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Geochemical Origin, Behavior and Enrichment of Environmental Toxic
Elements in Coaly Metapelite from the Deokpyeong Area, Korea

Hyun Koo Lee* and Chan Hee Lee*

ABSTRACT : Origin, behavior and enrichment of environmental toxic elements from the Deokpyeong area were in-
vestigated on the basis of major, trace and rare earth element geochemistry. Coaly metapelites of the Deokpyeong area
are subdivided into grey phyllite, dark grey phyllite, coaly slate and black slate, which are interbedded along the
Ogcheon Supergroup. The coaly slate had been mined for coal, but mining is closed. The coaly and black slates are
lower contents of SiO, and AlO,, and higher contents of LOI, CaO, Na,0 and BaO as compared with the phyllitic
rocks. Rare earth elements are highly enriched in the coaly and black slate. Average compositions (ppm) of minor and/
or environmental toxic elements in the coaly and black slate are revealed as As=127, Ba=30,163, Cd=18, Cr=740, Cu=
84, Mo=378, Pb=43, Sb=12, Se=44, U=144, V=8,147 and Zn=292, which are extremely high concentrations than those
in the NASC compositions. Major elements (average enrichment index; 5.34) in the coaly metapelites are mostly de-
pleted, excepting P,O; and BaO, normalized by NASC. Rare earth elements (average enrichment index; 1.48) are en-
riched in the coaly slate. On the basis of NASC, minor and/or environmental toxic elements in the coaly metapelites
were strongly enriched of all the elements with the exception of Co, Cs, Ni and Sr. Average enrichment index of trace
elements in coaly metapelite is 31.51 (coaly slate; 51.94 and black slate; 15.46). Especially, enrichment index of po-
tentially toxic elements (As, Ba, Cr, Cu, Mo, Ni, Sb, Se, U, V and Zn) of the rock is 46.10 (grey phyllite; 7.15, dark
grey phyllite; 4.77, coaly slate; 88.96 and black slate; 22.11). These coal formations were deposited in basin of boun-
dary between terrestrial and marine environments deduced to carbon, sulfur (C/S=2.2 to 275.7), trace and rare earth ele-
ments characteristics. Irregular behavior and dispersion between major, minor and rare earth elements of those meta-
pelites indicates a variable source materials, incomplete mixing of differential source and/or reequilibrium of diagenesis
and metamorphism.
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1). ©]F Mn09 &ake vron zAe] MslEw At}

Table 1. Mean contents (wt.%) of major and rare earth ele-
ments (ppm}) in coaly metapelite from the Deokpyeong area.

No. 1 2 3 4

SiO, 62.92 57.38 53.19 4835
TiO; 0.66 0.69 0.51 0.70
AlLO; 17.18 19.39 13.29 13.92
Fe;0; 2.38 7.26 2.84 243
MnO 0.02 0.04 0.01 0.03
MgO 1.05 2.81 1.10 1.58
Ca0 0.02 0.04 0.53 3.69
Na,0 0.23 0.47 1.52 0.13
K:0 4.44 4.41 3.58 333
P,0s 0.02 0.03 0.22 121
BaO 0.89 0.30 3.02 3.86
La 23.25 3533 61.60 34.80
Ce 58.25 69.00 101.80 102.60
Nd 21.00 29.00 55.50 28.40
Sm 3.55 4.87 9.36 5.00
Eu 1.05 1.23 229 1.78
Tb 0.93 1.10 2.15 1.02
Yb 3.50 3.20 8.91 3.56
Lu 0.52 0.47 1.29 0.55

1; mean value of 4 grey phyllites, 2; mean value of 3 dark
grey phyllites, 3; mean value of 10 coaly slates, 4; mean
value of § black slates.
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8 BAE 73, 53] ¢ HHES La/Ce ¥l 0.25-
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(McLennan et al., 1984).
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Fig. 3. Variation diagrams of major element concentrations (wt.%) against SiO, in coaly metapelite from the Deokpyeong area.
closed squares; grey phyllite, open squares; dark grey phyllite, closed circles; coaly slate, open circles; black slate.



H38A99 &l AdUAge] B3 8734 54dh A7t i, A% ¢ 2 557
1201 126 260 1 o o 20 o .
. °
° ° °
80 - ° b
o o ©° 130 - o on ® 10 4 e®° o
40 . o ] ® o
o Ce %o ° o..:':‘.ou o "¢ g,
o LI .I 0 1 o T .l 1 o T Jl o 1
61 Eu 229 yp ') 37 Lu o
[ ]
PY o L4 21 .
3 - ° 11 -
e o o ® o 11 o % o
o © o O § o o
[ ] &. o] le) o 8#.0 u] (o] o .o a
0 ¥ T L] o T .l 1 o i T 1
0 10 20 30 0 10 20 30 0 10 20 30
A|203 AI203 A|2°3

Fig. 4. Selected variation diagrams of rare earth element concentrations (ppm) against ALO, (wt.%) in coaly metapelite from

the Deokpyeong area. Symbols are the same as those of Fig. 3.

TN Aol A RatEo} 9l Ladt Ceol 3Ho] &3]
F=dd 548 20 La/Ce ¥& 0.19-0.992A o}
F2 WAl ZFEY Gl BEG PuABASE 2
Ttk 4 A B E o] 949 FHako] A3 Eo}
AAH o2 olF A}

02 X SHAL

E

HAY AAH At mFYda 2L AR u
548 240k adel® B73tn BEo 34 AU
< A7 A A sluldl date vEd 4t £ H
At (Gromet et al., 1984; McLennan ef al., 1980;
Vine, Tourtelot, 1970; Alloway ef al., 1988). o] &
A BAE Mg F8 i e Table 29 2
o FEHo2 A 58S Zu de Aoz 4y

2 Y¥A2E (Goyer and Mehlman, 1977; Thornton,
1983; A4 9, A, 1996)7, 7Hzhe] raki ol As=

<2-1,180, Cu=5-354, Mo=<5-1,100, Pb=7-79, Sh=1-
29, Se=<3-132, U=2-580 % Zn=7-2,440 ppm 2.2
olF &

Ag, Cd 2 W &2 A&34 (1 ppm) vgHe) Ho|
RE ojgont, B 9 Z4) PushiAi 217t Ag=
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Ba (1,893-80,001), Be (2-49), Co (2-25), Cr (70-1,
740), Cs (1-12), Hf (4-7), Ni (4-659), Sc (6-32), Th

(3-18), Rb (47-246), Sr (31-488) V (217-18,848), Y
(4-33) € Zr (57-209) X ¥lw3& 24 (ppm)e] ¥3}
Zo] At} 221y B, Br, Hg, Ir 2 Tax ZE A golA
HE3A nigrol et

@2 WYY nRdAT f71eh, S0, AlLOs
2 Baol] whetA] HE A5 S Hole Aoz dA
ATk (Breger, 1958). U#A|d HAY Ao AL
LOL ALO,; % Ba®l &#istel 433 BAIE 7IA
A3}, ol59] FekAsiel RS Hole Ao M°1,
AAH oz ofF EAsitt Si0.9 S 7Fer 7
AAo| e FEst Y, S0, 74l uhe)
Bast Vol & Frlete A8E RHFu U, Mo, As,
A3 AAE 2R et Bag 7|Fe R s 7}
i) AT 23 e A3l Fig. 59 2] Ba9l 3eko)

Z7V8H) uket Mo, As, Cr, Sb, U 2 Sc9] ke tji
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HA 9] V& U, Mo, Ba, Al 59 B24719 Al
dHoR 5 A5 AFE 2ol 87 As, Cuy, Nj,
In ¥ Yo BBRBAE e Aol UukHotk
(Breger, 1958). &% Cu2] &#-& As, Pb, Sb ¥ Zn 59
T4 4o Ao FABAE et (Bell, 1978; Szi-
lagyi; 1971). Y5 <9] gd oA Cust As, Sb, Pb
Zn®] 3Eashs YRS Ho] glo] Holx, Vel gl
e Mo, Ni, Ba 3 U9 ®isldl® 53t JaS u]3]%|
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Table 2. Representative contents and mean values (ppm) of trace and/or environmental toxic elements in colay metapelite
from the Deokpyeong area.

No. As Ba Co C C Cu Mo Ni Pb Rb Sb Sc Se St Th U v Y Zn Ir

1 2 1893 24 145 5 115 37 73 39 197 1 18 <3 3 16 10 583 30 147 126
2 <2 2404 2 122 5 5 12 4 60 206 2 21 <3 43 7 5 657 43 15 155
3 <2 2381 2 142 S 5 7 <5 5 27 212 1 22 <3 38 17 4 723 43 17 150
4 <2 6217 3 287 8 30 13 9 15 242 1 24 <3 50 15 14 1661 23 62 113
5 <2 1910 7 131 5 13 33 30 22 15 1 18 <3 47 8 4 593 43 37 131
6 7 2764 9 145 8 5 <5 14 12 141 1 23 <3 47 9 2 217 23 179 108
7 61 4196 18 253 12 32 <5 116 13 222 1 32 <3 60 19 4 394 31 233 162
8§ 22 24837 8 157 6 91 98 27 7 197 10 24 52 116 18 12 431 14 93 144
9 22 80001 19 179 2 127 58 54 10 70 4 31 8 120 16 31 618 15 7 134
10 17 57613 2 208 2 18 341 13 34 64 12 8 129 337 6 163 2394 96 16 57
11 8 62425 14 1740 8 354 691 99 42 234 12 21 90 101 14 67 18848 29 69 170
12 5 29066 2 546 8 32 80 42 11 199 3 23 <3 136 12 8 6204 20 21 134
1322 5472 20 260 3 166 1100 659 66 100 12 10 46 126 9 332 5651 222 2440 117
14 1180 7751 25 268 4 73 72 287 40 130 1 13 <3 113 9 41 4288 86 233 85
15 5 28684 3 133 2 78 15 20 34 145 20 21 10 98 15 5 406 4 22 117
16 9 28357 2 204 3 102 298 19 79 102 17 15 <3 70 10 190 12739 134 23 107
17 14 50409 4 184 1 23 1030 26 40 47 29 11 132 440 10 580 1470 169 19 88
18 8 26812 3 354 4 5 719 8 68 157 21 17 <3 125 3 16 9438 341 15 209
19 9 27507 2 3350 8 9 80 8 32 246 11 18 26 105 10 31 18778 333 24 161
20 9 66583 2 293 4 172 160 16 9 167 17 29 <3 488 14 125 2631 74 13 126
21 4 9068 11 70 1 76 135 124 12 69 4 6 10 298 7 42 1316 39 59 78
22 7 12236 4 286 4 26 34 45 16 107 9 11 <3 210 6 28 2394 77 764 103
M1 3 8841 8 136 4 51 15 26 40 190 6 16 5 46 11 6 592 30 50 137
M2 23 2057 11 176 8 17 14 53 16 173 1 24 3 51 9 3401 32 150 137
M3 127 30163 8 740 S 84 378 170 43 152 12 16 44 160 10 144 8147 145 292 124
M4 13 38545 9 197 3 98 97 53 11 122 9 20 15 246 12 48 1478 44 295 117

Sample numbers of 1 to 22 are the same as those of Fig. 2. M1; mean value of 4 grey phyllites, M2; mean value of 3 dark grey
phyllites, M3; mean value of 10 coaly slates, M4; mean value of 5 black slates.
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Fig. 5. Selected variation diagrams of minor element concentrations (V in wt.%, and the others in ppm) against Ba (wt.%) in
coaly metapelite from the Deokpyeong area. Symbols are the same as those of Fig. 3.
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Fig. 6. Selected variation diagrams of environmental toxic ele-
ment concentrations (all in ppm, with the exception of Ba and
V in wt.%) against Cu and V in coaly metapelite from the
Deokpyeong area. Symbols are the same as those of Fig. 3.

& Aoz BT} (Fig. 6). 2y AR AI2E AYet
24 9 B Aol BF g g3e 2eth

=N
T

]

=

iz SHFET E AAHOR EXds 24 A
U3 & HAYAY] TR nFPdLe] RS &
TNeiet AsE Wste 2oE 49 Ax, FEEE
T M2 35U AFEA S 7R o9 T AU|@
A9 FH 43 AV} de ez gEA Ao
(Breger, 1958; Vine, Tourtelot, 1970; Szilagyi, 1971;
Bell, 1978; Alloway ef al., 1988). =3 sl Ao|A =4€
B H el A frletae} Sste] AAE A HujH®
AE 7Y, "ol HHE HAge] frladd 343
o] H] (C/S)+= 1001422 o] gheko] ol witkm g}
(Berner, 1984; Berner, Raiswell, 1983).

g9 2 RG] B¥dle @A HAYAGe] 4%
AlFol Tete] gl 8& BAEAT (Table 3). 93
A9 gAge] f71etd T 0.85-24.10 wt.% o] 1 $
gk FFe 0.01-4.21 wt.% olth. C/SY HlE 2.2-
275724 /433 W Mg Zeth frieied 34
Atk Al IRE AYstn At B5 vhild Ag
& HoFoh B3 §7)8Ae] o) B&4E2 o] 3
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Table 3. Contents (wt.%) of carbon, CO, and sulfur in coa-
ly metapelite from the Deokpyeong and Hoenam area

Organic  Graphitic Total ~ Carbon Reduced

carbon  carbon  cartbon  dioxide  sulfur
DP4 0.85 0.76 1.68 0.26 0.01
DP8 1.82 3.19 5.74 2.67 0.09
DP9 4.70 5.70 10.90 1.83 1.89

DP10 2410  11.80 41.00 18.70 0.52
DP12 1.11 3.19 4.36 0.22 0.02
DP13 9.08 1.32 11.40 3.66 421
DP14 15.50 2.29 19.00 4.39 1.26
DP17 450 1090 15.40 0.00 0.26
DP18 19.30 0.51 20.60 293 0.07
DP20 10.01 5.74 16.60 293 0.38
HN7 11.87 3.03 16.30 5.12 0.01
HN8 7.55 2.06 9.87 0.95 0.01
HN13 1.92 3.64 5.56 0.00 0.01
HN16 10.50 2.63 13.10 0.00 0.00
HN17 15.40 0.15 12.70 0.73 0.00
HN18 10.50 0.12 10.90 1.10 0.03
HN30 3.11 1.86 7.81 10.40 0.00
HN31 5.31 8.79 14.10 0.00 0.01
HN32 424 5.01 4.34 4.21 0.03
HN33 5.88 7.72 14.60 3.66 0.03

Sample numbers from DP4 to DP20 are the same as those of
Fig. 2. Numbers of HN7 to HN33 are coaly metapelite from
the Hoenam area (Lee, Lee, 1997b).
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B EolX e A (C/5=2.2-26.6)3, AGE BB L 2 S HE Ze AR Holo]5o] @ ogYew 7
A @ A (C/5=46.3-275.7)°] 1o} tha Bzhgl oAy &3t JYASS AAE (Fig. 8). €4 HaAdo)| g
< zret} (Fig. 7). 50y Qe 7Zhzke] FFFae As=127, Ba=30,163, Cd=

18, Cr=740, Cu=84, Mo=378, Ph=43, Sh=12, Se=44,

a F U=144, V=8,147 2@ Zn=292 ppmelt}. o] zt=e} 3¢

Aol AT (]ATF, o138, 1996h) S Field 54

FMRALO HED BA A9} frletdho] FBAAAE HESNN (Fig. 9). th
9] A FoM F3E& YAEL f)eA29] ko] Fo}

A7A G Ao TIE T4 5L Aol wet Frlshe S HoF, 48 fas ol
I AFEARS st aRl, S3S AlEsle Zdzte] B 2 gk o] ﬂ?it}

ZAE T34t (Table 2). 384 94 (As, Ba, Cu, AZ8A =EH 44, EY 2 HHES 7=
Mo, Pb, U, V 2 Zn)E2 &2 2 24 HagddA £3 FHE, % 2 JEF 4AEY IR E oHAE B
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Fig. 8. Comparision histograms of environmental toxic element concentrations (Ba and V in wt.%, and the others in ppm) in
coaly metapelite from the Deokpyeong area. 1; grey phyllite, 2; dark grey phyllite, 3; coaly slate, 4; black slate, 5; NASC.
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Fig. 9. Selected variation diagrams of environmental toxic element concentrations (all in ppm, with the exception of Ba in
wt.%) against organic carbon in coaly metapelite from the Deokpyeong (solid circles) and Hoenam (solid triangles) area.
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BA fad iyt BEHE Ao B
d 53] $8% 94425 AAHez 7
ol AeiAle] =g 4gg 73k d7ldAE As,
Ba, Cu, Mo, Ni, Pb, Sh, Se, U, V ¥ Znol| &3}l
Gromet ef al. (1984)2} Rose ef al. (1979)°] Eng
NASCe] 71§39} Kabata-Pendias, Pendias (1984)7}F
AANG 2ge] 3 &dAR ) NENE A g3l 1@}
1A gt obeflol 148 A A= 2t Y49 B4
2 AN, AAF (1996)9] 983 x 818t S Fx
2 3k

Ase ABFHSIME 474 899 As¥E BT =
A& 7R W) W7, A2 S Qe AR
tAke} A Bl BZE-S fEFC d7AGe] g
ol =0 9le Asel A ¥ 1,180 ppmeo] L,
R Ng (83 HYe #it; 127 ppm)oAE Rose
et al. (1979) B Kabata-Pendias, Pendias (1984)7} A]A]
& 24 A, EZ 2 5AE] H#3) (20 ppm)l B8}
o] 333 wh o] As2 Ba ¥ fUeAe U8 AF
EAQE zte Aew B (Fig. 5, 9).

Ba® Ba(OH), ZelolA 5485 Uehlin, o]d] F55]
A e A3EH 757 E Al BREE /2
gt AP el gAgol= H 8.00 wt.% (F; 38,
545 ppm)@l Ba7} EF=o] glon, o= NASC (Ha
636 ppm)2l 125¥0E€ ZAste 7] e Folrh o]
Bag] %2 Fig. 5, 6 2 93 #°] V, U, Mo ¥ #7]&
49 2Augle} YH AA 7} At

AAR| ZA3H= Cue F2 Cuoly, YA F4d
Ao} &AW WY, E 9 dA 55 op|dth
NASCe] #i 332 50 ppmo|™, EF 2 E2E9] H
A& 25 ppme] L (Anon, 1977), 873 2. Q<] & 43AX =
100 ppmelth. A7AY @EYF AU FF2 354
ppme]xt, 24 & g A dol|l M= H 84-98 ppme] H
9olth. o] |99} Cue Pb 2 Znd I AT, 471
gaoke 9H% Aol sk (Fig. 9).

Mo2 F412¢] A mjFdiolt; MoO,/ 2 Aol
FEEY AL, 7R, A2 L FXE fdste A
oz duA glrh dubAEQl MU Mo BT #HFL 3
ppmey, 2He] 71$R]= 5 ppmelth. A7AE ghd et
9 Ho) 32 1,100 ppmol T, 4 L gd A Lol A
< W7 97-378 ppme] M EA 43| Fa}soidt
o] Mo€ Ba 2 Ve A%S A, 7129 Bage
gl frletaets obfd Aol gt (Fig. 9).

Ni9] Aol #HE frajod e B85t NiCO,E
SAolth Nidll $E59 & e 3 35474 oo

A
L
-
L

H 2 ZAE {28 & de= Aoz g2iA gtk Niell
3 NASCel H# 24L& 58ppmol 1, EG 2 HAE
o] #7299 &43AA e 20 ppmoltt (Anon, 1977).
YEAe FA 9 @dFnde o Ho $FE 656
(%3 170) ppme]it, ThE Hiote] BAlE EEP sl

Pb= Hg ¥ Cdst T &0 QlAle] BE Fold v $- 73
g A4z d2iA et (Goyer, Mehlman, 1977). AAA
o] Aol E3=o] Sl Phel HE FFE 20 ppmo] 3,
E%zol g 3L 17 ppmelYt (Rose ¢ al., 1979), E
A& §-&3AX = 40 ppmelth (Anon, 1977). @AY
ea¢te] Ph 3RS Ao 79 ppmol 3, 718 2 Cust
3] FAIAE Zeth

She QA BE ol ufs fald P42 o]d
SEHWE AAA, A7s, A7s 2 38718 Bl F
& gttt NASCHl ¥3so] Sl Shel B a3k
ppmely}, 24¢] #&FAX= 5 ppmelth. HHFA
ghaste] Sp A} FFL 29 (H; 12) ppmeLEA,
o]& Ba ¥ f71e4st 34 AFd.

Sex= Pb Z She} 3| QlA9] BE Fofol| ulf- f3fgt
F22AM FEHS dQlo] Hrxdty, old AT =&
QS we wd, A, 4ES 59 WS AWS F
#3ic}, NASCOl 3ol e Sed] HT &F2 06
ppmelut, B3 g9 &4%A= 10 ppmeltt. §HA Y
Aol Hul 42 132 (B 44) ppmlE 23] F
350 glon, frlehele] #AlE ettt (Fig 9).

U 3gtd 9 wiped 548 Fhsta glol, U0,
o AheZHAS A E A9 BE Fid FHE
Zzshy, 53] A2, ey, ¥, €& F9] 7Tz
FNE fEdc) NASCH EEH] gle U H 8%
& 4ppmelt}, 9BA S @A Hof e 1,580 (H
7 144) ppmo2 23] #glslof glrh o] U Ba %
Vite Hlad 433 Fo ARAAE 7Y, 718 B
1o g frlgide vHBAE Fte 202 24
=} (Fig. 9).

=4 Vel dREL V09 22 SER EA3n, Q)
Ao fHlAfe BEPHT FEHUS BF AAAY
7 AAe] weE shA-&th NASCY V e 130
ppmo|t}, HHA Y AL A P 18,778 (Hd
8,148) ppm2o. & A433] F3}s|of gith. o] V& Bagl &
Fr} ol R ATAo] AN, FIvA} FIF FHo
TAE BAo

Zng QA LT spvolvt AtheEE A5
ol vz, £ 9 Alzte] g frddict. Znol NASC
B 3HEES 100 ppmo] 2, 252} 3834 300 ppm©]

18 o =
[N}
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o A7AY el Hol Zn FFL 2400 (T 295)
ppmo]™, #7184 2 Bahe ol Zgfo] gich,

CEY EETE RS

7]utete] FAQL0 U Bahe FIPLd 9% &
dEgelepr] B, djdage] B dote
Rol7] o] FAE, viF 4 JEFHL Bl F
220 H7L7L o] FojAof qict. whebr] A7 G WA
YA x3d Zzte] AL, vF 9 JEFELS
#}FS NASC 3 2AA 34 Ad9 Hizie=
(Gromet et al., 1984; Rose et al., 1979, Haskin e al.,
1968) rol, Z4zte] H-slA% (enrichment factor;
EF)E F3igint..

H3}A14 (enrichement index; EDE this ABE
©31A1717] A3 2 (Nimick, Moor, 1991)2.2 z+zt
o] BAAE FUA, vHL, SEREYA, S ERYA
2 5ol Gromet ef al. (1984), Rose ¢f al. (1979) 2
Haskin ef al. (1968) AE.2 EF313 A& &Y A2
8Tt (Table 4). webA 10142 F3ix]goR, 10}3t
EHEAge s s & 9ok

Table 4. Enrichment index of major, minor, toxic and rare
earth elements in coaly metapelite from the Deokpyeong
area

No. Major Minor Toxic REE
1 0.96 5.08 712 0.92
2 0.90 434 6.14 1.02
3 0.88 436 6.07 121
4 1.70 9.43 13.85 0.68
5 0.85 4.52 6.41 1.01
6 1.20 217 271 0.74
7 1.63 3.92 5.18 1.08
8 5.15 11.00 11.83 0.52
9 14.92 12.39 18.10 1.16

10 10.88 3713 45.44 1.57

1 16.21 119.55 176.08 1.03

12 5.80 32.01 48.79 1.33

13 1.90 71.39 105.84 3.10

14 1.88 34.02 51.94 1.16

15 5.67 6.77 9.26 0.30

16 5.59 74.10 114.02 1.82

17 9.78 63.08 85.25 2.62
18 5.27 49.40 75.84 3.08

19 5.46 94.53 143.31 4.10

20 12.78 25.78 39.27 1.98

21 2.90 13.11 19.12 0.89

22 5.11 15.03 2271 1.17

Mean 5.34 31.51 46.10 148

Sample numbers are the same as those of Fig. 2.

100.000 y —W—grey phyilite

—a— dark grey phyllite
-~~~ coaly slate
—o—black slate

1.000 ¢

0.100

Enrichment Factor

0.910

0.001 -r
8i02 T2 AIIOI Fe203 MnO MgO Cs0 NIZO KZO PIOI BaO

Fig. 10. Diagram showing enrichment factor of major ele-
ments in coaly metapelite from the Deokpyeong area. Nor-
malized by Gromet ez al. (1984) and Rose et al. (1979).

gyxde] 2¥she @ad @AY ALe FYLE
NASCY] H#gtez X¥E33 23, el 79 &
glol POs9 BaOZ A&l 2E d4vl 4999 3=,
53] Cat 2433 ¥&FE RAEoh (Fig. 10). 23y
Fe40 B3x e HF 5.34 (34 Aok 2.10, 43
A Aofgk; 1.23, @ AWk 7.01, 4 Huk 8172
A EL o)A E et} (Table 4). ol CaE 11]9—1@
AR LA PPl Z A7} glo] AtFoz =
2950l de o, #3994 PO} BaO fé%
o] AjF oz Eed ¢elo] gl

e WAYAYge] JERYAE NASCY HAHOR
EZ33 AL Fig. 117 Zo|, &2 AALS AT =
E ohate] ARoAM A2l RE Y47t A2RE ] Qo). 2
A BE 148 (A Aol 0.83, ¢34 Ao
0.98, &2 e 2.07, T4 AEY; 1.13)2M, @4 9
A gl £3-g Bt uebA] slkehdle] ¥
2 IEFYL2 FFAzlel FE3E F3ASF L AP
£ #7040 AHZ o] 4d F 3USS RAEH.

v 2 Y94 E NASCS AAA Ade A=
EE3g 27 (Fig. 12), ¢l FAgle] Co, Cs, Ni,
Pb ¥ Sr& A3 BE d4v} 3150 Yn 53 As,
Ba, Cr, Mo, Sb, Se, U, V 2 Zn2 FAUA Fuuje] £
AIFE Zheth NASCY HAERAP o2 AL, o] &4

—~4— grey phyllite
~-@— coaly slate

—8-~ dark gray phyllite
—O—black slate

Enrichment Factor

014 v v v . . r )
La Ce Nd Sm Eu Tb Yb Lu
Fig. 11. Diagram showing enrichment factor of rare earth
elements in coaly metapelite from the Deokpyeong area.
Normalized by Haskin et al. (1968).
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Fig. 12. Diagram showing enrichment factor of minor and/or
toxic elements in coaly metapelite from the Deokpyeong area.
Nommalized by Gromet et al. (1984) and Rose et al. (1979).

o] FaA e W 3151 (34 Ao 5.14, 434 A
wfjok; 3.45, &2 AWl 51.94, T4 A9 15.46) 2 A,
2 2 24 At A ofF g8 oA E Zeth
2t o] ©A WAYAYge] YA SR RALAE
AFste LT 2LUYE YIS Aont.

#4H oz XHARA dFE F= 5494 (As, Ba,
Cr, Cu, Mo, Ni, Sb, Se, U, V 2 Zn)& Adslx, 2429
shdell w2l NASCE EF3sla R3A4E A&
t}h o]& HE R3AFR S 46.10 o]x, gl
whel &S 3] Holeh 7.15, 434 Mg 4.77,
22 AW 86.96, 34 AU 22.1124 v]F % JE
FU49% 54 AL 2 (Fig 13).

YA 0lF

ol Al g ute} o] Yg x| o] g WAL A o]
€ A B4 A visle] gkl B 544
27t FE0] 33, ]2 e frieae 3 A
Fote Aoz 98A gt o] Fake] 298 AN
AN e AA SAge] HAA o] Wz o} sk, o}
7] SAFEEE TG VRS EH 870 &
g AR AT BT 28U 24 2 Held
a7t FEI @Eo] AAHT] H3ld= HHES FAY%e
718, 388 2 3350 dgdare £3=rt =o}
of gttt o]l BA7} A A G T ofdule] Hlm
A AFE, olitsiga 9 2F9 Qe &1, At
ARE Z2aasae] AHEA7E AF3I (Bell, 1978;
Hansley, Spirakis, 1992; Wanty ef al., 1990).

duty o 2 571 HHEe Th/U Hle 0.1 7|t
2 433 Yo} (Vine, Tourtelot, 1970; Vassiliou,
1980), ©] AHe] @3l Frelo] sl Th/UY Hl=
0.02~4.75 2.8 Wz}Lo] A Yn & TP E #
<ot dFAIRY] TH/U HI7F & 2 @453 8ol &

=
Nl
&

0
1000 —o—Minor

~&—Toxic

100 —e—REE
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N
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Encichment index
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Fig. 13. Diagram showing enrichment index of minor, rare
earth and toxic elements in coaly metapelite from the Deok-
pyeong area. See Fig. 2 for explanation of sample numbers.

3} 9 PR g oJ3le] YR FAHE L v] i
o] 53} X]ge] AR Ao HAE & ) (Wanty ef
al, 1990). Th/Ybel H]E 0.14~21.43, La/Thel Hl&
0.44-13.67¢] W& 2 Ao 2 Mo}, o] X 2) WA
Ade vad FHAS7] Ayt A A2l HA
2 &49780] APY Aoz FHHY (Taylor o dl,
1986; Wronkiewicz, Condie, 1987).

ARG @3S Pk FEE 94F Sio/
AL, AlOyNa0 2 KL0/Na 09 ¥l= 42zt 1.80~10.21,
27.8-388.8 & 7.6-61.89) ' 2A F33] WL =AW}
& A =3 APE BFAsc A5 vgead v
(V/Ni; 8~2,347, Cr/V; 0.02~0.67, Ni/Co; 1.56~32.95)
& oF BFAstt ole @3S AN HAEe 2
A2 Bt F4-47149 gl EAHUES 7L
A0 e Aoy, EFAF ZAWIE Hols AL
FAte] A= 234 EdE g e Aeg B
It} (o]2H3], oA, 1997a).

T3 g9z ghdgre 433 We C/S ¥ (2.2~
275.1)% Zte Ao 2 Hol, HARAL 5o de 7
F7t 7P dSA Rl 9 d EANE Aes 4
¥t} (Berner, 1984; Berner, Raiswell, 1983; Leven-
thal, 1983). 18{u} G 2|9} vlw A 77k dA o &
ArSTed digd @dqge] frled FHL 192~
15.40 wt.% °15] $98L 0.00~0.03 wt.% 24, C/S&
BE ABA 140 ©14 (141~1, 540) 224 A¥H
HE A g £4E 7=t (Table 3).

AFA Gl Y 2o FIEELS HAEY B
el Refste] 284 {7189 @53l AYHE #
714t (humic and sulfuric acid)e] a4 osld A
Ade 3go F3 olend 23E 2 {U8EES
o]Fo] HAEU FHHNE o HI} (Gold-
haber et al., 1990). ©]% Ba¥} V& Ba®*$} V(OH); A&l
2 HHEY o EAsitirt £ 8] P [A AL
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X e FEGQ 2HElo|E (smectite) e det
ol E (illite)e] ZHA 221 A9} £7F gol 29l K'E
ztzk A gatd WERue] TAUALR EAFe] FHE
Ak (o], o]dF, 1997a; ©1%8] F, 1997). 18t
BAge] FAR, vF 4 JER A5 YRELS 5
3 Yo B2 AN ASEALE 2R g Rez ¥
Ak ol HAEY 2Ugo] BFAAY, &4 2
WA N frigare A F34 di9 AHYo)
U9 Az FHE} (McLennan ef al., 1980; 1984;
Taylor, McLennan, 1984).

FH dREE AT FFS di9 giRrEe He A
-2 ANE Zm Aol GA LAt welr] &
SAFHE EANE 5 W R o)FANE A2 29
9] FdaAx €Y9sht (Davies and Ballinger, 1990;
Levy et al., 1992), 288A9 e 427 B7] o Fol
E3 940 #3EHAT D 25 290 225 e A
2 ot} (Underwood, 1979; Alloway et al., 1988).

iAo @52 AIA 7185 ol ABgH
=7} AAE BEAe] x| =0} glout, FatA <]
Wstg dolu} BslgEo) Abste] o3t A FgFe
BAHA gt ol 84 94E°] vY T 31
He] FEQAN A R AL T FHE o EA)
7] qEez Helg, 28 olE3 AuUFe §20]
717 A EE AlgEe F3let A 9] Bk
9] e AR FFE 290 op1E Ao}

meba] Gz H@go M RE £AE w2t /U=
€ e A% 59 3345 290) & Aoz Hel
o 22 4zte] FAd| uet B, MIEAE, sHES
2 2eppo) B gL BT AL A7EHA ¢
7] W ell, LFUAEo| VRN gt 2 RS
< AR Fo Az A A=Az FFE FAEA
© BEgaith o] FA} At L ARl B3l
€ gogx AEHA 477} ojok & Aolth

d o

1 98X ge] SAFETEE 34 2 434 Avjgly
B £ e 34 Fugez Y. wd Hugtde
AES B0l A 2o o] & ez AR A
o] gl& @%o) X3} BT #H P o] gich

2. &AL A Hyche Mookt vldkd Si0,
ALO;9) o) o} LOI, Ca0, Na,0 Z BaO¢] &3
& 9%3] &0} JEFYL (La, Ce, Yu 2 Lu)e 82
FHeT 24 Hughe A yalEol gl

3. °F 2 334 BE4Y9AE B 9 34 HagteA
2 BT (ppm)T 7Y, o1& ZzZt As=127,
Ba=30,163, Cd=18, Cr=740, Cu=84, Mo=378, Pb=43,
Sb=12, Se=44, U=144, V=8147 ¥ Zn=2922A, NASC
o Blste] $AeA] Sl o]} FREIUTh

4. &2 ®AdYAde Fdie MEH BAG]
NASCell v)3t9] P,0s9} BaOE A% 2E 947} 24
so] glovt Bax|4 (H 5.34) e L oANE ge
o} S EFAat € Agda e £3150] glon} 7
A FE 7 1.48 ot}

5. o4 E NASCY H)3ld As, Ba, Cr, Cs, Cuy,
Mo, Pb, Rb, Sb, Se, U, V 2 Zn7} 2393] %359} gl
o} olg9] R3S BF 3151 (82 Hue; 51.94,
A AW 1546)2A ofF 2 & o] FAE et

6. A4 =494 (As, Ba, Cr, Cu, Mo, Ni, Sb, Se,
U, V 2 Zn)o ¥3X5= HT 46,10 (34 Hnjeh
7.15, ¢34 Holekh; 4.77, &2 A9 88.96, 24 A
<k 22.11) ]t}

7. 9BA Y @Al HAe va, 3 (C/S=2.2~275.7),
v 4 SER Y45 A1EtE Qo Hol, §4
o] g7t $AIR @A e fYe] 7hedt A
AE AeE FAd.
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