VOFoAY A¥A8 Ol o(YF) £ S sl gl b s ey
http://magazine.hormozgan.ac.ir

S S dhe Sl 1 sy 9 Gl 53 (1)) 65 5 Bl g e
() st &m;{ﬁ };’qToj}’- 383 90 anlllan)

g oKt iy Las ot sl 3 S b 55 o)

I 0 o8ty il e T 557> pmitils 1 _oaBS oo

oo (Il Ol jl et g a5t 2 ol Liils sG] 3] g2m e

I s o880 sl oo T 5 e 02,5 Slesleal 2 M Ao

OB s o880 sl iy T s win 02,5 hslol 16 9hga g

(QAZAVAR LS EN-JYRY @JU \V/B/APAB el s e)\.'i)
oS
B 5SS B o s el 5 gy 5 ol ol (ST Bl g ey il B ST il 3

Ol g Kl oy b gbline gy aTHE yls ljwdy S8 Gulin (2 s GBI i 81
5 BLL g et bl i ) s oy ST & Dl gy wlis ool Sl S50 5 BB 50 (g
s 9 408 8 Oy go o8 g (oS 5 e 3l o3kl b &S Sl Qg 5 Gl By i Sl sl
—ag b 8,0 T Ous Ol gea 09 S 5% 51 xS o3 T ogj\ﬂm@ﬁ@?@b@ﬁs v
587Sr) p gl ol GLaQ 5 931! &S 03101 sl 5 ICP-AES 6&aus j1 olbard 555 jolis 6,8 0101 | slao
3 edie ol Jo 53 geily o 2 (3L 610 ok 03Lisal ICP-MS o 51 (M4Nd 5 13Nd) g gemss 355 5 BOST
ilin 2 THUS" b i 812 5 o 030kl 1518°C g0 (6 jlotnd 5 SIS ) (83t oS85 0y sXI gy
i SoSE 81 LAy S S T O 584 p sl 9 O3Sk ¢ s 02,8 ol GOF a5l ) oo
g Ol VEWINTT a3 985 0 959 53) G 9 s ¢ 35 ¢ gl sl puolis 5 (151 038 Slau
02U L od g hldingy gy 315 LS ol ks QL) culid sy i)l g S8 1 0 iy oS S
A1y 43 Aoy AV/AY GOF a5 Li b o e r;a“)}iﬂ Siwdng Siay 9 bl d>1 55 Aoy d4/4f GOF
A b 3o ph o a0 s g 33 gy S i g e o1 1y £33 00l o s (1)) 620
SLa )L Aty 33 sy b 55 lis oo o Sy 9 03 B/YY 5 AT/8Y Uslas 5158 5 6 plawT lant b
3 035000l Ao LCanl oy TN 5 S¥/0F Uslen o ity ol JKix 5 85150 lacs )8 & by po 1)
A o s /08 901+ 3Ll U i S 5 (8155 01 5 1YY 5 T Sl b s i sl
S8 Ca Pl 45 Ll Sy e Sl 5 Wsls olaisl 35 4y 1y i Saea] oy S 1) las 8 5 Ll
RRY

St K s el K55 028 s S sladas sl 0851,

Mohamad.kazemi86@gmail.com :d e sty 5 *

AN


http://magazine.hormozgan.ac.ir/
mailto:هرمزگانRa_mahdavi2000@yahoo.com
mailto:هرمزگانRa_mahdavi2000@yahoo.com
mailto:هرمزگانRa_mahdavi2000@yahoo.com
mailto:هرمزگانRa_mahdavi2000@yahoo.com

Qg . . é q
...)bg\é\)\‘sﬂjlfju-b)uww d\)&«k};»y

Asdiis -\

e Sl bl s Sl cBls s JaS cale Gt Gl g s, s el
Gl s cwle 5y, sl cass¥ (Patrick Laceby etal, 2015) sl )l sl (cojs> 53 s
etal,) plos ol 51K p e s e mle o Somal Qlld (ST bl lab, moe
5l @&Ln (g d S 5 STl bl s ke gl g8l ol ol Csm, s s (Chen 2016
—asli gl san sV LOVAY OLas 5 ) Sl T slaessm 5 g ol b i 5 s ceal o ale
a5 5 Dy A o LGJTWJ%UMJ @WWQ;@U‘@"L‘J‘%)}“J s s S cbli> gl
Seslaal L a4l ole p STl S (Collins etal, 2010 ) ol 50T gos 5 Sl bl
APSCEUR C PRI LT BN P PR IR JUAN R 2l 62 (b sl
Sy 5 53wl pl o ol 5 g s 3 el 2Rl s Olsse bl Solea b b,
i 02 Gl Olssa sy s (Ol b g bl (Walling, 2005) cslasl  Ss58l5, 5,0,
JS Olles o Somlin o a5 53 5 ey O (Rl ey 5 iled gladis ool ol b
ala Lgujj’iﬁ S ol o ol Sssee sl geiem e s ST cblis 5 g s ale b
Jae g e am LT (LSS e OT e 5 cses JT s ol (aleed (s
-das 54l L (Koiter et al, 2013) 508 0 oslimal s A pwd g Ged 03 S S L S5 Gl
3y e 2l Sldllae Vs gaas il 5V IA gaas Sl o 5 e b lsy ol (o S5 sl
(Walling, 2005) 55" qal 5 Calss Bl S o e S e 05,81 s 4 O 5 Ad

S Sl past 5l slia sz S G Ol s ol e pkir (s Sl Sl Ols S &g‘m‘.
b s Cilisn Sl st S| s §lsil 5 Sl (L5 o g e Sl Ol 5wl o padS 15l
- ey el i (1 il Lol (58 55 Jals g <, &K1 (Collins et al, 2010) 5,8 s
Slres 35 samlin (¥ 558 S ok, b cwl Sodsm 5 lbooad s ((SKed Sleo s saly L Wl
Collins etal, ) > 55 o gy e Comal dts rojlal dals) | T Slus gz Sl eslaal b s
530 bt sl b S i b S olesd 5 Kb Sl g il Oliime (Walling, 2015 & 2012
Hatfield and , 2009) b SS" wblis &l 2 (Fox and Papanicolaou, 2008 ) o les 5550 «(Y++V « Xl
236 ole 5 (Poulenard, 2009) 5 5 Ggsle Sy 2SSl o(Blake et al, 2009) 5871551, ol clale (Maher
55,8 eslizmal oblise Sllas 3 Obs, Olyew 1, (Zhang et al, 2008) ¥ Sl

! fingerprinting
2 Rare Earth Elements

AY



VR0 sy (YE)E 1\ e Sl b laay

Jdos 2y ol eslil Ly aS 5,8 o )il (\WYAY) OLISKs 5 Ll s @ U155 0 Jotls Ol o
3 2l sLa LS (it K (laasly (lelir 4 36 & — olis Sl clin SeoS 5 nd 5 paids
3 S IS S s omin dizr a5l eslimal b= sy aslllan 3 pe (gadlane )3 )bty (sladoly
phe 350 s el s abline die g L (M) (S ST s ) Ol (o e
Sl ditnn 03 b S ol bS] o3 0 L el 51 e e Ao (i (5055 O
e s g Tose, blin 5K, ol ol phe w51, & s sy (Sl Dbl
S G Ol e s Sliis o Sl med lesls 1S a5 5 USRS CRF S R
Seslial Ly dae @y 55 3 (S o Sl OdS Ol 5 (g035 Lo (IFAY) OLKen
A o 4 el g, Sl e 4wy ()l 5o Slas W L D5 5al 5,87 il gy Lo 2,
el iy S Gl b Jls Dladed 55 o8 ol oY al pl S5zl g S mla g 0 S
laxdls 8 a5 TOT ot Pl gases b IS din g s Oliima 2ty 5 Coloas sslizal (o8 5 Jaa

L idss s LT .58 o lal (Haddadghi et al, 2013) 01, Sea 57 ol G @ Ol o o SlWlas o
bt s an g | adie 021 0505 s a5m 50 S5 ladin Sl sl 5 Glas Sl Sl S WS
S 3,8 el Sl s 5 eolinel (S5 s alendam b, Sl G 03 T 5l Sl L
et) & 5 Juu 5 (Collins et al, 2010) (sad (6 K55k 38" dun) K3 i oS o anggy sladaa 5l oslin
(2009) OL,LSKan 5 S 58 fmimad A5 o oty L s b G i sdlaly o e (Hughes al, 2009
5 LS g (2 (Rl 8T e le 5 e e el (g SRl b, Sheslanl b (A s
QL?;,,A; Azl s galEa g, T cBedsm s 5l S U Al var geu93 K ps oll o)
o Ot «sslES LBl ALk ble o8 sl Ol T Sliied gl i S eslinl oS58 oS 5 Ja
Sl sl 3 Ol 033553t sVl 5T slaoj g 51 (S Solan K5 gt lezls gy 5 53 1
O Ol g3 ol 9 62 bl 5u0iS 5 o8 O o ) & (GashS Gy (0,8 o)
35 4 ot A ol S &y Sl S gy BB o OAS 5l SV 5 uS e el e g e
@lelid 5 s s ol el s sV ST slaej e o e 5yl Sl 58 e SlslE slae s
338 by JSta ol o all o s s el d Bl OT Wisn Gl mlie g

e > (i ns BA3le 5 35z sn Bl Sl (o Condl 5 e A Gl Sl G o
oSl 1 aslinl U K o S sl sl S h S e 1 e Ol iy K

' Collins 1997

2 Modified Collins
3 Haddadchi

4 Fitzroy

AY



a oo & . é 2
e 33 V) 6208 5 sl g el 31, Ken 5 Sam g

ol . . . ol s - /. “ ./. " T
a0 3 (U b Gamlin o mle g e 53 'GOF (s la b 85 (BeuSSl 2, 0TS
35S 3 e il s ) 6l sl s basluang: Sl skl sy 2B b I leas

EEEE

s\a!lk.n:)}n‘\.ib.;.n-\-ﬂ’

- L) a&ijw_}:jq'lddej? Qlycd‘dfﬂ)l.;m/w Coln b G opl 5 addllas 5, 90 (cadlaia
5 s Y st By T W CamBan 3 g Sl Ol gl s Jled o maskS A sgde s (Sl
uj'Jl—f 93w L;‘A_:b.‘.‘.:.u cOB’)LA)J Lgl.«..»&‘ \J &;Uﬂ.ﬁ 69> LJ’L‘ w‘ Cwlodds é‘j (-JLQM v Oova WABL v s T"Y'T]
oS i Lo ge cdawgze uslin .l e s 5% o opl g el ¥YF 250 8 s ol e La 504 T caVls
‘5L§obﬁﬁ,\_x.0w?)ﬂ\ Jg_.?z&.w‘ )bf@’.»l.w G4 > 5 9 Y4/ c\Y’/&AthA‘SA.SYLw QJ‘J.> 4=y LSLQ&M" b):ﬁj
s 0 Ol | adbete (ol 4y o s

52°4'0"E 52°8'0"E 52°12°0"E
= : - : 30°26°0"N
@ “r i
30°24'0"N- s . 30°24'0"N
30°22°0"N- -30°22'0"N
30°20'0"'N- -30°20'0"N
30°18'0"N- -30°18"0"N
Scale: 1:125,000
— — Deci Degrees
30°16'0"N-9 0.0140028 0.056 0.084 0.112 L30°16'0"N
52°4'0"E ' 52°8'0"E " 52°12'0"E

QTQ@&J&IJ&UOUJuﬂ)@&@‘)éd&!@))}ﬁdé)}-\mw}ﬁ:\ JS.:-

315 38 gai YoY

I Goodness of fit

AY



V¥40 Ol ((YE)E 1\ s Fule b sl fa s

Oseay ol 5 Laply e el s 2l GBS Ol o Sl ST cazhs cadlan oyl s

o) OLL s A casd (ol 5nln s g b < aslts ST o, S 05 b Gillan 5 sy s (sl

Olge o 5| b 55l caasidn io) Sleslial b wlid pn adile add uomen Ab g (WY4F
(1 JS2) 4z ol s sl 5 oS ekl 1SS el OIS (ST ol

603000 606000 609000 612000 615000 603000 606000 609000 612000 615000

=3 e 3 AR
s

3368000

3368000
|

3368000

3364000
3364000
3364000
3364000

3360000

3360000

3360000
3360000

o o
=3 P=% § %
=% o . v
<3 o
w w
- &3 8
g g
8 P § g
i : : ” 3 3
Ll T s
- ol
€ S5 Scale: 1:82,859 ety St Scale: 1:80,036
e - i s
- N o B850 1700 340 5190 e o CCECEEE

3348000
A
7,

3348000

603000 606000 609000 612000 615000 603000 606000 609000 612000 615000

3y oS 5 ks gylin O i 4 ool ) GBIl 5 By} 6 ) Slonnly ot 1Y IS

iy S el 0 b Gas 51 p S ST ol g 2l sla,nlS ST s ST wies

2 8 Sy s piges 0 Jilde o 4 a5 b o 8T als a5l (Walling et al, 1999) it osls Ll

S dmy et Sl 45l T 5l germe 5 A3 (g8 £ 5 s Dl O a5 il Ol ) 5b sl

Wee g 1A @ e o v @18 slacSl 1 alE sl gams T glos 5 05T slen s b ges 058 K

e S oy o AT Sllee oo 05, Sen 57 5l S oS St Jlaie 1 e A4S 03l 50 O S0

-0l ICP-Mass o&es | 14Nd 5 Nd E9Sr 7S cla 555! slie 5 ICP-AES o&aus | julis ,slis
A oS

o3 ) Al oS 5 Slssl YLY

ML
2 SFF

AD



a 2 . . é q
...)b@\)\@ﬂ)\f)h&)uww d\)&«k};»y

S 3 gl sado a3 a5 slizmal gladma 53 (ST 2, Gl eblin Globs, oS 5 s L
etal, 2015) a2 oslicwl Gty Iy S 03T b H 3T (gl b 05057 Sl w55 5l s Ol
o laobs, sl bl Slas s 28 Gl OT Lol 5 jasits Lo &5 ot ‘f3° 4> 5 (Palazon
Siemlnn 1 ey A3 €315 | gy e KK 0155 S y  San Jila S (sb 4 tlent 8 S
Sl 235 Sy YAl s gt 9 VSl s slaslas b T (LT (gols e aw Gaits il
it b e e ey S vl (@5 b (pads e ganaib b (Gl Ol 0ol Ol
I OT e sl 45T ol asits il (il Ol5 2 Jlms (et cuome (snail do ) o
sl ol bl U5l 2 3 el el mls bl Gl et U3 Sledd sslial gaaih e Sl
35 o3litel (il o 53 gy e g oo (sl el el 0 O, Sl s b s S5
S ol it o 58 A8 Jaron 53 Gl LS s s St O S (Walling et al, 2008)
Lo il o se cmload ealizal (il oo Jale) OT Ko 5 Joms sie 5l il Jason ety
L ablin (gl s oo Ol 1) i o 658 (a1 S on kAl bl po5 Jale 5o Sl Se S
Jle) LT o 0> (laed (ST &8 ks sl (s5b ol 5l glaeaS i s iy o oa o5

OFA O 5 wle) AL adls 39 (Ve S la bl 05

S 9 oS 5 sladua foY

L (oS o, 5l ookl b 0T mln 5 ogmny (sla 500 Sl guast (gamlin ooy sy s g (oo
o s el el Sl adie ol e gy 1238 g (oS 5 e dir lade S les
ol s sladus ;> (Haddadghi et al, 2013 & Walling et al, 2008 ) 554 0 oslazal o e polie ol
Gl = sl o el S OT satiges 5 g e slon Sl o daly O3 (o (28 Ly
58 Ol (1) salaly S st oL, 51K Gl (o8 5 edals (ol (med 358 o3l SVl

C:. = Z Q:.J.P_‘II.
=1 (\) 642{‘)

ol s, Sl e @ (i=) 5 Y i) gy S8 505 (51 el Dby 63,870 s b sl Ci OT 55 8
5 Elos gy pskaals &) ol (21 (5l ol eSSl K0 Py =) s Vo) Bl (Bl (5 S als o
(o oS 5) od Sl clasls, sl M 5 (Bl ) sladsly sl N (8 0 3,57 0 dte g @
ol a3l gr @ el WS sy sbis0i o T sla Sas 5 bols, 3550 53 5 2bsT Sl o
2 (P)) Sy ptoms 33 & by st e ol s al ol 558 on 36 tols ) 51 L5 asbs, 5 iz
0=p7=1 (Y) sl
i P=1 (V) el

I'Wilk’S Lambda

A7



VR0 sy (YE)E 1\ e Sl b laay

Aty SVl sl el 358 0 SLST b, ol (sl (1) edaly pladis oz 53 &S el e
Slles 1SS 5 a0l (s5leagr o S Vsl ol o (sl Bl aal g gy Jsemme o ke 4 S
S 5p et eslisal s 5 Olgiea sile Bl Sla s g pame lonined 3155 ok ol 03 3 ealisl
palie lesliul (Ls s a8 @l (2000) 'O gizm e 5 Jl (o3lgring i Goti Ml &5 cdls 3 (2009)
Olsmeany 1) i palin 8 Cign (loand Gal » o) b LSS Slles plsl b dacls, Sl oSl
ol lul dus ol s (Haddadchi et al, 2014) cosloas rf Wosls opl gl Ol a5 ST 0 Ol (63959
2SS L e > ok, Jlal miy o Slestial b ) s s oo (1) obs, ol S 0Nl s 3lia
st s (Crr) ola godd loans lia () sadaly 4 a5 b g SIS i pn (g3lund

ﬁ = Z 15 C:‘.j.:c.:
i=1

52l S ESgn gy bl odd (St s,y oo Cipier 5 e A (00555 oo Bodaly o) o
S5 5L ol = el sl 3l LSS Sles 5 Wesls dlast J&s a8 - U S ol )

(F) sakal

@ d@ljuﬂblﬁ@d&fjb.;}idﬁmldubl ‘-;(@’:CU GMATJL}’)J%&TA;}).Q)‘@;AJAJ)JJJ‘J
mane b s 358 s S e oS ey olin ) e T Sy A (Co) ol Sl salis
A Al jakia a8 e (8 galal)) ebiladl Dla e pseme (o5l

C. = X180° Ty /1000 (8) sabail

JJ\?[—:JJ%WC_}{GTJ)J}}&& oslatul (V) gabal, ‘cﬂgajcﬁ;;w}éwj\dm&libldlﬁw

el g G505 53 Dby e O g e Sleslanal b Ol (godd (jluacd e

(5) gela
" pwe0ym x oo /1000 — C, ):
. WS X,C,,
.
=1
(V) sabail
3 (E2%)
k=1 " Cf"

. s zZ . .
- odd oLl T L5l 5 55 S5 i sS) (e 5087 (V) iy (Slean sl S el 23l ) ST
PSR-V TS 55 00a A2 o3zl JeST 153105 Solver w3lodl 51 JS 5 (g5luangs 6l Crizpas

! Olley and Caitcheon
2 Matlab

AY



a o . . é q
...))W\)\Gﬂ)\f)h&)uww d\)&«k};b}’

‘54.{)[_{6‘){4{@' e aa) GLLA .}lu\:} ()L«.& Lbr)j)ﬁ); )\-4\;6 Y &.::JJ rJiJ}i” &3JJ>W6°;‘"XS‘ f}}..ic

Wl a5 Y 5 g Olsee 50 IV bl s sl (ol 5 f 5L

M}@\.‘é.\"

SIY 5 glas 53 e o8 ladsly (ilulas 3 oL, Olg w13 ey ISy S (oWl Osa3T e
. 5 . . . Z 0 . & - &
‘L;J.SJSl)_f (ool Oss” chb L;Lshubjuw‘bi}g)@b) ‘le‘iz’?' (A wpb‘ J.ALA S Cnlod
w‘&w&&dﬁb}ﬁdeJWTJ&J;oJ{lﬂ

(85 2)8) O 3y s KK 53 o S Lo S 305 e S oy - ISl ST 83057 i ) g

@3 ms o Hoo)bT o Lie
YA $IYAA b
/ary £/5AY T
/YAA V/Yad Ry
</AVO AJAVS £35S
o/ ovs \W/AVY o
/AN ARA N
ALE 8/A8D prey
VAR /40 TRy
/SN /vy IS
Aty V/aar L
YA \VE/SAY O3Sk
o 5§ \Y/£50 £ 3ol o]
Xy IYARR! T
YA V/AE§ ¢ 3015
/5SY £/ VE K
o/ND VO/VAY 059
/Y \$/AVA oS
“/Vas ¥/ NS p sl sl [NV p sl
EYY DAYD  NF¥p s 58 INFE p gy g5

(B 3le) 3y s KK 53 oo O Lo S guas 512 ol g ~ ISl ST 0503 gl 2Y Jgur

Sl dne maw H oyl ot L
VWY Y/fas gt
AR WRRAS r).:A:K

AA



VR0 sy (YE)E 1\ e Sl b laay

MY Y/Yas IS

/avy V/EAN T

RS \Y/Y44 o~

“/s5¥ Y/Y§ o=

VIVEV Y/$4 L

oY \¥/Yss 0 3ems 355

+ /03 ¥/V14 IS

A% YIVS: b

ofexy Y/ sY 05k

ey V\/VEV o 3ol ]

YA \Y/¥D. pasts

WIS Y/ X e 323Ul

+JVAS Y/SEA KL

TR VY/$14 U359

/Yo VYA S

e DAY AS o gl al IAY sl 2
oefY AVAZA SR ARV SVESCRAL S PWNPPE

o3 0 3l maS a3 S S sy s ol Sl K a sl Kb el pa5T
O et g ol plad wbly 53 O 8SCho  p 5l cp gl il un 03980 002 S pie (Bl b 4 0 Jlo gne
“— 2 (1) sooled Jga 5l &S 68 0l 5,1 1 58 e slaisly (g5lalir 5 S @B o 3l s i
VY s 358 INEE ps a3 585 5 O35 53 00 S el cp sl il 0 S psan 55 (s polis L e
lesls O o 511 wlis S Oy boganl g mols ol g BBl o, jasis s 0se)T m day gdd> s
S spn bl gosb wl Sllie Slosas a8 5 il Ul a5 OFA) pasiis Jils s
S p el s 53 b asl wsls 551, ple SSE Oly o sty Wl B ed op S (Al e sdle
dac S 5 ole lp Jorer (a8 Sl 250 22 s 4 (IS (il stnaih ol (o )ILL 5 L e
ol Fan g 5l 53 51 Sy B L7005y Kms gl ol Ve Bl 3l )55 el 2l
5 2l S laaals Ly patts mly s Obsy wle OA5 Gl Lilsta e o F 5 ¥ Jalir L3580
e e 04 Lol L s 0L | Gagiits v bl Olg T 3T, r\?@ rl? a4 bl
2 eadionly obe s ol b b e 2l WIlK? s lambda Ol 5 l5) e 5L ol m s
s o Ol I o o bl (sebs & 1l (lsiime & 50 Joliz 5 Wlod Zlsal LS (5208 laass
L ol ol lesls polamsl sy s 1 INAIY 5 7800F sy mlia K ladsly o3 o Sa Jyl L ng
2 e haib Aoy S p o bos S 5o 1) WOl 5 Sl et o ity (S5 L;i"w*-ﬁ R A

Olss e iy w0 sl 3 UAS bl a=lg gl g%V L;bb‘ LSJ%JL{ ialy gl g,y C:LA m

A4



...)b&\)\@ﬂ)\f}h&jbww

(J\)&w};b}i

4._{_53 CU J;LE»,;;QCU J&flxﬂbﬂ ‘L;L“':’l dbyrh)uoj; ngLwl.xg-jo.MT QMJQUA:S&LS'GBS

.MLSWJJ'?_"\:‘{@UL‘{‘JQQJJ?C)]M ..:.m

(213 E38) pasis w53 O3y poks O LS o o U gt

oLy 0 i Jele sas Wilks® WH 5l Llas Ol s o€
P2y 035 a8 o Lambda e B bl Oluo gas
& 53 ol lice VIF) byl (Tolerance)‘}.w‘ o 9l ol 3,4l
/A | (S o/st§ oot oS \
Vo \/Ys (S )r IV TAr) TARY o Y
\/Ys (L)t /VAA
\/¥ \/¥ (2 S)Ivss JALE: VYE O 5k v
\/Ys (L)t /VAA
Vo (O ) 185V
\/o \/vs (S ) Ivrs JATS) \/YY ol f
\/$Y (L) 15VY
VY (O 55w)s TAMA
\/o (r)gbg)~/;99
(W) pewsris @U 33Oy ole Slb Als) J=1e i f Jgur
p25 Jale Jord sus Wilks’ Aol g0 JBla> cblis Slosas o€
Lambda
VIF) byl (Tolerance) s sYlale oo 39
| (p 3ol ) ) “/VAA /ey p 30me] 2 \
Vo8 (p 3omsl 2al) 1274 o /5YY JOAY NN Y
\/os (p555)+ /474
\/fY (3ol ) 1548 /%00 Ve o v
V/eA (p5l) /1AM
\/Ys (L) VSN
\/o (p 3ol ) /555 YA \/sVE pomdss gFanl cod f
VoA (psses)+ /4T \AarARA
VYo (ma)r IVYA
\/+A (f}?ﬁéﬁb&jﬁﬁlw‘ )'/‘\*\
(1)) 6208 @ gy plis SSE ¢ Joolr ool wl 5 Olasiis 10 Jgur
13 s LT Wilks® & S Loy Lylsdeyd 039 ke ab
SHlagme w0, Lambya (Sead o A2 oty ey ek &
s T bl
ax SEIAYS AYA “/VAY so/¢ so/v \/avy \
o/ ¥ /YA Jfvs /55§ AV/¥ Y AR Y
/Y\S Ve /VOA IV VY AN/ /¥ ALY ¥
[V Vanki /A58 AN Voo \/§ /vy f




VR0 sy (YE)E 1\ e Sl b laay

(510) 30 oo KB Sl Jol i g5 Slakin 8 Ui

gSJDg‘du e a)LnT Wilks’ & . &w oy JJLL)\) Aoyd opg )‘-UM cb
Lambda o '
< S RB1P)
ARR f\/Ye s AR AAYS VA/Y VA/Y \/ oy \
oo \Y/AVY o/$AY Javy 45/4 Yo/ AR'A% Y
/sy V/VAA DAY S ARK Voo Y/ o/ fs g

S5 Olys (uaze #) I3l gt m 13 olie 1 (alaw o Bl (6008 sladsly 5o ds sdalin o RIKGUIIS
Sl e i wlS s g e el a3 ol p) & Lo g p sl il 5 O35 55 dam OT 5l cisls OLis 1 ple
., 3 . . . . M /0 - . . &
)u)%‘a;‘wwf\.@_u‘&ijlew\ﬂtwjl.mﬁjl;%gﬁf, @g-):),ww
£ aS sls Ol ol Ll s« 5 s 405310 o o sm) gle Gl @ andly (LU ele) o5l
Vbl gl e gy Silin K5 AT osem Sy g SSE 4 6 plad S5 5 JT Ol
o5 03T (el o &0 AT p5ay 355 IVES p 5398 9 05555 S p smsl ol 58l ¢p30ms3 55 (s s
gf_:.{jj.s A fY f.}—:"‘:’.")ﬁ/\ff r}_:a.:.}}b ujjﬁ‘)w,o‘(:x.:@ 4(=M‘);‘Ml)..a.&f L@.JJ.\."A.‘B[{‘ obﬁi&:
mzf ALl g

9



5 - . : .l
...)bg\a\j‘s;})\;)u.\a)\mww 3K g Sam g

b s,
$:
.o :
O Loy, 1T e
Y4
o o
) ° ® o o*
%) - v ®
2 b <
% o @ &
° <» e ® e
e * LLA TR
—YAd
—b.
& s B [ o
= &b
bwijle
- —
s
.\',
o
£
O laa? it 5,0
Y+ "
o » <
©
- Ce L[]
. @ ® ] 0\ °
in * o °
EI - o
) ve L
®
@ P
® O o o
 J *
) "
- S °
&
s
_f_.
X X p [} f
Sl

(La.\sjuju‘sﬂ)Lf&:{g‘\g‘ﬁlg}\%gjq)gy)eu;&iﬂ)apeb“&m)aﬁeug:.{\ﬂ)u}d:fJi.i:

(el Dby e elal g mie s S se (Sleand elal gy oS5 elie 048 pasia Sl sy
el L by uslis (Giluad o a8 50 sl IS8 08 awles S 58 Jie 1 59,5 u«ihﬂ ol

s olis }JJKQ‘J}A

qy



VA0 Ol o(YE)E

s Fule b sl fa s

Vol ) e BB S gl

F b

15 6.5 115 165

Yol ) pe B e 5l s

Yl ) e sl g (55l 4t

-~

12 17 22 27 32 37

Tl Vo Bl Sige g5l s

0 5 10 15
Vol ¥ SIS S G5l 4 Tl ¥ ops i Sise g5l and
1 6 11 16 21 26 31 1 6 11 16 21 26 31 36

Yol ¥oae S Sl 65l 4t

o
w
"
o

15

VPl ¥oae OIS Edse s5le 4

o
~
&
@
»

Yol ¥oas )8 S g5l

a2

Yok, Ve OIS Sl g5l ad

o -

b g 16 21 26 31 36 41

Fols) ¥pss sl Cise g5l 4t

°
"~
=
@
o
5

o

ay



...,:y\)\‘sx)\f,u.u;uww

O‘)&M}ﬁk’y

Vobay ¥ IS Clse 55l 4 Yols) ¥ ae gl Sias 55l 4t
3 8 13 18 23 0 5 10 15 20 25 30 35
Yool ¥ s S8 Cage g5l 4 ¥l ¥ pie LIS S g5l ad

o
"~

4 6 8 0 5 10 15 20 25 30

21y 6 iz i Sl ) 1 P g 6 jlednnd 10 S

S plis) S prte SIS g g5l 4 33 2ls) S )8 S es g5le 4
0 20 40 ;o 80 0 10 20 30 40 50
o Plan) S as OIS S ge g5l s Plisy K as )8 S ge g5l 4zt

0 5 10 15 20 0 1 2 3 4 5 6 %
S Py gs a8 Sl 55l 4 33 Pl 58 pe ) Cige (55l 4

o
wo
=)

100 150 0 5 10 15 20 25 30
aw 2lny 33 a8 Siee g5l 4 Sl Pl 53 ae SIS Sdse g5le 4
m N J"JJJ’_IJ—LLLH_FL‘
0 10 20 30 40 0.494 0.499 0.504 0.509 0.514 0519

¥



V¥40 Ol ((YE)E 1\ s Fule b sl fa s

Ko 2ls) e pie 1S e s5le 4 332l a a8 S gs 5l 4

0 100 200 300 400 500 2 12 17 22 27 32
o Pl aw pis )8 S gs (55l Sl sy aw e S8 S e G5l S
m H 3 r/\rrrm’rh‘rkﬂ\l/‘_\‘
0.5 55 105 155 205 0.489 0.499 0.509 0.519 0.529
Pl oler ae S S G5l 4l 23 2l Jler pe LIS Sigs 5l
K9
ﬂx ﬂ |
0 20 40 50 80 0 5 10 15 20 25 30 35 40
a2l Jler g LIS Cigs 5l Py Hler a8 g 5l and
JJJXIHLT{LL‘X -
1 6 11 16 21 26 0478 0.488 0.498 0.508 0.518 0528
S Pl ey pe SIS Sise g5l 4 32 Pl pey pe SIS S ge (g5l 4

0 20 40 50 80 100 120 g 7 10 B 2 ko) 20
e 2lss) gy ate IS S ge g5l 4 Sl g pte B Sigs G5l 4

e

0.496 0.501 0.506 0.511 0516 0521 0.526 0531

o
w
-
=)
-
o
o
=)
~
v

0



...Jb&\)\éﬂ)\f}h&juww

0yKen g Sam g

S Plisy (b s )8 Cdgs (55l 4 53 2lsy 0 a8 S G5l
ﬂ nﬂ'mih
by i h
ey I L’l
0 50 100 150 200 250 300 350 0 5 10 15 20 25
o Plin) 5 e SIS S G5l and Plisy 5 ae SO g 5l 4
= i

bl iz o Gals) 1 56 g0 3l 38 IS

IS e Jole ol S8 Ja gt 5 gy Sbaipes 5L s Gl ¥ gdsles Oxly Jilas 4 b

u—@b\dﬁjljdubbjbszwﬁywé)_,&@aML‘ILAVJ)-Xa-J.st;OM MJ&\:—C:L.A

'}‘SJ"’“T))‘”'JJ‘CJ)SJJUWQ'&M‘@E'Jﬂgf‘bblﬁg'ﬁ.%‘d'l-wbj

(5 52 Jua) C sy 5 53 (1)) 6 )8 (oo g Y dutr

LR (Hughes) wSsa Joo
4l D895 (Sleo ot 0 5 m a9 31 eSiles e 0D s (D9 3 (yaRilae e 050
JU¢ gilwaine S5 ek 9Nl (g5l 95 igo g5l
ol el “IAF - 10) /24
e ol YoIAY YV/A) YA/YY
b sl YAy fI5f vis$
e sl AR Y/ ¥ SENY

o WY laaa b JK)J Colwag oy S sy Ol el L;\.dsdﬂJL{ sl GOF ™) @L‘;S o)
- s g . Iy
Loy die J= Lo SISO L L0050 (g5luand 2oy 5 Ao AVIAT i b K35 p—“i)}g-” Solwang o

uﬁ:}_)))j‘jd}:ln cu’l':jj u:’.lJl J«éb LSLQ("G*")M" u.al..,a;‘:-l A)SQ‘JGOF u.a:'-l.ﬁ:_)bin wj.’.‘.‘::.’ 4;’...»41)3 WJde

‘J—<;*’."djjﬁwwbb‘d‘ﬁ%;Qgsb‘)ldﬁJgdu’J"‘ﬁc""w“.?ﬁbﬁu"L‘“éﬁ.‘ﬁ'c’““Jﬁ.’

VY /00 /XYY Jslas @l sl S5 oo el (sl LYSIVVY g UP/0F4 GAV/YSY GXY/FEY Jalaa &l s bl

QTQ;.;;%M:,}LMMJ;4{c;ﬂﬁr@_ww);c@ws)hg}w@jﬁ@;ﬁﬁw@l) 59 Jalg Y/VA

5 3uslS 2Ll s w by cosus 5 Gl b Eom 53 (o ol o 5ST plnly (RT s @ e

U_,:,Awbbta{cﬂlr;‘yfl&il;s.wl@:fw;l,\@Lﬁ,uwbbléﬂl{@.s@@):p@Iaﬁ;ﬁ

a7



VR0 sy (YE)E 1\ e Sl b laay

oot LS oz Al al S OAD i 5 e S 4 2y 5 5l Cind g bt 2y il
Golwaag (Bay chws 38T Jlude Ly JLS o iluang (2o, oS sl Ol (bl pa lakisle oy GOF
o3 AN Sle b g dae = Sloee LSS L IS e oleand (S 5 e ss 4/AY e L S5 rliui”
e o ni deoys AUAT Sl b IS B o ol s s e Ol o8 08 Ju Sl Jsd bB 5 ol 351
) K 2 o 5 ) dpdr Ll g miy Clgda gy opl 5l Jols e B 3,8 S

s e olas K rmwiﬂ Seslizal b1y o808 die o bg, V) K8 mioma das o OLES ) gy 3

(o5 52 de) gy 5 33 B3 ls (oo o A 9t

63l pl (Hughes) .5 s Jus
. Z. . Z. . . " s Z.
S3loting A9 NS o M3 i B9 N e 03— g8 il B9 1 N g 25
JS 3l 5
& . é
S5 gy SN
S50, </VA \TANS /40
By £/f a/AY o/f
sl /55 ANA /oA
S51S a/vy £/AF AR
oS ol JEY VA Y/AY
ol AF/8) INVIS S USVAR)
GA
1D-|.495 [ T T T T
BEST
ot kel i
. T B
E 1o %
i = m-| 3683 i
(gt s B
ot B
10T , . . . . . . | L gL . . , , , , . , ,
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 o 00 1000 1800 2000 2500 3000 3500 4000 4500 5000
Iteration Iteration

(b 4V 3 e i ) 21 syl g il ¢l S (.;{),Q\)am.u;,é,w,@u% gy S

O nn andl g o2l G 350 3 o st 4 K5 ﬁ)}fj‘ S s e O Y S &S “5}?5"-"-“

S Olsen Elos gy i 53 Slaba) & S G A e e S s Ak (Lobsy) bl Sl o
(Ladls) Kl sl Ly ala il 5 (g oolin bl o 2) O35 5 odd iy Wbijle 5,50 s> GOF
SIS g8 oy OSES (giliy csolamT Sl Colas Ao s 4 e | ibazils ol 850

v



a 2 . . é q
...)b@\)\@ﬂ)\f)h&)uww d\)&«k};»y

OIS Jslas Loty ol (oomd o] e ZV/YT g ZVFIYY V/AE GAE/YY GNSIEY STV Jslas w5 5 0 oS ST,
3 s B sle 5sm s b ol 5le 358 0 otalin &7 5,50l 399 A8y /03 5 +/F @ /YF O/0F @YY
L s okl 953l 5 o ool miy oM s 5 talid dstes ot s 035 515 5 Ol s
Sy 9 Gl B A Lyl 5 o uv“%i’ A5 (W5l ol 3 Olsl3 (Gl w5525 4 &5 L) Oag osill s

aslosls olamstl 3 g5 a4 e Co gl 55 1) BB o meS Y s Cel b o) g

6 S s -

WA Gy | s air b Gl belse 3l Sisang 5 S Luls s Olal 5528 (813

G 1951 ladle o ST islu b Ol sheon A iolshl gotianilis Olllas .ol ol b ab T )3
b 1 s M5l 5 (2 sl S S5e o e vee ool oS (NoOSTat et al, 2011) elos 5 2002
Ay ol 5 S e @ d@T o Comtl 5 s W5 e g QLS b oS5 sadas o ol 03 a8
PR D) 61@%' ETSRELY el ey bsladls ghla S8 sl e o nte 3 bla
S Osman 35050 555 5 s pEods de cpl el a2B 555 8 o dta 5, )8 casdllan 55 cailans
Al A L s (ase s gy e ST Sl g o samlie (T slge 5 s L3 I Sl
S g il 0l 3k Sl JIST Opna - aas 0 S (58 5 58 B s (5 (gojlail s M
Laclis, bl 5, sm s sd o 3y 5 aalsT oy 3a s om0 sl 5 <l (Hughes et al, 2009)
Sl 055 4 e KSE s ol O, Ulgse (C) (o5 jaie s il 3l b3 5l S5
(2008) O1,Lan 5 KI5 «(2010) OL,LSan 5 LS (1999) O,LKan 5 Ll 2L sk sy S
i pam IS a Sllae (1740) OLSs 5 e 5 (2014) OLKan 5 K5y (2013) O, Kan 5 _rslsim
SLSan 5 S S s sl bowesS s Lol 3l Sl Wl o il a8 o s o> JT 008
Ol ol gy @L‘-ﬂ SSE 3 e 9 f}:—"l:':: O3S dax 51 o6 yolie oS plaze 25 JiJL:J. (\¥AY)
- 4(6 “ Hf oais o b 5l eslizl b o) a8 5 oo e Dbl oo el a3 0555 e
D3l gr ol & (IVAY) OLISes 5 9 5 (2005) Kol Sliid gl o a2l oolsy o s 51 (306 W15
Tt ey T o 35 05 s w cslys el el Elor 68 @ bysa (o St o e s
SLllle gosgdma 55 Oy A kil ailie s T O g (r-’ﬁf 5 &R olze S (5 Sl o)
S o Gaokl | psdsn ol e Sl 5 S 8 Je gl 1 ol i Sl s el S (Sl
prlaitl 555 (ol s S g e Som s 1 ol VL (Cind Slp o sat 4 S1e cal

ol Lacbs, g VSJ:; 0 O59,55 UA; Jgzmad QJT Sobe dwile gl g odd Ol gl bs, s Llesls

aA



VR0 sy (YE)E 1\ e Sl b laay

03 sy en cailn coale s 4 o8 a0 0L (2002) O sl 5 (M) OLKan 5 wls Slidss 0555 e
S5 03 G ol s 5 Bl ol clile a5 03555 (JT S sl (el (St 5 S bl
Ciillan O3 a5 31 a3 3ol 5 b sy A e mlie 4 Lol SIS s s anp oS S
dien Lyl iy )l S sy s 4 oS s ol T @ bgn il 50 55 d Comal b 20
RPN ENCIRR PRI Py FCIOON: S SN T SRR W JIR B [P TS S SO DOS R AW
daien ot S 515 U3 b s GoleSaT 5 05l sy (B ole oS ol L3l Calesls Lolazsl s e
S alin ALE by iy st U iy gl e b o Sl a5 SRl
i S sa Jaa sls dalgss 13 o e S ool 1 diile ) 47 5 05em Sl esgdme ol s OLL meST Sanle s
Bt o (S S gladas Ry e U s s b e 3l Sk ol Sl eslind s
SIS 5 S dae b 51K ladas Oy die al ol 65 5 s @l s s 5 ialed
e 03 Pl s s 4 505 e 4 el psp o 5 Sl Ollis o 53 2t oS odiie sl
(TTosle momads g o D3 0305 o omdl g o Ozpad 0okt 4 045 875 gladis &7 S5 3105 5L
“o3lasl 5o s 4 iy g ansa SRl esdle S I L e o > Dby O3 e 5 Sl i cu
s o S0 5,07 5l Jsd BB @Es 5, 5 edd ST 5 e 4 S sa Jus Ul ol a3l Ggb 3 g 5,8
55Tt 8l 53l sl S 51l S 5 et ealinal a8 55887 55 daa ol & sl p3Y sl S5
SIS Vb 53 eas S5 cladaa Sl eslinal e (2013) O, Kas 5 (ool o355 salimal ity 2yl d (slapgm
@,_:@gwfpdmgx.xyw@dlqj.xs.s;o.su:.wl};sﬁs&{;d.u@x{j\(...;M&CWU;:JK
Jols s J8T Y oluag S ol S ol ST e 3415 Ooguy B e e 3 L 3081 5 5 S i
Sl syt s Sl Siie SIS ) i K5 S 5 el a5 e Slal
e Al (S s By el S S el ) «J| (Collins et al, 2010 & Collins et al, 2012 )
2l 48> OLE (g5 35 a0 Comd 1 3553 (655 Clitdl 55 Jite (] > K55 2,801 0l 0L gl o7 bOLes
35 8 5> o5 5a dia 5,50 > (Haddadghi et al, 2013) O,as 5 zslis s 48" s ST 1, al ) GOF
Sitlin 5 rimad a3 0L K3 ) 81 sy 4 S 1 IS 2y GOF Ol5n 035 5V 1o 5
S 5 ladan cak 4 Sod (GOF=w2) GOF laie 035 5L Kby ¢ oS 5 o e b oS58 Jota
(DA) 355 Jin K 5 58 TS & auY sladis samslia L3 (2014) O Kea 5 sl rimen ol
Jie iz ol o 3 o 5 e i (MAE) las (sllas (550 Ol 02,2087 b o858 Jte o7 65 87 0L,

I Wasson
2 Landwehr
3 Hughes

1q



a o . . é q
...))W\)\Gﬂ)\f)h&)uww d\)&«k};b}’

Jacs ol (VL bl 5l al pl iclos ' S8 gal gojgm Sl g2 oy o3 il SBLle g 5551 5 o

el.:.n
1. Abbasi, M., Feiznia, S., Ahmadi, H., Kazmei, Y., 2010, Study of sand dunes origin by geochemical
trades of eolian sediment in Niatak, Arid Biom Scientific and Research Journal, VVol. 1 No. 1, pp. 34-44.
2. Blake, W. H.; Wallbrink, P. J.; Wilkinson, S. N.; Humphreys, G. S.; Doerr, S. H.;
Shakesby, R. I.; & K. M. Tomkins, 2009. Deriving hillslope sediment budgets in wildfire -
affected forests using fallout radionuclide tracers, Geomorphology, 104 (3—4): 105 — 116.
3. Chen, F.; Fang, N.; & Z. Shi, 2016. Using biomarkers as fingerprint properties to identify
sediment sources in a small catchment, Science of the Total Environment, 557-558 (2016)
123-133.
4. Collins, A. L.; Zhang, Y.; McChesney, D.; Walling, D. E.; Haley, SM.; & P. Smith, 2012.
Sediment source tracing in a lowland agricultural catchment in southern England using a
modified procedure combining statistical analysis and numerical modelling, Sci Total Environ,
414: 301 — 317.
5. Collins, A.; Walling, D.; Webb, L., & P. King, 2010. Apportioning catchment scale
sediment sources using a modified composite fingerprinting technique incorporating property
weightings and prior information,Geoderma, 155, 249 - 261.
6. Faraji, M., Ahmadi, H., Ekhtesasi, M.R., Jafari, M. and Feiznia, S.,2011. Figerprinting the
sources of sand dunes using tracers and indicator minerals, case study, Journal of Range and
Watershed Managment, 64 (2)1-18.
7. Fox, J. F., & A. N. Papanicolaou. 2008. An un - mixing model to study watershed erosion
processes. Advances in Water Resources. Vol. 31. 1, 96 — 108.
8. Haddadchi, A.; Olley, J.; & P. Laceby, 2014. Accuracy of mixing models in predicting
sediment source contributions, Science of the Total Environment, 497 — 498 (2014) 139-152.
9. Haddadghi, A.; Ryder, D. S.; Evrard, O.; & J. Olley, 2013. Sediment fingerprinting in fluvial
systems: review of tracers,sediment sources and mixing models, International Journal of
Sediment Research, 28, 560 - 578.
10. Hakimkhani, Sh., 2010, Assessing Relative Importance of Erosion Types in Sediment
Yield (Case study: Ghara-aghaj Watershed, Makoo), Journal of Range and Watershed
Management, Iranian Journal of Natural Resources, Vol. 63, No. 1, 2010. pp.13-27
11. Hatfield, R. G.,, & B. A. Maher., 2009, Fingerprinting upland sediment sources : Particle
size-specific magnetic linkages between soils, lake and suspended sediments. Earth Surface
Processes and Landforms. Vol. 34. 10, 1359 — 1373.
12. Heidary, K., Najafi Nejad, A., khormali, F., Baba Nejad, M., 2013, Determining land units
contributions to suspended sediment yield using sediment fingerprinting method (Case study:
Tull bane basin, Golestan province), Scientific-Research Quarterly Journal Of Environmental
Erosion Researches, Vol. 2, No. 10, pp: 65-76
13. Hughes, A. O.; Olley J. M.; Croke, J. C.; & L. A. McKergow, 2009. Sediment source
changes over the last 250 years in a dry - tropical catchment, central Queensland, Australia.
Geomorphology, Vol. 104, 3 — 4. 262 — 275.
14. Koiter, A. j.; Owens, P. N.; Petticrew, E. L; & D. A. Lobb, 2013. The behavioural
characteristics of sediment properties and their implications for sediment fingerprinting as an
approach for identifying sediment sources in river basins, Earth - Science Reviews, 125, 24 —
42,

I Emu Creek



VR0 sy (YE)E 1\ e Sl b laay

15. Najafi. S., Sadeghi, S. H. R., 2013, Estimation of sediment sources through comparing
results from soil erosion mapping, fingerprinting and field measurement techniques, Journal of
Watershed Engineering and Management, Volume 5, Issue 3, pp. 165-178.

16. Nosrati, K., 2011, Sediment fingerprinting based on uncertainty approach, Journal Of
Iranian Water Researches, 5 (9), pp.51-60.

17. Nosrati, K., Ahmadi, F., Nazari Samani, A.A., Servati, R., 2015. Determination role of land
uses in suspended mattered and bed load sediment based on fingerprinting technique (case
study: Taleghani catchment), Journal of range and watershed, issue 68, No. 4., pp 751-765.

18. Nosrati, K.; Govers, G.; Ahmadi, H.; Sharifi, F.; Amoozegar, M. A.; Merckx, R.; & M.
Vanmaercke, 2011. An exploratory study on the use of enzyme activities as sediment tracers:
biochemical fingerprints? Int. J. Sediment Res, 26 (2), 136 —151.

19. Olley, J. M., & G. Caitcheon, (2000), Major element chemistry of sediments from the
Darling — Barwon river and its tributaries:implications for sediment and phosphorus sources.
Hydrological Processes. Vol. 14. 7, 1159 — 1175.

20. Palazén, L.; Gaspar, L.; Latorre, B.; Blake, W.; & A. Navas, 2015. Identifying sediment
sources by applying a fingerprinting mixing model in a Pyrenean drainage catchment, J Soils
Sediments, 15, 2067 — 2085, DOI 10.1007/s11368-015-1175-6.

21. Patrick Laceby, J.; McMahon, J.; Evrard, O.; & J. Olley, 2015. A comparison of geological
and statistical approaches to element selection for sediment fingerprinting, Soils Sediments, 15,
2117 - 2131 DOI 10.1007/511368-015-1111-9.

22. Poulenard, J.; Perrette, Y.; Fanget, B.; Quetin, P.; Trevisan, D.; & J. M. Dorioz, 2009.
Infrared spectroscopy tracing of sediment sources in a small rural watershed (French Alps),
Science of The Total Environment, Vol. 407. 8, 2808 — 2819.

23. Walling, D. E., 2005. Tracing suspended sediment sources in catchments and river systems,
Science of the Total Environment, 344: 159 - 184.

24, Walling, D. E.; Collins, A. L.; & R. W. Stroud, 2008. Tracing suspended sediment and
particulate phosphorus sources in catchments, Journal of Hydrology, 350, 274 - 289.

25. Walling, D. E.; Owens, P. N.; & G. J. L. Leeks, 1999. Fingerprinting suspended sediment
sources in the catchment of the River Ouse, Yorkshire, UK, Hydrological Processes, 13, 955 -
975.

26. Wang,Y.; Chen, L.; Fu, B.; & Y. Lu, 2014. Check dam sediments: an important indicator of
the effects of environmental changes on soil erosion in the Loess Plateau in China, Environ
Monit Assess, 186, 4275 — 4287, DOI 10.1007/s10661-014-3697-6.

27. Wasson, R. J.; Caitcheon, G. G.; Murray, A. S.; McCulloch, M.; & J. Quade, 2002.
Sourcing sediment wusing multiple tracers in the catchment of Lake Argyle, Northwestern
Australia. Environmental Management, 29 (5), 634 — 646.

28. Zhang, Q.; Lei, T.; & J. Zhao, 2008. Estimation of the detachment rate in eroding rills in
flume experiments using an REE tracing method, Geoderma, Vol. 147. 1- 2, 8 -15.



Quarterly journal of Environmental Erosion Research 6: 4(24), 2017winter, 81-103
http://magazine.hormozgan.ac.ir

Using Mixed Models to Determine the Contribution of Land Use and Geology
Formation in Erosion and Sediment Yield: A Case Study of Tange Bostanak
Watershed in Fars province, Iran

Ahmad Nohegar: Professor, Faculty of Environment, University of Tehran

Mohamad Kazemi™ Ph.D. candidate, Natural Resources Department, University of Hormozgan
Javad Ahmadi: Associate professor, Fuel Cycle Research Institute of Atomic Energy Organization
Hamid Gholami: Assistant professor, Natural Resources Department, University of Hormozgan
Rasol Mahdavi: Assistant professor, Natural Resources Department, University of Hormozgan

Article History (Received: 2016/08/7 Accepted: 2017/05/3)

Introduction

Many catchment erosion studies focus on formation and land use as the primary source of sediment. It is
important to improve information on sediment sources, especially in large catchments and sediment
source information which can support catchment management decisions. Erosion control projects need to
be understood as the relative contributions of different sediment sources from catchments. Fingerprinting
methods identify soil erosion sources where geologic variations or different land uses span watershed
boundaries. Sediment fingerprinting studies often rely on the collection of sediment from different
sources within a catchment. Few studies have focused on using the Hughes mixed model to identify
sediment sources. This model can quickly process a large number of samples from the main samples
based on Monte Carlo simulation. The main objectives of this research were to determine the contribution
of sediment sources by applying a fingerprinting mixing model in a Tange Bostanak drainage catchment.

Material and Methods.

Case Study

Our study area was located in the Tange Bostanak catchment (30°16’ to 30°25’ N and 52°03’ to 52°13'
E),in the Southern Zagros Mountains, 80 km Northwest of Shiraz, Iran. The drainage area of the Tange
Bostanak catchment is 81.73 km?.

Sediment source samples were collected throughout the study catchment from each of the three principal
source types (cultivated land, pasture, forest, gardens and also six formations in catchment). 43
representative samples were collected from these potential sources at different locations within the study
catchment. Samples were initially oven-dried to 40 °C in order to remove the bias associated with the
grain-size effects, only the <63 um soil and sediment fraction, obtained by dry sieving, was taken for
tracer analysis. To discriminate sediment sources, two stages were performed to confirm the
discrimination of the potential sediment sources within each land use and six formations. The first step
was based on the use of the Kruskal-Wallis H-test to discriminate the potential sources by the fingerprint
properties. Stepwise multivariate discriminant function analysis (DFA) was applied to identify the
optimum combination of the tracers passing the Kruskal-Wallis H-test for maximizing the discrimination
between the potential sources. The multivariate mixed model involves minimizing the sum of squares of
residuals between the predicted tracer values for each source in the sediment samples and those observed,
which is an optimization problem. A Monte Carlo mixed model was used to predict the relative
contribution of each of the sources. The Hughes mixed model was used for both the geochemical and
radionuclide tracing. In the mixed model, individual sample concentrations were denoted by Ci,j,k, where

i=source index (i=1, ..., I; I=3 for erosion sources and [=4 for rock type sources), j=sample number index
(=1,..., J; J is 10 for both the geochemical and radionuclide tracing) and each sample has k constituent
concentrations (k=1, ..., K; K=2 for radionuclide tracing and K=9 for geochemical tracing). For each
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Monte Carlo iteration (I) and for each source (i), j is randomly selected and Ci,j,k,I is used to calculate
source-weighted composite concentrations:
Eqg.1

qZ Zﬁz Ci,_;u',k,!
i=1

Where 1=1,..., 1000 and p"i is the proportion contributed from each sediment type source. The relative
contribution of each erosion type source, p’j must meet the following constraints:
0=P =1

j

L
>
=1

For each geochemical property/radionuclide tracer, the average concentration of C is calculated over 1000
iterations using:

Eq.2

1000
Cp, = Z Cy.; /1000

=1
The best estimate of the relative contribution (p”i) of each erosion type/rock type was determined by
minimizing the sum of squares of the deviations of the concentration calculated in Eg. (2) from the
measured geochemical property/radionuclide tracer concentration of the deposit (Cd):
Eq.3
[L— p
Z (Ck — Cdj
k=1 Ca
Also, the genetic algorithm, local optimization and Monte Carlo simulation were used to solve the
following equation.

n 2
n_ ( 22T X;C; s /1000 —cij

iy C;

i=1
Results and Discussion
C, N, Cu, Ti, Si and Sr were identified by the Kruskal-Wallis test to discriminate the potential sediment
sources in land use and Nd, Si, C, N, Ti and Nd144/Nd143 were identified by the Kruskal-Wallis test to
discriminate the potential sediment sources in the formations. In stepwise multivariate discriminant
function analysis, four tracers(C, Cu, Si, Ti) were capable of correctly distinguishing the land use source
type. Four tracers (Nd143/144, Cu, Si, Ti) verified the ability to discriminate between geology
information source categories. The results on geology information showed that the mean relative
contributions related to the areas of Asmary (84.51%) and Quaternary (5.37%) were highest, respectively
in Local optimization with 99.94 GOF index. For land uses, the results showed that the GOF index with
97.84 associated with GA optimization were the greatest. The relative contributions related to the areas of
range lands (63.04%) and forest (31.81%) were the highest, respectively. Pabedeh Gorpi and Bakhtyari
information with 0.24 and 0.27 were the lowest relative importance; also cultivation and forest land uses
with 0.022 and 0.55 were the lowest relative importance, respectively. This study suggested that the
future sediment fingerprinting studies use models that combine the best explanatory parameters provided
by the Hughes (relying on iterations involving all data, and not only their mean values) models with the
optimization using genetic algorithms to best predict the relative contribution of sediment sources.
Comparing the applications in this catchment, the Hughes mixed model appears a more robust method in
Tange Bostanak catchment using the GA optimization method.
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