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Geochemical Studies of Hydrothermal Gold Deposits, Republic of Korea :

Yangpyeong — Weonju Area

So, Chil - Sup®, Choi, Sang - Hoon*, Lee, Kyeong - Yong*, and Shelton, Kevin L.**

Abstract : Electrum — galena — sphalerite mineralization of the Yangpyeong - Weonju Au-—Ag area
was deposited in three stages of quartz and calcite veins which fill fault breccia zones. Fluid inclusion
and stable isotope data show that ore mineralization was deposited at temperatures between 260° and
180°C from fluids with salinities between 8.9 and 2.9 equivalent weight percent NaCl. Evidence of
boiling indicates pressures of <50 bars, corresponding to depths of 220 to 550 m, respectively,
assuming lithostatic and hydrostatic loads. Au—Ag deposition was likely a result of boiling coupled
with cooling.

Within stages I and II there is an apparent increase in &S values of H,S with paragenetic time ;
early —1.4~2.7%, to later 6.6~9.2%. The progressively heavier H,S values can be generated through
isotopic re-equilibration in the ore fluid following removal of H,S by boiling or precipitation of
sulfides. Measured and calculated hydrogen and oxygen isotope values of ore — forming fluids suggest
meteoric water dominance, approaching unexchanged meteoric water values. Comparison of these
values with those of other Korean Au- Ag deposits reveals a relationship between depth and degree
of water—rock interaction. All investigated Korean Jurassic and Cretaceous gold — silver — bearing
deposits have fluids which are dominantly evolved meteoric water, but only deeper systems (=

1.25km) are exclusively gold - rich.

INTRODUCTION

Most gold —silver deposits in Korea are fissure —
filling quartz veins intimately associated with Jurassic
and Cretaceous granites (So and Shelton, 1987a, b ;
So e al., 1987a, b, c¢). The Cretaceous granites
have been shown to be higher level intrusions (<2
to 3km) than Jurassic granites (>5km, Tsusue et al.,
1981). Korean deposits therefore provide an oppor-
tunity to investigate the influence of depth of em-
placement on the postmagmatic evolution of hyd-
rothermal gold ~ silver systems.

A geological and geochemical study of the Yang-
pyeong — Weonju Au- Ag area was undertaken be-
cause this area is intruded by granites of Jurassic
and Cretaceous age. Within the area are a number
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of fissure —filling hydrothermal quartz veins which
contain gold, silver, copper, lead and zinc minerals.
The Samsong, Bobong, Palbo, Daenam, Boryeo,
Yeosu and Jangheung mines are each located on
such veins. Gold grades range from 2.5 to 200
g/metric ton, with average AwAg ore ratios near
1.0.

In this paper we determine the age and nature of
ore mineralization inthe Yangpyeong — Weonju Au—
Ag area, document the physical and chemical condi-
tions of ore deposition, and compare the area’s
stable isotope systematics to those of other Au-Ag
deposits in the Korean Peninsula.

GEOLOGY

The Yangpyeong — Weonju Au-Ag area is lo-
cated approximately 50 km ESE of Seoul within the
Precambrian Gyeonggi metamorphic belt of the Ko-
rean Peninsula (Fig. 1.) The area is underlain by
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Fig. 1. Geologic map showing location of the

Yangpyeong — Weonju Au—Ag area.

metasedimentary rocks of the Precambrian Gyeonggi
metamorphic complex (Na, 1978, 1979a, b ; Choo et
al., 1983) and is intruded by three phases of Meso-
zoic igneous rocks (Fig. 2).

Metamorphic rocks which crop out in the mine
area consist of the Yongduri gneiss complex and the
Jangrak Group, lower portions of the Gyeonggi
metamorphic complex. The Yongduri gneiss com-
plex has a general N30° to 60°E trend and is

represented by banded biotite gneiss in the studied
area, with locally intercalated migmatitic and por-
phyroblastic gneiss.

The Jangrak Group is composed of, in ascending
order, quartzitt and banded biotite gneiss which
conformably overlic the Yongduri gneiss complex.
Milky white quartzite is <300 m thick, fine— to
medium — grained, has a crystalloblastic fabric and
often contains biotite bands near its upper contact.
Banded biotite gneiss containing small amounts of
sillimanite crops out in the northern portion of the
mining area and displays variable attitudes of folia-
tion, striking N10°-30°E to N10°-20°W and dip-
ping 30°-70°NW to 70°-80°SW. It conformably
overlies the quartzite and is in contact with banded
biotite gneiss of the Yongduri gneiss complex along
faults. Later granitic activity obscured most primary
mineral assemblages and created porphyroblastic
gneiss in some areas.

Porphyroblastic and augen gneiss containing minor
garnet are found mainly in the western portion of
the mining area and occur as roof pendants in
granite batholith. K -feldspar and plagioclase

prophyroblasts (2 to 3 cm) decrease gradationally in
size¢ and amount toward the contact with banded
biotite gneiss. Occasionally, porphyroblastic gneiss is
transformed to augen gneiss near faults.

The metamorphic rocks have been cut by three
phases of Mesozoic intrusions of basic to acidic com-
position : (1) the Triassic Yangpyeong igneous com-
plex; (2) Jurassic biotite granite ; (3) Cretaceous
hornblende granite.

The Yangpyeong igneous complex consists of
homblende gabbro, diorite and porphyritic monzo-
nite (Lee and Kim, 1974). Hornblende gabbro, con-
taining hornblende, plagioclase (An 42 to 54) and
biotite with minor microcline, augite, chlorite, epi-
dote, apatite and magnetite, displays a coarse — to
medium — grained hypidiomorphic granular texture.
Augite was altered to hornblende by uralitization.
Medium — grained diorite, occurring as small stocks
and dikes, intrudes the hornblende granite. It is
composed of plagioclase (An 25 to 34), biotite,
homblende, microcline, orthoclase, quartz and acces-
sory apatite, zircon, rutile and chlorite. Porphyritic
monzonite intrudes the homblende gabbro and in
some places contains abundant gabbro xenoliths. It is
the dominant rock type in the complex and is
composed of alkali — feldspar and plagioclase (An 19
to 32) phenocrysts up to 3 cm, hornblende, biotite
with minor secondary chlorite.

Jurassic biotite granite contains feldspar phenoc-
rysts from 0.5 to 2.0 cm in diameter which display
micrographic and myrmekitic textures. It is com-
posed of quartz, plagioclase (An 4 to 28), orthoc-
lase, microcline, biotite and accessory apatite, homn-
blende, muscovite, zircon, allanite, sphene, magne-
tite, dmenite and pyrite.

Cretaceous hornblende granite commonly shows
porphyritic textures with feldspar phenocrysts from
0.5 to 1.0 cm in diameter. Its main constituents are
quartz, orthoclase, hornblende, muscovite, biotite,
plagioclase and accessory monazite and garnet.

Felsic and andesitic dikes, frequently porphyritic
and pegmatitic, intrude all rock types along N—S—
trending joints which parallel the trend of ore veins.

ORE VEINS
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Fig. 2. Geologic map and cross—section of the Yangpyeong — Weonju Au-— Ag area.
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Within the mineralized area is an extensive system
of subparallel gold - bearing hydrothermal quartz
veins which were formed by narrow open - space
filling along N-S-—trending fault shear zones in
Precambrian banded biotite gneiss of the Yongduri
gneiss complex (Fig. 2).

Principal veins of the area are typified by those of
the Daenam mine (Fig. 2), Where three small,
parallel lodes follow a strongly brecciated fault zone.
The gold - bearing veins strike N10°W to N -§,dip
20° to 50° SW and can be followed about 1 km
along strike. Repeated pinching and swelling has led
to variable vein widths(0.5 to 4.0 m) which decrease
where vein dips steepen.

Mineralized veins consist chiefly of two genera-
tions of white and clear quartz with minor sulfides.
Wall rock fragments are commonly contained within
the ore veins, forming chambered veins where the
vein thickness increases (Fig. 3). In places, wall rock
fragments are highly silicified, nearly assuming the
appearance of massive white quartz. Later move-
ments in the veins are indicated by narrow clear
quartz veinlets within the main brecciated massive
white quartz. Massive calcite veins are found con-
tiguous to breccia veins and infrequently occur with-
in brecciated white quartz.

Two main gold ore shoots consisting of fine —

Au-rich zone
IZi Worked-out portion
] sphalerite

O White quartz

o

Vapor-rich inclusions
in white quartz

Fig. 3. Stagé I white quartz filling fault breccia
zone of the Daenam mine. Scale bar is 1.0
m.

grained electrum and pyrite occur within upper por-
tions of the main vein of the Daenam mine (Fig.4).
Wall rock adjacent to ore veins is strongly silicified
and contains sericite, pyrophyllite and pyrite.

Productive veins of the Jangheung mine (Fig. 2)
differ slightly from those of other mines in the area.
They have thicknesses up to 0.4 m and consist of
coarse — grained clear quartz with minor sulfide accu-
mulations near vein margins. Fine - grained pyrite
and alteration — derived chlorite line infrequent vugs.
Wall rocks adjacent to these veins display weak
argillic alteration with pyite.

P
300

Fig. 4. Longitudinal cross-section of the Daenam mine displaying relationship of ore shoots
to homogenization temperatures of primary fluid inclusions in stage I minerals.
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Table 1 Rb-Sr and K-Ar data of specimens from the Yangpyeong-Weonju Au—Ag area.

A. Rb—Sr data— two—point isochron.

Isochron Parameters Date

Description %Sr ppm %Rb ppm #¥Sr/%Sr ¥ Rb/%Sr slope(x10?) intercept m.y.+lo
hornblende
granite
whole—rock  30.24 40.41 0.7451 8.214 1.124 0.7359 79.0%+5.0
biotite 4.859 36.30 0.7372 1.186
granodiorite
whole —rock 52.10 63.94 0.7054 1.213 1.482 0.7036 104.31+4.4
biotite 3.66 64.89 0.7296 17.540
B. K—Ar data.
Radiogenic “Ar Atmospheric
Description %K cc/g STP x10% PAr% Date m.y.+10
hornblende from 0.734 13.48 45.6 238.9+8.6
Yangpyeong
igneous complex
muscovite from 6.58 38.48 3.3 144.5+5.2
pegmatite
sericite 5.50 14.69 57.8 67.5+1.6
(kaolinite +
montmorillonite
<(10%) from
alteration
selvage, Daenam
mine
DATING OF IGNEOUS ACTIVITY AND  and montmorillonite) from an alteration selvage in

MINERALIZATION

Dates were obtained for major igneous rock types
and mineralized veins in the Yangpyeong-Weonju
area using Rb—Sr and K — Ar methods. The results
are presented in Table 1.

Hornblende from hornblende gabbro of the Yang-
pyeong igneous complex yielded a K- Ar date of
238.9+8.6 m.a., confirming a Triassic age. Musco-
vite from pegmatite yielded a K~ Ar date of 144.5
5.2 m.a., ‘suggesting a Jurassic - Cretaceous
boundary age.

Homblende granite yielded dates of 79.0+5.0
m.a. and 104.3+44 m.a. using a Rb—Sr two-
point isochron. Sericite (containing<<10% kaolinite

the Daenam mine yielded a K- Ar date of 67.5+
1.6 m.a., indicating a Late Cretaceous age for gold
mineralization, believed to be associated with intru-
sion of the hornblende granite. This age is similar to
an 88.2+3.7 m.a. age for the Okbong Au-Ag
mine in the nearby Yeoju area (So and Shelton,
1987b), suggesting a regional Late Cretaceous gold
metallogenic Epoch.

MINERALOGY AND PARAGENESIS

Textural relationships indicate that veins were
formed in three stages (I, II and carbonate), sepa-
rated by fracturing and brecciation events. Stages 1
and II are quartz - sulfide stages ; the third stage, a
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Fig. 5. Generalized paragenetic sequence of vein minerals in the Yangpyeong —
Weonju Au-Ag area. Width of lines corresponds to relative abundance.

postore carbonate stage. The three stages are best
displayed in main veins of the Daenam, Jangheung
and Samsong mines. Generalized paragenetic sequ-
ence of vein minerals is summarized in Fig.5.

Stage 1

Stage 1 consists mainly of white to gray quartz
containing finely disseminated pyrite, chalcopyrite,
galena and sphalerite, and microscopic enargite,
electrum and argentite. Quartz occurs as cryptocrys-
talline masses and clearer drusy quartz overgrowing
chlorite —rich altered wall rock fragments in brec-
cias.

Pyrite shows weak anisotropism and is commonly
penetrated and replaced by chalcopyrite. Enargite
occurs rarely as small (<3 xm) inclusions in early
pyrite.

Dark brown, rarely yellow sphalerite containing
small chalcopyrite and pyrite blebs are found as
irregular masses with galena and pyrite. Sphalerite is
replaced along fractures and margins by supergene
covellite.

Galena occurs as anhedral grains interstitial to
quartz and replaces pyrite, chalcopyrite and sphaler-
ite along fractures and grain margins. Argentite

occurs as small rounded grains in galena. Electrum
(55.0 to 60.0 wt. % Au) is found associated with
galena in sulfide aggregates in minute tension cracks
in quartz.

Stage I

Stage II followed movements along vein strike
which created narrow gouge zones in stage I veins.
It consists mainly of clear to milky quartz with
minor pyrite, chalcopyrite and sphalerite.

Carbonate Stage

Barren white calcite veins of variable thickness
(0.5 to 4.0 cm) are developed within pre — existing
veins, commonly with N20°E trends. Calcite is typi-
cally massive, but is found rarely as euhedral rhom-
bohedral crystals.

FLUID INCLUSION STUDY

Fluid inclusions(1613 primary, 450 secondary)
were examined in 55 samples of quartz, calcite and
sphalerite. Gold —bearing quartz was generally un-
suitable for fluid inclusion study because of its mas-
sive, fine — grained nature. Clearer drusy quartz crys-
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tals proved more useful. Microthermometric
measurements were made using a Leitz heating -
freezing stage. Homogenization temperatures have
errors of +2.0° C.Salinity data are based on freez-
ing point depression in the system H,O — NaCl (Pot-
ter et al., 1978). Results of heating and freezing
experiments are presented in Figures 6 through 10.

Two types of inclusions were observed, liquid -
rich and vapor —rich, which range from 5 to 175¢m
in diameter (most 5 to 30xm)and do not contain
daughter minerals. Liquid -rich inclusions are the
dominant type and contain vapor bubbles compris-
ing 10 to 40 volume percent. Vapor —rich inclusions
occur only as primary inclusions, range from 10 to
40xmin diameter and contain vapor bubbles com-
prsing 70 to 90 volume percent. Crushing tests
indicate that CO, is present, but not in significant
concentrations (<0.4 mole %).

Inclusions in Stage |

Primary inclusions in white and gray quartz
homogenize from 160° to 347°C(vapor —rich inchu-
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sions 254° to 282°C, Figs. 6 and 7). Individual mines
have similar ranges : Daenam (160° to 334°C) ; Pal-
bo (166° to 318°C); Bobong (173° to 347°C);
Yeosu (184° to 331°C); Boryeo (165° to 300°C);
Jangheung (184° to 318°C); Samsong (193° to
341°C) ; Boryong(192° to 312°C) ; Yangpyeong(204°
to 348°C) ; Gaekun(201° to 338°C). Primary liquid —
rich inclusions in sphalerite homogenize from 235° to
251°C.

Salinities of primary liquid —rich inclusions in
quartz range from 2.9 to 8.9 eq. wt. % NaCl (Fig.
8 and 9): Daenam (2.9 to 8.7 %) ; Palbo (3.1 to
8.3%) ; Bobong (3.2 to 8.9 %) ; Yeosu (3.4 to 7.6
%) ; Jangheung (5.1 to 8.9 %); Samsong (3.1 to
7.9 %) ; Yangpyeong(7.0 to 8.3%) ; Gaekun(6.3 to
7.3%)

Inclusions in Stage ||

Primary inclusions in clear and milky quartz
homogenize from 150° to 347°C (Figs. 6 and 7):
Daenam (150° to 308°C); Jangheung (195° to
347°C) ; Samsong (166° to 334°C) ; Boryong (182°
to 301°C); Gaekun(200° to 334°C). Salinites of
these inclusions range from 2.6 to 8.7 eq. wt.%
NaCl (Figs. 8 and 9) : Daenam(2.7 to 8.7%) ; Jan-
gheung (6.7 to 7.3%); Samsong (2.6 to 7.2%);
Gaekun(5.8 to 6.9%).

Inclusions in Carbonate Stage
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Fig. 8. Histograms of salinities of fluid inclusions
in vein minerals of the Daenam mine.
Symbols are the same as those in Figure 6.

T T O O T B O B

8 STAGE I
(@]
w
>
STAGE I
b
)
X P
< STAGET | |~| ____ B
> STAGEI
o
O
22
<O
>
STAGE 1
O
@
4
<{
a
|
STAGE I ‘
L)
=z
(@]
g ____________________
2 STAGEly
n :"o'q [ <]
RIRKA [
|
O STAGETN '
% 77
W §T_A—G_E_I_——_]— __________
: AT
=
<
2 |
(> CARBONATE STAGE
% l
m _____________________
O STAGE!
® l U
R T R
0 5 10

eq.wt % NaCl

Fig. 9. Histograms of salinities of fluid inclusions
in vein minerals of the Yangpyeong-
Weonju Au-Ag area. Symbols are the
same as in Figure 6.



Geochemical Studies of Hydrothermal Gold Deposits, Republic of Korea 9

Homogenization temperatures of primary liquid —
rich inclusions (up to 175#m) in white calcite range
from 119° to 130°C ; salinities range from 0.4 to 2.4
eq. wt. %NaCl (Figs. 6,7 and 9).

Variations in Temperature and Composition of
Hydrothermal Fluids

Fluid inclusion data indicate that stages I and II
evolved from initial high temperatures(=350°) to
later lower temperatures(=150°). Each represents a
separate mineralizing system which largely abated
prior to the onset of the next.

The relationship between homogenization temper-
ature and salinity in stage I and the carbonate stage
(Fig. 10) suggests a complex history of boiling,
cooling and dilution. During the main portion of
stage I, boiling of hydrothermal fluids (6 D= -81 to
—83%0) led to increases in salinity. Later cooling
and dilution of ore fluids by mixing with less—
evolved meteoric waters (§ D= — 90%.) resulted in the
linear relationship between temperature and salinity

shown in Figure 10. By the advent of the carbonate
stage, cooling and dilution were more pronounced,
likely due to repeated fracturing events allowing
more dilute meteoric waters (6 D= —109 to —111%o)
into the hydrothermal system.

Homogenization temperatures of primary inclu-
sions in stage I quartz range from 160° to 347°C
(Figs. 6 and 7). Within this wide range, analysis of
peaks and clusters of data within frequency diagrams
has allowed us to decipher two events which are
related to specific mineral assemblages (Shelton,
1983) : a high - temperature group, from 350° to
260°C, thought to correspond to early quartz—K -
feldspar — sericite — pyrite deposition ; and a lower —
temperature peak at 220°+40°C, corresponding to
quartz — chalcopyrite — sphalerite — galena — electrum —
argentite mineralization. The lower — temperature
range is in good agreement with the temperature
range for inclusions in ore - associated
sphalerite(235° to 251°C) and is similar to the aver-
age range of gold deposition in many primary gold
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Fig. 10. Homogenization temperature versus salinity diagram for fluid inclusions
in vein minerals of the Yangpyeong - Weonju Au-Ag area.
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Table 2. Sulfur isotope data from the Yangpyeong- Weonju Au-Ag area.

Mine Stage Sample Mineral 88 % T°C SMS—H,S %’
Daenam I 29 pyrite 5.5 250 4.0
34 sphalerite 7.1 260 6.7
40 pyrite 7.3 250 5.8
49 pyrite 4.9 270 3.6
I 7 pyrite 6.2 250 4.7
10 pyrite 6.0 275 4.7
18 pyrite 4.2 250 2.7
20 pyrite 6.5 270 5.2
24 pyrite 6.1 250 4.6
Bobong I 62 pyrite 3.5 300 2.3
64 pyrite 5.9 250 4.4
78 pyrite 5.1 250 3.6
Yeosu I 66 pyrite 2.7 300 1.5
80 pyrite 7.0 250 5.5
82 pyrite 6.9 250 5.4
83 pyrite 71 250 5.6
Jangheung I 7 sphalerite 9.6 220 9.2
galena 6.6 220 9.2
I 2 sphalerite 8.1 240 7.7
Palbo I 72 sphalerite 7.0 240 6.6
galena 6.2 240 8.6
Samsong 1 1 pyrite 6.0 250 4.5
4 pyrite 1.7 270 0.4
I 2 pyrite 0.4 300 —0.8
3 pyrite -02 300 —14
Gaekun I 91 pyrite 3.6 300 2.4
94 pyrite 4.9 270 3.5
99 galena 6.9 250 9.2
chalcopyrite 5.5 280 7.1
I 101 pyrite 1.2 270 —0.2
102 pyrite 2.7 290 1.4
Yangpyeong 1 110 pyrite 5.8 300 4.6
113 pyrite 6.1 280 4.8
115 sphalerite 8.8 234 8.4
galena 6.0 234 8.4
Boryong I 120 pyrite 2.0 290 0.7
121 pyrite 4.4 270 3.0
125 sphalerite 8.1 240 7.7
130 galena 6.8 260 9.0
I 140 pyrite 0.9 300 -0.3
141 pyrite 1.5 280 0.2

' based on fluid inclusions in associated quartz.

* using isotope fractionations of Ohmoto and Rye(1979).
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deposits (Nash, 1972 ; Roedder, 1984a, b). Figure 4
shows the relationship of ore shoot location to
homogenization temperatures of primary fluid inclu-
sions in stage I vein minerals of the Daenam mine.
Ore is preferentially localized between the 250° and
200°C isotherms.

Pressure Considerations and Significance
of Boailing

Liquid- and vapor —rich inclusions in stage I
quartz homogenize at the same temperatures over
the range 254° to 282°C, indicating boiling. The
wide range of salinities (2.9 to 8.9 eq. wt.% NaCl)
of stage I ore fluids, compared to those of most
gold deposits, suggests boiling occurred throughout
stage I ore deposition. Data for the system H,O -
NaCl (Sourirajan and Kennedy, 1962 ; Haas, 1971),
combined with temperature and salinity data for
these inclusions, indicate pressures of <50 bars.
These pressures correspond to maximum depths of
about 220 and 550 m, respectively, assuming lith-
ostatic and hydrostatic loads.

Boiling in hydrothermal systems can result in
abrupt chemical changes (e.g. pH, oxygen fugacity,
ZH,S, 2COy) in the liquid phase (Drummond and
Ohomto, 1985). These changes favor deposition of
precious metals through destabilization of metal
complexes, such as Au(HS)? and AgCl?*(Seward, 1984
; Cole and Drummond, 1986). We interpret gold
deposition in the Yangpyeong- Weonju area to be
a result of boiling coupled wth declining tempera-

tures.
STABLE ISOTOPE STUDIES

Recent studies have demonstrated the usefulness
of stable isotopes in elucidating the origin and his-
tory of hydrothermal fluids and their constituents in
vein — type gold deposits. In this study we measured
the C, O, H and S isotope compositions of quartz,
clacite, sulfides and fluid inclusion waters. Standard
techniques for extraction and analysis were used
(McCrea, 1950 ; Grinenko, 1962 ; Roedder et al.,
1963 ; Hall and Friedman, 1963 ; Rye, 1966). Data
are reported in standard ¢ notation relative to the
PDB standard for C, SMOW for O and H, and
CDT for S. The analytical error is approximately t
0.1%0 for C, O and S; 2% for H(Tables 2 and
3).

Sulfur Isotope Study

Analyses were performed on 41 hand - picked
sulfides from various mines of the area (Table 2).
Stage I pyrite has § S values of 1.7 to 7.3%. ; stage 1
chalcopyrite, 5.5%o ; stage I sphalerite, 7.0 to 9.6%o;
galena, 6.2 to 6.6% ; stage II pyrite, —0.2 t0 6.5%0 ;
stage II sphalerite, 8.1%. Two sphalerite — galena
pair with a texture suggesting coprecipitation of the
phases has a &*S value of 2.8 and 3.0%., yielding a
temperature of 234° and 218° +33°C (Ohmoto and
Rye, 1979), in good agreement with homogenization
temperatures of primary inclusions in sphalerite

STAGEIL
[ ﬂ m
N T
o 5 10 W .:ena
Paragenetic Time > i
STAGET @ sphalerite

D pyrite

noa T

0348y 5 %o

Fig. 11. Sulfur isotope compositions of H,S during stages I and 1I. See Table 2 for details.
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(235° to 251°C) and those in ore — associated white
quartz (220°+40°C ; Figs. 6 and 7).

Assuming depositional temperatures of 300° to
250°C for stage 1 and II pyrite and stage I chalcopy-
rite and 260° to 220°C for sphalerite and galena
(based on fluid inclusion and paragenetic con-
straints), calculated &*S values of H,S during stage
I are 0.4 to 9.2%0; those for stage II, —-1.4 to
7.7%«(Table 2 ; Fig.11). Within stages I and II there
is an apparent increase in §*S values of H,S with
paragenetic time : early pyrite, —1.4 to 2.7% ; later
pyrite, 3.6 to 5.8%o; sphalerite and galena, 6.6 to
9.2%o.

Three possible explanations for this phenomenon
are : (1) gradual addition of sulfur from an isotopi-
cally heavy source (possibly wall rock sulfur) ; (2) an
original isotopically heavy sulfur source (at least
9.0%0) with a increasing H,S/sulfate ratio (reduction
of sulfur); (3) isotopic re-equilibration in the ore
fluid following removal of H,S by boiling or pre-
cipitation of sulfides (reservoir effect). In case (1),
heavy sulfur must be added in the same proportion
at the same point in the parageneses of stages I and

II. This seems unlikely. There is no mineralogical

evidence that fugacity of oxygen decreased as re-
quired by case (2). We therefore prefer case (3).

Assuming an initial 0 *Ssg value of 9.0%, in
order for the &S value of H,S during early pyrite
deposition (300°C) to be — 1.0%0, the H,S/sulfate
ratio -of the fluid must have been = 3:2 (using a
L¥S sulfate - H,S value of 25%o; Sakai, 1968).
Drummond and Ohmoto (1985) have shown that
with only 5% boiling at 300°C, significant changes in
SH,S occur. If 80% of the fluids H,S were lost
during boiling, the remaining liquid would have a
new H,S/sulfate ratio of 3:10 with a §*Ssg value
of 18.2%c. If rocks originally controlling the chemis-
try of the hydrothermal fluid were able to buffer the
fluids fugacity of oxygen, then the fluids H,S/sulfate
ratio would return to a value of 3:2. This would
result in H,S with a ¢*S value of +8.2%..Thus,
progressively heavier H,S values can be generated
through boiling, loss of H,S and isotopic re-—
equilibration in the fluid. Such a process could have
occurred in stages I and II, and led to the measured
increase in 0*S values of H,S with paragenetic
time.

Table 3. C, O and H isotope data for minerals and inclusion waters from the Yangpyeong-Weonju Au-Ag

area.
Mine Stage Sample Mineral &84C %, &% %, T°C! §&BOwater % dDwater %,
Daenam I 4 quartz 1.4 310 - 5.9 — 81
22 quartz —-2.9 235 —131
34 quartz 1.5 305 — 5.7 — 83
54 quartz -3.7 265 —125 - 90
I 7 quartz 2.6 250 — 6.8 — 82
20 quartz 27 305 — 45 — 84
Carbonate 26 calcite —5.7 7.8 120 - 74 —109
33 calcite —4.6 8.6 120 — 6.6 —111
Gaekun I 90 quartz 0.5 300 — 6.0 - 85
99 quartz 1.1 305 — 52 — 89
Samsong Carbonate 6 calcite —4.6 —0.5 120 —15.7
Bobong Carbonate 63 calcite —3.4 10.6 130 — 38
Yang — .
pyeong Carbonate 116 calcite —4.0 2.5 125 —-12.1 —110

! based on fluid inclusion temperatures and paragenetic constraints.
? using fractionation equations of Clayton ef @l (1972) and O'Neil e al. (1969).
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Oxygen and Carbon Isotope Study

The ¢ "®0O values of six quartz samples from the
Daenam mine are: stage I, —3.7 to 1.5%; stage
II, 2.6 to 2.7%(Table 3). Calculated & ®*Oyqer
values, using the fractionation equation of Clayton
d. al. (1972), are: stage I, —5.7 to —13.1%o ; stage
II, —4.5 to —6.8%. The ¢™0 values of two stage
I quartz samples from the Gaekun mine are 0.5 to
1.1%o(Table 3). Calculated & ®*Oype, values are —
6.0 to —5.2%.

The 6O values of five carbonate stage calcites
from the Daenam, Yangpyeong, Bobong and Sam-
song mines are —0.5 to 10.6%o. Their & *C values
are —3.4 to —5.7%0. Calculated & ®O,y, values,
using the fractionation equation of O’Neil et al.
(1969), are —3.8 to —15.7%«(Table 3).

Hydrogen Isotope Study

Inclusion waters were extracted from seven quartz
and three calcite samples. Their ¢ D values are:
stage I, —81 to —90%0; stage II -82 to —84%;
carbonate stage, —109 to —111%«(Table 3).

INTERPRETATION OF ISOTOPE RESULTS

The measured range of 6D values for fluids
from shallow (<1.25 km), Cretaceous Au-—Ag-—
bearing deposits in Korea is —81 to —143%«(So and
Shelton, 1987 a, b; So et al., 1987 a, b, ¢; So and
Shelton, unpublished data) and is assumed to repre-
sent the range of paleometeoric water compositions
in Korea at the time of mineralization. Figure 12
shows the measured and calculated fluid composi-
tions of the Yangpyeong— Weonju Au- Ag area
(mostly Daenam mine) on a conventional H vs. O
isotope diagram. The range of these data is consis-
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Fig. 12. Hydrogen versus oxygen isotope diagram displaying isotope systematics of fluids in
Korean Au-Ag-bearing hydrothermal systems.
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tent with meteoric water dominance as fluid com-
positions approach those of local, unexchanged
‘meteoric waters. Significant meteoric water involve-
ment is not surprising in the relatively shallow (<
550 m) Au- Ag systems.

For comparison, data from other Cretaceous and
Jurassic Au- Ag deposits in Korea are shown in
Figure 12 (So and Shelton, 1987a, b; So ef al.,
1987a, b, c; Shelton and So, unpublished data). All
of the data display various degrees of O — enrich-
ment relative to meteoric water, produced by iso-
tope exchange with hot igneous rocks, the classic
O —shift (Taylor, 1974).

Data from the Jurassic Boryeon Au mine, a
deeper (=2.5 km), gold —rich hydrothermal system,
differ markedly from those of other areas. Boryeon
values are more enriched in O relative to local
meteoric water, indicating a higher degree of
igneous rock interaction. Data from the Yangpyeong
—Weonju area are most similar to those of the
Cretaceous Jeonui mine and Nonsan area, shallow (
<700 m) Au-— Ag hydrothermal systems. Data from
the Yeoju and Cheonan Au- Ag areas (=1.25 km
deep), are between those of the other areas. This
suggests a relationship between depth and degree of
water —rock interaction in Korean deposits. All of
these gold —silver — bearing deposits have fluids
which are dominantly evolved meteoric waters, but
only deeper systems with higher degrees of igneous
rock interaction are exclusively gold — rich.
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