AlEAxE, HM413, X 1§, - ,2008
Econ. Environ. Geol., 41(1), 1-14, 2008

2 Z-2Mo| IMTE, FHIRE X AWSSL 9T

R - 0|3 - 01ZF - 0[BT
SELER IR REL S

Ore Minerals, Fluid Inclusion and Stable Isotope Studies of the Bongsang
Gold-silver Deposit, Republic of Korea

Bong Chul Yoo, Jong Kil Lee, Gil Jae Lee and Hyun Koo Lee*
Department of geology and environmental sciences, Chungnam National University

The Bongsang gold-silver deposit consists of quartz veins that fill along the fault zone within Cretaceous andes-
itic lapilli tuff. Mineralization is occurred within fault-breccia zones and can be divided into two stages. Stage I
which can be subdivided into early and late depositional stages is main ore mineralization and stage II is barren.
Stage I began with deposition of wall-rock alteration minerals and base-metal sulfides, and was deposited by later
native silver, Ag-bearing tetrahedrite, polybasite and base-metal sulfides such like pyrite, sphalerite, chalcopyrite and
galena. Fluid inclusion data indicate that homogenization temperatures and salinities of stage I range from 137 to
336°C and from 0.0 to 10.6 wt.% NaCl, respectively. It suggests that ore forming fluids were cooled and diluted with
the mixing of meteoric water. Also, temperature and sulfur fugacity deduced mineral assemblages of late stage 1 are
<210°C and <107 atm, respectively. Sulfur(3.4%) isotope composition indicates that ore sulfur was mainly derived
from a magmatic source as well as the host rocks. The calculated oxygen{2.9%o, 10.3%c(quartz: 7.9%o, 8.9%o, calcite:
2.9%o, 10.3%0)}, hydrogen(-75%0) and carbon(-7.0%e, -5.9%c) isotope compositions indicate that hydrothermal fluids may
be meteoric origin with some degree of mixing of another meteoric water for paragenetic time.

Key words : Bongsang gold-silver deposit, Mineralization, Fluid inclusion, Isotope
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Fig. 1. Generalized geological map of the Bongsang Au-Ag deposit, showing the orientation of the principal quartz
veins(modified from Chang et al., 1983).
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Fig. 3. Photographs of quartz veins samples from the Bongsang Au-Ag deposit. (A) Close-up of white and transparent quartz
vein from the Main vein. (B) Close-up of white and transparent quartz vein from the No. 2 vein. (C) Host rock(andesitic
rapilli tuff) and its alteration(sericitization) from the Main vein. (D) and (E) White and transparent quartz vein and ore
minerals of stage I. Abbreviations: Ce=calcite, Gn=galena, Mal=malachite, Qz=quartz, WR=wallrock.
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Fig. 5. Microphotographs of ore and gangue minerals representative for veins of the Bongsang Au-Ag deposit. (A) Pyrite
partially replaced by goethite and chalcopyrite of stage 1. (B) and (C) Sphalerite, chalcopyrite and tetrahedrite coexisting
with galena of stage 1. (ID) Tetrahedrite blebs coexisting with galena of stage [. (E) Tetrahedrite and polybasite coexisting
with galena of stage I. (F) Native silver, tetrahedrite, sphalerite and chalcopyrite coexisting with galena of stage I.
Abbreviations: Cp=chalcopyrite, Gn=galena, Goe=goethite, Pol=polybasite, Py=pyrite, Qz=quartz, Sp=sphalerite,
Td=tetrahedrite.
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Fig. 6. Photomicrographs of representative fluid inclusion types in quartz from stage | vein of the Bongsang Au-Ag deposit.
(A) Liquid-rich type inclusions in quartz and calcite. (B) and (C) Close-up liquid-rich type inclusions in quartz and calcite.

(D) One phase(liquid) type inclusions in quartz.
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calcite. The eutectic temperatures of the KCI-H,O(Linke,
1965) binary system, NaCl-H,O(Hall et al., 1988) binary
system, KCI-NaCl-H,O(Sterner ef al., 1988) ternary system
and MgCl,-NaCl-H,0O(Luzhnaya and Vereshtchetina, 1946)
ternary system. N=number of analysis.

=0 2 ohgEsas A 9

n=121)°|% Bodnar and Vityk(1994)7} AAE wA
A& o]§3le] dezz ke 02~106 wt%
NaCl(7.4+2.6 wt.% NaCl, n=121)°]thFig. 9). ©]
IHEL 71GN BF Aoz gt gdile
T 137~336°C(279+ 36.6°C, n=83)°|ct(Fig. 10).

FsA719) Wi olA AEHE ddEFES Y
A Vi, $5&EE -382~-27.7°C(-34.5£4.7°C,
n=4), HZEEFLE(Tei)e -23.2~-204°C(-21.8+
2.0°C, n=2)°|th(Fig. 8). AFEREY Tpi= 5.9~
0.0°C(-1.8222°C, n=49)2ZA4 IH==E a4
0.0~83 wt.% NaCl2.8+3.4 wt% NaCl, n=49)°]c}
(Fig. 9). ©] ZRHEL 7IEA] 25 Qo= sl
o ZY932TE 170~267°C(204+38.6°C, n=23)°|t}
(Fig. 10).

ol& FHA7AN AEEHE FAESE
o} FYsere] #AAZ ©ASHE Fig. 113 2t} o

e
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Fig. 9. Frequency diagram of salinities for fluid inclusions
in quartz and calcite from the Bongsang Au-Ag deposit.
N=number of analysis.
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Fig. 10. Frequency diagram of homogenization tem-
peratures for fluid inclusions in quartz and calcite from the
Bongsang Au-Ag deposit. N=number of analysis.
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diagram for fluid inclusions in quartz and caicite from the
Bongsang Au-Ag deposit. N=number of analysis.
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5. QPSR

5.1. o7y

EENDE £ ol 8d ANEE F37] @ 7
=TABAE st vheat 2ol JdeEgn). et
FEHdL BAE A9 Ase AHdA AHE 34
FE| Asglo] g Ao AT Wl HlawA 4

ol W2 F3hAZle Wde dder sl
i R FaETEAYL BAE A% Mae 38
A1719 M9 B NS dide s skl

HFALE BHe SAEY S @M AN
St FEALLENS FEF Cu0E I 1,000

7 & F p 8-S ERS] 48t
At AT H SRS F27Pi9jr TAAIEE 530°C
ol 24A7F BEAIZL F BAE 0,5 COBkeld ¥

H 2B FLFIILRYS LPGHO, BEOE
WEH HOE Znh S0°CIA WAA Sk

oA -

ojd

sl EASAT B4 BEARE
SMOW(3t4:, 48 AM&3d o
+£02%o(8, A2) B +2%q(2)0]th

CDT () %
LR

52 E2MZdn

By F-Le FHPVl AEse PA4)
3S7He 3.4%°)1THTable 3). ©] FdolA AEEH=

EOHAREHALR +i14**)4 TATE F3RA
pH7} SRHA-E AAJEIFR Jom B FolA &
AdgEe RAle %ﬂz}%ol FAZ3leA K8
AL AAREIT) ol E B fAl ol £
B o] ISR 7 A EAlsc. & 33}
FA W HpSe) §4Szre A o) §sglew 754
& rh 2HEE FHY94 HY2E, AAEZNE &
Usle =gl FAFE FARAZYEH 78 2EE °
g3to] FAFED HFAE Je F3A U
H,S%+ Ohmoto and Rye(1979)7F A3k & 2ol

Yalo] T3l o] FAe] FSHA e F3}
A W 85y, 57 6.2%0°]H(Table 3).

o] Aol B3N AEHE 99 B0
7.9%048.9%°)HTable 3). 33H 719 Ag A
BEE JAA 29 §%0y,0(%o)ak2 Matsushisa
et al(1979)°] E82] 1000 Naguy,1,0=3.34(10%T%
-3.318 ol g3l ArEIA A9 §%¥0g,07hE 0.3%0
3 1.3%e1th B F-25374] Fsl 7ol AEEs
Ha)ale) §80gke 2.9%0 10.3%1™ Friedman and
ONeil(1977)7F A& A& o] &3l Alkke HEAJE
o EARY B9 50wt 6.1% 1.3%c°|th
SCHEE -7.0%0F -5.9%0=4] Friedman and ONeil
9777} AXF AL ol gsk AKIE §Cco,ah
6.7%c% -5.6%°1Th. o] B PPN <] 8D
e -75%°|cH(Table 3).

Table 3. Sulfur, oxygen, carbon and hydrogen isotopic data of minerals from the Bongsang gold-silver deposit.

Sample . 548 830 8c 3180y 8C, )] T
Stage "0, Min. (%0) (%e) Gy O St T B0 TS gy o
1 BS119-7  Gn 34 6.2 200
I BS119-3  Qz 79 0.3 75 280
I BS119-7  Qz(t) 8.9 1.3 75 280
I BS119-7 Ce 29 59 6.1% 56 200
1 BS119-9  Cc 10.3 7.0 1.3% 6.7 200

D8%4Sy,5(%v) is calculated from the equation by Ohmoto and Rye (1979). 23'30y,0(%0) is calculated from the equation given
by Matsushisa ef al.(1979). ¥8"*Cc(%o) and 958 0y,0(%o) are calculated from the equation by Friedman and O'Neil (1977). YTy
is homogenization temperature of fluid inclusion. Min; mineral, Qz: white quartz, Qz(t): transparent quartz, Cc; calcite
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T -2 B3 W) AeEe A
22 Aoy, FLAMEEA B 2N 3 24
FEPOR . o] TAFEEY FBRAL ¢
&3t B3N] Br)o) AEEE FES) Aen
S} FEUE FAs BT} o] FAFEES] 99
4 2159} Aol el 2269 4.28 mol % FeSgHe
o83l 73 M=o FENE ) 2 <210°C,
<10* atmE BQIth(Fig. 12). ¥4 F-c3do)A
AEEE FAREY, fkees 2 e e v
A Wl WS 2ty Ao R AEE o
B AN IEAZRE FU)9) ol AEYe R
AEEE FEE) AN oA FAYT Iof)
Aol o8] ¥HAA =HATh B EHTHLueth ef dl.,
2000). ©] BFlA AEEE= AFRETAHL Cu(26.46~
34.46 wt.%), Ag(4.67~14.43 wt.%), Sh(26.08~29.05
wt%)olH Ase AEHA] $=rHTible 2). Hackbarth
and Petersen(1984)9} Park and Hwang(1992)e] <
shd 27) Feleo)M APHEAA FEo] A2 Ho
Aol meh Cu ¥ As Y4Eo] Haldoz WA An
HI Ag, Sbe gl o] Rslelo] x7)o] FA49
AFAEAA FEES Cu, As AR Tefo] =3 Ur
o YHE AFREAA FEELS Ag, SHEE FHgo] &
o B skeit), B8 Robinson and Norman(1984)9h
Park and Hwang(1992)°l ¢l3Pa APAEA ) 2ele
A& & e FaleA] PEnr) Yolwa] Ag
chloride complexes’} E9PAsH Ho) F7bdriy B
It 23] 2 FEAIA A Al EA )
P2 SRR 7M7) 210~235°C, 107123~107136
atm(E&30), 200°C ©]3}, 108 amEE)= 43990
W AN FEBFOE pEAN 2%, A3lgde] o
= 2 ARG ATt AMES ) & a9 3}
AR 82loe W 3INTHPark ef al., 1988; Park
and Hwang, 1992). We}r B339 Arde 2 &
SAMEY T 2 SEGe 23Rt} ok
A FeddThe @ 93, B8 B 3o
A AEHE AMEEY W A=E

=

(Table 2). ZZ2o] AlEe] BEH] el W @
A ORI ABHEAMT o dule) B4 T
TRA R AN FRIN FREg FAUL EUhE e
AT ClEE IEES FEAERRAE FasAw
TS dovle smdans & 44 e 92

AZRE R EEAEL a7 11
T(°C)
150 200 250

300 350 400450
1 | 1 i | L |

4.28 mol % FeS
2.26 mol % FeS
\

\

logfs.(atm)
~
|
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Fig. 12. Temperature versus sulfur fugacity diagram
showing the ranges of silver depositional conditions
indicated by mineral assemblages in stage I veins from the
Bongsang Au-Ag deposit. mol % FeS=mole fraction of
FeS in sphalerite, Gn=galena, Po=pyrrhotite, Py=pyrite.

B2A FI=R o] B2 jlo] ofrjolA JHdEAE
A Wele AL Ao nais BAS 8] F3)
g diste AoME Fagk EAlolth ule) B
2 F-2 ol APFA o] BaEe] glovk(Park
et al., 1983; Lee et al., 1994; 1995; Yoo et al., 2006)
EPMASISHEA 28 3 St=F AWSA 9] W& 3
4e £X(0.17~040 wt.%), = %8-(0.07~0.41 wt.%),
H2H0.00~0.28 wt.%) B T 4H0.07~0.20 wt.%)
SR BaEo] glom Fheg o] vhe Holrtk(Park
and Hwang, 1992; Lee, 1993). AlAIH o2 APA%A
W Fl=F9 o] RIE AL AFEWN=
Tomnadashan, Tyndrum % ClevedondtholA A
0.07 wt.%oX Hd 11.70 wt.% 7HA Ra=e] Ut}
(Pattrick, 1978; 1984; 1985; Ixer ef al, 1993). A}
HEA e YukEel TR MY MY M ,SE 5olH
CuypZnyShyS132 2 HF T of 2o mgoz 3
gxo] FeEE YAET ¥ESH (Cu Ag)y@n,
Fe, Cd, Cu, Mn, Hg)y(As, Sh, Bi)S, Se, Te);3°]
UH(Pattrick and Hall, 1983). 374 F-237¢2] Abas
AU =g e oo Fa) vl ofd
£ AL USE & 5 AUrh Kubo ¢ al(1992)
A2olA HAET MolAALrE Flegat U7k &
Fo) Erpsr Bssith. T3 Lee of al(1992)0] <13}




12 54 -

Aot Aot W l=Fe] e MeAdd
3 FAAE 2 HoldAolN =2 e 7=
th S8 AFREA W FheE g e et
SErE Jt=g gl F7FdvhPak and
Hwang, 1992). WehA APE%A ] Jhege] g 2
ol sk Ao Helw olo] gt PG At
F8h5rol] At email communication with Pattrick).

B FAZREAN ST FdsleEs 137~
336°CelH, d5== 0.0~106wt% NaCle|th o
FeEdt A HAE BAE BY, #Ysles
7} ol wet d¥Ed AT 44 Hoxin ol
grge] HFUE wet 5Tl wet W g 2
Tob FAEert W A £ o3 sAgol
UM AXZIT}, FAFEES] S3ies 2%, pH,
fo, ams B ag- 1 ZA FH-ErkBarrett and
Anderson, 1988; Gammons and Williams-Jones, 1995).
upEbA BdRe 27) 88 (>336°C, 106 wt.%)
o uRE Wrs HHZL ofs] L% ¥ a9 74
o o8l 27] FEYEEo| PAsigow, w9
SHEES ASEY 2% € agrd] 44 ¥ dsE
o Froz g FRRYY P Jslel AU
al

AZEY, fAXRE] A8 F H2 #dslex
g 72te THE ARE36°C, 8.7wt% NaCl, 0.75g/
cn®)Z5E 7F A 9Ee F 130 baro|H, AxE
1,700 m X}

o] FAIN ANEHE FHBEY §SgHe 3.4%0
ol FslAl i 834SH25%)\'\9_‘ 6.4%:24 29| 71ge
37190 ET tha & e zhon ol: 341
2k Ul el felE Aoz siAHck(Table 3).
wgk o] P AT FIRA T 29 V1YL Yol
17] A A Ags) wejae] abd Fa g
B2 PSR 47 §%0y,0; -6.1%0% 1.3%0
(4%9: 0.3%03%} 1.3%0, WalA: 6.1%0 1.3%0), 8D;
5% 2 §PCcoR 6.7%H -56%01th 1 F
84 72 o8 ANEESH, IS, A3, pH,
Ao 24, Y vheAR) Sl o3 Hald
ATk 2B BR MOy qat, §%0h0t, D #
S Ceo kel AEE T8 B FalpAle A 7
A9 FAE FFL ©)F ZOE Koy W2 ol
ulE} ohe 4ol EYo] A A8 Ao Beg
(Fig. 13).

oS TYIH B -2 AF 719 ¢
gl o 2 RE Fapago] AP mel FAE
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Fig. 13. Hydrogen versus oxygen isotope diagram showing
the calculated stable isotope values of hydrothermal fluid
compositions from the Bongsang Au-Ag deposit. Also
shown are the isotopic fields for paleowater(Shelton et al.,
1990) and modern Korean groundwater(Kim and Nakai
1988). The magmatic and metamorphic water boxes are
from Ohmoto(1986) and Sheppard(1986). Open circles
and open squares indicate data by Choi ef al.(1993) and
Shelton ef al.(1990), respectively.

ThE A5 fdel g El g 342HEo] 3L
AL AN Foh wEA B4 284S /AR
FEo g93enr) ok R Ague] 7, A4
=38, F33A9) 7l 2 8 5L 2T 9 A
F4=37gol sZE

o] FAolr] EAgEo 2 oF 10km BojZl X i
AEFHY AR, ALY, A 5) 2L SeRge
2 oF 8km EoJZ ol TYBAe] HXgt Ak, A
2, 2 2 SgAel #33A7] #3AY
Uk = 211~393°C(AHS), 247~387°C(AAHAIY),
206~398°C(AHA), 134~282°C(Z )0l FFEE
2.3~134wt.% NaCl(hHg, AHHAY, H44), 1.2~6.1
wt.% NaCl(E%)E zteth(Park, 1983; Shelton e
al., 1990; Choi et al., 1993). B3+ SRS 2
(*Sp,s: 32~5.7%o(E), 52~85% (ALY, 43
~5.1%(4), 3.1~65%AF%F), §°0g,0: -2.0~5.0%0
(F8), 0.3~33%HIAY), -34~21%(F4), 94
~-70%d%%F), 8D: -T5~-5%%3He), -68% A D),
T5~-T1%o(AFA), 61~-44%(FF)& ZHeTH(Park,
1983; Shelton et al., 1990; Choi et al., 1993). Choi
et al.(1993y 1EF3Ue F3Ale Aol
W A&EHoR 7|do] thE Aol Eio] AT
HIsch ArA|ge] Agule vdsgsile] #d
geret dwmd v td fAEAY W 3
Zror} Bgaade) gdshere) Aol vE =&
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