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Abstracts: Mesothermal gold vein minerals of the Seolliwa mine were deposited in a single stage of massive quartz
veins which filled the mainly NE-trending fault shear zones exclusively in the granitoid of the Gyeonggi Massif. The
Seolhwa mesothermal gold mineralization is spatially associated with the Jurassic granitoid of 161 Ma. The vein quartz
contains three main types of fluid inclusions at 25°C: 1) low-salinity (<5wt.% NaCl), liquid CO,-bearing, type IV
inclusion; 2) gas-rich (> 70 vol.%), aqueous type II inclusions; 3) aqueous type I inclusions (0~ 15 wt.% NaCl) containing
small amounts of CO,. The H,0-CO,-CH4-N,-NaCl inclusions represent immiscible fluids trapped earlier along the solvus
curve at temperatures from 430° to 250°C and pressures of 1 kbars. Detailed fluid inclusion chronologies may suggest a
progressive decrease in pressure during the auriferous mineralization. The aqueous inclusion fluids represent either later
fluids evolved through extensive fluid unmixing (CO-CHy effervescence) from a homogeneous H,0-CO»-CHi-N,-NaCl
fluid due to decreases in temperature and pressure, or the influence of deep circulated meteoric waters possibly related to
uplift and unloading of the mineralizing suites. The initial fluids were homogeneous containing H,0-CO,-CHs-N»>-NaCl
components and the following properties: the initital temperature of >250° to 430°C, Xco, of 0.16 to 0.62, 5 to 14 mole%
CH,, 0.06 to 0.3 mole% N, and salinities of 0.4 to 49 wt.% NaCl. The T-X data for the Seolhwa gold mine may suggest
that the Seolhwa auriferous hydrothermal system has been probably originated from the adjacent granitic melt which
facilitated the CH, formation and resulted in a reduced fluid state evidenced by the predominance of pyrrhotite. The
dominance of negative 8*S values of sulfides (0.6 to 1.4%) are consistent with their deep igneous source.
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INTRODUCTION

Most gold-silver vein deposits in South Korea are
associated intimately with major periods of Jurassic
(Daebo series) and Cretaceous (Bulgugsa series) gra-
nitism (Shimazaki et al., 1986). Three main types
of Au-Ag deposits in Korea which display consis-
tent relationships among mineralization age, depth,
water to rock ratio, and Au/Ag ratio have been pre-
viously documented (Shelton ez al., 1988): gold-rich,
mesothermal-type deposits (Jurassic), “Korean-type”
gold-silver deposits (Early Cretaceous), and silver-rich,
epithermal-type deposits (Late Cretaceous). Among
these, mesothermal-type deposits are extremely rare
in South Korea, and little is known about their gen-
esis and ore fluid characteristics. The Seolhwa gold
mine, which is located about 100km south of
Seoul (latitude 36° 43", longitude 127° 02' E) (Fig.
1), is one of the most important gold producers in
South Korea. The mine was exploited until 1987,
but is now closed. Ores at Seolhwa mine are em-
placed within a series of fissure-filling hydrother-
mal quartz veins which are massive and mineralog-
ically simple. In this paper, we document the nature
and physicochemical conditions of gold mineraliza-
tion in the Seolhwa mine using the fluid inclusion
and sulfur isotope data.

GEOLOGY AND ORE VEINS

The geology of mine area consists of Precam-
brian banded biotite gneiss, Jurassic biotite granite,
and acidic dyke (Fig. 1). The Precambrian banded
biotite gneisses mainly consisting of quartz, plagio-
clase, biotite and orthoclase is distributed in the
southern and north-eastern parts of the study area.

The accessory minerals are garnet, sericite, silliman-
ite, chlorite, zircon, magnetite and epidote. Schis-
tosity of the gneiss is clearly shown and its pre-
domonant strike is N70° ~ 80° W and 60° ~ 65° SW
dip. The main ore deposit is contained of biotite
granite intruded by later acidic dyke throughout the
mine district. The biotite granite with grayish white
or pinkish gray tint contains quartz, feldspar and
biotite with small amounts of amphibole and chlo-
rite as the accessory minerals. It is characterized by
fine- or medium grained equigranular texture and
distributed around the Seothwa Mountain. The Seol-
hwa biotite granite yields whole-rock Rb-Sr ages of
16+£14 Ma (Heo et al., 2001), corresponding a Late
Jurassic age. In the southern parts of the mine dis-
trict, granite porphyry whose size is too small to be
shown in a geologic map, is partially distributed. It
shows porphyroblastic texture containing the por-
phyroblasts of quartz and feldspar. Acidic dyke
intruding biotite granite is silicic showing the width
from 0.3 to 0.5m. Joints developed in this area
show the attitude which principally strikes N10° E
and dips 68° NW.

The host rock of the deposit is biotite granite
whose fissure is filled by a gold-bearing quartz
vein. The vein strikes N10° ~20° E and dips 55 ~
60° NW (Fig. 1). Vein width ranges from 0.05 to
0.1 m with relatively high grade. Ore grades range
from 5.6 ~ 102.7 g/t Au and 3 ~ 17 g/t Ag (KORES,
1983). Electrum-base metal sulfide mineralization
at the Seolhwa mine occurs in stages of massive
quartz veins which are mineralogically simple. The
veins contain minor amounts (usually < 5 vol.%) of
ore minerals including molybdenite, scheelite, pyrite,
marcasite, pyrrhotite, sphalerite, chalcopyrite, galena,
tellurobismuthite, bismuthinite, native gold, and elec-
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Fig. 1. Geologic map of the Seolhwa gold mine district.

trum. Wall-rock alteration occurs as narrow (<0.4 m
wide) linear zones adjacent to vein margins, ble-
aching the rocks green or white.

MINERALOGY AND PARAGENESIS

Veins of the Seolhwa gold mine were formed
during two stages separated by a major tectonic
fracturing events (Fig. 2): I. a quartz-sulfide-gold
stage, IL. a postore carbonate stage. Economic quanti-
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ties of gold, together with quartz and sulfides, were
introduced during stage 1. Stage I mineralization is
characterized by massive quartz containing sulfides.
Massive quartz is frequently cut by randomly ori-
ented fractures (mostly <1 mm in width). These
fratures are related to mineralization of later quartz,
suggesting some fracturing events were contempo-
raneous with vein emplacements. Molybdenite, the
early sulfide phase, occurs mainly as dissemina-
tions in veins and greisenized wall rocks. Scheelite
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Fig. 2. Generalized paragenetic sequence of minerals from
veins and alteration zones of the Seolhwa gold mine district.

occurs as anhedral masses intimately intergrown
with chalcopyrite, pyrrhotite and sphalerite. Pyrite
occurs as both wall-rock alteration products and fine
euhedral to subhedral grains within quartz matrix.
Pyrrhotite occurs as anhedral masses intergrown with
chalcopyrite, scheelite, sphalerite, bismuthinite and
chalcopyrite. Sphalerite occurs throughout the veins.
Fine- to medium-grained sphalerites are rarely im-
pregnated into the silicified wall-rock adjacent to
the vein margins, forming dispersed euhedral to
subhedral grains. Sphalerite (10.6 ~ 14.8 mole% FeS,
Fig. 2) usually occurs as anhedral masses through-
out the veins and is closely intergrown wth pyrrho-
tite and chalcopyrite. Lesser amounts of sphalerites
occur within microfractures cutting quartz and sul-
fides, and they are associated with late quartz, chal-
copyrite, and electrum. The late stage I mineralization
is characterized by deposition of tellurobismuthite
and bismuthinite. These minerals occur with elec-
trum (202~ 30.3 atom.% Ag, Fig. 2) at central vein
portions where galena is disseminated. Tellurobis-

muthite also occurs along small, galena-rich frac-
tures cufting earlier vein materials. Bismuthinite
occurs with chalcopyrite and pyrrhotite and inter-
grows with electrum. These Bi mineral and tellu-
ride are typically disseminated within anhedral
galena as tiny (mostly < 10 pm) inclusions. Native
gold (9.1 ~20.0 atom.% Ag, Fig. 2) occurs as free
gold grains within the fracture of quartz and is
intergrown with chalcopyrite. Electrum (20.2 ~ 30.3
atom.% Ag, Fig. 2) is frequently associated with
bismuthinite, chalcopyrite, galena, sphalerite, and tel-
lurobismuthite infilling fractures of quartz and sul-
fides.

FLUID INCLUSION STUDY

Vein mineral samples collected from Seolhwa
gold mine were investigated by microthermometry
in order to document the ranges of fluid composi-
tions and temperatures during mineralization and to
investigate thermal histories of auriferous hydro-
thermal fluids. Forty-five samples from the Seol-
hwa gold mine were collected within the vein
quartz and some calcite. Sphalerites were not suit-
able for the study due to their opacity and massive
occurrence. Microthermometric data were obtained
on a U.S.G.S/Fluid Inc. gas-flow heating/freezing
stage calibrated with synthetic H,O and CO, inclu-
sions and various organic solvents (Hollister, 1981
Shepherd et al., 1985). Heating rates were varied
but were maintained 1°C/min for determinations of
melting temperatures and carbonaceous-phase homog-
enization temperatures and about 10°C/min for meas-
urement of total homogenization temperatures. Dur-
ing freezing experiments, the sequential repeated
freezing technique described by Haynes (1985) was
employed over the expected temperatures in order
to make phases coarsen to observable dimensions
for optimum precision. Temperatures of total homog-
enization and carbonaceous-phase homogenization
and melting temperatures of carbonaceous phase,
ice and clathrate have standard errors of +1.0° and
£0.2°C, respectively. The measured number of fluid
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inclusion data is 618.

Occurnrence and Types of Fluid Inclusions

Massive vein quartz from the Seolhwa gold de-
posit was inclusion-laden, probably due to repeated
fracturing and healing both during and after quartz
deposition. The size of fluid inclusions ranged from
3 t0 27 pm (number of measurements = 618, avg.
=11). Three main types of fluid inclusions were
identified based on their appearance at room tem-
perature, combined with their behavior during cool-
ing down to about —100°C and slight heating up to
about 30°C (Nash, 1972). They have been grouped
into three types according to room temperature phase
behavior (Fig. 3): type I, type II, and type IV inclu-
sions. Two subtypes of type I fluid inclusions have
been distinguished on the basis of their occurrence
and compositional characteristics: type Ia (primary
and/or pseudosecondary aqueous fluid inclusions
showing the presence of a nucleated clathrate upon
heating after cooling) and type Ib (aqueous inclu-
sions). Type IV inclusions are subdivided into two
types: type IVa (homogenized into aqueous phase)
and type IVb (homogenized into carbonaceous phase)
upon slight heating (up to about 30°C). All types
(Type I, I and IV) of fluid inclusions have been
observed in stage I vein quartz. Stage II calcite
samples contain type Ib inclusions only.

Type | inclusions: These fluid inclusions con-
sist of two phases (H,O-rich, liquid and vapor) at

-

Fig. 3. Photomicrographs showing the various types of fluid
inclusions from the Seolhwa gold mine, Scale bars are 10 im.

room temperatures. Type Ia inclusins are generally
tabular or negative-shaped, and their gas bubble
comprises 10 to 45 percent of the total inclusion
volume. Type Ia inclusions contain minor amounts
of CO,, recognized during the microthermometry.
The occurrence modes of type Ia inclusions are
summarized as follows: (1) isolated inclusions in
regular-shaped vacuoles distributed randomly; (2)
trails of inclusions commonly representing healed
fractures relevant to gold-containing quartz vein-
lets. According to Roedder (1981 and 1984), mode
(1) indicates a primary origin, whereas mode (2)
reflects a pseudosecondary origin. The occurrences
of type Ib inclusions (less than 15 vol.%, mostly
<5% of gas) are as follows: 1) inclusions are par-
allel to growth zone or crystal faces, indicating a
primary origin; and 2) inclusions irregular in shape,
occasionally showing necking phenomena, occur
along the planes crosscutting quartz grains, suggest-
ing their secondary origin. Small-sized (< 6 um) type
Ib inclusions which occur as both primary and sec-
ondary inclusions in stage II cacite do not contain
CO;, and are interpreted to be simple H,O-NaCl
types. Any daughter minerals were not observed in
any inclusions.

Type Il inclusions: They consist of two phases
at room temperatures showing more than 70 vol.%
vapor of the inclusions and a rare visible liquid.
These inclusions homogenize to the vapor phase
and occur only as primary inclusions in stage I
quartz.

Type IV inclusions: These inclusions consist
of three (liquid water, CO,-rich liquid and vapor)
phases at room temperature. Their volumetric pro-
portions of carbonaceous phases (liquid + vapor) at
25°C are from 30 to 80 percent (avg = 62%). The
whole range of carbonaceous-phase volumetric pro-
portions has been observed within individual sam-
ples, which is thought to be a result of fluid un-
mixing. However, some inclusions having nearly
constant phase ratios often form inclusion clusters,
suggesting an entrapment of a homogeneous fluid.
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Type IV inclusions occur as follows: (1) small groups
usually consisting of negative crystals that are rela-
tively isolated and exhibit no planar orientations,
(2) isolated, randomly distributed inclusions that
are contained in the negative-shaped, subrounded,
or irregular vacuoles, and (3) trails of small-sized
(<6 um) inclusions which represent healed frac-
tures, and-these trails occasionally continue to quartz
veinlets containing sphalerite and gold. Based on
the classification scheme of Roedder (1981, 1984),
modes (1) and (2) are primary and mode (3) is sec-
ondary or pseudosecondary.

In summary, types II and IV inclusions do not show
only fracture control, contrary to type Ib inclusions.
Some of the types Ia and II inclusions appear to be
pseudosecondary. However, it was difficult to estab-
lish a consistent fluid inclusion chronology because
repeated fracturing and healing both during and
after quartz deposition frequently prevented distin-
guishing among primary, pseudosecondary, and sec-
ondary inclusions using normal criteria (Roedder,
1972, 1981). Therefore, a more practical distinction
between primary and pseudosecondary inclusions,
and obvious secondary inclusions were employed
in this study.

Heating and Freezing Data

A total of 618 fluid inclusions (565 primary +
pseudosecondary and 13 secondary inclusions in
stage I vein quartz, 29 primary+pseudosecondary
and 11 secondary inclusions in stage II calcite)
were examined from the Seolhwa gold deposit.
Salinity data were reported based on freezing-point
depression in the system H,O-NaCl (Potter et al.,
1978) for HyO-rich, type Ib and II, and on clathrate
melting temperatures (Bozzo et al., 1975; Collins,
1979) for CO»-bearing, type Ia and IV inclusions.

Primary and pseudosecondary inclusions in stage
I milky quartz include CO,-bearing, type Ia and IV
inclusions. The wide range of fluid inclusion homo-
genization temperatures in vein quartz reflects sev-
eral hydrothermal episodes rather than one specific
event, which is indicated by textural evidence of
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Fig. 4. Frequency diagrams of total homogenization temper-
ature of fluid inclusions in stage I quartz and stage IT cal-
cite from the Seolhwa mine.

Table 1. Bulk gas chemistry of the vein quartz from the
Seolhwa gold mine.

Sample H.0 CO; CH,4 N,

no. (mole%/gr) (mole%/gr) (mole%/gr) (mole%/gr)
SH-1 96.97 243 042 0.18
SH-3 97.18 262 0.06 0.14
SH-5 97.00 243 025 0.31
SH-7 92.41 7.30 0.35 0.06
SH-90 95.77 3.28 0.71 024

multiple opening and filling of the veins. The results
of microthermometric analyses are as follows (Fig.
4 through 10 and Table 1).

Type | inclusions: Melting tempertures of the
solid CO; (Tm-CO;) in type Ia inclusion range
from —61.6° to —56.8°C. Total homogenization tem-
peratures were 226° to 432°C for type Ia inclusions
(Fig. 4). Clathrate melting temperatures of type Ia
inclusions ranged from 0.1° to 10.0°C. The mea-
sured clathrate melting temperatures correspond to
salinities ranging from 0.0 to 15.42 wt.% eq. NaCl



284 ChuHo Heo - Seong-Taek Yun - Chi-Sup So -+ Seon-Gyu Choi + Sang-Hoon Choi

0 5 10 15
AR AN R RRN RN

Stage 1l Caicite P+PS s
O Typelb®

P+PS S
O Typelb®m
N Typela
@ Typell

Stage I Quartz

idddddddddaddidad

$ 4 4l

P+PS
® Type Vb
@ Type iVa

68 0le & #l
0of6e s e

v
o
o
AR RN RN REN]
0 5 10 15

Wt. % NaCl equiv.

Fig. 5. Frequency diagrams of salinities of fluid inclusions
in stage I quartz and stage II calcite from the Seolhwa mine.

(Fig. 5). Type Ib inclusions have inability to nucle-
ate a clathrate on cooling, suggesting the maxi-
mum presence of <2.7 wt.% CO, (Hedenquist and
Henley, 1985). They homogenized at clearly lower
temperatures ranging from 138to 388, and have
salinities of 0.18 to 15.17 wt.% eq. NaCl (Figs. 4
and 5).

Homogenization temperatures of primary and pseu-
dosecondary inclusions (type Ib) in stage II calcite
range from 171° to 284°C (Fig. 4), which are lower
than those of primary and pseudosecondary inclu-
sions in stage I quartz. This may indicate that stage
II mineralization occurred from much cooler fluids
possibly as a result of much influx of local mete-
oric waters in the auriferous hydrothermal system.
Estimated salinities of stage II fluids range from

2.4 to 4.8 wt.% eq. NaCl (Fig. 5).

Type Il inclusions: Most type II inclusions were
not suitable for freezing experiments due to their
small size. Type II inclusions were homogenized to
vapor phase at 224° to 406°C (Fig. 4). Two mea-
sured final ice melting tempertures were —3.0° and
—9.1°C, indicating total salinities of 4.96 and 12.96
wt.% eq. NaCl (Fig. 5) if neglect the probable
clathrate formation by which the ice melting points
can be depressed to some degrees (Hendel and Hol-
lister, 1981).

Type IV inclusions: Melting of the solid CO,
(Tm-CO;) occurred at temperatures ranging from
—-59.0° to —56.6°C (type IVa, —59.0° to —56.7°C; type
IVb, —58.9° to ~56.6°C). Homogenization of carbon-
aceous phase (Th-CQO;) occurred at following tem-
peratures: type IVa, 15.1° to 26.6°C and type IVb,
16.1° to 304°C. Clathrate melting temperature of
type IV inclusions could be determined by the sud-

‘den appearance of a CO,rich liquid which was

distorted and blocked from view by the clathrate
(Collins, 1979). They ranged from 7.5° to 9.8°C,
which are lower than pure CO; clathrate melting at
10.0°C (Bozzo et al., 1975). The measured clath-
rate melting temperatures correspond to salinities
ranging from 04 to 49 wt.% eq. NaCl (Fig. 5).
Although type IV inclusions were easily decrepi-
tated prior to total homogenization. 88 total homo-
genization temperatures were recorded. In cases that
the decrepitation occurred before anticipated homog-
enization, the decrepitation temperatures were used
as minimum homogenization temperatures. They in-
clude 269° to 429°C for type IVa inclusions (to the
aqueous phase) and 253° to 414°C for type IVb (to
the carbonaceous phase) (Fig. 4).

Fluid Composition

Bulk gas analyses: Gas compositions of aurif-
erous hydrothermal fluids at Seolhwa gold mine
consist mostly of H,O and CO, with the minute
amounts of noncondensible gases such as CHs and
Na. The gold deposition depends strongly on the con-
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stituent gas species in fluids because the chemistry
of solubility and/or precipitation mechanism of metal-
lic ions corresponds to the fluid compositions. An-
alyses on fluid inclusions were executed by the
Department of Mineral Development Engineering,
University of Tokyo in Japan. In this study, four
principal gases (H,O, CO,, CHs N;) in each sam-
ple were chosen to anlayze on a single ion moni-
toring mode which is more sensitive. CHs and N,
exist in small amounts (less than 1 mole%). The
amounts of H,O, CO;, N, and CH, released from
fluid inclusions in the Seolhwa gold mine area are
shown in Table 1. The results may show that aurif-
erous hydrothermal fluids consist dominantly of
H,0 and CO,, but rare amounts of CHy were also
detected on the sample showing variable concentra-
tions. The observed chemistry of hydrothermal flu-
ids for the Seolhwa mine area is similar to those of
other Korean Au-Ag deposits (Kim and Cheong,
1999, Fig. 6).

Initial fluid inclusion:
densities of type IV inclusions were estimated from

Bulk compositions and

data on visual volumes combined with the compo-

CO2

H20 ~°°. T
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Fig. 6. Trangular plot COrH;O-N, plots of fluid inclu-
sions extracted from quartz. Analysis by gas chromatogra-
phy. Enclosed area shows the range of Korean Au-Ag

deposits.

>

S5 b Ne#Che

~

sitional data and densities of the carbonaceous and
aqueous phases of type IV inclusions. Estimation
of relative volumes of the carbonaceous and aque-
ous phases was done by measuring inclusions with
a graduated ocular and by assuming that volume
was proportional to area, although this method is
subject to the uncertainties arising from measuring
phase volumes and ignoring the solubility of CO,
in aqueous part (Roedder, 1984). The quantitative
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Fig. 7. Graph for calculating the mole composition of COCH, mixtures using the final melting temperature of solid CO,
(TmCO;) and the temperature of liquid-vapour homogenization (T,CO,). Solid curves are for TyCO,, light curves are for TyCO.
The mole% CH, is given by the intersection of the appropriate T,CO; and TyCO; curves. This diagram refers to inclusions
which homogenize into the liquid state.
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V-Xcus projection of the CO,-CH, system (Heyen
et al., 1982), combined with the CO, melting and
homogenization temperatures, was used to esti-
mate the CHy contents in type IV inclusions. The
estimated mole percent of CH, in the nonaqueous
part of type IV inclusions are 5 to 14 mole% (type
IVa, 5 to 8 mole% and type IVb, 8 to 14 mole%)
(Fig. 7). CH, is supposed to be the sole agent re-
sponsible for the observed CO, melting and homog-
enization temperature depressions. This assumption
is likely because the P-V-T-X properties of the co-
existing carbonaceous liquid and vapor for CO,-
CH:-N, mixtures containing relatively small amounts
of N, are very similar with those of the CO,-CH,
system between —20° and +15°C (Arai et al., 1971;
Sarashina er al., 1971).

Thermal and Compositional Evolution of Hy-
drothermal Fluids

Wide range of homogenization temperature (~ 200°
to ~450°C; Fig. 8) of fluid inclusions in vein min-
erals from the Seolhwa gold mine probably reflects
several hydrothermal episodes rather than one spe-
cific event. The upper limit of homogenization tem-

peratures is about 450°C for stage I mineralization.
Combined with the abundance of liquid COz-bear-
ing fluid inclusions, high temperatures for hydro-
thermal fluids may indicate that the vein miner-
alization at Seolhwa belongs to mesothermal-hypo-
thermal type deposits.

As described previously, auriferous hydrother-
mal fluids principally observed in stage I minerals
are composed of two types: (1) dominantly aque-
ous fluids of moderate salinity containing minor
amounts of CO; (type Ib and Ia), and (2) mixed
CO,-H,0 fluids of low salinity (type IV). CO, con-
tents of type IV fluid inclusions are highly vari-
able within individual samples. The CO,-rich type
IV inclusions homogenized at nearly the same tem-
peratures as H,O-rich type IV inclusions. These
observations may indicate that type IV fluid inclu-
sions represent the trapping of immiscible H,O-CO,
fluids which evolved through CO, effervescence. The
relationship between homogenization temperature and
salinity for gold-depositing stage I fluids is shown
in Fig. 8. Liquid CO,-bearing type IV inclusions in
stage I quartz show a decreasing salinity (from ~ 5
to 0 wt.% NaCl) with decreasing temperature from
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Fig. 8. Homogenization temperature versus salinity diagram for fluid inclusions from the stage I quartz from the Seolhwa mine.
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450° to 250°C. This trend is explained by the boil-
ing (CO, effervescence) of CO,-rich fluids, although
this trend also may result from simple cooling (He-
denquist and Henley, 1985). The CO;-poor fluids
which had remained after extensive escape of CO;
gas were probably trapped at temperatures between
370° and 250°C (Fig. 8) as CO:; clathrate-forming
type Ia inclusions in stage I quartz. Type Ia inclu-
sions tend to show an increasing salinity (from <2
to 15 wt.% eq. NaCl) with decreasing temperature,
likely indicating the extensive continued boiling of
CO»-poor fluids. Such continued boiling of aurifer-
ous hydrothermal fluids is thought to be the result
of pressure decrease during the ascent of hydro-
thermal fluids. Following the complete loss of CO;
from stage I fluids, the residuval fluids were trapped
as CO,-absent type Ib fluid inclusions (Th °C =200° ~
300°C, Fig. 8) in quartz.

Fluid boiling accompanying CO, effervescence
in auriferous hydrothermal systems may result in
abrupt chemical changes in the residual liquid (e.g.,
foz, fs2, pH, HaS, etc.). These changes favor deposi-
tion of precious metals through destabilization of
metal complexes (Seward, 1973, 1984; Drummond
and Ohmoto, 1985; Cole and Drummond, 1986).
Gold precipitation mechanisms involving gold bisul-
fide complex include a decrease in temperature at
constant pH, oxidation of the complex, pH decrease,
and decrease of sulfur activity by sulfide precipita-
tion and/or H,S loss accompanying boiling. Sev-
eral of these possibilities are illustrated by the
reaction: Au(HS) + 1/2 Hy + H' = Au’ + 2H;Sg).
Given the frequent association of galena, sphalerite
and chalcopyrite with gold in the Seolhwa mine,
the role of sulfide precipitation accompanying boil-
ing is critical. Decrease of sulfur activity accompa-
nying boiling, through sulfide deposition and/or
H,S loss, is likely the most important mechanism
for gold deposition in the mesothermal-type vein
deposits at Seolhwa.

Pressure Consideration

The densities of the carbonaceous phase (pPears.)
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Fig. 9. P-T diagram for the CO, system. Data from Ken-
nedy (1954).

were determined from the carbonaceous-phase homog-
enization temperatures using the phase diagram for
CO; (Angus et al., 1973; Hollister, 1981) and the
isothermal p-P diagram for CO, at 40°C (Burruss,
1981b). The density of CO, for type IVa and IVb
are 0.71 to 0.82 g/cc, 0.60 to 0.82 g/cc, respectively.
Isochores for type IV fluids (p =0.60 to 0.82 g/cc)
intersect the temperature planes of 253 to 326°C
(taken from the homogenization temperatures of
type IV inclusions, Fig. 4) at pressures of 0.7 to
1.5 kbars (Kennedy, 1954) (Fig. 9). The density of
the aqueous phase of type IV inclusions was esi-
mated using the equation of Bodnar (1983). Bulk
densities (Pow) Of the selected carbonaceous inclu-
sions were calculated from the estimated densities
and volumes of the carbonaceous and aqueous phases.
The estimated bulk densities of the inclusions ranged
from 0.63 to 0.79 g/cc. Bulk compositions were
calculated from data of the densities, volumes and
bulk compositions of the carbonaceous and aque-
ous phases. The calculated mole fraction of the car-
bonaceous species (Xcoz) for type IVa and Vb are
0.16 to 0.62, 0.30 to 0.61, respectively. Based on
the calculated fluid composition and estimated fluid
trapping temperatures, several immiscibility P-T-X
curves for the system H,O-CO,-NaCl (Bowers and



288 ChuHo Heo - Seong-Taek Yun - Chi-Sup So - Seon-Gyu Choi - Sang-Hoon Choi

400 | 1 kb
2$ ONE PHASE REGION
/. .TF ~.
wF 7* o ~
Be ~
[5)
o
g {
= TWO PHASE REGION
200 F

® Type Va

M Type IVb

T T T T 1
0.0 0.2 0.4 0.6 08 1.0

XCoz2

Fig. 10. Total homogenization temperature versus calcu-
lated mole fraction of CO, for type IV fluid inclusion. The
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Hendel and Hollister (1981) and Bowers and Helgeson
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Helgeson, 1983a, 1983b) were chosen to estimate
the trapping pressures of the fluids. We assume
maximum pressures did not exceed about 3 kbar
based on depth of emplacement estimates of the
Jurassic Daebo granites (Cho and Kwon, 1994) that
are interpreted to relate to the vein-forming events.
The CO,-H;O inclusions in stage I quartz plot around
the H,0-CO,-2.6 wt.% NaCl solvus at 1 kbar (Hen-
del and Hollister, 1981, Fig. 10). In fact, the aver-
age salinities of CO,-H,O inclusions in stage I
quartz are 2.0 wt.% NaCl. The trapping pressures
will be, therefore, slightly lower than 1.0 kbar.

Implication of the Occurrence of Fluid In-
clusions with Gold Mineralization

As described in the previous section, gold grains
at the Seolhwa deposit occur within randomly-ori-
ented fractures. Such a late mineralization of gold
in the history of veining can be correlated with the
hydrothermal fluids trapped in the vein quartz as
pseudosecondary and/or secondary fluid inclusions.
Some of types Ia and IV inclusions occur along
healed fractures which somtimes continue to gold-
containing veinlets, suggesting both their pseudo-
secondary origin and therefore their intimate con-

nection with gold mineralization. The fact that the
type Ib inclusions usually crosscut the pseudosec-
ondary healed fractures may indicate that type Ib
inclusion fluids have not been related with gold
deposition.

Some pseudosecondary type Ia inclusions which
occur along the healed fractures continuing to the
gold-bearing quartz veinlets homogenized at 226 to
432°C (N=174, avg. =309). Therefore, the tem-
peratures of the type Ia inclusion fluids are thought
to have been related to gold mineralization at Seol-
hwa indicating mesothermal conditions of gold depo-
sition, which are compared with most epithermal
gold deposits (Nash, 1972; Roedder, 1984).

SULFUR ISOTOPE STUDY

Previous studies have shown the utility of stable
isotopes in elucidating the. origin and history of auri-
ferous hydrothermal fluids in vein-type Au-Ag depos-
its (Ohmoto, 1972; Taylor, 1973). In this study, sul-
fur isotope compositions of nine sulfides (3 chal-
copyrite, 1 galena, 3 pyrrhotite and 2 sphalerite)
were measured in the Seolhwa gold mine district.
Standard techniques of extraction and analysis were
used, as described by Grinenko (1962). Data are
reported in standard notation relative to the Can-
yon Diablo troilite (CDT) standard for S. The stan-
dard error of each analysis is approximately +0.1
per mil for S. The “**S values of sulfide minerals in
stage I from Seolhwa are as follows (Table 2): pyr-
rhotite —0.4 to 0.9%o, chalcopyrite 0.2 to 0.8%,
sphalerite 1.1 to 1.4%o, galena —0.6%c. Assuming
depositional temperature based on fluid inclusions
and paragenetic constraints, the following 8™'S value
of H,S of fluids are calculated (Ohmoto and Rye,
19779; Field and Fifarek, 1985): chalcopyrite 0.3 to
0.9%o, sphalerite 0.8 to 1.1%o, galena 1.1%o (Table
2). The predominance of pyrrhotite and the alter-
ation assemblage sericite + kaolinite may indicate
that sulfur in the Seolhwa auriferous hydrothermal
fluids was dominantly H,S. Therefore, the 5*Stns
value of 0.3 to 1.1 (avg. =0.8) per mil is a good
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Table 2. Sulfur isotope data of vein sulfides from the Seol-
hwa gold mine.

Sample : s A¥S T  Sus
o, Stge Minenl o0 o o (@)
SH1 IM) Po 01

SH-2  IM) Po -04

-SH-3 IL) Cp 0.2 300 03
SH-5 IM) Cp. 08 340 09
SH-7A M) Sp 1.1 340 03
SH-7B  IM) Cp 0.5 340 06

SH9A IM) Sp 14 Sp-Gn M) 11
SHO9B IM) Gn -0.6 20(330+50)" 340 1.1
SH-11 IM) Po 09

"Number in parenthesis is sulfur isotope temperature calculated
using the equation in Ohmoto and Rye (1979).

PBased on fluid inclusion and/or sulfur isotope temperatures and
paragenetic constraints.

Calculated sulfur isotope compositions of H,S in ore fluids,
using the isotope fractionation equation in Ohmoto and Rye
(1979).

Abbreviations: Po = pyrrhotite, Cp = chalcopyrite, Sp = sphalerite,
Gn = galena.

approximation of the 5%Sss values of the fluids, in-
dicating the derivation of sulfur mainly from an
igneous source.

CONCLUSIONS

1. Mesothermal gold mineralization of the Seol-
hwa mine was deposited in a single stage of mas-
sive quartz veins which filled the mainly NE-
trending fault shear zones exclusively in the grani-
toid within the Gyeonggi Massif.

2. The mineralogy of the mesothermal-type veins
is simple and consists mainly of rare sulfides and
gold. Gold grains (electrum and native gold) asso-
ciated with sulfides typically occur within the vein-
lets cutting earlier-deposited quartz. The electrums
from the Seolhwa deposit are gold-rich, ranging
from 69.7 to 90.9 atom.% Au. The dominant iron-
bearing sulfides are pyrrhotite, chalcopyrite and
sphalerite, and characteristically contains Bi (-Te-S)
minerals,

3. Three main types of fluid inclusions are iden-
tified within vein quartz from the Seclhwa meso-
thermal gold deposit: 1) low-salinity(< 5 wt.% NaCl),
liquid CO;-bearing type IV inclusion, 2) gas-rich

(> 70 vol.%), vapor—hombgenizing type II inclusion,
and 3) aqueous type I inclusions (0 ~ 15 wt.% NaCl) -
containing small amounts of CO,. The mesother-
mal fluids evolved from early carbonaceous (CO,-
CH,-bearing) to late aqueous fluids with time, due
to extensive fluid unmixing (CO,-CH.-effervescence).
Homogenization temperatures of the early carbon-
aceous fluids range from 430° to 250°C. Microther-
mometric data of the carbonaceous fluid inclusions
may indicate the presence of minor amounts of
CH., in inclusion fluids.

4. Tnitial original fluids of the Seolhwa mesother-
mal deposits are interpreted to have been .h'omoge-
neous containing H,O-CO,-CH4-N,-NaCl components
and the following properties: the initital tempera-
ture of >250° to 430°C, Xco2 of 0.16 to 0.62, 5 to
14 mole% CH,, 0.06 to 0.31 mole% N, and salini-
ties of 0.4 to 4.9 wt.% NaCl. The auriferous meso-
thermal fluid have been progressively evolved through
extensive fluid unmixing due to the decrease in
temperature and pressure, which hase been succes-
sively followed by later cooling and dilution of flu-

ids.

5. Pressure-depth consideration may imply that the
Seolhwa mesothermal-type gold deposit was formed
at pressures of 1.0 kbars. They correspond to min-
eralization depths of >3.7 and 10km, assuming
lithostatic and hydrostatic pressure regimes.

6. The §”S values of sulfides in the Seolhwa
mesothermal gold deposits range from 0.6 to 1.4
per mil, yielding the &*Ss values of 0.3 to 1.1
(average 0.8%c) per mil.
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