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Abstract: We study the natural background and geochemical characteristics on geological groups of stream sediment in the
Boseong-Hwasun area. We collected 186ea stream sediment samples along the primary channels and dried them naturally
in laboratory. The contents of major, trace and rare earth elements were determined by XRF, ICP-AES and NAA analysis
methods. In order to know the natural background and geochemical characteristics of geological groups, we classified the
studied area into granitic gneiss (GGn) area and porphyroblastic gneiss (PGn) area. The contents range of major elements
for GGn area is SiO, 45.5-73.09 wt.%, ALO; 12-20.76 wt.%, Fe,O5(T) 3.72-8.85 wt.%, KoO 2.38-4.2 wt.%, MgO 0.75-
2.77 wt.%, Na,O 0.78-1.88 wt.%, CaO 0.27-2.1 wt.%, TiO, 0.56-1.72 wt.%, P-Os 0.06-0.73 wt.% and MnO 0.03-0.95 wt.%,
and for PGn area it is SiO, 43.74-70.71 wt.%, ALO; 11.54-25.05 wt.%, Fe;O5(T) 3.44-13.46 wt.%, K.O 2.08-3.86 wt.%,
MgO 0.65-2.99 wt.%, Na,O 0.63-1.7 wt.%, CaO 0.35-2.07 wt.%, TiO, 0.68-4.17 wt.%, P,Os 0.1-0.31 wt.% and MnO 0.07-
0.33 wt.%. The contents range of hazard elements for GGn area is Cr 41.7-242 ppm, Co 7.6-25.1 ppm, Ni 12-61 ppm, Cu
10-47 ppm, Zn 48.5-412 ppm, Pb 17-215 ppm, and for PGn area, it is Cr 29.6-454 ppm, Co 5.9-53.7 ppm, Ni 8.7-
287 ppm, Cu 6.4-134 ppm, Zn 43.6-370 ppm, Pb 15-37 ppm area. There is a good correlation between Cr and MgO and
Co among ALOs, Fe,05(T), MgO and Ni among Fe;O5(T), CaO, MgO whereas Cu, Zn and Pb have a low correlation for
major elements in GGn area. Generally Cr, Co, Ni, and Cu have a good correlation with major elements, but a low
correlation with Zn and Pb in PGn area.

Keywords: stream sediment, major and hazard elements, geochemical characteristics, geological groups, Boseong-
Hwasun area
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Fig. 1. Sampling sites map of the Boseong-Hwasun area (solid circle: granitic gneiss area, open circle: porphyroblastic gneiss
area).
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Fig. 2. Geological map of the Boseong-Hwasun area.
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Table 1. Contents (wt.%) of major elements on geological groups of stream sediment in the Boseong-Hwasun area

Min Max Mean S.D. GM. Median
S0 GGn 4550 73.09 56.92 5.99 56.62 56.93
102 PGn 43.74 70.71 53.69 5.64 53.41 52.73
ALO GGn 12.00 20.76 15.83 1.54 15.75 15.98
w3 PGn 11.54 25.05 16.54 247 1638 16.88
Fe0.0 GGn 372 8.85 6.19 1.03 6.11 6.22
@ PGn 3.44 13.46 6.88 1.81 6.62 743
a0 GGn 027 2.10 0.75 0.27 0.70 0.72
& PGn 0.35 2.07 1.02 0.39 0.95 0.90
MeO GGn 0.75 2.77 1.54 0.35 1.50 1.56
€ PGn 0.65 2.99 1.64 0.55 1.54 171
<0 GGn 238 420 3.24 0.28 3.23 33
: PGn 2.08 3.86 3.06 0.33 3.04 3.07
NaO GGn 0.78 1.88 127 0.28 124 126
& PGn 0.63 1.70 1.16 0.22 1.14 1.14
o GGn 0.56 1.72 0.87 0.16 0.86 0.87
e PGn 0.68 4.17 1.10 0.41 1.05 1.10
MO GGn 0.03 0.95 0.12 0.09 0.11 0.11
" PGn 0.07 0.33 0.12 0.04 0.11 0.11
PO GGn 0.06 0.73 0.18 0.08 0.16 0.17
e PGn 0.10 031 0.20 0.05 0.19 0.20

GGn: granitic gneiss area. number of samples=101, PGn: porphyroblastic gneiss area. number of samples=85, Min: minimum,
Max: maximum, Mean: arithmetic average, S.D.: standard deviation, GM.: geometric mean.

Table 2. Correlation coefficients of each major elements for GGn area

SiO, ALO; Fe,05" Ca0 MgO K,O Na,0 TiO, MnO P05
SiO, 1000 -0427%%  0526%*  -0414%*  -0316**  -0.092 0209%  -0253*  -0320%*  -0.316%*
ALO; 1.000 0.727**  0.253* 0.608**  0.590%*  0.213* 0.244% 0.035 -0.005
Fe,0;" 1.000 0497+ 0.823%*  0396**  0.155 0.511%*  0.158 0.151
Ca0 1.000 0.650%*  0.055 0.301* 0473%*  0.112 0.476%*
MgO 1.000 0351%*%  0475%*  0452%%  0.001 0.195
K:0 1.000 0.201% 0.140 0.047 0.019
Na,O 1.000 -0.186 -0.196* 0.012
TiO, 1.000 0.095 0.485%*
MnO 1.000 0.171
P,0Os 1.000

**Correlation is significant at the 0.01 level (2-tailed) *Correlation is significant at the 0.05 level (2-tailed)

wt%, Fe,05(T) 3.44-1346wt%, CaO 0.35-2.07
wt%, MgO 0.65-2.99 wt.%, K,O 2.08-3.86wt.%,
Na,0O 0.63-1.7wt.%, TiO, 0.68-4.17 wt.%, MnO
0.07-0.33 wt.%, P05 0.1-0.31 wt.%©|CH(Table 1).

A AR FARAL] ¥W(Fig. 3)9HE SiO,,
K,O, Na0o| Ha#dhge PR oA,
ALO;, Fe,04T), CaO, MgO, TiO,, P,0s2] Heh#
2 PRI A F3, MnOE 22 3

S UEhdTthFig. 3).

H594e ALO® it Fudae] A
AlA Fe0(T), Mg0O, K:0= 3P aAniex e
JAE 0.727, 0.608, 0.590, ¥R AHARlR| Ao
AE 0631, 0.553, 0.81002 AhAOoE =& AL
FAE ®olal, CaO, Na,O, MnO, P,0s= 3173oHd
HupekA|Goll A 0.253, 0.213, 0.035, —0.005, §HH

AAAuIA A 0379, 0.178, -0.137, 0.142=
we AUBAE Bolt. ot BY Z/|@lst

T3}, ent g EAe] AHolx SYne] o)A



Table 3. Correlation coefficients of each major elements for PGn area

SiO, ALO; Fe,05" Ca0 MgO K,O Na,0 TiO, MnO P05
SiO, 1.000 -0.491%*%  -0.630%*  -0.399*%*  -0.522*%*  -0.320** 0.053 -0.311 -0.061 -0.427**
ALO; 1.000 0.631** 0.379%* 0.553** 0.810** 0.178 0.163 -0.137 0.142
Fe, 05" 1000 0382%%  0.904%F  0432%% 0122 0766%* 0014 0479%*
CaO 1.000 0.574%** 0.341%* 0.561%* 0.165 0.037 0.404**
MgO 1.000 0.412%* 0.352%* 0.668**  -0.013 0.454%*
K>O 1.000 0.377**  -0.036 -0.098 0.058
Na,O 1.000 -0.016 -0.100 -0.080
TiO, 1.000 0.120 0.460**
MnO 1.000 0.241%*
P,0s 1.000
**Correlation is significant at the 0.01 level (2-tailed) *Correlation is significant at the 0.05 level (2-tailed)
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Fig. 3. Comparison diagrams of major element contents for
geological groups of stream sediment in the Boseong-Hwa-
sun area (GGn: granitic gneiss area. PGn: porphyroblastic
gneiss area).
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Table 4. Contents (ppm) of trace and rare earth elements on geological groups of stream sediment in the Boseong-Hwasun area

Min Max Mean S.D. GM. Median
L GGn 32 64 49 6 48 49
! PGn 23 73 49 13 47 52
5 GGn 11 2.8 1.8 03 1.8 1.8
¢ PGn 1.0 37 22 0.5 21 23
v GGn 38 970 79 ” 69 65
PGn 39 172 7 21 69 75
c GGn 417 242 112 31 108 109
r PGn 296 454 108 57 95 112
‘ GGn 76 25.1 16.1 3.4 157 16.1
° PGn 59 537 169 69 154 18.0
N GGn 12 61 33 7 32 2
! PGn 8.7 287 40 2 33 39
. GGn 10 47 2 7 25 25
u PGn 6.4 134 23 14 20 o)
; GGn 485 412 11 49 104 99
n PGn 436 370 112 45 105 102
- GGn 93 283 184 38 180 181
PGn 94 261 167 39 162 168
S GGn 7 189 108 20 106 106
r PGn 77 232 138 32 134 134
, GGn 35 190 70 24 67 64
r PGn 40 162 87 k) 82 76
o GGn 12 40 25 5 24 26
PGn 21 43 27 4 27 26
o GGn 021 187 038 038 029 023
PGn 0.18 132 033 031 027 023
. GGn 62 192 10.6 19 10.5 10.4
s PGn 40 209 99 3.1 93 10.1
5 GGn 110 1420 985 236 947 955
a PGn 920 1860 1301 204 1286 1290
‘ GGn 77 2390 219 276 162 133
¢ PGn 85 470 154 66 144 147
. GGn 1.1 46 18 0.6 17 16
Y PGn 1.1 59 19 0.6 18 18
ut GGn 52 132.0 18.0 179 14.0 126
PGn 65 415 139 7.4 125 115
o GGn 17 215 57 67 34 2
PGn 15 37 23 4 2 23
Ou}, ofddt W2 W JHAdE HSTHTable 5). E, YAz & ARAAES HYoy olde gE
el dazte] oAl sPIE AR G4 Y HAEd g ml$ @ dFAS 2R, 2 o
Aol i8] 253 ILET & AAIAE HYL 2 dAEd g v e A#ds Rt
o, oldz o tE YAEd e B A (Table 6)
£ By ARG IEE IE AE2 SPIAEHRIAIGoNA 41,7242 ppm &
I3 A, VAL A8 IRE FEe IAE, I F HAE HolH, TUYE 109 ppme=E, 3IUE
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Fig. 4. Comparison diagram of trace and rare earth element contents on geological groups of stream sediment in the Boseong-

Hwasun area.

Aupgrel S AAuEAQ] 114 ppm(A3H - 9,
2001) Erbe Wi, AR FYL 61ppm((A3
A 9], 2001) Hrks =2 32 vehdth wbdEd
ARG ME 29.6-454 ppm TF WS Ho|
o, FU7HS 112 ppmoE, WP A Hneke] I
A7 =191 97 ppm(AAH £, 2001), AEA S 5
G 61 ppm(21A €], 2001) Hoh =2 Fe o
ey, EY 9 HHE Hod dE X
(Kabata-Pendias and Pendias, 1984)%1 100 ppm X.t}
=3, 7 AZ] =] ARG 2 ghe o
ERdTh, S|ZETR o)A gl met vlwE Fi

F RIS glou 200 ppme BE AYo] o
* UthFig. 5). sPHAAKIAAE skt @

Bk B2 EHE 62, 63, 64)0014 136, 144, 163
ppm, St HH AR SRS 74, 76)00A
146, 150 ppm, BAw HUw 2ge] FZREHS
100, 101, 102, 103, 104, 106)°14 183, 148, 130,
128, 119, 133 ppm, EA+* B U2 F2(AE
M3 159, 160, 161)014 123, 102, 139 ppmSE ©]
AAE YEM AL, dPPHE A ARG E BT B
W f48 E2AENHE 113)l4 133 ppm, B4
= &0 §AE FZBHE 107, 115, 116, 117)
oM 134, 131, 125, 144 ppm, B od ol
HIAEHE 125, 128, 1299014 168, 151, 128
ppm, BT & FE] F2ZRAEHT 134, 135,
136, 137)9l141 142, 132, 153, 145 ppm, BAT &0
HoFHe ks, shivke F2RIEWE 139,

140, 141, 142)914 170, 159, 157, 145 ppm, BA7
Ao Mg Axeke FZAIEHE 143)004] 191
ppm, B THH FeEl FEAIEHS 145)004
188 ppm, EAT +YW & FZAREHE 146)
oA 209 ppm, BT YW T4 ARE 2
FHE 148)01M 130 ppm, BAT mEE 4
ZMEHZ 168914 118 ppm, BA7 mEH &4
BIXNEHE 169, 170, 171)914 454, 110, 143
ppm, EA7 PEW wEHy] FeA FIRIERE
172)2141 130 ppm, BAw S3H &4k thevea
FHvRS FZAIEHE 179, 180014 124, 125 ppm,
BAT A Alre] JAA B2RIEEE 181
A 157 ppm, ARFE] Ahks FEAIERS 182)]
A 118 ppm, A32] FZAEMS 183)°14 136 ppm
B OIAE Uehte o] Be] Holed ol A

oo o Zol x3d

E)\a

Me e7tasEel] gk 71Ewt AxEo ol & A

TAA ] TeHlae oele ZoR AdEy 67}
Aol gk 2APF 48T AoR oA
FUEE sPIPAAmA oA 7.6-25.1 ppm 3

16.1 pmo 2, 37332

164 ppm(R33H - 2,
2001y Mlszahar, gAY FEL! 11.5 ppm(213
A 9, 200)RTE B %S Yepdth whgnga
HupokA| o= 59-53.7 ppm $HF WS Koo,



EREE

SAEISS0 cet XRTCHE NTsEie £ 715

Table S. Correlation coefficients between major and hazard elements

GGn area PGn area

Cr Co Ni Cu Zn Pb Cr Co Ni Cu Zn Pb
SiO, -0.182 -0.504%%  -0.482%* -0294** -0.340** (.339%* .0438*%* -0.571** -0.364** -0.320** -0.112 -0.525%%*
ALO; 0.349**  0.631** 0.530** 0.200* -0.016 -0.301%*  0.309*%* 0.550** 0.217* 0.144 -0.113 0.617**
Fe,0:" 0586 0.818%* 0.773** 0446 0011  -0268%* 0.880%* 0932+ 0.784** 0702%% 0005 0473+

CaO 0.596**  0.458** 0.648** 0.490** 0.124 -0.014 0.259* 0.294**  0.135 0.009 -0.078 0.159
MgO 0.821**  0.677** 0.840** 0.390** -0.130 -0.127 0.851**  0.828**  0.698** 0.570** -0.030 0.333**
K0 0.176 0.251*  0.179 0.182 -0.021 -0.163 0.132 0.320** -0.006 -0.032 0.030 0.586**

Na,O 0431** 0201* 0272*  0.107 -0.267*%*  0.296** 0.118 0.086 0.011 -0.094 -0.256*  -0.085

TiO, 0.539**  0.376** 0.492** (.183 0.091 -0.288**  0.894** 0.818** 0.956** 0.920** -0.063 0.087

MnO  -0.066 0.264**  0.134 0.334**  0.323** -0.107 0.073 0.126 0.146 0.178 0.309*%*  0.132
P,0s 0.405**  0.026 0.224*  0271** 0.276** -0.068 0.445%*  0.453** (0.388** 0.397**% 0.396%* (.335%*

**Correlation is significant at the 0.01 level (2-tailed) *Correlation is significant at the 0.05 level (2-tailed)
Table 6. Correlation coefficients of each hazard elements
GGn area PGn area

Cr Co Ni Cu Zn Pb Cr Co Ni Cu Zn Pb

Cr 1.000 0.535%*  0.756** 0.309** -0.162 -0.078 1.000 0.918** 0.931** (.860** -0.002  0.203
Co 1.000 0.727**  0376** -0.055 -0.229* 1.000 0.891**  (0.838** -0.003  0.419%*

Ni 1.000 0.486**  -0.060 -0.121 1.000 0.962** -0.068 0.144

Cu 1.000 0.123 0.078 1.000 0.063 0.185
Zn 1.000  -0.206* 1.000  0.529*%*

Pb 1.000 1.000

**Correlation is significant at the 0.01 level (2-tailed) *Correlation is significant at the 0.05 level (2-tailed)
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