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Geochemistry, Secondary Contamination and Heavy Metal Behavior of Soils
and Sediments in the Tohyun Mine Creek, Korea

Chan Hee Lee*, Hyun Koo Lee and Jingwu Yin
Department of Geology, Chungnam National University, Tagjon 305-764, Korea

Environmental pollution of the Tohyun mine creek area was investigated on the basis of geology, mineralogy and
geochemistry. In soils and sediments of the mine area, Al;04/Na;O and K,0/Na,O ratios are partly negative corre-
lation against Si0.x/AlLO;, respectively. Geochemical characteristics of some trace and rare earth elements such as
V/Ni, Ni/Co, La/Ce, TWYb, Th/U, La/Th, Lay/Yby, Co/Th, La/Sc and Sc/Th are revealed a narrow range and
homogeneous compositions may be explained by simple source lithology. These results suggest that sediments
source of the host shale around the mine area could be originated by basic to intermediate igneous rocks. Mineral
compositions of soil and sediment near the mine area were partly variable mineralogy, which are composed of
quartz, mica, feldspar, chlorite, clay minerals and some pyrite. Seils and sediments with highly concentrated heavy
minerals, gravity separated mineralogy, are composed of some pyrite, arsenopyrite, chalcopyrite, sphalerite, galena,
goethite and various kinds of hydroxide minerals on the polished sections. As normalized by bed rock composi-
tion, average enrichment indices of major elements in sediments, precipitates, farmland soils and paddy soils are
1.0, 1.7, 0.9 and 0.8, respectively. Maximum concentration of environmental toxic elements in the mine creek are
detected with Ag =186 ppm, As= 17,100 ppm, Bi=127 ppm, Cd=77 ppm, Cu= 12,299 ppm, Pb = 8,897 ppm,
Sb=1350 ppm, W=599 ppm and Zn=12,250 ppm, which are increasing with total FeQ increasing, and
extremely high concentrations of surface sediments and precipitates near the waste rock dump. These toxic ele-
ments (As, Bi, Cd, Cu, Pb, Sb, W and Zn} of the samples, normalizing by host rock concentration, revealed that
average enrichment index is 106.0 for sediments, 279.6 for precipitates, 3.5 for farmiand soils and 1.6 for paddy
soils. However, on the basis of EPA values, enrichment indices of all the samples are 40.7, 1214, 1.3 and 0.6,
respectively.

Key words : environmental pollution, Tohyun mine creek, geochemical characteristics, heavy mineral, toxic element
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Fig. 1. Photograph showing waste rock and ore dump of
the Tohyun mine (A}, white precipitates along the Tohyun
mine drainage (B).
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Fig. 2. Simplified geologic map of the Tohyun mine area. | = altuvium, 2 = Bulgugsa intrusive rock, 3 = Yucheon volcanic
Group, 4 = Shinyangdong Formation, 5 = Chunsan Formation, § = Sagog Formation, 7 = Jeomgog Formation, 8 = Hupyeongdong
Formation, 9 = [ljig Formation, 10 = Jinju Formation, 11 = Hasandong Formation, 12 = faults.
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Fig. 3. Sample locations of soils, sediments, precipitates and shale in the Tohyun mine creek. Sample numbers are the same

as those in Table 1.
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Table 3. Selected elemental ratios in sediments, precipitates, soils and shale from the Tohyun mine area.

No. SIALY AUNa® K/Na¥ VNI OV NifCe ThU TiwYb Co/Th So/Th La/Th La/Se La/Ce La/Yb?
sediments and top-soils of the mine creek

TH-1 334 58350 1833 257  0.66 122 087 800 225 069 300 436 056 1482

TH-2 410 1956 638 350 074 028 204 591 723 085 308 364 053 1123

TH-3 3.50 12023 44.69 4033 (.48 043 040 848 039 062 303 491 0.59 15.88

TH-4 458 1332 363 252 070 040 327 632 683 075 325 433 050 1268
TH-5 515 846 189 233 070 103 528 625 29 080 340 425 034 1316
TH-6 589 745 168 232 08 187 655 550 136 073 309 425 052 1050
TH-7 335 827 1.95 203 093 1.09 604 513 271 085 331 390 053 1047
mean 452 3368 399 314 069 067 353 650 323 077 315 410 054 1266
yellowish brown precipitates of the mine drainage

TH-8 408 20.11 560 114 088 009 250 778 5810 079 28 364 0353 1373
TH-% 261 7050 2070 279 040 069 021 259 795 250 227 091 0353  3.63
TH-10 333 4266 1466 743 076 156 116 739 053 059 329 560 057 1504
TH-11 3.10 3855 1223 900 059 220 065 800 063 063 363 58 076 1751

mean 335 3381 1054 293 067 014 107 664 1910 080 3.0 378 059 1235

Sfarmland soils near the mine creek

TH-12 474 1390 436 249 083 1.67 321 5.83 150 079 336 427 050 1210
TH-13 468 831 134 315 089 182 924 653 089 065 290 450 051 170
TH-14 584 698 155 272 097 1.79 757 5332 120 077 325 422 052 1067

TH-15 551  6.69 1.53 233 1.00 158 786 480 158 083 333 400 053 9388

TH-16 485 875 199 300 074 233 664 508 114 083 333 400 051 1045

mean 533 805 193 272 086 18] 660 552 126 079 323 410 051 1101

paddy soils near the mine creek

TH-17 509 8.06 1.76 226 .00 282 6.80 500 092 0.83 350 420 057 1081

TH-18 639 582 125 254 1.08 218 866 514 102 074 324 438 055 1029

TH-1% 487 839 176 227 092 220 680 5.00 1.25 092 350 382 057 1081

TH-20 569 7.4 144 250 097 233 6949 476 120 050 350 38% 056 1029

TH-21 599 7.65 1.54 270 093 225 683 420 114 095 362 38 054 939
mean 558 7.35 1.54 242 097 242 715 479 109 091 345 38 055 102]

purple shale of the basement rock

TH-22 4.31 387 077 185 081 333 1272 3576 122 .02 276 270 047 98]

DSVAL = Si0y/ALO;, 2AlNa = ALOyNa,0, YK/Na = K,0/Na,0, YLa/Yb = Lay/Yby

Sample numbers are the same as those of Fig. 3.
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Fg. 4. Plots of sitica-alkali-mafic diagram after Kroenenburg
(1994) for soils, sediments, prectpitates and shale from the
Tohyun mine creek. Symbols are the same as those in Fig, 3.
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e ole} uitlel ALE 7] W Rl 3471
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CoThe} So/The ¥ 3AZE Z+=vHMcLennan ef
al., 1980). 7AYo EE3h= FH 5 B8] Co/
Th{0.36~7.95)F La/Sc(0.91~4.91y= $-2] A=A
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Fig. 6. Plots of La-Th-Sc diagram after Cullers {1994a;
1995) for soils, sediments, precipitates and shale from the
Tohyun mine creek. Symbols are the same as those in Fig, 3,
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=UY, 2N, 374, 2velo| = (smectite) Folct
(Fig. 6). B2 AMadA FEd=e] Fle o 3}
ol7} slavt Ao FdE AL e Hoew
Bt vk TH-32] 8253 TH-99] EYe|Me 7}
g ool thh ol Fade] eddel 8 &
S TdEe BEA] PEE Mo

slA 71 vl o] UM g disle] FHE
£ Eelah, ol dnldoeg Azl viabdele

2 HEsY. A RE AlZolAM 100~150 um A
5 T . . e
s
q q ceiER TH-3
2fea Mopa L, 9 a
3 m
LI TH-4
Y i e} py 9 a
a e TH-5
c £ i oy 4 g ! oy N
q g
TH-9
R I Ta, N a a

20,Cu Ka

Ag. 6. X-ray diffraction pattern of representative soils and
sediments from the Tohyun mine creek. s = smectite group
minerals, q = quartz, f = feldspar group minerals, py = pyrite
(M, m=mica group minerals, ¢ = chlorite group minerals,
ca = calcite, cp = chaleopyrite, p = plagioclase, z = zeolite group
minerals.



sediments from the Tohyun mine creek. A = fractured
eunhedral pyrite (py), B =secondary malachite andfor
oxidized chalcopyrite (cp} along the grain boundary and
fractures, C = oxidized sphalerite (sI) grain, D = euhedral
arsenopyrite (asp), E=secondary oxidized galena (gn)
atong the grain boundary and secondary goethite (goe)
grain, F = secondary goethite and/or oxidized pyrite along
the grain boundary and fractures. Scale bars represent 100
pm. G =scanning electron micrograph of farmland soil
showing quartz (qt}, albite (ab), pyrite and mica (mi)
coated by gypsum (gs),

w9) A4, BEH, K014, dola g gdo)
the BREtkFig 7). 28N 4B 4 o

o FEe] FEL Y] FHA dHHg ue} 3
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Fig. 8. Histograms showing average concentrations of environmental toxic elements for soils, sediments, precipitates and
shale from the Tohyun mine creek. 1 = sediments of the mine creek, 2 = precipitates of the mine drainage, 3 = farmland soils
near the mine creek, 4 = paddy soils near the mine creek, 5 = purple shale of host rock.
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and shale from the Tohyun mine creek. Symbols are the same as those in Fig. 3.
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o] HgEAdeg o], Z1zke] KAl (enrichment
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index; Ele vhds 282 deala)7]7] 43t dy

Table 4. Enrichment indices (EI) of sediments, precipitates
arnd soils from the Tohyun mine area,

nommalized by hest rock composition  EPA

No.

Major REE  Minor Toxic?  Toxic”
sediments and top-soils
TH-1 1.57 1.32 79.19  180.39 59.85
TH-2 i.09 1.23 88.08 193.88 85.30

TH-3 1.08 1.40 92.54 200620 77.7%
TH4 0.93 1.18 43.10  95.39 36.92
TH-5 0.80 0.98 1745 3847 13.97

TH-6 0.80 1.04 223 392 1.59
TH-7 0.88 1.17 11.18 23.92 9.62
mean 1.02 1.19 4769 10604 40.73
precipitates

TH-§ 1.32 1.33 14168 314.19 149.20
TH-9 2.98 0.61 94,77 222.80 113.22
TH-10 1.10 1.56 12005  260.24 96.60
TH-11 136 0.67 143779 320.79 126.55
mean 1.68 1.05 12512 279.55 121.42
Sarmland soils

TH-12 0.94 1.48 113 5.59 222
TH-13 0.85 1.07 1.42 2.03 0.79
TH-14 0.81 1.15 1.62 243 (.99
TH-15 0.86 1.25 2.20 3.70 1.45
TH-16 0.86 1.40 2.35 4.03 1.2¢
mean 0.86 1.26 213 3352 1.31
paddy soils

TH-17 0.81 1.25 1.38 1.92 0.68
TH-18 0.81 1.13 1.13 1.36 0.56
TH-19 0.83 1.32 2.12 1.74 0.65
TH-20 0.80 1.07 1.11 1.31 0.52
TH-21 0.79 1.25 1.13 1.31 0.50
mean 0.80 1.19 1.24 1.57 0.59
purple shale

TH-22 1.00 1.00 1.00 1.00 0.46

D EI=(As/13+Bi/5+Cd/1+Cu/23+Pb/50+5b/1 +W/3+Zn/48)/8
B EI=( AsR20+BifS+CdA3-+HCw 100+ Ph/ 100+Sb/5-+W/S+Zn/300)/8
Sample numbers are the same as those of Fig. 3,

(Nimick, Moore, 1991)0 2 2z} x| Feo] BMAE F
A, viElAd, B L, JEF dig EBFE
&l MeHFA R Sigich(Table 4). WEkA 1 o]4t
¢ Htw fEAgeR, 1 o5k veg A¥em
v 7 ok 2y JFHA B fAe o) 74
7 4 ety 23 Axg H3Ee] JAELr) )
27] & #FE24n sEEdes ohie] Hit
7} A& Folh

EFRPN FA] HYE, IHE 2 Bk 44
oMz ZINkgtel Hlate] Ae] BE WSO,
ALQ;, Fey04, Ky0, POt TiO)7F F-8ls]o] 9l
Ca0, Mg0O 2 LOI= Z#=le] gr}. 53] Cad9}
Fe,Oy= S 25 o|FchFig. 10). o] K3+
o e sr o¥d vjegs Yate) 7EY F
drk. ZINkskem gEEE U4 Ha RIAF
= A HAE =102 JAAE =168, L B
% =086, = EY = (.80024 EYIM tix Y
Elo] gltk{Table 4). BUsH vhyoz SR o]
4L BFEs AANH, BE A 84 e o
&27F RaEo] gl ¥ERIfe] Hagte A
HHE =119, A4dE =105 = EY =119, &
Bgk = 12624, ed5AY HHBAA =2 HiR|
FF Zheth

S AEe S mF 2 5494 Hax

Enrichmant Factar

§i07 AI203 Fe20X MnO MgQ Ca0 Na20 K20 TiDZ P205 1O
Major Elements

Enrichment Factor

0.6 T T T T
La Ce Nd sm Eu Th b Lae

Rare Earth Elements

Enrichment Factor

Ag As Ba Bi Cd C|7I(:|'YCu'NI‘PI:!‘Rl:l’SI:i‘Sl::’SrlThI ¥ IW‘Zﬂ Zr‘
Minor Elaments.

Flg. 10. Average enrichment factor, normalized by host

rock cemposition, showing major, rare earth and minor

elements for soils, sediments and precipitates from the

Tohyun mine creek. Symbols are the same as those in

Fig. 3.



Ed@ad

a4 1 z 3 4 — 5

—ea—Major —o—REE

0.z T T
1000

[—8— Minor —o—Toxle | —+—Toxie Il
. w \
%;EEDEEW

T—ie—ta a4
iy

AT e s

Enrichment Index

o1

12 3 4 5 6 7 8 9101112121415 96 7 1319 2021 22
Sample Numbars

Fig. 11. Enrichment indices, normalized by host rock
composition, showing major, minor, rare earth and toxic
elements for soils, sediments and precipitates from the
Tohyun mine creek. 1 =sediments of the mine creek,
2 = precipitates of the mine drainage, 3 = farmland soils
near the mine creek, 4 = paddy soils near the mine creek,
5 = purple shale of host rock. Sample numbers are the same
as those in Fig. 1.
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