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Geochemical Enrichment and Migration of Environmental
Toxic Elements in Stream Sediments and Soils from
the Samkwang Au-Ag Mine Area, Korea

Chan Hee Lee*, Hyun Koo Lee*, Bong-Cheal Yoo* and Aeran Cho*

ABSTRACT : Dispersion, migration and enrichment of environmental toxic elements from the Samkwang Au-Ag mine
area were investigated based upon major, minor and rare carth element geochemistry. The Samkwang mine area com-
posed mainly of Precambrian granitic gneiss. The mine had been mined for gold and silver, but closed in 1996. Ac-
cording to the X-ray powder diffraction, mineral composition of stream sediments and soils were partly variable min-
eralogy, which are composed of quartz, orthoclase, plagioclase, amphibole, muscovite, biotite and chlorite, respectively.
Major element variations of the host granitic gneiss, stream sediments and soils of mining and non-mining drainage, in-
dicate that those compositions are decrese ALO,, Fe,0,, MgO, TiO,, P,0s and LOI with increasing SiO,, respectively.
Average compositional ranges (ppm) of minor and/or environmental toxic elements within those samples are revealed as
As=<2-4500, Cd=<1-24, Cu=6-117, Sb=1-29, Pb=17-1377 and Zn=32-938, which are extremely high concentrations of
sediments from the mining drainage (As=2006, Cd=11, Cu=71, Pb=587 and Zn=481 ppm, respectively) than con-
centrations of the other samples and host granitic gneiss. Major clements (average enrichment index=6.53) in all sam-
ples are mostly enriched, excepting Si0,, Na,0 and K,O, normalized by composition of host granitic gneiss. Rare earth
element (average enrichment index=2.34) are enriched with the sediments from the mining drainage. Minor and/or en-
vironmental toxic elements within all samples on the basis of host rock were strongly enriched of all elements
(especially As, Br, Cu, Pb and Zn), excepting Ba, Cr, Rb and Sr. Average enrichment index of trace elements in all
samples is 15.55 (sediments of mining drainage=37.33). Potentially toxic elements (As, Cd, Cr, Cu, Ni, Pb, and Zn) of
the samples revealed that average enrichment index is 46.10 (sediments of mining drainage=80.20, sediments of non-
mining drainage=5.35, sediments of confluent drainage=20.22, subsurface soils of mining drainage=7.97 and subsurface
soils of non-mining drainage=4.15). Sediments and soils of highly concentrated toxic elements are contained some py-
tite, arsenopyrite, sphalerite, galena and goethite.
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Fig. 1. Dressing plant (A) and tailing dam (B) of the Sam-
kwang mine.
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Fig. 2. Sample locations of stream sediments, subsurface soils and granitic gneiss at the Samkwang mine area.
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Table 1. Description of analytical samples from the Sam-
kwang mine area.

Sample No. descriptions

28, CuKa

Fig. 3. X-ray diffraction pattern of representative sediments
and soils from the Samkwang mine area. c; chlorite, m;
mica (muscovite and/or biotite), q; quartz, o; orthoclase, P;
plagioclase, a; amphibole. Sample numbers are the same as
those of Table 1 and Fig. 2.

SK-1 (960807-3)
SK-2 (960807-4)
SK-3 (960807-6)
SK-4 (951202-5)
SK-5 (960807-8)
SK-6 (960807-15)
SK-7 (951202-3)
SK-8 (951202-2)
SK-9 (951202-1)
SK-10 (960807-2)
SK-11 (960807-22)
SK-12 (960807-9)
SK-13 (960807-18)
SK-14 (831114-10)
SK-15 (8)

sediments of mining drainage
sediments of mining drainage
sediments of mining drainage
sediments of mining drainage
sediments of non-mining drainage
sediments of non-mining drainage
sediments of confluent drainage
sediments of confluent drainage
sediments of confluent drainage
subsurface soils of mining area
subsurface soils of mining area
subsurface soils of non-mining area
subsurface soils of non-mining area
granitic gneiss of host rock

granitic gneiss of host rock
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Table 2. Contents and averages (wt.%) of major elements in sediments, soils and granitic gneiss from the Samkwang mine area.

No. SiO, ALO;  Fe:0;  MnO MgO Ca0 Na,0 K0 TiO, P,0s LOI Total
Sediments of mining drainage
SK-1 6397 1454 5.11 0.06 1.53 0.70 1.71 2.39 0.60 0.12 9.08 99.80
SK-2 60.60  15.18 6.65 0.07 227 1.09 120 3.19 0.68 0.17 7.57 98.64
SK-3 76.37 8.36 4.27 0.06 191 1.09 0.53 211 0.38 0.13 3.64 98.85
SK-4 77.23 9.22 3.76 0.11 2.03 1.10 0.52 231 0.38 0.11 3.84  100.61
mean 69.54 1184 4.95 0.08 1.94 1.00 0.99 2.50 0.51 0.13 6.03 99.51
Sediments of non-mining drainage
SK-5 64.04  13.68 6.26 0.08 355 193 1.48 252 0.81 0.17 5.16 99.66
SK-6 6433 13.77 6.13 0.08 354 2.59 1.44 2.54 0.81 0.19 5.17  100.57
mean 6419  13.73 6.20 0.08 355 2.26 1.46 253 0.81 0.18 517  100.16
Sediments of confluent drainage
SK-7  70.69  10.65 4.65 0.08 2.63 1.62 0.85 245 0.58 0.14 428 98.62
SK-8 6959 1238 4.94 0.06 243 1.30 1.37 2.66 0.60 0.13 435 99.76
SK-9 7040  11.67 5.01 0.06 249 1.47 1.11 257 0.61 0.14 420 99.73
mean 7023  11.57 4.87 0.07 252 1.46 111 2.56 0.60 0.14 428 99.41
Subsurface soils of mining area
SK-10 5204 1742 6.33 0.13 1.42 0.47 1.27 2.94 0.77 020  16.67 99.65
SK-11 66,65  13.30 4.99 0.05 1.74 0.76 1.09 2.60 0.67 0.55 891 10029
mean 5935 1536 5.66 0.09 1.58 0.62 1.18 277 0.72 038 1279 10050
Subsurface soils of non-mining area
SK-12 5874 1535 7.33 0.08 3.55 1.75 1.21 2.59 0.96 0.22 7.56 99.35
SK-13 5733 1620 6.45 0.09 2.52 1.00 1.26 2.78 0.92 0.31 10.77 99.61
mean  58.04 1578 6.89 0.09 3.04 1.38 1.24 2.69 0.94 0.27 9.17 99.53
Granitic gneiss of host rock
SK-14 7460  13.90 1.86 0.01 0.57 0.49 2.59 5.49 0.23 0.11 098  100.83
SK-15 7683  11.05 4.53 0.03 147 0.54 1.33 334 0.44 0.07 136 101.00
mean 7572 1248 3.20 0.02 1.02 0.52 1.96 4.42 0.34 0.09 117  100.94
Sample numbers are the same as those of Table 1 and Fig. 2.
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Table 3. Contents and averages (ppm) of rare earth ele-
ments in sediments, soils and granitic gneiss from the
Samkwang mine area.

No. la. C¢ Nd Sm Eu Tb Yb Iu
Sediments of mining drainage

SK-1 225 408 162 29 21 30 40 056
SK-2 103 18 76 14 19 16 34 049
SK-3 76 131 47 10 11 13 19 031
SK-4 33 58 25 5 09 06 12 015
mean 109 196 78 15 15 16 26 041
Sediments of non-mining drainage

SK-5 111 204 84 14 18 <05 25 039
SK-6 107 197 82 14 17 <05 33 049
mean 109 201 83 14 18 <05 29 044
Sediments of confluent drainage

SK-7 8 162 65 12 14 13 23 030
SK-8 56 103 42 7 12 09 14 020
SK-9 88 161 62 12 14 10 24 036
mean 78 142 56 10 13 11 20 029

Subsurface soils of mining area

SK-10 8 159 62 11 19 <05 28 045
SK-11 70 130 51 9 13 14 20 032
mean 78 145 57 10 16 10 24 039
Subsurface soils of non-mining area

SK-12 171 303 127 21 21 21 36 056
SK-13 79 144 56 10 15 <05 25 035
mean 125 224 92 16 18 13 31 046
Granitic gneiss of host rock

SK-14 51 115 43 8 10 <05 07 007
SK-15 46 81 37 6 10 <05 07 012
mean 49 98 40 7 10 05 07 010

Sample numbers are the same as those of Table 1 and Fig. 2.
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Table 4. Contents and averages (ppm) of minor elements in sediments, soils and granitic gneiss from the Samkwang mine area.
Noo As Ba Br Gd Co C C Cu Hf Ni Pb Rb S S Th U V Y Zn Zr

Sediments of mining drainage

SK-1 25 517 18 <1 14 94 4 28 34 48 41 121 10 127 92 14 66 54 90 1482
SK-2 2400 563 9 6 18 120 5 65 14 68 462 167 11 118 41 8 79 54 318 598
SK-3 4500 327 2 24 13 110 3 117 10 55 1377 100 7 8 30 6 44 51 938 433
SK-4 1100 374 2 13 10 97 4 73 3 55 466 112 7 8 13 3 51 19 576 138
mean 2006 448 8 11 14 105 4 71 15 57 587 125 9 104 44 11 60 45 481 663
Sediments of non-mining drainage
SK-5 110 606 3 1 19 200 4 31 16 72 52 153 15 167 45 6 90 31 118 639
SK-6 78 611 4 <1 19 170 5 35 15 58 62 153 15 174 42 6 95 49 127 623
mean 9 609 4 1 19 18 5 33 16 65 57 153 15 171 4 6 93 40 123 63t
Sediments of confluent drainage
SK-7 810 467 4 7 13 130 4 59 11 60 290 128 10 119 37 6 66 32 357 433
SK-8 240 613 3 2 14 130 4 36 6 48 116 130 11 165 21 3 70 17 188 233
SK-9 350 556 4 4 13 130 4 43 9 47 178 129 11 136 38 6 71 24 231 287
mean 467 545 4 4 13 130 4 46 9 52 195 129 11 140 32 5 69 24 259 318
Subsurface soils of mining area
SK-10 44 653 15 1 20 98 6 42 12 51 69 192 12 101 36 7 8 46 120 368
SK-11 270 530 5 1 12 93 5 49 12 37 175 139 10 94 29 6 70 27 173 451
mean 157 592 10 1 16 9% 6 46 12 44 122 166 10 98 33 7 76 37 147 410
Subsurface soils of non-mining area
SK-12 87 661 4 <1 19 170 6 36 32 69 65 135 15 153 70 9 108 44 137 1152
SK-13 28 657 7 <1 19 140 7 39 12 58 53 168 14 125 29 6 100 29 135 451
mean 58 659 6 1 19 155 7 38 22 64 59 152 15 139 50 8 104 37 136 802
Granitic gneiss of host rock
SK-14 <2 942 <1 «1 4 49 2 6 5 30 41 172 3 182 43 4 16 13 32 167
SK-15 3 64 <1 <1 11 360 3 15 6 34 17 137 7 137 18 3 59 13 68 206
mean 3 793 1 1 8 205 3 11 6 32 29 155 5 160 31 4 38 13 50 187
Sampie numbers are the same as those of Table 1 and Fig. 2.
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Fig. 6. Selected variation diagrams of minor elements (ppm) against SiO, (wt.%) in sediments, soils and granitic gneiss from
the Samkwang mine area. Symbols are the same as those of Fig. 4.
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Fig. 9. Selected variation diagrams of environmental toxic elements against Cu (ppm) in sediments, soils and granitic gneiss
from the Samkwang mine area. Symbols are the same as those of Fig. 4.
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Table 5. The pH and enrichment index of sediments and
soils from the Samkwang mine area.

Sediment Stream Enrichment Index

& Soil  Water by Host Rocks

No. pH pH  Major Minor REE Toxic
Sediments of mining drainage

SK-1 6.58 630 197 342 454 228
SK-2 7.15 641 215 4332 218 9339
SK-3 7.58 754 149 8112 188 17854
SK-4 7.36 719 172 2147 260 4659
mean 7.17 6.86 1.83 3733 280 80.20
Sediments of non-mining drainage

SK-5 7.14 693 228 371 206 591
SK-6 7.37 760 241 332 257 4.78
mean 7.26 727 235 352 232 535
Sediments of confluent drainage

SK-7 6.81 836 1.89 1621 214 3429
SK-8 6.54 777 178 564 141 1099
SK-9 6.55 786  1.67 783 192 1579
mean 6.63 800 1.84 993 189 2022
Subsurface soils of mining area

SK-10 6.06 - 2.99 318 224 3.59
SK-11 5.20 - 2.37 648 193 1233
mean 5.63 - 2.68 484 211 797
Subsurface soils of non-mining area

SK-12 5.36 - 2.55 390 329 5.32
SK-13 5.24 - 2.69 250 161 297
mean 5.30 - 2.62 320 245 415

Average  6.53 733 215 1555 234 3503

Sample numbers are the same as those of Table 1 and Fig. 2.
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Fig. 11. Microphotographs of ore minerals in highly contaminated sediments from the Samkwang mine area. A; pyrite (py), B;
goethite (goe), C; partly oxidized arsenopyrite (asp ?), D; arsenopyrite (asp), E; sphalerite (sl), F; galena (gn) and G; uncertain
Fe compound (fe). Bar scales are 100 um.
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Fig. 12. Diagrams showing enrichment factor of major ele-
ments (mean value) in sediments and soils normalizing com-
position of host granitic gneiss from the Samkwang mine
area. Numbers are the same as those of Fig. 5.
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Fig. 13. Diagrams showing enrichment factor of rare earth
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mine area. Numbers are the same as those of Fig, 5.
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