[ Downloaded from ijcm.ir on 2025-07-15 ]

[ DOR: 20.1001.1.17263689.1402.31.3.3.8 ]

[ DOI: 10.61186/ijcm.31.3.455 ]

g3y lie

F55 5 FO0 dmio 5l N FY 5l cpgm 5ylad 050 5 (o o g

Syl G e, SamT 058 ard, 40 0l oKl Lhals y gaalds reuiife cand

‘f»m D grumo Spu ¢\6,mlla.o dorr] S o 0laas dpras ‘\GJ.QJ&A Slobus vs 0

o arg 5 oSS ogle 0uSils o eoliis e 03,5 )
Ol edgico o oMol ST ol chguiico d>ly o uolih o g Cudi gukigo 09,5 T
OFNNNNY ol adens AF VAN T callie il o)

ol el ailate (Ko slaasly ool @Bly ol Sinl og8 ) jo 5 Dogl axkad 5,5 Jlad j gy 990 (re ailats 00Ky
Sl S 5 Caym09l,S (020950 a0 oS 5 b (6358 slrodg 45 Akt 0k (65 50 SluyS sleSins 5 (Sal slaaxly
ol ol Gl gl jeax b g0l 5o il S5 5 55l G aigy )b le S5 (bl ailesged 35is Ll 4o
5 CeiiSe G gond Cenils b Lo o)l g9 51 ) dihie ol Sl Glg e iceiiSe b ol e Sganl g Cu)lS s
Gyl las olmo Gl cw,p diiad ddlate jo Sl B35 (6,5 S8 5 saels i Mn g Ni Cr VAl Ti Ca ,olie
b osd dwbre slaadlge Judog eluly .l Gos 10 6,500 lg> (63485 0095 « Sare ddbaie ol (g5le SIS Kl aS
sz ol b Sl 5l g 3 453 ol, YU & oS 3,b 51 loSlo olSisls Ly Llowls Jslo (REE) ol SB polic

ol 00403 Sl 1y ol KiaslS ¢ Slu,S laSow b L2aSTy amis jo

g iy, Keal 1l Los b ISw] 1 a6l U i Ko o 163l (slaesls

G, Lsls cuiSe o ol SB g o8 yolie 4y VF
Loy @l glbo,lils 9> o 50 ol 9p)5 5 calise
ool s [YO-10] ol oas (3158 Gilisee ol Sitmgh,
ol M Sase dahaie jo CoiiSe SIS cend g il SIS
L g Q.ﬂ o )Lg UM 6‘)‘. Qb.i;m—‘ 055 Ay o
g.)LC)Ua‘ u..Sf la ral.‘?o‘)...u w‘ ol I J....AJL)
Sl S8 E5 5 5t Joe gl eiiSe GI )o (2 2

Dy g0 Lo

SR O09)
atd sln PBale] - e Gl n (i nl
sshie cnl sl ad alol il SIS —puliiie) i
(S50 9 5K sla sy S3L phadieo VO g0
Bgei Vo g 5 AL sla o p Lo 3L aaiie £e
S5 2p polie 45 ek gilular S &S

FUR VY
20 B G Cpx seskS WV 0 ) 0550 ddhais
oooe YO YT B oYY A Y Ll coadse
20 el @dly By Job £07A YA G FTA 00" g Jlois
o dibie ool V] ol g sl g cwlidme) sames,
YL pze () JSKS) o4l 18 gl axkad B0 Jled o
Oyl azkd gla Shy op e 5l G olSle culled
S5 o ol 0,855 Gla i 5l ] nled cazrge 4 005
oo bulps g YU aoe b oleSle slacled Y] el ouss
aL\:'>) o ‘Q5J axlad 4 iz glo QLA)’ RR3T ‘5..>L..u
ond 5l 5o 63layee 5 38 Sl S 5l esiie B3-S
Led 92 595665 Jelse b oo SIS o LV-Y] ol
J5S (Sads w5 ol Sl cuS 5 (S| Swip S
A sy o s el SO gl a T 5 Glse

saeed.saadat@colorado.edu : Siig 2SI Cany e OVFAFARNY < plad = AVOVIFYEYA -2l ¢ ghuunn 00 5%


http://dx.doi.org/10.61186/ijcm.31.3.455
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.3.3.8
https://ijcm.ir/article-1-1773-fa.html

[ Downloaded from ijcm.ir on 2025-07-15 ]

[ DOR: 20.1001.1.17263689.1402.31.3.3.8 ]

[ DOI: 10.61186/ijcm.31.3.455 ]

Olpl ool S (ol ol alone

‘BLQ.Q sgsjbl.tbo «olew 56]@.’4.0 ‘:07

5 Wl Ggeit; (LB ) Ky Ly wes o)leSi
Ceomw 4y ploeil s g o0ls LS |y adlate bawgino slaglas)|
5 a5 K, auhw g jo,8 pysh slaSal adhie oy
(¥ digdige a0 ol yepe olsie 4 Wl 5l plgiee
oS5 b b (Gose aihaie 1550 )0 45 (63985 (slaodg
o095 B Cdgpiae FIsS cuymogiise «luymd5,leS
Ga:lf g o0 5, X b 5 ped Jome 4o ‘SNL..M;L;’[S
oud ()5l b oo dy o (53580 0055 LS 50 (Sal axls
0 cwl Goxe adhie sz 0 g o5 baxly pl e,
acgore 5l Slgdl Slagsm ar atinly 5 S8 slaSn
e azhie g )0 9w olpl 5,0 sle s ang,
o as ).@l? e 0L Csew LSLD;J}M:) (; ‘..\43.4.4‘5‘0 o0l

ALl ygeis ) dilaie O 8 Lgis

60"8'45"E

Wloads iz Glady (5,55 125 (el (hg; 4 50
28,5 bl Lojly; o8iule;l o (ICP-OES)

dilaie (gulidipa)

Jled 5 b oulidiney Sl 5l (o) n 950 adlaie
Vil eeooe o [YF] cojale V¥Oer e laaS, oy
I, ailaie (pl owlid e ooty ol @dly [YV] o) Kial
O 5l as)le a5 (0 JS) oo 8 09,8 £ 0 ol
o Grday alyS A opeie sl 5 Sanle
5 Med (Gone adlate 0 (S glaasly (n P eesd
aibhie 0 Jod g Jlod 4 sgaze laaxly cal (b S
OopS oy i gyl a5 Sl slaasly (Vo] Sase
2 sloog K,y 0,5 slaSal K aiiwn Some dibie (o
Slaazly (o iadiye g W)l (geis adlate (S0 slais
5 sl ol (F US5) Wigde Jols |, adlate Sius
VS Sasal ) lasserme ©jp0h 6350 oo
ol )y axly pl slaSal gk o s i ol jen

60"9'10"E 60°9'35"E
1 1

Legend N

|:| Recent alluvium A
|:| Fans and recent sediment
#3114 Rhyodacite

[ ] Trachy andesite

I Brecciated tuff

[~ Crystalized limestone
Hornblend granodiorite

EE Biotite granodiorite

E Quartz diorite

[+ | Hornblend quartz monzonite
I quartz monzonite

m Monzodiorite

E Limestone

[ shale and thin layers of limestone
B sandstone

I Mafic and ultramafic rocks

uater
nary

£

33"20'0"N
L

Late
Cretaceou

Early Cretaceous
33°19'35"N
1

Symbol

\ Faults
2 Iron Ore

33°19'10"N

L%

33°20'0"N

33°19'35"N

33"19'10"N

57 Village
AB Section

D Lut block

0 250 500 Meters
I —

Il G o) axkad po ] CuaBye g adlate wlidpue; 4t JS8


http://dx.doi.org/10.61186/ijcm.31.3.455
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.3.3.8
https://ijcm.ir/article-1-1773-fa.html

[ Downloaded from ijem.ir on 2025-07-15]

[ DOR: 20.1001.1.17263689.1402.31.3.3.8 ]

[ DOI: 10.61186/ijcm.31.3.455 ]

YF-V 5l oV o leds V) ul>

Jlods Cons 43 050) Sums oole JLS yo b g ‘_,’SA’I Sazly 5l oled (© d(Brd oo 3 040 Cyz) lodgs oS (ygais, (A ¥ IS

Otpgen SoLlS g Dgal ] CwiSe HuS SIS oy Sedes
Y OUSS) aes axly ol o oad ongs Sl S sl SIS

(!
e aibaie (63550 it o a2ty Gl iagise )5S
9 Sl 6‘4."0 O 9 6|<u|.> S 0des g.ABL’ .o)la 05.0...7-)
5 U505 By90 4 il il 0oy B0 B T il
YO wled )5 Sl b g jio oo Y Y o3Il b g jlo JSCiaans
o sk O Jawgine 03l L (W6 950 doy0 FO L
oo VO oo 8 o3l b STy pogidS G0 VO LY.
09z o sl I wblile byl 51 (S e oS
i ey o3l b il jen oy B el go 0D oS
D7 sl Sl & bl Sy 5 & ek tA G

(b NS Sore dllaie) (iiSe a5, (& 5 (3,

(SS9 Glnoé,i' 6)&&""

(S w255 (@95ws S 9 2o oSSRy 4l »
(Sl sla S 55 9 Jlade )oh Cul)s g5 9 (g8 dine;
aalol jo aS astis S8 Pl pwy 090 dilaie j0 0045 £
gl o 0818 %

aibie (o) Jlod (B30 ;3 02ly (ol Ggei ) aymdgzise
b oslals Con 095 dad Sw odee Cdl cwl Soss
M doys £ B OO Jolis g 00g slails oy, 8o
VOB Ve o le ¥ B Y o5l b (50l lawgie oS )
VO LY 5 oo VB <A o5lail b oL Lewals wo o
Sooeleo <0 GV o3Il b (Su3) S madS we e

g g0 0y ablie o £)8 g0 bl g il Ll


http://dx.doi.org/10.61186/ijcm.31.3.455
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.3.3.8
https://ijcm.ir/article-1-1773-fa.html

[ Downloaded from ijem.ir on 2025-07-15]

[ DOR: 20.1001.1.17263689.1402.31.3.3.8 ]

[ DOI: 10.61186/ijcm.31.3.455 ]

Olnl (ool G 5 (olih sy alme

‘BLA.Q nd)kuébo LQOL&MJ 5(5).e‘.'4.a ‘:0/\

Jolis g 009 (slals o g slails )T LIl il g o 0o
o3l b (Ca 90l pY =505 IS g5 dwoy B B FO
VB Y ol b Sy do 0 VYUY e L YU
AN S K¢ I PR N I DUVRVE- B VSIS i A PO U0
Opodes el Wljee woy Vol eSS g yie e
JSK8) ais Co kS g o Sl S Sle S s SIS
(oY

S st )3 wxly Gl Geeis) i ymsglS Sl
g sl e glecdl ogh e s Jore ddlals
LW wo,o Fr glls bSw (pl s (5 ,841,5
G oA o3l b olds [Lewadd ao 0 YO (e Lo # U F o5l
g 5 ogskes VB Y o3l b 5l wo 0 Vo e oo )
it o e o F LY o3lail g do, 0 VO LY Jlgl,8 L
B S 5 0 25 il ] s o8 sla S
O Glgee S agl bl e (cwuXe)
(&Y )

FeS o3lail b 55 1eS auoya Ve clonids a4y e ganl g oIS
Syl Sjpar CoiiSe wo)d B sga By e V)
Sellygl e oS IS Dgal Cesl oSy 5 (kg Suiia
A d>ly ol )0 ead onye agil sl SIS 5l Il
(e F &)
adlie S50 50 92ly nl GpeiS ) s F)sS wiliyee
ol g 009y S () Jle il glals 8l Ll Sase
O LY ojlail b IS oIy 505T) IS 950 duoyo YO B Y
ok VB oA o3l b Ll (Lewald o0 YO i Lo
Aoy V0 g e Vol S ol b5 leS oy V-
5 CuylS 4 2 A cel o Lo VB oA olail b asls e
5 05y bl o8 oS wleads Jius ] apns]
aS 45l sl IS alex 5l aiiis (X)) Hu5 sl SIS
@ Glgi oo dilodal 34z Kiw axly ol jo Sl Fs Sl jo
8,5 o)Ll ZondS g (o) Sla S gl g joo 2o IS
(Y JS8)

Sy slgizy o 5 axly (ol i) i yme 5l

(& eadggn 35,155 ails )98 (@ «Cudgige 3)l9S (@ «lu 09390 (Wl igm) 2 090 allate (§39&5 slaosgs 5l (o95mg Sen pglas ¥ 82
VAL g yo 51 a5 0 (s Lzl (sla L) j3093,5 (2 9 S psnogil S Coom (& yond 55058


http://dx.doi.org/10.61186/ijcm.31.3.455
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.3.3.8
https://ijcm.ir/article-1-1773-fa.html

[ Downloaded from ijcm.ir on 2025-07-15 ]

[ DOR: 20.1001.1.17263689.1402.31.3.3.8 ]

[ DOI: 10.61186/ijcm.31.3.455 ]

04 S Bt O B PET SNRPRINERINCIL SRR

YF-V 5l oV o leds V) ul>

Sgd o 08 (& Mgl s b wWileass  (Sabs,s o o
e U0 5l ol S angy o cuiSe Hlaae (I T JSS)
& eobe fmey Bl 0 iy (Sabs s lwl piie do o
g oy, lwly o boewule 5l pisw cwl esls
-5, g ol B, SO9R 038 0 Sgzge sla SSl
@ Seiife (@ F JSD) wlos gl S92 s | (iSe slaaxS
Coilen g ool hod cslen a4 (Sojlen e o Jlol
ablic o (YAl cojle cunSe 5l omaly  JSo o
5 00 e ) CeiSe e S o 955y e
e yle Hlade el oas baws coijle a4y bead 4 o SoSs
a5 wed oo ol g cewl g w00 Ve Sl el
JS8) Sl oogy gam o) Bz So (oyme yo SauilS

(of
g Wb olulid Same ailaie )3 oy i 90 oy

09 YO o3kl jo S8 5 U b Sodas sl ysly & jgoas
Syge 4 g Slog el b ool 5 yiode V B
Jos csef 4 el g wylo I8 e e jo eaiSTy,
CaigS A Cugm oysl wo s B0 L YO sgas Laiload
3w e s o (@l O ) Wlowds Jraus
ouS ahd gleaxS -5, Ko a4 5 bowSe S
gl oo 00 oSy S g Swwd ladiged o oK
(o0 JS&)
3 ae ALY 5l Co eSS Jlase oyl eSSl 3
oot b ol ol ok ot resSIS ol ol i
Glojsl wloaal sgzsr olianilow al>pe o g Jsl Jus
ad o clel g wla pasie S el ol Sy eSS
OLi il 5 ouiST 5y il Ly oSS Wigd oo oS Sy
S0y eSS slaanS -aS ) pg0 Juus (Al £ SD) aoo oo
5 odal 39290 58l 51 e Lgyb SIS VRSN IPUERVLOWY
sle,yols (o F JSD) ailosges ahad |, JlociiSe adsgl 518
S92y it Jol Jud Sl 53 090 s o eSS
Jbw S g camsplis ColdS 5 (Siew Suslen
&9 Sl Gare adhis suST b JBl cuslen s
S B o cslen Shals ol L8] goladl L

aibie 635 0 slagidn jo wly (nl (9eis) i gl S
5 S ymn (slails Bl 1y Podes 0gd o 0l Sdre
ALY o5lal b M g5 oy Fo ol g aiziwn (5,840 ,5
CA L 8 el b bl lwals o Yo e e
WY redes cA b F ol b 518 sy Yo ojte e
aopd Veog e VB A ol b Jgmiel aopo
b o S ool oo+ A b F o3l b Sy
NCUNC SRCCIPSEC SIDP POUTC SR JUESCC I IR
a>ly cnl 5o asl Gl e Sgdml 5 S
(zV J8) aies

Sl s IS 5 (g5l SIS

S oags aklaie 50 0 ol Gilu Gl ol i
S 53,55 (e sla oy Al » () JSE)
@l ) cslin Lo 5 00 olgly3 (sloplrasly el suate
Gl Sl Ay Wlodgad ol 3 Jloails la Jalore 3445
(WY JS8) Gloogs &jgon g bl Jyus b cuiife
Ol 5l slalla b olron (50 5 (@ F JS2) slanS o5,
005 o] lie g oot LSS (o Ae b caalied) cyly Loo
o Gy 009 HLS 0 Gile I az STl gy
3 B edg nl wale waled ululy (Jy et o
YU Lo SLs Sl slo SIS 15 el ailas g5Le SIS
S 5l W9 b o> o) Sulgil 9 298 g aSg s Gox
S st o SleS laaxly jo ooy 39a K0
o0 2l la gl 1 65l Ll 05 o iz b dilaie
Jole (63485 0095 a5 Wi oo lis wleds gy (il 5l 0gd o
by jloals slasloee 5wl obj Bos o Wb 3l S
Gl e g 00ged S9k mhaw a4 LS slacls 38
5 Ol S Sl 55 mly Les o)l SCas wooled 5o
b sy S0 o2l L aileass el SlalS sl e
5 i8S ol lbanSgne 5 Cules o Se

oS lade 4 oy oSIS 5 Sy el onld LSS (Cadgen]
aibio 5l plagide ,0 Cujeil 5 CuSYl Wl el
P55 el ol slo albl )ls geis, (S O g

At Dol g oo IS
00y CaiXo dilaie ;o (golaidl 38 LIS o age :uiiXe

b isn 10 99,5 loogs Cdl  Sums oole golaidl Coand


http://dx.doi.org/10.61186/ijcm.31.3.455
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.3.3.8
https://ijcm.ir/article-1-1773-fa.html

[ Downloaded from ijem.ir on 2025-07-15]

[ DOR: 20.1001.1.17263689.1402.31.3.3.8 ]

[ DOI: 10.61186/ijcm.31.3.455 ]

Olnl bl (SB g (ool sy alone plos «(5 olas «olrw (5 pplae f5.

el By agl Ojgar 8 cuilen Lol e ol e, IS 4 Jlw 3l adgl Ojg0a LSS 5 Sl
JS8) sl oanl sgzg CuiiRe piile 5l pas sl 28 ol XSl g oy o ol S USE 5 (St sl
O Ayl s s S5 aatns i wbad Jlos) et

Coilen 4 (Mag) ciiSe b b (5 (eh2) @)lsl i 2l b cotiSo (W 2atiSe jloahad )b o U3k 55 sl ¥ S5

o Sl Jowe ,o (Hem)

(oaghad Jb o 265k 5 el

B I ) :
Jok S5 Sy sSIS (5 (Hem) coilon 5 Jol Jos (Mag) iS5 (PY) Sy b ol o0 5l o (CPY) S ugsSIS sk (il 7 JS
Loderkd o Sy 3l 55 (Hem) Ggm Coilon b ol yo 3o Jui



http://dx.doi.org/10.61186/ijcm.31.3.455
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.3.3.8
https://ijcm.ir/article-1-1773-fa.html

[ Downloaded from ijcm.ir on 2025-07-15 ]

[ DOR: 20.1001.1.17263689.1402.31.3.3.8 ]

[ DOI: 10.61186/ijcm.31.3.455 ]

5 e ol Sl Shals L gaels oS e VECY 5ol oF o led Y ol

Minerals Disseminated

Metasomatism

sUpeTiCene

muneralization Stage |

Stage T

Magnetite

Pyrite

Chalcopyrite

Chuariz

Caleite,

Chlorite

Epidote

Hematite

Goethite

Malachite

Amurite

Mn-oxide

D:i.‘-@-ill:lil'li.lxl.'d

Brecciated

Massive —

Wem-Vemnlet

Textures and Strsctures

sy Oy90 dibaie )5 ol Gile SIS sla S ol pen Jlgs ¥ JS2

3,555 g doyd o OY U o008 o pauslied oy o048
3lsman Sy9e SetiSe (ulply roal wuoyo < N7 5l ieS
e84zl gn Dl & i 5 Bl ST oS 65
Yoo BV e o pseiagdl (3 40 0,5 0AV0 5150 o
O P o5 50 )8 MIVT B YN0 (o 58 o5 0 05
(5 0 S YYF B YA o passlly o5 ;0 o, 5 VYFO L VAP
RS YABYY G S5 55 5 o5 YO B0 i 35

Coy

LSRR
o LilS lacatiSe 1o o) 5 ol S ole i

€8 o Slp ol ) OlFee lple g 0)ls Jloals Joloro

oS yek Lele o wilg o salise £8 yole
Fe” yFe” > wilg o Ga 3 Cr Zn Ni «Co Mn
s s mbs VAl wes cenSe Jsle e
)‘\)9.0.; oo 45‘)‘ \ Jg..\} 20 R S0 LSLQM».».SA
Sy A Cawd &S Coile REE) ol S ,ole
L Sl Loyt 6ol baaiged ann (slp ailons jlouiney
S pole | bmo Cod 4 Sad e e o olis
O b S ole 4 cows (LREE) S (oL
;5 LREE jlads (A JS2) [Y+] 043 o0 oo 35 (HREE)
Comd 4 9 o 50 S WYYV B VAP o 2isXe sladigas


http://dx.doi.org/10.61186/ijcm.31.3.455
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.3.3.8
https://ijcm.ir/article-1-1773-fa.html

[ Downloaded from ijcm.ir on 2025-07-15 ]

[ DOR: 20.1001.1.17263689.1402.31.3.3.8 ]

[ DOI: 10.61186/ijcm.31.3.455 ]

Ol (bt G 5 (ol jols almo

‘BLQ.Q séﬂLE.A «olew 56;@.’4.0 f’?\'

IOCG o LS sledaasin 5l Gl ol polae ol
o 5 o)l layldls s (Shs onl (Jy s
s, lsls ;o Ni(CrtMn) polie a5 Sgles ol b 0gds o
ool [a] sese Gl s Sl ()Sul
Ti+V 4 ces NiCrtMn 4 CatAL+Mn slaloges
Ol (Sl LlS 018 ) gy )50 (slaceiiSe 8]

(A ) $yls 18

Wges sl LFYIVAANEAN ] sges solinal Luls
SSle sbrasgame 4 bgyye poaolily § (L jlake o ylien
5 ol sl Uy IS g5 CeriiSe cglo Lusls’ ansl Selol 5
Bl ST o LilS plo 4 o (5 pgaally
s lils slewnge ,s Y] wais (I0CG) Wb
e (o Uy pls 3 4l pguolils 5 (lid lade «(5 5085
e g il by B0 50 endS 5 poiiegl] (JSCS
Slacaife oSl Lol S confe bl s JS

5 S e g i > (S by o pobie ST il 1 Jpor

wgai pb M1 M2 M3 M4 M5 M6 M7 M8 M9 M10
Al YVY- NG VAYE VOO \OY - KL YeYo \YEY VY. YegA
Ca YoF YvVF YaA- V&0 \Y- - faAq N YYFY 0aVYd vAY
Co YY VY 5 VY Y V) I \fg q ¥
Cr V4 0 YO \§ \Vf y. VY VY \F V)
La \ Y | Y \ Y \ \ Y Y
Lu <\ <)\ <) <\ <\ <)\ <\ <) <) <)
Mg FYY AJA \YeY AVS YYA \YFO OFA Yoa Vag 044
Mn YOf FAY YYA avA VAYY W Y.y I vaq Y\
Na Yoo \fa1 VOV YYY 05 YO £V Y&Y Yy YaA
Ni o £ VY Yy Yq fq YY YA £ Y\
p s o fA f0 OA ¥q sV \a% va £
Rb ) Y | Y ) Y ) ) ) \
S 1540 VOF YYA avs FYY YO \YF y¥aq YYO VY
Sr V& V) Y\ 4 YA YA Yy VO V& YA
Th - fa < YA - YA S Y <\ A YA <. - Y0 na%
Ti Ovf FY. YyY FYY Y.y £ Yy- Y V5% Y
Vv A \a% YYF 00 \YY 10 f0 VY 59 YA
Y A ¥ VA Y¥ Y AR 1A V5 VA AR
Pr <ol <e0d <ep0d <00 <00 <e0d <00 <00 <00 <00
Nd <.0 <.0 <.0 <0 <0 <0 <0 <0 <0 <0
Sm <epe¥ <epe¥ NE <epe¥ <epo¥ <epe¥ o0 <epe¥ <epe¥ <..Y
Eu <\ .Y .Y <\ <.\ Y h¥ YO Ao YO
Gd <.-0 <e00 <e00 <.-0 <.-0 <e00 <.-0 <.0 <.-0 <.-0
Tb <\ na NY <\ <\ AY Y A A A
Dy YA - OY .5 . FF . ¥a F4 oY N FY O
Er " his i Y EEENY AA YY i Na Y
Tm <\ <. <. <\ <. <o) <. <\ <\ <\
Yb -\ o <e/00 A <e/00 <e/00 -\ N N N
(La)Yb)n FYF 'Y FA £ VY FA 20 20 FYF £VF 'Y FA 'Y FA
(Pr/Yb)x .55 .55 VO .55 VO VO .55 .55 -8 -
Eu/Eu* YA YASA YOY Y0 YV ¥ FFEA YA FYYF Y4, 0%+ A
2REE 1) V)20 VYA AYAY NS A has \\ 55 V1,08 VYTV V) £Y



http://dx.doi.org/10.61186/ijcm.31.3.455
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.3.3.8
https://ijcm.ir/article-1-1773-fa.html

[ Downloaded from ijcm.ir on 2025-07-15 ]

[ DOR: 20.1001.1.17263689.1402.31.3.3.8 ]

[ DOI: 10.61186/ijcm.31.3.455]

\fal S Bt O B PET SNRPRINERINCIL SRR

YF-V 5l oV o leds V) ul>

S —
"D'_ e~ R . R R R TR PR
@ 3
‘.5 =
= (-
(=]
o B
[&]
T
[NE] =
o E
B =
[=% -
E L
(E —
s "E
| La Pr Pm Eu Th Ho Tm Lu
= 1 1 1 1 1 1 1 l
= | | I I 1 | 1
Ce Nd Sm Gd Dy Er ¥b
LYVl dilass lacanse ;o cu,aiS 4 oad Jlousay ol (S polic oI A S
Q— T
=E 1 i
o 1',. I < 5 all
- 3 ]
[ ~— L (Skarn)
".;.____‘_ Kiruna - § o o
e M (BIF) & ko %
s e T %’o Porphyry
+ [ N |ocs e I Fe-Ti, V
o (Skam) Porphyry -_f -
s T 0 Fe-Ti, V i Tl
- & s E \ BIF
] ; . L&) E \ il
:O 0 o 0 0 B "r""
L iy ] =
IIII}"U L ! III‘E;11 - bnldid - IIIIII.1|D g II.II| 1 II:IIIItl L 1 IlIIIII 1 ItIIIrII
01 : 1 0.01 0.1 1 10
TitV (wt. %) Ti+V (wi. %)

CatAH+MN Jsg0i (o « TIHV ay Coas Ni(CIHMN) lsg05 (Gl 55 50l 635 ans ailate slaceiife gloand o 5 (Gl 4 U

2 Sab e BIF) ogw, ool Gl Ll i Uy plS
3 Sabgd [Vl e o olas Ce 5l Sas s 5 Eu
SloS gl sl & 1y pgw, ool slo,lils o Eu
Ivol was oo cos wiea Eu )l i oS o ugldl
3, L Ll (0 (9, @lee Slagew) n g (SHL alsd
B _Fos e s53l eale,S o] sl ludls 1o aisS e
3429 y LHREE 4 s LLLREE 50l i 5, luials
o 390 Scife sl Sy b el cpl a5 [¥7] 5l

8h g el glme bw, ol Slgen

[ TiHV & s

SB polie jlade 5L by lS sla Lls slacese
At (Sab e g a1 (G5 50 eS8 Ve 5l geS)
Jade 5 ws e olis |, WHREE & o WLREE
a5 ol V0] el £ 51 1S e LS ol e (LaYb)y
oS dilate glacetfe j3 LREE sgeme jlade i olo
5wl VF 5l S LaYby  lade g o5 j0 0,5 VY
G ) GleSe 5 (bl 05) mlis G walsl
S amsee ol der (eerlS —(ooe GLuSS
g5 3l oSl ailie o ol X s laciise


http://dx.doi.org/10.61186/ijcm.31.3.455
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.3.3.8
https://ijcm.ir/article-1-1773-fa.html

[ Downloaded from ijcm.ir on 2025-07-15 ]

[ DOR: 20.1001.1.17263689.1402.31.3.3.8 ]

[ DOI: 10.61186/ijcm.31.3.455 ]

Ol (bt G 5 (ol jols almo

‘BLQ.Q séﬂLE.A «olew 56;@.’4.0 f?f

ks LS ol LSS s e ol i Silo
oz (63985 0098 Jlows Jlokol 4 &S CiS iz (o
iS5 ole lSle clo Jlows olSiuls Gas o 5,50
YU 4y S ool 35 3 b 51 oleSle gl Jloas (gl o
Lo 0,5l (g2 slool b (Siseal (b5 00,5 o5 >
Soyar (2l Gile S 5 00,8 slml SluyS axly o |y by
3yls Jlaiml ilos g1 0g3gn 1) (s g G1AnS ;-aF ) (glosgs
Jole (63588 0095 LS e jo oKl o8 asgy oS

sl ansls )3 o5l ol

C»uf:‘éﬁ
sl g GlelS agy Gl g5 el
28l g5 e ol Lo ol sl SISy b g0l 5o
ol g cadls ol s )l g9 5l 1 dalais L’,afl
2 =55 00 (S ole jlade 5 olardiie) Gloww)
Q)&“‘" 6LQ)L~M)[5 oj.'l.mf )o R \))9.0 )l.m_'lf ‘wa..io
oli..ul} as ..\...QQLSA ul.m_v @‘)M 6Lb‘5..u))a w‘
30 65500 ilex (63985 0098 ¢ Suae ddlaie QJJ Sl S
1B sz sledlw 5 2lbile sboslxe 550 )0 ladiges
sl 5 Sl bl S e g Slo opl g ai)ls

o Q,Q] )Lmilf u.v‘ J.._iw 30 S

100E
F o&é =
10E " Magmatic
ﬁ: >:—
] L
= [
m .
1 Meteoric
D1_ 1 1 IIIlIIJ 1l ll]lllIL 'l lJIlIlII. A L4 Liiil
0.1 1 10 100 1000
sum REE

rolie sl iy b olyen IS5 5 GloFs (ol B
Ol 3l S slas ) Silis den bbewinXs jo oL S
RS l . u—" )\)

s JSas Joe
@Vl ez Jasl Al o0l gl S hSes Jae
S 057 poESly S sgzg 5 loals la b
a loSle la o S5V Les o IS0l 135 s ool Sal
5 o> (63980 0093 3l ol jgo el oah LSl b,
@lSle Jlw sled 5 (5,58 (rals cel (59> ol o,Skae
odigyuy (555,59 5 ol Led Gleo S0 T sla S 5 ens
G3b 5 S 5l G g5z slalw 2 0S5 e IS
osls Sty pol> glo,S slaasls b Q.d 3 sl
Bwls s slp el e d9m e 1) Sy plBS
lejloges 51 cpls jo oyl LS £y jbails el
Cowl ool oolazwl ZREE & s (Pr/Yb)en ¢ Eu/Eu*
Gadsle olSuls Slulis sl blsges ol 5 LYY]
30 &S Gl oS eolaiwl gwyp 0j50 adhis (o loals
5 @Sl Glaslxe 5ye 10 aigel el oo oys Vo SO
sl S iie S8 Sk cnl 5 3l 18 s el
392y el ol LS ol LSs5 50 592 el 5 LSl
b ole2 5 opl5 5 Soonl sz omly Lol sl S5
055 9 il A el gl s wwSe
OSorm 9 S5 ez Yo L S L Sal slaglS

100
7 =l
10g Magmatic
‘.5-‘ -
S 1F —
' o
Q'j_‘ ( Mt 2%
op &
Meteoric
0.01 L | sl EEETEIT | b bl L LLLL
0.1 1 10 100 1000

sum REE

Cowd Pr/Yb)En Slogai (0 « ZREE & Coes EWEU® jlogas (@l ;o 5ol adIS” jase adhaie slocaiSe oleond oS 5 (A1 Ve JS&

I¥V] ZREE 4,


http://dx.doi.org/10.61186/ijcm.31.3.455
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.3.3.8
https://ijcm.ir/article-1-1773-fa.html

[ Downloaded from ijcm.ir on 2025-07-15 ]

[ DOR: 20.1001.1.17263689.1402.31.3.3.8 ]

[ DOI: 10.61186/ijcm.31.3.455 ]

50 S Bt O B PET SNRPRINERINCIL SRR

YF-V 5l oV o leds V) ul>

[9] Dupuis. C., Beaudoin. G., "Discriminate
diagrams  for iron oxide trace element
fingerprinting of mineral deposit types”,
Mineralium Deposita 46 (3) (2011) 1-17.

[10] Singoyi. B., Danyushevsky. L., Davidson. G.,
Large. R., Zaw. K., "Determination of trace
elements in magnetites from hydrothermal deposits
using the LA-ICP-MS technique”, SEG Keystone
Conference, (2006), Denver, USA CD-ROM.

[11] Mollo. S., Putirka. K., Iezzi. G., Scarlato. P.,
"The control of cooling rate on titanomagnetite
composition: implications for a geospeedometry
model applicable to alkaline rocks from Mt. Etna
volcano”, Contribiution to Mineralogy and
Petrology 165 (2013) 457-475.

[12] Nadoll. P., Angerer. T., Mauk. J.L., French.
D., Walshe. J., "The chemistry of hydrothermal
magnetite: a review", Ore Geology Reviews 16
(2014) 1-32.

[13] Dare. S.A., Barnes. S.J., Beaudoin. G., Méric.
J., Boutroy. E., Potvin—Doucet. C., "Trace
elements in magnetite as petrogenetic indicators”,
Mineral. Deposita 49 (2014) 785-796.

[14] Acosta-Gongora. P., Gleeson. S.A., Samson.
.M., Ootes. L., Corriveau. L., "Trace Element
Geochemistry of Magnetite and Its Relationship to
Cu-Bi-Co-Au-Ag-U-W Mineralization in the Great
Bear Magmatic Zone, NWT, Canada", Economic
Geology 109 (2014) 1901-1928.

[15] Frietsch. R., Perdahl. J.A., "Rare earth
elements in apatite and magnetite in Kiruna-type
iron ores and some other iron ore ypes", Ore
Geology Reviews 9 (1995) 489-510.

[16] Carew. M.J., Mark. G., Oliver. N.H.S,,
Pearson. N., "Trace element geochemistry of
magnetite and pyrite in Fe oxide (+~Cu—Au)
mineralized  systems:  Insights  into  the
geochemistry of ore-forming fluid", Geochimica et
Cosmochimica Acta 70 (18) (2006) A83-A83.

[17] Rusk. B.G., Oliver. N.H.S., Zhang. D.,
Brown. A., Lilly. R., Jungmann. D., "Compositions
of magnetite and sulfides from barren and
mineralized 10CG deposits in the eastern
succession of the Mt Isa Inlier, Townsville",
Australia Society for Geology Applied to Mineral
Deposits, 10" Bi-annual SGA Meeting (2009) 656-
658.

[18] Zhang. D., Rusk. B., Oliver. N., Dai. T.,
"Trace element geochemistry of magnetite from the
Ernest Henry I0OCG deposit, Australia”, 11th
biennial meeting SGA (2011)-Let s talk ore
deposits, Antofagasta, Chile.

Shs,u8
olLisly jo Jol odinsi (6,550 anl L 5l case allas oyl
ared)l Sl b a8 ptome Glygls el dgiie (o932
S w338 6k ) b chegn Sl e )3 09>

w2l

&l
[1] Berberian M., King G.C.P., "ToWards a
paleogeography and tectonic evolution of Iran”,
Canadian Journal of Earth Sciences 18 (1981) 210-
265.
[2] Karimpour M.H., Malekzadeh Shafaroudi A.,
Mazaheri S.A., Heydarian M. R., "Magmatism and
types of copper, gold, tin and tungsten
condensation in the Lut Blocks", Proceedings of
the 15™ Conference of the Iranian Society of
Crystallography and Mineralogy, Ferdowsi
University of Mashhad 598-604.
[3] Jung D., Keller J., Khorasani R., Marcks Chr.,
Baumann A., Horn P., "Petrology of the Tertiary
magmatic activity the northern Lut area, East of

Iran; Ministry of mines and metals, GSI,

geodynamic project (geotraverse) in Iran 51 (1983)
285-336.

[4] Karimpour M.H., Zaw K., Huston D.L., "S-C-O
isotopes, fluid inclusion microthermometry, and
the genesis of ore bearing fluids at Qaleh-Zari Fe-
oxide Cu-Au-Ag mine, Iran"”, Journal of Sciences
16 (2005) 153-168. (in Persian)

[5] Karimpour M.H., Stern C. R., Farmer L.,
Saadat S., Malekezadeh shafaroudi, A., "Review of
age, Rb-Sr geochemistry and petrogenesis of
Jurassic to Quaternary igneous rocks in Lut Block,
Eastern Iran", Geopersia 1 (1) (2011) 19-36.

[6] Malekzadeh Shafaroudi A., Karimpour M.H.,
Mazaheri S.A., "Rb—Sr and Sm—Nd isotopic
compositions and Petrogenesis of ore-related
intrusive rocks of gold-rich porphyry copper
Maherabad prospect area (North of Hanich), east
of Iran (in Persian)”, Iranian journal of
crystallography and mineralogy 18 (2010) 15-32.
[7] Arjmandzadeh R., Karimpour M.H., Mazaheri
S.A., Santos S.AJ.F., Medina J.M., Homam S.M.,
"Sr—Nd isotope geochemistry and petrogenesis of
the Chah-Shaljami granitoids (Lut Block, Eastern
Iran)"”, Journal of Asian Earth Sciences 41 (2011)
283-296.

[8] Gosselin. P., Beaudoin. G., Jébrak. M.,
"Application of the Geochemical Signature of Iron
Oxides to Mineral Exploration", GAC-MAC
Annual Meeting Prog (2006).


http://dx.doi.org/10.61186/ijcm.31.3.455
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.3.3.8
https://ijcm.ir/article-1-1773-fa.html

[ Downloaded from ijcm.ir on 2025-07-15 ]

[ DOR: 20.1001.1.17263689.1402.31.3.3.8 ]

[ DOI: 10.61186/ijcm.31.3.455 ]

Ol (bt G 5 (ol jols almo

‘BLQ.Q séﬂLEA «olew ‘(514‘_’4.0 f;?

" New York”, Longman, Harlow, Wiley (1992)
696 p.

[30] Boynton. W.V., "Cosmochemistry of the rare
earth elements, Meteorite studies”, In: Henderson.
P., (eds.) Rare Earth Element Geochemistry,
(Developments in Geochemistry 2), Elsevier,
Amesterdam (1985) 115-1522.

[31] Rusk. B.G., Oliver. N.H.S., Zhang. D.,
Brown. A., Lilly. R., Jungmann. D., "Compositions
of magnetite and sulfides from barren and
mineralized [10CG deposits in the eastern
succession of the Mt Isa Inlier, Townsville",
Australia Society for Geology Applied to Mineral
Deposits, 10™ Bi-annual SGA Meeting (2009) 656-
658.

[32] Nadoll. P., Mauk. J.L., Hayes. T.S., Koenig.
A.E., Box. S.E., "Geochemistry of magnetite from
hydrothermal ore deposits and host rocks of the
Mesoproterozoic Belt Super group, United States”,
Economic Geology 107 (2012) 1275-1292.

[33] Nystrom. J.O., Henriquez. F., "Magmatic
features of iron ores of the Kiruna type in Chile
and Sweden: ore textures and magnetite
geochemistry”, Economic Geology 89 (1994) 820-
839.

[34] Oksuz. N., Koc. S., "Examination of Sarikaya
(Yozgat-Turkey) iron mineralization with rare
earth element (REE) method”, Journal of Rare
Earths 28 (2009) 143-156.

[35] Barret. T.J., Fralick. P.W., Jarvis 1., "Rare
earth element geochemistry of some Archean iron
formations North of Lake Superior, Ontario”,
Canadian Journal of Earth Science 25 (1988) 570-
592.

[36] Tallarico. F.H.B., Figueiredo. B.R., Groves.
D.I., Kositcin. N., McNaughton. N.H., Fletcher.
IR., Rego. J.L., "Geology and SHRIMP U-Pb
geochronology of the Igarape Bahia deposit,
Carajas copper-gold belt, Brazil: An Archean
(2.57 Ga) example of iron-oxide Cu-Au-(U-REE)
mineralization”, Economic Geology 100 (2005) 7-
28.

[37] Kato. Y., "Rare Earth Elements as an
Indicator to Origins of skarn deposits: Examples of
the kamioka Zn-Pb and Yoshiwara-Sannotake Cu
(-Fe) deposits in Japan", Resource Geology 49
(1999) 183-198.

[19] Berzina. A., "Platinum-group element
geochemistry of magnetite from porphyry-Cu-Mo
deposits and their host rocks (Siberia, Russia) ",
Acta Geologica Sinica (English Edition) 86(1)
(2012) 106-117.

[20] Xiaowen. H., Liang. Q., Yumiao. M., "Trace
element geochemistry of magnetite from the Fe (-
Cu) deposits in the Hami region, eastern Tianshan
orogenic belt, NW China", Acta Geologica Sinica
(English Edition) 88 (1) (2014) 176-195.

[21] Chen. W.T., Zhou. M.F., Li. X., Gao. J.F.,
Hou. K., "In-situ LA-ICP-MS trace elemental
analyses of magnetite: Cu-(Au, Fe) deposits in the
Khetri copper belt in Rajasthan Province, NW
India", Ore Geology Reviews 65 (2015) 929-939.
[22] Makvandi. Sh., Ghasemzadeh-Barvarz. M.,
Beaudoin. G., Grunsky. E.C., McClenaghan. M.B.,
Duchesne. C., Boutroy. E., "Partial least squares-
discriminant  analysis  of trace  element
compositions of magnetite from various VMS
deposit  subtypes:  Application to  mineral
exploration”, Ore Geology Reviews 78 (2016)
388-408.

[23] Gonzalez-Perez. 1., Gonzalez-Jimenez. J.M.,
Gervilla. F., Fanlo 1., Tornos F., Colas V., Arranz
E., Hanchar J., Abad-Ortega M.D.M., Moreno-
Abril AlJ., Carrion M., Noval S., "Genesis and
evolution of the San Manuel iron skarn deposit
(Betic Cordillera, SW Spain) ", Ore Geology
Reviews 141 (2022) 388-408.

[24] Xie H., Huang X., Meng Y., Tan H., Qi L.,
"Discrimination of Mineralization Types of Skarn
Deposits by Magnetite Chemistry”, Minerals
(2022) 12, 608.

[25] Sipahi F., Gucer M.A., Eker C.S,,
"Geochemical composition of magnetite from
different iron skarn mineralizations in NE Turkey:
implication for source of ore-forming fluids",
Arabian Journal of Geosciences (2020) 13:70
[26]Alavi Naieni. M., Behrozi. S., "Geological
map of Shahrakht, scale 1:250000", Geological
Survey of Iran, Tehran (1985).

[27] Guillou. Y., Maurizot. P., Vaslet. D., de la. H.,
Villeon. G., Weecksteen. A., Berthiaux. A.M.,,
Andreieff, P., "Geological map of Ahangaran,
scale 1:100000", Geological Survey of Iran,
Tehran (1981).

[28] Ramdohr, P., "The ore minerals and their
intergrowth, intergrowth"”. 2nd edition, Oxford-
New York (1980) 1207 pp.

[29] Deer. W.A., Howie. R.A., Zussman. J., "An
introduction to the rock-forming minerals (2nd ed)


http://dx.doi.org/10.61186/ijcm.31.3.455
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.3.3.8
https://ijcm.ir/article-1-1773-fa.html
http://www.tcpdf.org

