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Ore Minerals and Genetic Environments of Quartz Veins from the Hwawon
Area, Haenam, Korea
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Quartz veins from the Hwawon area are an epithermal quartz vein that is filling the fault zone within Precam-
brian metasedimentary rocks and Jurassic granite. Mineralization can be divided into hypogene and supergene
stages. Hypogene stage is associated with hydrothermal alteration minerals(propylitic and argillic zones) such as
epidote, chlorite, illite, sericite and sulfides such as pyrite, sphalerite, chalcopyrite, galena, borite, cubanite, argen-
tian tetrahedrite, Pb-Ag-S system and Pb-Te-S system. Supergene stage is composed of Fe-Mn oxide, Zn-Fe oxide
and Pb oxide. Fluid inclusion data indicate that homogenization temperatures and salinity of hypogene stage range
from 291.2°C to 397.3°C and from 0.0 to 9.3 wt.% eq. NaCl, respectively. Tt suggests that ore forming fluids were
cooled and diluted with the mixing of meteoric water. Oxygen(-0.7~3.5%o(white quartz: -0.7~3.5%o, transparent
quartz: 2.4%o)) and hydrogen(-70~-55%o(white quartz: -70~-55%o, transparent quartz: -62%o)) isotopic composition
indicates that hydrothermal fluids were derived from magmatic and evolved by mixing with meteoric water during
mineralization.

Key words : Hwawon area, quartz vein, mineralization, fluid inclusion, isotope
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Fig. 1. General geological map of the Hwawon area.
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Fig. 2. Geological and sample location map of the Hwawon area.
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Table 1. Ore grades of quartz veins from the Hwawon area.
Sample gt ppm

No. Au  Ag Cu Pb Zn As Sb Cd w Mo Mn

H24 ND 038 906 1949 414.18 4624 451 169 12325 ND  1877.77

H25 ND 2334 5664 151610 6960.87 4339 992 27.08 587.19 3.57 4902.66 OC\]Z"‘S; g:;t)

H41 ND 12437 9528 634537 511.60 268 072 231 13285 440 3102.08

H43 ND 1092 5370 51029 263.17 1674 193 122 39953 197 233773

H44 ND 1.02 4037 3390 153.19 4089 131 062 86348 195 174547 Faggi“d

H4S ND 2436 1989 203218 139507 767 2235 1332 43561 066 182747 0o iy

H46 ND 423 2312 46214 57422 1156 179 148 1003.00 261 1745.99

H36 ND 816 28.70 3342.06 1115230 252 232 3674 4177 222 1022791

H37 ND 1451 1154 106678 1561.38 289 0.60 730 449.65 12490 2784.13

H50 ND 157 160.78 2912.88 809.09 576 205 282 2152 212 728499

H53 ND 840 11.08 33823 7064.54 71.10 7.10 4389 79000 ND 1928.07

H54 ND  87.84 3728 879725 627317 17.13 564 3426 37590 246 454395 No.1 vein
H55 ND 5521 50.58 4787.94 17068.04 364 1.03 4750 27073 1132 1390.25

H56 ND 246 5662 2558 360061 1188 481  9.12 34715 224 4367.60

H57 ND 2677 91.01 106266 9552.45 10845 1230 4096 200.00 426 3547.80

H8 ND 1166 1473 63680 641.07 2340 090 292 38000 262  967.50

H72 ND 080 2756 18211 48455 13.04 327 1605 31595 091 547054 No.2 vein

H20 ND 053 6868  22.17 5604 1053 5454 057 27473 474 6188 o

H89 ND 058 2239 2895 15316 089 198 0.16 95950 125 65877
ND=not detected
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Transparent quar

Fig. 3. Photographs of quartz vein samples from the Hwawon area. A, B, C and D; Quartz vein showing crude banding,
cavity and wallrock fragment, E and F; Quartz vein showing white and transparent quartz, epidote, and ore oxides, G and H;
Quartz vein slab showing white, gray and transparent quartz, ore oxides, epidote and calcite, I; Wallrock alteration slab
showing white quartz veinlet and prophyllic alteration. Scale bar indicated 4cm in length.
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Fig. 4. Paragenetic sequence of minerals from the quartz
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Fig. 5. Photomicrographs of minerals from quartz veins. A; Galena coexisting or infilling with epidote, B; Sphalerite
coexisting with epidote, C; Pyrite coexisting with calcite, D; Sphalerite partly replaced Zn-Fe oxide, E; Chalcopyrite and
galena coexisting with epidote, F; Borite and chalcopyrite coexisting with epidote, G; Cubanite and chalcopyrite
coexisting with epidote, H; Argentian tetrahedrite coexisting with chalcopyrite, I; Galena coexisting with epidote and
calcite, J; Pb-Ag-S system and Pb-Te-S system coexisting with galena. Abbreviation: Py; pyrite, Sp; sphalerite, Cp;
calcopyrite, Bo; bornite, Cu; cubanite, Gn; galena, Th; argentian tetrahedrite, Pb-Ag-S; Pb-Ag-S system, Pb-Te-S; Pb-Te-S
system, Qz; quartz, Ep; epidote, Ca; calcite. Scale bar indicated 100 micron in length.
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Table 2. Oxygen and hydrogen isotopic data of quartz from the Hwawon area.

Vein Sample No. Min. -d"30(%0) d"®0y0(%0)" dD(%o) T(°Cy
H48 - Qz 8.8 35 -69 350
H54 Qz 46 0.7 -55 350

No. 1 H55 Qz 49 0.4 -67 350
H57 Qz 53 0.0 350
H57 Qz 7.6 2.3 70 350
H57 Qz(t) 7.7 2.4 -62 350

D880y,0 is calculated from the equation given by Matsushisa et al.(1979).

BT, is homogenization temperature of fluid inclusion. Min: mineral, Qz: white quartz, Qz(t):

transparent quartz.
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Fig. 12. Hydrogen vérsus oxygen isotope diagram displaying stable isotope systematics of hydrothermal fluid composition
of the quartz veins. Paleowater data from So-and Shelton(1987a, b) and So ef 4/.(1987), Modern Korean Groundwater data

from Kim and Nakai(1981, 1988).
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Table 3. Characteries of Au-Ag vein deposits of the Hwawon area.

Mine This study Eusan' Moisan'

Petrology of . . Intermediate to silicic extrusive  Intermediate to silicic extrusive
< Granite, metasedimentary rocks

host units rocks rocks

Vein system Fissure Fissure>sheeted Sheeted=fissure

Complex quartz vein, sulfides,
Ore mineralogy

system.

Complex quartz vein, sulfides,
bornite, cubanite, argentian tetra- pearceite, freibergite, stephanite,
hedrite, Pb-Ag-S system, Pb-Te-S  proustite, argentite, electrum,
native silver, selenides®

Complex quartz vein, sulfides,
chalcocite, covellite, chalcostiv-
ite, tetrahedrite, goldfieldite, stan-
nite, tellurides?

Hydrothermal
alteration

Epidote, chlorite, illite, sericite,
quartz, carbonate

Chacedony, carbonate, kaolinite,
adularia, illite/smectite, chlorite,
illite

Chacedony, carbonate, kaolinite,
adularia, illite/smectite, chlorite,
illite

291.2~397.3°C, 0.0~9.3 wt.%

Fluid inclusion NaCl

113~298°C, 0.0~1.7 wt.% NaCl

133~319°C, 0.0~1.7 wt.% NaCl

Stable isotope data 8 °Opp(-0.7~3.5%o),

88 020(-7.2~-2.1%s),

8180y0(-5.4~-2.3%0),

(per mil) SD(-70~-55%o) SD(-68~-61%0) 8D(-65~-62%0)
Ore deposition . - .. . - .
mechanism Cooling>boiling Boiling>cooling Boiling>cooling

Data sources: 'Choi er al. (2005), 2Kim et al. (2005)
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