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Application of statistical and fractal methods in geochemical
explorations of the stream sediments and heavy minerals in
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Abstract

The studied area is located in the east of Haji = Abad village, Markazi Province, central
Iran. The oldest geological units of this area are volcanic and volcanic-sedimentary rocks
with Eocene age. - Geochemical and heavy mineral systematically Explorations were
applied in the area and during it, 141 silt samples and 59 heavy mineral samples were
collected. Data from chemical analysis of samples were subjected to data processing with
(Spss) suchras correlation factor analysis and.cluster analysis. To calculate background
and anomaly value, the non-structural method and structural method (fractal method -
area) were used and maps were drawn by IDW (Inverse Distance Weighted) method with
ArcGis software and compared with each other. In the following, five ranges were
selected for field control and it shows the effects of copper mineralization in andesite
rocks on andesite basalt porphyry located in the north of the range. The maximum amount
of copper in the.rock samples taken from this unit was 3.57%. Copper minerals in three
phases. Sulfide copper minerals are chalcopyrite, bornite, chalcocite, digenite, covellite,
and oxide copper minerals are tenorite and cuprite, and also carbonate copper minerals
are azurite and malachite. Cooper mineralization's textures are replacement, filling open
space and veins. Eventually can be said that the copper mineralizations observed in this
area have a significant similarity with Manto-type deposits.

Keywords: Cu Mineralization, geochemical explorations, Heavy mineral, Manto type,
Zavieh, Central Iran.



doddo =)

5 slelpl Cony olerdsss SBLLST (el (ulide o Gane plad LS| slo g, 5l (S
- S axne 3blie plolis jo ol il 5 ot BLaST glaan s (1als Corge a5 ol (uSiw SIS
5 o030y pland 4y ‘L;)'LwooLJ (S pdiges J>lie Julds 095 olaniighy lizs] Il 3,1 g3lw
b ladas ;o Jlisl 5lo S5 L bas e jolic gole pué 55 05 8l oo 5 Conl Waodls i
03gaoms g ¢ ratides 5 Gl olowdsss LS| jo a5 lwlil AV] 098 o 5 pgm oxlaw
Sl 9,0l3l 05505 o0 51,8 addllas g gy 20 )90 958 liandigiioid slaalle ccul oL EO axfllaes g
gy digas 0 a5 Cual ] 2 a5 gy cnl o [Y] bl gl (6 LlS slaaiigs ()5 g (SS3l9n )
Ml 51 LF] sl 095 5 T dog cawndVb slacSin oloand oS 5 g Luls e xe (slanl
& bl Jade Jlos L 6‘45[3-“" Q> et paiored g alisee 5.,19? S5 gl ‘ouiwog L;’L““'”’B‘)
e g bags bual il jgliteds Yoore 0] 598 o 650,00 aslllas 3,90 dilainiys il ,a ol
ooliil (SedlS” s 5lol (slastg ) (65llo it o (JUS 3 (slaghg)) (s bbe cilisie slabs) 5l ans;
ol (6550 5 diges lad Coxdge cpans ;0 SIS (5,ll slo by, b JUS 3 g, plis oS oo
Stz slp (JUS 5 slaig, 5l (SO ol = ke g, aplalags ial byl g olulil o 4
Sl p (e g Sl 0 (oloendiel; sla SuiSTn (JESE B, pelul s 5l s )lmial aslg
5 alais bl gl abyg VY oe e oo leorigy s o L[5 ssi o Joli 1) e SO 5l aS el
VY0 e ol 5o oleanders BLasST Oldes aslsl cga &) wlul 5 a5 08,5 cualive o (55l SIS
Slop Lged oy iy duaby el S I Sldlasiabiny 4 ol 9l g 0 0 g Oloent]
vl s pladl T 5 Leass SLEST 4 Cod B 08,8 e s3gamme slas lxal jo  olandssiend
Ja] Sis IAT 3l o sl il SIS 553 g 550 duag)| winyeS 0 anlllas 390 03905 (5 5,13
oKl saimsylis i paS el jo V8] S8 5 VYY1 -0 0] 2l asenss [V Jlacde ¢ [V-] 2L )G
sbgilbun o ol dllas pl sll 5l Gan .l o0y BlacST Sldas aslsl 6l sl
b s b o Eamss Liales 5o o1 15 9 (6 el 3gu> cprns (Gl — Jle) JBS 3 5 SedlS g, 90
olibime; =Y

O-ZFONY L 0% FNY Lldlax sloJsb o cxoperioghS A8 Cawg b anlllas )90 dibate
B 655 e il sbl 2l sliwg, 38 50 Jled YO YL YO FEET L3> slagose g By
5 oLad 15T GlacKin L el a8 V-Gl JS5) canl 555 = dagl a8 5l i ddlate ol o)l
(5QLM‘ .]ol.‘?cl Le ).a.'>u> - Ma)l ‘SaLofLo QLJ [\V] w‘ ol od.a...uy “S"jﬁ)?"‘“" &) - ‘511...“30.....71
ol clidinee; cilisee aaled [NV cnl ol e p13 51 (63l (idu 0055 1,0 5 059r Corodl il
Ae gaze Siuw o Cands Al o 40 ailoads LLSaS dl> o 90 0 ddlaie opl (gl 5 slaylad 23T aS sas o



Cllad Lol yos 8IS s S oSy (Sl b ol 51 e g alo o 55 5 el L s
9,55 1 6L b g £95 5l (SiexSs Llod 4y egame cpl LVA] ol oael 0925 0 onaie lad i
5 2l (Brb 0giz = o) Jled Ky Lages oS 010 0525 1l 53 ol SaSls 5 la o 5 an
[ve] aggly viveeens ool b sl e a2 bl V] cl o oS alise 55 acSols wi,
a3 o JSti |y axdllae 9590 03g0me | (S5 i Bresder 358 slaosys 5 Slud T sleasly
09,5 95 & Olgioe | aslllas 590 dilaie ;0 Al ygeis ) (bl S slavxly (S sy (om) JS2)
oS baaxly (ol aims oo JoSi ) adlare loSw (n 5 o8 &5 gl Glaaaly Jol 09,5 9,5 e
Sloaxly Jold sims o iy | ddlate JS' Colis 0220 SG 5l 7S £g0mme ) 5 &I iz g
BB oforr 5 @ ded 0 o wilee soesl Spnhe slacss 5 gl Sy
w>ly g Gk - il GleoshaS rizmen wlends wBly (8 s e sliwgy (Sud3 pe (elid o)
S g 0y S5y il ils ygei ) (JSme 055 (o3 g allate )Egi a8 Ly TS sy
Jls 5o ¥ o] wiga e gl il el slacils alsgy (5 5w 3L U Lauly oS Lo
@ole b 1o a5 Wigd o whad by ooy Sl U sl SlSins alligy sl GBS 0350
Saiged (n e S (o0 )18 Sk SSpo s oS 2 53 (Bl Sge w4 ol S b S
p9d 09,5 )l )8 aslllas 3,50 adlare (By8 Jlod B Jlo paglEbL s 095 )0 25w 90 (nl ol
5 ol sl ol laazly (ol ijle (6t (5 S adhis )0 aSTaiies GugresSl laasls
Lol yan il oas Byme (0) 5 @) By, b o oy (ol e s o o5 L - il (slaS
s SGib cdel Glaculs Grizmen 5 (als = (Y T (g eSOl a2l (S eSOl - (g ) vl
5 msrosSll oo b (5 eiSal sl (SLES T slaSiw 4y Glgi o0 allaie (nl (S sloazly S0 5]
HB Iioe 0y 90 a5 0 1aiSl slaasly (Wloay 35 a8y cogasee ) e (0 a5 55 o )Ldl g
"og T o e lad gy b edgacme Lai g 35 e )0 A5 (R reeiSl - (S 2ly (G Bl (o0 SISE
L Sl sleolas 5 (oo paaSSlGlaaY w0095 (o sladss | St g 3)ls (b S adlate jo (B0
Sold T SV T gl pes wxls el 08 B it S5y a oS oo () — (el S S
LY T8l o iSOl g, aoly il (639, 50,1 13 3LasST oagame 35 10 45 a5 Cenl 0,8 5, L

lo by, 5 olse -3
G paiges Jao I cole, bg yio A SIL ranl ol s 5 Glils0g) Cguw ;) digad VFY Gudod ol jo
5 oS e 18 0ass S VY] pgadl g [VY] gop V] SU cn> alesjl ol oliis o g5 oS
Sgrp,S Yoo VO 050 sal cilo p slbdiges (y)5 Sl oo als lis (1 JSo) jo o] ConBgo
e Yo S 51 ool ol b igas oo mie so Sis (58,5 S5 0 b peKiw SIS aiges 03 slaws [0]
S Lges Sy 5 glal ] gy Wiged 4 gy stashS 2 50 ()l paiges I [VF] ot sl
Tl oKiw o b i S Some SBLLIST g ol cpae) losle olKidlesl o ladiges . 08gy uSiin
Jas (ICP Optical Emission Spectrometer) il tos ciax slawdls (6,9 i i
I8 PPM o ya i gl oK & ol Lanscin 5 o a5 W U] ya s O L;tf.’Varian 735-ES
S Al e 58 e il 0a 00ld (L diged VEY 5IUT 4 bgyre ols (VY Jgaz) 5o .ol



ol g b a0 9 Sl o oleend 98550 Aiged YT ol (iduasel slaosgasme olond 655 (5, luials
3 e alaie A Culgsyo canloas 00,51 (VY Jguz) ;o ool bl digei Ve 0 paie Ve 4y by yo
28,5 18 anlllas 9590 9 and o 3l S 5 (L -l axl
wstlbood 4329 5l Jol> gbvosls djloys -V-)
a5l )bl Gl Coles 10 9 spaie slrog,S g po Lie m baily) (e jelaieas Gimgly (pl o
9 oo ST 30 5 6l e g, 0 )T eslii il 5 LS g g Sl il s, 90
Ghags Ol 53 45 Sl 95lis JES 3 sla e (e 5 (5l g, o ool ] 0 piteniz
Lol 00l gy coluw - Jle JUS 8 o
LS)L"T lagby, -TY
Jole e85 )18 g kel o 3ls 5 0550 cslanl ] Gy GBAigai olonds UL 51 Jal> pls slaosls
Awlo () J992) 09— laools Sslo  pls slaools guis 18 15l wiles ) Lefigils pools Calizes
ookl 5 &5 50 5 Wosls (09 by gy Jloy (oo oY Jgiz) 0 piin SO s jleligle sl
el b ey g dlone ((F D) Jloyp g ol slaosls Syl 2sla coviaip; «s3badle 5 slagts,
o) (FACHOT ANAYSIS) Ll 41575 oyt 6 al oo T J32) o oiings 5o ren
orodls 4y 555 v slaosly (O Js—z)(Cluster Analysis) Besls gla_sgs Jdos'g 45520 5 (O4F
oolawl Gl gl oo (5,155 ae SOl pio b S polis O jao 4 olKislo;] Lawgs aS 0gl oo aiaS
59 6510, 0ol sla 38l o 5 ioas L0 lad 82 il Jae g s le] (slaanT B 0 8 g iw (slassls
ool Gl gy Ll oo diged o)l 12 g (ais) i o il a1 (gouc ools Ladd 55 ailyl,
G e ol 4o [yal 035 0 )l,8 oolaiul 5 50 bl 8 guiin D jg0 4 ool w0 Ve SSTas 3
S (g 9 M) 090 oy Ve 51 o LT o jgutins slaosls’aS (¢ polic 5 o soliiwl o35> b, 5
Bl ol cilos e 1Sl ¢ Jod Tapsie SO g kel glo el L () Jauz) wials anilds (LS g5ls s eals
Al A b yolie oled Jboy gpls slaosls gl SPSS jl58le 5 5l eolatw ! b Ko 5 SowiS lxs
ol 0 00,91 (Y Jgaz) ;0 o jaie sloodls 4y by o guls a5
B8 ey ogge ools (055 b 0sr Jle i copiio stz gl sl el e iloma 5 iy
O3l & Sliiee a5 31 97y )lo T slaedls (g b os Jbo 5 (s sl B sl b
onl 50 IYP] sgas o)Ll (Sgz 5 (FauiaS ISt 5 Sy = 5yl (9031 5 Bgi el = By FgaglsS
593,3) ATES (yizpen 5 Byl yramsl T By To05lsS (ga5l B2)b 5l 5 SPSS I3dle 5 5l eslil L iy,
sosls Mg g Socins lade .ol sladl losls 0g Jloy o jp & Cand Koz g (SowiS JSKO
Wy O)ge o)W o by, 5l eslaal b beesls (5l Jlo i il a0 5 Y51 5YL e pate
Sosan s Y-
O9N i S9) o n Sldes g 09 b cas 4135 Sl 50 b pite o Ly 0 it ST slaay 0 5
St g Luly; (GolaiBl (o lid (ro) 40 4555590 50 055 (o0 Djg0 b puiie G L3I (38,57 Sl
oy Ll 10555 5 (gloag Comanl 51 sSUsT (la)leilS )5 polis (i wsSae 5 el (S5
(S o 02D GLES (gm gy gy & e pais (Shmred pd S| e +) B2 5l (Ko



3 polie plo b o paie Swrod polio .Sl CIVIY) Jlaie 4 0y b oo yaie  San lade
Corotnl 1 53ls ot gl Ll Lokt 1 0,85 5 oy b oo Bl yad el o0 o0ls yLaS (F Jga)
Iyvl el

Sl 4yjos Y-Y-Y
FoS ool b (gl s 5l (o) 0aisS J30S sl yerie (2 5 ol (bl (Jlole a2 5l Soa
b e olaws o b lsioo sl 5o e | siloonds 855 sloools slal slaws 55,5 o 5 (L2,9)
Az 5 el gla it S| Sy 5 i i 390 55 |y ool s 555 ST (55558 Lol
4 bgr e o8 Line o i 45 ans o lind boosls ele a0 zulis [YA] sses Lot |y 6 iy s
ps5 s Jsl (slo,eSs a5 el gonaie o 551 Cadn 8 o Le ol be (+/AYE) e b od8 ja ke
eyl o Sei, | 0,85 olic ol o o .l S50 ool sageas il yly 10 9o, (BV/F+) gaame,d
yo e uizman 0)ls 18 gl Jele ;5 (59, 5 o 3l | e lg0lec s (0l 88000 (o] (oiila
hole 4525 bt WS (o0 Sl p9d Jole 10 muisS 225 5 S, peilid (S cpgmssd @l pgS SIS
ozl e oedse (Olgaril i 0,8 by o yais (Salivg yo b Gig) nl (SlaFan snmoplis
el @l ] o ol 565, 5 5k

Gladgs JUT Y-Y-¥
S o aliBe olie 4 ol i ] Bas 4 cwl bosls Lo aae slajlpl 51 (SO (glaiigs 4y
b3l az o aadly adls 3las 09 )5 S @ pare 90 STCl ;K0S 5l 65599 9 Seo3 bl p o3ls 09,5
ad g5 5l Ban cosl (bl o eS) Bl g0 cnl e 1305 (LSl cnyitia L) Sl Ll o
09,5 & Slanlin 45 (5 5b 4 (S pundd uiloiie sloog 5 4 1) Slaalive a5 coul ;] aosls san
o o AYAT ] s b ans e L 1) coalis 53,568 Cilises (slaog 8 laalin e g calds o i
9 2y e sodelge bolyer (s paie (6518 aimsplis adlllae 8590 00gaome )3 (sladsS Bilo
sanlice BB S5 4 (O JSB) g (B Jgoz) 10 g, cnl 5l edwl Caws 4y (slaog 5 .ol aligs SO 40 0,85
SRl g (Ko o pd g hole 430 ol ol sasas L s Ly, ol 5l el Cew s gl .|
ool 33500 5 0T 058 s e polie
ladds g 5 (5)lni0l 5 il aiej Sga (pups =YY
Sdls (BLAST Sliloe S (A5 (2 Pt Ol ) de) Sl (oleenB535 lags lnial lade SIS
SIS ysba a5 5 ls 39y ilite sla b, s braal g sl u] i) ax SuSis gl [YY-Y]
G et Sy, 0,5 e 5 LS 58 sla sy 5 (5 LSl Sla g, sy 4 Bl e T Lo,
Sga ol sl g il lahy, )0 5 wws o Lii |y 6 b dgum i8Sl el 2
ool o [VF] 09 oo 48,5 a3 10 15 Wndiges Coxdge § olad bls )l sl s bral o slasbin]
Jy @55 Sl omdeion slagbs, 3l 5 005 S s atises o S| a3t oS NS LT
D9y 4 5 bl g ailin T e o> andllas 590 o0gazme 4o [¥Y] 598 o oolitn | sleand o35 slaosls
Sl ae; o (g, cpl 50 e loads ools ylas (Y Jga2) 50 o mls g oo dw bro (5,5l 18
&z 5l silmial > g jlene Szl plpgs 5 (:Sle gea jlailiwl v lons Szl (2SCle 2oz



)‘ oolaw | L: Lg)L.JLm)...C U""ﬁ) y» GA_A—A-Q 0 é’)?" Ao ;_\JILSA Cwd )L..x.c d‘)?u‘ ).:‘).»M 9 w.i:l.».n
3045 0ai s AICGIS 38l 0,5 L IDW (Inverse Distance Weighted) b yg,0 Suss
o | oleond 955 slvosls o g auo sl gty seaad sla by, o load ools olas (8 &)
oo, 9 (Exploratory Data Analysis) seols 3L zssT Ldos (EDA) g, oSS Ll g,
5l a ol e a5 s il olessws (Median absolute deviation ) ale glas cl,sl (MAD)
Jloy— plll daosls pla8 a 593 (28,55 Hlai o (o9 (s, 5l )15 cde 4y baosls & ols cws
G, oleansgiy lmosls [TF] sges o,Lil lacs bl cwais JSo Llxd pae cyuizred 5 (09
(b (Sojlen o Sl S o cwlid oy Ll 5 o Sl cad ) il a5 wls JLSS 8 e s

Ivol col jae O Sas e ol eieols,s 5 gibw S5

GBS gy -Y-F

& gion gl Aoz 3145 o0t slgitiy 0535l JUS 3 o) iz aboo B35 sliools o sl
5 i cnl yo wges olal [¥F-0]oluw e 5 o — e Alols - Lo to3lusl —slaws wrluas - e
ISl ouds awlre oty )& Jlogad l colaiml g bl § aiej v 5 Colus - Jle JUS )8 Jow
dwlee gl o9, ol 5l e Ol o 4 Cas Colins Slpes sl poobus — Jle hg, (Y
3l ey SaS 4 (AIDW) alo B ugSixe 000359 (200959 05995 51 olee 2 b 5 00l Jlis | colus
o ad, 54 alold g g (Sl glad 4y cos ol Se %ng)fo)j’\ﬁ 20,5 solaw! Arc GIS
b gl ol Gl g le Selund glads &5 g0 ;30,55 280 aldlge (e Jlans Loy
e oot 81 Sl il 4o ol oot 8 Ol fsges anlol o VY] ais o lagy L2al3d)
oges 30 Sl ol e 5 b e | oad o8l )l 5 00y8 5 e, EXCEI I581 0 5 L as (VS )
@ 390> e IYA] WToe consian (V US2) o & (350 s awd 3o,k 5l dnels o o o ooy ,8
i) 0> g8 oo aoms [0 (A S ) | ouls s 5 S0 la g luial adi i (yogy ol 5l esel s o
(A Jg93)0905 asein |y 5 lual ¢ ailiwl

Cony -¥

o535 SBERIST Slbos 13 e Sl 590 59 plon b5 slogs,lmial Sy 5 colos
sylo 1 BlasSl Ollee a3a g (55l dige Hhi 5l colaws LO-YAYA] el Lais aag g slasb
sl § 358 Ay 9l A g 90 Sy Az slagsluial Gl sl ke Ol [YY el ) coeal
o S PR IVCJGIVINS RUSVOVRLIVE] IR GOSN I W E ST S E ST H N R C PN S TPV
S e g il ol slagilaJoe b sile p ools g bl sla g, 5l eslatwl g (g5l
IY-¥f-revol coil o1 Jle Olais o 6, bl Cag

Ol (A o8) JIKoT )0 00l o loainds (o oliond 685 Slas ) lral colus anulae iogh cpl jo
aslie sl 6,3l e e, 5l it cols — Jle JUS 3 e, 4o g bl corls a5 sl
ool oslie BB 5 6 Fo3lail A Jgaz o bas,leinl Cmluns e &l yenis o (A 58) (sla IS



on pl s T lotng Coenl Slils oleords 955 las ol J a8 olands ¢85 ObLL ST Oldes yo
B e il 3 (sl 5 (sl sy oo sl s Bl 5 (s 15 L 5 il el (i,
L2009J.7LA ‘:‘).7(_;& J]"‘S (‘\ J.i__w)é}o.) ua?t__w.o |) (Zl,zz, 23, Z4, Z5)MA~A‘ 00gdn0
U123 4722 osgams 59 40 .06 (Z2, Z3, Z4) 0550500 4o o oo (S5l S5 BT 0929 caums s
L sl 45, Z2 o3gammn y0 Canl (058 = (B Wiy, b GI4T, Sjge 4 (CuSVlo g Cuy950) e (5Le SIS
Z3 o390 398 0 030 5 — il sloSiw ;0 s VB Y 5l paie (0,0 9 e YO+ 250> Job
oanlie bB o VO« oo ,@ Job g adatio (o gilo Yoo Fe) S0 swae Ojg0 4 (g3kw S llo
oo ig3550 slaosls & axg5 L Z4 22, 73 Glaosgame ;0 o lade iSlas (Y JS2) el
L aS ol gk 5 (ool o LS ciilon S5, T Gl Sl 5 saiaslis ole sla o
S50 0l Bllas IS5l g oS 35,158 i SIS ceilon glo SIS 09> 5 g XRD Gldlae as

O (G ST zgo a5 YL L glo 50 pl o)l e o o5a8 L g0l LIl Voers silen
Cuilon oy 4 YL FERFE™ e il LlaJls S5ty ool el 5 Sl ol o i o Laeo
o sl 5o [F - Tl ol pan 35 Sgaml 5 oS iy ol Jliald b slen Sl S 00,5 oo

9 1

@Lw;é ..))‘O u.Q.:Ua.o dasJllao O yg0 03gdwe U“S"‘ 9.:)4 O"")" 9 ‘5").7_,0 Sldllao 3o ).;)1555 M._..M.ls
(s lS” 5 DY) Slisd 5T &g Slals 55 o SRS 1o gl (slo g5 51 S 5 (sl
LEr-ff] s gile g5 o

woilen b yls e la S5 oalyen L5V o s Lo o oo G GLAS L g condS

Ol S 0,10 0929 0uiST )y 9 (54T, D jga A axlllas 550 0oguze 3l oo iy 10 e (g3l SIS
9 ..\.39) 9 6)Lw ‘5,[5 )L’T (Y) Jiw 99 S I u.")l.: - ui)d.:] by w)&ui 0des )9.|a Q Lbé)Lw g5:[5 U"‘
anlllas 5550 Wigad A log)] CBL 5 I8 e Lol slo S Slolis gl .cusl ool ols las o] cwlss
Gl ,S 5 oS (sadle S A o o SIS A o s Lo ablis Sldlas (285 )3
aS Cew | EadggS 9 Codd e oS (s g oy oSS (ol gaudlgn sla SIS e 0 SIS
95 SVl 5L ,S GG 5 o 255 a5 Gae—ST G w35 S 4 b pe Loee
5 oS|Gl o SIS ol .l sai ool Lii( oY g WHY) sla S o a5 axiwa Cu g5
9 S 9 sS4 by o o Godlg SIS ke (p yien )l Bl ) po 5B 4 (Lo LS
clacal ol caSYb 5 naw lacadled drwgi 4y axgi b diges plad )0 ue S 0 yidon Eg0xe,0
sl Sle 3o 5l Jol> Jlasels <l g JB slasd cauS 5 (glas ) ( ol ablin o b SIS pl Lol
CeSYb g CadgsS i gSIS 0529l a5 W5 ls (g0l (S0 S adlate [0 (5 e lacodled (z-V USS)
510 0929 ablie ;o 1 CuisS 5 Cadgend (ailar (o o SIS 0e—O co 0y (Y US—D) o
oo la ] il cusled oo jgbas g &5yl 19,5 s a8 eoslal g 5y s LI ey 0

u)jbgo 9 C}Ja»: 90 S QM‘MS‘ 09..»‘540&40 (5"5} 4 )‘Qu».uc (_gl.fb‘s:ls 65.».’ (Q_Yk)&uJ) 5o |



g o0d iS85 ige al>ye )0 5 alog) Syget S (l 09,5 o o] slasnST Gl czge lsa
5 oob) od9ame 4o jgam el o SIS cpl ol aLils aglts (i pgm Sob 26 al o b bagT islog
B g B lalasd g baS ) eaisS 5 & g0 a 5w cuslen [F0] w)ls 1 0,555 o oyiens cdale ol s
393 Oygod Cuilen Wil oo oy S VoSl S8 (Sigm Sl jsk izmen 5 Cupm Slra (il
Vgane 5 aiind b slalad g laaS, 0aiiSy oae j5bas o8 Coigad 5 Cusf )l 3925 iy JS
s s iy o ygr I a5 Sl 15l Gl 2 gy el 00 oy o ] Lo Wniged rlas
Sl (2 imte et [FV] el giile o (gla)Lils ;S (L 50 CudsS g renbs o
o a5 aild CodgeS 5 oy ooy SIS (e oSIST ey 0 (5 )le (]S Az e [LdlST 50 (Gl g
LA sloatiihos caSVLe 5 o 9518005 0 Lulp 3

924 3722, 73 slaosgozme o asgl; bl >l o (o5l GlS cilises slo Shg 4cinlie g ()
Shcw! Slas izt (S o (6,65 ,1,8 sasas ylis esgase (pl ;8 me (sla s liels (Seiss Cundge
5 S e )s eladgS (Coaiind (o sSI el j5 L s Lol e slo ST o LB ST S
il L SIS il g il g canl 2Bl — CuyasT o 55l SBpL e K il ous glulis cuSYL
Sl LS UZ4A 572, 73 osgame a5 o sl Lo SIS anslinican slaS, 5 B glas oaisS
ol il ) LlS g5 ol b canl s Sg2mg oims s Sl gl ) cikisee bl s giile oof e
LT wbe jlaa sl LY S jlasls - -Falas e s LFA] 6 )l L5 51 asLe Lo Ll
o o [OV] s Sl LFF] Lo Jles LS dy-] eb)b Lastsidoy] 8, lasts o]
el o 03ls L aygly ol (o LuslS b LT 51 08 1 anglio (Ve Jgo) jo a5 [0F] olacs

oy =0

Sl S5 L 5 iduonel e3gams dw gl oLl > s0gumme 10 uKiw SIS g oleewds 955 Slalllas
o pto (sl s lmials 0aims flis o paedis g 0 eSS (6 kel Slalllas 5l Jol> guls ol lis |y e
Slllasien il (59, 5 585 quumdl il (lgariil 0,8 vy molis b odguzme a0 ol oly02
5 Sl g,98 A aslio .l CuSVle & yg0tr o slw SIS 51 (6 BT sanas s (S SIS
23 (2l 85 moe slacs)lomial i S g oasmspliad (g )lmial g diey v (et 0 )L 8
2 Olglie 5 oo 3l G sloaS 5 alyme Sl ) il bl (qw 5 e | g Sl g
SS9 8l i lw (e S (ol b G (ST Candan (b 295555 (sladises
ol gle £45 o sla,lilS L Z4 3 22, Z3 slaosgoms 10 s (55l SIS Calis sauasylis

Sloyd  -f
(SLazST Ciglas (pgas 4 j5iS Gane SBLLIST 5 wlidee) Glojle Glulid )5 5 lpae | ey
5 &) iSlax Legh cnl plxil 0 a8 Slije plw g o) pole caStiaghy g bolSiulojl o po
Coles b alSinles] sloosls 5 ol o sl alo |y 1,08 5 a5 JoS azitls Lo b |, ol oo
Lol 4800 Oj50 03l Ggmge (i dezediw Wl (pwlld IS Al bl B o e pole caSiiagsy



sl oleialy g, L aS Gl wlid S g owlid job @ 2805 o yiome 5l )gls g 00w 5l uioren

ool 30l By, 41 0 g sools Mol ) Joux

element | sensord sample | detection limit(ppm) | Corrected
Unusable | Au(ppb) Ay ppbo spent terms
Unusable | Bi(ppm) V) - spent terms
Correction Ba ¥ Veooof IAARATAY
Correction Ge ¥ A TR
Correction Hg A AN JoYA
Correction Sh ¥ A AT
Correction Ti v W/ NRRATAY

oo pais ol Jlo i g gl (sloosls 6).4:] Sl o, dnlie 1Y Jgue

Element Cu
Raw normal
Num @ VFY
Mean INZINs YIAA
Median £\ /- YIVY
Mode YAlS- \/INg
Std. Deviation fr/sA -/%4
Variance Va-AIYY vt
Skewness ¥/ 0 i)
Kurtosis Vel A Y/
Oy oug !l eolainl b aslllas 090 03guze jo yolic plo b s pate  Scad ol iV Jooo
Ag As Ba Ce Co Cr Cu Ga
oA Ieva Nian -l VAN -y |
Hf Hg Li Mn Mo Nb Ni P
I5YA -/ -I5vA -/oay 1500 -/vga -\ f o[y
Pb Sh Sn Sr Ti U Zn Zr
vy If-0 l.s -losy YR - Jevy -/

o puxio (i > 5l am ole 45505 sowlcawods pgo g Jgl slo, g5l yolic §Jgus
Rotation Sums of Squared

;:(()):; Initial Eigenvalues | Loadings |
nt Total % of [Cumulative Total % of |Cumulative
Variance % Variance %
VY- Ya/sss Ya/sss #Ivo¥ YA YANE-

olvst vi/ars Vi WANGY vV/oos fa/sas
v/ Mot g-VFY VoY slevs WZARA




4 v/vao olvas FO/0YA vio-y #lysy alians
5 V/vey olvas v./vay v/gay ZARN FAMADY
6 V£ ATAREN YOI vevy o/ass YE/vas
7 V.- \ARIN valyys v/.a. flof- valyys

hole w325 50 o psie (2352 5l (ol slasle polic B 5o

Rotated Component Matrix
1| Cu | As Ba Hf Li Mn | Mo | Pb Sh Sr
2| Co | Cr Ga | Nb | Ni Ti Zn Zr

Slangs LT 5l saslcawsds slaog 5 # Jgax

Al Ce Zr P
A A2 Co Zn Ni
A3 Ti Ga Cr Nb
Bl Mo Mn Cu Pb Ag
B B2 Ba Hf As Sr Li
B3 Sh
Sl e oy 4 (s )lual galin] i sgax inlazY Jeun
Cu (ppm)
Mean NZI84
Std. Deviation fY/eA
X+S Veeloo
X + 28 VEE/vY
X+ 3S YAV/Q
LSS s 4 g )lmial g wilis] el 59> ralazr A Jyoor
Cu (ppm)
Background YE-00
Weak Anomaly Q0-Y-
Moderate Anomaly Vede
Strong Anomaly VeoND.
Very Strong Anomaly Vo--Ya¥
e gus e yss, 90 50 (AICGIS 330 o5 51 solal L) odal s 4 slas luial ol duslio 4 Jgu
s>l
Classic Fractal
Count square square Count square square
meter kilomete meter kilomete
FYOo) | raraed-- ARALYL! YAF-Y YEOSVA- - AR IV Background
V-FYA AYALY - - a/vAay VVOYY VoYYAA. V-I¥YYAA | Weak Anomaly
Yva. \LIARER v/asy £ 50 YEE D v/sf.0 Moderate
Anomaly
Yi4a- EARER y/avy TY-9q TYYAY - - \VARYS
FOV BNy Jaay YEYA YVAOY .- AT Very Strong
Anomaly

AR



3

OFY - FF- .

0¥/ - £F |

M\?l

OF)-FE-

INTARRA

Total

alie sla,lils’ S Lol >l LS anslio V- Jgonr

ol.gl gs?l"

L)L Ll

S559 )il

o Hlusls

PRR XN Le

b Sl

agly By oo

SreghS YF
ol 30 Jlos

S yeskS VO

o Jled

u,q)lé VST

Olmindy o 5¢

Sresks -
ol Jleds

P‘b —4....\.49)

S~y

OIS )

<los

O30S S

s b
S ey

G995 09> S,
LSl

RV RUNERY

Sydye L

L oo B
S ebay ol

9 iy S

b ooyl
il ol
Sabsly

ESRY RO

shls cojal

Sty J

s
adgeS (Cudfyo
P a‘%ﬁj‘g&_ﬁ/u

PUESRV-PP

w95l Yle
@9 Soilen

oS o

oSS
PLNRUEPLY/LY
o 9 SadssS

9 ComgSIS

Sy

oS IBCusyg
h:;\.:-;}ié 55:;\.1).:.)

9 CamwgSIlS
RS VL PRSP

RUNNLE AT Y
F)lsS 9 Salss;

a9 olo,S
FoS Sliee

il wolo S
PRSTRWIpIOvLY
Slwals

Coilon glis 5

S 9 S

‘R SyS
S e S 9]

Ry

£

gl sty

gl

R

LgLa_‘B o..wfﬁ
_aS
5 slaxs,

5 slexS,

9 slaxs, -4,
5 00uS |y, asls

Salsl

5 slaxS,

sl

slad ouisS y
als ( J>
—a% joauSTy,
9 laxs

sl

slad ouss
als ( J>

—a8 jouuSTy,
5 laxs

il

RERGJe

RERGJC

RERG I

RN

Pl} . P ..

9 shad
(YY) Kan

g o3l e
OTA))e) S

PRCYLH
OYAN) G San

PORLY
(T Kon

9 o&‘} Oy
¥ Ko

\Y




35° 644,13 N 4=

> A
B Lrerach Dekhear Stagresta S (LM} wbt sy

TN
E

! L
(5 s et fan T T etier and graved ba witas tad spens
-Mhdmm-u'.-n-

At dimalth v ke weel salivdcanbos
Ak beva e basthon, dikes a0 s shosnas
Dracithe bpnbadveriie , Ntk taff, monxcacdeaiie bavy fan

RigeatatheRayeline a s, virk safl, webded ref brewrle &
C Malbrly dark pyravens ambevie bn amdesitte haadtic s

'Y




Ll (il udysS al8 a5 o 0 5550 )0 o ygr (oS g CowgSIS jpamn il io pblie adllle ¥ S8
il 50w Cwl Olyas 0uiiS oSSVl -0 ls 108 o et g S peS h Al j8 el a i
513 3 ot S 5 S it ol 3 ] IR 2 S 4 s b 5 45 plas SIS
ot 4 35 3 oSSt ey SIS s 5 g8 JlilS il el sy
9 Su9s 5 CansS bwgs &5 CudsS a4 fas Jl 9 35 e jeeins 5 CedgIBms 358 (e o cSYL
o 2y ol O3 018 S92g HeS e I Sl )l Cdjm @S e (tily S8L) Wil ead jgazme coSYLe

g g0 00 Vb Conly Caows 35

Py:pyrite, Bn:Bornite; Cpr:chalcopyrite, Cv:covellite, Cctichalcocite, Tnr:tenorite, Dg:digenite,
Mlc:malachite, Gth:goethite, [46]

TG Ol el (CoSVLe 5 poiD) e 3l S (28 T (B gyl e 53l SIS g, 9 56T IS

Mlc:malachite slis 51 slocw » coSYb g5le S 6T -0 sl jio Bl As B Fe o aite o5l
[vA]

VY



ke
EEEGG

oo i Jloy slaosls —0 e paie pls slrosls gl 3 pl Sein ~IF

|
:JI 1 1 1 1
i T
. n
: |
S i
: _
| .
| - I
L —

u

K |

osls glasgs 50T 51 Jol> ol Fgais & JS&

AN



Log Area

8

7

!P-‘O.'JO"E 50“4}'0"8 Sﬁ‘Ol'M"E SD"%'D"E

35°%0"N

35°4'30"N
1 1

35°3'0"N

36°l'.30"N

3S900UN

-2
Legend

* samples
Extract_CU_classic
<VALUE>
[0 Background ‘
[ IWeak Anomaly
[0 Moderate Anomaly
I Strong Anomaly

)

Km

E ws1 2 3 I \Very Strong Anomaly
)

T T
S0°40'30"E  SOP420"E  SOP43'30VE  SIP4S'0VE

A

Car

\ S 4 v
1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

Log Cu

U sosls ol — )L.,.c (54.’;%)[;.] )‘6943 ¥ S

\#



SOUUPITE  SIPZOTE SITIDTE . SIPSTTE
i 1 1 1

& £
5 5
¢ P
z &
2 5
g & ,
" i N
w E
s <
£ -2 )
7 . Legend
. - set % o samples
L]
z 2 . 4 * * , Extract_CU_fractal
Bl % et e T 1 cvALUE>
8| TS * [Back N
% . Lo ackground
| [-)Weak Anomaly
- 3 . B Moderate Anomaly
s . M Strong Anomaly

E In [ s'"" M \Very Strong Anomaly

T T T T
SONMNYE SUZOTE . SOMYE SRas'UE

>

Inverse ) IDW oSG 5l ooliinl b (g,lizlo (g, aloosls p s 0350mte ;0 (e 29 j95 diii A JS0
(Distance Weighted

'Y



Drainnge
1000 2000 \igiee @ Silt Sumple
500 1500 2500 I Selected Range

L(bd)g.oa C«.«.‘L‘bﬁ J?LQ 9 adlais s*‘l-‘-*’u-‘*") 45485 K9y 25 G Zlé‘L‘boésm Mj—c 4 JS..:)

(Lo Ae SUTL oo cls ploas Ol Ligu ) (slodigad ).:Jl;‘ 3 Jol> pl> ool Y Jgas

Z-N | 2NN [ Z\YE | 2NV ZAAYO | ZAAYY [ Z2WN0 | 23S | Z-3)\Y | Z-\YY | Z-\ Y'Y |FieldNum.
N A LRI B YA- | YYo | v VF g | Vf- | Y- | As(ppm)
Y Y A Y ﬁva 4 Y Y f f A | Sb(ppm)
SN[ < [ <end <y [ < < [ <eae [ < [<ee [ <eae | <0 | Bi(ppm)
AT SRYA F2 IRV & A YA 7N BRVA AT INEVA L W IRV A ¢ S ST R IRV 02 NV AVAR VA A G I = [oT(]119)
da | Vs SN | oYy |y NS | s | A | YD | | s | Ag(ppm)
gobs | YYIN OIS | vy [ NeVIS | NSEIV | AVIA | oxvie | exIY YAl | yEa ] As(ppm)
OAYY/XEAYFIA > o o[ $8- AV [VEYA/Y [>) I YAYE/Y [ YVER/) [ FAYAJA|AY - £/0| $VVE/E| Ba(ppm)
Mg | Vo \Vid VAR Y2 V/¥ Vo Vg | NN | s | Y | Be(ppm)
77NN 7220 N v A W I VA W N VA vls | vla VA flo | Y/a | Y/o | Cd(ppm)
OMN | oole | ovIA | eIy | ooy | oxle | xvle | oY | aslA | VA | ovia | Ce(ppm)
Y A | SMA L xYIY | v /e | ovols | oyyly | va/a | ax/y | Yola | vol- | YY/- | Co(ppm)
galy | ov/e | ooly | asevlo | s\ | ov/e | o-lf | voly | sAIY | Ay | a-/Y | Cr(ppm)
Aa/8 | Ve A | NXTE | VEYIE | VES[Q | \RE[E | VAS/A | Yeolv | Yealo | YAMY | YaY/s | Cu(ppm)
YAMS |yl | oysle | vy | YSIA | yY/E | YAA | vv/e | fY/F | va/a | Ya/o | Ga(ppm)
/A | flo | /s | oly | SIN | Sy | Y- Yy | Y/ | flo | f/o | Gd(ppm)

A




Voo e | oxls | I oIy | oxls | oxIe | Ny | YA | Y | Yy | Ge(ppm)
sol« | AIY | YSANY | oN/y | AYlE | ols | vy | yyle | of/s | av/a | Yo/ | Hf(ppm)
Iyl e |y <o | Iy | e | DAy | Dy | sIys | S A | Hg(ppm)
YAMA | YYIN | YAY | oxels | YAY | ovsly | Iy | oxylvo|oxely | ovviy | YAE | La(ppm)
SEI0 | sAMo | selv | ofIV | falo | osl- | AYela | xvIy | YRl | o/ | VV/A | Li(ppm)
N Y P Y de || I el e ) I | e ls | <IN | Lu(ppm)
VYOIV YEOF/Y | YONVIO [\ VY /Y [YYR0/5 [ YASN - | YAY - [8 | YEYYIA | YEAYIA | YYEE/A Y- ¥Y/Y | Mn(ppm)
vl | ¥l sl | sle | glf | alA Vo VA | ela | f/A | WA | Mo(ppm)
/R IR 7R IR VA2 B V2 A W I VA W IR VA2 B RV A R VYA S R YA (R AR ¢/ IR 7 B N [T (] ]11)]
Ye/o | YSIY | YolA | ysls | YYIA | oxyle | yelsip Yels | oyvle | ovyly | oxo/o | Nd(ppm)
YAIY | YYIA | ovsiy | f¥ly | ovyls | YARO | Y fe | Yyl | YAy | YA/S | YAIS. | Ni(ppm)
VerYIN [V OfIA| AV | QEYIY | AVEL | sYYIE | as eIy yvela]ase /A | avvivvAels | P(ppm)
AYIQ | asfe | oxvly | E | xYIA | SRy | avis | vola | Vas[A | \YAIS | YASIY | Pb(ppm)
gla | vy | Al VIN L ovIa | MY | osla | sle ] MA LYY | MY Pr(ppm)
YYMe | YAV | YaXle | asly [y o | veofh v s/ | A/ [ YYAIY | VAY/E | Yyo/- | Rb(ppm)
vlo | Ylv | vy e | fls |t Y/ VY |cols | oyl #IN | Sb(ppm)
Yvig | YA |yl | YA | ovsle |y | xy/es [ vyl | Ye/s LY | YA/S | Sc(ppm)
sie | #ly | vy | sy | o#ly | osly | oy fools | vy | gy | #l5 | Sm(ppm)
/4 | SN | YIN | oaly | MY | s | ol ] f ofo | #Iv | YIA | Sn(ppm)
OFANY | #AY/E | SOFIE | 00-/F | VYAV | AYS/Y | XYNV/D | YVR/E YWV B| Vgl (VovE/Y| Sr(ppm)
VAR IR VAY YA Vo A \/# VY VI V/A YA V/o | Ta(ppm)
Vo \Vid AN IR V/¥ VA Vs | Al | vl \/s V5 | Th(ppm)
OPYEIN|OVEMQ[EAAYIE |V - OVIV| S8 [\ | £YYAIE | 0ORAL{OYAY/A|AY - 0/ €| OVEY/\V | 00AY/A| Ti(ppm)
VIS | YY) el | s A MY | oaly | M | ol | YeIy | YIA | a8l | Th(ppm)
Iy | fls | ol ol oly | ol \A o | ol ofy | f/a | U(ppm)
VE/E | VRN [ YYALY [ VAY/Y | VEYSE | VS ANy Y A YSVIY oYY | avala | V(ppm)
YOIN /A | xols | ¥YIA | oxyly | yely | oeyls | YN | oyviao | ¥V/A | YY/A | Y(ppm)
v/ao | sl s | Sy | ox/la | oxls | oxIvo| W | fle | Yls | Y/a | Yb(ppm)
YOI LYCAA [ VEN/E | YYRIA | VAYIY | AYaly | YEY/E [l | fAY/E [ VASHY | YYRIY | Zn(ppm)
YAA/E | YW | veele | YYE/Q | YYY/e | YSE/V | YRAIY | YAA | YYAS | YVl | YV-/A | Zr(ppm)
ol bl S sladiges 5T s 5l Jol> als slaosls VY Jouor
Zovwso|z-rvesx| £ T AT I e a [z veey| Zeaset | Zeaser | Zagey | SAMPle
Vf VY ) Label
Vv A | v/Ef | #lAs x| AMYY | oviya | ¥hy | oolsy | Yo Al (%)
Fef | AVEY | Yede | 0eYO | AYe£ | YY) | YVYA | YYFA | 838 | YSYA | Ba (ppm)
VoY | xlsh | Yo | Y | YIAY | GJAY | cIAY Vish | <IAY | <Ivs | Be (ppm)
vvia | ovvls | ofls | oYYl | Wy VeIV | oyyls | Ay | YAME | AR | Cr (ppm)

'4




Yaq8 | YOYVY [ YAOFY [ agfe | YFEYY | AgEY. | YYLFQ | VFAYA | VOYYY | YVA-# | Cu (ppm)
VAN VR AN 0 B 7 4 S I /A e AR N 71 s AN BN VAN i R v/ V/A- /A Fe (%)

Y-S N Y RL U VA o i A v VS BV O W B 707N I VAR \7RA S VA 7S R VAR K (%)

AZVANR IR AVE N N 4 VA S I A W R VPN AR A7AAN IS CCI SR oYU/ B . V7 N I VAR B I A (To11)
A /¥ /-5 -y [y [-f ey U o I-6 | Mg (%)
YAV | avaY | YAFY | YAV | YAAA | e VYA | 28Y | WYY | Y4 [Mn (ppm)
ALT BNV S IRV S SR IRV Jva |yl V7S S IRV /N YA loA | Na (%)

SRR B RYA S A4 2 BNA alyy | oslyy | vely | oA WY | v/t | Nb (ppm)
e | <Vele |oYLY VE/Y VE/Y \v/¢ \Wio | <vee | VF/Y | <Velo | Nd (ppm)
Ve [ Ve [ Ve [ Ve | Y Vewe | Ve Vel | Vel | Ve Ni (ppm)
ARIN OAY N Vo- OVY AYY | Ve | OFAY YAY £y | P.(ppm)
<Yeo | <yee | <ves | <yee | o<y Yoo | <Yelo | <Y <Yele | <Y | PD (ppm)
Yoo | ¥y | oolve | sIAe | oxIYY | #lsf | IS | vy /g | o/\Y{ Sc (ppm)
af/y | VYAA \YE \EA n/y \YE \YY #AQ agl~o | WY | Sr(ppm)
YYY Y4 Ad+ | YesA | Velo | VASYTL VAAY | sVl fE ey [ Ti (ppm)
Yisy | oavle | Ysly | v \ZYRE I A AT S VA S R A VNN R A7 R YAIE |V (ppm)
glav | AMsY | vs/s | ovelo | oxylo | s | YR wWig | xoly | wYlo | Y (ppm)
<Boee | <Buee | <b.ee | <O | <O | <O | <O | KOs | <0.ec (| <00+ | YD (ppm)
Vely | YAD Yv/- Yy/- vely | oyvly | fAIY | V- v/t | v/ | Zn (ppm)
ARA yw/a | AYY YV | <Veee | YYA YYA Y YYO VFF | Zr (ppm)
VeI | MY | OffA | IXIYE | slsy | osloa WiE | YIve | oy | WY | Ag (ppm)
yyly | oaxle | oov/a | M- | osd/a | oy [ <o.-- | YA | /e | YYY | Co (ppm)
708 /- \AAAN IR VA YA/ valy | YMY L Aglf | vvls | Y/ | Ce (ppm)
<o <B.e <D <p.e - <B.oo <B.oo <B.o o <D <D <6.-+- | Cd (ppm)
<o | #lOA | oY¥A | vels pnNfls | Vol Vel | vIvy | avIA | oty | La (ppm)
floy | Ay | ey | vfae | os/ax | a/se | xive | oy | oyleo | VY | Ca (%)




References:

[1] Kylie, P., (2007). Application of lithogeochemistry to gold exploration in the St lves
goldfield, Western Australia. Exploration Environment Analysis. 7, 2, 99-108.

[2] Ashofteh, A., abedini, A., Esmaeili, D. (2019). Geochemical Exploration of drainage
Sediments and Heavy Minerals in Sheet 1: 25,000 of the Qazvin. Journal of Environmental
Science Studies, 4(3), 1720-1737. (in Persian)

[3] Solovov, A. p., (1987), Geochemical Prospecting, Mir Publisher. Moscow, pp. 157-280.
[4] Zolfaghari, A., Majidi Seyed Biglow, S., Hazareh, M., Nezafiti, N., and Khakzad, A.
(2010). Gold exploration based on geochemical data of stream sediments using factor
analysis in Alishar area, Markazi province. Land and Resources, 23-30. (in Persian)

[5] Afzal, P., Ahmadi. K., Rahbar. K., (2017), Application of fractal-wavelet analysis for
separation of geochemical anomalies. Journal of ‘African Earth Sciences, Vol: 128, p: 27-36.
[6] Yazdania, M., & Aliniaa, F. (2019). Geochemical anomaly separation by statistical and
fractal methods in the Sehezar Valley of Tonekabon—Northern Iran.

[7] Saeedi, A, Gholami, N. (2011), Geochemical Exploration.in Zaviyeh1:100,000.Sheet,
Geochemical Exploration Department Geological Survey and Mineral Exploration of Iran.
[8] Eghbali M A, (2005) Supervisor Abdulmajid Jacob Pour Adviser Professor Dr. Firooz
Aliyah’s Economic, Geological and Geochemical Studies Potential Copper Chghou
(Southwest of Karaj) Kharazmi University Thesis (in.Persian)

[9] Asadi Harouni. H., Tabatabai S.H,(2006) Mineralogical Characteristics - Molybdenum
Porphyry Copper Index Alteration System 13th Iranian Conference on Crystallography and
Mineralogy(in Persian)

[10] Fazli, N., Ghaderi, M., Movahednia, M., Maghfouri, S. (2021). Manto-type copper
mineralization in the central part of the Urumieh-Dokhtar magmatic arc (Qom-Saveh
region) with emphasis on the East Narbaghi deposit, northeast Saveh. IRANIAN
JOURNAL OF GEOLOGY, 15(59), 69-90.
https://www.sid.ir/en/journal/ViewPaper.aspx?id=860174 (in Persian)

[11] Mokhtari, A. R., Ayati; F., Asadi Harooni, H., Bagheri, H., Gaedamini Harouni, M.
(2015). Determination of Alishar Cu index (Markazi province) formation conditions using
mineralography and fluid inclusions data. Iranian Journal of Petrology, 6(21), 1-18. (in
Persian)

[12] Akbarpour, A, Rasa, I., Mehrpartou, M. (2007). Local and Marginal Mineralogy of
Alteration Haloes around Mineralized Veins of Masjeddaghi Area, Jolfa. Geosciences
Scientific Quarterly Journal, 16(63). (in Persian)

[13] Akbarpour, A., Gholami, N., Saiedi, A. (2008). Geochemical Exploration and Study on
Combined Haloes of Elements in Soil Samples of Masjeddaghi Jolfa Area. Scientific
Quarterly Journal of Geosciences, 18(69), 144-151. DOI: 10.22071/gsj.2009.57546(in
Persian)

[14] Imamalipour, A., Khatamian, M. E., Oskoui, R., & Abdollahi Sharif, J. (2011).
Geological, Alteration and magnetic anomaly pattern of Masjeddaghi porphyry copper
deposit (East of Julfa). Advanced Applied Geology, 1(2), 77-89.. (in Persian)

[15] Laki Mahalleh.m, Ranjineh Khojasteh.E. (2015) Evaluation of grade and storage of
Masjed Daghi copper deposit by determining and 3D modeling of estimation areas by
geostatistical method, 2nd National Conference on Geology and Resource Exploration, (in
Persian)

AR



[16] Kaboodi, Z., Ghaderi, M., Rastad, E. (2019). Mineralogy, texture and structure and
genetic model of Kahak Manto-type copper deposit in the Eocene volcano-sedimentary
sequence, south Qom. Scientific Quarterly Journal of Geosciences, 29(113), 145-154. DOI:
10.22071/gsj. 2018.99677.1273 . (in Persian)

[17] Haghparast M — Barzegar. H Kazemi Mehrnia A — (2014) Geology, Petrography, and
Mineralization of Kushk Bahram Copper Mineral Area (Zarandieh), Markazi Province 8™
National Conference on Geology, Payame Noor University(in Persian)

[18] Aghanbati. S A (2011) Geology and Mineral Power of Markazi Province Journal of
Growth Education Geology Education VVolume 16 Number 2

[19] Yousefi, S., alipourasl, M. (2019). Vein-type copper mineralization in the Zarandieh
area based on mineralogy, geochemistry, and fluid inclusions studies, Saveh, Markazi
province. Scientific Quarterly Journal of Geosciences, 28(111), 203-214. DOI:
10.22071/gsj.2018.82635.1090(in Persian)

[20] Amidi S.M, Shahrabi M, Nabavi I., (2009). Geological map of Zavieh1:100000,
Geological Survey and Mineral Exploration of Iran.

[21] Hassani Pak a.a. (1992), Mineral Sampling, University of Tehran Press, Tehran. (in
Persian)

[22] Yazdi. M, (2002), Conventional methads in exploration publications of Shahid
Beheshti University. Tehran. (in Persian)

[23] Baldwin, G. J. (2017) Stream Sediment Sampling as part of the-New Geoscience
Initiative to Study Epithermal Gold in the Cobequid Highlands, Colchester and Cumberland
Counties: in Geoscience and Mines Branch, Report of Activities 2016-17; Nova Scotia
Department of Natural Resources, Report ME 2017-001, p. 1-2.

[24] Marjoribanks, R., (2010). Geological Methods in.Mineral Exploration and Mining,
Second Edition, Springer, p.248.

[25] Hassani Pak a.a. (2012), Principles of Geochemical Exploration, Eighth Edition,
University of Tehran Press. Tehran(in Persian)

[26] Hassani Pak a.a. Sharafoddin M (2011), Exploration Data Analysis, Third Edition,
University of Tehran Press: Tehran(in Persian)

[27] Kabata-Pendias, A. and Mukherjee, A. B., (2007). Trace Elements from Soil to Human,
Springer, 550p.

[28] Akbarpour A., Gholami N., Azizi H., and Torab F.; (2012) "Cluster and R-mode factor
analyses on-soil geochemical data of Masjed-Daghi exploration area, northwestern Iran",
Arab J Geoscil-12.

[29] zare-Chahoki, M. A., 2011, Methods of Multivariate Analysis with SPSS, Publications
of Faculty of Natural Resources, Tehran University, Tehran. (In Persian)

[30] Sheykhfakhreddini, S., Abbasnezhad, A. (2014), Hydrogeochemical analysis of
Bidkhan river in Bardsir, Kerman using principal component test and cluster analysis,
Jurnal of environmental studies, Vol: 40, P: 139-152.

[31] Jian, B. Porwal, A. Hart, C. Ford, A. Yu, L (2010) Mapping geochemical singularity
using multifractal analysis: application to anomaly definition on stream sediments data from
Fun in Sheet, Yunnan, China. Journal of Geochemical Exploration, 45:1-11.

[32] Jian, B. Porwal, A. Hart, C. Ford, A. Yu, L (2010) Mapping geochemical singularity
using multifractal analysis: application to anomaly definition on stream sediments data from
Fun in Sheet, Yunnan, China. Journal of Geochemical Exploration, 45:1-11.

Yy



[33] Carranza E.J.M (2009) “Chapter 6: Analysis of Geologic Controls on Mineral
Occurrence”, in. (Ed.): “‘Handbook of Exploration and Environmental Geochemistry
‘Elsevier Science B.V., pp. 147-187.

[34] Reimann, C., de Caritat, P., (2017), Establishing geochemical background variation
and threshold values for 59 elements in Australian surface soil. Science of the Total
Environment, VVol:578, P:633-648.

[35] Goncalves MA, Mateus A, Oliveira V (2001) Geochemical anomaly separation by
multifractal modeling. J Geochem Explor 72:91-114

[36] Cheng, Q., Agterberg, F.P., Bonham-Carter, G.F., (1996), “A spatial analysis method
for geochemical anomaly separation”, Journal of Geochemical Exploration 56,183- 195
[37] Mohammadzadeh Daroudi, M., and Safari Farfar, R. (2004). Comparison of
interpolation methods for spatial data. Journal of Sciences (Khwarazmi University), 3(4-3),
243-250.

[38] Asadi Harouni. H., Kianpouryan, S., Lu. Y. J. McCuaig. T. C., (2014)Exploratory
data analysis and C-A fractal model applied in mapping multi-element soil anomalies for
drilling: A case study from the Sari Gunay epithermal gold deposit, NW Iran. Journal of
Geochemical Exploration, Vol:145, p:233-241.

[39] Alavijeh, B. S., Rashidnejad-Omran, Ns; Toksoy-Koksal, F., Xu, W., & Ghalamghash,
J. (2019). Oligocene subduction-related plutonism in the Nodoushan area, Urumieh-Dokhtar
magmatic belt: Petrogenetic constraints from U-Pb zircon geochronology and isotope
geochemistry. Geoscience Frontiers, 10(2), 725-751.

[40] Robb, L. (2005). Introduction to Ore-forming Processes. Blackwell Publishing,
Malden, 373 pp.

[41] Salehi, L., Rasa, I., Alirezaei, S., Kazemi Mehrnia, A. (2016). The Madan Bozorg,
volcanic-hosted copper deposit, East Shahroud; an example of Manto type copper deposits
in Iran. Scientific Quarterly Journal of Geosciences, 25(98), 93-104. DOI:
10.22071/gsj.2016.41166 (in Persian)

[42] Cabral,"A. R., 2007- Volcanic Red Bed copper mineralization related to submarine
basalt alteration, Mont.Alexandre, Quebec Appalachians, Canada. Mineralium Deposita 42:
901- 912.

[43] Boveiri Konari, M., Rastad, E., Rashidnejad Omran, N. (2014). VOLCANIC RED
BED TYPE COPPER (-SILVER) MINERALIZATION IN KESHTMAHAKI DEPOSIT,
NORTHWEST OF SAFASHAHR, SOUTHERN SANANDAJ-SIRJAN ZONE.
GEOSCIENCES, 24(93), 19-36. (in Persian)

[44] Kojima, S., Trista-Aguilera, D., Hayashi, K.-1., (2009). Genetic aspects of the Manto-
type copper deposits based on geochemical studies of north Chilean deposits, Resour Geol
59(1): 87-98, DOI:10.1111/j.1751-3928.2008.00081.

[45] Karimpour M. H. and Saadat, S. (2005) Applied economic geology. Nature-Mashhad
publication, Mashhad.

[46] Whitney, D. L., and Evans, B. W. (2010) Abbreviation for names of rock-forming
minerals. American Mineralogist 95:185-187.

[47] Wilson, N.S.F., Zentilli, M., Spiro, B., (2003). A sulfur, carbon, oxygen, and strontium
isotope study of the volcanic-hosted El Soldado Manto-type Cu deposit, Chile: The essential
role of bacteria and petroleum. Econ Geol 98: 163-174.

Yy



[48] Hosseinzadeh, M., Maghfouri, S., Moayyed, M. (2016). Introduction of Mari Copper
Deposit as a Stratabound Manto-Type Copper Deposit in Tarom Zone, Northwest of Iran.
Iranian Journal of Geology, 10(38), 17-37. (in Persian)

[49] Abolipour, M., Rastad, E., Rashidnejad Omran, N. (2015). Manto-Type Copper
Mineralization in Pyrobitumen-Bearing Porphyritic Andesite, Koshkoiye District of
Rafsanjan, Dehaj-Sardoiye Subzone. Scientific Quarterly Journal of Geosciences, 24(95),
123-144. DOI: 10.22071/gsj.2015.42418 (in Persian)

[50] Abolipour.m, Rastad. A, Rashid Nejad Omran. N, (2011), the role of pyrobitomanen
and pyrite in the mineralization of Manto type copper in Kashkuieh region of Rafsanjan,
Kerman province. Proceedings of the 30th Earth Science Conference. . (in Persian)

[51] Samani, Bahram, 2002, Metallogeny of "mantle type" copper deposits in Iran, 6th
conference of Geological Society of Iran, Kerman.

[52] Alizadeh, V., Momenzadeh, M. & Emami, HM. 2013. Petrography, geochemistry,
mineralogy, fluid inclusions and mineralization study of VVarezg-Qayen copper deposit.
Geosciences 22, 47-58.

[53] Shen, P., Pan, H., Li, Z., Sun, J., Shen, Y., Li, C & Cao, C. (2020). A Manto-type Cu
deposit in the Central Asian Orogenic Belt: The Hongguleleng example (Xinjiang, China).
Ore Geology Reviews, 124, 103656.

[54] Zhao, L., Han, J., Lu, W., Liang, P., & Jourdan, F. (2020). The Middle Permian
Hongshanliang Manto-type copper deposit in the East Tianshan: Constraints from geology,
geochronology, fluid inclusions and H-O-S isotopes. Ore Geology Reviews, 124, 103601.

vf



