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Geochemistry of the Moisan Epithermal Gold-silver Deposit in Haenam Area

Dong Hyeok Moon, Sang Mo Koh® and Gill Jae Lee

Overseas Mineral Resources Department, Mineral Resources Research Division, Korea Institute of Geoscience
and Mineral Resources

Geochemical characteristics of the Moisan epithermal gold-silver deposit with total 140 samples in Haenam area,
Jeollanamdo were studied by using multivariate statistical analysis (correlation analysis, factor analysis and cluster
analysis). The correlation analysis reveals that Ag, Cu, Bi, Te are highly correfated with Au in the both non-miner-
alized and mineralized zone. It is resulted from the presence of Au-Ag bearing minerals (electrum, sylvanite, cala-
verite and stuezite) and non Au-Ag containing minerals (chalcopyrite, tellurobismuthite and bismuthinite). Mo
shows relatively much higher correlation at the mineralized zone (0.615) than non-mineralized zone (0.269) which
implies Mo content is strongly affected by Au-mineralization. While Mn, Cs, Fe, Se correlated with Au at the non-
mineralized zone, they have negative correlation at the mineralized zone. Therefore, they seem to be eluviated ele-
ments from the host rock during gold mineralization. Sb is enriched during the gold mineralization showing high
correlation at the mineralized zone and negative correlation at the non-mineralized zone. According to the factor
analysis, Se, Ag, Cs, Te are the indicators of gold mineralization presence due to the strong affection of gold con-
tent in the non-mineralized zone. In the mineralized zone, on the other hand, Mo, Te and Sb, Cu are the indicators
of gold and silver mineralization, respectively. While the cluster analysis reveals that Cd-Zn-Pb-S, Bi-Fe-Cu-Mn,
Se-Te-Au-Cs-Ag, As-Sb-Ba are the similar behavior elements groups in the non-mineralized zone, Cd-Zn-Mn-Pb,
Fe-S-Se, As-Bi-Cs, Ag-Sb-Cu, Au-Te-Mo are the similar behavior elements groups in the mineralized zone. Using
multivariate statistical analysis as mentioned above makes it possible to compare the behavior of presented miner-
als and difference of geochemical characteristics between mineralized and non-mineralized zone. Therefore, it will
be expected a useful tool on the similar type of mining exploration.

Keywords : Moisan gold deposits, multivariate statistical analysis, correlation analysis, factor analysis, cluster analysis
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Table 1. Correlation coefficient matrix of 17 elements in non-mineralized rocks in the Sunshin mine area.

Au Ag As Cd Cu Mn Mo Pb

Zn Ba Bi Cs Fe Sb S Se Te

Au_ 1.000

Ag 0442 1.000

As 0012 -0.073 1.000

Cd  0.029 0.009 -0.042 1.000

Cu 0419 0.010 0.182 0.322 1.000

Mn 0.242 0001 0.160 0.067 0.302 1.000

Mo 0269 0.059 0.099 -0.027 0.096 0.536 1.000

Pb  0.089 0.037 0.046 0.981 0.380 0.117 0.022 1.000

Zn 0.033 0.008 -0.046 0.996 0321 0.072 -0.033 0.982 1.000

Ba 0.091 0.009 -0.019 -0.035 -0.065 -0.029 0.200 -0.042 -0.037 1.000

Bi 0.363 0.086 0.369 -0.038 0.411 0.348 0.245 0.066 -0.036 -0.071 1.000

Cs 0304 0.270 -0.148 0213 0.304 0.136 0.146 0.228 0.237 0.003 0.098 1.000

Fe 0.448 -0.014 0.457 0.024 0.571 0.410 0.314 0.126 0.031 0.104 0.712 0.184 1.000

Sb -0.393 -0.106 0.395 -0.113 -0.128 -0.101 -0.076 -0.102 -0.124 0.167 0.031 -0.385 0.116 1.000

S -0.220-0.157 0.114 0.142 0.256 -0.180-0.193 0.134 0.159 -0.169 -0.186 -0.097 -0.088 0.085 1.000

Se  0.602 0.440 -0.143 0.056 0.492 0.150 0.160 0.072 0.064 -0.070 0.287 0.532 0.275 -0.410 -0.072 1.000

Te 0486 0.254 0.027 -0.032 0.224 0.321 0.390 0.043 -0.033 -0.059 0.361 0.401 0.341 -0.371-0.362 0.611 1.000

Table 2. Correlation coefficient matrix of 17 elements in mineralized rocks in the Sunshin mine area.

Au Ag As Cd Cu Mn Mo Pb

Zn  Ba Bi Cs Fe Sb S Se Te

Au 1.000

Ag 0402 1.000

As  0.047 0.251 1.000

Cd -0.053 0.008 0.018 1.000

Cu 0361 0.614 0.223 0.150 1.000

Mn -0.035 0.137 0.108 0.645 0.324 1.000

Mo 0.615 0.176 -0.029 -0.065 0.254 -0.027 1.000

Pb  0.190 0.014 0.171 0.592 0.159 0.535 0.197 1.000

Zn -0.078 0.012-0.017 0.935 0.217 0.798 -0.052 0.622 1.000

Ba -0.016 -0.047 -0.080 -0.101 -0.134 -0.217 -0.003 -0.013 -0.102 1.000

Bi 0.462 0.359 0.753 0.003 0.299 0.055 0.204 0.176 -0.024 -0.038 1.000

Cs -0.029 0.041 0.536-0.043 0.031 0.197 -0.102 0.050 -0.084 -0.161 0.440 1.000

Fe -0.063 0.084 0.598 0.063 0.034 0.349 0.094 0.418 0.092 -0.120 0.364 0.466 1.000

Sb 0482 0.796 0.303-0.026 0.687 0.076 0.237-0.003 -0.037 0.003 0.462 0.074 0.020 1.000

S -0.033 0.103 0.511 0.440 0.216 0.665 0.032 0.465 0.487-0.225 0.362 0.458 0.750 0.050 1.000

Se -0.065 0.174 0.289 0.214 0.349 0.466 0.089 0.547 0.345-0.071 0.187 0.181 0.600 0.070 0.603 1.000

Te 0.696 0.353 0.164-0.019 0.536-0.028 0.434 0.304 -0.057 0.001 0.352 0.024 0.065 0.529 0.029 0.191 1.000
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SoHKim et al, 2007). B AroiMe 1709 94
g 7k AEASE Vsl FEiE Ve zhzh
Tuble 13} Table 261 ViERESITE

A3ioyet vgsi o] i ik AR Aol
3 A3E HolXut FEHOE Ag (H]FE) 0442,
st} 0402), Co (1FS}0] 0419, 23k 0.361),
Bi (W43l 0363, 3o 0462), Te (W43l
0486, 43t} 069) 50l 23 T JAHE EA0h
o|et Aol Aule ATAgN MEE ¢
2 FAHFEL dYEHAAR), AnivolE
(AuAgTey, ZEPIERIE(AUTe) 2 25R01E (Ags K Tes)
53 71EFEA FEQ FEA(CuFeSy, HERN 2T
ElO|E(BiyTey), BIEFANO|E(BI,S,) 59 A& &
Y AAE A€k

vjgsiiel Fepjols FFHOE AAEE TRE
A F Mo vlgshigME 02608 JujHoz
< APASE wBole whd FalioiME 06152 v
F3e oA v AdFHoE & JBATE B
ol o] Exolt}, ol AAEMAANE T3l I
FA W Mo®) ke Fslalgo] ola] A Auf
He AR sNEn.

Table 3. Factor loading for the five factors after rotation in
non-mineralized rocks in the Sunshin mine area.

Mn 0242), Cs (0.304), Fe (0.448), Se (0.602) &
ol 45 vl S35 A ASIAE 7
Xy whbA(Table 1), F8lolMs 22k Mn (-0.035),
Cs (-0.029), Fe (-0.063), Se (-0.065) 522 3
<o) AARAE HAcH(Table 2). v She Bl
ek F3 e A4S B2o|H(0.482) (Table 2), B
galory &0 AAI(-0.393YS 7t Table 1).
olzgt AFAE Fatg A3EAY U Mn, Cs, Fe, Se
59 Y28l FRFRE A BEoENH §8He
P2, She Falergol s 23 A FshEle ¥
22 AAE F 9

0 o]
2

(factor) 0.2 ¥ AEE sl & £ JF, A8

AR F2E el g {83 Al
(Joreskog et al, 1976; Trilathi, 1979; Davis, 1986).
B ApolA] 891%F WyeR F44EEA (principal
component analysisyS AH&aled g 218AL HAISIY
T} Table 35 Table 4o f1&¢) tigh a2l HA
(factor loading)Z wl4sit)se} FUE 2zt +E sl

Table 4. Factor loading for the five factors after rotation in
mineralized rocks in the Sunshin mine area.

non-mineralized rock

mineralized rocks

Sample No 1 2 3 4 5 Sample No [ I itl v v
Se 0.8756 0.0152 0.1312 0.0434 -0.1284 Zn 0.9535 -0.0841 0.0558 -0.0907 -0.0441
Au 0.7526 00042 02706 0.1663 0.1311 cd 0.8776 -0.0876 0.0514 -0.0789 -0.0450
Ag 0.6428 -0.0284 -0.0210 -0.2101 03728 Mn 0.8393 0.1877 0.1337 -0.0930 -0.2070
Cs 0.6394 02354 -0.0649 0.1308 -0.0626 Pb 0.7496 02373 -0.1076 03723 0.1770
Te 0.6328 -0.0752 0.1085 04899 -0.0342 Se 0.5255 0.4941 0.0459 0.1137 0.1345
Zn 0.0495 09912 -0.0239 -0.0131 -0.0270 Fe 0.2497 0.8430 -0.1317 0.0823 00192
cd 0.0401 09899 -0.0238 -0.0099 -0.0145 As 00268 0.8406 02734 -0.0385 0.0439
Pb 00714 09790 00837 00294 -0.0119 Cs 00767 07408 00281 -0.1205 -0.2271
Fe 02242 00445 08261 02913 0.0356 S 0.5803 0.6896 0.0102 -0.0157 -0.1551
As -0.2447 00277 07480 -0.0100 0.0571 Bi -0.0742  0.6588 03993 02809 0.0373
Bi 02508 -0.0587 07142 02815 -0.0394 Sb 00517 01046 09036 02210 0.0356
Cu 03926 03531 0.5865 0.0099 -0.3257 Ag 0.0222 01016 08640 0.1096 0.0032
Mo 0.0959 -0.0007 0.1474 07625 0.1794 Cu 02562 0.0586 0.7815 02337 -0.0931
Mn 0.0558  0.0950 02839 07619 -0.1216 Mo 0.0046 -0.0066 00273 0.8420 -0.0381
Ba -0.0380 00314 00314 0.0694 0.7708 Au -0.0711 -0.0205 03616 0.8225 -0.0458
S 0.1957 0.1886 0.1688 04819 -04761 Te 00198 00853 04145 0.7267 0.0785
Sb -0.5614 -0.0852 0.4193 -0.2547 03822 Ba -0.0981 -0.1013 -0.0151 -0.0319 0.9417

variance% 25.1962 18.0901 134517 83771 6.7036 variance% 28.8154 203166 13.9499 81999  6.0211

Eigenvalue 4.2834 3.0753 22868 14241 1.1396 Eigenvalue 4.8986 3.4538 23715 1.3940 1.0236
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Fig. 3. Clustering elements using the absolute value of
elements correlation coefficient in non-mineralized rocks
in the Sunshin mine area.
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Fig. 4. Clustering elements using the absolute value of
elements correlation coefficient in mineralized rocks in the
Sunshin mine area.
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