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Au-Ag Minerals and Genetic Environments from the
Yeongdeog Gold-Silver Deposits, Korea
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ABSTRACT: The Yeongdeog gold-silver deposits at Jipum, Gyeongsangbugdo, is of a middle Paleogene (45.52+ 1.02
Ma) vein type, and is hosted in shale and sandstone of Cretaceous age. Based on mineral paragenesis, vein
structure and mineral assemblages, the ore mineralization can be divided into two distinct depositional stages.
The early stage is associated with base-metals such as pyrite, arsenopyrite (27.99~30.99 at.%), hematite, rutile,
pyrrhotite, sphalerite (10.53~18.42 FeS mole%), chalcopyrite and galena with wallrock alteration such as chlorite,
sericite and pyrite. The late stage is characterized by the Au-Ag mineralization such as electrum, Ag-bearing tetrahe-
drite, freibergite, pyrargyrite, unidentified mineral, pyrite, sphalerite (1.08~5.57 FeS mole%), chalcopyrite and galena.
Fluid inclusion data indicate that fluid temperatures and salinities range from 343 to 227°C and from 8.3 to
5.7 wt% eq. NaCl in early stage, respectively. Temperatures and salinities of NaCl eq. wt.% range from 299 to
225°C and from 129 to 4.3 in late stage, respectively. They suggest that complex cooling histories were occured
by the mixing of the fluids. Sulfur fugacity (—logfs,) deduced by mineral assemblages and composition ranges
from 8.3 to 14.7 atm. in early stage, and from 8.8 to 14.5 atm. in late stage. It suggests that the mineralization
was related to decrease of temperature in early stage and fluctuations of fs, with decrease of temperature in
late stage. Sulfur and oxygen isotope compositions are 4.48~5.60% and 9.25~10.8% in early stage, and late stage
is 4.84~7.00% and 5.7%, respectively. It indicated that hydrothermal fluids may be magmatic origin with some
degree of mixing of another water during paragenetic time.
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Fig. 1. Geological map of the Yeongdeog gold-silver mine
area.
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Table 1. K-Ar data of specimens from Yeongdeog mine district.

K

Rad. “Ar

Age Non-rad

Mine & Locality Description Wih) (10 *ccSTP/g) (Ma) %) Reference
Yeongdeog Sericite 6.45+0.13 1152.10+ 1234 4542+ 1.02 5.2 This study

Pohang basin Rhyolite 4.84+0.10 933.64%f 9.70  49.03+ 1.09 3.5  Lee et al. (1992)
Kokgangdong Rhyolitic tuff 4.7 £1.1 Shibata et al. (1979)
Saamdong, Namjeong  Tuff 46.8710.71 Jin er al. (1989)
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Fig. 2. Paragenetic sequence of minerals from the Yeong-
deog gold-silver deposits.

Table 2. Chemical composition of arsenopyrite from the
Yeongdeog gold-silver deposits.

Weight % Atomic %
As Fe Co Ni S Total As Fe

41.34 3540 0.10 0.04 2329 100.17 2882 33.11
4048 3568 0.05 005 2403 10029 2799 33.10
4200 3480 - — 21.60 99.01 30.18 33.55
4272 3454 0.69 0.1 2231 10018 30.04 32.59
4296 3503 0.04 0.1 2218 10031 30.26 33.10
40.55 3503 0.08 0.03 2343 99.12 2847 3299
4437 3307 013 - 2326 10079 3099 30.98
4347 3288 008 - 2304 9941 30.73 31.18
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Fig. 3. Photomicrographs of ore minerals from the Yeong-
deog gold-silver deposits. A; Pyrite and galena included
in arsenopyrite. B; Arsenopyrite and pyrite coexisting with
sphalerite. C; Tetrahedrite, galena and chalcopyrite coexi-
sting with sphalerite, D; Pyrite and chalcopyrite coexisting
with tetrahedrite, E; Electrum, tetrahedrite, chalcopyrite
and galena included in sphalerite, F; Pyrargyrite and tet-
rahedrite coexisting with chalcopyrite. Abbreviation: Py;
Pyrite, Asp;Arsenopyrite, Sp; Sphalerite, Cp; Chalcopyrite,
Gn; Galena, Td; Ag-bearing tetrahedrite-freibergite, EI;
Electrum, Pyg; Pyrargyrite.
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Table 3. Chemical composition of sphalerite from the Yeongdeog gold-silver deposits.

Sample No. Weight % FeS
pie INO- Zn Fe Mn Cu cd Sn S Total  mole%
Y.D94127-3 5570 9.34 047 0.11 041 0.21 316 9908 1616
54.64 8.71 0.22 0.99 0.52 3318 9826 1535
59.13 6.00 0.19 0.01 0.54 3291 9858 1053
5845 6.69 0.29 0.04 0.42 0.04 28 9875 1170
5377 1052 0.35 0.23 0.23 332 9842 1842
57.56 6.92 0.27 0.08 0.33 0.03 329 9809 1222
5599 904 0.37 0.19 043 3287 9889 1569
56.96 6.89 0.26 0.97 0.17 3292 9817 1214
56.54 8.38 0.29 0.02 0.19 0.14 38 9874 1466
5513 1009 041 0.09 0.35 B 967 1744
58.62 7.25 0.33 0.03 0.38 351 10002 1283
56.30 8.39 0.37 0.11 0.39 0.05 348 9909 1468
5424 1029 0.34 0.40 3342 9869 1800
5462 1007 0.53 0.04 0.34 0.02 3329 9891 1752
Y.DI4127-1 6568 1.46 0.20 0.04 0.32 126 10096 252
64.11 215 0.08 0.56 0.01 3281 972 375
65.27 0.61 045 0.03 264 9.0 1.08
62.54 276 0.27 0.38 0.17 3339 9951 487
64.49 1.56 0.09 0.02 0.51 0.07 3308 99.82 213
62.69 2.69 0.17 0.12 0.22 1387 9976 475
62.03 3.15 0.31 0.09 0.15 362 9935 5.57
63.88 1.07 0.03 0.07 0.08 344 9857 192
64.94 0.68 0.07 0.03 3302 9874 1.21
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Fig. 4. Enlarged parallelogram in the triangle diagram of
the system FeS-MnS-ZnS(ZnS+ CuS+CdS) showing
chemical composition of sphalerite from the Yeongdeog
gold-silver deposits.

x M

o] Wifle £-SKILEE T2 FaEVEE A

T A9 FeS mole%y 1.08~5570]t}. o} ZnS-FeS-
MnSA =l £A18bd Fig. 43 o] Riffel A&
BIEgAE T w)2d W MnS mole%d] &8 & W3tE
HoiFx] 94x)ul FeS mole%y 43 WIS &
=g

WAL HHRS R =& wEsA MEtiae
pReS RS A, BASLT 54 RH ZAFig 36)
So] olck HHAS FHHos H3% R o %
HWEERA EHEC) o] B Hae EEAad £



B S-HHRA Elsle -8B B bR 545

Table 4. Chemical composition of electrums from the
Yeongdeog gold-silver deposits.

Weight % Atomic %
Au Ag Total  Au Ag

Y.D94127-1 6207 3869 10076 46.77 53.23
5643 4264  99.07 4202 5798
6231 3673 9904 4816 5184
5940 4126 100.66 44.09 5591
5831 4196 10027 4322 56.78
4879 5078  99.57 3448 6552
5467 4570 10037 39.58 60.42
4551 5519 100,70 31.11 68.89
4288 5582 9870 29.61 70.39
6479 3391 9870 5113 4887

Sample No.

66.69 31,67 9835 5356 4644
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Fig. 5. Enlarged parallelogram in the triangle diagram of
the system Metal-As+ Sb-S showing chemical composition
of tetrahedrite-series from the Yeongdeog gold-silver de-

posits.
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the system Metal-As+Sb-S showing chemical composition
of pyrargyrite from the Yeongdeog gold-silver deposits.
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Table 5. Microprobe analyses of tetrahedrite-series from the Yeongdeog gold-silver deposits.

Weight%
Az Cu Fe Zn A sb S Toul Structural formulae (§=13)
2098 2563 152 7.05 245 2072 2173 10006 ((AZ:7:Cu750)1147(Fe052Z0207)250)14.00(AS0.635b3.26)3.89513
19.35 2591 187 726 138 2296 21.80 10053 ((Ag:.:Curs0)i1123(Fe064Z02.12)276)13.90(A80.355b3.61)396913
2007 2549 201 735 1.03 2343 2193 10130 ((Ag35sCU762)11.00(Fe.6sZ13.14)252)13.84(AS0.265b3.66)392513
21.10 2600 586 2.67 308 2043 2234 10148 ((AgiesCurea)inas(Fer06Zn076)272)14.00(A80.778b3.13)3.00513
1972 2416 0.61 687 4.36 2248 2344 10165 ((Ags2:Cugre)i00m(Fen19Zn 57)206) 1207(A81038b328)4.35 13
2006 2292 277 3.87 1.05 2663 2267 9997 ((AZ:.4:CU¢ 63)1005(F€0.01ZN01 g9)2.00)1 205(AS)265b4,02)4.28513
2046 2270 170 435 1.19 2605 2239 98383 ((Ag353Cugs) 10as(Feo.s7Z0 24) 150001 99(AS0.305b3.98)4.285 13
18.69 2434 128 5.87 0.63 2748 2340 10L79  ((Ag30sCugsdmooi(FensZn e)2oh 192(A80,158b4.02)3.17813
1898 2452 163 536 0.16 2687 22,61 10041 ((Ag324Cu7.1)1035(F€q55Z1 51)2.05) 1240(A80.058b4.07)4.11513
1796 2620 346 507 11.98 941 2434 9842  ((AZ245Cu06)0091(Fe1 06211 33)2.30)12.30(AS2,745D1 32)a06513
1497 2804 560 289 13.63 7.64 2494 9874  ((Ag23:Curi)ees(FeresZniga)zsi 221(A83048b 1 45)00S 13
2141 2204 183 6386 1.80 2566 19.05 9865  ((AZ43:Cu7 59011 93(Fe072Z02 30)302)1495(A%0.535bs.61)5.14513
27.80 2015 1.62 6.74 138 2314 1844 9927  ((Agss:Cuyin)izon(FeoesZngs3)290)1599(AS045b4 300072513
2163 21.08 134 7.83 0.33 2721 2002 9944 ((Agi/Cueo 108(F€0.50Z12.49)2.90)14.07(AS0.00Sb4.63)4.74513
20-98 25-63 1'52 7-05 2-45 20'72 21'73 lm'% ((Ag37zcu774)| L47(Fe(l.522n2.07)2.59)I4.()6(As(l.63Sb3.2A‘n)3.89Sl3
2155 2416 193 753 1.50 2210 2179 10056  ((Ag3s:Cus27)1100(Fe0e6ZN220)2860 295(A80.385b3.47)385513

Table 6. Microprobe analyses of pyrargyrite from the Yeongdeog gold-silver deposits.

Ag Cu Fe Zn We;gsht% Sb S Total Structural formulae (Total atoms=7)
59.54 045 098 0.4 0.48 2139 16.62 98.25  (Ag302Cuy0aFe 10Z10,02)3.18(AS0,045bp 96} 1005283
5895 057 046  0.63 - 2194 16.68 98.33  (Ag90Cu00sF€0.05Z10,05)3.14(AS0.005D0.99)0.905 285
59.80 0.29 0.13 - 0.11 21.39 16.95 98.44 (Ag3.06C 0. 03F€0.01Z16,00)3.10(A80.018b0.97)0.085 292
5894 0.3 015 0.5 0.80 21.36 1718 98.72  (Ag90Cu0.03F€0.01Z10,01)3.04(AS0.065b0.96)1.029293
5900 015 029 - - 22.03 16.95 98.27  (Ag303Cug01Fe0.03Z10.00)3.07(AS0.00Sb1.00)1.0052.93
59'08 0‘28 0'17 - - 21'92 17'27 98'?2 (Agl()lCu().OIFe(I.()Zzn(l.(l))3.1)5(A51).()()Sb(l})‘))().’)‘)sl.%
59.70 0.1 0.10 1.65 - 21.85 17.27 10098  (Agy96CupoeFeqmZng, 4).15(AS0.05b0.96)0.9652.59
5996 023 025 1.83 1.07 1943 1671 99.96  (Ag30:Cuy0oFen0Zng,is)s21(AS0085b0 8700959283

Table 7. Microprobe analyses of unidentified mineral from the Yeongdeog gold-silver deposits.
Weight% Atomic%

Ag Cu Fe Zn As Sb S Total Ag Cu Fe Zn As Sb S
71.54 651 013 131 487 228 1472 101.23 4983 770 017 151 488 141 3450
6864 694 022 0.14 6.54 075 1521 9831 4823 828 030 016 6.62 047 3595
67.76  7.62 0.31 - 6.34 072 1500 9857 4788 9.4 042 000 645 045 35.66
69.66 240 025 354 098 1150 1119 9952 5387 315 037 452 1.09 788 29.12
69.38 232 017 325 069 1199 11.88 9969 5313 302 025 411 076 813 3061
7050 233 027 262 092 1147 11.08 99.19 5505 309 041 338 1.03 794 29.11
7151 485 057 206 0.96 831 11.54 9980 5425 625 0.84 258 105 559 2946
7302 546 052 198 0.49 845 11.85 101.77 5424 688 075 243 052 556 2962
7357 528 041 187 0.74 849 1152 101.88 5500 670 059 231 080 562 2898
7161 539 054 201 0.37 850 1129 9970 5459 698 080 253 041 574 2896
7066 530 048 136 0.81 816 11.62 9840 5422 690 071 172 089 555 3000
70.78 499 061 210 0.45 829 1148 9869 5423 649 090 265 050 563 29.06
7007 499 062 196 0.89 821 1146 9821 5386 651 092 249 099 559 29.64
.34 577 060 174 081 839 1133 9996 5409 743 088 218 088 564 2890
71.17 674 055 181 291 343 1250 9911 5235 842 078 220 308 224 3094
7389 721 051 212 4.66 — 1204 9989 5361 88 071 254 487 000 29.39
7405 754 062 205 5.04 020 1198 10147 5321 920 08 243 521 013 2896
7261 731 045 196 374 088 1207 9903 5343 9.13 064 238 396 057 29.88
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Fig. 7. Microphotographs of fluid inclusions in quartz and

sphalerite from the Yeongdeog gold-silver deposits. A;
Type A inclusion in quartz from early stage. B; Type
A inclusion in quartz from late stage. C; Type A inclu-
sion in sphalerite from late stage. D; Type B inclusion
in sphalerite from late stage.
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Table 8. Sulfur isotope data of sulfide minerals from Yeongdeog gold-silver deposits.

Sample No. Stage Mineral §%S(%) 8%Sh,5(%) TspGa T,
Y.D.941209-2 Early Pyrite 57 448 227~343C
Sphalerite 59 5.60 (300T)
Y.D.941209-10 Late Pyrite 6.3 4.84
Sphalerite 6.7 6.34 225~299C
Galena 47 7.00 328+ 21T (250C)

1) 8348}{25(%0) are calculated following the equation given from Ohmoto and Rye (1979). 2) Isotopic temperature is
calculated from fraction factors given Ohmoto and Rye (1979). 3) T, are homogenization temperature of fluid inclusion.
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Fig. 10. Homogenizing temperature vs. salinity for fluid
inclusions from the Yeongdeog gold-silver deposits.
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Table 9. Oxygen and hydrogen isotope data of sericite and quartz from Yeongdeog gold-silver deposits.

Sample No. Stage Mineral 8"*0(% SD(%) 8'"0u,00%)  8Dp,0(%) T,
Y.D.941209-1 Early Sericite 11.5 -66.0 9.25 —28.2 350TC
Y.D.941209-2 Quartz 16.1 10.8

Y.D.941209-10 Late Quartz 13.3 5.74 280¢C

1) 8"%0y,0(%) are calculated following the equation given from Friedman and O'Neil (1977) and Matsushisa er al.
(1979). 2) 8Dy,0(%) are calculated following the equation given from Suzuoki and Epstein (1976). 3) T, are homogeniza-
tion temperature of fluid inclusion.
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