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Stable Isotope and Fluid Inclusion Studies of the Daebong Gold-silver
Deposit, Republic of Korea

Bong Chul Yoo*, Hyun Koo Lee and Sang Jung Kim
Department of geology and environmental sciences, Chungnam National University, Daejeon 305-764, Korea

The Daebong gold-silver deposit consists of mesothermal massive quartz veins thar are filling the fractures along
fault shear (NE, NW) zones within banded or granitic gneiss of Precambrian Gyeonggi massif. Based on vein mineral-
ogy, ore textures and paragenesis, ore mineralization of this deposits is composed of massive white quartz vein(stage I)
which was formed in the same stage by multiple episodes of fracturing and healing, and transparent quartz vein(stage
IT) which is separated by a major faulting event. Stage I is divided into the 3 substages. Ore minerals of each sub-
stages are as follows: 1) early stage I=magnetite, pyrrhotite, arsenopyrite, pyrite, sphalerite, chalcopyrite, 2) middle
stage I=pyrrhotite, arsenopyrite, pyrite, marcasite, sphalerite, chalcopyrite, galena, electrum and 3) late stage I=pyrite,
sphalerite, chalcopyrite, galena, electrum, argentite, respectively. Ore minerals of the stage II are composed of pyrite,
sphalerite, chalcopyrite, galena and electrum. Systematic studies (petrography and microthermometry) of fluid inclu-
sions in stage I and II quartz veins show fluids from contrasting physical-chemical conditions: 1) H,O-CO,-CH,-
NaCItN, fluid (early stage I=homogenization temperature: 203~388°C, pressure: 1082~2092 bar, salinity: 0.6~13.4
wt.%, middle stage I=homogenization temperature: 215~280°C, salinity: 0.2~2.8 wt.%) related to the stage 1 sulfide
deposition, 2) H,O-NaCl+CO, fluid (late stage I=homogenization temperature: 205~288°C, pressure: 670 bar, salinity:
4.5~6.7 wt.%, stage II=homogenization temperature: 201~358°C, salinity: 0.4~4.2 wt.%) related to the late stage I and
II sulfide deposition. H;O-CO,-CH,-NaCI+N, fluid of early stage I is evolved to H,O-NaCl+CO, fluid represented by
the CO, unmixing due to decrease in fluid pressure and is diluted and cooled by the mixing of deep circulated mete-
oric waters (H,O-NaCl fluid) possibly related to uplift and unloading of the mineralizing suites. H,O-NaCl+CO, fluid
of stage II was hotter than that of late stage I and occurred partly unmixing, mainly dilution and cooling for sulfide
deposition. Calculated sulfur isotope compositions (8**Sy,s) of hydrothermal fluids (3.5~7.9%o0) indicate that ore sulfur
was derived from mainly an igneous source and partly sulfur of host rock. Measured and calculated oxygen and
hydrogen isotope compositions (80,0, 8D) of ore fluids (stage I: 1.1~9.0%0, -92~-86%0, stage II: 0.3%c, -93%.)
and ribbon-banded structure (graphitic lamination) indicate that mesothermal auriferous fluids of Daebong deposit were
two different origin and their evolution. 1) Fluids of this deposit were likely mixtures of H,O-rich, isotopically less
evolved meteoric water and magmatic fluids and 2) were likely mixtures of H,O-rich, isotopically heavier 8D mete-
oric water and magmatictmetamorphic fluids.

Key words : Daebong gold-silver deposit, Ore mineralization, Fluid inclusion, Isotope
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Fig. 1. Geological map of the Daebong mine. 1; Danbong vein, 2; Yongma vein, 3; Ganjuk vein, 4; No.6 vein, 5; No.1 vein,

6, Bongam? vein, 7; Bongam! vein, 8; Gunryang vein.
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Fig. 2. Paragenetic sequence of minerals from the Daebong
mine.
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Fig. 3. Photographs of quartz vein samples from the Daebong mine. A; Laminations and elongate clasts of wall rock in quarz
vein, B and C; Subgrain development that was fractured the pre-existing ore minerals and quartz vein, D; Earlier massive

quartz vein and fractures that composed of ore minerals.
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Fig. 4. Representative types and photomicrographs of fluid
inclusions in stage I, Il vein quartz and calcite from the
Daebong mine. A; Type I inclusion in stage I white quartz,
B; Type Ila inclusion in stage [ white quartz, C; Type IIb
inclusion in stage I white quartz, D; Type Illa inclusion in
stage I, IT white and transparent quartz and calcite, E; Type
IiIb inclusion in stage I, II white and transparent quartz and
calcite, F; Type Illc inclusion in stage II transparent quartz.
Scale bar represents 20 micron in length.
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Table 1. Microthermometric data of fluid inclusions from the Dacbong mine.

Fluid inclusion Type 1 Type 1la Type IIb Type Illa Type IIb Type Ilic
Stage 1 I 1 1 1 i1 i
System CO,-CH, £N; H,0-CO,-CH;-NaCl H,0-CO,-CH-NaCl H,0-NaCl H,0-NaCl+CO, H,0-NaCl+CO, H,0-NaCl+CO,
Size(m) <144 <52 <43 <25 <56 <97 <123
Degree of filling(%) 100 5~90 15~90 100 5~20 5~35 <30
Ti-Carb.(°C) -100.6~-86.0 -96.7~-79.0
Tm-Carb.(°C) -67.2~-56.2 -62.0~-56.3 -57.8~-56.2
Tm-Clath.(°C) 19~12.1 79~94
Te-ice(°C) -22.6 -25.7~-22.8 =243
Tm-ice(°C) -2.2~-02 -6.2~0.0 -2.5~0.0 -0.80.00
Th-Carb.(°C) -65.2~14.6 -13.2~24.9 21.9~27.0
Th-Carb.(L)(°C) -65.2~14.6 -13.2~24.9 21.9~27.0

Th-Carb.(V)(°C)

Th(°C) 203.0~388.0 240.0~320.0 149.0~360.7  150.6~378.1  164.4~323.3
Th(L)(°C) 203.0~388.0 149.0~360.7  150.6~378.1  164.4~323.3
Th(V)(°C) 288.1~322.0 240.0~320.0
Th(d)(°C)

Shape Ne, Su, El, Ov  Ne, Su, Ov Ne, Ei I, Su  Ne, Su,El, Ta, Ir Ne, Ta, Sy, Ir Ne, Ir

Abbreviations: Ti-Carb.=First melting temperature of carbonic phase, Tm-Carb.=Final melting temperature of carbonic phase,
Tm-Clath.=Clathrate melting temperature, Te-ice=First melting temperature of ice, Tm-ice=Final melting temperature of ice,
Th-Carb.=Homogenization temperature of carbonic phase, Th=Homogenization temperature, Ne=Negative form, Su=Subround,

El=Elongate, Ir=Irregular, Ta=Tabular, Ov=0Oval.

Th-Carb.(°C)

f T T T T -55
& Typel
O Typella ' DD Eh..
o Typellb 'S '*. o1l - -57
35 PRI £y
¢ j" -
AR 0.&5 15 3
'S &
* e 3 o &
:@00 0? o
L) —_
* o - 61 o
* a (9]
* ~
Q.’k’ ]
LN .
- 63
- 65

FIg. 5. Correlative variations of microthermometric data
(Th-Carb. vs. Tm-Carb.) of types I, Ila and IIb fluid
inclusions in stage I quartz vein from the Daebong mine.

F=(wt.% eq. NaCDE 3H¥sPH 0.0~13.4°]tHFig. 6).
Collins(1979)2} Hollister and Burruss(1976)= Tm-
Clath.(>10°C)8} 34 zh= FAIER-EM COelel
CH,oF 22 3ad dwEo] SAlgiy Rasisict,
T ez s3] B3N AeEeE ThE X
FE2 COol9el thE FidEdoe] ok Z1g 5
ek a8 EHELS 712 decrepitations] o)X=
FAZFES] e LCO,9 EAFHd 28] LCO,+
LH,0=LH,0 (ThL)X<05)% LCO,+LH,0=LCO,

(Th(MX>05Ydo2 Fdstact. [a¥ Ef-e2 ddst
L 5(ThyE 2030~3880°C(Th(L): 203.0~3880°C, Th
(V): 288.1~322.0°C)°|thFig. 7). A2l A7)0l upe
F3HA 7] 2719 $719] Tm-Carb, Th-Carb., Tm-
Clath, ThE 8|w3}e] B, Tm-Carb.: -61.1~-57.3°C,
59.3~-57.7°C, Th-Carb.: -10.6~23.8°C, 12.8~249°C,
Tm-Clath.: 82~10.2°C, 86~11.4°C, Th: 203.0~388.0
°C, 214.6~280.0°C=4] Fsl=}-g-0] Zlgel w} Tm-
Carb., Th-Carb. Tm-Clath. @ Thglo] 7Z48S ¢ F

=

hE ¥ 4 Tm-Carbi= -57.8~-56.2°Coln Th-
Carb.= 21.9~27.0°Colt}. o|AL [, Ma¥ EFE
l‘H bd ZfE0] FAYEA] s dxr) ¥

[5]
g om3t}. by EHE2¢] Tm-Clathis 7.9~94
°c01111 BEZ=Wt% eq. NaChE #4138 1.2~4.29]
TFig. 6). b3 EHFES F#Ysl2EE 2400~
320.0°Cel 7o g FdstEchFg. 7).
Ma¥ EHE2 WA VH09 $3525= -354~
-31. 2°C°]D“] first melting 2= (Te-icey= -22.6°Co|tt.
o|7& aqueous EFHZo gE Yol F= NaClzh
KCZ E£Ags 2t Mag EFE9 Tmeice
(final melting temperature of ice)= -2.2~-0.2°Colc},

mbd EF-E2] F3pA71E 40°CollA VH,09 &
AHLE <02@@3HA7] Hag), <03EHIA 7] F
BAE) B <05F3N7) WEiEA =T
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Fig. 6. Histogram of salinities(wt.% eq. NaCl) of type Ila.
IIb. [Ia, b and Hlc fluid inclusions in stage I(white
quartz) and H(iransparent quartz and calcite) from the
Daebong mine.
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(liquid-rich type)EfE°]th. VH,09 A
Bodnar(1983)7} AIA 3k #hgel] ol Alksigion ot
Hoj= +5%0|ch MhE 822 Tmeices 62~0.0°C
F3HA 7)), -25~0.0°CCEEBHIAN 7], FHAYG: 25~
01°C, "9alA: 02~00°0)84 IEEWtL% eq.
NaCDZ sl 0.0~9.5C33HA 7)), 0.0~4.2C33HIA
7], B 01~35, W34 0.0~05°|h(Fig. 6).
ol w3l ule} 7o), FHAZ|e] HAMAY ] &
g 38 we} Ay} 722 wgke 2 3% I
¥ Y889 TmHce= -5.0~-02°Co|n B3td 932
mE} VH02 EA17 Hart Ag Iy EfEo
Tm-ices -42~-2.1°Co|th. F3H, IN7]e] M3
B 7lgN 2R ooz FAdsish) FHA0Z 7]
Aoz FUsiEE A BaAFEC o] MbE ERKEe

e
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Fig. 7. Histogram of homogenization temperature(Th) of
type Ila, IIb, IIb and Illc fluid inclusions in stage I(white
quartz) and I(transparent quartz and calcite) of the
Daebong mine.

AUSLEE 149.0~360.7°CEEEHA71), 150.6~378.1
°CEEHIN 7], BHAIg: 157.0~378.1°C, W3l4): 1506
~264.8°C)o|tH(Fig. 7). Tt F3HA|7]2] Wl agufjof
E23te 922 uel wiMs e WEo R g
I3 T{Ee FUSeEE 202.1~360.7°Colw 85t
H 438 ug} VH,09) EAE WPl 4% Ihd =
LB FYFLEE 156.7~173.2°Colt}. FEFo=
B3, IN7)0) AEEE IhE /25 71EA o
Aoz 93t A7t O] AEL o] FAdEe]
FHo= 71gos FYs He o] AFETH1%5
°C(Th(L)=279.6°C (Th(V))). ©]Z-& aqueous phaseW]
off &%e] COyt $3l=le] AUtk 7FEAl aqueous
phase®] E-&E3H(unmixing)oll 2lsf BES Aol A
o2 MAudE £ ok

Mcd EF-Eol EAehs 242 AhsH 213
o] waraln HeiFo Hol gFEo] £Eo[ &
Hs3-E(foreign mineral)e|th. Mc¥ EH-Ee] EAAL
<0301 A} FHEolt}, o] EREC] Tm-ice= 0.8
~0.0°C24] FBEEWt% eq NaCh=E BHitshH
0.0~1401 FY3L%E 164.4~323.3°Colth(Fig. 6,
7. 0] THEL UL Wdos FdsiE} A
2 b3 FTHEF 720) 718A] AR o] FAE]
HrHow row gdids A= #AHh
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BO0PCOIA HEGAIA Sdhez Beistel EAslgint.

5.1, o4y EXAl BEAEE CDTEDH 2 SMOW(GEE, #4848
Y FH L4 BN o8 AE= Fs7) E F AR om 9aPAE 10.2%0 (3, AH) © +0.1%

E3UAAE Tefste] APt #3bgEdt dold.
FPdEslds BN A% Algs 3l 719 &
Y, Aoty AREY, 54, UdY 52 e
Z 3T e R £APEENYS £4E A8 A
B 3P, 7]e) A4y 3 F349E e
2 stk

ul
=

ul
=

Gl

5.2 &9 2oz

3] BN e TR S
& 39~94%.°018 7} FHFEo| §HSgre AFAHA:
5.8%0, FAA: 4.7~9.4%0, Ao1AA]: 46~64%0, W
A; 3.9~5.3%0°|CHTable 2). HEFAIAM A&EE=

FEFIL BAL AR A TLe) $2A
AWSAEELI AN BEAVARAS Bo AN RBe THRL FuA pH/h SRS
FEI CuOE I 1000°C7HA &7 F WA S0,  ANHFT onl B Balel AFAN) 4

AES Esie] EYsNT ALFAYLEN L F

AEFEY FAle FeiEEe] SU8AslelN JE

Fish RAARE 530°CIM 2407 WMAAT W QA9 ARKET oleld $A0E A 88 3
AT 0,2 COBNA 3] Paoigich. FAEAUL o] HSFEIR 7P SAlsbl 2R, 5 AsieA

Table 2. Sulfur isotope of sulfide minerals from the Daebong mine.

Stage Sample No. Sea level Min.  3%8(%.) 534S 2s(%o )V A¥S TECY  TCP
1 D.B.100-2 +100 m Py 9.4 79 250
I D.B.100-2 +100 m Sp 5.8 54 250
1 D.B.100-2 +100 m Gn 53 7.6 250
I D.B.100-9 +100 m Py 8.2 6.7 250
I D.B.100-9 +100 m Sp 6.1 5.7 250
I D.B.100-9 +100 m Gn 4.8 7.1 250
1 D.B.100-12 +100 m Sp 6.0 5.7 300
I D.B.100-12 +100 m Gn 4.8 6.7 300
1 D.B.910121-6 +130 m Sp 6.1 5.8 300
1 D.B.910121-6 +130 m Gn 5.0 6.9 300
1 D.B.910121-10 +130 m Po 5.8 5.5 350
I D.B.910121-10 +130 m Py 4.7 3.5 300
1 D.B.910121-10 +130 m Gn 39 5.8 300
1 D.B.890427-4 +150 m Py 59 4.9 350
I D.B.890427-4 +150 m Sp 4.6 4.3 350
I D.B.890427-4 +150 m Gn 5.1 7.0 300
1 D.B.910122-6 +150 m Sp 6.4 6.1 300
1 D.B.910122-6 +150 m Gn 52 7.1 300
I D.B.910122-16 +150 m Py 6.2 5.0 300
I D.B.910122-16 +150 m Sp 4.8 4.5 300

*DB-03 Py 6.8

*DB-03 Sp 6.6 Sp-Gn

*DB-03 Gn 3.9 2.7 245
*DB-21 Ccp 56

*DB-21 Sp 6.0 Sp-Gn

*DB-21 Gn 4.1 1.9 343

*Compiled data from Yoon and Shimazaki (1993). 1) §**Sy,g(%e0) are calculated following the equation given from Ohmoto
and Rye (1979). 2) Isotopic temperature is calculated from fractionation factors given from Ohmoto and Rye (1979). 3) Ty, is
homogenization temperature of fluid inclusion.

Py: Pyrite, Po: Pyrrhotite, Sp: Sphalerite, Cp: Chalcopyrite, Gn: Galena.
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HySel 8%szre #ste] §¥Sgros 7159 4 rh
a2 e FHYA FHLE, FAERE Fdslene)
FNBE FYTAZRE 78 258 ol8dl] FY
SE Byl e B33 HySe-e Ohmoto
and Rye(1979)7F A|AI& B tiYgste] Fahd
Table 29} 7t} Table 204 Rz Zs} zho} thiE-3
Abel Azl dig BERAU SHMSysahe
35~79%. 24 Fe] 7|9 F2 37| holx Rt &
FA08 wohf oMz fejE Ao= FAHr), =
3 B FEol §4S,e7ke B 35~7.9%, AF
AX: 55%0, AdoFaA: 4.3~6.1%0, Wa4l: 3.9~53
% O)T}.

53, A ¥ =4 BEMEI

oiggate] Fsl, IA7le AEss BNy &
BAodel §80%ke B3HA7): 6.4~14.8%0, BBHIN7)
192%c0)th ZolE §80zke +100m level: 8.0~
10.5%c, +130m level: 7.0~14.8%c, +150m level:
6.4~148%0 2 & Xol7} gt +130m level®t
+150m levelold 2FEEE WA} §180(%.0 )%k
©) W3z} Zo] +100m level®] ABT} ItHTable 3).
3, TN719] M JAA B3 AAD =9
3180120(%0) 7S Matsushisa ef al(1979)8] &2
1000 In ag,;r, 120 =3-34(10%T) -3.315 g3} Ak
31 Table 334 74t} Table 304 ¥ A3 7o) 33
A7) e 880,07t BEHAIZ): 1.1~9.0%0, B
A7) 03%0ol™  ZHolol wWE §¥0yeae
+100m level: 1.1~36 %o, +130m level: 1.7~9.0
%e, +150m level: 1.1~7.9 %00t} thgsgAate] JA4
A B2l SDypodte F3HAIZ): -92~-86%0, B3HI

A7): 93%.EA A2 A7} §ith. o 8Dyyopk
+100m level: -90~-86%0, +130m level: -92~-90%,
+150 m level: 92~-87%02A & Ajo)7} gitk. B3} P
7101 33} T2 7ol we} §°0%0 R SD(%eo Yok
o) wishe Awr, 33} IN719) D4-8AE 0
03%o, 8Dgo: 93%0)S %8t N712) B8N (3804
1.1~90%, 8Do: -97~ -86%0)E Tt T ol 7}
Zit) o) AE B3N 719) F3fEkgo] XY weh
CO, APl 23 9l YA F2 Tk A9
Qo] 2| A3 Aoz Azkh

6. E 9

6.1, Z5RAe =Y

FEo] Az} FAl= CO, CHy Npot 7-E vl
Ao mAshd 842 7z C-O-HN-salt E3HE= +
Ad=le] o} =3 Holloway(1981)yx= C-O-H-SA
EAslE FAIE T2 Hy09F COE Ho] AT Ak
el 22 Aedld fAs =2 H0+CH,,
H,0+CO,+CH, £ H,0+CH,+H,S2 Hof tkw
Basigct olE A9 SEA8ES $42h8, WA
2hg-, vl 9 BgEA s e 2ol =4 #
SHoh FAEZSEU SA5le 94 2 vads
9] &% Laser Raman Microprobe, PIXE(Proton
Induced X-ray Emission) Microanalysis 5= w3
Aubdo) o] U= A1 microthermometry®l] €]}
B9 2ge} 7] RuE AEE Hlw FEFo A u
53l € = 9k Fg 5& dlB-3ikiA AEEs
FEA719] HaMedel M FAREE FAER=2] Tm-
Carh.¢} Th-Carb.9] WJHBAE TAIZ Ao= Ao 4

W

Table 3. Oxygen and hydrogen isotopic data of quartz from the Daebong mine.

Stage Sample No. Sea level Min. 31%0(%o)  8"®0my0(%0)V 8D(%o) T,(°C)Y?
I D.B.100-2 +100m Qz 105 3.6 -86 300
I D.B.100-6 +100 m Qz 8.0 1.1 -90 300
1 D.B.100-9 +100m Qz 8.7 1.8 300
I D.B.910121-6 +130m Qz 14.8 7.9 92 300
I D.B.910121-9 +130m Qz 7.0 1.7 90 350
1 D.B.910121-10 +130m Qz 14.8 9.0 350
I D.B.150-1 +150 m Qz 6.4 1.1 350
I D.B.89427-4 +150m Qz 14.8 7.9 92 300
I D.B.910122-5 +150 m Qz 8.7 3.4 350
I D.B.910122-6 +150m Qz 10.8 5.5 -87 250
Il D.B.100-6 +100 m Qz(t) 92 0.3 93 250

1) 8'8 04,0 is calculated from the equation given by Matsushisa et al. (1979). 2) T;, is homogenization temperature of fluid inclusion.

Qz: White quartz, Qz(t): Transparent quartz.
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#AAAS zeth o)3S CO, phaseiol]l CO50)9]ol
CHy, Npot 22 o] 3712 18l Th-Carb. 2t 3
2o oujgit). 3 Ia, Ibd E-FE-2 CO, phase
EAH] 12 Tm-Carb.9} Th-Carbgte] Hslr} g1o
o [3 ZRENAY Y ETHEE Zo @& Tm-
Carb.8} Th-Carbgtel S7ieich, #sHA7] Ta, Ib¥
E580] gt Tm-Carb.2t Tm-Clath.o] AAAAE 4
Hry 2o JAdAE zheth o2 ITHEH
(CHy, N3t} salt¥go] ¥hale] BAIYS ov|ditt. 3
A7)l s WG] 1, Ta, Ib¥ EhHEe]
S-43248-2 Van Den kerkhof and Thiery(1994), Van
Den kerkhof(1990), Nicholls and Crawford(1985),
Ramboz et @l.(1985), Herskowitz and Kisch(1984)7F
AAZE wbgel ola] TalNTHTable 4). Table 491141
BE ZAz} o], gledite) 18 E/-E e XCO,,
XCH;, % XNyzte ZHz+ 049~1.00, 0.00~0.24,
051~0.530|t}. Ia, Ib¥E Z-FE2 XH;0, XNaCl,
XCO,, XCH= 22t 025~0.98, <0.01~0.01, 0.02~
0.73, 0.00~0.05(1a8 =-/E), 027~095 <001,
0.05~0.73, 0.00~0.01(Ib¥ EF-Ew|c). H3} P71 2
719} 719 BRHE 1§ FHEQ XC0»2 XCHE
z+zk 0.77~0.95, 0.05~023(33HA17] Z7]), 0.89~
0.91, 0.09~0.11(33} 7] T7DEAM Fsh8o] 113
gell wle} XCH, ggo] #4adgg ¢ + v
7tEryzr Ao 2 RE 33 AE(Tm-Carb.,, Tm-
Clath.,, Tm-ice, Th-Carb., Th)23E 23, II*7]l
A AEHe FAZEE9 Vbulk(molar volume of
bulk), dbulk(dH,O)(density of bulk)E Van Den
kerkhof and Thiery(1994), Nicholls and Crawford
(1985), Ramboz et al.(1985), Brown(1989), Bakker
(19977} AXF Bgel o8] Ak 4= Ack(Table

—

PeEHEL AT 40

d

p

off

4). A 1, la Ib¥ FH-E2 CO, phaseiell 2~
ZA)8= CH, Ny CO, phased] Uxo] B
o}, 233 Vbulk, dbulk B FULEE FAEH
< FHEL e FEA AT 2 XA
mechanism(PVT)E sjds=d] Tfol HH, 2 A
gk 3ol AlFzhl] ofd AjolollA WAPE=THE 3
Aty o]29r) Table 4904 B A} 7o), 3
3 K71 2719k £719) 1, ITa, by EHE2] Vhuk,
dbulkEs Z7]: 41.2~56.7 cm¥/mol, 0.70~1.05 g/cm®
I8 T&E) 188~42.7cm¥mol, 0.88~1.03 glem?
(a8 E§E), 20.3~314cm’mol, 0.84~0.97 g/cm®
Ih3d EHE), 7]: 63.4~68.9 cm®mol, 0.60~0.65
gem’(¥ EHE), 23.1~35.0 cm¥mol, 0.85~0.91g/
e’ EHE), 29.6 cm¥mol, 0.82 g/em®dhd E
FE)RA F7)0 AEHE |, g, b8 2HEo] 27]
9] I, lla, h¥ EHERT} Vhulkzte] A4 Veldth
F3HA)7) Br)el AbEEE IhE ZREQ Vbulk,
dH,0E  20.7~23.7 cm®mol, 0.79~0.91 g/cm®o] T},
=5 FIHMe 4EEe b 2 Icd E=2529
Vbulk, dH,0% 20.7~30.5 cm¥/mol, 0.60~0.88 glem®
[h¥ E58), 20.8~27.6 cm*mol, 0.65~0.87 g/cm®
I8 F8-2)2A 43} 7] I3 E729 Vbulk,
dH0%k2H & zpel7} gith.

o 2 ey

off M W

of

6.2, FEIFAQ| 28U rapping pressure)at TS}

FA RS TG FAHE THEQ] R
w8 74K @987 e g 2l Bowers and
Helgeson, 1983; Kerrick and Jacobs, 1981; Jacobs
and Kerrick, 1981; Holloway, 1981; Zhang and
Frantz, 1987; Knight and Bodnar, 1989) ZX-€ 3
A}, Van Den kerkhof(1990y= CO,rich XER-E1ol

Table 4. Summary of composition, molar volume and density for fluid inclusions in stage I, II quartz and calcite veins from

the Daebong mine.

Cormeston” oalhiin e ey
XH,0  XNaCl XCO, XCH, XN, XCO, XCH, eq. wt% NaCl Vbuk dbulk(dH,0)
1 0.49~1.00 0.00~0.24 0.51~0.53 0.76~1.00 0.00~0.24 412689 0.60~1.05
carly Ta 025~0.98 <0.01~0.01 0.02~0.73 0.00~0.05 0.89~1.00 0.00-0.11  02~134  188~427 0.79~1.03
b 027-095 <001  0.05~0.73 0.00~0.01 0.95~1.00 0.00~0.05  12-42  203~314 0.82~0.97
11 0.89~0.91 0.09~0.11 0.89~0.91 0.09~0.11 63.4-689 0.60~0.65
“‘;‘1‘;’ Ila 0.5i~0.87 <001 0.11~0.44 0.01~0.05 0.90-095 0.05~0.10  02~2.8  23.1~350 0.98~1.01
IIb 0.76 <0.01 0.23 0.01 0.96 0.04 2.6 29.6 0.82
late IIIb 0.2~9.5 19.5~23.5 0.79~0.99
. i 02~42 19.6~305 0.60~0.92
Tile 04~14  20.8~27.6 0.65~0.87

Abbreviations: Incl.=Inclusion, Aqu. phase=Aqueous phase
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23] CH2F N7t ERllahe aidide] 2
UL BAsAT) olEd HE vElsi Ui
FEHAIZ|Y AEEE 1, 1Ta, IbE /82 39

& AR ¥ ZRES a ¥ Y E/E
LR ARE 7|12 F3on ANE | a, b3
EAEe FIH = 1082~2098 bar(lithostatic pres-
sure: 3.9~7.6km, hydrostatic pressure: 10.8~20.9
kmjelch, HEgE o] FAkY FBA7] Lr)o] AEEE
Mhd E/E9 #93kers) F5A94 A=A
o] Aol EEUHE FFT = AUk ANtE B
Al7] @719] EHAH(259°C, 54 wt%)= 670 bar(l-

thostatic pressure: 2.4km, hydrostatic pressure: 6.7

km)och. SheliA] & Azt o], tiig-g4te] F3HA7

A AEEe | Y b3 ¥552 Th-Cabzte] W3t
Zo] Yt} o] AR FHUE Wals AAls
CKSibson et al, 1988; Boullier and Robert, 1992;

Wilkinson and Johnson, 1996; Cassidy and Bennett,
1993). o1& A 4= (lithostatic pressure+tensile st-

rength)e] Wske thE-34te] Agmola AE== Qe

Aol dtensile hydraulic fracturesy=-2 AN
AL dFo| 7AHd w2t GHo] &Her
ok, 2me] JRert dofdtt.

Diamond(1990, 1994)= H,0-COAl ¥XFEZ 1)
High XH,O(Low XCO,)compositional type(0.852<
XH,0<0.985, 0.148>XC0,>0.015), 2) Very High
XH,O(Very Low XCO,) compositional type(0.985
<XH,0<1, 0.015>XC0,>0), 3) Low XH,O(High
XCOy) compositional type(0.002<XH,0<0.852, 0.148
>XC0,>0.998) 2 4) Very Low XH,O(Very High
XCO,) compositional type(0<XH,0<0.002, 0.998>
XCO,>DE 231 th-34te] FsHA7]e &2
He IIh, ¥ EHEL Low XH,0High XCO,)
compositional type(0.002 <XH,0<0.852, 0.148>XCO,
>0.998)9+ High XH,O(Low XCO,) compositional
type(0.852 <XH,0<0.985, 0.148>XC0,>0.015) 3]
Z¥ct. Diamond(1994)= ©l2lgt FrE9 AEE 2
FHEFEL T e 58] s 34
(FET T AGd)elA dukzlog A &
AXfElR} Easidn o #39 fAZfES
T2 2% 9 qYAHN o)lsH=M(dew curve)t
71 3 = (bubble curve)el] €j3l E-E3HF A (m-
miscibility field)o] AR AT T3 ogFAate]
SHA7lel AMEE = Mg, b EAE2 XCO,el W3}
7} & variableXCO, E-HEo]tl. Ramboz ef dl

L 4
Loy
i

o

JE

(1982)°l 31 variable-XCQ, EHE2 BEsPe|
M FAE Aoz BRusynt. gt 22
 FAZAE U3 U duxe #A4
< AWEY, B3N g, Ib 2 IhE EHES
dYse ot adel gt dess Sk o)A
< A BEFe] UL onigc) Ed FIHI
71 by ETHE gdde=d dess 331
714 b3 E§E vjsl gdsess 3713l
FEEre FaFISe] FAAD. o)HL F3HA ]
A FeHIN712 el bet S0 719" A9 f9)
o o8t g4 & WzkEgo] UASS ovsich(Fig.
8). 1 u= dlgFite] F3HA7] 2719k £7] Hy0-
CO4-CH,-NaCl+ N,(Z71: 203.0~388.0°C(#L3}-2.5),
0.6~134 wt.% (F%5%), 571 214.6~280.0°C(zL s}
2%), 02~28 wtB(ETEN FAE fAgEY
zlolell ojafl CO, “4Eel7t dolxkon Fgjzargo] %
ggo] wel Hy0-NaCltCO,(27]: 204.8~288.0°C(d
dslen), 45~6.7 wtB@EE)A SA= 135
o}k E=3 o7l 7]19e] ©E Hy0-NaClAl #4319 &
ol ojaf Mg FEEe] iyt AL A
Zre), F3 IA7lele €6 71dd HO-NaClk
C€0,(201.3~358.0°C(7-¥3Fe%), 0.4~42 wt.% (BF
=PA A7 BER, 34 2 Wzhakge] A AR
o2 Azhgr)
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Fig. 8. Salinity vs. homogenization temperature diagram
for fluid inclusions in stage I, Il vein quartz and calcite
from the Daebong mine.
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Fig. 9. Hydrogen vs. oxygen isotope diagram displaying
stable isotope systematics of hydrothermal fluid composi-
tions of the Daebong mine. Paleowater data are from So
and Shelton(1987a, b) and So et al.(1987a, b), Modern
Korean Goundwater data are from Kim and Nakai (1981,
1988).
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