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ABSTRACT

The study of geochemical characteristic

for stream sediments in the Hadong area.

Hong, In-Hee
Advisor @ Prof. Park, Young-Seog
Department of Resource Engineering

Graduate School of Chosun University

The purpose of this study is to get geochemical characteristic of major, minor
and rare Earth elements in Hadong area so we can estimate the environmental
contamination and understand geochemical disaster.

Stream sediments samples are having no possibility of contaimination effect
and representing drainage basins composed of uniform geology. Stream
sediments is reservoir for heavy metallic elements as a heterogeneous complex
of several different particles. Also stream sediments is well reflected the natural
environment. So we use stream sediments in this study.

The samples are got over 100g by wet sieving under 100mesh(=150um)
along the stream system and dried slowly in the laboratory and rub in to
under 200mesh using the alumina mortar and through the XRF, ICP-AES, NAA
analysis we earn contents of major elements, minor elements and rare earth
elements for geochemical natural background.

1. Contents of major elements.

SiO2 contents is 41.6~57.8wt.%, Al2Os contents is 14.8~19.8wt.%, Fe:Os is

_iv_



5.84~10.8wt.%, K>0O contents 1is 1.60~3.79wt.2%6, MgO contents 1is 1.27~
3.84wt.2%, NaO contents is 0.37~2.14wt.%, CaO contents is 0.63~5.37wt.%,
TiO2 contents is 0.74~2.02wt.%, P20Os contents is 0.14~0.63wt.2%6 MnO contents
is 0.07~0.16wt.%.

2. Contents of minor and rare earth elements.

Cu contents is 64.7~133ppm, Pb contents is 265~37.5ppm, Sr is 95.0~
675ppm, V contents is 1.60~3.79wt.%, Zr contents is 51.0~135ppm, Li contents
1s 27.3~90.0ppm, Co contents is 15.7~29.5ppm, Cr contents is 79.6~153ppm, Hf
contents is 6.66~29.7ppm, Sc contents is 13.4~27.1ppm, Ce contents is 102~

360ppm, Th contents 1s10.6~82.4ppm
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Fig. 1. Geological map of study area.
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Fig. 2. Sampling sites map for stream sediments in the study area.
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e Al 7

A Eehzu 94 PE Py

© ICP-AES)E&

nZFEY AL Fo|A Cu, Li, Pb, Sr, V, Zririre

21 7] (Inductively Coupled Plasma-Atomic Emission Spectrometry
o] &3to] TAS AAEHIL, o] EAV|7|= Z#H 2 Jovin-Yvon EquipmentAR£]
Jovin Yvon JY-38 plus®] t}.

nEdsr W IEFAAL FolA Co, Th, Sc, Ce, Yb, Hf, Eu 59 44252 =
AR AR B4 (NAA)O o8 248t ol T2 AL sfuz A=

(Hi-flux Advanced Neutron Application Reactor)Z ©]-8 3} 1L,
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4. FFEA B NI A7 B

i

A PR GR FYRALTY ATANH 5L sees] Aste] B
AFA LA AATE 4TS 1R FA HAR tekel e BAL ANFHY

ow, FAEAAL] A A= Appendix 10 55353t

steA g sHgEAE] FALdEL THE dyEd, Si0, FHES 416~

57.8wt.% 9 WHE Ko Ao, AlOsv= 14.8~19.8wt.%, Fe:O3 5.84~10.8wt.%,

=
3

K20 1.60~3.79wt.%, MgO 1.27~3.84wt.%, Na:O 0.37~2.14wt.%, CaO 0.63~
5.37wt.%, TiOs 0.74~2.02wt.%, P20Os 0.14~0.63wt.2%, MnO 0.07~0.16wt.%°] H<|

£ HAY(Table 1).

Table 1. Abundance of major elements for stream sediments in the Hadong

area(unit @ wt.%).

Elements| SiO2 AlOs Fe:03 CaO MgO KO NaO TiOz MnO P20s

Min 416 148 584 063 127 160 037 074 0.07 0.14
Max 578 198 108 537 384 379 214 202 016 0.63
Average| 495 175 870 190 234 260 108 110 012 025
STDEV | 381 115 143 09 069 055 038 023 0.02 0.08
G.M 494 174 860 167 224 255 102 108 012 0.24
Median | 49.3 175 9.02 191 247 244 1.00 1.08 0.13 0.23

Average : arithmetic average, STDEV : stand deviation,

G.M. : geometric mean
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Weh B oATelAdE AT AR FEGe Tos PHOR e
TFATEEEY Hd FHFE Si0r 494wt.%, AlOs; 17.4wt.%, Fe:Os 8.60wt.%,

KoO 2.55wt.%, Na:O 1.02wt.%, MgO 2.24wt.%, TiO: 1.08wt.%, CaO 1.67wt.%,
P205 0.24wt.2%, MnO 0.12wt.% ©]t}.
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FAEda7red $3, F4 2 ARG AT xR Si0E o] &5t

%A TH(Hendricks et al, 1968). FA U4 2 HAE7HY AABAE EA] st Bk
A

thH(Fig. 4). SiO2 ¢ FA4& 9

o A#A#HAAE AHHEWH FeO3, MnO, MgO CaO,

TiO2, P:0s = 054 ()] #AE HolH, KoO = 082 %2 H(+)o] AAS Hol

H ALOA TS S #AE HolA Fdth(Table. 2)

Table 2. Correlation coefficients of major elements with stream sediments

in the Hadong area.

Si0 AlO3 Fex03 CaO MgO K-0 Na»O TiO. MnO P»05
Si0O2 1.000 -0.162 -0.633 7 -0.528 -0.529 7 0.808 " -0.320 " -0.493 7 -0.685 " -0.483 "
AlO3 1.000 0396 " 0176 " 0.210 -0.143 0.058 0.373 " 0.046 0.258
FexO3 1.000 0493 07157 -0.722™ 0363 ° 07437 0756 7 0.132
CaO 1.000 0.881 " -0.656 " 0920 04527 0560 0504 "
MgO 1.000 -0.689 " 08157 06147 07037 0.336"
K20 1.000 -0.503 7" -0.491 " -0.69¢ -0.380 "
Na»O 1.000 0.329 0.489 ™ 0415
TiO- 1.000 0.581 " 0.224
MnO : 1.000 0.341 "
P.05 1.000

% Correlation is significant at the 0.01 level.

* Correlation is significant at the 0.05 level.

- 17 -



) L A|203 12 — F9203
A + A A A A
e i PRy I
= L A A A - A
=1 -~ Fry A 9 A A
= A A A 2 N
L A A A A, a A A A
A A A = A AA
15— A A
6 M:
C ! ‘ !
6 =
| - Cao | Mgo
A A
. 3.6 —
4
A L A A
= A
= L A A A ““ A
= 4 55 24 |- ATA A A A
Lo aad A A, A a0
A A r AL A 4,
| i, L. L A “ad 4
a ot A :
! s ! s k !
5 3
K20 L NajyO
.
A
AAA A = A
= AAAA A 4
— 3 A -
] s U
A A A 4 L L Aaa A A 4
A
2 | Mg aa X A A AMAA*
- r A
! ! !
2.0
Ti0 016 — A& A A A Mo
A A
15 I A& A A A A A
= N a A
= RN }m‘ 0.12 — A A M A A
= A vy A AA A A
10 A A + A A A
VS .
ar A 0.08 — A
A
05 ! ! ! ! [
0.8 40 44 48 52 56
- Py0s Si0
0.6 [— A
. L
- 0.4 — A A
T
A A A, AAAA A
0.2 A& et sl a
! ! ! !

Fig. 4. Harker diagrams of major elements against SiOa(wt.%)

for stream sediments in the Hadong area.
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i

12 FREULE ATHHH 54

4.2.1. A (Fe203)

A(Fe00)E vharkarg Fol F0we) Ruagon 437 Bd¢ F3 s,

—

dnbdo=m A - FA - 297 & A7 el FH ¥ (Levinson, 1974,
Taylor, 1964; Turekian and Wedeohol, 1961). A% &A1z} &k 5% 7% o]
t}.(Taylor and McLennan, 1995) dHFA Q1 A3to Al A (FexOs)2

A A wAs, Bed madE A5 A% FeS0.E %

_V‘Li L
i)
il
o
ox
o
I
=2

zZk Alg Aol wel AduE A= 5.84~108wt.% RHE Hu. TehE A

rlr

HFe0:) 927 & Aol va w2 &S BHola e A9 HD-37(3t&

o

AR BN ARG ALZA HB(Fe0:) FFE 108wL%E FEAY 3

o
i}
N
i
=
B
2
ol
o
|
B
o)
D
N
@)
<
1o

71et el 860wt %R 2 (12 B
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127° 35° 127° 4%

35" 15°

Fe, O,
13.0

11.5

10.0

— 7.0

— 5.5
(wt.%)

35° 0%
127° 35 127° 45°

Fig. 5. Contour diagram for Fe:O3 contents of stream sediments

in the Hadong area.
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4.22. Z#(Ca0)

Z4(Ca0)= AHA T T34 & 724 24FE=Y FARES olFEE 97
Aot 2d71A gl F-315 o] lth(Levinson, 1974; Taylor, 1964). 3% W& =2}
sharo 42% 8 FEZ = anorthite, pintadotite, scolecite, mayenite, grossular,
monticellite, 34 Fo] dom, 7 AR5 we} A H A= 063~
537Twt.% WS Btk 7]shH 2> 1.91wt.% 0] .

Z#(Ca0)d a7 & Aol vle] =& TS Holil v A9 HD-22(3)
s oswE et FoE Ako] F)elA AT A EEA ZAE(Ca0)d FES
537wt %= 5 A egE A& St ZAw(Ca0)e 7lstE ¥ 1.67wt2%H

= Far@uol ) ol UTh(Fig. 6).
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127° 35° 127° 45°

Fw ) 35° 15
— a7
CaO
5.2
3.7
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Mt. Gujae Bong : 0.7
(Wt. %)
35° 05°
127" 35 127° 45°
[ |
0 2 4Km

Fig. 6. Contour diagram for CaO contents of stream sediments

in the Hadong area.
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4.2.3. v} 1Y% (MgO)

o

N5 RA 2gPRY FHYRS o] FHE

- A=y A=

Lok

ok 2d 5 (MgO)= AHEA 3 F
A7NAASH 271Gl F3E o] 9t (Levinson, 1974; Taylor, 1964). 4% o
FA 2zt e 42% +2 FEZE anorthite, pintadotite, scolecite, mayenite,
grossular, monticellite, a4 So] glow, ZF AR X o wg} AAMAXE= 1.2
7~384wt.% HAE Bn 7]ehH & 2.24wt.% o] t}.

savlEMgO)H a7t & Adel Hls) e FHFS Holu e A9
HD-22(8t 5 el ok Foie] Abe]l 7)), HD-37(st&x #&% )] Aa=
A Zb Alme] FeFo] 3.84wt.%, 3.83wt.% = st A Y SHAE A Eo| EAlste v
U+ (MgO)el 71t el 224wt.% Rt 1.78] o] &2 TS Holi glth(Fig.

7).
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MgO
4.3
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— 1.0
(wt. %)
35° 05°
127° 35° 127° 45"
)
0 2 4Km

Fig. 7. Contour diagram for MgO contents of stream sediments

in the Hadong area
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4.24. Z%(K:20)

ofo
ofy
=2
jutnt

N

& F7F ®@a, kv 2
Hog2 A7 ISR g o F3b " u(Levinson, 1974; Taylor, 1964).
ZE2 AEA N &3, AA ZHFK0)0l FFdAY gz o4

o7l A A I 2, AR HE, TE, AE&EFEHo A= A

¥
e,
o
rd
e
o
Z
o
iy
il
filo

dZETo) A2 F AHHA LT o, 1996).

ZHK0)E RE AHA7Z fForg FQ2ss IF-d9LAsE EFyn, =48
oy ZE(K0)Y FE7F AUXA Zowd AEAE wl$ %35tk (Merian,

7t AseAe wE AAAA=1.60~379wt.% WHE Helvh V|EE i

2.55wt.%°] t}.

o
=

i
ol

25 (K0)Th2 2o H]af =2 Hola Qe A9e HD-47(8t5 A
o AT H)e AlmzA 7z A 89 o] 331wt.%E A Y FAAEHAE

of EAlste ZEFK0) 71ekE el 255wt.% R Th 1.38) =& TS Holal 9f
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127° 35° 127° 4%

1.4
0.6
(wt.%)
35° 05°
127° 35° 127° 45°
[ I
0 2 4Km

Fig. 8. Contour diagram for K2O contents of stream sediments

in the Hadong area.
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4.2.5. Y E F(Na20)

HEFNaO)2 AeAel Basttha AAA = dao]

L2
A2y e 39%(Taylor and MclLennan, 1995)0]th. Y E & (Na0)< | ¢k
=

FEF(NaO)ol the Aoje] ma] xe& FF& wolm Qe A HD-223%

T Bulesh FE Abe]l Ryl ARZA 7 AR FeFol 210wt%E FHEA
o SEAR EAE YEFNa0)S /1HAT 1L02wt6mth 17w o4
e Foe moln 9vh(Fig. 9),
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1277 35° 127° 45"
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Fig. 9. Contour diagram for Na»xO contents of stream sediments

in the Hadong area.
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4.2.6. ©1(TiO2)

El BH(TiO2)> A E Ao =43}

o

i A AA = daolH, TEHoE

A
u
i)
By
=

AAZE AN FE2AL ol FHE A/t Bk ERHTIONES 349

oX
5
(it
=

T oS F(Merian, 1991; Reimann and Caritat. 1998) A% o &

)
N
2

05%%t+ ¥ 3 (Taylor and McLennan, 1995).
EJ&H(TiOz) 0] wx3t= A JeAe= EHEHTION® FFE7F F7Fshai(Hutton et
al., 1972), A zte] #3124 Fol EEN(TiO)2 HIFug JrAEd 74 = ol H)

A Role FEsb A4 ges AAdn

N1

WA gol gEd gow ot

¢

(A2 A4, 1996). 28 Az Aol weh AAu) A 2= 0.74~2.02wt.% M S
Belrh 7]8h 32 1.08wt.%°] o},
EEHTiO) U a9 gol th2 A9 Bt} =7 Yeld A5+ HD-44(35+ 4
od FdE Bl AHE AREA HE(TIONS FHEFel 2.02wt.2% = dFs A
SAE AR FHEdE HE(TIONS 71at3 7l 1.08wt.%H Tt 2 A E =2
s Hola dth(Fig. 10).
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Mt. Gyun n@
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Fig. 10. Contour diagram for TiO:2 contents of stream sediments

in the Hadong area.
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4.2.7. 21 (P205)

AP0:) ol dAANZAM 7HE =7 e A9 HD-26(sk5w Alvhe]

o 121 0.24wt.% B.Th

35° 15°
P205
0.6
0.5
— 0.3
—'0.1
(wt. %)
05"
127° 3% 127° 45°
[ |
0 2 4Km

Fig. 11. Contour diagram for P>Os contents of stream sediments

in the Hadong area.
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43 MFALE 2 HEFAL

AT E A EEAE el EAsts vE B AEFAdLY X

A

42 2] A5tel FEAT Behxvl A4 ¥E BBEAICP-AES)E o §3

=
FAdx L SEFAL o

of F 47719 Azl tE]l BA4S AAEA I, T 7
Al A3+ Appendix 20 453} T}
4.3.1. "FLdA U JEFLL H FF
St AY SHAEAEY nHFdLAE SHFS AP Cu 164~41.2ppm, Pb 26.

5~375ppm, Sr 95.0~675ppm, V 64.7~133ppm, Zr 51.0~135ppm, Li 27.3~
90.0ppm, Co 157~295ppm, Cr 79.6~153ppm, Hf 6.66~29.7ppm, Sc 134~
27.1ppm, Th 10.6~824ppmA =2 HHYE Holy, IJEFUALSA Ce, Eu Yb U

it

L Z+7ZF 102~360ppm, 1.08~2.06ppm, 1.57~8.74ppm < KX o]l 9t} (Table 2).

stsA Y SFEAEY vFdAY FFE dAEY VeE TGS o] &5t n
wafE Ax(Table 2), Sr 927F Hi 203ppml & 714 Be IS Hojxw 9o
W I tggoZE Ce 157ppm Cr 121ppm, Zr 93.6ppm, V 93.4ppm, Li 57.5ppm,
Pb 32.3ppm, Cu 27.4ppm, Th 26.4ppm, Co 21.3ppm, Sc 18.0ppm, Hf 11.2ppm <

oR RES}E Ut AOE AT

e
ol

sts Ao sHEEAEANA JE

_IE_’_
157ppm, 1.53ppm, 3.54ppm o = & =] 9t}
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Table 3. Abundance of minor elements for stream sediments in the

Hadong area(unit of ppm).

Element Min Max Average STDEV G.M. Median
Cu’ 16.4 41.2 27.8 27.4 274 277
Pb’ 26.5 375 32.4 2.25 32.3 32.0
Sr’ 95.0 675 230 125 203 205
A 64.7 133 94.9 16.5 93.4 97.2
Zr 51.0 135 95.8 20.1 93.6 95.8
Li° 27.3 90.0 59.9 16.2 575 66.4
Ce™ 102 360 167 61.8 157 157

Co” 15.7 29.5 22.3 3.85 21.9 224
cr” 79.6 153 123 19.2 121 123
Eu” 1.08 2.06 1.55 0.23 1.53 1.61
Hf” 6.66 29.7 11.9 5.03 11.2 10.2
Th™ 10.6 82.4 29.4 15.3 26.4 27.2
Sc™” 13.4 271 18.5 4.27 18.0 17.9
Yb™ 1.57 8.74 3.87 1.72 3.54 3.70

Average : arithmetic average, STDEV : stand deviation
G.M. : geometric mean

*  Number of samples = 38 #*  Number of samples = 20
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Fig. 12. Histograms of minor elements for stream sediments

in the Hadong area(unit : ppm).
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continued Fig. 12.
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W
P
S
lo
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o
2
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B
ek
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o
B
lo
Y
off
I
X

Rb, Zreo =& F718kH, Ba, Ni, Sc ¥ Sro e Juddow Hrstes A
S Zr=g (o] d T 9], 1999).

H] 2

R

22 FEFIAS 9 HFEUA S0, o nHEHYA F IEFAASY A

sl

#AE H¥EA Co, V, Sc, Cu, Sr, Li, Yb, H&2 04~05° F(-)o #AE

KXol Pb, Zr, Ce, Th, Cr, Hf, Eu A& 533 #AE HolA & 3th(Table 4).

Table 4. Correlation coefficients between SiO2 and minor and rare earth elements

of the stream sediments in the study area.

Cu Li Pb Sr A% Zr Ce

-0.381 " -0.447 0.092 -0.465 " -0.684 " -0.074 -0.286

Si0, Yb Th Cr Hf Sc Co Eu
-0.392 -0.073 -0.029 -0.029 -0.479 " -0.617 0.059

#x Correlation is significant at the 0.01 level.
* Correlation is significant at the 0.05 level.
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continued Fig. 13.
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N
N
=)
o
(o,
P>
)
ot
f
i
(o,
P>
e
D)
=y
]
%
2
[
oX,

44.1. 72 (Cu)

T Cwe dx4de 154
A ket R RE R Ho yon
Xt (Wager and Mitchell, 1951).

A71A mante] %7] AA Ao

[
1o
Ry
ajl
s
o
fu

g Bl By & g 542 7

T (Cwe EE Aol Zag vFdiz FRrEART OF AHFHAsE 540
&

Tele] AgE AT 5 o] o] A oAM= AFol s HAAE A H
o] $frAAte]l WA= ‘teart AW S LA 7] 7] = FrH(Fergusson, 1943).

- 5 Azl A 25ppm, Bl A 2~100ppm, 3 el A 10ppm, Al Ll A=
50ppm(Levinson, 1974; Taylor, 1964; Taylor and McLennan, 1995, Turekian and
Atk 2 AlgefAel mel AR A A= 164~

27

Wedephol, 1961) A% g5 o
41.2ppm WM E Bt 7|eH 2 2

9 HT g 20ppmA
Lotk EYFe Hy FHET =2 IS Holi Ut}
T (Cw7F g2 A9 Hd =2 e Hola & A9 HD-26(3F

Atgl ¥, HD-36(3%

HJ
o,
o2
rd
2
N
o2
-
rl
=
2
A
>
il
o,
i
oft
o,
I
—
(@]
o
3

40ppm= st A9 SAAE A S EActe FE(Cwe g Hrel 27.4ppmKE.th

il

15w} o] E2 FFS Woli vk(Fig. 14).
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Fig. 14. Contour diagram for Cu contents of stream sediments

in the Hadong area.
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4.4.2. % (Pb)

$(Ph)e FFEHoR FHEFEdiolu. A Azl A1 20ppm(Taylor and

=
E=3
o] Fel Wol Rof 3l

zk Alg 9 Aol wEt AAv)E A = 265~375ppm WA E EQlth 78k (G.M.)

o
McLennan, 1995)¢]| X5t E ¥ = Adid oz 55

2 32.3ppmo|tH(Table. 2). H A& SA7]FXQ 40ppmEtt W ks Holx
At

F(Pb)o] thE Ao nle = FFE Holi v AL HD-31(E 5 -7
g k& R)A R dhEFo] 372ppm o2 dlE A Y S E A E =45 F(Pb)

=
of Wt kel 3233ppmE T E=2 TS Hola glow HAEZ e 9rEAY

=
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Fig. 15. Contour diagram for Pb contents of stream sediments

in the Hadong area.
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2ERFE(SrY o]2whA e Ca”(1.21A)9F K+(1.46A)9 &3+A7] oluz Z43

Eo| 38 T ZHEFE TIHEYMason and Moore, 1982) wp1m} 28 o

=

AEZFHOnNE F7 dAo By AA" Edo Buw) mug W3ty 37t
(<300ppm) ol 4714 A (<450) K th= T4 9 (eF 500ppm)oll F3tE = o] o

=)

, B3] AFFeol A =2 (eF 1000ppm) A o= 4# A 9t (Wedephol, 1978). uie}

N

I T4 spakete]l = AAuA A9l 144ppm (A1 H 5, 2001e). ZF Al 59X ol
EER

AEZE(Sr)o] g2 Ado) nle =o S Holu 9= A de HD-14(5F

r
k)

W7 2= 95.0~675ppm WS H otk 718 S 205ppme] T,

T FdE Fd F2), HD-16(3ts ¢ F
v o Althe] Ake] F+%), HD-23(shs

(Bhs el o=z 7 Alse] gheko] 473ppm, 458ppm, 675ppm, 471ppm,

e HeFosE] ®3), HD-22(3H5¢ ¥
o}

o
T s At Aol ), HD-26

482ppm= StEA Y SHAEHA E EAlste 2EEFGnY W FF 203ppm

By 2~3374] ol w2 FFS Hola Uvh(Fig. 16)

- 44 -



127° 35 127° 45°

35" 157
Mt. GyTh Bl@
< Sr
O

665.0

470.0

2735.0

—80.0
(ppm)
35° 0%
127° 3% 127° 45°
I 20
0 2 4Km

Fig. 16. Contour diagram for Sr contents of stream sediments

in the Hadong area.
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4.4.4. WtE(V)
Mg (V) & A4 P94 RS2 Ao FHom Ao EA5A do F=

t}.(Condie, 1976; Eade and Fahrig, 1973; Nicollet and Adriambololona, 1980).

Vel o] 2WbE2(0.61A) Fe''(0.654)9k AL obA, 7] whavl g5 F
AE AEAR A -etadlg e FE WY H2e &8 A 3e v (Curtis, 1964).
v SASH A Stel mla dUIA Gl 5ERA R
Y -gZdYy - EHololEF S AT 27] mpantd S A
It} (Taylor, 1964).

U (V)S AFH(20ppm) 3 A1 3] 9 (15ppm)oll A skar, Al Y (130ppm) s o] 2 oFoll
A dAEA = 379 Q20ppm)ol = A A i ¥ tH(Levinson, 1974; Taylor, 1964;
Turekian and Wedephol, 1961). vlUYE2 T2 &3 <A 2o FHYSA =
AstH F71AW AFEe vivbES AW AZIAReE FH 2B E Zefol feldt
i, ubuEe] Age 2% 279 A AT 7AH HEIENY FEE A
SA (A A A3 A, 1996). 28 Als Aol whet AAu] A A= 64.7~133ppm
HOE Holw 7|53 T3k 97.2ppmeo] Ul

v (V)el b8 Aol Hlsf =2 S Holil 3+ A9 HD-22A4 59
$hFol 133ppml & FE A S E A = EAlstE BmbuE(V)e] Wt el

93.4ppmE. T} 148) ¥& kS Holx 9l tH(Fig. 17).

_46_



127° 3% 127° 45°
35 1%

M@jae Bong
A

140.0

95.0

— 50.0
(ppm)
3% 0%
127° 35 127° 4%
 —
0 2 4Km

Fig. 17. Contour diagram for V contents of stream sediments

in the Hadong area.
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4.4.5. 2 €(Li)

JELDS €28 aH502ZA4 AAYio|th. #Y S A Fdntant Ad
d ds GG ARG R AR fETEe] HAH R Frkete AEE
7F e (Vlasov, 1966). &l Feo] $5¢ 34 Azte] AAS IAAA 7= &S 3
U, Azg A wgo] AlEel A $- T
1996). @l AEA ] Zod vFdrz EFIY, 2 TF50 vl 54
°kgk ¥ o]t} (Merian, 1991; Reimann and Caritat, 1998).

g SFA el 20ppm, 3H el A 30ppm, = FolA 5~00ppm, Aol A
15ppm, 3] ¢kell A Sppm, ALl 60ppme] FFE  Z=th(Levinson, 1974;
Taylor, 1964; Turekian and Wedephol, 1961). Z+ A& 9 X o wz} =dAu] A A=
27.3790ppm WS HAT 7|5HHF L 57.5ppmeo] t}.

gE Lol o Ao Hg w& FFS Holil e A9 HD-6(EIsT &

5

FE ¥, HD-11(E 5% $% #+2), HD-28(3H 5 A1)

ich
4z
ry
an
)
0
£
_0|L

o FAE ) A4 A= §%F 72ppm, 77ppm, 90ppm, 7lppm O = SHE A a4
HAEed EAste g H5(@L))Y B ] 575ppmE T 1.2~1548 ol =&

Fa Hola AtH(Fig. 18).
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Fig. 18. Contour diagram for Li contents of stream sediments

in the Hadong area.
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FWE(Co)e FFZo|n 3HUrolty Coole&e o] &=7(0.74A)E Fe’o]&
(077A)7 A Zom @ Co'e Fe'stdEgo 91450 ot 18t} CoFed H|
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Fig. 19. Contour diagram for Co contents of stream sediments

in the Hadong area.
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Fig. 20. Contour diagram for Cr contents of stream sediments

in the Hadong area.

_53_



S
ih
rf

1:50,000 sheAFE=Fol A AAT FFE A= gl W ATstes SAHAT

Si02 FrEFo]l 41.6~578wt.% WHE Holi 9low  AbOz 14.8719.8wt.%,
Fe:O3 5.84~10.8wt.%, KoO 1.60~3.79wt.%, MgO 1.27~3.84wt.%, NaO 0.37~
2.14wt.%, CaO 0.63~5.37wt.%, TiO2 0.74~2.02wt.%, P20s 0.14~0.63wt.%, MnO

0.07~0.16wt.2%2] HelolH zZ+ x| AAn) 7 X = Appendix 1o #|A] g},

2 A EAEY Vg EYEAE B ERFALY] TS

Cu 164~41.2ppm, Pb 265~375ppm, Sr 95.0~675ppm, V 64.7~133ppm, Zr
51.0~135ppm, Li 27.3~90.0ppm, Co 15.7~295ppm, Cr 79.6~153ppm, Hf 6.66~
29.7ppm, Sc 13.4~27.1ppm, Th 10.6~824ppmA =2 WH S Holw FEFHU2
Ce, Eu, Yb 94452 247 102~360ppm, 1.08~2.06ppm, 1.57~8.74ppm<e] ' ¢ o]
W zh A AA ) A= Appendix 20 A A] @

3. FAE 429 AnEd I ol ARAY,

2+ (Ca0) HD-22(3t &« svie] el Soie] Atol-)olA AF T Ale=zs Za
(Ca0)9] &2 53Twt2% = e A9 o H Azl EA4st= 2w (Ca0)el 7]8H%
TQ 167wt 2% BT =2 TFF@ulol ) Holi 9t

v MgO)H a7 e Agel Hlel =& FEFS Hola e AY9E
HD-22(3t & Fulgl 9t Foigl Atol¥-<), HD-37(Gt& v &% F)9 Al8=
A ZE Alse] ghEFo] 3.84wt.%, 3.83wt.% =2 tE A9 A E A Eo| EAStE w1

& Mg0O)el 7188l 224wt %8 th 1.79) o] =2 &S Hola slvh.

_54_



JEE(Na0)ol the Acle] wa L
T Folesh Foe Aol ARE
SR EAE JEFN20)® Z1GH T Lo2wtosrnth 179 o4 Be

i

#Zo Holiu Y A9 HD-22(3%F

>

7 Alg e ko] 210wt% 2 s A o

ElRH(TiO) ¥ 9] o] b2 A9 ®Ht} =74 Jeld A5 HD-44(35 3 3
G Bl AFHE AE2A EE(TiONe gl 202wt.%= 529 45
A& FH¥odE EE(TiON e 718t el 1.08wt.%Ht} 20 A= =2 dFS
ol glth,

A (P20s) 3 Fo] AAA =l A 71 =4 veEbd A 92 HD-26(3 5 Aloiz]
Z)olm FHFL 0.63wt.% 2 sHEAY FNEAE] HdE 7]skH Tl 0.24wt. %K T}

25M 01} w5Ho] = Aoz dFHAY

=2,
=
gl_"
e
Mo
ot
o
o
4
o,
&
e
rr
N
12

2 HD-26(3} %
AdEl H), HD-36(3t 5w Hd™ AFd HFE2)olA 7 AJg9] shako] 41ppm,

40ppm= 3FF A Y S E A E EASE FE(Cwe % Wil 27.4ppmH.th
H

W (Pb)o] tf& Ao Hg)] =2 TS Holil = A9 HD-31(8s 7 54
A& A= H(Pb)
HAEY 2d7l+=Ad
40ppm K th= A RE A &2l yhzbo] I g skt

ZEZF(Spo] t& Aol Hls] w& FFS Kol e A9 HD-14(st#F
o e e ), HD-16(st s Fiiel o oFFH 2, HD-22(3ts < &
wfe ok Tdie] Abo]R), HD-23(st&w Fwieleh Foje] Abol¥-<f), HD-26, 7
Alz o] gFeko] 473ppm, 458ppm, 675ppm, 471ppm, 482ppm= SF& A 9 A EH 4

=
of At Z2EEF(Cr) H T 203ppm%Ett 2~337H) o] =L T

_55_



gl &5 (Li)e] o

R
.

Bl %<3, HD-14(3Hs Tdie o) A 9ol A

o
T

ok
=1

ok
=1

‘_n_—.mo

27.4ppm, 285ppm< H.o] i It}

1o
N~

A

—~
o

°]

1
fu

I Crol &4 =7 2o

9]

o ¢

ez}
™

of

)
%

ﬂ,.od

b5 o o

S

yoll A 29.7ppm &

T gl 112ppmKE Tt oF 27THIAE =&

3
1o
il

B/

ol ¥

s Eg=

sF9dar, o]

2 AAuAAZ 2%

Al B9 Aol

~

o

4

o

uE
o

=K

B

g
W

B

b

_56_



oy © ! ol K e
DU = 0y o .
RS — G <! 3 &
~ T ol =i .
. 0 o OTC —
g L o= s S
K e T s = < S S
— N o N — N
“m = = .‘_O_l = N : 1
G4 g o X w B “ F 2
R . : : - ; - — (&N
Tew X . EoZm  E B
IR g | T X S T 0 = &
x ¥ox B < e S do S W =
X — . - £ ot A E S -
wr X = A - — i oo - = S
_ - =1 o XM T 3 . o T S
o P iy - =y 3 il F O g W
X° 0 N . jmy . . | pat T
H 3 N % W i N_.o % ~ = o_.e N . g
o JIL ol CRSS N y I - Mo T & n_-_u N
X oF o / I S U ¥
ﬁ.._ 2 ~o TFL e . 7ﬂ 2 _sz HT
el X =T <t o N S ﬂAIL ‘.L._l =
b 5T KIS W e = L e
" i & moo ! v 9N oz oo ¥
M mu_ TR % % uﬂ_ - = m ﬂdm & Jmo T mﬂ
X o_l o e foace] ; Goll ‘_a.Ju ol
e SO A ° Hooa p o
K r n - o
o I\ 2 ~ 3
=Y -~ i = = o
Mo R . - X E .o c
Ny % %o HoT g = d T D
A M Ex: T g L iefo = QX o X ox X E S
o S~ o =0 B o 0o .y
Ho I - SN S oF N = .
— L -~ (@) - T o ]
w N oxow O R © 5 o .
2 - 1_._v . \_ﬂvﬂ — N . ;,Mﬂ ,;Mﬂ o ‘_ﬂo_/v‘._ N ‘_ﬂo_/v‘._ (@] m ml
FoAE R IR NN B & o T o -
AT =} No S I Mo . X ol i= = O ort)
A TR i L o w W oK =
oF % o N o ¥ S - = RN -~ = W
] YR R N . X .= ~ X o —7 > . 0N 0 o
T o 8T R T e ®E S g p
B . o [T W= e o T : oA A
Mo Mo of- = o S 7
. 0 4 G [ o R 75 NL
= ~H ‘Dr N 1%.0 ‘Nﬁ =r " — SR Z..* Qﬂ O mt % UT._ N N M 2
° Mo P T g0k T % S
- - - -~ - - - - B~ T fonc
T m T I S R .owm " I wﬂ @M _ﬂu Mm
— 4 fonc s - — 8- s ) ~ R
AN EEEEEEEE RN
e R~ R A= 4 N U o - X N X
. i © mYw o g e
—~ o o ~ Lo S ~ o0 S = = =

”
’

Koval, P.V.,
“A  Global

Xuejing.,

Gustavsson, N.,

B,
and Xie

Bolviken,
M.
- 57 -

International geochemical mapping: a new global project
Tauchid,

A.G., Bjorklund, A.,
Steenfelt.,

JA,

Journal of Geochemical Exploration, vol. 39, p. 1-14. 1990.

14. Darnley, A.G.,
Plant,

15. Darnley,



16

17.
18.

19.

20.

21.

22.

23.

24.

25

Geochemical Database for Environmental and Geochemical Mapping”,
Final report of IGCP Project 259. UNESCO Publishing. 1995.
. Davis, B. D. and Ballinger, R. C."Heavy metal soil in north Somerset,
England with special referance to contamination from base metal mining in
the mendips”, Environ Geochem. Health, v.12.p.2917300. 1990.

Fergusson, J.E. Journ. Agric. sci., v.33.pp44751. 1943

FOREGS (Fourm of Euroupean Geological Surveys)., “FOREGS Geochemical
mapping field manual’, Geological Survey of Finland Guide 47, p. 1-36.
1998.

GNHPR (Group for Natural Hazard Prevention Research)
http://gis.paichai.ac.nj/geochem. Korea Institute of Geoscience and
Mineral Research. 2001.

Hendricks, D.M., Whittig, L.D., “Andesite weathering II. Geochemical
changes from andesite to saprolite”. Journal of Soil Science, vol. 19,
p. 147-153. 1968.

Hutton, C.R., Twidal e, A,R., Milnes, A.R. and Rosser, H., Composition and
genesis of silcrete skins from the beda Valley, S. Acrrona Plateau, S.
Australia Jour. Geol. Soc. Australia 19, 31-53. 1972.

Levinson. A.A. ’Introduction to Exploration Geochemistry”: Applied
Publishing Ltd., Maywood. p.614. 1974.

Mason , B and Moore, C.B. "Principles of geochemistry”, John Wiley Sons.
Inc. New York, 1982.

Merian, E.(ed). "Metal and Their compounds in Environment: Occurrence,
Analysis and biological Relevance”. VCH Verlagsgesellschaft, Weinheim,
Germany, 1438p. 1991

. Reimann, C. and Caritat, P. "Chemical Elements in the Environment”:

_58_



26.

217.

28.

29.

30.

Springerverlag, p. 398. 998

Taylor,S...,” J., “Ecological evaluation of proposed discharge of dredged or
fill material into navigable water”. Interim Guidance for Implementation of
Section 404 (b) of Public Low., p. 92-500. 1977.

Taylor, S.R., McLennan, S.M., "The geochemical evolution of the continental
crust”. Rev. Geophys. 33, 241-265. 1995.

Turekian, K.K. and Wedephol, K.H.,"Distribution of the elements in some
major units of the FEarth’s crust. Geol. Soc. America Bull. 72 1757192.
1961.

Vlasov, K.A. "Geochemistry and mineralogy of rare elements and genetic
types of their deposite”, Israel program for scientific translation Ltd, p.688.
1996.

Wager, L.R and Mitchell, R.L. "The distribution of trace elements during
strong fractionation of basic magma”, Geochim, Gosmo. Acta. V.1, pp.1727.

1951.

_59_



Appendix 1. Major element abundances for stream sediments in the Hadong area. (unit in wt.%)

Al & Si02 Al203  Fe203 CaO MgO K20 Na20 TiO2 MnO P205
HD-01 56.4 17.76 6.31 0.64 1.3 3.48 0.62 0.81 0.08 0.14
HD-02  55.15 14.85 6.17 0.88 1.33 3.08 0.87 0.74 0.09 0.22
HD-03 57.8 159 6.27 0.76 1.39 3.44 1 0.75 0.09 0.17
HD-04  51.23 16.47 6.32 0.99 1.43 3.35 0.67 0.76 0.1 0.24
HD-05  53.28 18.33 5.84 0.77 1.29 3.49 0.74 0.8 0.08 0.25
HD-06  49.32 14.81 7.28 0.88 1.48 2.61 0.79 0.87 0.13 0.22
HD-07 5361 17.78 791 0.77 1.67 2.84 0.72 0.92 0.09 0.17
HD-08  53.57 17.19 6.21 0.75 1.27 3.7 0.61 0.79 0.07 0.2
HD-09  54.19 17.67 718 1.03 1.61 3.28 0.78 0.97 0.1 0.18
HD-10  53.13 16.43 7.23 0.63 1.43 3 0.72 0.84 0.12 0.16
HD-11 53.4 17.12 6.66 1.19 1.45 3.21 0.77 0.82 0.11 0.19
HD-12  51.83 16.23 6.21 1.09 1.38 3.33 0.8 0.8 0.11 0.27
HD-13 5531 18.28 8.1 1.91 2.55 3.79 1.41 0.92 0.12 0.25
HD-14 49.3 18.17 8.19 3.25 2.91 2.28 1.43 1 0.12 0.34
HD-15  47.68 17.58 8.23 2.65 2.67 241 1.33 1.08 0.12 0.37
HD-16  46.76 19.24 8.21 3.15 2.52 2.43 1.6 1.06 0.11 0.32
HD-17  51.31 16.29 8.04 1.27 2.08 2.33 0.78 1.04 0.11 0.24
HD-18  51.22 16 8.38 2.82 2.84 243 1.42 1.03 0.12 0.28
HD-19  47.86 17.19 9.02 2.19 3.04 2.64 1.11 1.05 0.13 0.23
HD-20  48.69 16.38 9.42 2.65 3.28 242 141 1.06 0.13 0.19
HD-21 48.43 16.72 9.09 2.07 2.81 217 1.02 1.08 0.13 0.19
HD-22  45.83 17.21 9.7 5.37 3.84 1.6 2.14 1.31 0.14 0.3
HD-23  48.75 18.15 8.61 3.49 3.16 224 1.72 1.06 0.14 0.3
HD-24  50.85 18.81 9 0.8 1.77 2.39 0.37 1.2 0.11 0.2
HD-25  45.16 17.45 10.21 2.76 3.19 1.92 1.22 1.26 0.14 0.3
HD-26  44.49 19.8 8.87 2.89 2.68 2.06 1.39 1.24 0.14 0.63
HD-27  48.74 18.85 10.1 1.68 2.44 2.62 0.95 1.26 0.14 0.18
HD-28  44.64 16.89 10.57 1.85 2.36 2.36 0.95 1.25 0.16 0.19
HD-29 49 17.63 9.86 2.41 2.88 2.34 1.31 1.23 0.16 0.27
HD-30 4854 17.52 9.21 141 1.84 2.61 0.75 1.17 0.1 0.21
HD-31  48.98 18.74 10.58 1.6 2.16 2.44 0.92 1.28 0.15 0.27
HD-32  48.42 18.82 10.26 1.51 2.13 2.55 0.77 1.33 0.13 0.21
HD-33  50.38 19.12 10.15 141 2.05 2.79 0.81 1.27 0.11 0.26
HD-34  49.97 18.24 10.14 1.49 2.07 2.78 0.84 1.27 0.11 0.22
HD-35  41.59 15.89 8.92 2.15 2.47 2.01 1.11 1.09 0.16 0.32
HD-36  43.44 18.09 10.46 2.39 3.06 1.93 1.25 1.39 0.16 0.38
HD-37 5147 17.35 10.76 3.11 3.83 1.89 1.91 1.29 0.14 0.19
HD-38  42.16 16.72 9.64 2.11 2.7 1.93 0.99 1.18 0.14 0.27
HD-39  43.15 17.89 9.98 2.09 2.55 1.94 1.03 1.27 0.14 0.27
HD-40 474 16.18 9.4 2.88 2.75 2 1.78 1.08 0.15 0.26
HD-41 48.96 18.64 9.55 2.56 2.73 2.29 1.55 1.16 0.12 0.2
HD-42 4513 18.05 9.44 2.14 2.47 213 1.08 1.21 0.12 0.22
HD-43 4961 19.36 10.26 2 3.08 2.59 1.03 1.27 0.13 0.18
HD-44  50.24 17.13 8.52 222 2.87 3.01 1.27 2.02 0.13 0.24
HD-45  52.83 18.06 9.61 1.43 2.66 2.32 0.85 1.1 0.14 0.19
HD-46  45.18 16.99 9.61 1.18 2.05 2.02 0.81 1.01 0.13 0.19
HD-47  53.83 16.16 9.24 1.96 2.62 3.31 1.19 1.23 0.14 0.26
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Appendix 2. Minor and elements abundances for stream sediments in the Hadong area(unit in ppm).

A2 Cu Li Pb Sr \4 7r Ce Yh Th Cr Hf Sc Co Eu
HD-01 24.02 41.19 34.02 1127 73.11 93.28 102 1.95 19.4 123 8.78 14.3 16.4 1.7
HD-02 2774 3732 3026 1082 64.71 73.82 - - - - - - - -
HD-03 2283 6342 31.6 1235 64.84 9159 178 3.14 35.8 121 13.7 13.4 15.7 1.45
HD-04 2826 40.88 3338 1286 66.54 9547 - - - - - - - -
HD-05 29.48 4292 3466 1094 66.64 119.7 109 1.57 23 107 757 14.6 17 1.709
HD-06 2778 7185 30.76 1234 80.41 84.87 139 2.79 23.2 132 9.46 13.8 22.8 1.608
HD-07 2892 4327 3324 106.8 87.96 86.59 - - - - - - - -
HD-08 27 46.18 33.72 106.2 6732 61.39 - - - - - - - -
HD-09 2526 46.11 33.06 113 78.05 80.11 111 2.53 22.6 121 8.63 16 18.7 1.704
HD-10 27.62 44.88 32.02 95.02 813 9793 177 2.65 32.5 130 11 14.6 20.7 2.06
HD-11 2729 7698 3282 121.2 80.59 96.22 118 1.9 22.5 106 7.89 13.6 18.1 1.702
HD-12 2501 4476 3062 130.9 6554 99.5 - - - - - - - -
HD-13 2868 4232 3258 2159 8131 8571 174 4.12 26.4 110 10.1 16.8 22.8  1.608
HD-14 31.8 27.33 31.1 4725 9517 1057 - - - - - - - -
HD-15 2458 36.23 31.1 3483 9831 82.99 - - - - - - - -
HD-16 21.71 285 32 458.1 947  66.82 108 2.07 12.6 79.6 6.66 13.6 21.1 1.43
HD-17 2243 4292 2934 150.6 101.1 82.38 147 2.81 22.6 96.4 8.02 13.9 174 1.27
HD-18 2263 5456 2992 3416 9741 1132 - - - - - - - -
HD-19 2736 6891 3158 2559 97.15 1114 202 452 32.3 139 14.7 19 23.1 1.5
HD-20 2593 6584 30.14 321.8 106.2 126.3 - - - - - - - -
HD-21 27.14 68.78 31.84 247 100 103.8 177 3.81 28 132 12.4 20.3 24.4 1.42
HD-22 1749 5582 3096 6749 132.7 70.95 - - - - - - - -
HD-23 16.44 5994 3184 470.8 99.09 71.17 118 3.31 12.1 98.2 10.2 16.3 23.2 1.604
HD-24 2937 7783 359 1248 107 105.2 221 491 37 118 184 215 21 1.308
HD-25 3858 6377 30.7 3654 1194 79.21 - - - - - - - -
HD-26 41.16 61.96 34.06 481.6 116 93.23 143 2.53 10.6 94.8 9.09 17.1 275 1.805
HD-27 2765 7818 3488 193.6 101 75.7 - - - - - - - -
HD-28 31.82 90.01 265 1993 9504 69.01 225 6.76 36.4 143 16.8 27.1 25.2 1.607
HD-29 3028 7098 3434 276.3 1047 77.73 - - - - - - - -
HD-30 2893 7224 3492 161.3 92.06 8441 360 8.74 82.4 125 29.7 24.9 20.8 1.803
HD-31 29.14 743 37.2 152.3 9255 91.44 - - - - - - - -
HD-32 2854 4252 3686 1389 1001 5095 22-3 4.76 36.7 135 135 23.9 26 1.309
HD-33 24.61 8511 3754 167 86.76  95.82 - - - - - - - -
HD-34 2858 72776 3574 159.3 95.15 72.62 270 6.44 58.6 122 18 25.3 21.9 1.702
HD-35 275 7398 30.86 2161 97.69 9718 - - - - - - - -
HD-36 40.11 79.34 3358 2745 1262 1346 - - - - - - - -
HD-37 2477 69.38 31.46 317 117.2 1191 108 4.24 19.4 153 7.98 23.3 29.5 1.42
HD-38 29.15 70.19 31.8 2151 1083 1118 - - - - - - - -
HD-39 3146 7542 3262 2136 1082 1058 - - - - - - - -
HD-40 26.12 68.7 30.5 2959 96.49 111 148 4.76 28.7 144 9.57 20.8 26 1.11
HD-41 30.33 66.37 3326 259.9 102.8 1219 - - - - - - - -
HD-42 2776 6835 3222 2294 100.7 111.7 - - - - - - - -
HD-43 2954 6829 337 2089 108 119.3 173 5.01 34.8 153 10.1 20.8 277 1704
HD-44 26.01 6835 3042 2686 96.59 1352 - - - - - - - -
HD-45 3029 69.88 31.72 184.3 1142 1344 102 3.59 18 144 10.6 19.8 26.5 1.5
HD-46 3397 6837 312 169 107.4 1024 - - - - - - - -
HD-47 2157 30.22 2846 204.6 84.88 1005 165 3.92 29.4 121 135 18.6 20.5 1.08
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