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ABSTRACT : The Yugeum deposit in Youngduk in Gyungsangbuk-do is emplaced in the Cretaceous
granitoids located in the Northeastern Gyeongsang Basin. Gold-bearing quartz veins filling the fracture
with a direction of N19°~38°W are most abundantly distributed within the Younghae granodiorite
body. The formation of quartz veins can be classified into three main stages: barren quartz stage,
auriferous quartz vein stage, and finally the extensive sulfide mineralization stage. Various sulfide
minerals such as pyrite, chalcopyrite, galena, sphalerite, and arsenopyrite were precipitated during the
hydrothermal gold mineralization process. Gold commonly occurs as fine-grained electrum in sulfides
with high Au concentration (up to 93 wt%) compared to Ag. During the early gold mineralization
stage, the temperature and pressure of the fluids are in the range of 220~250C and 730~1800 bar,
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and the oxygen fugacity is between 107 and 10> atm. On the other hand, the fluids of the late stage
mineralization are characterized by temperature of 290~350C and pressure of 206~472 bar, and the

oxygen fugacity is in the range of 10

-26.3 128.6
~10

atm. The sulfur isotope compositions of sulfide

minerals are in the range of 0.2~4.2%, while the 0°*SH,S values range from 1.0 to 3.7%. The
Ag/Au atomic ratios of electrum ranges from 0.15 to 1.10, and Au content is higher than Ag in most
electrum. During the main gold mineralization stage at the relatively high temperature condition and
with pH from 4.5 to 5.5, the stability of AuCl, increased while the stability of Au(HS), decreased.
Considering the pressure estimated in this deposit, the temperature of the ore fluid reached higher than
350C and AuCly became an important species for the gold transportation. As mineralization proceeded
with decreasing temperature and increasing pH and fo, the precipitation of sulfide minerals and

accompanying electrum occurred.
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Fig. 1. Regional (A) and local (B) map showing the simplified geology and the location of Yugeum deposit
(modified from KORES, 2002). In the index map, GM, OB, YM, and GB represent Gyunggi Massif, Okcheon
Belt, Youngnam Massif, and Gyungsang Basin, respectively.
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Fig. 3. Sulfide assemblages and microtextures in Au-bearing quartz vein, Yugeum deposit (El: electrum, Gn: gale-
na, Py: pyrite, Sp: Sphalerite).
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Table 1. Electron microprobe analyses of sulfide mineral related with gold mineralization in Yugeum
deposit (unit: wt%)

Fe S As Cu Pb Bi Zn Te Ag Au Total

Pyrite 45.53 5241  0.00 0.00 013 015 0.00 001  0.00 0.00 98.22
45.80 53.11  0.05 0.00 0.00 0.10 0.01 0.00  0.05 0.00 99.11

45.96 53.11 0.18 0.02 0.08  0.08 0.00 0.00  0.00 0.15 99.57

46.28 54.81 0.09 0.02 020 0.07 0.03 0.01 0.00 0.02 101.53

46.03 5403 046 0.03 0.06  0.08 0.03 0.01 0.00 0.08 100.81

46.74 5485  0.12 0.00 017  0.19 0.00 0.01 0.01 0.00 102.08

46.48 5549  0.09 0.00 022  0.07 0.00 0.00  0.00 0.07 102.44

3827 4345 0.00 14.19 135  0.00 1.30 0.00  0.00 0.10 98.65

47.08 52.71 0.00 0.03 0.14  0.00 0.00 0.00  0.00 0.00 99.96

47.22 5248  0.01 0.00 0.14 000 0.00 0.00  0.00 0.09 99.95

45.35 5238 001 2.80 035  0.00 0.04 0.00 0.11 0.00 101.03

Pyrrhotite 61.16 3931 0.00 0.02 013  0.00 0.02 0.00  0.00 0.05 100.69
Chalcopyrite ~ 29.68 3422 000 3332 006  0.07 0.00 0.00  0.00 0.00 97.35
30.74 3546  0.00 3435 012 013 0.08 0.00  0.02 0.00 100.89

3048 3455  0.00 34.05 0.21 0.06 0.06 0.01  0.00 0.00 99.42

31.29 3504 000 3281 021  0.08 0.08 0.00 0.17 0.00 99.68

3142 3430 001 3439 0.11 0.00 0.03 0.01  0.00 0.00 100.27

30.27 3446 003 33.12 0.06  0.00 1.03 000 0.03 0.00 98.99

3151 3493 005 3439 0.06  0.00 0.06 0.01 0.00 0.13 101.14

31.12 3533 0.00 3490 0.16  0.00 0.09 0.00  0.03 0.14 101.78

31.55 3564 001 3427 0.00  0.00 0.03 0.00  0.03 0.11  101.63

3532 39.76 005 2548 052  0.00 0.07 0.00  0.00 0.05 101.25

31.73 3538  0.00 34.63 003  0.00 0.05 0.00 0.03 0.06  101.90

28.73 3483  0.00 38.29 0.00  0.00 0.01 000 0.04 0.04 101.94

0.31 2295 000 76.84 0.03  0.00 0.03 004 080 0.00 100.99

24.73 3225 0.02 4250 010  0.00 0.49 0.00 0.14 0.00  100.23

30.40 3480 0.01 3327 0.07  0.00 0.03 0.00 1.62 0.07 100.27

30.29 3532 0.00 33.56 0.02  0.00 0.00 0.03  0.02 0.10 99.33

30.71 3588  0.05 3415 0.07  0.00 0.04 0.01  0.00 0.00 10091

Sphalerite 0.76 3291 0.01 0.20 0.03 000 6479 0.00  0.00 0.00 98.70
11.16 3397  0.00 0.06 0.08 0.00 5439 0.00  0.00 0.08 99.74

9.67 3334 0.01 0.60 022 000 5528 001  0.00 0.00 99.12

Galena 0.04 1286  0.00 0.01 8347 000 223 0.05  0.00 0.00 98.66
1.12 1299  0.00 0.02 8523  0.00 0.00 0.06  0.17 0.00 99.59

Arsenopyrite  36.09 21.94  41.70 0.02 0.00 0.00 0.02 0.00  0.00 0.01 99.80
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Table 2. Electron microprobe analyses of electrum
from the Yugeum mine

Weight % Atomic
Sample No. ratio
Ag Au Total Ag/Au
YGHI-1 13.55 85.97 99.52 0.29
YGHI-1 7.54 92.95 100.49 0.15
YGHI1-1 30.99 66.23 97.22 0.85
YGH1-1 33.58 62.92 96.50 0.97
YGHI1-1 33.12 63.03 96.15 0.96
YGH2-2 29.60 68.77 98.37 0.79
YGHS 14.56 84.20 98.76 0.32
YGHS8 14.36 83.24 97.60 031
YGH10-2 36.70 61.10 99.05 1.10
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Table 3. Microthermometric data for fluid inclusions from the second stage of mineralization

Type Tu Tot T 1ce ™ ctan Tm CO2  Tu CO; Salinity Density Xco, Vo,
) ) ©) () (C)  (NaCl eq. wt%)  (g/ce)
I 171 -3.0 - - - 49 0.93 - -
I 250 -4.0 - - - 6.4 0.86 - -
I 249 3.5 - - - 5.6 0.85 - -
I 221 -3.6 - - - 5.8 0.89 - -
I 238 -3.8 - - - 6.1 0.87 - -
I 225 -4.6 - - - 73 0.90 - -
1 272 -34 - - - 55 0.82 - -
1 306 4.7 - - - 74 0.79 - -
1 307 -5.7 - - - 8.8 0.80 - -
1 306 - - - - - - - -
1 - -3.9 - - - 6.2 - - -
I 324 -54 - - - 8.4 0.77 - -
1 299 -5.2 - - - 8.1 0.81 - -
1 320 -5.7 - - - 8.8 0.78 - -
1 307 -4.7 - - - 34 0.79 - -
1 - 4.0 - - - 6.4 - - -
1 343 2.5 - - - 4.1 0.66 - -
1 340 - - - - - - - -
1 354 - - - - - - - -
1 357 - - - - - - - -
1Ib 324 - - - - - - - -
b 331 - - - - - - - -
1IIb 325 - - - - - - - -
b 333 - - - - - - - -
b 350 - - - - - - - -
b 324 - 8.0 -56.4 28.5 39 0.30 047 85
b 326 - 6.2 -57.0 26.7 7.0 0.27 048 88
b 331 - 83 -56.9 22.8 33 0.22 0.47 89
1Ib - - 8.7 -58.0 21.6 2.6 0.22 - -
1IIb 306 - - - - - - - -
1Ib 335 - 74 -549 19.8 5.0 0.19 0.46 90
b 313 - 7.8 -56.0 20.0 43 0.19 0.53 93
1IIb 340 - 8.1 -58.6 18.7 3.7 0.18 0.49 90
1b 255 - 7.1 -55.8 20.1 55 0.19 - -
1 329 - 7.6 -58.5 17.2 4.6 0.17 0.48 91
Ib 322 - 7.6 -56.6 18.9 4.6 0.19 0.50 92
IIla 305 - - - - - - - -
Mla 343 - - - - - - - -
[lla 341 - - - - - - - -

Ty 1e(C): Temperature of total homogenization; Ty 1ce(C): Melting temperature of ice; - : not measured

Tu can('C): Melting temperature of clathrate; Tv co2(C): Melting temperature of carbonic phase

T 002(C): Homogenization T of carbonic phase ; Xco,: Mole fraction of carbonic phase; Vio,: Molar volume of carbonic phase

* Type I : H;O-NaCl Inclusion that homogenized into H,O liquid phase.

* Type III : HyO-NaCl-CO, inclusions with gas phase of CO; (a) and liquid phase of CO; (b) have different homogenization behavior.
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Fg. 5. Simplified sulfur fugacity-temperature diagram
using FeS mole % of sphalerite and As atomic % of
arsenopyrite showing the possible range suggested by
mineral assemblages from the Yugeum deposit. Bi, na-
tive bismuth; Bt, bismuthinite; Po, pyrrhotite; Py, pyr-
ite (Modified from Scott and Barnes, 1971).
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Fig. 6. Equilibrium fugacity diagram of the sulfur and
oxygen for the system at 1 kbar and 300C and 400C
by the mineral assemblage from Yugeum deposit.
Vertical dashed line indicates possible sulfur fugacity.
Horizontal dashed line indicates possible oxygen fu-
gacity (Modified from Bowers ef al., 1984).
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Fig. 7. Composite diagram showing the fo,pH rela-
tionships between the stability fields of hydrothermal
minerals and the sulfur isotopic composition of sulfide
minerals at 350C . Weak shaded area indicates the pH
of solutions in equilibrium with the mineral assem-
blage by alteration. Heavy solid and dashed lines in-
dicate the mineral stability boundaries among pyr-
ite-pyrrhotite-magnetite in solutions containing 0.01
and 0.1 moles’kg H,O total sulfur. Thin lines indicate
0 contours for H,S under a condition of & *Sys =
+3 per mil (Modified from Ohmoto, 1972).
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Fig. 8. fo, - T diagrams at pH 5.5 (A) and 4.5 (B), and ass showing the solubility of gold as Au(HS), and
AuCly. Shaded circle indicates the condition of temperature and fo, of ore solutions in the major stage of
mineralization. Arrows show the possible change of fo, and temperature during mineral deposition (modified from

Pisutha-Arnond and Ohmoto, 1983).
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Table 4. Sulfur isotope analysis of sulfide minerals
in the Yugeum deposit

Sample No. Mineral §'s 5"*Sis

YG1592 pyrite 3.87 2.84

pyrite 4.17 3.13

chalcopyrite 3.60 3.73

chalcopyrite 3.51 3.64

YG159 chalcopyrite 3.11 324

galena 1.34 2.96

pyrite 3.99 2.96

chalcopyrite 3.22 335

galena 0.27 1.89

TQ2 (5) pyrite 2.20 1.17

pyrite 3.88 2.84

pyrite 2.02 0.99
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