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Ore Minerals, Fluid Inclusions and Stable Isotopes of the
Yucheon Bismuth Deposits, Korea

Hyun Koo Lee*, Bong-Cheal Yoo* and Sang Jung Kim*

ABSTRACT : The Yucheon Bi deposits at Cheongha, Gyeongsangbugdo, is of a middle Paleogene (49 Ma) vein
type, and is hosted in sandstone and shale of Banyawal formation in Cretaceous age. Based on mineral pa-
ragenesis, vein structure and mineral assemblages, two mineralization stages were distinguished. The stage I
consists of quartz with small amount of chlorite, pyrite, epidote, halloysite, vermiculite, serpentine and rutile
associated with sericitization. The stage II is characterized by Bi mineralization such as bismuthinite, Bi-Cu-
Pb-S mineral, tetradymite, native gold, pyrite, pyrrhotite, arsenopyrite, wolframite, rutile, hematite, sphale-
rite, chalcopyrite, galena with alteration of sericite, chlorite, K-feldspar, albite and epidote. Fluid inclusion
data indicate that fluid temperature and NaCl equivalent wt.% salinity range from 431 to 150°C and from 19.2
to 0.18 wt.% in the stage II. Evidence of boiling during the base-metal mineralization indicates pressures 241
to 260 bars. Sulfur fugacity (-log fs,) deduced by mineral assemblages and compositions ranges from 5.1 to 5.
7atm in early stage, from > 8.4 atm in middle stage and from 13.5 to 19.3 atm in late stage. It suggests that
complex histories of progressive cooling, dilution and boiling were occurred by the mixing of the fluids. The
88, 80 and 8D data range from 2.5 to 3.9%, -0.5 to -4.1% and -29.7 to -47%, respectively. It indicated that
hydrothermal fluids may be magmatic origin with boiling and mixing of meteoric water increasing paragenetic
time.
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Fig. 1. Geological map of the Yucheon Bi mine area.
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Fig. 2. Underground geological map of the Yucheon Bi deposits.
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Fig. 3. Paragenetic sequence of minerals from the Yu-
cheon Bi deposits.
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Fig. 4. Photomicrographs of ore minerals from the Yucheon Bi deposits. A; Pyrrhotite included in pyrite, B; Ar-
senopyrite and chalcopyrite coexisting with pyrite, C; Sphalerite and hematite coexisting with pyrite, D; Chal-
copyrite coexisting with sphalerite, E; Bi-Cu-Pb-S mineral coexisting with pyrite, F; Bismuthinite and tetradymite
coexisting with native gold. Abbreviation Po; Pyrrhotite, Py; Pyrite, Asp; Arsenopyrite, Ht; Hematite, Ru; Rutile,
Sp; Sphalerite, Cp; Chalcopyrite, Bn; Bismuthinite, Td; Tetradymite, Au; Native gold. Cc; Chalcocite. Scale bar in-
dicated 100 micron in length.
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Fig. 4. Photomicrographs of ore minerals from the Yucheon Bi deposits. A; Pyrrhetite included in pyrite, Bi Ar-
senopyrite and chalcopyrite coexisting with pyrite, Ci Sphalerite and hematite coexisting with pyrite, I Chal-
copyrite coexisting with sphalerite, E; Bi-Cu-Pb-5 mineral coexisting with pyrite, Fi Bismuthinite and tetradymite
coexisting with native gold. Abhreviation Po: Pyrrhotite, Py: Pyrite, Asp; Arsenopyrite, Ht; Hematite, Ru; Rutile,
Sp; Sphalerite, Cp; Chalcopyrite, Bn: Bismuthinite, Td; Tetradymite, Au; Native gold. Ce; Chaleocite, Scale bar in-
dicated 100 micron in length.
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Table 2. Chemical compositions of sphalerites from
the Yucheon Bi deposits.

Weight %
Cd

0.28
0.23
0.53
0.17
0.65
0.49
0.56
0.51
0.29

FeS
Mn S  Total mole%

0.03 33.56 100.26 6.24
0.29 33.44 9947 6.13
0.30 32.66 99.91 6.48
0.18 32.30 99.11 7.09
0.40 32.30 99.86 6.87
0.26 32.87 99.56 7.50
0.25 31.90 99.52 7.70
0.17 32.06 98.61 6.86
0.02 32.28 99.91 7.13

Zn

62.37
61.76
62.33
61.97
61.26
62.08
61.50
59.96
62.07

Fe

3.58
3.49
3.75
3.99
3.94
4.17
4.30
391
4.02

Cu

0.43
0.26
0.34
0.76
0.63
0.60
0.98
1.17
1.25

Table 3. Chemical compositions of unidentified Bi-Cu-
Pb-S mineral from the Yucheon Bi deposits.

2 EHEE R, KEEaul blebdElE EsEe R -
(Fig. 4D), Bi-Cu-Pb-S#% $i#hsh 3 225 250l Bi Pb Cu Fe Ma S Total
o RS AVE ekl A2 oo o n & wt% 46.91 2193 9.50 1.46 005 19.30 99.05
f}j};f:';ﬁajﬂjo ;‘ mt Hjﬁ; j 155;1;1 at% 2028 956 1351 236 0.08 5436
orell el BrE JO S Sl 2 A 4691 2240 9.85 160 0.08 19.50 100.35
o =0 EHE A, #Eag 1H3E 1ok £ X 19.94 9.67 13.77 255 0.13 54.01
& A5c] vk Bi-Cu-Pb-SHh e T2 ARE-#BAHK 47.75 2355 9.35 1.67 - 19.14 101.35
ol d5oz AEIAY EAT A EhEch 20.50 10.20 13.21 2.66 53.59
EPMAS9) 2] {b855 4 f5R e Table 35 2] 432 9 47.17 2368 9.64 148 - 19.24 101.13
FZAE Bi; 47.19wt%, Pb 22.89 wt.%, Cu; 9.59 20.21 10.23 13.57 237 53.74
Table 1. Chemical compositions of arsenopyrites from the Yucheon Bi deposits.
Analytical Weight % Atomic %
points As Fe Co Ni S Total As Fe
5 45.00 36.17 0.04 0.20 18.83 100.24 32.65 35.70
3 44.90 36.46 0.02 0.12 19.12 100.62 32.38 35.27
4 45.08 36.04 0.06 0.05 18.78 100.01 32.80 35.17
5 44.87 35.86 i 0.12 19.05 99.90 32.60 34.95

Table 4. Chemical compositions of bismuthinite from the Yucheon Bi deposits.

Structural formulae

Bi Ag Te Se Pb S Total (total atoms=5)
80.81 0.42 0.01 0.30 0.02 18.55 100.08 (Bi19oAgo.02)201(S2975€0.02) 290
81.72 0.42 0.03 0.24 0.23 18.56 101.22 (Biz.00Ago0.02) 2.02(S2965€0.02) 298
80.48 0.00 0.04 0.32 0.18 18.77 99.80 Bi1s7(Ss.005€0.02)3.02
80.22 0.43 0.01 0.00 0.29 19.13 100.30 (Bi19sAg0.02)197S3.03
81.38 0.00 0.00 0.32 0.25 19.21 101.21 Bi1.o6(Ss5.015€0.02)3.03
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Table 5. Chemical compositions of native gold from
the Yucheon Bi deposits.

Weight %
Au Ag Bi

97.33 044 244
96.86 045 3.23
96.17 085 2.03
94.49 294 253
95.68 156 3.75
9474 156  2.69
96.20 040 3.10
97.84 043 2.64
9734 0.72 256
97.01 0.77 2.38
9745 023 298
9590 032 2.63
96.01 072 3.03
9557 1.00 2.50
9701 118 235
96.06 2.06 1.57
9762 019 3.00

Atomic %
Total Au Ag Bi

100.21 9691 0.82 2.29
100.54 96.19 0.82 3.02
99.05 96.53 155 1.92
99.96 9242 525 233
10099 93.75 2.79 347
98.99 9462 285 2.53
99.70 96.34 0.73 2.93
10091 96.76 0.77 2.46
100.61 96.32 130 238
100.16 96.38 1.40 2.23
100.66 96.79 042 2.79
98.85 9691 0.59 2.51
99.76 95.84 131 2.85
99.07 95.81 1.84 2.36
100.53 95.70 2.12 2.19
99.69 94.82 3.17 147
100.81 96.85 0.34 2.81
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Table 6. Chemical compositions of tetradymite from the Yucheon Bi deposits.

Structural formulae

Bi Te Se Sb Pb S Total (Total atoms=5)
58.25 35.45 0.30 0.18 0.14 4.78 99.10  (Bi1s6Sboo)1.97(Te1.055€003)1.9851.05
59.44 34.43 0.32 0.17 0.05 4.43 98.80  (Biz0sSboo1)206(Te1935€003)1.9650.90
59.26 35.06 0.20 0.21 0.00 4.69 99.41  (Biz0oSboor)z01(Te196S€002)19651.08
59.56 34.91 0.27 0.18 0.21 4.71 99.83  (Biz00Sboo)z01(Te19:5€0.02)1.981.08
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Fig. 5. Micrphotographs of fluid inclusions in quartz and fluorite from the Yucheon Bi deposits. A; type C inclusion
in quartz, B; Type B inclusion in quartz and white fluorite. C; Type A inclusion in quartz, green fluorite, white flu-
orite and pink fluorite. D; Type C inclusion in pink fluorite. Scale bar indicated 30 micron in length.
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Fig. 6. Histogram of homogenization temperature of
fluid inclusions from the Yucheon Bi deposits.
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Fig. §. Micrphotographs of fluid inclusions in guartz and fluorite from the Yucheon Bi deposits. Aj type C inclusion
in quartz, Bi Type B inclusion in quartz and white fluorite. C; Type A inclusion in quartz, green fluorite, white flu-
arite and pink fluorite. D; Type C inclusion in pink fluorite. Scale bar indicated 30 micron in length,
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Table 7. Sulfur, Oxygen and hydrogen isotope data(%) of sulfide minerals, sericite and quartz from the Yucheon Bi

deposits.

Sample No.  Mineral s 3%Su,s 5“0 3D 80n,0 Dm0 Tx(°C)

Y.C.95810-14  Pyrite 3.7 2.8 385
Chalcopyrite 38 3.9 385

Y.C.94101-9 Pyrite 3.5 2.5 350

Y.C.9689-1 Bistwithinite 2.9

Y.C.94101-16  Sericite 1.0 -81 -0.8 -47 370

Y.C.941101-17 Sericite 14 -64 -0.5 -29.7 370

Y.C.95810-15 Quartz 0.7 -4.1 370

Y.C.9589-1 Quartz 4.5 -0.8 350
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