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Gold-Silver Mineralization of the Euiseong Area

Se-Jung Chi,* Seon-Gyu Choi,* * Seong-Jae Doh** and Yong-Kwon Koh **

ABSTRACT : The Au-Ag deposits of the Euiseong area occurred in quartz veins which filled fissures in
Cretaceous sedimentary and volcanic rocks. These ore veins can be classified in two types of deposits based
on metallic mineral assemblages as follow: a pyrite type gold-silver deposit (Hoedong mine), characterized
by Cu sulfides with Au-Ag alloy, and a Sb-rich silver deposit (Keumdongdo mine), characterized by base
metal with Ag-bearing sulfosalts.

Mineralogic and fluid inclusion evidences suggest that the ore minerals of these deposits was deposited
from initial high temperatures (near 350C) to later lower temperatures (200°C) with moderate salinity fluids
ranging from 5.8 to 3.8 eq. wt.% NaCl. The gold-silver mineralization of the Hoedong mine occurred at
temperatures between 300 and 2007 from fluids with log fg, of -10 ~ -16 atm. The antimony - silver
mineralization of the Keumdongdo mine were deposited at the higher temperatures (350 to 250C) and
fs, (-10 ~ -13 atm) than gold mineralization of the Hoedong mine. The calculated log fo, of fluids at 250C
in two deposits are -32 to -34 atm and -36.5 to -38.5 atm, respectively. Boiling evidences indicate that the ore
mineralization of the Hoedong mine occurred at more shallow depth (0.5km) than that (1km) of the
Keumdongdo mine. The above differences of depositional environments between two deposits caused the

compositional changes of ore minerals such as electrum and sphalerite.
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Fig. 1. Geologic map of the Hoedong and
Keumdongdo mines in the Euiseong mineralized area.
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Fig. 2. Photograph showing ore veins and minerals
from the Keumdongdo mine. Stage [ calcite vein
crosscutting and cementing early stage | vein
breccias.
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Table 1. Ore minerals observed from Au-Ag deposits in the Euiseong mineralized area.

Name of mines py gl S cp ap cc el ag ar td pl br pg rw hm cu
Hoedong * % * ok k * * * - - - * - - -
Keumdongdo *xx *x *k * *x * * * _

Abbreviation: **% = abundant, ¥* = moderate, * = little, -

= rare, ag = native silver, ap = arseonpyrite, ar =

argentite, br = bournonite, cc = chalcocite, cp = chalcopyrite, cu = native copper, el = electrum, gl = galena, hm = hematite,
Pg = pyrargyrite, pl = polybasite, py = pyrite, ru = rutile, sp = sphalerite, and td = silver-bearing tetrahedrite.



154

WHE - BEE - HRE - S

Table 2. Electron microprobe analyses of electrums and native silvers from the
Hoedong mine.

Specimen Analyzed Weight percent Atomic percent Associated
No. point. Au Ag Total Au Ag  Ag/Au minerals* *

Hoedong-E 1 : 0.16 9889 99.05 0.09 99.91 114841 cp
Hoedong-E 2 0.17 101.46 101.63 0.09 9991 1110.11 p
Hoedong-E 3* 0.17 100.10 100.10 0.10 99.90 1110.11 cp
Hoedong-E 4* 0.16 9795 98.11 0.09 9991 1110.11 cp
Hoedong-I-1 1 28.12 7190 100.02 17.64 8236 467 cp,td, gl
Hoedong-I-1 2 2894 71.08 100.02 1823 81.77 448 cp,td, gl
Hoedong-A 1 73.02 2862 101.64 5828 41.72 0.71
Hoedong-A 2 7294 28.84 101.78 58.07 4193 0.72
Hoedong-A 3 76.09 2454 10062 6294 37.06 0.59
Hoedong-A 4 64.01 3530 9931 4983 50.17 1.01 Py
Hoedong-A 5 65.39 3453 9992 5091 49.09 0.96 Py
Hoedong-A 6 4730 5423 10153 3233 67.67 2.09 td, gl
Hoedong-A 7 4725 5405 10130 3237 67.63 2.09 td, gl
Hoedong-A 8 4821 5279 101.00 3334 66.66 2.00 td, gl
Hoedong-A 9 5033 5260 10293 3438 65.62 191 td, gl
Hoedong-E-2 1 69.86 3045 10031 55.68 44.32 0.80 py, cp
Hoedong-E-2 2 7331 2636 99.67 6037 39.63 0.66 Py cp
Hoedong-E-2 3 7484 2819 103.03 5925 40.75 0.69 Py, ¢p
Hoedong-E-2 4 66.08 35.15 101.23 50.73 49.27 0.97 PY ¢p
Hoedong-E-2 5 65.72 37.17 102.89 49.20 50.80 1.03 py: gl
Hoedong-E-2 6 63.19 3475 9794 4990 50.10 1.00 py, gl

* native silver.

** See Table 1 for mineral abbreviations.

Fig, 3. Photomicrographs of some ore minerals from the Hoedong mine. A; Electrum closely associated with
galena and Ag-bearing tetrahedrite and B; Fractures in galena filled by Ag-bearing tetrahedrite and
chalcopyrite. Bar scale indicates 0.05mm in length. See Table 1 for mineral abbreviations.
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Table 3. Electron microprobe analyses of Ag-bearing tetrahedrite from the Keumdongdo and Hoedong mines.

Specimen Weight percent Formulas on the basis of S = 13

No. Cu Ag Zn Fe Sb As S Total Cu Ag Fe Zn Sb As S

Keumdongdo-K 26.41 16.66 1.27 4.81 28.05 0.09 23.51 100.81 7.367 2.738 1.526 0.343 4.083 0.022 13.00
Keumdongdo-K 26.51 17.36 1.17 5.09 28.05 0.11 23.14 10141 7.512 2.899 1.640 0.322 4.150 0.025 13.00
Keumdongdo-K 26.63 16.91 3.37 3.09 2825 0.21 23.71 102.16 7.369 2.756 0.971 0907 4.080 0.046 13.00
Keumdongdo-K 26.08 15.18 3.95 249 27.23 0.33 2297 98.23 7.446 2.553 0.811 1.096 4.058 0.080 13.00
Keumdongdo-K 25.88 17.56 2.87 3.78 27.54 0.09 23.34 101.07 7.273 2906 1209 0.784 4.038 0.023 13.00
Keumdongdo-D 30.83 7.55 2.26 4.01 2857 0.53 24.15 9790 8371 1.206 1239 0.595 4.048 0.122 13.00
Keumdongdo-D 32.72 6.57 2.18 3.84 28.85 1.91 25.09 101.16 8553 1.011 1.140 0.554 3.936 0.424 13.00
Hoedong-1 3325 838 6.22 1.25 23.17 3.77 24.22 100.26 9.002 1.336 0.385 1.637 3.274 0.866 13.00
Hoedong-1 28.44 14.41 5.89 098 28.26 0.21 23.04 101.23 8.096 2.415 0.318 1.629 4.197 0.051 13.00
Hoedong-1 28.78 12.43 6.01 0.84 27.71 0.81 23.51 100.08 8.033 2.044 0266 1.627 4.036 0.192 13.00
Hoedong-1 26.64 17.31 6.03 0.84 26.56 0.75 24.17 102.30 7.228 2766 0.259 1.590 3.762 0.172 13.00
Hoedong-1 2796 14.85 5.82 1.19 26.77 0.43 23.46 100.48 7.816 2.446 0.377 1.582 3.906 0.102 13.00
Hoedong-A 28.77 1433 6.12 0.87 23.78 3.12 24.77 101.77 7.619 2.235 0260 1.575 3.286 0.701 13.00
Hoedong-A 2941 15.17 559 1.07 22.57 3.28 24.19 101.30 7975 2423 0329 1476 3.194 0.755 13.00
Hoedong-A 30.73 13.39 6.55 0.61 23.05 3.81 24.59 102.73 8.198 2.104 0.185 1.698 3.209 0.862 13.00
Hoedong-A 29.39 13.74 6.26 0.65 23.77 3.48 2539 102.69 7.590 2.091 0.191 1572 3.204 0.761 13.00
Hoedong-A 29.55 14.17 647 0.66 23.08 3.64 2557 103.15 7.580 2.140 0.193 1.613 3.089 0.792 13.00
Hoedong-A 29.59 14.95 525 0.64 2251 3.27 25.86 102.09 7.507 2.233 0.184 1.292 2.979 0.703 13.00
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Fig. 4. Au content (atomic %) of electrums and native
silvers from the Hoedong mine.
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Fig. 5. The relation between Cu atoms and Ag atoms
in Ag-bearing tetrahedrite from the Hoedong and
Keumdongdo mines. Open square ; Keumdongdo
mine and filled diamond ; Hoedong mine.
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Fig, 6. The relation between As atoms and Ag atoms
in Ag-bearing tetrahedrite from the Hoedong and
Keumdongdo mines. Open square ; Keumdongdo
mine and filled diamond ; Hoedong mine.
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Table 4. Electron microprobe analyses of arsenopyrites from the Keumdongdo mine.
Specimen  Analyzed Weight percent Formulas on the Atomic percent
basis of As + S=2
No. point. Fe As S Total Fe As S Fe As S
KD-N-1 1 3479 4328 21.57 99.64 0.996 0.924 1.075 3326 30.84 3591
KD-N-1 2 35.06 43.06 22.10 100.22 0.993 0.909 1.090 33.18 30.38 36.44
KD-N-1 3 3498 4363 21.65 100.25 0.996 0926 1.073 3325 3091 3584
KD-N-1 4 3523 4195 2206 99.24 1.010 0.897 1.102 33,57 2980 36.63
KD-N-1 5 3514 4221 2200 99.35 1.007 0.901 1.098 3349 2998 36.52
XD-N-1 6 3478 4310 2141 99.29 1.002 0.925 1.074 3338 30.83 3579
KD-N-2 1 35.16 4267 2273 100.56 0.984 0.891 1.108 33.00 2985 37.15
- KD-N-2 2 3513 4107 2292 99.11 0.996 0.868 1.131 3325 2897 3778
KD-N-2 3 3460 4290 2207 99.57 0.982 0.908 1.091 3295 3045 36.60
KD-N-2 4 35.13 4265 21.80 99.59 1.007 0.911 1.088 3349 3031 36.20
KD-N-2 5 3459 4258 21.72 98.89 0.994 0.912 1.087 3321 3047 3631
KD-N-2 6 3533 40.70 22.78 98.82 1.009 0.866 1.133 3354 28779 37.67
KD-N-2 7 3546 4241 21.60 99.47 1.024 0913 1.086 3387 3020 3593
KD-N-2 8 3552 4034 2238 98.24 1.028 0.871 1.128 3397 28776 3727
KD-N-2 9 3520 4095 2206 98.20 1.021 0.885 1.114 33.80 2931 36.89
KD-N-2 10 3528 41.25 2270 99.23 1.003 0.874 1.125 3342 2913 3746
KD-N-2 11 3559 4134 2258 99.51 1.014 0.878 1.121 33.65 29.14 37.20
KD-N-2 12 35.02 4069 23.01 98.71 0.994 0.861 1.138 3322 28.77 38.01
KD-M 1 3523 4244 2212 99.78 1.004 0.901 1.098 33.43 3001 36.56
KD-M 2 3487 4170 22.28 98.85 0.997 0.889 1.110 3329 29,67 37.04
KD-M 3 35.02 4198 2231 99.31 0.998 0.892 1.107 3330 29.75  36.95
KD-M 4 3515 4022 2275 98.12 1.010 0.861 1.138 3356 28.62 37.82
KD-M 5 3460 4237 2252 99.49 0.977 0.892  1.107 3282 2996 3721
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FIg. iU. FROIOMICIOZErapas Of SOmME Or¢ mimerdls irom the Keumdongdo mine. A; Pyrite and sphalerite
crystals surrounded by Ag-bearing tetrahedrite and galena and B; Sphalerite crystals surrounded by
pyrargyrite and galena. Bar scale indicates 0.05mm in length. See Table 1 for mineral abbreviations.
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Fig, 11. The frequency distribution of As content
(atomic %) in arsenopyrite from the Keumdongdo
mine.
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Fig, 12. Histograms of homogenization temperatures
of fluid inclusions in vein minerals from the Hoedong
and Kuemdongdo mines. P; primary fluid inclusion,
S; secondary fluid inclusion, and [ ; vapor-rich fluid
inclusion.
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Fig, 13. Histograms of salinity data of fluid inclusions
in vein mineral from the Hoedong and Keumdongdo
mines. Symbols are same in Fig. 12.

0~domzA =8A HEEC. A2BsolY PaAL
Z7] 00CAA F7) 15T JAse B3 gz
B A2H0EE &5 Ao (Fig 12).

TR EAYC ERE

REaEm d¥= 34 afme 2707 %

8-1 HOEDONG KEUMDONGDO
4 oz o .
si o .
— 6
g .
z.4_ ° e = -
& oo
® 7 .
;2_ o ® -
o -
T T
200 250 300 350
Th°C

Fig. 14. Homogenization temperature vs. salinity
diagram for fluid inclusion in vein minerals from the
Au-Ag deposits in the Euiseong mineralization area.
Qtz; quartz and SI; sphalerite.
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Fig. 15. T-fs, diagram showing the stability areas of the ore fluids from the Hoedong mine. Xg.g = FeS mole
% in sphalerite. N 5, = atomic fraction of Ag in electrum.
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Fig. 16. T-f5, diagram showing the stability area of the ore fluids from the Keumdongdo mine. Abbraviations
are same in Fig. 15.
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