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(Bonham-Carter, 1994) ol

Ban s yaite b Logiias a5 oS o0ls golaws Wb Jae jLiel i iz g 6 jlodowe sl
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Sl oo a5 ol (glaiids #18lg,0 o5 iy Joo S (plplis 5,05 o LB 10 H9x 0 9590 9 S0n
(e o 50 Gile Gl S jpa pac b jeae W aS (oo St 1) il G il jea
Sleogas g aald sbogsll b 5lu 5 cnl o bL3)L o380 sk I pedtene e jsboa
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ags Ban bl olull gly (Joe U slasl 5l oulide 2 50 Joxe Jeily slo Jow
sools 31 salize alio odel s wled 3aali g oS (Judow b o Jowe o) g oo
B 310 oo condd S pld BLAST jslated; (iduansl (25 ganad; g et 4 il
hedaa bl o jasuanl o g olulid gl whie o (Gane Jouily (g5loJos ]
o)kiss sl ulidie )o ((Bas (lgieay) ool CBSl 25w (nl (55, 52 U Sliee gy slael (e
5SS colns ) ol o 5 sioinans] (ymn 5 ki Bun b ne Jomilty 53 o
(e oobibe @ glagml bide 5l (BLassT Cliles cdyion b oplple 0,5 ©)50 (8 al> e
YU 50 <l (ol p Jeadi oo g adl ol gileJow o sslaiwl 5)5e slaosls acgexe

(Carranza, 2008) 5,.5 oo & )50 o 5 b lSle g oS olad S ¢ o9, o0

o LMl sbay Guali -F-Y
0Sgazme Sy yo Fdwe sl Lils 5l sols g4 sl (MPM) Sose il (s5leJow sly
3 90 yais g0 LS Sb il 1 eaie Jow G lal 5 05290 slaosls dcgasre ¢ jadrine
ods ddgi abgy o ol slodid ez g SlisST sldosls dcgasms 5| o 0,5 oo )8 colai]
Nsdso Bl N0Se b edan g ituasel bl (38l Gln e 5 Nedse (B909

Jemilis 5l slp S s, s> olel ued » (Yousefil and Carranza, 2017)
(Bonham-Carter, 1994; Carranza, 2008; Porwal and oo sliws  Soxe

Kreuzer, 2010)
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S g e 03lo Y B3 g0ty SMbl sl 51 S e 59 o] o a5 wil o maasie
Wb masie W) L5 alal povall Sldbl slaaY 5l G e a0 pelats
slae 5l slages (Moon, 1990; Carranza and Hale, 2001; Porwal et al., 2004)
a1,% (Harris et al., 2003) Sligon (asls ( Jg Glte Jolis i) opl 4o solitul 340
(An et ;i sk g (Hosseinali and Alesheikh, 2008) (AHP) 31,0 alude Jl>s
il 655 51,8 Joro jloslatnl L Y jo sla WS g oy a5 2555 .Y .all oo al., 1994)
039 BUsy nl yo s ygme 03l lag, lie co Sjsel bl plyiear (Gase slaslas g
e slaslas ) olass 4y Sy o g, ol Couddge il oo " Sloanliv &g Y 4 S
Sliges b oo ial38l 50 o g, opl Coddge Jlodal wally i Loyl olows a> 18 g 8,15 99290
{Carranza and Hale, 2001) S g5, Jolis dica) ol 50 ooliinl 0,50 sla g,
e ol (Harris, 1990; Abedi and Norouzi, 2012) cgras cvac sloass
il oo (Porwal et al., 2006)

(Carranza, 2008) _sosxe Jowily (s5lo o slp 355 55530 (g, 99 5 (oS 5 oolail Y
OB 3l eolaiul ey g maasie Ol 1 solaiul ey dwgn S dwled 4 2005 F
(Yousefi and Nykdnen, 2016) asllas 5,40 dibaie ;o oo alid Soxe slaolas,
s n) psle Sl IS 155 bl SOl (sloar & oo3035 5l s, 5 s ol o
el 0y o3l game el (g3l o gz (AHP) 5lye alules Lolow a1 3 s,

1. Subjectively
2. Objectively
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(Carranza, 2009a) 5,5 oolawl obgo sals slaass 51wl & g0

‘Slbuo)g) )é 6)1.33&0 JJ.P ‘S}SM ‘Slbw }' oolaiw! —V-V-O0-Y

2970 ils
slate Lan 5 alfs slo)los jei> 15 geoas 3651 MCDM) s)lae diz (6 25 pwencts
iz ols Gl 5 oejey (S 50 ojlre wiz Glag pSereal 4 bgype Bl allie
Flao Jo sl 21039l (6 S o Lol el aLils 8929 ot 0 )lre 2iz (6 S e Jilns
SHPFST 8 ey b cataipld slos puS pueual 4395l a5 0510 Jluo Yo dga> 1o oad o) lire iz
slodle ;o JamalS 390 )3 Cépiy (R0 et Sl wlly Jlwizgs Sy ¢ SanlS
3o S eolaiul b asled oo Jogn |y MCDM o0z Jiluo Sl s Judos oloxil ¢
o los Glgisdy Sledbl (] a5 05l co adgs ledbl 51 gol) s o ¢ igmelS (65990SS

(Xu and Yang, 2001) sg oslatwl wlgs o MCDM  Jiluwe ;o &5l5 0z
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(AHP) (ol o addis Judoxi w158 -Y-1-0-¥
S ool Glie Bl o5 Sl (> 50 6T el (ol S (Gome Jeilly s3loe 50
Ao lin 3,k 5l 050 U il oo JSio (] 098 o wall gloaiss [0 4 Cand dall anss
& yo (AHP) ‘5.:3‘).0 alele ol (6 58 paonas u\.u'l)s bl als slaasss (>3 90 4 90
ol Goa (Saaty, 1994) as sols arxwss o)l diz (6 S puenad Julov (slp g, ol 090
S5 prends Boo 4 4295 b e Sl Stly godigd annlie bl lajline (sunas; (b,

O-Y Jgoz) ol oo

(Saaty, 1994) < o ouis o5 polio 9 (29 dlio il Jol 3o V=Y Jguo

Intensity of importance Definition

1 Equal importance or preference
Equal to moderate importance or preference
Moderate importance or preference
Moderate to strong importance or preference
Strong importance or preference
Strong to very strong importance or preference
Very strong importance or preference

Very to extremely strong importance or
preference

O 0 N N L AW

Extreme importance or preference

Saled 4y (y59 arass @lg)d g Sore Jewily iledoe jo (Sl dlada Llos (B9, 02,18
De Aratjo and Macedo, 2002; Pazand et al., 2011; cul o0 low arwg lawgs
Slp e, onl op8 Moreira et al., 2003; Hosseinali and Alesheikh, 2008)
0a>ld Glhgee iludse 0 00 g 2Ugd 2Pl Slhgien (gilede (hy; 40 08 09 Larass
Lo lxe AHP (g )3 (159 parass )0 ablise e 31 Bhate (35) Guizpen 5 4l Wiz
ez S5 255 o0 58 dulio 3,50 93 4y 93 Loyl 5l plaS 8 Coanl e () pslited;
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bl gael sgzg 4 Jlazml Jold calae ol 055 6ol (Sure b bl (sl jgmma il
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U5l 5 V- Jgaz gillas yaie YA sl sloesls [bils 5l Jols (SaiSTy 5 S e sla ol
Jey Y g 5l polic a5 4 Laseie colic Jlaix! Jlogas )y b dbliga) -—F I F)
s (V-F Jgox 51 gw) (Levinson, 1974) S o polic aiw) polie .0uS oo s9m
5 Silio dodigas pasice 3 paziSle polie b S 5 jolic die) duglio fyass asl o0 43l
259 5 orsd b cogez « St e S 49, 10,85 159y vy yolis (a3 o slo el

WAL s sy 3l g ALl 093 A polide I Bl ol
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Std. Background

Element Mean Median Deviation Variance  Skewness Kurtosis Minimum Maximum Ra;giel in
Zn(ppm)  81.29 70.91 33.33 1110.67 1.98 5.44 39.36 311.99 10--300
Pb(ppm)  26.56 213 19.35 374.25 3.89 28.09 3.6 256.6 2--200
Ag(ppm) 0.07 0.07 0.03 0.00 8.93 141.89 0.034 0.66 0.10
Cr(ppm) 427.29 189.2 518.73 269079.28 3.06 14.25 58.4 5448.2 5--1000
Ni(ppm) 104.42 65.22 95.38 9097.41 3.18 15.55 19.78 932.83 5--500
Bi(ppm) 0.26 0.19 0.30 0.09 7.55 83.36 0.08 5 little
Cu(ppm) 33.96 31.54 14.15 200.20 2.72 13.17 10.54 153.94 2--100
As(ppm) 9.24 8.4 3.85 14.86 3.67 26.58 2.5 52.6 1--50
Sb(ppm) 0.65 0.59 0.37 0.14 2.46 12.84 0.14 42 5.00
Co(ppm) 18.35 16.99 6.17 38.05 1.52 4.16 7.12 59.01 1--40
Sn(ppm) 1.73 1.7 0.44 0.20 0.95 2.93 0.886 4.233 10.00
Ba(ppm) 38524  390.92 119.98 14394.29 0.93 3.86 89.36 1237 100--3000
V(ppm) 12246  111.46 63.35 4012.72 7.33 82.80 47.57 1078 20--500
Sr(ppm) 339.09 27521 299.72 89832.87 6.29 54.22 85.99 4145 50--1000
Hg(ppm) 0.013 0.013 0.01 0.00 6.85 103.08 0.003 0.138 0.03
W(ppm) 1.1 1 0.57 0.32 3.37 33.81 0.21 8.8 little
B(ppm) 44.48 39.142 20.58 423.59 1.66 3.25 10.979 142.206 2--100
Be(ppm) 1.69 1.7 0.28 0.08 0.91 6.08 0.83 3.9 6.00
Mo(ppm) 0.95 0.81 0.54 0.29 1.51 3.37 0.2 3.8 2.00
Li(ppm) 31.08 29.42 9.60 92.22 1.98 6.62 11.88 89.4 5--200
Au(ppb) 1.72 1.07 3.04 9.23 8.54 97.36 0.2 48.78 little
Rb(ppm)  65.53 68.6 20.59 423.84 -0.09 0.20 8 154.3 20--500
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. std . A . Background
Element Mean Median Deviation Variance  Skewness Kurtosis Minimum Maximum Ra;lfiele in
Cs(ppm) 6.03 5.611 2.06 4.26 1.76 5.02 2.82 17.477 6.00
Nb(ppm) 11.36 11.3 2.79 7.77 0.00 -0.24 1.4 19 little
Th(ppm) 8.79 9.4 2.57 6.58 -0.61 -0.28 2.1 16.3 13.00
U(ppm) 1.71 1.741 0.40 0.16 -0.07 0.02 0.598 3.041 1.00
F(ppm) 431.74 424 125.78 15820.43 0.44 -0.30 180 860 Little
P(ppm) 0.06 0.0601 0.02 0.00 0.56 -0.01 0.0184 0.1409 Little

AGCPPROCO0

MHormal Prokakility Plot for AgCOppmOOO0 . .
Data file: FFF.DAT S5tatistics
N Total : 1833
-8 N Hiss ]
N Used : 1833
Mean : .Ba75
- 6 Variance: .a81
Std. Dew: .Aa31
©» C.J, 41 .486
Skeuness: 8.916
-3 Kurtosis: 144 .282
Mininum : B34
25th » @ .B6a
- Median : 878
75th » & .AB4
Maximum : .66H
o i
1 14 38 58 78 oa o9
Cumulative Percent

Ag soslo Jloso! jlogei V-F S
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MHormal Prohakbkility Plot for AsOppmOCO0

1 T T T T
1 i@ 38 58 74 98 99

Cumulative Percent

Data file: FFF.DAT Statistics
N Total 1833
S N Miss )
N Used 1833
Mean 9.298
Variance: 14 .945
o 4@. 5td. Dew: 3.866
e » C.J, 41.611
o Skeuness: 3.687
£ Kurtosis!: 29.893
&
o
g Minimum 3.888
S 25th % 7.888
Median 8.888
7oth = 168 .8A88
El Maxinum 53.064
a. T
1 18 38 58 7a o8 o9
Cumulative Percent
As glrosls Jloas! loges Y-F JSi
MHormal Prokakility Plot for AuoppkOoCOoO . .
Data file: FFF.DAT S3tatistics
N Total 1833
Sloe N Miss 8
N Used 1823
4d. Mean 1.742
Variance: 9.213
. Std. Dewu: 3.835%
o a0, “ GV, 174 .242
o Skeuness: 8.549
3 Kurtosis: 1688 .378
&
5]
F 2 Minimum .508
25th = .gaa
Median 1.188
ia. 7oth = 1.688
Maximum 48 .8688
a. HY i | =

AU osls Jlois! Hlog0s ¥-F S
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MHormal Prokakility Plot for ShOoppmOoOOoO

Stati=tics

Cumulative Percent

Data file: FFF.DAT
N Total 1833
e N Miss : ]
N Used 1823
4. Mean 654
Variance: .139
a Std. Deu: L3732
e 3. #“ C.J, 56 .987
o + Skeuness: 2.396
£ :* Kurtosis: 15.418
n
o +
& = i Mininum .188
25th = .488
Median 688
1. Toth = .8aa
E Maximum : 4.288
+
a8, + T T T
1 14 3@ 58 78 oa o9
Cumulative Percent
Sb seosls Jlusl 4loges F-F J5Ci
Hormal Probhakbkilitu Plot for Croppmoooo . A
Data file: FFF.DAT Statistics
N Total 18323
6800. N Miss ]
N Used 1A33
Mean 427 . 297
Uariance: 269879 .3688
o 4808, 5td. Dev: 518.729
g “ C.J, 121.398
o o Skeuness: 3.854
£ Kurtosis: 17.173
3 s
é # Minimum : 58 .488
Eaan. 25th » 146.225
/ Median 189 .208
Toth = 532 .458
Max imum G448 . 2688
., T T T
1 1@ 3@ 58 78 oa o9

Cr gosls Jhia! jloges H-F s
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Hormal Probability Plot for CuoppmOoO0
Data file: FFF.DAT

Stati=stics

Cumulative Percent

N Total 1833
164@. n N Miss A
T N Used 1833
" Mean 33.969
1z2@. F Uariance: 2688 .281
a Std. Dew: 14.149
5] + w C.J, 41 .653
2 o Skewness 2.714
£ 8a. Kurtosis: 16.168
n.
&)
5 Minimum 18 .548
25th = 26 .658
4d. Median 31.548
?5th % 37.837
Max imum 153.948
+ +
a. T
1 1@ 38 58 78 o9a a9
Cumulative Percent
Cu osls Jhio! loges $-F JSi
Hormal Probabkility Plot for HoOppmOOoOOo ; g
Data file: FFF.DAT Statistics
N Total 1A33
<16 N Miss A
N Used 1433
+
Mean .A14
.12 Uariance: .a8a
a 5td. Dew: 887
g w C.J, 5A.766
o] Skeuness: 6.848
£ .88 Kurtosis: 1A5.572
3 3
:?:1 + Minimum .aa3
++ 25th = .aia
T IF"L Median .a13
Toth = 816
Max imum .138
o]
@@ L+ +H | —
1 1@ 38 58 7@ =" | a9

Hg cbosls Jloxo ylsge V-F JSCi
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Hormal Prokakility Plot for HiCppmOoOOoO

Data file: FFF.DAT Statistics
N Total : 1833
el N Miss : ]
N Used : 1823
+ Mean : 184 .428
208. Variance: 9A97 .488
a ++ Std. Deu: a5 .388
e " #“ C.J, 91.336
o . Skeuness: 3.177
£ eee. Kurtosis: 18.469
5 W
z Mininum : 19.788
25th » 51.733
3208, Median 65.228
Toth » 132.188
Maximum : 93Z.838
B + + T T T T
1 14 3@ 58 78 oa o9
Cumulative Percent
Ni sools Jlois! jlog0i A-F &
Hormal Prohbhakbkilitu Plot for PhoppmoooO
Data file: FFF.DAT Statistics
N Total : 18323
G N Miss a
N Used : 1A33
+
Mean H 26 .569
Uariance: 374 .255
a 2@, 5td. Dev: 19.346
g + “ C.J, TZ2.814
o Skeuness: 3.882
£ Kurtosis: 30.946
& +
2 o Mininum : 3.688
taas 2Z5th » 15.825
Median 21.388
Toth » 31.188
Maximum : 256 .688
a + 4+

T T T T
1 i@ 380 5@ 7o 9@ 99

Cumulative Percent

Pb skosls Jlais! loges 4-F Jsi

A2
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ZnoppmOoCO0

MHormal Prokakility Plot for Znoppmocod . .
Data file: FFF.DAT Statistics
N Total : 1833
Shes N Miss : ]
N Used : 1823
+ Mean : 81.293
Iea. Variance: 1118.673
S5td. Dewu: 33.327
e w GV, o 48.996
4 Skeuness: 1.976
2088, Kurtozis: 8.4683
Minimum 39.368
25th » 58.258
10@, Median YA .918
?5th » 92.71@
Maximum : 311.998
+ +
a, T
1 1@ 38 58 7a =1 | a9
Cumulative Percent

Zn gaosls Jlas! jloges Ve-F IS
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N
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Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine
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(Cheng, wll oo st OS5 O jsods o9 slo g odel s 4 oyl Slileal o]

2007; Parsa et al., 2016)
ol oads Jlos! paie YA slaosls (g9, » (PCA) Lol sloadlse Jdoo (og, «igh ol 5o
Loyl dzrgs &y joB Jol ;9518 7 b cslad oo anzrgi 1) Dl potd o po Vo 0 a7 (S ,5uS T8 YA olows
Ol ;LS aalse o gl il )y Hlade (Y-F Jgoz 9 VV-F S0) conl Ol s 5l auo o VY

Al e ol i ]y ools (6 dy s

Scree Plot
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kol aldgo £ 51 S o glp il ylg g 09 wolie Y-F Joux

Rotation Sums of Squared Loadings
Component Total % of Variance | Cumulative
%
1 8.614 30.766 30.766
2 2.964 10.585 41.351
3 2.685 9.588 50.939
4 2.594 9.263 60.201
5 1.678 5.994 66.195
6 1.519 5.424 71.619

olie b i 4 M g el oS e w05 159 oy polis poo alle culyo b
355 3l pao ailge d |, Ktanly ity +JOY 5 +[OVE (o /OOY /D) o/F+Y (VYT (- OSY
polis p)lez adlse ;0 WS (0 dzgi | dilate ;3 )l (60 5T Boyo V1B &S wiad e LA
BLo ) jS00Ss s 8% o «[VYA co/0-Y /845l pd by asi 5 45 pagolly § LS S epg,S
Olyeds p)lez 9 po ;oS cnlply (F-F Jgao) wims oo lis ) jle Slpeti 0o)0 4 5 00l
Olreds Sl (nl lawgs digas jo 4y 0adh ools (platdl lilial 5 ool QLl 556 (5 S5e
Wigd oo Sl (am slaow 2 sl 2l polie

S5 3,5 <Olgonl Db St 0,8 polie (Jd o1y 5l Jol> mls gaingez b cules 5o
dgazme ;5 leordi sy Jlogil galzr (olulid § il (sloomyp Caz G3) § 2 032 (e
5 JUS )8 Jls! jloges il e slo iy, 5l skaie ol (sl aiads Gl oLl as Sldlae
el oot o0l U o Lass Lol
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e YA 559351 30T 51 Juolo s F-F g

Component
1 2 3 4 5 6

Zn .609 563 -.073 .149 -.053 .193
Pb 464 733 .059 -.031 .006 .054
Ag .036 .602 .109 -.011 .194 153
Cr -.598 -.017 -.143 .606 -.002 -.118
Ni =771 -.083 -.197 502 .007 269
Bi .240 231 -.118 -.073 741 -.001
Cu .164 S10 -.409 277 144 451
As 361 553 .336 138 075 -.105
Sb .565 574 .021 -.039 .056 .088
Co -.469 -.035 -.263 728 -.023 277
Sn .536 198 204 217 482 -.020
Ba .692 296 -.020 -.364 .010 -.139
\% .063 -.032 -.151 904 -.093 -.103
Sr -.100 .093 785 -.148 -.103 -.125
Hg .013 132 .064 -.064 -.007 784
W .616 318 -.231 -.189 402 .058
B .166 -.018 .648 -.195 .503 137
Be 851 141 -.018 296 .190 .055
Mo 477 438 .246 -.163 .309 .051
Li 423 -.001 762 -.131 -.039 .195
Au -.016 520 -.142 -.073 .067 .039
Rb .842 263 124 -.287 116 .007
P .706 236 -.292 .058 141 326
Cs .652 051 299 211 -.057 .290
Nb 817 161 -.209 - 111 297 .081
Th 771 .091 344 -.269 186 -.184
U 775 .093 .249 -.041 192 -.025
F 11 212 .084 -.173 241 331

Jlca! Hlog0 gl wlal p g3lwJoo -0-F

B8l oSS alul s o JlogiT galsz (65l AT Jobaie 4y ool b yaze Vo Jlozs lsgas

Gl oo &g, 5o (YY-F B IV-F ) col ool aizlo  Wools (g3lw Jow 4 DUl 2l 5l
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(Ghavami- sl sloul eslo b 1 ySee sldasl oy yion abogs yo Joo b g (prss cdlils aus-g
yaie Vo Jlisl jloges 5l Jol> calises galg> (gl ailiw] sga> ,olie Riabi et al., 2010)

o] OAAT -0 JsA?- 39 (W R Oy

Jloxo g0 g5l ome 3l Jols glaibuwT Sgus B-F Jous

Element | Population Thresholds
(ppm)
A 1 0.03 0.10
8 0.10 0.65
1 2.50 15.00
As 2 15.00  20.00
3 20.00  52.19
Au 1 020  5.00
(ppb) 2 5.00 48.60
1 59.06  800.00
Cr 2 800.00  1200.00
3 1200.00 5406.80
1 10.54  46.44
Cu 2 46.44  100.00
3 100.00 153.57
H 1 0.00 0.02
§ 2 0.02 0.20
1 19.79  150.00
Ni 2 150.00  250.00
3 250.00  931.00
1 3.65 60.00
Fb 2 60.00  100.00
3 100.00  254.42
1 0.14 0.50
Sb 2 050  1.50
3 1.50 4.18
1 39.42  120.00
Zn 2 120.00  150.00
3 150.00 311.56
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WWNFeizabad Geochedistry dats segion

LOGARITHHIC

UARIAELE = Ad ppH
UHIT
a L H = 1033
H CI = =1
L =
FOFULATIOHS
7 B Fop. Hean =td . Deu F3
1 -1.308E 0.0F30 111
2 -1.1438 00818 FL.E
= -1 044 0.1i543 47.1
Fop. THRESHOLDS
-1.BEYE -1.ZEEE
= -1.30E%E -0 8E0E
= -1.34Ea -0 FH1E
00 T T T T T T T 1T T T T T T T 1T T T
EERT- aE £l 0 S0 =0 15 = 2 1 INCOHFLETE ITERATIOH
FERCEHT FARAHETER ESTIHATES
Ag ypais lp Jio! 510908 (5,105 Jow i VY-F JSCo
WHNE e jrabad Geocheristry dats segunn LOSARIT
UARIAELE = AZ pRH
UHIT
. - H = 10zE
H CI = =1
40—
N Fap w
180 1 1E .0
= EF.0
_ = 23.3
L3 2.7
s 4.5
40
Fop THRESHOLDS
1 0.EF10 0.ZE3E
. z 0.FEE0 1.018%
= 0.3E%E i.18E7F
+ 1.1%3% 1.z2E40
s 1.0377 i.545%
200 T T T T T T T 1 T T T T T T 1T T T
T ag £l o S0 =0 15 = 2 1 INCOHFLETE ITERATIOH
FERCEHT FARAHETER ESTIHATES

AS jais gy Sl jloges 6 105 Jow b 1F-F s
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WWWFeizabad GeochedHistry data seguun LOSARITHHIC

UARIAELE = AU ppb
UHIT =
M = 1033
H CI = EE}
=
23 .8
7.0
2L E
=.E
EN-
1 -0 E00E -0.01Es
z -0 1047 0.18E8
] 0.0zES 0.4EES
4 T E-1 0.81E%
H 0LEEER 14360
oo T T T T T T T 1T T T T T T T T 1T T T T
EERE-T aE zE Bl S0 EL iE ] 1 INCOHFLETE ITERATION
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Element Population Thresholds (ppm)
ppm ppm
1 0.03 0.07
Ag 2 0.07 0.36
3 0.36 0.63
1 2.51 7.61
2 7.61 13.87
As 3 13.87 25.28
4 25.28 40.04
5 40.04 51.42
1 0.21 0.78
2 0.78 1.43
) 13;:)) 3 1.43 531
4 531 21.12
5 21.12 47.94
1 59.74 132.95
2 132.95 188.67
3 188.67 658.52
Cr 4 658.52 1236.45
5 1236.45 2368.47
6 2368.47 3640.95
3640.95 5218.68
1 10.59 27.11
Cu 2 27.11 53.52
3 53.52 131.63
4 131.63 153.24
1 0.00 0.01
Hg 2 0.01 0.02
3 0.02 0.13
1 19.69 50.91
2 50.91 70.81
Ni 3 70.81 169.02
4 169.02 437.03
5 437.03 765.09
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Element Population Thresholds (ppm)

Ni 6 765.09 915.99
1 3.60 16.61
2 16.61 37.71

Pb 3 37.71 95.58
4 95.58 252.14
1 0.14 0.47
2 0.47 1.08

Sb 3 1.08 3.06
4 3.06 4.14
1 39.65 53.52

7n 2 53.52 115.58
3 115.58 181.27
4 181.27 304.90

Joges (g5l o gy (wlelp Casal b yolie sl oanl Canay slastn] sga Egoime &y axgi b

g 9alym VoF oo silhae olps alin] sgum ol Jle JUS 5 s, 5 Jlozs]
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Element Population Thresholds (ppm)
1 0.03 0.10
Ag 2 0.10 0.35
3 0.35 0.65
1 2.52 12.26
As 2 12.26 20.63
3 20.63 40
4 40 52.19
1 0.20 5.00
At (ppb) 2 5.00 20
3 20 48.60
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Element Population Thresholds(ppm)
1 59.06 700
Cr 2 700 1200.00
3 1200.00 3000
4 3000 5406.84
1 10.54 50
Cu 2 50 100.00
3 100.00 153.57
Hg 1 0.00 0.02
2 0.02 0.20
1 19.79 170
Ni 2 170 500
3 500 931.00
Pb 1 3.65 100
2 100 254.42
1 0.14 0.50
Sb 2 0.50 2
3 2 4.18
1 39.42 120
7n 2 120 150
3 150 190
4 190 311.56
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Element U+SD U+2SD U+3SD
Ag 0.659  1.335 2.011
As 0.795  1.549 2.339
Au 0.664  1.406 2.148
Cr 0.837 1.729 2.621
Cu 0.793 1.764 2.735
Hg 0.751  1.498 2.245
Ni 0.826 1.75 2.674
Pb 0.864 1.716 2.568
Sb 0.8 1.652 2.504
Zn 0.832  1.697 2.562
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Abstract

Separation of geochemical anomalies from background is a crucial task in geochemical
explorations and requires a conscious chosen of an appropriate method for decomposition
of geochemical anomaly patterns. The probability plot, concentration-area (C-A) fractal
method and U-spatial statistics model are reliable methods for identifying the anomaly
populations. In this study, by using of the stream sediment geochemical data of Feizabad,
28 elements were selected for statistical and geochemical investigations. Based on this
studies, finally, 10 elements including Au, Ag, As, Au, Cr, Cu, Hg, Ni, Pb, Sb and Zn
were selected for recognition of geochemical patterns in the study area. Principle
component analysis (PCA) was applied onto the selected elements which are related to
mineralization in order to derive multi-element geochemical signature. The various
methods of anomaly-background separation such as probability plot, C-A fractal model
and U-spatial statistics method have been applied for delineating the geochemical patterns
and then promising areas. The obtained anomalous populations of U spatial statistics
model in comparison with rest of models demonstrate more positive spatial association
with the locations of Cu and Au-Cu occurrences within the study area. For mineral
potential modeling (MPM), 7 evidential layers as main criteria including geochemical,
geological-structural and remote sensing layers were selected. The scores of second
component (PC2) were selected for generating the geochemical layer. The geological-
structural layers consisting of proximity to mineralization-related units and intrusive
contacts and fault density. Proximity to hydrothermal alterations of Phyllic, argillic,
propylitic and iron-oxide are other applicable layers. In this study, MSLarge function was
firstly used to transfer the stretched-values of evidential layers into (0-1) domain and then
AHP as a knowledge-driven method were employed to generate final MPM model. The
quantitative evaluation of AHP results displays a good agreement (84 percent) by Cu and
Au-Cu occurrences within the study area and the new prospective areas have been
introduced.

Key Words: Stream sediment, Probabilityp plot modeling, Concentration-Area fractal,
U-spatial statistics, Mineral potential modeling, AHP, Feizabad.
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