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Silver Ore and Floatation Products from the Bupyeong Mine

Hee-In Park, No Young Park and Kyu Shik Suh

Abstract: The Bupyeong Silver mine which is located approximately 35km west of Seoul is
currently the leading silver producer in Korea. The deposits occur as stockwork deposits hosted in
Jurassic pyroclastic rocks.

Occurrences of ore deposits and mineral paragenesis suggest a division of mineralization into four
stages: Stage I, deposition of iron oxide and base metal sulfides; Stage 1, deposition of tin
oxide and silverm inerals; stage I, deposition of native silver and other silver minerals; Stage I,
formation of pyrite bearing siderite veinlets, Silver minerals in ore are native silver, argentite,
freibergite, pyrargyrite, canfieldite, polybasite, dyscrasite and Ag-Fe-S mineral. The most important
silver mineral is native silver among them. Chemical composition of important silver minerals
were determined by electron probe microanalyser.

Assay, size and modal analyses for floatation products were carried out. In floatation products,
relative proportion of native silver for total important silver minerals have following ranges: feed,
64.7 to 74.74 wt.%; A-cleaner concentrate, 80.58 to 98.79 wt.%; and final tailing, 28.12 to 72.57
wt. %. Average degree of liberation for native silver in feed and A-cleaner concentrate are
60.49% and 77.57% respectively. Negative relationship can be recognized between native silver
and argentite in their abundance and behavior in floatation precesses.
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Fig. 1 Geologic map of the Bupyeong district.
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10. Granophyre

11. Feldspar porphyry

12. Intrusive rhyolite

13. Acidic dikes

14. Intermediate to basic dikes

15. Alluvium
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Fig. 2 Map showing underground geology and distri-
bution of ore bodies in four levels.
Number indicates name of ore body in each
zone. o
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i

N

o

e T




BRG] R BREY

87

Table 1 Wall rocks, loci, sizes and abundance of associated ore minerals in silver orebodies, the Bupyeong mine.

2 geh(fk, 1986).
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Mineralized zone | Central zone ! Eastern zone & New Eastern zone
Name of orebody | C-5 to C-6 ' E-5 E-8 ‘ NE-3 NEI\_]%_?I d NE-7
Wall rocks Pyroclastic Pyroclastic | Intrusive bre-| Pyroclastic Pyroclastic Pyroclastic
rock rock ccia and pyr-{ rock rock rock
oclastic rock
Loci of orebody Along NI5°E| Along N 15°| Along N5°W | Along N15°E| Along NS- Along NS-stri
(Structural control) | and N25°W E-striking striking fault| striking fault | striking fault| king fault and
striking fault | faults (Yaksan fault)) (Kyeongin and upper part| upper part of
fault) of unconfor-| unconformity
. mity plane plane
N Sizes
- Max. width (m) 30 20 50 15 45 50
Max. Length(m) 430 60 170 130 220 250
i Max. height (m) 100 50 380 170 200 200
Developed level
Top surface —90ML surface —20ML —100ML —100ML
Bottom —80ML —140ML —340ML —190ML —300ML —300ML
Amount of ore Moderate Poor amount| Abundant Moderate Poor amount | Scarse
minerals associated | amount of of sulfide sulfide amount of of sulfide
with silver orebody | galena minerals minerals galena minerals
C-5 to C-6: Central number 5 to 6 orebodies. E-5 and 8: Fastern number 5 and 8 orebodies.
NE-3,5,7, and 9: New Eastern number 3,5,7 and 9 orebodies.
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Table 2 Comparative mineral abundance of the mineralized zones, the Bupyeong mine.

Central Mineralized Eastern New Eastern Mineralized Zone
Ore Minerals Zone (Minamino, Mineralized
1972) Zone Southern part Northern part
Ilmenite X
Magnetite X XXX XX X
Rutile X
Arsenopyrite X XX X
Electrum X
Pyrite XX XXXXX XX X
Pyrrhotite XX XXXXX XX XX
Sphalerite XX XXXXX XXX XX
Marcasite XX XXX XX X
Chalcopyrite X XX X X
Cassiterite X X
Stannite X
Galena XXX XXXX XXX XX
Canfieldite X X X X
Polybasite X X X
ol x x X
Pyrargyrite X X X X
Argentite X X X X
Dyscrasite X X
Native silver XX X XX XX
Digenite X
Chalcocite X
* XXXXX=very abundant X X X X =abundant stage 2 3
X X X =moderate X X =minor Mineral 1 A 8 A ] 8| 4
X =trace zimeatte — B
e _
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Fig. 3 Paragenesis of ore and gangue minerals in
the Bupyeong silver deposits.
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Table 3 EPMA analysis of silver minerals.

' Associated Weight percent
Minerals Location :
minerals | Ag ;Aul SnlAs ‘ Sb \ Bi ‘ Cu | Fe1 Zn ’ Cd,Mn S l Se l Total
Native lE?—Blor?\l,)I(fi)y Py. 99.77/0. 020. 03l0. 24| 0. 31'\0. 80 ——‘ — —lo.85] —| 0.04) 0.39100.72
) —100
Silver | o e S6.690.08 —0.04  —0.14 0.040.22 0.210.640.02 0.09 0.07) 6.2
orebody | 1
Ly | Fr Py | 96.24 0.12 0.230.16 0.120.030.16 0.07 97.58
Argen- | SD7 87. 39 — —lo.13 12.48  [100.00
e orebody
1 7 87.57 — — — 12.43 100. 00
" 85. 34 — —[1.47 13.19  [100.00
Tetrahe: Nicbody | PvrCo. | 199 | 2844 137.363.87 2.33 25.32 99.31
e .| (—250ML) 0.60 20.91  137.31/5.11] 1.52 25.82  [100.27
gite ” " 1.94 28.32]  [37.293.97] 2.11 25.29 98.92
# [Fine lamillae; 2651 |0.070.04 24.600.0917.977.13 0.680.20 | 20.84 98.13
NEL with Cp | 90 g0l l0.00l0.08 24.81] —{16.2055.78 1.620.18 | 20.68 98.24
orcbody | Sid. Vein | 30-57 26,04/ [15.230.75 8.60 19.19  {100.37
(—160ML) | . 31.77 27.100  [14.60/1.06 5.26 18.50 98.28
NE-7
Srebedy Gn. 36.46 25,94 [12.315.30] — 19.35 99. 45
(—160ML) 36. 34 26,100  [12.4565.94 — 19.54  [100.37
[ E-11 T
Pyrarg- | orebody | Gn. 58.23 22.99 - = 16.69 | 98.21
¥ (—220ML) 7.8 001
) 59. 45 22,94 — — 7. 100.
‘I)\igb‘?dy S PO 22.16| | 0.98 0.91 17.52 99. 89
(—ZGOML) . . . . . .
Abbreviation; Py=Pyrite, Fr=Freibergite, Pyr=Pyrargyrite, Cp=Chalcopyrite, Sid=Siderite,
Gn=Galena
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Fig. 4 Simplified ore processing circuit in the
Bupyeong silver mine. Number indicates
sampling site.
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Table 4 Modal composition of floatation products.

Sample | M[ +100 100/140 | 140/200 | 200/270 | 270/400 | 400/600
Gangue 99.41522 | 99.21882 | 99.25348 | 98.85326 | 96.58043 | 93.93692
Pyrite . 41945 . 52571 . 44316 .73726 | 2.41405 4.00371
Pyrrhotite . 00602 . 03093 . 02763 . 04480 . 17658 . 19341
Sphalerite . 07709 . 06505 . 08793 . 14407 . 29266 . 59141
Galena . 00871 . 00133 . 00597 . 02643 . 02126 . 42813
Chalcopyrite . 00076 .00143 . 00176 . 00111 . 02250 . 01667
Feed Magnetite . 04991 . 08405 . 10453 .12411 .25715 . 60619
Ilmenite+Rutile] . 01092 . 05666 . 05574 . 05324 . 19831 . 19604
Native Ag . 00783 .01035 . 01469 . 01071 . 01847 . 02057
Argentite . 00207 . 00262 . 00266 . 00253 . 00470 . 00293
Pyrargyrite . 00064 . 00049 . 00037 . 00037 . 00103 0
Freibergite . 00138 . 00256 . 00208 . 00211 . 00386 . 00402
Total 100 100 100 100 100 100
(T‘;t("jﬂnlfe‘fi‘;’ber (21102) (41608) (49324) (42025) (43035) (43648)
Gangue 99.58952 | 99.53773 | 99.71889 | 99.57469 | 99.36011 | 98.79765
Pyrite .19579 . 15223 . 03526 . 05603 . 04289 . 15421
Pyrrhotite . 03508 . 06478 . 03805 . 04204 .11631 . 22420
Sphalerite . 06698 . 08874 . 06911 . 11258 . 07394 . 05167
Galena . 01058 . 00926 .01185 . 00882 . 00904 . 00116
Chalcopyrite . 02556 .00113 . 00187 . 00102 . 00076 . 00116
A-Rougher | Magnetite . 05337 .10873 . 07767 . 15477 . 26976 . 67474
tailings Ilmenite+Rutile| . 01747 . 03369 .03126 . 04127 .11937 . 09423
Native Ag . 00280 . 00094 . 01170 . 00500 . 00607 . 00048
Argentite . 00180 . 00204 . 00362 . 00197 . 00094 . 00033
Pyrargyrite . 00035 . 00010 . 00031 . 00091 . 00039 . 00009
Freibergite . 00052 . 00063 . 00041 . 00090 . 00042 . 00008
Total 100 100 100 100 100 100
(T‘;Efﬂnlfe‘a‘;‘be‘ (25922) (21421) (43099) (34735) (23204) (25022)
Gangue 99.52212 | 99.55794 | 99.53582 | 99.40086 | 99.15753 | 98.10326
Pyrite . 33030 .29783 . 23273 .28212 . 29437 .52241
Pyrrhotite .01155 . 01084 . 04617 . 11312 . 20626 . 38686
Sphalerite . 05069 . 05780 . 09747 . 07909 . 14898 . 20643
Galena . 02671 . 01833 . 01380 .01732 . 01550 . 04755
Chalcopyrite . 00117 . 00295 . 00286 . 00866 . 00515 . 00286
A-Cleaner Magnetite . 03530 . 03509 . 04039 . 07287 . 14922 . 53874
tailings Ilmenite+Rutile 0 0 0 0 0 . 17042
Native Ag . 00918 . 01001 . 02273 . 02089 . 01943 . 01662
Argentite . 00928 . 00821 . 00585 . 00413 . 00242 . 00295
Pyrargyrite . 00163 0 . 00051 . 00021 0 . 00043
Freibergite . 00207 . 00100 . 00167 . 00073 . 00114 . 00147
Total 100 100 100 100 100 100
(Total Number | (50633) | (21328 | (21986) | (21210) (20203) | (31314)

counted)
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Table 4 Continued.

Gangue 69.66276 | 57.96910 | 49.94066 | 38.16939 | 25.09964 | 12.34521
Pyrite 23.79984 | 36.62518 | 43.87134 | 53.85858 | 61.57120 | 63.11903
Pyrrhotite 21993 23891 31129 40314 72257 60942
Sphalerite 1.69792 | 1.95629 | 2.75349 | 4.02668 | 7.67557 | 14.98397
Galena 99871 .81822 .95601 | 1.27123 | 2.76162 | 6.92844
Chalcopyrite .13196 . 07612 06019 09483 . 15686 . 30187
Arsenopyrite .07910 . 09665 . 07847 .23329 19758 27283
A-Cleaner | Magnetite 03410 42339 | 77417 .T7132 72314 .61416
concentrates | Ilmenite+Rutile] . 01482 . 00856 01439 02853 03575 01756
Native Ag 3.26209 | 171270 | 1.13968 | 1.12024 95731 . 65066
Argentite .08376 06172 08515 . 00519 07519 .12742
Pyrargyrite 00479 . 00633 00310 0 00129 | 0
Freibergite 01932 . 00683 01206 00858 02219 .02043
Total 100 100 100 100 100 100
(T‘Z‘:&nlfe‘:{)“ber (5951) (5643) (5488) (5559) (5615) (5770)
Gangue 99.71417 | 99.85653 | 99.82080 | 99.73702 | 99.61669 | 99.23200
Pyrite . 17669 . 05959 03573 . 04397 08190 . 06860
Pyrrhotite 02373 01848 03305 03373 .06866 | 11070
Sphalerite . 02461 . 01957 .03813 05082 . 07674 .01378
Galena 00037 00368 . 00561 . 00469 .00216 02844
Chalcopyrite 00276 00071 . 00056 00077 . 00097 .00028
Final Magnetite . 05449 . 03907 . 06241 .12111 09880 49191
tailings Ilmenite+Rutile 0 0 0 . 00501 . 04945 . 05141
Native Ag 00127 .00137 00247 . 00081 .00336 | .00138
Argentite 00077 . 00047 . 00096 00192 00063 .00106
Pyrargyrite . 00066 0 . 00020 0 . 00010 . 00019
Freibergite 00048 . 00053 00008 . 00015 00054 00025
Total 100 100 100 100 100 100
(Total Number | (a3076) | (20367 | (22809 | (30866) | 21582 | (23246)
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Table 5 Mode and Ag content for each silver minerals of floatation products.
Particle | Size | Assay Mode (ppm) Ag content for each Ag-minerals(ppm)
Sample (;lg:h) d(las/atl)-’ (ppm) Na~Ag! Arg ‘ Fr }Pyr ‘ Total | Na-Ag | Arg l Fr ‘Pyr Total
+100f 9.6 108.34 78.3| 20.7] 13.8 6.4. 119.2; 76.55| 17.96| 4.76] 3.74 103.01
100/140) 10.9) 126.85| 103.5 26.2 25.6 4.9 160.2 101.19 22.73 8.82| 2.86 135.60
Feed 140/200] 11.2 150.17) 146.9 26.6 20.8 3.7 198. 0 143.62 23.08 7.17 2.16 176.03
200/270; 10.1| 159.43] 107.1 25.3 2Ll 3.7 157.2 104.71) 21.95 7.27| 2.16 136.09
270/400 12,8 244.46 184.7| 47. 0 38.610.3 280.6 180.58 40.78| 13.30 6.01 240.67
400/600] 7.7 422.79, 205.7) 29.3 40.2] 0 275, 2! 201.11\ 25.42| 13.85 0| 240.38
+100| 9.8 60.35] 28.0 18.00 5.2 35 547 27.38{ 15.62) 1.79] 2.04 46.83
100/140] 12.3]  70.29 9.4| 20.4 6.3| 1.0{ 37.1  9.19 17.70, 2.17| 0.58] 29.64
A-Tailings 140/200| 14.0f 58.98] 117.0 36.2] 4.1 3.1 160.4 114.39I 31,410 1.41] 1.81] 149.02
200/270 15.5/  60.68  50.0[ 19.7 9.0 9.1  87.8 48.89 17.09 3.10 5.31 74 39
270/400 10.5/ 60.68|  60.7, 9.4 4.2 3.9  78.2| 50.35 8.16 1.45 2.28 7124
400/600| 7.6| 5.14 4.8 33 0.8 0.9 9.8 469 2.86| 0.28 0.53 8.36
+1000 2.5 485.15 91.8 92.8) 20.7/16.3 221.6 80.75 80.52 7.13 9.52 186,92
100/140] 3.0 397.94/ 100.1| 82.1] 10.0] 0 192.2 97.87| 7124 3.45 0 172.56
A"Tcz}i““ngs 140/200] 2.6/ 499.20] 227.3 58.5 16.7] 5.1 307 6 222.23 50.76 5.75 2.98 281.72
200/270) 2.8 393.59 208.9] 4L.3 7.3 2.1 250.6 204.24| 35.84] 2.52 1.23 243,83
270/400; 8.5 300.08 194.3 24.2; 11.4) 0 229.90 189.97| 21.0| 3.93 0 214.90
400/600| 8.0 208.42| 166.2| 29.5| 14.7| 4.3 214.7 162.49 25.60, 5.07| 2.51 195.67
+100 1.2:22052. 25 32529.9] 837.6 193.2 47.9| 33608. 631804. 48| 726.79! 66. 58 27. 9732625, 82
100/140  5.812017.72) 17127.0| 617.2 68.3 63.3| 17875. 816745. 07 535.54 23. 54| 36.96117341. 11
A~Cl-Cone. |140/500( 10,0 9118, 43 11396.8 851.5/ 120.6 31.0, 12399.911142. 05/ 738.85( 41. 56| 18. 1011941, 16
200/270) 10.4| 8356.35 11292.4/ 51.9) 85.8 0| 11430.1111040.58 45,03 29,57 011115. 18
270/400/ 15.6 8691.88 9573.1 751.9 221.9| 12.9| 10559. 8] 9359. 62| 652. 42| 76.47 7. 5310096, 04
400/600| 23.1) 6198.13, 6506.6/1274.2| 294.3 0| 8075.1| 636L. 50,1105. 62.101. 42 0 7568. 54
+1000 0.7 58.46 12.7| 7.7} 4.8 6.6/ 3.8 12.42 6.68 1.65 3.85 24.60
) 100/140) 3.3 45.02 13.7) 4.7 53 0 237 13.39 4.08 1.83 0l 19.3
F‘E}*j}i‘lmgs 140/2000 9.8 39.95 24.7 9.6 0.8 2.0 3.1 2415 833 0.28 1.17 3393
200/270 10.2)  52. 84 8.1 19.2 15 o 288 7.92] 16668 0.5 0 251
270/400) 20.1)  38.40/  33.6) 6.3 5.4 1.0 46.3 32.85 5.47 1.86 0.58 40.76
400/6001 11.9  57.09  13.8 10.6| 2.5/ 1.9 28.8 13.49 9.20, 0.86 1.11 24.66

(A) Native Silver

Table 6 Degree of liberation of silver minerals,

A-rougher tailings

A-cleaner tailings

(S%D)' free locked total D.L.

(S%D> free locked total D.L.

Grain Feed
Size S.D. free locked total D.L.
(%)
+100 15.4 0.11 0.30 0.41 26.83
100/140 17.5 0.43 0.64 1.07 40.19
140/200 18.0 1.21 0.59 1.80 67.22
200/270 16.2 0.82 0.30 1.12 73.21
270/400 20.5 1.55 0.45 2.00 77.50
400/600 12.4 1.75 0.54 2.29 76.42
Total 100. 0 60. 49

14.1
17.6
20.1
22.2
15.1
19.9
100.0

— 0.18
— 0.05
1.07 0.18
0.25 0.18
0.23 0.12
— 0.03

0.18 — 9.1 — 0.47 0.47 —
0.05 — 10.9 — 0.53 0.53 —
.25 85.60] 9.5 — 124 1.24 —
0.43 58.14 10.2 — L10 110 —
0.35 65.71] 3.1 — 0.98 0.98 —
0.03 —| 29.2 1.20 0.10 1.30 92.31

40. 03

100.0

26.95




(A) Native Silver

ERFLY REE BgED
Table 6 Continued.

%

Grain A-cleaner Concentrates Final tailings
Size (S%I; free locked total D.L. ?%D) free locked total D.L.
+100 1.8 41 15.70 56. 70 72.31 1.3 — 0.08 0.08 —
100/140 8.8 22 8.15 30.15 72.97 5.9 — 0.1 0.1 —
140/200 15.1 15 5.45 20. 45 73.35 17.5 — 0.14 0.14 —
200/270 15.8 17 5.15 22.15 76.75 18.2 — 0.08 0.08 —
270/400 23.6 16 4,75 20.75 77.11 35.9 0.11 0.07 0.18 61.11
400/600 34.9 13 2.95 15,95 81.50 21.2 — 0.08 0.08 —
Total 100.0 77.57 100. 0 21.94
(B) Argentite (C) Freibergite
Grain A-cleaner Concentrates Grain A-cleaner concentrates
Size ?%))' free  locked total D.L. Size S(%))' free locked total D.L.
+100 1.8 2 0.15 2.15 93.02 +100 1.8 — 0.70 0.70 —
100/140 8.8 1 0. 60 1.60 62.50 100/140 8.8 - 0.25 0.25 —
140/200 15.1 1 1.25 2.25 44.44 140/200 15.1 — 0.45 0.45 —
200/270 15.8 — 0.15 0.15 — 200/270 15.8 — 0.35 0.35 —
270/400 23.6 2 0. 40 2.40 83.33 270/400 23.6 1 — 1 100.0
400/600 34.9 4 0.60 4.60 86.96 400/600 34.9 1 0.50 1.50 66.67
Total | 100.0 63.90 Total | 100.0 16.87
Abbreviation; S.D.=Size distribution, D.L.=Degree of liberation
100 (Feed) 100 (A~cleaner concentrate) 100 (Final tailing)
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Fig. 8 Relative proportion of each silver minerals in floatation products.
e —e NAg; Native Silver, o— o Arg; Argentite,
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