e o Il gy @



”/'-'L&':JSZJ’
SO 8995 g S ((ydro (oo 0USLS1D
Cyoro BLLSST  cwisgeo 09,5

‘5)250 4JL~0)
S gy G2l 3l ooliiwl b (Juro bl S 50 (poww I8 & 565 axlllae

399 3 w9 (Fowwinb (o beonligh)

:Gﬁ)li;

Sy a9

M‘) Sliw!

Slros)l (Hgs 58

:y9bideo ol

P INP YRRV

A5 pog



/{F(f/‘w Y. ‘/}M:»Jlmi (ﬁl

(\? /‘“f e sl 4 i
il eSS a1

(Ph.D}‘_g).‘.'Se db)j!&uadlqjck.uls_ Oygeo Y osled o8
3 L AT (slo 6355 pligamtils o3g)

ol grodr 53,5 NTYTTE ool o)lads 4y (e BLASST ) (6,250 (gootils (g9 yuund vumg (BT 598 o ole algiy
b ono Gblio S5 50 gams Ol3lb g7 anllian : plyce U oy Ml tee 1 Dot 0o, 5 IFAEIN/F 26 L0 178 Lo

..... GLL Dz, 4y \c\}¢5 oped 33 L 5 glio ja0 5 Slaxiuw g (il sladel) oo be, Guali 5l colizul
T A H
CIVY = VAR 6 e tgs [l a3 (o B Va7 o s le 4o (
Dajléowéﬁ.»@_}gj‘_jré‘_]ﬂ_liﬁé(a D‘\Ok\ﬂ‘l‘\o,ﬂ; s 4z o (7

s yls ool 4 L 4l (o

/'57 ale 43y oyl plg pli RUTIEE iy

< = sl Leal sl ros) Llgs 5,el8 5o )
et bl Sl P SPPRUIFIRL Y

I
S
, T‘ﬁ? Sabal 7 seae ol ST RVEDE RS JEL R
A

Y

"

ezl JRES PRV L sl jaia ;5o ¥

Sl S e ol SEBl s 25 &

% Sesb ] odbans (eanld ) Smp e | g8l Juihy) sl 250 F
aaSitils eSS

0BG LSS Mz p e o
9y by BT Sigal iy Jol o plonil oy 3 o3 Sl atled o g3 oo anl e
..x.i.lJ_A_._:

f e L % 1o oually 2 S ST 515 g 6
Sl oy o) FepE g R



“

pyolo gy

&y sl Wl



Sy
o= G oS Sl g 009 5l 9 )b (S5 Jolie (oaled 50 150 &5 ol | Jlais Sglas
Lo, plSos; 5l (oidn e Jomans [3050, 5lL5 agei lae (o3 (o 4y a5 0 S Sl 00505 &30

led (6 s A5 8 5 (133l slagLudl

5 Oty Sealie (rulsd &l (idls DU g Db Bl oS Sl (5L 0l 5 50 |
S 5 il 5 2lss Sl a3l cslag] s jpa e pl S5 sl 5 LS sl 2 ples
iges lodgy pl T (p e g Gl Sl (poled SGp0 g ol om0 )lg0n

sl ® 50 Ul Cliz pise sliwl (ssime 5 (6,58 ole oaij )| slaculor 5 &0 Slox; S
Wi gal (e 4 5 1) ygme 5 BT (myd Sl ey |y i el o L 4 oS Gl g
Sl slaial, § LacSiaS Al a0 bl ot oo S5 0llod g0l ol 45 ably il 08 ilesls
aSb plasl &8 o

Jlpe olod o g adpdy 1) Ghogiy (olojglin phas Cox) &S by demw iS5 BT QL
oo 1y ,8as JleS s ;S5 duye (Suslaw g 5l o1 ol

Mt pizmo 0digled (puizred g Wdged i |y allu, ol Cglad Cam a5 jols o 2ore aslal

oBiily S 58555 9 et ¢(yire omwdigeo 0aSily LS g Ll IS l6S 5 aslul  eled ]
e 33,8 6L ) bl calle cnl (5y9laen 5 Buion Jsb 10 5 Jreass 0,93 10 4 09,8l Jiais
-P)‘}i“lf..w’

led oo ST ilodgy by g olrem 0)len a5 050 Sla mg Sen g Oliwgs aen 5l OLL o

21 958l s, Caibge 5 (oD 553,1 lise nl den sl



4ol wgxi

(e gt 038Ul —BLLIST ol )T - yase cwdigee 4D, (65550 0,90 (S9oiils (59 S dusg il

b Foxo @blo S 50 o Ol 29595 arlllan dllos; ooy g 09,0l o olKiils S0 58655 5 Cais
03| (g5 5,018 25> Slosal, w599 I i g (Frwdnb (2 Lorbgi] gy G24L 5 oo liiul

Pod o0 ke Sl

ol 10565 5 ol 5 G 5l g el o plosl Lol Jawgs Al ool jo Dlidxs @

el o0l bzl oolaul 00 a2 e 4 K00 laioee ledpgh mlo jlosliiul o @

o &l gt )d (g3liel b S e 95 g 8l sln (6,500 9,8 b 09 bawgd (ST Al 0 e e @
el

oo oRiila » ol bz s YR g all oo 9g,0Ls Jxiis oRiils 4y Blaie Il (gaine Gai alS .
Sy s2ly3 Ol 4y «Shahrood University of Technology » b g € og,0ls

Ao, 5l g yFis SYLEe 55wl 03gy NS 13T el Ll Lol s cyoel Cows 4y 45 a5 ol ples (Soine Goi> @
25,5 oo ule,

Jsol 5 balgs sl oais solaml (LT leBl b ) 0aij S93g0 5l a5 (58,150 10« 4ol (Ll ol plonil Jolpo adS 0 @
el oals Culey (SIS

Cowl oals oolawl b asdly s zws ol 3l casel @ledlbl 059> a3 a5 (69 )lge ;0 el (LU ol pll Jolpo adS o @
Sl 00l Coley Slusl DB Jaol g Laslgs « (g5ls5l, Joo!

/NN &)l
97l Sl

Gld aoliy (oliS (7 pRime Y Es) OT OY guazo g 33l ol (Gairo Felds anls @
o 0 Kinild 4 Blrio (Gl oo Ak lw Olsutexi 9 & 1381 040 (gl @iyl

350 abgs e gole Olanlgi j0 guaido g 4y Wl Cdlao ol Lol o0 09,000

Al alils 35z g Alwy ouds 1iST glo daeus sl jo Wb 5 asie (pl e %



R

o Ol 50 Kl glind & sl Gle 50 6059 e (Olae 52583 5l (S etz
2 oo ol sle Jds @ g5l 5 gl Sl ol albl S ol 5 0ads plonil 5l &5
s Lana Ly 5 05290 siilgms (gla 15 il 5 _S55lsn el s e sloSins
2555 lakazms )3 0an VT jolie JUnil &5 (alidl s (onnb (oloordssy cdale )0 PPl ol
SLoslll 5 55l jaisad anls (ST (378 (lie 5 £55 oo byl polate 4 29,5 o0
@SB 0 e polie S5 chilé (ass gl 09290 o lailinl slajbs, 08 ploxl alKiole;]
mokey «aB oS gyl ool gl ol 4525 Jolie izl sl sl iz 5l (oglie
e silar s Slya Ly Lo Jy e g Ladigas (g5luoslel 4 a5 12 atis sl Cliio b ol o
Ol g 4o 08 (o ya gy SO SIS (5 S0 5lul slahg) culre 4 4 g bl zlax
el 3l 9590 adlaie S 3 polie St dwgn (b g 2Ll
Ghiw 9 0558 mae Jobo 9 Suo3 E g (e (il lahy; Subl alllae (0l o
olis CBle St 5 ailend 5T 5 ()0 paiged (ke slahy a3l Dlse 4 0
oo e Y ojlend s ladbly asged VY- o date pl (sl 85 3 () S )90 (so
o yolie Sl 5 Lwld G Cundy ot ke ay il slaalej] g ails y datiz s
S S 50, S (o S9m Jlop SY @ig 5l pebie ples il ad plonil ladiges 5
Gaisd il 5 oy gl Lo G5 B 50 5 ey X antl il BT 3 ) 5 ladiges
s> 4 yolie (Fn W (Fosll 5 0lid goms polie amecen) laadli (o) 00,5
sl b 6 Sojlasl adls aalllas 3550 caed 50 e 9 (59 w2 irdge poeslS
YO o L5 Y0+) idles oogoiome L Jas ol g 5l oslitl b g olSinlojl 1o 5 loaiged
Loasises ol ol (55, 2 p50 5 Jsl Gt Slogtsb i bl J) g 285 )90 (el

= plogl yolie 6 p&aisS 5 (Smiien prlKe (o) ol e 4 oo polie clale o i



[ ST bl e 09,5 90 any aalllas )90 (comw jmaie 4T (g pdqaiss 5 o5l @bl
s SLa LS L bad e 5 (US55 CLS (pgadls « S| yolie Jol2) ool (sloans's an
e L2l 5l mdm s (nl Bk N0 T el (895 9 2 speiendge pg)S ) ol
Ot (S yd Ay (il SST L (g8 e |) ees laalbly )0 05250 o jolie 7S 50
Olae 5 y9a> (s Tt 8 Gla gy (S S5 o ob))l el 4 az g b oges
b yo o2 (i Jol Glods; i il 1) polie cdale (peds ailfaws gbo by, 0 5 0
Sl ol Giee ool 58 Gl i slogbsy Ol 50 Geizme g bl e slahs; @
G 50 gl Sl mll (o e (59, 5 o pgmedlS (LS (S (e S| paie Cin
il 0 paie g gl odl Cuss @y (a3 s )T Gladde e 90 5l i
00l (gapaiib pglal asF e nailb 90 90 (Bl &b L Jol pslal 5 Jles! pglas
L oYL blsjlas g,0le SoSTy, a9 svaia L ALL g OLI oS 5 5 OLIL .Y i
oads ganaib pslai Cillas (rizeen Cubls (g ey Cgpline i)l (o] (GlaanSs aal oS
oy GG b Suop Ll o a5 (g0l msyh sloadss b ALL- (5 50l 5 (5 mle ol
2Uls s ALL 5 91 5mle (oS 5 pgeal Al oy (S0 SIS 508 Sl 4y 0y oy wiiius
Sl cillae (ol 09 Jou BB ol it (ol 4t b o] csllas ol 5V (aeb S5
0955 Sl robes it @S e & Gosb 4 g iy SWIR odgase b e e jolie
G5 ol s el Cawd @ (oS 5 aebl b skl 4 5 S laae Jleel b ooy g e
Slive sz (i) lse an wlos (G psmal 5 (BEtalejD) (riwiil 4 ol (L
S slala e 50 (pos juolie cbile (g Fojlail jslaie 4 olod sloIUT 5 (6 S Wigas
55,8 il Sanl

i o853 g polie Cbale albl Gaes el e e islS SIS
599 3l Gromins 0BsS mae Jsbo 9 Q05 g2 (S

c



Concaentration

Ertor

Srpad ouuSS

SESITE SSSTISE SESEWE SSSIASE
e
&
- ®
®
®
. %.° ¢
@
| ®ee ® ®
$o " 0
§ °q8 %
k ®
N 0e® Qesa 080
. —
s ®* ®
\S sasﬁ )
L] Lr) 0% 1

Continuum Removed
®

s

T T
Wivcleagth {nm)

SESTIE  SSS2APE SORMWE SSSYNE SSSYNOE
1 I L ! L

N

MSE = 3970 2723, RMSE = 63.0101

200
— Emor
100
A V]
) 1] 10 15 20 5 0




& y5ckumn Y lio

1- Khosravi, V., Doulati Ardejani, F., Yousefi, S., & Aryafar, A. (2018). Monitoring

soil lead and zinc contents via combination of spectroscopy with extreme learning

machine and other data mining methods. Geoderma, 318, 29-41.

2- Khosravi, V., Doulati Ardejani, F. , & Yousefi, S. (2017). Spectroscopic-based

assessment of the content and geochemical behaviour of arsenic in a highly
heterogeneous sulphide-rich mine waste dump. Environmental earth sciences,

76(13), 459.

3- Khosravi, V., Doulati Ardejani, F., & Yousefi, S. (2017). Spectroscopic Based

Quantitative Mapping of Contaminant Elements in Dumped Soils of a Copper Mine.

Geopersia, 7(1), 71-84.

4- Khosravi, V., Doulati Ardejani, F. and Yousefi, S. A Spectroscopic Approach for

Study of Soil Arsenic in Sarcheshmeh Porphyry Copper Mine Waste Dump, 6"

Iraninan mining engineering conference, 6-8 November 2016, Tehran, Iran.

9 clale u.a_a..!.) )5_L:...c A Jod> ‘é_ms) 4_’;‘)‘ o ‘sn_my 9 8 4‘53[.?-00)‘ (5“‘5‘3 ‘9 ‘(_gj).w;-—a

(ol eslainl b deiiz pw e s albly cws SIS 50 89250 g, i 0505

Ol olKils A0 ole (LT VA (N ons ) bums smass olSiuled 5 (o siulen (pueiin

6M‘ ULQ) L}“"l_’ )Q )5~) )‘ W Qﬁ)l_f o Ga.wy 9 .8 GGEL?-ooJ ‘S'JJEO 9 sds).u..} -7

oKl A olo ulﬂ YA ‘;‘ VY e NEYEN (saass ol Las 9 GLA uu.’Lo.a: Cymosadd (g0
ol
U‘J_LQ ‘;u}j—ﬂ d-\)l—’ 99 9o )‘ W Qﬁ)lj o Lf.wy 9 8 %sil.?-oo)\ ‘5'2.]90 ‘9 chjj,o.M} =Y

Ol



. dodde —V-)

..... LSﬁS)yWQOl&Ab.bAJJAGEANM)‘ﬁLM—Y—\

o yolic -Y-

\Y

\Y

\#

\Y

AR

Yy

YY

Yo

Y5

................. rnn s Mo =1 Y

o )..al.;.c ‘5ﬁ‘:xi~4';9§ 9 () (S e yd -Y-¥-)

................. S cole g cdl wugb, -V -F-)

...................................................................................................................... S sla S5 -Y-F-

SN | PRSP R

................... 2l ewads -F-F-)

(90 5l L) (6 pgeas Foeocids -0-F-)

‘_,;la.‘,m Gy Oladllas yo g0 5l yiomiw o Wu...b 3 oolawl aiay -0-)

Odre (Gl Clay —V-0-)

ol OYls g allice oy o5 V-5

......... Do plol &g 0 -V-)

Gy sl 8 g Slaal —A-)



va

4

4

£

(A

oy

........................................................................................ alls, smailejle -4-1

Aoy po Al Some g (owlids (pe) o o9 Sl Sgipg0 Jad -Y

doddo - V-V
....................... W)AAJ ddlaie p.;J.B‘j u.a.aB}A—Y—Y

aalllas 090 adlate 5 Glo)S Sdgjgim (leSle ogd (oulid () V-V

Aoz yus gt Sdr0 03900t S Lol 6LQ‘5;LM,)§¢ _fy

REIE IR g

sokegp Sle So-F-F-Y

........................................... 2050 ol S —0-F-Y
................................. ERVORPINCN I DRSS TR
..... d\.LbL: Lngwb 9 QSIGW w,.._;) U)AS ‘o -Y-Y

G Mge A=Y

.......................................................................................................................... M we) f}mJ@S—\‘

dodie — V=Y

........................................................................................................................... G,lo paiges -V-V-Y

e 503l g ldaiges (5 5lwoolel ~Y-Y-Y




VY ettt Gl polie b aio) jlade -F-Y-Y
VY e eeeteesa s okl la by, —O-Y-Y

W F (gl ¥
Y et s st b (6 Sojlul -V -Y-Y
Y et s b o3l i -Y-Y-Y
At s ST Su R S T LS e I
AY Gpdgaiss -F-r-Y
ANttt Gilw e o g, —O-Y-Y

) 0 Y e ey liel gl Lrs —F-Y-Y

TR OO OO PO OSSO PP elad a5e5 -Y-Y-Y

N bR R e 499 5l Lmomiw -F-Y
N Y e et oolaiwl 5,90 yglas —V-F-Y

N ) iR S5 g, -Y-F-Y
) Qs Aloy ol o eolaiul 8,90 sla 580 0 5 —O-Y
Y Y ettt R G ozez —F-Y
Y Y et sree e erees bl ety g bools Lo g 4y 300 10 o> Juad -F
T R ooy -V -F
Y s S sladige owlils S5 oS 5 -V-)-F
VY D eeeeimmiimeeeeeee s o polie clale -V-)V-F
LI OO o polie Jaors Cansj o azli -Y-)-F

ﬁ



MW Sa Jodd (g, b polie o (olendish) LLI )| (s o -F-1-F

3 R S, il ol -Y-F

Y ) s S 3 sy 5 il IS IS5 -V -Y-F

L e e e e e e e e e e S, -V-Y-F

|1 5 RN . pg,S -V-Y-f

VOF e R

Vo ; ; ; s p3aadlS —O-Y-F

VOV s . IS5 g cdLs -#-y-f

\V& ....................................................................................................................... 69) 9 &y —V—Y—f

VAY ettt el e ~A-Y-F

L e bl AilliS A=Y F

Y L TR Lg.)...,cu.._b 9 ).’9[.‘4.5 LY JLQ..C-‘ —Y—YJ—‘:

YAY )9.) )‘ u,u.?h.u.: C.sl.«.a &5 R —\“—YJ—‘:

Y\f ............................................ . 6._),_,&0 —f—f

AR . . . bowsdﬁmw&aﬁ—a

VYo o ) ) ) . 2l -V -0

L eogsy idu gl —1-1-0

L A R, e sl i i ~Y-)-0

LA P 99 5] Ui Ui gl Y- -0







VO s - S diges 5l ooy ol VNIR/SWIR Canbs V-1 IS

V8 e lizes Cusby olsee b SB gl b SbjL e Vo) S0

\C\ ............................. Su)d%uweuﬁi‘_gLQmB)M/GMS‘)‘f)J‘S:L)Lch—V—\JS..»

YV e Ol g andl (il o Lyl -F-Y S

| 1 LR &b)‘ébo‘)swﬂwumwy—\—\lp‘&w

\c? ................ ULA; «_i::j)j.a.w ‘S:Lofl.n L),ugs QS“‘JL“'”QM) asas -Y-Y JS..»

N e Aoy s Aigs Sl yIT A -F-Y S
TAYA T Ol s b cdoniz po o oo bl slacws 51 (B Condee -0-Y S
A N G e & lagls 2V YIS
Y o (adiges Cobls py Joee 155, 5,5 blis) (50 paiges bolis Cundge 5 albly oos ~Y-¥ IS5
VO o ol ot g ol s OB 5 FSmald il olfis -Y-¥ Sy
AY oo S T Slge 5 638 6lo sl eSS S5 Calisee JISCaI -F-Y S

S VNIR/SWIR Gl g o yolic calé o  Sinod cul o jloges -0-Y S5

AS s SWIR 5 VNIR (slaosgaze jo il &l s —5-Y S5

QY oottt S sian s a5 Sy LSl VY S

YVY e adllas cpl jo ool 050 st wix/1)8 lo S (gl Comdge AT JSCS

LI S 2obal oS 5 50 (Al p zekaw -A-Y IS

VYA o S| Cale @y by o (P-P) Jloiol a5 5 ol S g Jlog0i -V -F S

VYA o glnz o503 51 ooliil b ST sladigas ;o i yolic g,lel ay95 -Y-F S5



YWY Lbd..:yo.: )‘ L5>)" Rgas o‘).q.(bd.J)LA.M:y..: BA> (usfab Lg,b)b;n,.]a(u.ﬂ—\‘-\c Ji.w
WY. od> @b ol gliz! Jdow 5l Lol> sl adse 90 (sam 90 g5kl jloges -F-F S
VYD) e eenes S 4.!5.0.’ Cid £9° 9 Jﬁ‘ w srﬁl.’> LS‘» ;Q.Ja -0-f L}S"“

VYV oo VNIR/SWIR sdo cids gl Gdn (o (Ko -#-F S

R PLSR g, a5 b ool cawsd 4y slologas ~V-F IS

VEE e, a6 pS03lal g oo i s Syl liae (FaiSTy slologes ~A-F IS

G et eeeee e e s e e eeee S| lad po 595 s -4-F S

VEY Jsl 45 0 Eiie 5l Jols i3 sboosls o (Kivod clps =) o-F S
VO e sl b 1903 (0 GA s PLSR (sla jis, b e slazse Jsb (Gl -1V -F S
VOY e o0 s (0 0 (6 S o3Il (il pg,S olad wuser asis -\ Y-F o
VOO e Cu slgizs s VNIR/SWIR ois> cinls sl gidn (m (Stomod -V Y-F IS5
VS e o0 gy (o 0 (6 puSo il (] ¢ oo (ol o395 ais -V F-F IS
VEY e Cd slgxme g VNIR/SWIR sds il gl Gids (o (Scmnad —V0-F S
VEY e 00 s (0 0 (6 pS o Il (W cpgnaslS olad aoje aiss -1 #-F JSs
VP S Ni § Co lgime g odx il Jgl @i (Ko o3 -VV-F IS
S S 5 LS i mjer 4z VA-F Sy
VWS oo S-Zn 5 Pb Glpime 5 22 b ol 3o o (Ko 551 -14-F S8
VAN o §9) § = 00D Sy 9 00 (6 S ojlul polde o awslae -V -F S

VAT e sdal Cews 4 oo slezas Jsb anglio (I-YV-F U

\/\P ...................................................................................... 65)9u).w @Laj c.:)yw—\’Y—fJS.w
VAY o Mo (glgime s VNIR/SWIR iz cilo Jsl Bitee iy  Siweod ~VY-F S5

H\" ........................................................... w.ud.u.lj,o @Laj é‘)ﬁ" Al —Yf'f JS...;




Y iz b sl 5ie b oy s S 5 (0] (Srad o -YO-F S

LK S Sl Wb A eads wngish g @) JolS alRislesl cads -YE-F Sl
| S SO yolie oadly clale aid ¢ pwl ool ganda b gal awglas -YV-F JSo
| GO () Gy pmle BL VY @ ool cmogiib g @) JolS aBiole;l il -YA-F S
Yo Qs olic 00l (6 S0l clale ands g g ,mle 00l suail pgal dunlie -YA-Y S
LR RS Jrcw SLY @ ool cmssiib g @) JolS aBisle;l il -Y - -F S
YoV odds (g S ojlail clale ands o ¥ i ool (guindids pgal duslie -V -F S
Y+ A OLI b A a5 00y (g3l g (@) JolS allile;l cals -YY-F IS

Y st OLI ouis 6..».:4.‘».‘9 Ryl wl.u -vy-f Jiw

YN Y s ALI 9 uy),uLb ol Lsdu..:d.o.o.]o ;MS P pyal MLM -Yf-¥ Jiw

YAY e ALI 5 OLI sl (gouisls oS 5 poas auglin -YO-F S



b Jgus Cow po

Y. oo yolic Clale eds jelate 4y ol plol Slalllas 3l e = V=) Jgon
5f TV o led ceed 5l o Cedls p (sbadiges Slaisis 5 ab-V-F Jsox
A S glaaigel o it polie (lomis by, 5 5k, ST VY o
v (Ige0) cuisls! fyoy Lasli wlal p S sladiges jo Sogll Cods -Y-Y Jyo
yY Sosll a5 oads ol Lasls Lulul 5 (Fogll calises slaog 5 —F-Y Jgox
\ig ¥ Somalid olfws (28 Sloogas (S0 -0-F Jgoo
Y adllas cpl )0 osliwl 0)50 pglal (S Sladuiv awglie -#-Y Jsoo
VY- Alo, ol o a3, 5 & sla il 5 =V-Y Jgo
VYV Gone ¥ o lad albl cos sladiges ol SIS gl iros Ll -V-F Jgon
VYV o oty 23Sy cladiges 1o (MEKE) soms yolic Clale ipos Ll -V-F Jsux
VY oy S S 5 T slaanS s aunl ST o yolic  (Stacad o Sle -Y-F Jgon
VWA s oy Sl9on0 g 58] 6loanS g ) ST S )T it gyt Konnad ]y —F-F Jgu
1 P ladiges ginb (sl32! slgime il (s p yokiie a1 3lhas s sl . Sileo -O-F Joor
R E— Galiseo PPH |5 6 p3aisS 10 miee b puiie 5 ST s (Ko p0lie —5-F Jgo
VEY (oo Ltel sloosls) alizes (sla g, b ST cdale o i gl -V-F g
VEO S| clale 6l Jgore S S o500 g des Joo sl el )b ~A-F Jgo
VEY o0y 9 02l GleaS s jaunl STy S Sl o gy (Kiwed ol o -A-F Jgax
17 S b syl Slgie b oy okt 4 lae oo sl puSile =) o -F Jgo
LR P Galises P.PH |5 (6 n 04555 13 atee b paiin 5 pg,S (o (Kivrod polie -V V- Joux
Ve (oo Litel soosls) Calises (sl g, b pg,S cdalée o s ol -V Y-F Joax
VO* po,S cale s e 5, Alolee & by o il g b sladaseie -\Y-F Jgon
Vo posS chile lp (Jgens Sz S ol S 0)lg dos Joo slo el VF-F oo

B



VOO oo R E PPV BP I ECVIR SURW-Y v | TS CUPRPWIURIIL CIWOV-SN V- 1\ g PRES
YA Y — lodiges sinb (sly>! (slgime il cwyp Hokiio 4 3llae oo sl 1 Sles -V 7 Joon
LAY @iz PPH jo 6004565 10 e Sl putin 9 o o (Siia2 polie -V V-F oo
VOA s oo iale as g ) alolas 4y gy e culps 5 dinb sladasiie VA-F Json

VOV cvininnnns (Zow, el glaosls) alides loyig, b o cdale oo yinn s V=T Jous

\§e o ke 6l Jgene Sz )5 el S0 lg 4o Joo sl sl )by -V =¥ Jgux

VEY v oy Slgima g 0] (SloonnS g 0u) cnST (pguadlS v g (Scmod ol o ~Y V=¥ oo
VEY o laaigas il sy Slgime b gy jslaie a Blhae s gl (o Sike -YY-F Jooor
VEY iz PPH 1o (60304555 10 o 5lo o 5 pgaedlS (o  SKiwrod polie -YY-Y Jgo
VIO o (s el glosls) aliseo (glo yog, b pomosls Clale o i ol -VF-F Joox
VED o powesls Clale as s S, alsles 4y bgyye culyd 5 b sbodasia -YO-F Jgoxr
VEV et powasls Clale gl Jgans iz ,S a5 ls dows Joo sbo el -V5-F Joos
VEA o ool SlosnS g 0un) ST (S 5 CILS (g (Smsod caal o -YV-F oo
VW o laaigas hob sliz! slyims il gy jshine 4 Bl oo oz (5 Sile -YA-F Jgor
N2 T alizee P.PH jo (6 phaisS 10 pie Gl piite 5 SILS (o Siicon ol -YA-Y Jgax

YYY e el p.pH 5 6ﬁ.5%4;)¢w§u)@9jigwwﬁo&—\""f Jﬁ‘-\?

VYWY calizee sla oy, b IS 5 LS glacdale ooty @l -TV-F Joa
YO o IS g LS clale ol Jgene Sz )5 o595 dos Jowo slo sl b ~YY-F Jgax
A A ool GBS g,000) ST (S5, (0 (pm 3 (S ol o —YY-F Jous
VWA o ladiges sl (sl (slgiomn il (o) slaie @ (Bllas (o (slas (il ~YF-F ooz
L Al PPH ;8 (604055 10 pie Slo pstin 9 o (e (Ko polie -YO-F Jgux

YW e cilizes P.PH ;8 6304555 10 pie Glo o § (9, O (Somod polie -YF-F Jgao

YAY iz gla s, b 55y 9 o glocdale ot G -YY-F Jgus

VA e o clile ot 9 )T ) dolae 43 by e ol s g sinb sladasiiv YA-F Joax

J



VA o oy cbale s o S dolas 4 by e culps g b slaaasio -¥A-F Joux
VAZ s 9y 9 oy il gl Jgane Kz )5 6l 5 g ilg ded Joo sl el b -F+-F Jgu
VAM i RNV SRV . DU RVIN [OSERVIENOINUINE CONOV-SDN (V- S T S PP
VAR lodiges ik 5152 (slyime 13l (cmyp poliie 4 Glae cond slas (2uSilo ~FY-F o
VA s @S PpH [0 (653054385 10 i Sl jitio 5 it ge o (Siwon polie -FY-F Jgus
VA s (e Liel slaosls) cilises (sla g, b pusdudgo cdale o i gl ~FF-F Jax
VAY peidedge Clle (gl Jsame Stz S ol S )ls dad Joo slo el )by ~¥O-F Jsux

1a¥ Jol ien b 1) (Sirats 251> o polic 45 logzge Job ~F5-F Joux

VA e yolie chale 5 cuw) ladiges b slosil (p yiageo 31 (B e Sood —FV-F g0
YA e SAM u‘-’j)l-’)-’jta-’jgs‘-‘-") le.@:\;w‘sa...‘a%l.w.o 2y C.)Lu—fA—f Jja.\?

| IR alises )'.’.9L‘4" 9 ‘SQ&NLQ)] LSbJG ‘_ngdJL: O 4.‘9).’0 x_i: ‘39)1 U"’s) @Lu -fa-¥ de}

Y Rolal el SS L (pom polie Clile oyl Jolo @l 04 -F Jou



pm

ACO

ALI
AMD
ANN
ANOVA

ASD

ASTER

AVIRIS

BaSO,4
BCR
BPNN
BRT
CART
CF
COs
CR
DE
DEM
DSM

EMLR

Micrometer

Ant colony
optimisation

Advanced land imager

Acid mine drainage

Artificial neural
networks

Analysis of variance

Analytical Spectral
Devices

Advanced spaceborne
thermal emission and
reflection radiometer
Airborne visible /
infrared imaging
spectrometer

Barium sulfate

Community bureau of
reference

Back propagation
neural networks
Boosted regression
tree

Classification and
regression trees

Contamination factor
Carbonate
Continuum removed

Differential evolution

Digital elevation
model

Digital soil mapping

Enter multiple linear
regression

ENET

EnMAP

ENVI
EO-1
ESA
ESRI

FD

F€203

FeOOH

GA

GIS
GPS
IBM
ICP-AES
ICP-MS
IDL
IDW
Lgeo

IHS
KCMA

LASSO

OlHlais | g pidle Cow ppd
Elastic net

Environmental mapping and
analysis program

Environment for visualizing
Images

Earth observing mission 1

European space agency

Environmental systems
research institute

First derivative

Iron(II) oxide

Iron oxy/ hydroxide

Genetic algorithm

Geographic information
system

Global positioning system

International business
machines corporation
Inductively coupled plasma
atomic emission spectroscopy
Inductively coupled plasma
mass spectroscopy

Interactive Data Language
Inverse distance weighting
Geoaccumulation index

Intensity, hue, saturation

Kerman cenozoic magmatic
arc

Least absolute shrinkage and
selection operator



LiDAR
MARE
MARS
MATLAB
MBL
MIR

MLP
MSC

NEF

nm

OH
OK
OLI
P.pH
PCA
PCR
PLI

PLSR

PRISM

PSO

Light detection and
ranging

Mean absolute relative
error

Multivariate adaptive
regression splines

Matrix laboratory
Memory based learning
Mid infrared

Multi-layer perceptron

Multiplicative scatter
correction

Normalized enrichment
factor

Nanometer

Nearest neighbours
Hydroxide

Ordinary kriging
Operational land imager

Paste pH

Principal component
analysis

Principal component
regression

Pollution load index

Partial least square
regression

Processing routines in
IDL for spectroscopic
measurements
Particle swarm
optimization

Radial basis function

RE

RGB

RMSE

RSD

SAM

SD

SE

SG

SMLR

SPA

SPSS

SSE

SVMR

SWIR

UR

USGS

UVE

VIP

VNIR

XRD

Relative error
Red, green, blue

Root mean square error

Residual prediction
deviation

Relative standard deviation
Spectral angle mapper
Second derivative
Simulated annealing

Savitzky-Golay

Stepwise multiple linear
regression

Successive projection
algorithm

Statistical package for the
social sciences

Sum of squared errors of
prediction

Support vector machines
regression

Shortwave infrared

Univariate regression

United states geological
survey

Uninformative variable
elimination

Variable importance for
projection

Visible and near infrared

X-Ray diffraction
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2 Stepwise Multiple Linear Regression
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? Projection To Latent Sturcture
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! Multi-Layer Perceptron
2. Hidden layer
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Abstract:
Sarcheshmeh is of one of the largest opencast porphyry copper mines in the world. The
amount of mine waste produced by extraction and processing is very high which is
mainly due to low copper grade in the host rock. Weathering and oxidation of sulfide
minerals in wastes cause variability of the natural concentrations of elements and
increasing their transfer rate in these environments. In order to evaluate source, type and
the extent of contamination, sampling and laboratory analyzes should be performed.
Existing standard methods for estimating the total concentrations of toxic elements in

soil require mixture of several acids to perform acidification steps. These methods are

accurate and well documented by the researchers. However, they are expensive, time

consuming and laborious since requiring substantial sample preparation and digestion
with abrasive chemicals. Given the disadvantages of classical measurement methods, a
quick, low-cost, and easy way to continuous monitoring and assessment of elemental
changes in the region is required. As an alternative to traditional sampling and chemical
analysis methods, the capability of laboratory (visible, near and short wave infrared)
and imaging (remote sensing) spectroscopy was investigated for prediction of toxic
elements concentrations. 120 waste samples were gathered from dump number 31 in
Sarcheshmeh copper mine and various experiments were carried out to determine the
mineralogy and the toxic elements contents of the samples. Concentrations of all
elements followed lognormal distribution. The mineral composition of samples which
determined by X-ray diffraction was classified in primary, clay and secondary minerals
groups. Environmental indices of toxic elements showed high contamination of some
metals, especially cadmium, molybdenum, lead, zinc and copper in the studied dump.
The reflectance spectra of the samples were also measured in the laboratory using a
portable spectroradiometer with mesurment range of 350 to 2500 nm. After performing
the first and second derivative preprocesses on the raw spectra of the samples,
concentrations of toxic elements were predicted along with investigating the prediction
mechanism and elements' speciation. Based on the results of mechanism and speciation,
nine toxic elements were divided into two groups related to Fe oxy / hydroxides
(including arsenic, cadmium, cobalt and nickel) and clay minerals (copper, chromium,

molybdenum, lead and zinc). It was also found that, some important phases for



controlling toxic elements in the dump environment can be accurately determined by
spectroscopy. Regarding the results of evaluating regression models, nonlinear methods
were the most frequent among the best methods estimating the concentrations of
elements. Among all preprocessing methods, first derivative presented the best results
for 7 elements of arsenic, copper, nickel, cobalt, cadmium, lead, and zinc. In remote
sensing part of the thesis, the best linear regression model obtained for each element by
spectroscopy was applied to the images. They were then classified using a binary fitness
function. The classified Sentinel 2, OLI, and fusion of OLI and ALI images were more
similar to the distribution maps of elements with high correlation with oxy/ hydroxides.
Furthermore, the compatibility of the classified images of Aster, Hyperion and
Hyperion-ALI was higher with distribution maps of elements closely related to clay
minerals. The similarity between distribution maps and classified Hyperion and ALI
fused image was acceptable for nearly all elements mainly due to the improved spatial
resolution of the image and it's higher spectral resolution. This similarity was greater for
elements related to the SWIR range, so that the best prediction results were obtained for
chromium, copper and lead by applying regression models on fused hyperspectral
image. The findings of this study showed that spectroscopy (laboratory and imaging)
can be considered as a novel method for assessing the concentration of toxic elements in
highly heterogeneous environments.

Keywords: Sarcheshmeh copper mine; waste dump; toxic elements concentration;

geochemistry; visible, near and short wave infrared spectroscopy; remote sensing
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