldET &, 1998).

3l e B3HA) D)o AREEY A} 4k
Zo] ml$ vou F2 WM FAAAE 7t
=)=

FeHIeEsa 71 FelgEe] #a=R gkon vt
sialgte] #fo= irEE.

5. fNERE

1. AHEAE

FAZFE d7e Fspes Add fAe st

Nikon €uj7do]| ¥&¥ Linkam THMSG 600 %
US.GS. Fluid Inc. gas flow heating-freezing system
& ol g3k At w3 Fo FE =4S 9
3] ZFElo] CCTVE ddsid o)&sigich. FA4 2
E Z7ojdol, Linkam THMSG 6003 US.GS.
Fluid Inc. gas flow heating-freezing systeme US.G.S
NN A&F BEAEM,0, H,0+COnE o]&3lo]
HAE AT 22k WhadEAl £0.1°C, 7t
EHAA] £05°Celth. Agste] F3HA 7] 2haE
WaAeg gl BRG] FAIZRES HLelH

T

L

HEEE o] 557, A8 et 18 25E, 18 £
+E, Iﬂfﬂ ERE 2 IVE ZRE0E BRI
& ¥-HEL ©4Z(carbonaceous) EFE, I 2 I
& X T°: B4 (carbonaceous)+4+2 (aqueous) X
=3 VY E85EL 4d(aqueous) EF-Eo|t} &
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gt o]gA] EFE ERES 40°CoM #BEEe v
Hcarbonaceous phase) Vi EAZW], Th-
Carb. LV, II, IT¥ ¥/E) ¥ ThLVIVY EH
E)ll wet Alsidct. o719 A€ 8ol Belkin,
H.E.(1994)¢} Van Den kerkhof and Thiery (1994)
7t AAS A& Q8-8dTt

o] Fikl I I ¥ ¥ EFE2 WY} 7
Aoge] Aol B 23F T 4508 AEE
o VY 2RES HANG BN &5 £
5EE €38 gt Wy, A 23E TRER 4
@t} 23] Roedder(1984)7F A|AIgH Whol] o)t
[ OI¥ M¥ ¥ YAERE VY T/HES
AL FE T oJAERER A& HTL

I¥ E85&2 Y (one phase)ol™ ¥AA(car-
bonaceous)®. 2 FAH EfEolt), o] ERHEE ¥
EHES A AEHY AEREe} el ule ¥
o 1§ EfE9] el =2 negative formolH =
71 & pmellA 24 um Fxo|th

0¥ EHEL FHtwo phase)oln] &2 (car-
bonaceous)Z 4 (aqueous)®.E TAE EIHFEZ ¥
A 218 B U530 F AEHY AlEdRet A
o] o). 18 ERE9 el negative form %
Yo 2 AT F7lE 4 umellM 36 um A=
o} o] 20 pmuliteltt. I¥ E£H-E2 @4
“}(carbonaceous phase)2] B o] 40°CellA 0.1~
08524 XCOo| ®¥s7l A%t X/EE NEHT) o
I8 EHE9) e@hAd AHcarbonaceous phase)?] EAj
Ao W& Tm-Carb., Tm-Clath. @ Th-CarbArz+
AE A9EH R ARSIV #EER gert 1
3 T HES w43 AKcarbonaceous phase)e] EA%
# Th-Carb(L-V)ll wzh A& Ta-a@42F 4
(carbonaceous phase)¥] &A% >0.5, Th-Carh(L)),
II-b-a(&ta2 “d(carbonaceous phase)®] Ea13 <0.5,
Th-Carb(L)) ¥ U-b-b(&42 “J(carbonaceous phase)
o] BAF <05, Th-Carb(V))&d EfEC| o]
[-a-a3 THER A&EdTh

ms EFES 4Hthree phase)o 2 €Az
(carbonaceous(LCO,+VCO,))3 4~ (aqueous(LH,0))
o2 Y IFER SR AEFo] vlg o)
I3 E/E2 I3 2780 34 98 <330z 4
25 el F2 negative forme 2 AT} 1M
H EFEY 2= & pmolA 36 umAEolH Bk
& “AH(carbonaceous phase)e] A2 0.220]t}, 4
2749 LCONe] VCO,2l EA1AL 034 %eIn M-

b-a(gt4& Al(carbonaceous phase)?] EH A <(.5,
Th-Carb(L)¥ EHEZ 2=Hr}

V¥ EHEE F7Htwo phase)o]™ 42 (aqueous)
EFEEAN B T A4 ZFEeE AEdn. o
V3 ¥5E9 = neative form, ¥HE, B3 2
EFAESoE AEHY e 4 umolA 60 pmd
Tolth o] EHEL 40°ColA VH,0 EAFHo]
0.05~0.50]L} thi-Eo] 0.05~0.224 AAt(liquid-rich
type) EF-E0|t}. o] EFEL VH,09 EA A,
ThL-V)ell utel A&E3H V-aa(VH,09 &7
<0.5, Th(L)), IV-a-b(VH,02] E&3& <0.5, Th(V)
2 [V-b-a(VH,08 413 >0.5, ThL)FLE A&5
W thiEo] [Va-agolct

52 2t ¥ UMY K=

18 THEL YA VCO,Y #FALx(Tn)7}
19.7°Col¥ 98.5°ColA VCOyt 253t} I8 55
9] Tm-Carb= -574°CE24 CH,, Ny} A 3=
A e COEY =0 SltiFg. 4). I¥ EHE9]
Th-Carbi= 21.0°Celm ko2 e rhFig. 5).

1% =RE9 VCO,0 BA2%(Tny= 8.4~28.0°C,
VC0,8] 2225 96.7~-92°C ¥ Ti-Carbi -68.5°C
olth, 18 FHE2 Tm-Carbt -58.8~-55.7°Co|H

& Typeiibb
1 Type l-ba
@ Typell-aa

1 l'—r. 1o 1 al
55 &7 59
Tm-Carb.(°C)

a1
61

Type lll
Type H
Typel

non

ll_F -1 Lol
-85 -87 59 61

Tm-Carb.(°C)

Fig. 4. Histogram showing the final melting temperature of
carbonaceous phase (Tm-Carb.) of type I, II and HI fluid
inclusions in stage I vein quartz from the Samkwang mine.
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Type I

MM Type li-b-b
Type {l-b-a
[ Type ll-a-a

Th-Carb.(°C)

Ag. 5. Histogram showing carbonaceous phase homogenization
temperature (Th-Carb.) of type I, Il and III fluid inclusions
in stage I vein quartz from the Samkwang mine.

M-a-a¥d EFEL -57.6~-56.7°C, I-ba¥ X HFELS
-58.8~-55.7°C & II-b-b¥ EFEL -56.7°CoIth(Fig.
4). I8 ¥5E2] Th-Carb.x 11.3~28.6°C(Th-Carb.(L)
: 11.3~28.6°C, Th-Carb.(V) : 28.1°C)0]™ I-a-a¥ =
FE2 11.3~26.7°C, [I-b-a8 E-/EL 15.3~28.6°C,
Ib-b¥ EFEE 28.1°ColtHFig. 5). o)A B-4AAt
(carbonaceous phase)ol] F2dAdEol skt €A
A “J(carbonaceous phase)d] YEH3l7} g2 A
(carbonaceous phase)?] &8z} JAGPTE & &
Atk Tm-Carb.2t Th-Carb.o}l A##AIE AvEw
Fig. 63} o] Tm-Carbs} 5718 wel Th-Carb.=
Z7Fgt) o]AS ©4E AM(carbonaceous phase)7}
72 =78 COE Fol| w2} 23 A carbonaceous

Th-Carb.(°C)
5 10 15 20 25 30
I T T T T -56
O Typeliaa A
Typell | M Typeil-ba
O Typelib O -
Type iil A Type l-ba 457
N (] 1 33
®° 2" u o
o o
-]
. 458 &
=
»
1 59

Fig. 6. Correlative variations of microthermometric data
(Th-Carb. vs. Tm-Carb.) of type II and III fluid inclusions
in stage I vein quartz from the Samkwang mine.

M Type li-b-a
MR Type lI-b-b
] Typenbb

Type ll-a-a

Ly ' H T
5 7 9 11
Tm-Clath. (°C)
Ag. 7. Histogram showing the clathrate melting temperature

(Tm-Clath.) of type Il and III fluid inclusions in stage I vein
quartz from the Samkwang mine.

M

phase)?] WxiE TAHUT. 132z gad A
(carbonaceous phase)joll ZA = FUPZAHRE
k4 Ad(carbonaceous phase)?] Wxel AAEE
g Ao I8 E/E9 Tm-Claths 64~9.6°Co|™
lTaa¥ EFEL 68~95C, [bad EHFEL

£

1o

t] Secondary
- Primary +

Type IV

0 2 4 6 8 10 12
Wt.% eq. NaCl

Fig. 8. Histogram of salinities of type II and TV fluid
inclusions in stage I vein quartz from the Samkwang mine.
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Primary +
Pseudosecondary  Secondary

Tt WB Tyne |y
Tp(L) . o RO

| | , | I | Type | [=I:8
e 1M =
| ISP U | nlJ_LJllllllll

100 150 200 250 300 350 400 450
Th(°C)

Fig. 9. Histogram of homogenization temperature (Th) of
type II and 1V fluid inclusions in stage I vein quartz from
the Samkwang mine.

64~9.6°C, I-b-b3 EFEL 80°ColHFg 7) F5%
Wt.% eq. NaC)Z #3181 0.8~6.3[l-a-ad EHE :
1.0~6.1, I-b-a¥d FHE : 08~68, I-b-bd ETHE .
40024 Z AJeol7t HaER] oFetiFg. 8). I8 X+
B9 #¥3LxE 215~345°C(Thd): 215~345°C,
Th(V) : 328°C, Th(d) : 207~238°C)e]l™ I-a-a¥ =
HEL 302°C(ThL)), OI-b-a¥ EHELS 266~328°C
(Th(L) : 266~328°C, Th(V) : 328°C)°]t}Fig. 9).

ma EZHE9 Tm-Carb.t -56.5°C, Th-Carb.t
274°C(Th-Carb.(L)) 2 Tm-Clathi= 10.0°C2A 79|
453 CO-H0AZ EA15H [lI-b-a8 E-8§Eolth
o] ¥ XEFEL FUIH7] Ao 200°CoHA
decrepitation®| o Zt}h. o] ZH& Schwartz(1989)7} A
A&k v 2Jaf FUIe TS FAsl] BH 220°C
oA Ao g FA3}HL)

V8 EZHES WA VH,09 &35°] -33.3~
34.2°Col A Lojubs 71 A]l Te-icels -22.4~-
20.2°C2A sfd® 955 +2 NaCl# KCIE +
A5o] itk IVE ZH{E9 Tm-iceE -6.9~-0.1°C
24 9¥EWwt.% eq NaCDE 3Hstd 0.2~10.4
olm(Fig. 8) #U32E= 134~441°C(Th(L): 134
~441°C, Th(V) : 274~378°C)elth(Fig. 9). V&
EFELS 71EA 2] Aoz wdst ATt o
Al 2& o] PAHN HFHom Ao Y
glEle @ife] AT o]AL 200°Co1 o= vt
g Hi(liquid phase)e] B-E3le] 93] < 10%2]
MRe BEES dio] A adsiEe AR

AN = AUt

T HLE A o8 AEE B3] # F
=387 g Fshg= g Ao

o EYA EHE 98 A8 B58A, FAE
A, A, FAdeoA AEEE fH[EA, Hold
A gEA g AN giidez sk ik " £
2P YA AL Qe Alge 7 3A 2 o
A AEEe MY, BNy 9 BENgE it
o2 39l BMA EFEAEE CDTEH ¥ SMOW
(A2, RS ARSIEeH eaE9E 023, A
&) 2@ 056t

6.1, &

absgsgitel FsliA e AteEe S3lEE9
SU)ake -0.5~5.2010 7+ BsldEe] $S%)ak
2 fHlEA : 33~52, Aot 1 26~51, BT ¢
2.1~4.1, ¥A4 : 0.5~2.60]cK(Table 3). 43322
7t 33 9w $MSG)eke 55934 @ 01~51, &
534 ¢ 1.1~5.2, FAMHE-EA ;0 02~3.5, ARt
-05~51, =9 : 26~3.824 Z Hol7} gith &
A 2 ol AEEE gshiEd SO0 F
BgAl; §H1EA] 5., Adolsdal  29~32, 84 .
4.1, ¥4 ¢ 0.1~1.8, BFA; FulEA : 5.0~52,
Aoldd] @ 5.0, WA ¢ 11, FAHEA] oA
3.2~35, %4 : 21~29, WX : 0.2~0.6, At
fulEA : 33~4.2, Aokid : 24~51, 3FY : 26,
WA -05~1.88A 7} FA) & wHellA FsldEe]
S Rl fHlEY > ol > FEM > ik
o)}, H3F Axd §MSghe 2 Hjolrt BAERA &
=tk AEELe FIA] @) AdEHE $8A-
wrA A sgol thgt B A S=(Ohmoto and Rye, 1979)%
ol43sla] 73t FoU4 HY LT 263~304°Colrt.

Asgsiatell ] 2AHE FAESEY] dYERE, ¢t
A5 r AEe=A 2 FEFHWAZREH 73 &
T2 E3hele] B uj 450°C0|slor S5 daidol
ojut Zlo 2 Yz 4= Qir}. o] Hike] F3HA7]o
A AEEE BB E, AN 2 AFENI 3
AdgEe] Aot ekt g (1999 28
o] Fa FEHPE A9 SAERES 714
3l 8FAHR ey AFolA e fA)
FHENAM SO/AEC] HEHA Ltk Bagh A
2 o] gate] FIFAYe] B F2 H,SHHE &
AR Aoz Az FAEZFEY] gdsles 2
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Table 3. Surfur isotope of sulfide minerals from the Samkwang mine.
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Vein Orebody Sample No. Min. §4S(%) 38 1125(%0)V A¥S TCCY?  T(°CPP
2level 70 Sp 32 29 350
2level 70 Gn 0.1 24 250
*2-16 Sp 29
Tongdong *2-16 Gn 15
*2-17 Asp 5.1
*2-17 Cp 41
*2-17 Gn 1.8
*4-21 Asp 5.0
. *4-21 Sp 5.0
Main Bonhang *4-21 Gn 1.1
*5-22 Asp 52
*5-22 Sp 5.0
A2E-1 Sp 3.5 32 350
A2E-1 Cp 2.1 23 Cp-Gn 300
Guksabong A2E-1 Gn 0.2 2.1 2.0 304 300
A3E160/20 Sp 32 3.0 350
A3E160/20 Cp 29 31 Cp-Gn 263 263
A3E160/20 Gn 0.6 2.8 23 263
A3W200/9 Sp 2.6 2.3 350
A3W200/9 Cp 2.6 2.8 300
A3W200/9 Gn 1.3 32 300
AS5E70 Asp 33
ASET70 Sp 2.8 2.6 350
A5E15010 Gn 1.8 3.8 284
A5W175/20 Sp 39 3.6 350
A5W175/20 Gn 23 43 284
Sangban
A5W300/3 Sp 3.0 2.7 350
A5W300/3 Gn 0.6 2.6 284
ATE80CR Asp 4.2
ATES0CR Sp 5.1 48 350
ABE50CH Sp 2.6 23 350
A8ES0CH Gn 1.4 34 284
A8WS55CH Sp 24 2.1 350
A8W55CH Gn -0.5 15 284
R7-27H Asp 38
Gukseong R7-27H Sp 38 35 350
R7-27H Gn 2.6 4.6 284

*Compiled data from So et al. (1988).

1) 88y, was calculated using the equation given in Ohmoto and Rye (1979).
2) Isotopic temperature was calculated from fractionation factors given in Ohmoto and Rye (1979).

3) Ty, is homogenization temperature of fluid inclusion.

Asp; arsenopyrite, Sp; sphalerite, Cp; chalcopyrite, Gn; galena.

FEFYRAREE 73 255 97 sle] 2+ &
e H A Qs HSe) 2k AlXteha Table
33 2ror] FERAM Sy %o)ate 1.5~4.801H
7} J3FE] St Aot 1 2.1~4.8, B
54 1 23~3.1, AN : 15~4624 2 o7t gith

zb A B W S, 0hrs B3 ¢ 24~209,

=ANEEA : 21~3.2,

o

:15~4.8, A9 : 3

5~

4624 2 Aol girk. ARBAL 7 A D o)
M AEEE GRS M8 utite SERA; A

olIN 1 29, AN & 24, FTARSFA; Adora

: 3.0
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Table 4. Oxygen and hydrogen isotopic data of quartz from the Samkwang mine.

Vein Orebody Sample No. Min. 80%)  "®Ow(%)D  8D(%) T, (°C)?

Toned 2level 70 Qz 11.4 6.1 -93 350
ongcong 2.17 Qz 77 1.7 -102 250

Bonh #6-3 Qz 52 06 -

onhang *4 }

Main 4-21 Qz 5.7 5.9 210
A2E-1 Qz 76 23 350
Guksabong A2Eend-377.12 Qz 15.1 8.2 300
#0-8-1 Qz(g) 7.6 0.1 90 300
*0-18 Qz(g) 79 -15 250
A3E135/TP17 Qz 7.6 2.3 94 350
A3E310H8 Qz(t) 14.2 73 -101 300
A3W200/9 Qz 149 96 350
ASE70 Qz 12.7 7.4 92 350
A5 alteration Qz 13.6 6.7 -98 300
Sangban AS alteration Qz(g) 13.0 7.7 -87 350
AGE60H13 Qz 12.7 74 91 350
AGE170H14 Qz 59 -1.0 300
A6W170H2 Qz 13.6 8.3 350
ATE25CR Qz 16.2 109 350
ASE50CH Qz 149 96 350
A8WS55CH Qz 6.7 0.2 -88 300
Gukseong R7-27H Qz 6.8 1.5 -93 350

*Compiled data from So et al.(1988).

D8'80y;,0 was calculated from the equation given by Matsushisa et al (1979).

3T, is homogenization temperature of fluid inclusion.

Qz; white quartz, Qz(g); grey quartz, Qz(t); transparent quartz.

~32, BEA : 23~31, A ¢ 21~28,
AoldA] ; 2.1~4.8, FEA 2.8 WA ¢ 15~4.3,
Al Aojdd] ¢ 35, W4 4684 & xlol7) /1
o} FEg7I= 7ol we} §¥MSygke] At o
Zake] §3G,,4 2 Ohmoto and Rye(1979)7F A|A|
& A 5@ =8%SpuAS0A RAA+R)A ©]
Faboll A SO/E0] HAEHA Bete A €498
A R8(L%, pH, f0, ok', oNa®, oCa®")E ™Yl
sl & 5 Qlth. 94 R(=ZSO/ZH,S)7He &
=, pH, f0,, ok*, oNa* 2 oCa?*e] g2 w3
th A7) L= =350°C, pH=55, f0,=-33.3, ok+
=0.0231, oNa*=0.0863 aCa’*=7.0671E-10
e olgdld REE ¥ F ded, °] R
-1.156E-110]9 §%Sy,s —8%Spuedke -1.1E-09 ©|
o} a2lEs 43aEake] §3Sce 8%S0,a(8%S5s)
2A yzhd £ o

Ayatad .

[ e B

ol
=

>

62, MA H A
Agte] FelN)el AEEE SAA e, WAy

g 2 FgMgel oKt 52~16.2(3144% ¢
76~13.0, WA : 52~16.2, FHAY : 14.2)0/d
£ zlo)7} YITh(Table 4). o] F4ke] FIHA 7T Z7]0l
#HEEE EAES Hy,0-CO,-CH-NaClHl f-Allelm ¢
7ld] BFEE EHEL H,0-NaClAl AR A%
COyt et oA FFN7dl Fslahgol 3
Fefl we} Hy0-CO,-CH,-NaClA Aol H,0-NaCl
A FAZE HIEISS ouigtt o) fAl9] HE
8218 CO, &2 (CO, immiscible separation)?} 7]
o] T}2 fAY] Yo AyHn) T3 sy
el ks 1 I, I8 EHsuUe] XCH,gE v
o}, o)Ae F3fA CHyF AtstEo] CHyF 244
Aom 22AE A2 FAE §%0 ol ot
(So and Yun, 1997). 28j2& 4kggate] 3sHA7]
o A& A9 §80 zkel WslE CO, AEd
(CO, immiscible separation), CH, A3} 2 7]9lo]
O fA9 Yoz g9 ¢ Avh Ay 7
FA) » g SO0 E58A  7.7~114, 3
A : 52~5.7, FAREEA] : 7.6~15.1, AR . 59~

Ol
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16224 EggAoN AEE= Al §1%0 ghol
T Agse] vk Zeleh 9o wE §%0 3k
W3l #atwR] 9=r). Matsushisa ef al (1979)2]
BYEF G olgala] P o] §¥0y,, 2 Al
A¥slH Table 49+ 74th. o] TabledX] B Ad} 7o)
38010 G)FkS 5.9~109E M : -1.5~7.7, WY
A9g : 59~109, FHAY : 7.3)0)ch =3zt FA)|
2 W §80,,0%)RS E58A ¢ -1.7~6.1, Bakg
A : -59~-06, FAFEZA) : -15~82, ANk ;1.0
~10.901c}, Absggate] BGAAAA B2l 8Dpuo00)3t
& -102~-87(3 A F : 90~-87, WMAAY 102~
88, T2 : -101)e|ct. 7 FH) 2 W Dy %)

£ BERA ¢ -102~-93, FAFSSEA] ¢ 90, AgRb
-101~-8722] & o|7t Qirh

7. E o

7., BsiRrXe 22StEy #E ¥ HE

RN AEEE 3EERTE Ed(Barton and
Toulmin, 1966; Scott and Barnes, 1971; Kretschmar
and Scott, 1976; Barton and Skinner, 1979; Vaughan
and Craig, 1978)2 FEx30] 4259 FE(ESy)
g T, 4= FEUE F)7] &) =
262~491°C, -3.4~-12.8 atm(FH)1 24 3Fd 4 Aoleia)),
F3HN7] B7N(NHE-S] FAA17]) = 263~304°C,
-7.8~-11.4 atm@EEA 254 BAN AHER elt). =
g 7 BA 2wl FPL2Ee) SREQN(IS,)S FANE
A F3HA] &) = 262~479°C, -3.6 ~ -12.8 atm,
Ahdtel - B Al 7] %7] = 403~491°C, -3.4 ~ 6.6
atm, =A% : FSHAY] £7] = 340~457°C, -4.6 ~
-86 atm2A 7zt FA) 2 W A FEZF] I
2z} FERE F Aolrt FAE=|R]| o=t

AAERN0)ye FAZRESN FEXPTOZFE
58 ¢ )k o] FAA A= I T 2 M3
E{FES COprich ERHEEA CO, H0, CH,
NaClE A=l k. COyrich #4119 719E o8
7HA Ag7F o). Ellis(1970y= CO,rich EHE2
270] FAHE 2%, 4 B G oM A
ol A KA 9% fASITEE B s,
ALl BARE LAY AR2RH HO, CO,
5 CH, 4852 A4l Aol 5511 F3ge)
o AL m(Giggenbach, 1980) CO,+2H,0=CH,+
20,, 3C+0,+2H,0=2C0,+CH,2| 3sid4¢& 7t
=03 B s tHRamboz ef al., 1985). Z#A

COyrich A9 PTA0, #Al= Ramboz e dl
(1985), Hall and Bodnar(1990) ¥ Holloway(1981a)
ol 71eg Wl o8 #3o CO,+2H,0=CH,
+20,7, 3C+0,+2H,0=2C0,+CH,? 3}8:33 2]
BEA4= Ohmoto and Kerrick(1977)2] 2L =
stgth 283 CO, CH, H,08 FAAEAS
(fugacity coefficient)= Kerrick and Jacobs(1981),
Holloway(1981b) %! Bowers and Helgeson(1983)%
o] At Bigdel]l 2] 73T o] B ef
gk ASERMIO)E FAIERBe TR vdE
2x ABE V2R Yo 18 EFEL &
350°C, 2 kb “JelollA 3t oo Sty Mow
BE] Aabg 2ARG(0,) g -339 atm?, -32.8
am?(3d EFE), -341~-301 amP, -338~-304
atm? (T8 THE)elch. 3 Hegsditolr fu)EHo)
base metal24] 4+& ¥ ). Heinrich and Eadington
(1986)° st fH|AMe Saies TRE FHEE
of vl AkAEQHIO ) FA &Sty fulEss) &
AXo| I AEHE FEIFES 2 22 88
HEyPH oz FHINAUC

4FeAsS+ 4sto + 502g + 2H20 = 4FeSZ + 4H3A5003

2% 350°Co)A T3 FAREYE0HEE -30.4
(logmH,S=0.1 moles/Kg - H,0, logrH,$=0.35) ~ -30.3
atm(logmH,S=0.001 moles/Kg - H,0, logrH,S=0.35)
A A Egde] AbAREe -341~-303
atmo|t}.

Agsgitola dagole] pHe 7iRelsh Yol
WIS Zhe FEe FARARREH /5E 5 AU
pHe] ¥3k= pH buffer 389 Agre] A ule}
Wi}, o] FAkolA FaAEE AEsAe-2 A9
Do) FHRE uwlel W] Fro] s 4= cmolA 30
cm OJUE ZEFA, S8 AP S-S wjshy 4t
Z9t}, ol A¥ T F7|F(1994)00 2lshE AEEal &
kel sJHuighliol] A= Ee AP =2 Anl6~
46.20]1} thF-Eo] An3l.1 o3} RS zk= Ao
B3t e ZEoHAREd Hyrgaleg ¢
Hlo|E9] dsky ARE o|g3lginh. dnAslA
RopAREdo R e ZERA, AP, &
SR, ALE, BN, 594 2 Hoo] AR F
3lahgo] FEgol wel =uale] ko] Frigtol
2}, 2NaAlSi;0+KAISi0g+2H+ =KALSi;0,,(OH),
+65i0,+2Na*e] ukg-23} dgoly) 449 S5
218 (aNa* =0.0476(400°C), 0.0863(350°C)E ©)-&3}

e
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o g4glol 27 pHE 54~6.4(400°C), 53~5.7
(350°0) .2 FiHdeldes & & Urh

ARERA F3N7)e) AAEEe WA £
Aogdlel 1, I, I8 EH/E9 FAAE-2 Van Den
kerkhof and Thiery(1994), Van Den kerkhof(1990),
Nicholls and Crawford(1985), Ramboz et al.(1985)
2 Herskowitz and Kisch(1984)7} A3 wlel] 2]
3) 7t gAY 13 B g XCo, ¥
XCH e z+z} 097, 003019 1, ¥ EFE9
XH,0, XNaCl, XCO, XCH,= 77z} 0.36~097,
<001, 0.03~062, 0.00~0.04I% ZFE), 093,
0.07(% EAREpI 71E9Mz Adosne 73
2} & (Tm-Carb.,, Tm-Clath.,, Tm-ice, Th-Carb.,
ThL-V)ERE 33kl F3HA 7oA AEEe
FAEHFEY VCO, Vbulk, dCO, dH,O(daqu.)
2 dbulk® Van Den kerkhof and Thiery(1994),
Nicholls and Crawford(1985), Ramboz ef al.(1985),
Brown(1989) % Bakker(1997)7} AA}3F byl 2]
& A 4 Aok A LI M8 ERE &
23 “d(carbonaceous phase)ol] A% FA3+=
CH,= carbonic phase?] Wxol| H&S &} 44
gAake] FaAz)e) AEHE L IL I 2 Ve 2
S5 Vbulk, dbulk(dH,0)= 59.7 cm¥mol, 0.72
gem®(3 EHE), 19.5~40.7 cm®mol, 0.79~
0.99 g/em®dI® ESE), 214 cm¥mol, 092 g/
em¥(18 ZHE), 19.2~28.4cm¥mol, 0.66~
0.97 gfem®(VaE T HEH)EA & oyt #AFHR

[ =1
v T

FAZFE2 EFYE (trapping pressuresy= A
He FAEREY S50 et o8 7R 98
Ael A 2 (Bowers and Helgeson, 1983; Kerrick
and Jacobs, 1981; Jacobs and Kerrick, 1981;
Holloway, 198la; Zhang and Frantz, 1987; Knight
and Bodnar, 1989)¢. 2 %E 3t} Van Den
kerkhof(1990y= CO,rich ZH-=2u] 23] CH,
9} N7t EAlst sja 3y /8 ¥ 4 Ut
Baslde), aeng dsaake) Faiarlel) e
= L1, I8 E{EE o5 Wy F&sle =9
S}& (trapping pressures)s AlMFIEoH I8 EHEL
350°CE 7Fdstd ik Asgsgike] EEA 7]eA]
EEE I I, I8 =859 trapping pressurest
1296~2022 bar(lithostatic pressure : 4.7~7.3km,
hydrostatic pressure : 12.9~20.2 km)ojc}. 2334
o} BN 76A AEEe BNy, BEAgue] I

oJ8F- - A

0% I3 ¥H/EE Th-Carb.°C) W3}Ho| Yt o]
v FAYEe] WslE AARITHSibson ef al., 1988;
Wilkinson and Johnson, 1996; Cassidy and Bennett,
1993). o™ §-Al¢+E((lithostatic pressure+tensile
strength)e] Wsl= ARgg4te]l Mguofr ==
ctaiA}ol#t wh(tensile hydraulic fractures)S2 FAds}
ot fAgEe 3] AR wlE} gFe] FA3)
ZHE) adje] AHEelrF Yojutl, Diamond(1990,
1994)= Hy,0-COAl ERES ] fEoE 78
dorm Mgz [ I ¥ M¥ EFEL Low
XH,O(High XCO,) compositional type(0.002<XH,0
<0.852, 0.148>XC0,>0.998)9} High XH,0(Low
XCO,;) compositional type(0.852<XH,0<0.985, 0.148
>XC0,>0.015)°% 53t} Diamond(1994)= ©|2] 3
FEe S 2 FAZRES dEe e vEd
go] BWAshs FHEET B HETFeIM Lt
Hog AFAHE FAEHFECE Basdt) ol &
Fo FAIEFES 22 2= ¥ A o1&
T (dew curve)t 7]EHTFM(bubble curve)dl] 23
E 339 (immiscibility fieldy} ZAR AR, 3
Ramboz et al.(1982)0] 8P XCO,¢ W3p} 43§
FfES EEsHimmiscibilityy 3ol B44E AR
Hasio)

adYseEe} HEre AES Aund, A3
2He FeAZ1e) T ¥ VY EREo] #d3exr}
Zagt) wE dere F7RH oRAe Ay B
3t ABEE oRishy 2 A3 3Ad¥ Hy0-NaCl
A FAE A 7rEEen ALl fAee] E9)d

12 ~ @ Type IL)
AType (V) |Primary +
® Type IV(L) ]Pseudoseoondary
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Fig. 10. Salinity vs. homogenization temperature diagram
for fluid inclusions of stage I vein quartz from the Samkwang
mine.
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Fig. 11. Hydrogen vs. oxygen isotope diagram displaying stable isotope systematics of hydrothermal fluid compositions of
the Samkwang mine. Paleowater data from So and Shelton (1987a, b) and So et al. (1987a, b), Modern Korean Groundwater

data from Kim and Nakai (1981, 1988).

o] Wzpakg-o] AUATHFg. 10). 2282 A344ke]
FsHA)7] 27] WM Qda BEAge] #EEE
H,0-CO,-CH,-NaClH| A= A1 f9ol o &
A Aolo] & CO, “4E2(CO, immiscible
separation)’} dojxter Falakgo] syl ule}
HyO-NaClA A2 s RAc) B3 7)o 7o

2 fAe] FYol g8l 2= 2 dEre] g Y
B 2Rgo] AT AZFETh Ate) FshAT]
27)of| AEEE VY R0 gdsle=e) 359
44 NI A e Zelol A E ] Y8 (trapping
pressure)S 2 4 o o A AIH288°C,
6.8 wt.%)= 320 bar(lithostatic pressure : 1.2 km,
hydrostatic pressure : 3.2 km)o}t}.

7.2. ZsteAe 714

Ahagaake] §3480E 8%484,u(8* S B A1 A ZHE
T olon AEEE FabdEe] Sy 1.8~4.9 ©]
o). wpebA AbEagAte] B ridde 7)ol Bl
B oz FMET) So ef al(1988) 4AHEFAE]
3807} 5.2~7.98A4 HI3lF oL} B At o))
H 59~16.284 BlwA YA X3 AAaHoldAd
o) #FATE I HFFitel BAYAAAN B4
SDi00%0)3ke -102~-870]t}, )3 §%02F 8D 7o)
Hate F3FAW CO, AHEE(CO, immiscible

separation), CH, 2ksl & 7[Rle] th& A9 &¢o
2 AT = Utk §80y,0-8D Thololael| £
B AR o] @) dlgeR] Rl W 9
Aol FFEHFig. 11). & FAHY =i, A&
E, FAZAEe] AR 9 A EHYAEY A8
= Archaean goldt} lode gold37de] A= wijs- FAF
slchKerrich, 1993; Groves, 1993). T3} o]9} fA}
st $EuEre) B®e FEEA) FeaAe o8
(Shelton ef al., 1988} ©}Zul=(So and Yun, 1997;
So et al., 199304 REEATIL BaskTh So of
al (1988)= AFggite] 357t =3grollA FEiE
Aoz BustHeh. Aggire] FabgA)lel el
w3849 DS ofe Ho] Fadg So o
al. (1988)y= ARg3Ate] Fatgo] x7] wWelr|(127
Ma)sta Baslgict. 22122 Shelton, ef al.(1988)]
o)spH Metr|(142~68 Ma) A2 8Dko] -143~
81%2 R3}c}. T3k Kim and Nakai(198D)¢} 7)
Tk pIMEL(1988) olshE Zhaeel Askre] 8D
ol -141~2%, -73~-42%2t2 BaLslict, uleha
o8 AFE /|RE dlo By, Aasgale] 435
T &7] wlaeirolAl fAIE ] Aol 93] COo,
&2 2(CO, immiscible separation), CH, A<
23l 2 A&A9l 4dar] E9lo] AW ALF

AN = Ak
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L. 2Fggike Ad7iEEolr|e] sprtdviohlo] e
3

o SYUNE, NWe wieh 3208 G279

2. AFRAke] RebEa e ALwsl mUMs) 73},
FAAsl eaddsl, Zeduloles} 9 YES}aRo|
#EHY FHFEL FYEA(2921~3224 As
atomic %), A, Ho}H4(6.45~13.82 FeS mole
%), 54, WA, FFHEY, HAHA, dIdEY
(39.98~66.82 Au atomic %) 2 $)-24o| A=Hu},

3 FAEGES FEZATOE 438 43gg 9
22(°C), Y (bar), EE=Wt% eq NaCl) %
-logfsy(atmye B3HA 7] Z271(H,0-CO,-CH,-NaCl
) = 215~491, 1296~2022, 0.8~6.3, -3.4~-12.8(F
v] A& A ol ), B8 7] 27| (Hy0-NaClt
CO,) = 203~441, 320, 5.7~8.8, -7.8~-11.4(HA.
F5A4AN g ER)e|r}, of7|eA H,0-NaCl+
CO, FAl= F3l2kgo] Zgdd wet FA9FHe] 74
Aol o]atd H,0-CO,-CH,-NaCl f-412] BE3}o} &=
o] Bl o8l WEE fAlolth

4, IR HLA 2, FEFE9) ISy 1.8~49
24 abggale) 3 719e sPdrgoln 880,09t
D= 247t -5.9~10.%%, -102~-87%2A A 4a-2%
4] FagAlE vlargA R ALEd Ied
o] Eo] U Aoz AziH)

S -

Ab A

o] A4 20008E T8 EAG AFH|(KRF-
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X3t} =8 AMEE EPMA 24218+ 2duign
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