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sample Cu Pb Zn Ag Ni Co Mn Fe As Au Cd Sb Bi Cr
S1 45 51 59 0.05 25.0 17.5 911 34900 10.2 0.00 0.10 0.15 0.11 40.3
*S2 17000 655 189 17.62 12.0 17.2 2086 45000 29.4 0.13 0.59 0.12 1.44 19.3
S5 422 383 95 0.28 19.8 15.3 1223 42200 13.3 0.01 0.20 0.72 0.19 39.8
S8 110 597 400 0.16 24.9 17.7 1335 39000 9.7 0.01 2.05 0.39 0.15 42.9
*S9 10000 10000 535 69.74 8.5 10.9 1104 29800 24.0 1.30 3.07 2.94 72.47 9.6
S10 240 849 253 0.25 22.1 18.8 1490 43100 11.2 0.01 1.26 0.35 0.24 41.0
S14 170 694 153 0.18 20.8 18.3 1433 46000 12.7 0.00 0.73 0.45 0.25 42.0
S17 53 48 77 0.05 16.7 14.5 1208 39400 22.3 0.00 0.11 0.72 0.16 34.9
S18 398 1572 430 0.51 21.4 16.9 1342 36700 14.9 0.21 2.95 0.58 0.43 36.7
S21 278 787 342 0.28 19.8 16.5 1280 38900 13.6 0.02 1.86 0.62 0.43 34.7
S22 87 288 190 0.09 17.8 16.1 1098 34100 12.4 0.01 1.43 0.33 0.57 25.1
S23 138 471 178 0.17 219 15.2 1091 36500 8.3 0.01 1.04 0.51 0.42 35.9
S24 27 19 56 0.03 34.7 13.7 842 27700 11.6 0.00 0.13 0.17 0.14 29.7
S25 74 170 109 0.08 24.5 15.0 1098 37700 9.5 0.00 0.46 0.37 0.24 344
A4S 27 19 56 0.03 8.5 10.9 842 27700 8.3 0.00 0.10 0.12 0.11 9.6
A 17000 10000 535 69.74 34.7 18.8 2086 46000 29.4 1.30 3.07 2.94 72.47 42.9
eSile 1951 1316 352 5.99 20.2 16.4 1290 41207 14.7 0.12 1.69 0.62 5.22 33.7
Lwgy eSSl 55 13 70 0.07 75.0 25.0 950 50000 1.8 0.00 0.20 0.20 0.20 100.0
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(ppm)
Pb 1316 35.8 128 10.3 75-81
Zn 351 121 459 0.8 15-29
Cu 1951 31.6 149 13.1 75-81
As 14.7 9.79 33 0.45 15-29
cd 1.69 0.99 4.98 0.34 15-29
Cr 3.7 433 111 0.04 <14
Ni 20 22.7 48.6 0.4 15-29
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diged ;o ) anlllas 5,50 polie (gly (lgeo) bl (pojl o F-F Jgu

| geo

Sample Cu Pb Zn Ag Ni Co Mn Fe As Au Cd Sh Bi Cr
S1 -0.6 0.8 -1.3 -1.2 -2.0 -0.7 -0.5 -1.0 -0.9 2.2 -1.7 -3.9 -2.4 -1.7
S, 8.0 4.4 0.4 7.4 3.1 -0.7 0.7 -0.6 0.6 4.4 0.8 -4.2 13 -2.8
Ss 2.6 3.7 -0.6 14 -2.4 -0.9 -0.1 -0.7 -0.6 0.4 -0.7 -1.6 -1.7 -1.8
Ss 0.7 4.3 15 0.6 -2.0 -0.7 0.1 -0.9 -1.0 -0.1 2.6 -2.5 -2.0 -1.8
So 7.2 8.4 1.9 9.4 -3.6 -1.4 -0.2 -1.2 0.3 7.8 3.2 0.4 6.9 -1.7
S10 1.8 4.8 0.8 1.2 2.2 -0.6 0.2 -0.7 -0.8 0.0 1.9 2.7 -1.3 -3.8
S14 1.3 45 0.1 0.7 -2.3 -0.6 0.2 -0.6 -0.6 -0.4 1.1 -2.3 -1.3 -1.7
S17 -0.4 0.7 -0.9 -1.2 -2.6 -1.0 -0.1 -0.8 0.2 -2.1 -1.6 -1.6 -1.9 -1.7
S8 2.6 5.7 1.6 2.3 -2.3 -0.8 0.1 -0.9 -0.4 5.1 3.2 -2.0 -0.5 -2.0
Sn 2.0 4.7 1.3 14 -2.4 -0.8 0.0 -0.9 -0.5 1.7 25 -1.9 -0.5 -1.9
S2 0.4 3.3 0.4 -0.3 -2.5 -0.8 -0.2 -1.0 -0.7 0.3 2.1 -2.8 -0.1 -2.0
S23 1.0 4.0 0.3 0.7 2.2 -0.9 -0.2 -0.9 -1.2 0.2 1.7 2.1 -0.5 -2.4
So4 -1.3 -0.7 -1.4 -1.9 -1.6 -1.1 -0.6 -1.3 -0.7 -2.6 -1.3 -3.7 -2.1 -1.9
Sos 0.1 25 -0.4 -0.4 2.1 -0.9 -0.2 -0.9 -1.0 -2.0 0.5 -2.6 -1.3 -2.2
Min -1.3 -0.7 -1.4 -1.9 -3.6 -1.4 -0.6 -1.3 -1.2 -2.6 -1.7 -4.2 -2.4 -3.8
Max 8.0 8.4 1.9 9.4 -1.6 -0.6 0.7 -0.6 0.6 7.8 3.2 0.4 6.9 -1.7

Mean 1.8 3.6 0.3 1.4 -2.4 -0.8 -0.1 -0.9 -0.5 0.7 1.0 -2.4 -0.5 -2.1




aslllan 3590 aiibin )3 O 9 gy (FoglT b)) s Joa®
(FF JS2) Cgm) ladiges ;o axlllas 3550 yolic (glp oad arubre lgeo (SSls (bl
@ S b (SO Oy 4 S adlllan 890 dilate Slguy 45 CiS i o (S ok 4
5 ool 5K (IS (JS) polis plo & Consd g fawgie (Sogll (53 5 redls Dl oy ¢ s

Qdapd o ol |y ( Sogll pas (S|

4/00

3/00 o b lawge Soglf
2/00

1/00

0/00

-1/00

Geoaccumulation index (l,)

-2/00

-3/00

Elements

(lgeo)
(PLI) 53997 5b s & 5 (CF) (Fogll  po ~F-0-5

9 00 dpule aslllas 3,50 Sladiged po ilizs yolie sl (Fogll )b cayd 5 (Fogll o

Sl o0 LA isles 4 V-7 S
4 S (Sa1 32 ) gmsy ladised aen (V-8 JS5) (Sogll oy polie el
G S17 5 S1 slaaiges ,o (CF = 2.5) Lauwgie Sogll 5l a5 im0 olis (Sogll oy (puSw
oo Oyl xSl 4 azgs b aldl auS o psS So aiges 0 (CF = 500) wuuls jlews Sogll
S2a 3 S17¢ St sladiges ;0 1> ds 0, 5 o 3,10 A Fog] Gy b s dlilaie vy 5l
a5 Sg 5 S2 clitinl A Ggomn A o i wod Hleww U lawgie Sogll bbaiges plo o

SOl L 0ogy (Fogll W8l baoaigad iy jo wipd e Gl paie (ol 4 G0l e (S]]

0



F T

F i

T

Ay

F il i i i i

1,000/0

100/0
10/0 -
1/0

(42) 40104 UOEUIWEIUO)

0/1 =4

S9 S10 S14 S17 S18 521 S22 S23 S24 S25 Mean

S8

S2

sl

Samples

U

axdlao 3,90 ddlaia 30 gy LngAJ’_o.’ 30 ).»ALA.C g;é}” “""‘J"é V-7



alllao 990 allain 53 9wy 5 O (S3gIT 25! s b

Lol s oo plas Sogll laaiges ST 10 55 5Kk g puedlS S| (59, om0 o L Sl
a2 Olyesil 5 o8] IS oS (UK s (e e Dad e g oy b duglie o
dilaie Sligesy « T39Il ol o (Sile 4z i b LIS 5k 4 aimo ad Lt dilate jo  Soo]
JS5) 595 o oanlive a5 [sblen aiiwd 038l Tuads 6,85 5 (e yolic 4 dslllas 5,50
30 0,5 oo L4804l L.\;M 03, ;0 503 Vo (Vb SBgoms Gl (Sl oo 1Sl (V-7
o3 Yl alnliy dloe V5l S ate cnl gl (Sogll oyl dadisel i o &5 Jl
A=F IS el Sg g Sz digas jo ol ol Jlamy Jlake Lo 4 Sigens (sl copd nl Sk
PLI oo 1 0l a8 s a5 oblen aws oo olis (6,18 paiges bl ,o 1, (Fogll )b cu i
Slp g Sogll aliw] asl S plp a5 Sige,0 (Sogll pas caims flas aslb S 5l S
loges opl Gub oplplo (Thomilson et al., 1980) ail o o)l dilaie o 5l 5YL polie
- Ui a5 4zl Bllae o 00gll bli 4k 5 009 50401 1505 S5 9 S24 ¢ S17¢ S slaolKis!
plol Some cdled o] cawo YU yo a5 o8 slaanl ] 51S21 ¢ S17¢ S1 sladiges s aiis 5
Bges I3 K5 3 Same Sooll b cou plply ilead coils p sald diges Glgie 4 wnis
mdeie e 5l (GeshS Y sg00) 1) alold o i 5 009 gy (510 piges oSt (3T Sos
iy Sligasy (S0 s ) e il Alols il b a8 ans e lis cllas oyl 5yl Lisl>

ol @l als

0/00 1/00 2/00 3/00 4/00 5/00 6/00 7/00 8/00

PLI

00 (6 I piges bl gl (F3gT b ey oges AF IS

qy



axdllae 5 )90 dilaio )3 guy 3 2 (Fogl b3 o

o b —0-0-F
@losd 5 (o ol G dhaly (1) (Ked copd diloe b ad (o Zend 0l o
slasi g ools Jloyi o quje Jdo 4 0,65 S8 gy 090 bap)] o Slils cllile b Slige,
SOyl e g, SG oS (Kendall) JlasS Sion o po 5l c0ads sy sladigas dgaze
Snaad el 00 dlzre SPSS 19 (g Lol 1581 85 5l solaiwl b o ol 0l oolatul ol
oyt ool oad IS DF s s OH 5 JT olye) bjially sl 5 ,%aSs b ol
Cdle b oS olys 5l atws ol el oo dcwle #1008 g o /) Glasbl mlaw g8 j0  Siwaon
Copo i Sylbe 4 swd /0l kS (P) olebl mhaw glhls Wleads asise ()
3ot olivels! mlaw ailoays 5 jasie (%) L &S olys g .cl 5 loliase LﬁbOT JRYP GO
SKirat e & i b abln iead Jy Josiae abil, K 5l Sl o wils o100
5 I olge Slss amo ces plis polie clale b g o coe daly e I slge (F-F Jgo)
sle iy o a8 axil gb Gl yolie clale a5 Jl> 0 o o olis ) colB aig, Slgw,
el losls lis Glizee glaollins! o 1) cols ctals 5 iolidl slaasy, ol ools muses YU
5 Jlolge a5 col Cllas ol (sbsS (polie b )] (Kivon sae 5 JT olge Sail lade) salgds

Al polbe gbals 3 S o0 0 ol i Slgw, cpl

1¥

(&)



(IS oy, ) Bdl> deix e Slga, )0 asdlas 8,50 o yial )l o (Sinod o jle :0-F Jgoo

Cu Pb Zn Ag Ni Co Mn Fe As Au Cd Sh Bi Cr pH oM
Correlation Coefficient 1

Cu Sig. (2-tailed) .

Pb Correlation Coefficient 811%* 1
Sig. (2-tailed) 0 .

Zn Correlation Coefficient .640* .868** 1
Sig. (2-tailed) 0.014 0 .

Ag Correlation Coefficient 987** | .879** | .720** 1
Sig. (2-tailed) 0 0 0.004 .

Ni Correlation Coefficient -631* | -0378 | -0.361 | -.604* 1
Sig. (2-tailed) 0.015 0.182 0.205 0.022 .

Co Correlation Coefficient 0.165 0.345 0.213 0.161 0.24 1
Sig. (2-tailed) 0.573 0.227 0.464 0.583 0.409 .

Mn Correlation Coefficient 678** | .664** 0.504 .648* -0.363 .638* 1
Sig. (2-tailed) 0.008 0.01 0.066 0.012 0.201 0.014 .

Fe Correlation Coefficient 0.393 0.248 0.011 0.304 -0.224 .600* .816%* 1
Sig. (2-tailed) 0.164 0.392 0.97 0.291 0.441 0.023 0 .

As Correlation Coefficient .587* 0.367 0.262 .577*% | -796** | -0.165 0.449 0.204 1
Sig. (2-tailed) 0.027 0.197 0.366 0.031 0.001 0.573 0.107 0.483 .

Au Correlation Coefficient 903** | 785%* | .780** | .927** | -.669** | -0.007 0.466 0.064 .560* 1
Sig. (2-tailed) 0 0.001 0.001 0 0.009 0.982 0.093 0.829 0.037 .

Cd Correlation Coefficient .552* .820%* .969%* 641* -0.282 0.13 0.378 -0.112 0.169 TJ27** 1
Sig. (2-tailed) 0.041 0 0 0.014 0.329 0.659 0.182 0.703 0.563 0.003 .

Sb Correlation Coefficient 0.356 0.354 0.321 0.377 -0.457 -0.396 0.075 0.04 0.334 0.396 0.345 1
Sig. (2-tailed) 0.211 0.214 0.263 0.184 0.1 0.161 0.799 0.893 0.243 0.161 0.226 .

Bi Correlation Coefficient J16%* | .667** | .674%* | 752*%* | -740** | -0.097 0.358 0.004 0.518 | .846** .654* 0.212 1
Sig. (2-tailed) 0.004 0.009 0.008 0.002 0.002 0.742 0.208 0.988 0.058 0 0.011 0.468 .

Cr Correlation Coefficient -0.147 0.068 -0.059 | -0.156 0.508 | .697** 0.293 0.468 -0.442 | -0332 | -0.068 0.031 -.566* 1
Sig. (2-tailed) 0.615 0.817 0.84 0.593 0.063 0.006 031 0.091 0.114 0.246 0.817 0917 0.035 .

pH Correlation Coefficient S 738%% | - 775%F | -720%% | -764%* 0.417 -0.233 | -729** | -0.412 -0.441 -.628* -.621* -0.265 -.542% 0.02 1
Sig. (2-tailed) 0.003 0.001 0.004 0.001 0.138 0.422 0.003 0.143 0.115 0.016 0.018 0.361 0.045 0.946 .

oM Correlation Coefficient -0.015 -0.022 -0.092 -0.022 0.291 -0.033 0.044 0.053 -0.128 -0.018 -0.128 0.05 -0.186 0.081 0.185 1
Sig. (2-tailed) 0.958 0.94 0.753 0.94 0.313 0.911 0.881 0.858 0.664 0.952 0.664 0.866 0.524 0.782 0.526

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

*, Correlation is significant at the 0.05 level (2-tailed).
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element |As Au Pb Zn Cu Cs Sb Cd Co Ni Bi Cr Mn FeO
Unit ppm ppb ppm__ |ppm__ |ppm ppm_[ppm |ppm _ [ppm [ppm  [ppm _|ppm _|ppm ppm
method ME-02 PM-01 [ME-02 |ME-02 ME-02|ME-02|ME-02| ME-02| ME-02|ME-02 | ME-02| ME-02|ME-02 ME-02
ZCHI-4 63.7 812| 39181| 7933 6180 29| 23.68| 81.93 11 11 0.48 22 2022| 34261
ZCHI-5 19.1 1975| 21276 548| 11900 2.7] 9.38 4.78 6 9 0.64 17 1100 27945
ZCHI-6 22 2161| 24191 409| 11539 2.1 844 2.67 9 11 0.99 23 1163| 36877
ZCHI-7 26.4 1890 32804| 3318| 14150 3.2 9.6] 14.65 9 10 1.13 20 1022 37419
ZCHI-13 10.4 7 149 35 2411 32| 1.36 0.15 13 10 0.2 14 1432| 18811
ZCHI-21 13 390 120 42 2214 25| 11.84 0.13 3 6 0.5 9 1032| 36560
ZCHI-22 7.1 2 35 62 75 25| 222 0.13 15 12| 0.24 27 1061] 33575
ZCHI-24 21.8 76| 6769 155 2540 3.7] 15.49 0.21 7 6 0.6 7 1681 25179
ZCHI-27 333.2 636| 71627 892 6185 2.7] 25.42 2.47 16 13 34.7 25 1543| 83084
ZCHI-30 11.8 12 170 104| 16309 29| 4.37 0.12 4 11 0.2 29 325| 15486
ZCHI-31 13.2 32| 82747 1071 2947 2.5| 37.92 3.05 15 11 0.88 18 1722 29350
ZCHI-35 22.2 29|116773] 50319 7156 2.4] 31.33 31.1 32 0.46 19 1205| 47184
ZCHI-37 9.8 242| 3699 384 511 2.7] 10.74 3.61 7 0.48 11 2411| 42968
ZCHI-38 2.3 1 102 45 30 47| 051 0.18 1 31 0.2 113 6616 5382
ZCHI-39 13.8 79 161 343| 45280 3.8 4.3 0.13 4 11 0.51 43 368| 42892
ZCHI-40 16.5 417] 7093 481 20233 2.8| 10.74 3.9 6 8| 0.91 10 1456| 32445
ZCHI-42 18.3 223| 68929 23113 5626 3| 11.18| 31.86 8 11 1.1 20 989| 30672
ZCHI-43 7.9 15 1244 253 255 2.6] 5.87 1.57 13 12 0.67 13 5117| 75472
ZCHI-45 2.5 15 62 38 2416 28] 272 0.13 2 9 0.2 19 763| 12920
ZCHI-46 6.1 415 12172 662 595 2.7 6.07 4.37 11 10 0.61 9 2597| 63821
ZCHI-48 235 133107490 3342 5189 2| 10.94 3.6 4 6 0.93 11 148| 23456
mean 31.64762| 455.333| 28419| 4454.7| 7693.86| 2.876| 11.62| 9.0829| 9.3333| 10.286 2.22| 22.81] 1703.5| 35989
mean crus| 15 14 75 50 3 0.2 0.11 20 80 100 950| 41000
OYA- i 5l a5 ) ljee i jo polic cbale ¥ oo
element As Ag Au Pb Zn Cu Cr Cd Co Ni Sb | Bi | Cs Fe
sample |litology ppm__|ppm |ppb ppm __ |[ppm [ppm _ |ppm |ppm _ |ppm _[ppm _[ppm |ppm |ppm |ppm
nl [basalt 11.3 | 0.1 348 860 602 240 ]10.003| 0.2 30 25 0.1]0.7] 7.4 | 60870
n2 |trachyandes| 9.8 0.1 785 144 733 523 10.003| 0.2 32 15 0.1]0.6] 7.1 | 4990
n3 [trachyandes| 9.5 0.1 | 1035 175 350 [ 1090 |0.001]| 0.2 10 15 0.1]0.7] 7.2 | 48300
n4 [basalt 104 | 0.1 192 470 329 | 1094 10.017| 0.2 36.7 21 0.1]0.7] 6.2 | 97600
n5 |bas-trachyay| 9 0.1 80 584 278 377 10.014| 0.2 25.1 25 0.1 ] 0.6 | 8.8 | 44900
n6 [basalt 6.1 0.1 26 323 267 180 |0.009| 0.2 32.4 31 0.1]0.8]| 7.7 | 78700
n7 [|bas-trachyaq 1.1 0.1 1.7 7.3 53 102.6 | 0.01 0.1 27.8 20 34 [ 0.1] 3.5 | 72100
n8 [basaltis-and|{ 4.1 0.1 0.5 1.2 36 63.8 [0.004| 0.1 29.2 20 22 | 0.2| 0.2 | 77500
n9 |bas-trachya] 1.1 0.1 0.5 6.2 47 435 |0.021| 0.1 32 44 37 | 0.1| 1.2 | 72700
nl0 |basalt 1 0.1 1.5 1.3 34 82.7 10.076( 0.1 42.9 93 50 [0.1] 1 |94200
nll [trachy-basal| 1.5 0.1 2.5 1.6 41 99.7 [ 0.05| 0.1 37.2 62 42 | 0.1] 1.2 | 93400
nl2 |trachyandes| 3.5 0.1 3 2 53 [ 109.7 10.006] 0.1 175 21 14 1 0.1 1.4 | 63900
nl3 |[trachyandes| 2.3 0.1 5.5 5.5 51 31.4 [0.004| 0.1 11.3 22 18 | 0.1 | 4.8 | 58200
mean 5.4385| 0.1]| 190.862| 198.55| 221.1| 310.57| 0.017| 0.1462| 28.01| 31.85| 16.7| 0.4| 4.44| 66720
mean crust 1.5] 0.07 4 14 75 50/ 100 0.11 20( 80 0.2 | 0.2] 3 | 41000
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Sample Cu Pb Zn Ag Ni Co Mn | As Au Cd Sh Bi Cr

S1 1.16 5.59 1.20 094 | 048 | 1.00| 1.37 8.12 0.47 0.72 1.07 0.79| 0.58
S2 343.43 55.97 2.99 279.7| 0.18 | 0.76 | 2.44| 18.15| 35.56 3.28 0.67 8.00| 0.21
S5 9.09 34.89 1.60 481| 031] 0.73| 153 8.75 2.28 1.18 4.27 1.13| 0.47
S8 2.56 58.85 7.32 2.89| 043| 091| 1.80 6.91 1.76 | 13.14 2.50 0.96 | 0.55
S9 305.06 | 1290.66 | 12.83 1671 | 0.19| 0.73| 1.95| 22.37 544 | 2576 | 24.66 | 607.97| 0.16
S10 5.06 75.80 4.19 411 0.34| 0.87| 1.82 7.22 1.71 7.31 2.03 1.39 | 0.48
S14 3.35 58.04 2.37 2.73| 0.30| 0.80| 1.64 7.67 1.20 3.97 2.45 1.36 | 0.46
S17 1.21 4.66 1.39 082| 028 | 0.74| 161| 15.72 0.44 0.70 4.57 1.02| 0.44
S18 9.85 164.75 8.37 10.00| 0.39| 092| 192 | 11.28| 71.39| 20.10 3.95 293 | 0.50
S21 6.50 77.84 6.28 505| 0.34| 0.85| 1.73 9.71 6.30 | 11.95 3.98 2.76 | 0.45
S22 2.32 32.45 3.97 1.84| 035| 094| 1.69| 10.10 2.71| 10.48 2.42 418 | 0.37
S23 3.44 49.64 3.49 341 | 040| 0.83| 1.57 6.32 2.29 7.12 3.49 2.88 | 0.49
S24 0.88 2.59 1.44 072 0.84| 099| 1.60| 11.63 0.45 1.17 1.563 1.26 | 0.54
S25 1.78 17.37 2.07 148 | 043| 0.80| 1.53 7.00 0.50 3.05 2.45 159 | 0.46
mean 49.69 137.79 425| 142.15| 0.38| 0.85| 1.73| 10.78 | 47.94 7.85 4.29 4559 | 0.44
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CF

Cu Pb Zn Ag Ni Co Mn Fe As Au Cd Sb Bi Cr PLI

S1 0.99 254 | 062 | 066 | 037 | 092 | 1.07 | 0.74 | 0.78 | 0.33 | 0.45 010 | 0.28 | .45 | 0.56

S2 3778 | 3274 | 198 | 251.7 | 0.18 | 091 | 245 | 0.96 | 2.26 32 2.68 0.08 | 3.60 | 0.21 | 2.89

S5 9.37 19.14 | 1.00 | 406 | 029 | 081 | 1.44 | 090 | 1.02 | 193 | 0.91 048 | 0.48 | 0.44 | 1.38

S8 2.44 29.84 | 421 | 226 | 037 | 093 | 157 | 0.83 | 0.75 | 1.38 | 9.32 0.26 | 0.38 | 0.44 | 1.46

S9 222 500 5.64 996 013 | 057 | 1.30 | 0.63 | 1.85 | 324 | 1395 | 1.96 181 | 0.48 | 7.28

S10 5.33 4247 | 266 | 354 | 033 | 099 | 1.75 | 092 | 086 | 1.48 | 5.73 023 | 0.60 | 0.11 | 1.54
S14 3.77 3471 | 161 | 251 | 031 | 096 | 1.69 | 0.98 | 0.98 | 1.10 | 3.32 030 | 0.63 | 0.46 | 1.37
S17 1.17 239 | 081 | 064 | 025 | 0.76 | 142 | 084 | 1.72 | 0.35 | 0.50 048 | 0.40 | 0.47 | 0.76
S18 8.84 7860 | 453 | 734 | 031 | 089 | 158 | 0.78 | 1.15 | 524 | 1341 | 0.39 | 1.08 | 0.39 | 2.67
S21 6.18 39.37 | 360 | 393 | 029 | 0.87 | 151 | 0.83 | 1.05 | 4.9 8.45 041 | 1.08 | 0.28 | 1.90
S22 1.94 1439 | 200 | 126 | 0.26 | 0.85 | 1.29 | 0.73 | 0.95 | 1.85 | 6.50 022 | 143 | 04 | 1.16
S23 3.07 2356 | 1.88 | 249 | 032 | 080 | 1.28 | 0.78 | 0.64 | 1.68 | 4.73 0.34 | 1.05 | 0.33 | 1.32
S24 0.60 093 | 059 | 040 | 051 | 0.72 | 0.99 | 059 | 0.89 | 0.25 | 0.59 0.11 | 0.35 | 0.32 | 0.49
S25 1.64 8.52 115 | 111 | 036 | 0.79 | 1.29 | 0.80 | 0.73 | 0.38 | 2.09 0.25 | 0.60 | 0.41 | 0.89
Min 0.60 093 | 059 | 040 | 013 | 057 | 0.99 | 059 | 0.64 | 0.25 | 0.45 0.08 | 0.28 | 0.01 | 0.49
Max | 377.8 500 5.64 996 051 | 099 | 245 | 098 | 2.26 | 324 | 1395 | 1.96 181 | 0.48 | 7.28
Mean | 46.10 | 59.23 | 2.30 | 91.30 | 0.30 | 0.84 | 147 | 0.81 | 1.12 | 30.3 | 5.19 040 | 13.8 | 0.46 | 1.84
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Elemant | Min | Max | Mean | lgeo class Pollution Intensity

Cu -1.33 | 7.98 1.82 2 Moderately contaminated

Pb -0.68 | 8.38 | 3.65 4 Strongly contaminated

7n 135 | 191 | 027 1 Uncontamlnated. to moderately

contaminated

Ag -1.91 | 9.38 | 144 2 Moderately contaminated

Ni -3.58 | -1.56 | -2.37 0 Uncontaminated

Co -1.39 | -0.60 | -0.85 0 Uncontaminated

Mn -0.60 | 0.71 | -0.06 0 Uncontaminated

Fe -1.35 | -0.62 | -0.91 0 Uncontaminated

As -1.23 | 0.59 | -0.53 0 Uncontaminated

AL 558l 776 | 074 1 Uncontammated. to moderately

contaminated

Cd -1.72 | 3.22 | 1.02 2 Moderately contaminated

Sb -4.23 | 0.39 | -2.40 0 Uncontaminated

Bi -2.45 | 6.92 | -0.53 0 Uncontaminated

Cr -3.81 | -1.65 | -2.09 0 Uncontaminated

Calcite Gypsum Halite Dolomite Aragonite | Anhydrite
CaCO3 | CaS04:2H20 NaCl CaMg(C03)2 CaCo3 Caso4

W1 3.35 1.36 -3.89 5.5 3.21 1.16
W2 3.5 1.9 -4.29 5.45 3.36 1.7
W3 3.57 l.61 -4.01 5.95 3.43 14
w4 3.42 1.67 -3.24 5.47 3.28 1.47
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Abstract:

The Cheshmeh Hafez poly-metalic (Pb, Zn, Cu, Ag and Au) deposit is located in the
Torud-Chahshirin volcanic belt, central Iran zone. Main rock units of the area include
basalt, trachyte and trachyte — andesite. A series of old mining activities conducted in the
area that were fallowed by depoting of large volumes of ores and mine wastes. Exposing of this
material to the air and surface water caused to releasing and transport of potentially toxic
elements from the ores and caused the distribution of the elements in the secondry
environments such as water, soil and sediment. In this study, pollution of sediment and
groundwater in the Cheshmeh Hafez area by heavy elements was evaluated. For this
purpose, water and sediment samples collected from the area were analyzed using
indoced coupled- plasma mass spectrometry (ICP-MS) method for determining
concentration of minor and trace elements. Then some of the elements were slected for
evaluation of intensity of contamination based on their environmental significance and
their concentration. therefor As, Cu, Pb, Zn, Cd, Au, Ag, Co, Cr, Mn, Ni, Sh, Bi and Fe
were evaluated. The geochemical factors such as enrichment factor (EF),
geoaccumulation index (lgeo) and contamination factor (CF) were used for quantifying
the severity of pollutions. As well for determining amount of relationship of elements
with each other paramiteres such as pH and organic matter percent, the Kendall
correlation coefficient was used. The results show that contamination of some elements
and heavy metals contamination is very high in the sediments. This contamination exists
naturally in the region due to mineralization, but the anthropogenic activity (mining),
has intensified it. Natural arsenic contamination in the sediments is clearly visible.
Mining activities have had major effects on the releasing of copper, lead, zinc, silver
and gold in the sediments of the region. Based on the average Igeo of the elements, the
area generally shows intensive lead contamination, and medium copper, silver, gold,
cadmium and zinc contamination. The other elements do not show any contamination.
The groundwaters of the area in the case of quality parameters have not undesirable
situation. Because the anion and cation concentrations in the waters is very high, several
than the standards. The electrical conductivity of the waters reached above 1700 pM/cm.
With regard to concentrations of heavy metals and toxic elements one sample is
intensively contaminated with gold, bismuth, cadmium and antimony while another
samples is little contaminated with lead. Other samples do not show any contamination.

Keywords:contamination,environmental,groundwaters,CheshmeHafez,polymetal, eposit.
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