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Prediction of the Gold-silver Deposits from Geochemical Maps - Applications
to the Bayesian Geostatistics and Decision Tree Techniques
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! Department of Civil & Geotechnical Engineering, Paichai University, Daejeon 302-735, Korea
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This study investigates the relationship between the geochemical maps and the gold-silver deposit locations.
Geochemical maps of 21 elements, which are published by KIGAM, locations of gold-silver deposits, and
1:1,000,000 scale geological map of Korea are utilized for this investigation. Pixel size of the basic geochemical
maps is 250m and these data are resampled in lkm spacing for the statistical analyses. Relationship between the
mine location and the geochemical data are investigated using bayesian statistics and decision tree algorithms. For
the bayesian statistics, each geochemical maps are reclassified by percentile divisions which divides the data by 5,
25, 50, 75, 95, and 100% data groups. Number of mine locations in these divisions are counted and the probabili-
ties are calculated. Posterior probabilities of each pixel are calculated using the probability of 21 geochemical maps
and the geological map. A prediction map of the mining locations is made by plotting the posterior probability. The
input parameters for the decision tree construction are 21 geochemical elements and lithology, and the output
parameters are 5 types of mines (Ag/Au, Cu, Fe, Pb/Zn, W) and absence of the mine. The locations for the absence
of the mine are selected by resampling the overall area by lkm spacing and eliminating any resampled points,
which is in 750m distance from mine locations. A prediction map of each mine area is produced by applying the
decision tree to every pixels. The prediction by Bayesian method is slightly better than the decision tree. However
both prediction maps show reasonable match with the input mine locations. We interpret that such match indicate
the rules produced by both methods are reasonable and therefore the geochemical data has strong relations with the
mine locations. This implies that the geochemical rules could be used as background values of mine locations,
therefore could be used for evaluation of mine contamination. Bayesian statistics indicated that the probability of
Au/Ag deposit increases as CaO, Cu, MgO, MnQO, Pb and Li increases, and Zr decreases.

Key words : gold-silver deposit, prediction of mining location, geochemical maps, Bayesian statistics, decision tree
technique
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Fig. 1. Localities of the 5 kinds of metallic mines. Note that nearly 80% of them are gold-silver deposits.
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Table 1. Boundary values of 6 classis of each elements (in ppm scale).

Range AL O, Ba Ca0O Co Cr Cu Fe,04 K,0
Class 1 0-5% 11.72 730.00 0.40 4,72 25.20 9.92 3.05 1.99
Class 2 6-25% 14.12 1050.00 0.73 8.99 45.80 16.00 4.48 2.60
Class 3 26-50% 15.57 1267.00 1.18 13.10 71.02 23.00 5.71 3.04
Class 4 51-75% 17.11 1507.02 1.90 17.40 104.00 32.62 7.13 3.51
Class 5 76-95% 19.34 1920.00 4,05 26.50 167.89 57.00 9.41 4.36
Class 6 96-100%  >19.34 >1920 >4,05 >26.5 >167.89 >57 >9.41 >4.36

Li MgO MnO NaO Ni Pb Rb SIO, Sr TiO, V Zn  Zr
Class 1 19.50 052  0.05 0.50 8.07 1820 70.21 5032 51.00 0.47 29.02 4550 33.74
Class 2 3040 091 0.08 1.04 1500 2436 111.00 56.60 . 96.00 0.68 49.00 78.50 53.00
Class 3 4200 133 0.10 145 22,09 28.17 141.00 6043 133.50 0.81 67.00 107.00- 69.59
Class 4 57.00 1.82 0.14 201  32.00 3220 178.00 64.48 192.50 095 86.00 149.00 90.00
Class 5 89.60 296 0.22 312 5079 4200 255.00 70.85 34161 131 130.41  272.00 137.00
Class 6 >89.6 >296 >022 >3.12 >50.78 >42 >255 >70.85 >341.6>131 >13041 >272 >137

Table 2. Likelihood ratios of the each classes of chemical elements with respect to the localities of the gold-silver deposits.

A. positive likelihood ratio

A1203 ‘Ba Ca0 Co Cr Cu F6203 Kzo Li
Class 1 0.27 0.11 -0.35 -0.06 -0.17 -0.53 -0.19 0.01 -0.37
Class 2 -0.06 -0.09 -0.38 -0.28 -0.16 -0.50 -0.23 -0.15 -0.05
Class 3 -0.07 -0.08 -0.02 -0.07 -0.08 -0.16 -0.13 -0.06 -0.08
Class 4 0.09 0.05 -0.04 0.08 0.02 0.00 0.20 0.04 0.06
Class 5 0.04 0.08 - 0.16 0.18 0.25 0.36 0.02 -0.01 0.08
Class 6 -0.60 0.10 0.59 0.06 -0.09 0.50 0.18 0.58 0.21
B. negative likelihood ratio
A1203 Ba Ca0 Co Cr Cu F€203 KZO Li
Class 1 -0.01 0.00 0.01 0.00 0.01 0.01 0.01 0.00 0.01
Class 2 0.01 0.02 0.06 0.05 0.03 0.08 0.04 0.03 0.01
Class 3 0.02 0.03 0.01 0.02 0.03 0.05 0.04 0.02 0.03
Class 4 -0.04 -0.02 0.02 -0.03 -0.01 0.00 -0.09 -0.02 -0.02
Class 5 -0.01 -0.02 -0.05 -0.05 -0.07 -0.12 -0.01 0.00 -0.02
Class 6 0.02 0.00 -0.04 0.00 0.00 -0.03 -0.01 -0.03 -0.01
MgO MnO Na,O Ni Pb Rb SIO, Sr TiO, v Zn Zr
0.01 0.01 -0.01 0.01 0.01 -0.02 0.00 0.00 0.01 0.00 001 -0.01
0.06 0.04 0.01 0.05 0.06 . 0.08 0.01 0.04 0.00 0.06 0.06 -0.03
0.06 0.01 0.00 0.04 0.03 0.01 -0.05 0.03 -0.01 0.00 0.03 -0.08
-0.02 0.00 -0.03 -0.05 0.02 0.00 -0.05 -0.06 0.01 -0.04 -0.03 0.04
-0.08 -0.04 0.00 -0.06 -0.07 -0.05 0.06 -0.02 0.01 -0.04 -0.02 0.05
-0.03 -0.02 0.01 0.00 -0.04 -0.02 0.01 0.00 -0.02 0.01 -0.05 0.01
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Fig. 2. Variation of the contrast values of each chemical elements. Vertical axes represents the contrast values, whereas the
horizontal axes are the 6 divisions.

Table 3. Likelihood ratio and contrast values of the lithologic unites of the 1:1,000,000 scale geological map.

Number

+

Symbol Geological legend Area (m?) of Mines ' C
ARl Rangrim group, gneiss, migmatitic gneiss 15,502,150,632 150 030 -0.07 0.37
AR2  Granitic gneiss 5,789,131,141 44 0.06 0.00 0.07
AR3 Porphyroblastic gneiss 2,930,144,372 14 --0.40 0.0 -041
C Chosun super group, Hwangju group 471,734,693.2 2 <052 000 -0.52
E Pyeongan group 899,567,306.7 13 0.70 -0.01 0.71
) Daedong group 775,391,860.1 5 -010 0.00 -0.10
Jgr Daebo granite, Tancheon complex 21,394,495,258 167 0.09 -0.03 0.11
Jgrl Foliated granite 4,230,541,983 23 -027 001 -0.28
Kl Sindong group, Hanbongsan group, Pakcheon group., Pongcheon- 3.311,139,284 19 =022 001 -023

bong group
K2 Hayang group, Ponghwasan group, Neungju group, Jinan gronp  8,993,569,409 58 -0.10 001 -0.11
K3 ‘Yucheon group, Jaedeok group 11,806,924,356 53 -046 005 -0.51
Kgr Amnokgang complex, Bulguksa granite 5,094,265,827 31 -0.16  0.01 -0.17
o grrlz)e;t) limestone group, Singok group, Mandal group, Sangsori 1.951,788,551 7 066 -002 068
Ogl Ogcheon group 886,580,166.2 9 035 000 036
0g2 Ogcheon group 1,094,813,832 10 025 0.00 0.25
Og3 Ogcheon group 512,244,833 3 -020 0.00 -0.20
P Tuman group, Janggi group 458,446,551.5 4 020 0.00 0.20
PALgr Namgang complex, Chongjin complex, Tumangang complex 493,381,469 7 069 000 0.69
PALv  Paleozoic basic volcanic rocks 180,503,367.8 1 -0.25 000 -0.25
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Table 3. Continued.

PP - olF7

Number .

- 2 —_
Symbol Geological ‘legend Area (m°) of Mines w C
PRI zfgj;“ group, Yulri group, Macheonryong group, Hwanghae 1o 50549 20 062 002 0.64
PR2 ;‘;ﬁgtype of Sangwon group, Yecheon group, Jangrak-Buiam ) 4e3 156005 5 .138 002 -1.40
PR3 South type of Sangwon group, Taean formation 1,573,474,866 8 034 000 -034
PRan  Sancheong anorthosite 237,045,684.6 1 -053 000 -053
PRgr  Bucheon, Hongjesa granite, Seosan granite gneiss 2,753,238,029 25 024 -001 025
Ter Hyesan complex, Pyonggang complex 726,719,068.9 2 -0.95 0.00 -0.96
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Fig. 3. Constructed probability map by the Bayesian method. Cross points in the map represent the localities of the gold-
silver deposits.
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silver deposits.
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Table 4. Likelihood ratio calculations for the Bayesian method.
Range Legend Area  Area(%)  Number of mines % Likelihood Ratio
-5.08~-2 Unfavourable 272606  17.520 63 8.836 0.504
2100 Unfavourable 554515 35.638 197 27.630 0.775
Oto2 Low susceptibility 595697 38.284 299 41.935 1.095
2to4 High susceptibility 131002 8.419 140 19.635 2.332
4~5.79 Extremely high susceptibility 2155 0.138 14 1.964 14.177
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contrast A& Table 49} 7o) 572 SFo8 ERsEl
I 7F 5] HANES It E3 29 A8
o] NFE SFER EFsl 2 vES ek 74
579 likelihood ratio= F59) WA &S o&x=
o ¥ &2 U £ FeE Table 49 71¢8 nie} 2+
o} AW O Z contrast 4t°] 0 ©l5ld A= Fite
vie] 7HsAde] gl Zolm 0 o3y o ghel =717t
AR E TR o&9] r1eAe] et A4 5
Atk AxE Aze 1A A8 A4S 71370 F
365%%1 260717} contrast %t 0 ©)3ke] PFo} E3
3 63.5%%1 4537071 0 o)de] e EE3)
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(Table 4).
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Table 5. success rate of the mine prediction by decision tree
method.

Legend No of Mines %
Favourable 498 69.846
Unfavourable 215 30.154
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Fig. 5. Detailed prediction maps for the gold-silver deposits and the known mine locations in Chungchung and Gangwon

provinces.
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