Econ. Environ. Geol.
Vol. 31, No. 4, p. 297-310, 1998.

FA3E FA B HA%e B A7 =4

F34 229 24, P32 /)4

o];}};;;]* . °]§:I—L* . o]%i{}*

Geochemical Characteristics of Soils and Sediments at the Narim Mine
Drainage, Korea: Dispersion, Enrichment and Origin of Heavy Metals

Chan Hee Lee*, Hyun Koo Lee* and Jong Chang Lee*

ABSTRACT : Geochemical characteristics of environmental toxic elements at the Narim mine area were investigated on
the basis of major, minor, rare earth element geochemistry and mineralogy. Ratios of ALO,/Na,0 and K,0/Na,0 in soils
and sediments range from 11.57 to 22.21 and from 1.86 to 3.93, and are partly negative and positive correlation against
Si0,/ALO; (3.41 to 4.78), respectively. These suggested that sediment source of host granitic gneiss could be due to rocks
of high grade metamorphism originated by sedimentary rocks. Characteristics of some trace and rare earth elements of v/
Ni (0.33 to 1.95), Ni/Co (2.00 to 6.50), Z/Hf (11.27 to 53.10), La/Ce (0.44 to 0.55), Th/Yb (4.07 to 7.14), La/Th (2.35
to 3.93), Lay/Yby (6.58 to 13.67), Co/Th (0.63 to 2.68), La/Sc (329 t0 5.94) and Sc/Th (0.49 to 1.00) are revealed a nar-
row range and homogeneous compositions may be explained by simple source lithology. Major elements in all samples
are enriched AlLO,, MgO, TiO, and LOI, especially Fe,0, (mean=7.36 wt.%) in sediments than the composition of host
granitic gneiss. The average enrichment indices of major and rare earth elements from the mining drainage are 2.05 and 2.
91 of the sediments and are 2.02 and 2.60 of the soils, normalizing by composition of host granitic gneiss, respectively.
Average composition (ppm) of minor and/or environmental toxic elements in sediments and soils are Ag=14 and 1, As=
199 and 14, Cd=22 and 1, Cu=215 and 42, Pb=1770 and 65, Sb=18 and 3, Zn=3333 and 170, respectively, and ex-
tremely high concentrations are found in the subsurface sediments near the ore dump. Environmental toxic elements were
strongly enriched in all samples, especially As, Cd, Cu, Pb, Sb and Zn. The level of enrichment was very severe in min-
ing drainage sediments, while it was not so great in the soils. Based on the EPA value, enrichment index of toxic ele-
ments is 8.63 of mining drainage sediments and 0.54 of soils on the mining drainage. Mineral composition of soils and
sediments near the mining area were partly variable being composed of quartz, mica, feldspar, amphibole, chlorite and
clay minerals. From the gravity separated mineralogy, soils and sediments are composed of some pyrite, arsenopyrite, chal-
copyrite, sphalerite, galena, goethite and various hydroxide minerals.
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Fig. 1. Geologic map of the Narim mine area.
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Table 1. Description of samples in the study area.

LD. descriptions
NR-1 sediment near the ore dump
NR-2 sediment of mining drainage
NR-3 sediment near the main adit
NR-4 stream sediment of mining drainage
NR-5 stream sediment of mining drainage
NR-6 stream sediment of mining drainage
NR-7 stream sediment of mining drainage
NR-8 stream sediment of confluent drainage
NR-9 farmland soil near the ore dump
NR-10 farmland soil of mining drainage
NR-11 farmland soil of mining drainage
NR-12 farmland soil of mining drainage
NR-13 farmland soil of mining drainage
NR-14 farmland soil of mining drainage
NR-15 stream sediment of non-mining drainage
NR-16 granitic gneiss of host rock
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Alge] 5ol wel FatrAl, vFt A 2 gF
A8 FEAE, B B, 7N B9 X2
AEsEIL (Table 1), 42te] 247 J#E Py
(Table 2). FAELLY &% (wt.%) AA 24wt
E g3 o], Si0,=57.54~72.45, Al0:=12.02~16.88,
Fe 0,=4.21~11.45, Mn0O=0.04~0.59, Mg0=0.66~2.45,
Ca0=0.39~1.53, Na;0=0.28~2.91, K,0=2.31~3.84,
Ti0;=0.45~1.60, P;0s=0.06~0.37, LOI (&7, loss
on ignition)=1.14~11.84 ©]t},
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Fig. 2. Sampling locations of soil, sediment and granitic
gneiss of the Narim mine area. Sample numbers are the
same as those in Table 1.
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Table 2. Contents (wt.%) of major elements in sediment, soil and granitic gneiss from the Narim mine area.
LD. SiO ALO; Fe,0; MnO MgO Ca0 Na,0 K:0 TiO, P05 LOI Total
1 57.74 1326 1146 0.50 1.40 0.72 0.28 37 1.19 0.16 7.38 97.79
2 60.92 16.62 6.86 0.06 1.94 0.67 0.87 3.19 1.04 0.06 7.07 99.30
3 61.02 13.08 7.82 0.59 2.03 1.53 0.84 325 1.01 0.11 7.40 98.68
4 62.76  14.35 722 0.17 1.83 1.09 0.90 2.85 0.98 0.12 8.69  100.96
5 64.07 13.39 5.33 0.10 1.95 0.84 0.75 2.53 1.60 0.08 8.19 98.82
6 61.33 14.43 7.01 0.12 2.12 0.89 0.77 2.58 1.42 0.11 9.05 99.83
7 57.46 15.25 6.33 0.14 1.95 1.05 1.12 2.56 0.93 0.15 12.02 98.95
8 60.47 14.68 6.86 0.14 1.87 1.10 1.12 2.77 0.92 0.16 9.24 99.32
mean 60.72 14.38 7.36 0.23 1.89 0.99 0.83 293 1.14 0.12 8.63 99.22
9 57.54 16.88 7.60 0.10 241 0.92 0.76 2.99 121 0.30 9.94  100.65
10 63.55 16.67 6.38 0.07 1.80 0.39 0.90 2.85 1.05 0.13 7.05 100.83
11 62.86 15.94 6.22 0.10 1.89 0.57 0.88 2.76 1.10 0.17 815 100.63
12 62.75 16.04 5.76 0.11 1.82 0.46 1.29 2.94 0.98 0.24 746  100.85
13 59.00 14.35 5.58 0.09 2.45 0.58 1.24 2.31 0.85 0.37 11.84 98.65
14 58.68 15.77 535 0.04 2.10 0.71 1.30 2.74 0.95 0.25 11.09 98.97
mean 60.73 15.94 6.15 0.09 2.08 0.61 1.06 277 1.02 0.24 9.26 99.95
15 62.58 14.26 5.88 0.13 1.75 1.32 1.17 273 0.87 0.16 9.16  100.00
16 72.45 12.02 421 0.09 0.66 0.96 291 3.84 0.45 0.10 1.14 98.83
Sample numbers are the same as those of Table 1 and Fig. 2.
Table 3. Contents (ppm) of rare earth elements in sed- Si0,/20
iment, soil and granitic gneiss from the Narim mine area.
ID. Ia Ce Nd Sm Eu Tb Yb Iu
1 516 107 41 78 13 10 31 051
2 638 130 47 90 17 <05 46 075
3 586 122 52 90 14 <05 54 086
4 101.0 204 80 144 15 <05 49 075
5 669 126 51 98 19 05 36 052
6 734 152 57 107 20 <05 37 058
7 586 120 47 86 17 17 34 053
8 568 114 47 81 15 07 34 055
mean 663 134 53 97 15 10 40 064 rhyolite 1{32‘
p’m it
9 786 143 58 98 20 <05 38 0.6 I100US trgpy
10 633 134 52 90 18 10 33 056 VRV
11 564 165 37 81 12 <05 25 040 Na,0+K,0 TiO2+MgO+FeO(t)
= o - o S 3 oo Fig.3.Plot of SAM (silica-alkali-mafic) diagram _after
- : : : : - Kroonenburg (1994) for soil and sediment of the Narim
14512109 41 71 13 07 32 052 mine area. black dots=sediments of mining drainage, black
mean 600 132 47 83 14 08 34 056 triangles=soils of mining drainage, open dot=sediment of
15 605 125 51 86 16 10 37 057 non-mining drainage.
16 393 73 30 54 07 09 06 0.10

Sample numbers are the same as those of Table 1 and Fig. 2.
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o} o] AolA EME Al5e] vlgEda & (Table 5)
& o] &3, st 24 2 B3le AV e 9
w] gl 49] ] (V/Ni=0.33~1.95, Ni/Co=2.00~6.50,
Zr/Hf=11.27~53.10)8 F-8t] ok} ol L3z 9e]
]Bkﬂ-o o];‘— 29 Q;{J ] /H 037]/&3 ﬂAjoLEc/a
& 7V53& AABE Aolth (McLennan ef al., 1984).
URbH 0 & 357|9) E A B La/Ced] Mol A
o2 o} (Vassilioy, 1980), G7A L] Ek3} EV*
ol =] gl La/Ce ¥l (0.44~0.55)E Fo He
€ Ude ddol Exahe et
39 g HHE AdS A AlEe A
OM, olFdse] AR =54 92 428 B9t A
< 7FsA%E Ao} (Cullers, 1994a). 3+ Th/
Yb Bl= 4.07~7.14, La/Th ¥ 2.35~3.93¢] WS
2 Ho}, E];HBL/\]L—. p:].ﬁ4 Halr} A 0};(] ol

Tl

g 8J°] 7']«] UARE o a4 ‘_‘4 (Taylor et dl.,
1986; Wronkiewicz, Condie, 1987).

Lae T3t 2 HA 280 Pgsto] Thet 3 549
7o 719& AAhs 942 o] 45o] gt} (McLen-
nan, Taylor, 1980; Sholkovitz, 1990). McLennan et
al. (1980)& ©]d ¥MAH A LM E (La/Yb)y Th:
Aul#EAAE Bty &)th. o] REE (La 2 Yhb)
k= ©2A Th, V ol B4 2 4788 wouly
245 7] wEo|th (McLennan e al., 1984). ©] A7
A EAE A 89 Lay/Yhy (6.58~13.67)= vlms &
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Fig. 4. Plot of correlation between La/Sc and Sc/Th versus
Co/Th for soil and sediment of the Narim mine area. Sym-
bols are the same as those of Fig. 3.
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Fig. 5. Plot of La-Th-Sc diagram after Cullers (1994b;
1995) for soil and sediment of the Narim mine area. Sym-
bols are the same as those of Fig. 3.

%E}.
durA o Av)A YL 7199 BH e Co/Th M|
t #3531 La/Sc Bl7F wton, Ab3 s el A st g
A olg} uitle] B9-E zher). watA 79 H
ko] b= Co/The} La/Sce] BAIE vz BAS B
ojFm, Co/The} Sc/The HulAHAEZE ZE=th (Me-
Lennan ef al., 1980). 7A o] E¥3l= HAET &
%2l Co/Th (0.63~2.68)9}+ La/Sc (3.29~5.94)2] BA =
23k, Co/The} Sc/Th (0.49~1.00)% )& 7 3ko)
T3 (Fig. 4), A& 92 Laz} Th Z Scoll B8k
#3hslo] 3tk (Fig. 5). ol A7A199] 7]ulele) 317
Hupete] Zgdol FA-4714 GAoA 7|9 9B
o] +AISAY Aoz e 4+ Yo} (Cullers, 1994b;
1995).
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0l2 ¥ S4eL0 s 2

of Aol EME N85 vFAA FFLS Table
49} Atk B3] AT 2L EXHS 2= Aow g
A 945 (Goyer, Mehlman, 1977; Kubota, 1983;
Merrington, Alloway, 1994)3}, ZF2te] &k (ppm)¥ 9
= Ag=<1-87, As=2-829, Cd=<1-70, Cu=10-861, Ph=
24-10175, Sh=1-93 & Zn=20-127440.2 4 ]-& W9 e}
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Table 4. Contents (ppm) of minor and trace elements in sediment, soil and granitic gneiss from the Narim mine arca.
ID. Ag As Ba Cd Co Cr C Cu Hf Ni Pb Rb Sb Sc S Th V Y Zn ZIr
1 87 829 5664 70 59 260 14 861 6 271 10175 174 93 14 112 22 112 29 12744 235
2 5 35 69 27 23 119 9 9% 10 61 212 185 2 19 79 19 101 40 1646 398
3 6 457 1444 47 40 251 11 401 5 260 1334 176 29 13 114 22 8 44 6592 197
4 5 98 804 8 22 130 8 8 15 65 1155 161 7 17 76 35 94 48 1506 530
5 2 53 75 4 21 153 7 56 11 74 253 133 3 14 77 200 98 30 689 450
6 3 65 79 9 21 141 7 98 10 96 642 167 5 15 90 22 104 31 1870 531
7 1 36 632 8 24 117 8 71 9 70 247 169 2 16 103 19 91 30 1149 283
8 <1 22 625 3 24 106 6 49 8 49 138 154 1 15 111 19 8 34 464 288
mean 14 199 1421 22 29 160 9 215 9 118 1770 165 18 15 8 20 96 36 3333 364
9 1 32 68 <1 26 171 8 59 10 86 162 156 3 18 87 20 112 34 251 389
10 <1 10 631 1 21 105 8 35 8 50 25 164 1 14 88 21 96 29 102 325
11 <1 7 706 <1 18 8 4 56 8 47 24 120 1 12 97 15 89 27 112 345
12 <1 20 653 <1 19 101 7 34 11 41 30173 9 14 84 23 80 35 124 323
13 «<«1 9 507 <1 16 9 7 34 8 40 50 159 1 14 76 18 75 36 147 242
14 1 6 613 2 15 105 7 36 9 48 9% 185 1 15 87 20 71 33 286 288
mean 1 14 633 1 19 111 7 42 9 52 65 160 3 15 87 20 87 32 170 319
15 <1 15 613 <1 20 8 4 60 9 40 33 129 1 15 122 18 78 33 125 344
16 <1 2 729 <1 6 1200 3 10 3 27 24 153 1 3 126 18 33 17 20 42
Sample numbers are the same as those of Table 1 and Fig. 2.
e @S 2eT IV ANY 20 9ABINE  mpy z 2 cu

745~3950 pphel Aurt HEHAen, EdME 5~44
ppb7F HEE AT

ol9d% Ba (507-5664), Co (6-59), Cr (85-1200),
Cs (3-14), Hf (3-15), Ni (27-271), Rb (129-185), Sc
(3-19), Sr (76-114), Th (15-35), V (33-112), Y (17-
48) 9 Zr (42-531) % vlwA 24 (ppm)e] Wa}Zo]
At} Be, Bi, Ir, Hg, Mo, Se, Ta @ We] §& (ppm)<&
HE2A (3 ppm) WIRHS] Aol YIR-E o|Qlth. e} 3
Al BAENM e 22 Be=2-5, Bi=2-6, Ta=1-2,
U=2-7 % W=5-11 ppm F =7} A& on, B4
o] EFllA = 60~95 ppme] Bro] Z&¥ Ytk

Si0E 71Eo " Ui W ARS AEsd B

9, Si07h 371l what 3 Skl Age 2 9
&= A9 gtk 28y Siozh S7bstel ket Ba, Co,

Ni, Rb, Sc, U, V, Y & Zr& ZHashe Ago] T=elshn,
As, Cu, Pb, Sr, Th, Zn& 443 AAE 7] ¥=

gy
FolA 53 we 542 2:

78 FL} ABENS zhen)

ol A wel Yol e, kA Hage B
THF (ppm)S Ag=14, As=199, Cd=22, Cu=215, Ph
=1770, Sh=18 & Zn=33332.24 EPA (U.. Environ-
mental Protection Agency, 1986)2] H4 & 42 & 7]
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Fig. 6. Histograms showing environmental toxic elements
(average, ppm) in soil and sediment of the Narim mine area.
1; sediments of mining drainage, 2; soils of mining
drainage, 3; sediment of non-mining drainage, 4; host rock
of granitic gneiss, 5; mean value of tolerable level in EPA
(Kabata-Pendias, Pendias, 1984).

o v Hmgdos Hud w3t 57 gA29)
AL Ag=<1, As=15, Cd=<1, Cu=60, Pb=33, Sh=
I, Zn=125 ppm °|Ach. YA} FFoh= FAGME=
Ag=<1, As=22, Cd=3, Cu=49, Pb=138, Sb=1, Zn=
464 ppm O 2 ThA] T3] Zold Aoz Mol ENAA
=2 LAYCRRE F km SFFAA JFS vHL A
o8 Hlt},

& o] Ao HAL (P 1421 ppm)F} EF (F
T 633 ppm)ell= Ba®l &ifo] o}F &3, motoi= Cr
o] gigo] Hlo|dH o7 wr) o) BAA ZAMu
Cr-d+27 b 42"E oz Ay 4 g«
FAFA BEFe Wi 24 27 Ag=1, As=14,
Cd=1, Cu=42, Ph=65, Sh=3, Zn=170 ppmOZ2A] H]
WA o, FAA 2 AErt ol X 9e] AzEoke)

ki3
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Fig. 7. Maps showing the concentration of environmental toxic elements in soil and sediment of the Narim mine area
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unse et al., 1983; Plant, Raiswell, 1983). o] &J-ol|4]
= &4 dA & &54E As, Cd, Cu, Ph, Sb 2 Znoj]
Hated, AT G v Bt FA9) HAE, sulete] P
3 R SAAN FA G NFENE A 8ol nEe)
1A gt}

AFA G 7Nkekat v B FAQ] A Bl 23
o] 3l As9] 3 (2 ¥ 15 ppm)L o}, FatseA 9]
23} B FHrEol Sl Asel BHE F (199 2
14 ppm)< Rose ef al. (1979) 2 Kabata-Pendias, Pen-
dias (1984)7} AIAIG Bt 2 HA 89 2409 7|5
Hod 953 vl 53] 30| ofg4 1o EH =
719kekel] vlgte] 23 4004 o] 439l Aso] =0l glm,
]334t A1) HAE R 55071 R0 gtk o

Ztet)

o] A7lA A€ 7t 2 v|BA A B H S0
Cd &3S 25 HZEFA (<1 ppm) wITelc). Bk
Aol A= Aol 70 ppme Cd7t AEEPor), 3
o] ofA ¥29] EgAE <1 ppm oIt} Cuo E
& 2 HAE9 FR3FE 25 ppmel 2 (Anon, 1977),
ATAG 7vere) Hietae 10 ppm olth. 2
AFAS BAESoE 7Hgte] wste] AU geujo)
Cu7} w3 Qich. 3] opd g Bito] BEokolw Wit
59 ppm®] Curt A&H o0, ol H|gt 47l ¥4
=3 vl GHE 2 Aotk 3 RE A RN
Cu®] 3ho] F715kol wkel Ag, As, Cd, Ph, Sh 2 Zne)
FF= Frlbshe B e 2T (Fig. 8).

EQFe] #Hi Pb g3 17 ppm ©Y (Rose o dl,
1979), B2 &2 #7494 715 & 40 ppm ©It} (Anon,
1977). A7AY 7ivkete] B 24 ppm o]}, B4t
A HH e AUFS 71kl vlsle] 420817} =3,
vt o] HAERT 3008 A=l Phrl x5
AT 53] Br) opd o] B v]BA A HHGR
o B Hl7} SR glo], MutA o & Pho] & o4}

o)
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Fig. 8. Selected variation diagrams of toxic elements
against Cu in soil and sediment of the Narim mine area.
Symbols are the same as those of Fig. 3.
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Shel HZ Bl Be LEFANL 5 ppm M}, AFA
ool 719kt g ﬂ%‘)ﬂ f5lo] 90 SheE 1 ppm &
Eoltt. ey BrA sHEAEE Ad 93
ppme], FnopA R K2o) ko= 9 ppmeo] FXF o
ot Zne 3EeA 71EXE 90 ppm ©b (Anon,
1977), A4 71Wte) FFgEe 50 ppm olch. F
AL BA B e Z1wee] Zn & (20 ppm) B
o B 6374} o4 FHE Ao] 9lem, ujBA F79
WA Bok Aol 1000 o) BA HEd). 89 B
ol 102~286 (< 170) ppm2] Zne| 3= Utk
vt e aTtrel Aol dulsle] i, #
vopd e Rt BHNEF £3% 949 B4

£ PARTo] BLAAY X (I, B4 3 Fo] oby

H

HH, A& sl do} galgge] Mgl o3 A
3 Yol e}, ol Fe, Mn, Al®] 43}
=, FREE 9 R E Soga teky 234S
A & o w3 ol5AZ 4 gk (Nordstrom, -

1982; Nordstrom, Ball, 1986; Bigham et al., 1996).

AR Q] SHFE A BT} Eodo] zt= zhzhe] MR,
ol 9 S ERY AL ARE o] A Y y]uiekel 87 ntel
U A SPFE AR 20 FEslele] 7t
o] ®-gA< (enrichment factor; EF)& 73l 23t
214 (enrichement index; EDE THi4: A2E was
A1717] 912 % (Nimick, Moore, 1991)2.2 7} A|2.2]
T, vFdL, BERNLL, JEFYLE
ol A dEA 2 3Tt (Table 5). maka 1 o]4kel
e HEAGg, 1 odle HRENgo s Y 4
et a2y AR RS AR wet AR D s)eta
T3] = HAE JASEs) v2y] gE] 3B
2743} ghetzg ol thae) B} 9% 5 Yk
WeB Ao HdEAEY EYe FdidMs
71kl wigte] A9] BE A4 (ALO, Fe0, MnO,
MgO, TiO,, P09+ LOD7} ¥-3}5)o] 913, Si0, CaO,
Na,0 % K,0 "to] tha A= o] gtk &3] Na,07} 2
Heo] o, LOle A%s) Yalso] g} (Fig. 9). ©]
FEAFe] dFPL eAdFA) vod SAS TR}
7l B3R Ao B yukglo 7 g3l =

Hao] Bit PR T BaA HHE=205 A

L=} S =
835
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Tabie 6. The pH, Eh (Volt), EC (uS/cm) of stream water and enrichment index of sediment and soil from the Narim mine

area.
Stream water Enrichment index normalized by composition of
LD. Host rocks EPA* Non-mining sediment
pH Eh EC major  minor REE  toxic toxic major  minor  REE toxic
1 - - - 226 9324 235 27713 3937 125 3818 087 107.15
2 790  -0.027 235 1.67 9.49 3.10 24.54 329 0.88 3n 1.02 875
3 824 0049 433 236 3885 338 12163 1394 133 11.84 1.05 3439
4 846  -0.056 460 197 1218 3.66 32.67 4.40 1.00 4.67 133 11.67
5 788  -0.044 438 1.88 6.11 2.68 14.02 1.66 0.93 213 0.98 4.11
6 762 0034 373 203 1096 2.90 29.43 348 0.99 3.74 1.07 9.06
7 799 0049 223 221 6.69 2.70 17.14 1.98 1.02 234 1.06 5.04
8 799  -0.012 107 2.01 4.03 252 8.14 0.95 1.00 1.47 0.90 2.36
mean 801  -0.037 324 205 2269 291 73.38 8.63 1.05 851 1.04 2282
9 - - - 2.29 421 3.01 753 0.93 1.12 1.63 1.08 2.34
10 - - - 1.69 251 2.70 277 0.33 0.88 1.02 1.02 0.80
11 - - - 1.87 237 211 295 0.34 0.95 0.71 0.82 0.84
12 - - - 1.85 3.17 2.89 5.14 0.70 1.00 0.89 1.08 230
13 - - - 233 2.39 2.58 322 0.39 1.08 1.02 0.85 0.98
14 - - - 2.11 2.92 233 4.65 0.57 1.00 1.14 0.83 1.21
mean - - - 2.02 293 2.60 4.38 0.54 1.01 1.07 0.95 141
15 788  -0.042 87 1.96 1.76 273 385 0.44 1.00 1.00 1.00 1.00

*U.S. Environmental Protection Agency (1986), Sample numbers are the same as those of Table 1 and Fig. 1.
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Fig. 9. Diagrams showing enrichment factor of major ele-
ments (mean value) in soil and sediment normalizing by
composition of non-mining sediment and host granitic
gneiss near the Narim mine area.

Al EF=2.02, ¥l 7 HAE=1.9624 A v]%
& %S et} (Table 5). @ W34t 527 B4 20
FESSIIE A9 1.00224 FAe] ol

Fig. 102} 2t} 2E AJ20|4 Eus} The
A2t B3lso] Qo) Rax|so] Pazre
AE=291, W] £ BHE=273 B2
TA EF=2.6024, LAFA9) HAEN 1 =L
etk sy JEFAA gehislo ¥

2L Are BAde] AR o] gd)
Aoz HQldh 3 v B A9 5AE 7t

—®—normalized by non-mining sediment
—O~—normalized by host rock
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Fig. 10. Diagrams showing enrichment factor of rare earth
elements (mean value) in soil and sediment normalizing by
composition of non-mining sediment and host granitic
gneiss near the Narim mine area.

L2 FFEstat At 2% 1.009 714t

ArAYe] BAE £ - vl 2 ENYA
o BEZGE Tiicke) RN 2 BEe A (Fig.
11), 27k} A gl #AIRLe] Ba, Cr 2 Sre #1918 A2
BE 9271 Fslso] 9l3 53] As, Cu, Ph, Sh, Sc 2
In& FAWA o] RalA5E 2t} oS B3l

Age BIrA HAE8=2269, vF2 57 HAS=
176, BAFA Ed=4.2124, 295Ae] HHEox

F2 OIBAE etk v £ BAR glom 1
ol Bel FakeAl BAE=851, B45A Eg=1.07
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Fig. 11. Diagram showing enrichment factor of minor ele-
ments (mean value) in soil and sediment normalizing by
composition of non-mining sediment and host granitic
gneiss near the Narim mine area.

ojtt. whetA] vl 4] REA S SAe] odn
9 5 e F88 TAZ 0|29 F 9L Aoy}
BB XREQ 4FL FE =494 (As, Cd,
Co, Cu, Ni, Pb, Zn)E A'83ld, 24719 A8 & 7]4lele)
B R ZFE8le] BEASE A& o2 B
T FHAFR2 S FAA] B8 8=73.38, B34
TA B E=3.85 Fi5A EF=4.3822 v)Ekg] i}
T TEE AFTEHS 7Y, FHE 2 JERIA
ME e 23S et wa B3 57 AR 2
BoR XE3) 3 B BHE=2282 BAEA B
=141 o|t}. EPAQ] H@2AH o2 Urm FALA 5
HE=8.63, BiFA EF=05424, Ee] odR|S=
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A, B8N, HolaA, 5, WA 2 RAA, WmAn
Y EH, 3o, Hd, FFY, Wen ALy =
e FE Folth dTAge) By sy AR

€ Aol €A FEEo] TFF 9IS AL Ay o
BeEol QPR H8e QxS u

o}, ojd
8= Rlo] Faa}
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Fig. 12. X-ray diffraction pattern of representative soil and
sediment of the Narim mine area. g; quartz, o; orthoclase,
py; pyrite (?), m; mica (muscovite and/or biotite), k; ka-
olinite, ¢; chlorite, s; smectite group minerals, a; amphibole,
p; plagioclase.

FEM, 7le8lYelE (kaolinite), ~HE}]E (smecti-
te) oIt (Fig. 12). 2E AlBoA FAPEo] gekn)
T O Aol7h ot A9 U8 FE2HL 2= A
2.2 HAlv} tgk NR-39] ¥4 &3} NR-99] Bk d e
M) ko] Tha E1, 34 9dge] °F 4 9
= THES FH M) Y29 o[},

ATA G HHESN} EFS AT A FA 8}
Ar R AP FholEE (pH)Y AVAEE
(EC)E 343 AF= Table 59 2t} pHE A uw}
2t T Aol glont BujokAAel o dsAdA
7.62~8.46 (T 8.01)9] WHAZM 7] 244 7z}
a3 3 A2 pHE 7.88¢]th Fu] opg g B
9] ECE 107~460 (B 324) pS/ecm=4 v e
A9 st (87) Bk 458 &} o]k UwkAql 7
AT %] 58l & Zulste Aoz, SE2 7 A
st 73 3ol Faisi).

ol we} Afole 9o} F340] Bl g
7 EE5E pHE HolA 1 ECe BolAlE Roz g9
A % (Nimick, Moore, 1991; Xian, Shokohifard,
1989; Alloway ef al., 1989). 97499l AgAME pH
%4 $3¢ 94 (As, Cy, Pb 2 Zn)e 453 2o 243
BAE 7129, ECe} As, Cu, Pb 2 Zne Ho] BA=
T B3 EC7 £848 FAR SER ng 2 =
A9 B3R )

Sl Al 713 vle} o] YA R sl 2BE
weleta, olF dAvpHog A)atele] waldn) Ao 7
Z3s) AQ RE A 24 100~150 um H =9 3
A, FHIEA, 384, Mol B waiXo| vk waw
o (Fig. 13). #3849 Aadwr} 71 Fom gugo

29A%

A

o,

wtofe o
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Fig. 13. Microphotographs showing ore minerals from soil and sediment near the Narim mine area. A; coexisting of pyrite
(py), arsenopyrite (asp) and chalcopyrite bearing sphalerite (s1), B; chalcopyrite (cp) is replaced with secondary malachite (mal)

and/or oxidized along the grain boundary and fractures, C; galena (gn) by secondary oxidizing along the grain boundary, D;

>

small particles of arsenopyrite, sphalerite and chalcopyrite, E; cuhedral and/or subhedral pyrite, goethite (goe) and arsenopyrite,
F; Probably pyrite change into goethite (goe). Bar scales are 100 pm.

FEL AR AAY S9S wa) AN w1 Mgy
o] 9ler (Fig. 13. B, C, E, F), ¥&w e Brash} o}
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Fig. 14. Diagrams showing enrichment index of major, mi-
nor, toxic and rare earth elements in soil and sediment of
the Narim mine area. black dots; normalized by com-
position of non-mining sediment, open dots; normalized by
composition of host rock, black triangles; normalized by
composition of EPA value (1986). Sample numbers are the
same as those of Table 1 and Fig. 2.
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R HES] T, Aslge) o) el A} (Adri-
ano, 1986). 12t A&, A 2 A 3te) 2 A2 2 &)
sl HaXe 2gde] gx171 Agsjojo} ahn o
ko] A 9 AFAAL 3 A7) &e] o] W
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z o
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