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Mesothermal Gold Mineralization in the Boseong-Jangheung area, Chol-

lanamdo-province

Chul-Ho Heo!*, Seong-Tack Yun' and Chil-Sup So'
Department of Earth and Environmental Sciences, Korea University, Seoul 136-701, Korea

Within the Boseong-Jangheung area of Korea, five hydrothermal gold (-silver) quartz vein deposits occur. They
have the characteristic features as follows: the relatively gold-rich nature of electrums; the absence of Ag-Sb(-As)
sulfosalt mineral; the massive and simple mineralogy of veins. They suggest that gold mineralization in this area is
correlated with late Jurassic to Early Cretaceous, mesothermal-type gold deposits in Korea. Fluid inclusion data
show that fluid inclusions in stage I quartz of the mine area homogenize over a wide temperature range of 200° to
460°C with salinities of 0.0 to 13.8 equiv. wt. % NaCl. The homogenization temperature of fluid inclusions in stage
11 calcite of the mine area ranges from 150° to 254°C with salinities of 1.2 to 7.9 equiv. wt. % NaCl. This indi-
cates a cooling of the hydrothermal fluid with time towards the waning of hydrothermal activity. Evidence of fluid
boiling including CO, effervescence indicates that pressures during entrapment of auriferous fluids in this area range
up to 770 bars. Calculated sulfur isotope composition of auriferous fluids in this mine area (§**Sgs=0.2~3.3%) indi-
cates an igneous source of sulfur in auriferous hydrothermal fluids. Within the Sobaegsan Massif, two representa-
tive mesothermal-type gold mine areas (Youngdong and Boseong-Jangheung areas) occur. The §**S values of
sulfide minerals from Youngdong area range from -6.6 to 2.3 % (average=-1.4%, N=66), and those from Boseong-
Jangheung area range from -0.7 to 3.6% (average=1.6%,, N=39). These 6°*S values of both areas are compara-
tively lower than those of most Korean metallic ore deposits (3 to 7%). And, within the Sobaegsan Massif, the
3*S values of Youngdong area are lower than those of Boseong-Jangheung area. It is inferred that the difference of
8%S values within the Sobaegsan Massif can be caused by either of the following mechanisms: (1) the presence of
at least two distinct reservoirs (both igneous, with §**S values of <-6% and 2+2 %) for Jurassic mesothermal-type
gold deposits in both areas; (2) different degrees of the mixing (assimilation) of 32S-enriched sulfur (possibly sulfur
in Precambrian pelitic basement rocks) during the generation and/or subsequent ascent of magma; and/or (3) differ-
ent degrees of the oxidation of an H,S-rich, magmatically derived sulfur source (8**$=2+2%) during the ascent to
mineralization sites. According to the observed differences in ore mineralogy (especially, iron-bearing ore minerals)
and fluid inclusions of quartz from the mesothermal-type deposits in both areas, we conclude that pyrrhotite-rich,
mesothermal-type deposits in the Youngdong area formed from higher temperatures and more reducing fluids than
did pyrite(-arsenopyrite)-rich mesothermal-type deposits in the Boseong-Jangheung area. Therefore, we prefer the
third mechanism than others because the §°*S values of the Precambrian gneisses and Paleozoic sedimentary rocks
occurring in both areas were not known to the present. In future, in order to elucidate the provenance of ore sulfur
more systematically, we need to determine §**S values of the Precambrian metamorphic rocks and Paleozoic sedi-
mentary rocks consisting the basement of the Korean Peninsula including the Sobaegsan Massif.

Key words : mesothermal-type gold, sulfur isotope, Boseong-Jangheung area, Youngdong area, Sobaegsan Massif
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Fig. 1. Generalized geologic map of the Republic of Korea,
showing the location of the Youngdong and Boseong-
Jangheung areas within the Sobaegsan Massif. Abbrevi-
ations: IB=Imjingang Belt, KM=Kyonggi Massif, OFB=
Okchon Fold Belt, SM=Sobaegsan Massif, KB=Kyongsang
Basin. The Younger granite, Cretaceous to Early Tertiary;
the Older granite, Permian to Jurassic.
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Fig. 2. Geological and location maps of the Boseong-Jangheung area. Mine location: 1=Bodeok, 2=Mundeok, 3=Boknae,

4=Keumsan. 5=Jukbo.
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Flg. 3. Generalized paragenetic sequence of minerals from
Au-Ag vein deposits of Boseong-Jangheung area (line
width indicates relative abundance). Homogenization
temperature scale at the foot of diagram is based on the
range of homogenization temperatures of primary+
pseudosecondary fluid inclusions. Abbreviations: 1=Boknae,
2=Jukbo, 3=Keumsan, 4=Mundeok, 5=Bodeok.
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AchFig. 3): 49 L IS JIES st Fo
AR2EE A71EEE 7))ok B3t $019] el ey
o] AT AI71E@3 27)). B3t VlolAe I o
A Mool 7H FHREH AT FEold. fuEN
(29.7~33.8atom. % As; Fig. 4)& WA 3
Aol YAtet WA ol] A2 AbdAabe] QIrlEA 4k2d
th FgEAe 33 A3 AR} v AFAAZ
g}, Aold4(6.1~14.7mole % FeS: Fig. 5y
WA e 2 AEHe] AR AEEHA, /HE BT
A ugriEo] A Jde AL FEAL + rh

(Table 1). WA BE FAAI I 45 Z2
Table 1. K-Ar data of alteration sericite from the Bodeok Au-Ag mine, Boseong-Jangheung area.
. Radiogenic *°Ar(moles/g)  Radiogenic Date
0,
Sample no. Description K (%) STPx10-10 e (Ma10)
BD-1* Sericite from alteration zones 5.57 1.573 76.4 155.9+2.3

near stage 1 vein

*The prepared sample contains small amounts (<5 vol. %) of kaolinite
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Fig. 6. Gold contents (wt. %) of electrums from the
Boseong-Jangheung area.
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Ag. 7. Sketches of primary+pseudosecondary fluid inclusions
observed in stage I vein quartz showing coeval nature of
type la (aqueous, liquid-rich), type Ib (aqueous, CO, clathrate-
forming) and type III (Liquid CO,-bearing) inclusions from
Bodeok mine, Boseong-Jangheung area. Type III inclusions
show variable volumetric ratio of CO,. Numbers next to
each sketch are homogenization temperatures; inclusions
indicated as follows: (Ib), type Ib; underline, type III;
remainder are type Ia inclusions. Scale bars, 10 pm.
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stage I quartz from the Bodeok Au mine.
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Table 2. Fluid inclusion data from the mesothermal-type gold deposits of Boseong-Jangheung area (V: vein-filling ore, Tla,
T1b, T2, T3: type Ia, type Ib, type II and type III inclusions, P+PS: primary+pseudosecondary, S: secondary, n: number of
measurement).

average

Mineral Fluid inclu- Th .. Th-total ressure
(stage) sion class VOlutl‘;Illle of n ©C) Salinity @ V) p(bars) Remarks
Bodeok mine'
quartz(l) P+PS 0.25 58 202-397 1.2-7.4 L V, Tla
quartz(l) S 0.15 29 154-216 0.0-0.8 L V, Tla
quartz(l) P+PS 0.20 34 292-331 1.7-3.2 L 300-750 V, Tlb
quartz(l) P+PS 0.60 26 255-340 0.2-3.6 L vV, T3
sphalerite(I) P+PS 0.25 39 229-267 4.2-59 L V, Tla
calcite(II) P+PS 0.35 20 150-210 1.2-1.6 L V, Tla
Mundeok miné*
quartz(l) P+PS 0.35 73 240-364 1.6-6.9 L V, Tla
quartz(I) S 0.10 10 168-219 1.2-2.6 L 460770 V, Tla
quartz(l) P+PS 0.92 5 321-361 0.2-0.9 \% Vv, T2
calcite(Il) P+PS 0.10 17 161-238 1234 L V, Tla
Boknae mine®
quartz(I) P+PS 0.35 67 252-458 1.2-13.8 L V, Tla
quartz(l) S 0.15 31 154-252 3.14.5 L V, Tla
quartz(I) P+PS 0.90 42 281-446 - A% 90-420 v, T2
quartz(T) P+PS 0.75 27 284-408 0.2-6.8 L V, Tlb
calcite(II) P+PS 0.15 71 171-254 3.4-4.8 L V, Tla
Keumsan mine*
quartz(l) P+PS 0.25 62 253-392 5.6-10.1 L V, Tla
quartz(l) S 0.15 16 162-233 2.1-6.8 L 120-580 V, Tla
quartz(T) P+PS 0.87 5 303-361 0.5-5.2 \% v, T2
calcite(II) P+PS 0.15 36 161-238 2.2-79 L V, Tla
Jukbo mine’®
quartz(l) P+PS 0.42 68 244-407 4,1-9.3 L V, Tla
quartz(l) S 0.10 42 133-242 4.6-6.3 L 460-740 V, Tla
quartz(l) P+PS 0.95 10 303-377 1.4-3.8 \"% v, T2
calcite(IT) P+PS 0.15 34 161-242 2.1-6.3 L V, Tla

Data from 'So et al. (1993), Heo et al. (1997), 3So ez al. (1995), “Heo and So (1995), *Heo et al. (1999a)
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Table 3. Microthermometric data of type III inclusions in stage I quartz from the Bodeok Au mine, Boseong-Jangheung area,

Korea.
Tmeoy Tmgen  Theoy  Them Vol % dencity (g/cc) wt% oy X X
0 O (O (O 2’ co, ag  total ~NaCl T2 RO Twa
-56.7 9.9 24.1 255 85 0.72 0.79 0.73 02 0.06 0.94 0.00
-57.6 9.8 24.8 257 80 0.71 0.79 0.73 0.4 0.09 091 0.00
-56.6 9.7 25.8 260 80 0.70 0.78 0.72 0.6 0.08 0.92 0.00
-56.8 9.7 234 265 80 0.73 0.77 0.74 0.6 0.09 0.91 0.00
-57.1 9.9 239 270 65 0.73 0.76 0.74 0.2 0.17 0.83 0.00
-57.0 9.5 22.7 275 70 0.74 0.76 0.75 1.0 0.15 0.85 0.00
-57.0 9.7 26.4 275 15 0.69 0.76 0.75 0.6 0.68 0.32 0.00
-56.8 9.5 254 277 70 0.71 0.76 0.72 1.0 0.14 0.86 0.00
-56.9 9.6 23.0 280 80 0.74 0.75 0.74 0.8 0.09 0.91 0.00
-57.1 9.9 252 281 75 0.71 0.74 0.72 0.2 0.12 0.88 0.00
-57.6 9.2 22.6 281 75 0.74 0.76 0.75 1.6 0.12 0.88 0.00
-56.6 9.0 222 290 75 0.75 0.75 0.75 2.0 0.12 0.87 0.01
-56.7 9.3 248 290 80 0.71 0.74 0.72 1.4 0.09 0.91 0.00
-58.2 9.2 21.5 293 80 0.76 0.74 0.75 1.6 0.10 0.90 0.00
-58.0 9.3 21.9 295 20 0.75 0.73 0.73 1.4 0.63 0.37 0.00
-57.7 8.2 22.7 295 65 0.74 0.75 0.75 3.6 0.18 0.81 0.01
-56.6 8.7 247 300 80 0.72 0.73 0.72 2.6 0.09 0.90 0.01
-57.8 9.0 24.0 301 18 0.73 0.72 0.72 2.0 0.65 0.34 0.00
-56.8 8.6 219 307 30 0.75 0.72 0.73 2.8 0.50 0.49 0.00
-57.5 9.0 23.0 315 79 0.74 0.70 0.71 2.0 0.09 0.90 0.01
-56.7 8.5 24.5 320 20 0.72 0.70 0.70 3.0 0.63 0.36 0.00
-56.6 8.7 23.5 328 30 0.73 0.70 0.70 2.6 0.51 0.48 0.00
-57.5 8.9 23.2 329 70 0.74 0.67 0.72 22 0.16 0.83 0.01
-56.6 8.6 22.3 330 57 0.75 0.68 0.72 2.8 0.26 0.74 0.01
-56.7 8.5 22.3 335 60 0.75 0.67 0.72 3.0 0.24 0.76 0.01
-56.5 8.4 19.8 340 65 0.78 0.66 0.74 32 0.21 0.78 0.01

“Wisual estimate at 15°C

Abbreviations: aq; aqueous phase, clath; CO, clathrate, Th; homogenization temperature, and Tm; melting temperature

Hazas, 1971), 33} 7] 8R4 T84 o2+
Zcl: B, 90~420bar; S4F 120~580bar; ¥4,
460~770 bar; SH., 460~740 bar(Table 2).
EFEFHACNA CO, BEESIE FHIgE FA9] )
T AFRAL S sk, ARy, S
¢h pH, 2H,S 5)& oA 018 Wik 5%
Ao BeFEE FEAA AEEY FHE oA
tHSeward, 1984; Drummond and Ohmoto, 1985).
HAAZ AGelrlz, a25A25E9] F33e] CO,
EE3E XT3 Hy,59 &4= Fslagdd) ofst &
2= 7o M HAYNE Aoz Alsdnh

5 SelaLny

ol AtellM, fele 3wl I3 AeEe 7}

L 24E ARFlen, 32 9 BYdE ¥F
71¥o] A4 UrHGrinenko, 1962). FE iz E
Canyon Diablo Troilite(CDT)E ESEZE 39 B
aEen, FFods 24 $F 549 Fsa
oot vl wSE]-FEujol] QA EAYA: 2 /A
ERE A o8] BAHUD. E49 ZEeA)
£ % +0.1%0°)c}.

BAAEX A0 g3lEo] 53457k 0.7~3.6%°]c)
(Table 4 2 Fig. 9: BF 1.6%, £44 3971: By,
-0.5~3.6%; =4, 02~3.6%; ¥4, -0.6~2.1%; =4,
0.7~1.6%; TH, 05~2.4%). F3 17] @ 7719
AEAAAT Aol MRS 1.8~2.6% §Sg
€ Yehi™, 254+30°~360+£25°Ce] HIFAULL
EE AAZHOhmoto and Rye, 1979). 3 ZR-E4}
B9} FATAE viE e 33179 APL=E /A



= BAASAYGY TEr FBE 387

Table 4. Sulfur isotope data of sulfide minerals from the mesothermal-type gold deposits in the Boseong-Jangheung area.

Sample no. Mineral 8S(%0) AYS(%0) T(CC)» 58 11p5(%0)”
Bodeok mine
BD-16-1 arsenopyrite 3.6 325 33
BD-17-1 pyrite 3.4 310 22
BD-20-3 sphalerite 32 330 29
BD-22-1 sphalerite 2.6 280 23
BD-25-1 pyrite 32 340 2.1
BD-25-2 chalcopyrite 2.0 340 2.1
BD-5-3 sphalerite 2.3 250 1.9
BD-7-3 galena 0.0 260 22
BD-12-1 galena 0.3 250 2.6
BD-33-1 sphalerite 2.1 sp-gn 244 1.7
BD-33-2 galena -0.5 2.6(254£30)" 244 1.7
Boknae mine
PN-1 sphalerite 32 sp-gn 29
PN-1 galena 13 1.9(347+45)1 29
PN-3 sphalerite 2.4 340 2.1
PN-4 sphalerite 2.7 320 2.4
PN-6 sphalerite 23 sp-gn 2.0
PN-6 galena 0.2 2.1(315+45)1 2.0
PN-7 pyrite 35 350 2.5
PN-9 pyrite 33
PN-10 arsenopyrite 3.6
Mundeok mine
MD-2 chalcopyrite 0.8 340 0.9
MD-6 sphalerite 1.1 320 0.8
MD-8 chalcopyrite 0.5 340 0.6
MD-10-1 sphalerite 1.4 sp-gn
MD-10-2 galena -0.6 2.0(328+50)"
MD-16 sphalerite 14 335 1.1
MD-20 sphalerite 2.1 330 1.8
Keumsan mine
KS2 arsenopyrite 1.6 335
KS3-1 pyrite 1.4
KS5 pyrite 1.3 320 0.2
KS8 sphalerite 1.2 sp-gn 0.9
KS8 galena -0.7 1.9(343+25) 0.9
KS10-1 sphalerite 1.3 sp-gn 1.0
KS10-1 galena -0.5 1.8(360+25) 1.0
Jukbo mine
JP1-2 arsenopyrite 1.6 332
JP4-1 sphalerite 2.4 340 2.1
JP11-1 pyrite 1.3 320 0.2
JP15-1 sphalerite 1.3 sp-gn 1.0
JP15-2 galena -0.5 1.8(338+25) 1.0

DNumber in parenthesis is sulfur isotope temperature calculated using the equation in Ohmoto and Rye (1979)
DBased on fluid inclusion and/or sulfur isotope temperatures and paragenetic constraints
ICalculated sulfur isotope compositions of H,S in ore fluids, using the isotope fractionation in Ohmoto and Rye (1979)
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Fg. 9. Frequency diagrams of 8**S values (CDT) of sulfide
minerals from hydrothermal Au(-Ag) deposits in the
Youngdong and Bosoeng-Jangheung area, Korea.

3P, H,S9l Aldte 83538 0.2~3.3%°tHOhmoto
and Rye, 1979). 333} 17] g3 A2 +4g
wdel FlFE 55k T HE Fol F2
FAFH )8 EAFHE AAgIt TiA, HyS9
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Fig. 10. Simplified geologic map of the Youngdong gold
mine district, showing the location of the six representative
gold mines in the present study. 1=Youngbogari, 2=
Samhwanghak, 3=Samdong, 4=Heungdeok, 5=Ilsaeng, 6=
Daewon.

2 ko g AR WAt Mteld Foilct it
S3¢] 7|AYE BFa dE=hie] A 7
A SAY 27150l FESAA ZHINA 2=t
E WAde wAgdz8S 290 (Chough o al,
2000), HE7IWA FE1e deid =2 AN ST
o] AYS Wit AR FEE g5 HgEe o
Fto] AgBgelr] 71A %l vief=]o| 2ok (Fig. 10).
FEA Gy FEFE FHYL ZAE TRk o
= AgiBa)elr] Heljhfd] &= o] gloH, Fa7]
i EGENAIE sPdedat B%)E COxECHY Y
e FARRE 2o|mEFHY 480°C) BlnA w&
AEEFHY 2kbar)llH BAEUHSE 166 Ma: So ef
al., 1995b, 1999, 2002; So and Yun, 1997). °]& %
FEL 2% FNFE] It U] ARENS
TRl g, ole Bl vl e AR
A=AE AAFE So and Yun(1997) 84 3
A7 EA-FA v QFM buffers] j3) “geld
Az FsHAE ABItHTable 5).

62, HM-FEX Y I
BAREAGL 2 AfHgoly]| HolotEgA s
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Table 5. Summary of characteristics of mesothermal-type gold deposits in the Youngdong Area, Sobaegsan Massif, Korea.

. Fluid chemistry
No* Mine Host Vein Wall-rock /:V;rzgge Mi(n)cr;al- Iron age**** References
rock texture alteration . Sulfide Ag T(°C) CH,
ratio ogy (mole%)
1 YB PG Massive weak** 26:1 Simple*** Apy>>P 0.6~0.9 420~160 <6 Late Jurassic So et al.
y>Po (2002)
2 SHH PG Massive weak** 3:1 Simple*** Po>> 0.1~0.5 480~220 30~48 Middle to So and Yun
Py Late Jurassic (1997)
3 SD PG Massive weak** 2.6:1 Simple*** Apy>>P 0.6~0.7 425~190 6~20 Late Jurassic So et al.
y>Po (1995b)
4 HD PG Massive weak** 3.8:1 Simple*** Po>> 0.2~03 401~153 <6~20 Middle to So et al
Py Late Jurassic (1999)
5 IL PG Massive weak** 38:1 Simple*** Po>> 0.2~0.3 401~152 <6~20 Middle to So et al.
Py Late Jurassic (1999)
6 DW PG Massive weak** 3.8:1 Simple*** Po>> 02~03 358~151 <6~20 Middle to So et al.
Py Late Jurassic (1999)

*Number of Fig. 10, **: ‘weak’ means ‘sericitic, chloritic, argillic alteration’
***‘Simple’ means ‘consisting largely of Fe and base metal sulfide’

**¥¥‘age’ means ‘mineralization age’

Abbreviations: Apy = arsenopyrite, Py = pyrite, Po = Pyrrhotite, Ny, = silver content of electrum, YB = Youngbogari, SHH
= Samhwanghak, SD = Samdong, HD = Heungdeok, IL = Ilsaeng, DW = Daewon, PG = Paragneiss

TR a4 915 Qick & o) Ahe 4
AEel7) WAL, A WAHAEEED 4

%) % AldEle) Sete s Fwolgich AE
Zol7] WAgRe Relol tprre Axsk o, w

AP Belet, AR i, sigera wnies

F4o] sith. waete] Pl Fgol
ol ZARE 40°~60°NWe|th. Lee(1986)y= Awjiks

o] wiAore 2o HExo] =TS A AR
R EGU LM ek Tha g
Sfol 2 AY W FAREo ERE Ay 2y

N40°E~60°E

AMARS

Table 6. Summary of characteristics of mesothermal-type gold deposits in the Boseong-Jangheung Area, Sobaegsan Massif,

Korea.
No* Mine Host  Vein Wall-rock Average Ore Iron M xax Refer-
) rock  texture alteration .~ Mineralogy Sulfide Ag T(°C) CH, ences
ratio (mole %)
1 BD PG Massive weak** 1:2 Simple*** Apy> 0.3~0.7 370~150 <5 Late So et al
py>> Jurassic  (1993)
po
2 MD PG Massive weak** 1:2.5 Simple*** Apy> 0.4~0.5 360~170 <S5 Late Heo et al
py>> Jurassic  (1997)
po
3 PN PG Massive weak** 2.8:1 Simple*** Apy> 0.5~0.7 460~150 <5 Late So et al
py>> Jurassic  (1995)
po
4 KS PG Massive weak** 14:1 Simple*** Apy> 04 390~160 <5 Late Heo and
py>> Jurassic So
po (1995)
5 JP PG Massive weak** 1:1 Simple*** Apy> 04 410~130 <5 Late Heo et al.
py>> Jurassic  (1999a)
po

*Number of Fig. 2, **:

‘weak’ means ‘sericitic, chloritic, argillic alteration’

***:Simple’ means ‘consisting largely of Fe and base metal sulfide’

****‘age’ means ‘mineralization age’

Abbreviations: Apy = arsenopyrite, Py = pyrite, Po = Pyrrhotite, Ny, = silver content of electrum, BD = Bodeok, MD =

Mundeok. PN = Boknae. KS = Keumsan. JP = Jukbo
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2o[m &) 460°C), h 0.8 kbare] ¢HolX A=
AcHeF 156 Ma: So et al, 1993, 1995a; Heo and
So, 1995; Heo ef al, 1997, 1999a, 1999b, 2000).
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o) HQue) AEe uA AT %

EoltHTable 6).
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T
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Wie FERYel $uE BBe Hisge Fz
3~7%°1HE AR =280%: Sato ef al., 1981;
Shimazaki et al, 1985; Lee, 1985; Yoon and

Shimazaki, 1993; So et al., 19953, b, 1999, 2002;
So and Yun, 1997; Ishihara et al, 2000). °]A&
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Table 7. Summary of sulfur isotope data of the mesothermal-type gold deposits in the Youngdong areas within the

Sobaegsan Massif, Korea.

Mine Mineral 5%8(%») number of analysis References

sphalerite -5.4~-2.6 6
galena -6.6~-4.9 7

] ) So et al.

Youngbogari arsenopyrite -3.4~-24 4 (2002)
pyrite -3.6~-2.8 2
chalcopyrite -4.4 1
chalcopyrite 0.5~0.8 2

pyrrhotite -0.6~2.3 3 S 4

Samhwanghak galena -2.5~04 5 © (?19197) un

sphalerite 1.1~-2.1 4
pyrite -0.5 1
sphalerite -3.1~03 5

pyrrhotite -2.8~-1.5 2 So et al.

Samdon,;

& galena 3.0~-1.8 2 (1995b)
chalcopyrite -1.1 1

Heunsdeok splllalente -1.0~0.5 4 So et al

8 galena -2.1~09 4 (1999)
pyrrhotite -14~12 5
pyrrhotite 1.2~2.2 3

Daewon ite 1.6 1 So et al.

pyn : (1999)
galena -1.51.0 2

lisaeng pyr@otltc 1.0 1 So et al.

pyrite 14 1 (1999)
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