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Dispersion and Enrichment of Potentially Toxic Elements in
Chubu Area Covered with Black Shales and Slates in Korea

Jong Shin Kim* and Hyo Taek Chon*

ABSTRACT : The purpose of this research is to investigate the enrichment and distribution patterns of naturally oc-
curring potentially toxic elements in soils derived from black shales and slates. Soil samples were collected from the
Chubu area covered with uranium-enriched black shales and slates of the Changri Formation of the Okchon Super
Group, and analysed for multiple-elements using INAA, ICP-AES and AAS. Soil pH and loss-on-ignition were also
measured. Trace element contents in black shale and slate of the Chubu area are relatively lower than those in black
shales, and higher than those in black slates reported elsewhere (Chon, Jung, 1991; Chon et al., 1996). Soil pH values
range from 3.5 to 6.5, and loss-on-ignition values are in the range from 3 to 10%. Potentially toxic elements including
As, Ba, Cr, Cu, Mo and U are highly enriched in residual soils with maximum content of 540 ug/g, 35,000 pg/g, 280
ng/g, 300 ug/g, 240 pg/g and 860 pg/g, respectively. Significant concentrations of those elements were found in soils
taken from the Tojangkol, the Chubu tunnel and the Meokti areas. Soils derived from black shales and slates, cal-
careous and phyllitic rocks, and intrusions were discriminated in terms of As, Ba, Co, Cr, Cu, Mo, Sc and U contents.
Enrichment index was calculated using the concentrations of As, Ba, Cr and Mo, and enrichment index map shows

very similar trend with U distribution in soils.
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Fig. 1. Geologic map of the Chubu area (Lee et al., 1980; Kim, 1989).
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Fig. 2. Sampling location map in the study area.

o Sk #Eo] wlglEe] = st} (o)At &
1980). E%4S ti/f 43, 24 ohzkalo g vl g2
< 52 e Y A8 P4 )

AFA Gl s AA=Zd SAYAge] 71 He

7] Black shale and slate

~ Road
77 Stream

Limestone and thllih} A

X Axial trace of Synform

91

B il trace of Isocinal Antitorm

-
7 Uore bed

’

Okchon Super Group

c + 0O b »

Forest soil
Mountain soil
Farmland soil
Transported soil
Rock

£ 3RW 3REYe $EE 4RI} FOAA

2). ol E& WAAFA L AT A7) 50
EERECEREZEACIOEE SE DR
o] 3 xduol gtk 0|29 HHe v



202 #iHo| By gon, ¢A o] BFE e X
Fg o 2318 el Adke) Modao] B

o, &0 S ue 2P ey #EEn. 28 o
Fo| 221402 At =@M AHNES Ho[H,
2o} 45U A9 F2 o2 walH o

EYAEE SO Y ¢ F9EX G A ARG
A F2 AFHHAeH, A% 0~15cme] FFESFS o
oz 3t AlZAAA HEA S =3]7] A8t 15~
20708 BEAEE ol shte SHAIER Heoh
AF A EX o] 4o we} HPEY, HEY (2RI T
o2 Q3] Alde] x&H AV Z& AdHez HYe
2~E YA 29 EW), BEE 508 T8 7| A
ARG A= vl BEUgez A= A
on, o) wRHgEe o9} mAtE e ¢t BoBR
FH e ALY i QA AGY | dgs e EY
2 A & Aok 7 7wtEE Y dae BAE
getslr] glsldd A7xd Ao naA EXxsta de
A S w2} AFRE AL 2o AlEE A

AlzAzl ¥ EEEN

M A g Jaw crusherE o] &3t FH& F -200
mesh® #H3le] 7v}ete] ACTLAB (Activation La-
boratories Ltd.)olA SRS EA7] (INAA)E ©]&
3led As, Ba, Ce, Co, Cr, Cs, Eu, Fe, Hf, La, Lu, Mo,
Na, Nd, Rb, Sb, Sc, Sm, Ta, Tb, Th, U, W, Yb 5 247}
A4, A E R Sa2v A4S FER R LA
(ICP-AES)E ©]-&3le] Al Ca, Cd, Cu, K, Mg, Mn, Ni,
P, Pb, Sr, T, V, Y, Zn9] 15719] 945 25 3970 94
o ti gt MMt S AT

EREE 7] ToA AAARAIZ] F Tdie) 42
o] gated Rajsie] dutxlo g EUEA =4S 93 ALE
He Y% -10mesh (<2mm)2 AA3HH (Rump,
Krist, 1988; Crépin, Johnson, 1993). A& Alge] d*
= pHeF ZE 7] 33 & 98 AR, AR F
7]9) oF 1/4& A S A3l -80 meshZ A A skt
As, Ba, Br, Ce, Co, Cr, Cs, Eu, Fe, Hf, La, Lu, Mo, Na,
Nd, Ni, Rb, Sb, Sc, Sm, Ta, Th, Th, U, W, Yb, Zn &
AM Ao} whabyix 2 Fvicte] ACTLAB £4& 2
dtod FAAGGEAN7I(INAAE o] 83, 183 Cd,
Cu, Pb 5 I 945 9AFZEFZZA(AAS)E &
3led & 30709 YAE BAE

S| pH U SgA| &3

E%F9] pHe Carter (1993)°l 28l A€ Wigel ¢
d 2% (E%:0.01M CaCL&d=1:2)3l¥c}t. & -10
mesh®] EFAIR 10 goll $75 20 miE 71 ¥, 3082

g7 E o] &3t A F 1A T HA AR

< pH 4.0, 7.0, 1009 ¢Z &Aoo BHF Orion
pH meter (SA-720)& c]&3td AT gro] Lo
pH3t (25°CY) 252 BA)S 243819, 7t A8 23
Auit}t 2542 A3 AHE 3 2718 AASAC
o] W Atg® CaCl, 99 H7|AEEE 25°ColA
2.27~229 mS/cmAth. EFY /718 FFE 38}
7] 9ste) 238 A7 Hesse (1971)7}F Qe uF
HU2 233k & 2o BN EE Yol FAE
AL, 105°CAM 2~3A17t 7183ted A2 3, 450°C
oA 8AIZt o] F1E3, AEFHAS o] 8% Az
M YA F S SR8 3 SAMYT A
Y FREFT 52 F5S T3] 7ldHE AR 2070
8L 339 (Hesse,
NaOAcZ E3HA713, NH,0AcE A
F3AA w¥E Nao 4 dAFFEFENZ &%
S5 L Adsigded, Add ge Fazt
Zu} a3 oo ABBA (r=0.78; p<0.001)E HA
F7180 2 FEEHL F2 dol2uISS 3
i

Ho) FAEE ¥ol7) 9

._,
e
]
=
fed 4
ox
>
fru
i

HA A2 ok 15% tal A2A S AAE, ARAE
Algd daixe 2 Hage Ao on, AEAA FE

45.0
R = 0.78 (p<0.001) ¢
— 1 .
é‘) - * *
2
=)
;E, 25.0 o
Q .
53]
O ] ‘e
oo* .
*
. Tt o
5.0 — -
0.0 5.0 10.0
L.OIL (%)

Fig. 3. Relationship between L.O.I (loss-on-ignition) and
CEC (cation exchange capacity) of residual soils derived
from black shales and slates (n=20).
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Table 1. Element concentrations in earth crust, average black shale, and Chubu black shales and slates.

Farth Average Average Average Okchon Chubu Enrichment factor
Element . S black alum . black
crust shale shale® shale’ shale shale & slate’ e/a f/a flc

Al* 8.10 10.45 7.0 6.5 5.89 6.07 0.73 0.75 0.87
Fe 4.65 3.33 2.0 7.1 5.86 3.67 1.26 0.79 1.84
Mg 1.70 134 0.7 0.5 1.66 1.60 0.98 0.94 2.29
Ca 3.30 2.53 1.5 0.7 2.44 6.04 0.74 1.83 4.03
Na 2.50 0.66 0.7 0.17 0.22 1.10 0.09 0.44 1.57
K 2.50 2.28 2.0 36 2.12 1.74 0.85 0.70 0.87
Ti 0.44 0.45 0.2 0.4 0.25 0.29 0.57 0.66 1.45
Mn 0.10 0.067 0.015 0.02 0.12 0.15 1.20 1.50 10

P 0.09 0.07 0.74 0.27 0.20 3.00 222

As** 2 6.6 17 2.96 1.48

Ba 580 800 300 500 13300 1903 23 3.28 6.34
Cd 0.1 0.3 1.0 6.3 1.06 63 10.6 1.06
Co 25 20 10 <50 20 13.7 0.80 0.55 137
Cr 100 100 100 94 200 83.8 2.00 0.84 0.84
Cu 50 57 70 190 280 38 5.60 0.76 0.54
Mo 15 2.0 10 270 360 7.7 240 5.13 0.77
Ni 75 95 50 160 620 59.3 8.27 0.79 1.19
Pb 10 20 20 140 110 17.1 11 1.71 0.86
Rb 150 200 140 933 0.62

Sb 0.1 2.0 20 0.59 5.90

Sr 300 450 200 100 270 291 0.9 0.97 1.45
Th 10 11 159 1.59

U 2.5 32 206 245 18.4 98 7.36

v 150 130 150 680 3200 199 213 133 133
Zn 80 80 <300 150 1700 125.9 213 157 0.42

* average of contents in granite and mafic rocks (Rose et al., 1979)

" Govett (1983)

“ median of the medians of 20 sets of black shales (Vine, Turtelot, 1970)

¢ upper Cambrian Sweden 39 samples (Armands, 1972)

¢ 369 ore samples for U and V, 68 samples for most of major oxides (Kim, 1989)
"this study

*Al, Fe, Mg, Ca, Na, K, Ti, Mn, P; wt.%

**As, Ba, Cd, Co, Cr, Cu, Mo, Ni, Pb, Rb, Sb, Sr, Th, U, V, Zn; ppm
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Fig. 4. Relationships between U and some trace elements
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H As, Ba, Cd, Co, U, V 52 27t £ gheko 2 23}
9, Cr, Cu, Mo, Pb, Sb, Zn 52 94 47 AV A

o] FAKS gaghE Vb (Table 3).

Ytz oz Ekeody AR Yehue Y4E As,
Cd, Co, Cr, Cu, Mo, Pb, Zn 5olv, 24913 &2 9144
QA Aol 2J3te] BEgFol H3lxo] YehA e,
olz|gh Yae] Kahe F3lo] <lo wat o2 Batary
& YelRA =) 7G4 7]uieke] ogko 2 Q1
SAAY 2 Hugh AR EQS) At BalE Ao
2 Uehd 94E As (32 540 ppm), Ba (H 3 35000
ppm), Cd (31 20 ppm), Cr (H 32 280 ppm), Cu (Hn
300 ppm), Mo (# 1 240 ppm), U (H 1 860 ppm) 2.2

o] WAE9 B3yl 43d] AYPHRew, E3 o)
*EHIEH FBA o] L& Ao 2 JelT) (Table 4).
SHEIUEAE AYPHIE Row

(Fig. 2), o] 39 AE<)ellA As, Ba, Cd, Mo, Nj, Sh, U,

Table 2. Geochemical association of elements in Chubu black shales and slates. (Elements are listed in order of decreasing
correlation coefficients, which the level of significance exceeds 99%(italic), and 95%)

Negative correlation Element Positive correlation
Mn U, Zn, Cd, P, Ni, V
P U, Mn, Ni, Zn, Mg, Cd, Y
Sc, Cr, Yb, Th, Al Lu As Ca, Sr, Sb
Ba Eu, Ce, La, Sm, Mg, Pb, Hf
Cd Ni, Mn, U, Zn, V, P
Ce La, Sm, Eu, Fe, Nd, Hf, Sc, Ti, Co, Ba, Yb, Rb
Co Fe, Ce, Sm, La, Nd
As, Sb, Sr, Ca Cr Al Th, Sc, Hf, Yb, Lu, Cs, Ta
Cs Sc¢, Rb, K, Al, Cr, Th, Hf, Fe, Ti
Cu Pb
Eu Sm, Ce, La, Ba, Nd, Fe, Hf, Y, Ti, Yb, Sc, Tb
Sb, Ca, Sr Hf Sc, Ce, Al, Cr, La, Yb, Sm, Ti, Lu, Eu, Fe, Rb, Th, K, Cs, Ba
La Sm, Ce, Eu, Fe, Nd, Hf, Sc, Ti, Ba, Co, Yb, Rb, Th, Lu
Sb, As, Ca, Sr Lu Yb, Al, Th, Cr, Hf, Sc, Ti, Sm, La
Mo Tb, Y
Nd Sm, La, Ce, Eu, Y, Fe, Tb, Co
Ni Cd, U, Mn, Zn, P,V
Pb Cu, Ba
Rb K, Cs, Sc, Ti, Hf, Al, Fe, Ce, La
Ta, Sc, Ti, Hf, Th, Cr, A, Yb, Lu Sb Sr, Ca, As
As, Sb, Sr, Ca Sc Al Hf, Cr, Th, Cs, Rb, Ti, K, Ce, Yb, La, Fe, Sm, Lu, Eu
Sm La, Ce, Eu, Fe, Nd, Hf, Sc, Ti, Co, Ba, Yb, Lu
Ti, Sc, Th, Cr, Hf, Al, Yb, Lu Sr Sb, Ca, As
Sb Ta Cr, Al
Tb Nd, Y, Mo, Eu
Sb, As, Sr, Ca Th Al Cr, Sc, Yb, Lu, Cs, Hf, Ti, La
16) Mn, Cd, Ni, P, Zn, V
K \% Zn, U, Mn, Cd, Ni
As, Sb, Sr, Ca Yb Lu, Th, Al, Cr, Hf, Sc, Ti, Sm, Ce, La, Eu
Zn Mn, U, Cd, Ni, V, P
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Table 3. Element concentration in black shales and slates (unit in ppm).

Area As Ba Cd Co Cr Cu Mo Ni Pb Sb U \' Zn

Mean 296 1903 1.1 137 838 380 77 593 171 059 184 199 126
black slate’ Med. 320 1950 0.6 165 695 405 1.0 415 140 060 140 191 96

Chubu (n=10) Min <050 240 <05 10 590 160 <10 40 50 010 54 64 27
Max. 620 4100 39 200 1300 570 230 1520 380 090 470 435 417
, Mean 13 1160 08 80 868 478 70 315 180 11 65 157 179
Yiwon black slate® Med. 12 1205 05 75 870 325 85 265 185 12 66 138 140
Gosuk (n=4)  Min. 08 530 05 40 730 180 10 240 50 03 42 108 9%
Jungbang Max. 1.9 1700 1.5 13.0 1000 1080 100 490 300 17 87 245 340
black slate & MEA 07 99 131 429 27 224 208 42 613
ey chlorite Med. 08 110 114 262 14 203 175 33 520
sehist (n=16) Min. 01 10 38 60 003 20 10 25 36
Max. 17 276 338 1737 98 564 740 97 1442

Dukpung’®
) Mean 63 9.7 481 1188 1361 1056 448 83.1 211
uraniferous g q 13 107 298 848 209 427 240 124 49
black shale . 04 12 54 86 003 12 10 27 54
@=24) " Max. 462 286 1434 5260 9920 286 221.0 6163 1395

Mean 82 12933 10 = 52 1245 1733 257 470 1530 321 146 1008 143
Dukpyung - o chale® Med. 68 5950 07 55 995 755 205 255 385 51 88 216 150
Geumkwan (n=6) Min. 12 1300 05 10 800 330 70 30 120 10 33 109 92
Chubu Max. 21.0 32000 25 110 2300 6630 560 1860 731.0 1700 380 3690 200

* this study, ®Chon et al. (1996), “Kim (1993)

Table 4. Geochemical association of elements in residual soils overlying black shales and slates. (Elements are listed in order
of decreasing correlaion coefficients, which the level of significance exceeds 99.9% (italic), and 99%)

— —

Negative correlation Element Positive correlation

Hf As Sb, Yb, Lu, W, Nd, Eu, La

Sm Ba U, W, La, Nd, Cu, Eu, Ce, Zn, Lu, Cd, Yb, Sb, Tb, Cr
Cd Zn, Mo, Ni, Sb, Ba, U, W, Cu, Fe, Eu, Co
Ce La, Nd, Lu, Eu, U, Yb, Cu, Co, W, Ba, Cr, Th, Tb, Fe, Sb, Sc
Co Ce, Fe, Cu, Ni, Sc, Mo, Cd, Eu, Yb, Nd, La
Cr Yb, Lu, La, Nd, U, Ce, Eu, Cu, W, Sc, Rb, Th, Ba, Ni
Cs Rb, Th, Br, Sc
Cu Nd, U, La, Eu, Lu, W, Yb, Ba, Ce, Cr, Zn, Tb, Cd, Sh, Co, Pb, Ni, Fe
Eu Nd, La, U, Yb, Lu, Cu, W, Ce, Ba, Cr, Th, Sb, Zn, Cd, As, Co, Fe
Fe Co, Sc, Mo, Ni, Cd, Zn, Cu, Ce, Eu

As, Sb, Sm Hf Br

La Nd, Lu, Eu, Yb, U, Ce, Cu, W, Cr, Ba, Tb, Sb, As, Co
Lu Yb, La, Nd, U, Cr, Eu, W, Cu, Ce, Ba, Th, As, Sb
Mo Cd, Zn, Ni, Sb, Fe, Co
Nd La, Eu, Lu, Yb, U, Cu, W, Ce, Cr, Ba, Tb, Sb, As, Co, Zn
Ni Mo, Cd, Zn, Sb, Fe, Co, Yb, Cu, Cr
Pb Cu, Zn

Sb Rb Cs, S¢, Cr

Rb, Hf Sb Cd, As, Zn, W, Mo, Ba, Ni, U, Eu, Cu, Yb, Nd, Lu, La, Tb, Ce
Sc Fe, Rb, Cr, Co, Cs, Ce
Hf, Ba Sm

Tb U, Nd, Yb, La, Eu, Lu, W, Ba, Cu, Cr, Ce, Sb, Zn
Th Ce, Cs
U W, Ba, Nd, La, Lu, Eu, Cu, Yb, Ce, Cr, Th, Zn, Sb, Cd
w U, Ba, Nd, La, Lu, Yb, Eu, Cu, Ce, Tb, Cr, Sb, Zn, Cd, As
Yb Lu, Nd, La, Cr, Eu, U, W, Cu, Ce, Th, Ba, As, Sb, Ni, Co
Zn Cd, Mo, Ba, Sh, Ni, Cu, W, U, Eu, Fe, Pb, Nd, Tb
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Table 5. Average concentrations of pH, L.O.I., major and trace elements in residual soils derived from various bedrocks (unit
in ppm).
L.O.I Fe
pH (%) As Ba Cd Co Cr Cu (%)
Black shale & 4.5 59 49.5 2236 1.7 26.0 108.1 68.2 4.93
slate
(n=53) (0.75)* (2.10) (91.36) (5064) (2.76) (11.51) (36.24)  (51.85) (1.14)
Limestone & 44 48 322 944 0.8 17.6 83.0 321 4.16
Phyllite
(n=25) 0.63) (1.39) (89.62) (846.5) (0.31) (4.90) (15.51)  (13.94) (1.06)
Intrusive 43 5.5 10.2 1684 1.9 16.6 89.5 39.9 3.94
rocks**
(n=13) 0.72) 222) 4.12) (1521) (3.64) (3.20) (28.85)  (16.43) (0.35)
Transported 6.5 0.8 13.5 645 0.9 13.5 47.0 22.0 432
(N=2) (0.78) (0.64) (4.95) (191.0) (0.14) (359 (38.18)  (11.81) (1.13)
Total 45 55 38.6 1777 15 222 97.4 535 4.57
(n=93) 0.77) (208)  (8380)  (3915)  (250)  (10.13)  (3340) (43.62)  (L11)
Mo Ni Pb Sb Sc Th U Zn
Black shale & 143 75.3 48.0 20 173 18.6 420 189.7
slate
(n=53) (33.68)  (9852) (35.20) (1.97) (2.96) (3.30) (136.5) (160.5)
Limestone & 3.0 47.6 40.0 22 154 17.8 43 117.2
Phyllite
(n=25) (2.14) (51.85) (22.15) (4.58) (3.86) (2.19) (1.33) (42.77)
Intrusive 99 40.7 348 0.9 13.7 17.6 8.0 160.9
rocks**
(n=13) (7.94) (43.23) (12.85) (0.25) 2.72) (2.36) (7.12) (83.06)
Transported 35 29.5 278 0.3 12.0 38.0 6.2 165.0
(N=2) 3.54) (12.02) 8.77) (0.28) (1.41) (24.04) (2.69) (21.21)
Total 10.4 62.0 43.6 1.9 16.2 18.7 26.3 165.6
(n=93) (25.99) (81.71) (29.69) (2.81) (3.46) 4.79) (104.3) (130.0)

* Figures in parenthesis are standard deviations (+10)

** Quartz hyry and Biotite granite
porphyry g

Zn 59 Q27 AngE dehiglont, Cash Sh, Zne
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km® (6.25x6.5km)oll slFgch AlBaH Ao ALgH
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Table 6. Element concentrations in various soils overlying
blake shale and slate (unit in ppm).

Farmland Forest Mountain Total
@=2)*  (@=19)  (@=13)  (@=53)
47 43 44 45
PH (37650 (36-65) (34-64) (34-6.5)
LOI 58 6.8 50 59
%) (19-136) (36-98) (22-90) (1.9~13.6)
28 474 86.0 495
As (6-100)  (12-340)  (11~540)  (6~540)
1827 1407 3805 2236
Ba  (370~15000) (520~4000) (560~35000) (370~35000)
2.09 1.19 1.82 1.69
G (040-20.1) (020-290) (0.40-5.00) (0.20~20.1)
28 215 28.1 26.0
@ (13.0-57.0) (13.0~750) (13.0-500) (13.0~75.0)
98.0 1139 1136 108.1
Cr (23-130)  (79-280)  (75~210)  (23~280)
55.6 70.8 80.8 68.2
G (25.6~1749) (20.1-216) (28.7-300) (20.1~300)
479 4.69 541 4.93
Fe(%) (3.30-880) (3.48~7.03) (3.68~8.49) (3.30-8.0)
6.8 7.1 7.0 7.0
Hf 40-90) (3.0-90) (3.0-9.0) (3.0~9.0)
186 115 125 143
Mo (<1~240)  (<1~51)  (<1~42)  (<1~240)
50.8 392 556 480
PO (136-1824) (18~166) (22.4-134) (13.6~182)
197 1.63 247 1.99
S (034110) (09-44) (10-98) (03-11.0)

175 187 200 186
Th (00-240) (160-230) (150-280) (9.0~280)
23.7 375 70.8 420
v (14~320) (29-450) (4.0-860) (1.4-860)
353 347 520 398
w (<1-14)  (<1-17)  (<1-32)  (<1-32)
213 140 223 190

Zn(77-1100) (50~380)  (83~540) (50~1100)

* number of soil samples
**range of pH, L.O.I. and elelments
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M3} Eddx FEHow EXME Y& As Ba,
Cd, Ce, Co, Cr, Cs, Cu, Eu, Fe, Hf, La, Lu, Mo, Na,
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5 207) QAE, o|E Y4Ec] NI EdM O E 9
g el Jehlle A8E ¥4 8 S5l M7 &
2 EAEAC A S getstaat st ol 94

A3} B b aETe FREA fA
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Fig. 5. Relationship between element concentration in rock
and residual soils (unit in ppm).
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Table 7. Relative ratios of trace element concentrations in
soils to those in black shales and slates.

Element Mean Median Range
As 30.68 9.87 1.70 - 15882
Ba 5.06 3.00 0.38 ~ 2542
Cd 1.27 1.38 0.68 - 1.66
Ce 1.62 1.40 1.05 - 2.56
Co 251 235 1.26 - 5.00
Cr 1.61 1.60 0.67 - 324
Cu 234 2.34 0.62 - 374
Cs 353 353 0.54 - 8.00
Eu 1.61 1.57 1.00 - 2.55
Fe 2.18 1.95 0.97 - 5.05
Hf 1.63 1.50 0.50 - 4.50
La 1.76 1.61 1.07 - 2.94
Lu 1.17 1.02 0.78 - 2.30
Mo 2.70 2.70 0.53 - 4.86
Na 1.49 1.00 0.08 - 3.86
Nd 2.08 1.73 0.78 - 4.33
Ni 497 498 0.86 - 1349
Pb 3.88 3.88 1.54 - 7.12
Rb 1.32 1.31 0.53 - 2.35
Sb 4.47 2.98 0.81 - 16.33
Sc 1.61 1.55 0.80 - 3.52
Sm 1.53 1.45 0.90 - 2.45
Th 1.31 1.31 0.79 - 2.01
0] 9.04 1.60 0.19 - 5926
Yb 1.50 1.46 1.00 - 3.04
Zn 5.35 5.35 0.53 - 1692
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Fig. 7. Element concentration of soils (unit in ppm) and enrichment index in the study area. (a) As; (b) Ba, (¢} Cr; (d) Mo; ()
U. Dotted part means the area covered with black shale and slate.
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Fig. 8. Perspective enrichment index map of soils in the study area. Dotted part means the area covered with black shale and

slate.
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