[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

Iranian Journal of
Crystallography

& & ” b
and Mineralogy gl dlie G:"h“lkf'ls J
_ O 2

Ol (olid (S g (ol poly Aloxe
YV B AAY Amio 5 OFY i) oo )loz led cpgd g oo Lo

oS (2hals g (Sl S sloagy ;5,00 (SE g CleS (ol polie gord ey (o) 2
oy BybJled S 3l dilais

,5;)‘5 )suoLsLD cp..ﬁ.g-ol.g..u JlJ 5*oo|)°)L...?- oy}

el i SLCEHs el ple 2ATEID e e 35,5
OFYINIE ol aseas AT YN0 allde sl o)

by Ol et §raled 5ok ¥ 50 i —p)lb o3l s oS Sl (ci5 plyie 4 aiSoll (Suae oS 00,8y
ol 98 sleody (owlidsSiw oS 5 (oardiime) § §HStw alpme Glaw)n al  cwl @y olpl oyl
oyl (ST oynd 5o o Slaamsl laasly oS5 5 ol e o909l U o ynogiise wiudgiise udgigey)lsS
b 4 (CCPI) ey -l S=cu IS asls (A liiol Sl 5o (ol sl loges mu,y 3,00 18 UL cojuil b ey jasl
ol ool s adlate (pl o 1y Ll wos g o Sle 5o Lol glgl (CIA) olaows Slo)So Ladls g Sl 5o Gl loges
5 YL sled 2 oaims (L ohals 5 Gle S slaanyy ;o (Sad s bole 4 axgi b jolie (Sabpé g (Sab 5 o
Ot 3o b G G 5 ldd JLwals D0 ez 2l S5 45 50 cage Jule 4T 005y 00iiS Glus 5 sl sl (i PH
§ oy S A Cod 00l i & (REE) job S yole x5 IS 665! el CA0 3 Na,O Ky0 slaonst zg,5 4
e b SG (O sl plyie ) plle Cowd 4 g 0ad plo Ss Slaaasl Glassly 9 (sO95 slaosg ;o 4yl andeS
S ol 5l Sas 45 9 (LILE) g oo cangs S jolie o (LREE) S ol S jolie 5l Soi 28 g ot
5 Ce EU slag,bun o om0 lis 1) gle,Ss ol g b (HFSE) YU s o b yelie 3 (HREE) (S ol
polie Olindd cwyp 5 ailoads sy ool lw 5o 5 Wl b Ko ol jogs L XilS 4o (PI/Pr*y Ce/Ce™ EU/EU*)
Sl as anils 1) 093 059 (o loondisSs 8 Lyl )i Sl 50 g9 ,0 a5 CiS lg5 o oyl oo Jlouigs w95 5551 9 06 (S
OB O3 laan T 4 S ol3g,0 laan T b sl sls g olgpe anlE g0 o (b ole)S Jhw o)k wiz Gy o Slee

Alarsls WSl Gane 0 (Sl 5o slaargy JolSS g (8 50 ez 5 mte sl

Ol aiso ;6 Ce SEU g lxin g olo,5 il 50 asls o SUs ié fole 600 ST polic § o pesj 5315 slo3lg

S o abaly olobis Y] el olosiinme; 5 2L dodtiie

S50 laalln o Sle S Sud g send iy o gl
ol @57 ln g Rl Glare 4 guanadlaie )
Ll sle,Ss ol a5 Ll 5l Y] o, 00 5 & layLusls
et 0)lgd S 8L g olewd (owlis SIS Sl s
SLoSo slaay cnl ) gsie olo S Gla Sl wigd oo

o5 45 et o LilS glsil e 3l oS (gl ylusls
(e 0 (Gl 59y o 097 @S I VL L
IS D ass o b 1) ez s 9590 pgilysl 5 Mo
# b Gl Ss da)lils (nl o axg L lagssse
gamadhie 6Ll Jgane 5k ar a5 w03g 53le S L bLs)

Zohreh.Jabarzadeh@gmail.com : g xSI g o+ AVFAVVANVY 2L ¢ Jgfuas 00iuny o5

Copyright © 2025 The author(s). This work is licensed under a Creative Commons Attribution-NonCommercial 4.0

@ (® & |[International License (https:,creativecommons.org,licenses;by-nc;4.0/) Non-commercial uses of the work
GENTE are permitted, provided the original work is properly cited


https://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijcm.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

Oln! (ol S5 g (ol sl alne

6;)15 sp...':.%éL:m ‘OO‘})Lc_?' ;Af

4>l M 5 [V Y] w51 e V] (gl jogx [V o] oLT
S8 5wl ledlbl a5 ol xS 8,5 ojlal VY]
o3l 0 (6358 (sloodgs (alerdine) oSy o)k
Ol 5 )M dgzy (e n gleail aly » w8
SB polie mis (S8 9 L8, » b gle 5o Sl (g5
Lo oGeeh !y gl Il saids gm0l
ST S) bl lacm,n 5 2lme slasil
St iy 5 polis iy Slsd dlre o5 AL
5 oleS (o B polie o Lol (laaST pardsiye d(ygm e
G b b anlas o SluSs glay, o oL S
9 5 Jois Jlow (loerdisSo s Lulpd g pllo o
Sliigy g oligye slaan T g 5 SloSo Bud (il S
loads gwyyp eaS lw S oleS alels S o
# eherdimey At Jolse 5 LS 1A Grisres
“ oSy RYs 5 06 (S elie She g @ oS
e 0,8 leSs anly b Ce g Eu slaglra

! o..\..i':su)).g J.;So)’l.}'

ailys oo [F] e Lol PH 5 Lo @l pis 40 el oS
Jhw plerdsSid o Shs o)y goste Sledlbl
5 2l SleSe e S Gl o] snle el LS
loaidly 5l ol S Gl o)y 2 093 Olise o s
Mg g Olgee S oad Lo I3 sladises (plierdine)
L8] o5 ool Sl Ss glaa>
Sl e sloo S Sl rmiiia - o)l (S1518 a oS
@ aSoll (Some oS g e3g lpl 3 2l - oSl
Slaise b patie —p)lb S50 o peS a5 plee
oo YEOFETYAT 5 5.5 Job FACFO OA Ldlas
&ly oy olesed Grodled sresks O 0 Jlod
Ol eiiia —p)lb HleSle agy (1Y US2) ol
» ABAG 5 silan olSE el gk
—staassl glaasly 5 GwsSdl (G398 glaosys L LLS)|
5 b, Lusls el [A Y] (2,5 il Jolas) crmssl (g,
o2l Sl 4 Gl gy ol 0 Sszse o slaolas,
- e e da] sblcs, Ol — o IV 0yl e o]

LEGEND

Lithology

Quartz Monzonite Quartz

Monzodiorite, MicroGabbro

Andesite dykes /:.

Tornfels = =\
= !
(3 1

andstone with intercalated Mudstone ST
ey

Gray alternation of Sandstone and Mudstone

-

EOCENE

Olivine Pyroxene Basalt lava

Tuff, Tuffaceous Sandstone, Siltstone, Mudstone

=

B} | Porphyritic Andesite

Zanjan - Tazehkand Geological Map

300000 301000 302000

)
SYMBOLS Alteration .
@  Borchole Argillic E
—  Fault
o]
i::_-—a Vein o o Argillic + Fe Oxide
4 B
5
= 1 Stractural Section .\ :! Silicic + Carbonate
-
I, Road S 215m
L3 "
yllic + /
-/\M/ Drainage .\_ ’l phyllic /\rgllliczmu o
" High Pressure Fau ) & propylitic
Electricity tme .
- 0 0.5 1
Village  p———— Kin
Scale 1:10000

Lg 0y 4.:?.@:3 ‘Sm)LA..‘JwA) M(&_) ‘[A ‘V] M—ﬁ)ua &Lofl.c JU.J)QS Olf.)l}ju‘f‘ u)&‘-JLo....: ‘_g)L:}L.u (SL“WM(UAJ‘ 3 JS..::
IVE] a5 48,5 50 Sl )5 slaaigs 3359, ol pod 0 0iS 031 dibaie (gl Vi) o v o+ Lulido


http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

VE¥ lie; oF o )lod XY als

D] s By Sow auls Sy Siw anls)
(o) 2

Shals M3 (bt S laomy p bl 2
Med Codgise F)lsS 5y ol G Sl )l s LS
P Gy il e waSse O97 =8 sl S L &S
e SLwals 5 DR DL rires Wgd oo (2len
L oS ates Cojmo9pll 5 Cojmogrse ol sla Sl
5 BlsS wilsyer (uSom el Ger 28 sl
Shals 5)leST D@L wisd oo plrea 05 sla Sl
oyt 3 (oS WelS) (nitagsd slaglS 5 LIS
5 sl ST ol eV ol a5 5l glases
alocrn 3, (gl (s 8y GBESL 0yl jgam oo jas]
xSy —a5, ()lasl s gn (il (ol ol
9 53585 slooogi b olen slacdly alaz 5l Lhy 5
Sl JS) aiiwe wSojl Same oS Slaassl glaasly
Grosgs ol ol - ol ol (o g AIY
slagleSs g @hals Jos wiSojli 0y 0 (s394
oS ddlaie ol o Sle S s adhie (pl 0 oL S
gl @V el 4 ee g hwgie (b
5 @lord Slpis g 03,5 oo ) adhite Sow slaasly
S o)y p el 00,5 sbml ayl jo glos s owlis SIS
Sl S caws lis ddhie cpl o owlis SIS 5 8L
Y JS) e sla S (9,8 (sl S 90 93 & ola)S
el S8l (S glalad o s Ciyd 5 (o
(gl iedS IS gl iy S Sl S
@ S oyl bl aishjseiise waSoo
5355 5 ool GlassTyyane 5 oSt 5 colliyiny S
chacgame o ond lolid sl S e
Sliigys G Slu,5s &ygo 4y aS (V Jouz) aiiws Glu S0
(& VS0 Seld (o VS Cam oS
chansgia g atd i S5yl Sl S (g Y JS) Sixlys
abbhio ;o ol glasuSlyne 5 oSt olisp 5 (el
oS 3o SLulS saias LS5 slawils wslazsl, alls
o ) Goeaw sl SIS Jeld atuo Vo wiSol Sase
¥V sla Sl «adgsS 5 ComsSII a5 B e SIS
5 LSt 5 (Cuygsl 5 <V LoleS (z 5 ¢
JSs g VSl oilon wutife) ol slaasly e
S 50 518 (Cdged 5 oisS £ Y

R 99

5 bsleSs aledine; Cusle pwyn sl 4
Sosgs ;ob (S 5 CleS (23 yolie (Lol slanns]
5 stlme G 99 50 b  ( SLaass] sloasly 5 (g9
cadbain culidipe) (e (B 50 .0d el a8 Ljl
Slopaiges 9 205 oy p 2148 5 Gl lagle S
5 Sl Gladiy (Ll oyl glaas, 5l sl
lropio 5 coxbaw 00t Hla,Ts a5 5 pllo o)lss Sins
i ool e TV ar ) AleS Al oSy 5l ouely (5 i
gy 4 b G 5 (b sla S« 2islejl i 5o
ghie VY (Jivo alaie VY (59, 2 (55wsSee pomye
O Gl ey i SHL adaie YY 4 S5U
Slass ¢ glw Fo loaryy o asis bB e oL slasle
Fr OHlp Ghey @ rbn) dged B g (b dse 7
Olrl Faxe slse 5518 5 Slagi 3550 0 (XRD) oSl
2 3 @bl oz sokie 4 Bah (ow)p
Wb Sy Sz = polie (Lol slasensT Sl
- by, 4 (el Aiged AY g (xlan aige A Slas
S5 gri ik g KRF) oSl g5 (il gld (o
5 Losl,; olBaslesl yo (ICP-ES) oWl ooy cua> slowsdly
loed 4325 plnl (Gane Slse gyl8 5 Slikes S5
“pr b elberdine) Ao lajlges () Jeur) ol
B0 Judos g 5 ST 55 GCDKit sla 58
e TR

A5 0305 0 S’ (oulid (yee 5

WS030 (Fae 0, B0 sz U S pe )0 6358 sleodgs
@ ooynS ol o olSl glacddls IVF] Wl a5,
w55 b g3 slaesg | lacgeme Jold oses b
b Caimdopse «Caigioe adspser)ls  (omlid S
slaaxly » a5 wted GugresSll e 4 a9l
ilos,S e ) Loyl g anBAS 1 cyagdl orgms, - liias]
S i 4y gl 6 )lo13T 5 SlaassT (Sows axly
(5 y9 il b ol slaojlad) BV asly Jalss oy
(S5 7S 5 syok (Siw S5 syok B9 Bk oy
Gh9z B9 5 emrdly S5 by S Jelt) Bk oy
FSB 5 ook By (Kow By g np) B )0 03,95
5 sl slaoslad Col) Bk sy (YL ide e G
Ol b balga slads 5 gy <l b (L coull
Bk asly 5 (S5 5 Swgy cSiwanls 5 oy


http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

Olnl (owlids SIS 5 (ool oy alo

LS;)LS ‘WQL.?M ‘OJ‘)')

L=

2%

XRF la g, 4 aiSo;l5 Same o s Slaadsl glaasly 5 53585 sloosss GleS 5 28 ¢ Lol yaie oSl a0 b\ Joun
ladigas S uym ;o) diload jasin Gas boljen ) diges A 5 (daw Jol digai 1 a5 PPM v p ICP-MS g 0o )0 o
(w‘ erLM’ LS“")"\;‘ »,\>|5 ).i:Lm.) XX g WJLM: Ls.«.))?.h) 6&5_9.1 0.553 )f.’l....;x Cdle

- | = © a =] « | =~ | < = R IR IR |88 (3|3
@ - = ) & | @ =) o | - <Q Q Q Q |||
= x| 2| lgl 2|2l lglelele|le|g|d|e]zs
g NIF N[N | NIN|IN[RN]Ie=2]=2]2]l=]=2l3]|=]|=2
%) = & = = = = = = b — — — — — — — — —
n ¢ n & n n » » I I I I I I (||
o0 oM o0 o oM oM o o0 om
SiO, yror | fasf FUAA OVeA | AYYA L FYRs | Ve 223 Ve fy OYVE oy | oavas | ooavvy |oavxy [ ovea | avav | eveA| avvy
Al,O3 WY \O,0¥ 1044 Ve | osAar VEVE | awA | oawrs VENS VAV VRO VesY | oA | vaes [ ere ] veaa | ey [ vava
BaO o\ 0 e d 5 N3 e d oA Y et A Y N ) s Iy N A .5
CaO XYY £70 VY for - YO o oYY YV OV 53 \WE VWYY Ve VeV Yo [ v | oy oy
Fe,03 YV FNY VAY 04 \AY Y0 A oF 7\ WO E V0O RO ERZ AR IR AT B IR
K20 Y ¥ YFY YY¥ Y20 Yye \nid £70 ¥ Y£a Y- ¥ YY) YA7 Yo Y4 vee | oven | ovaa | vpv
MgO <A YV A& YVY Al YYA VoY VA -A. Y £5) A Y A4 ofY | var | ovef [ owve
MnO ) Y -\ Y <V ¥ Y XY oA -0 <00 - O -0 N Y LA A T
Na,O B ) YA YA® .Y A \FFP VAY i) Y0A \id Y VY \0as YV oy | ovay | over [ vy
P,0Os Y A Al VA - - Y4 ) - YY ) - Y% Al YO <Y i RO A RO L)
SO3 o\ XY N\ Y0 00 &) 0 \lai - AY VY NA < A¥ Bl <Yy <\ VAV | Y
TiO, <Y gal -V - oY - YE Y A -V <AV - AY -A¥ - AY - AD <Ay <A S
I(L.O) L5 01ed YO AR\ #NV VIV YA Y A YA VY XY YAY \ A Y\Y A YAy |ovye
Yoggaxd AT [ AVAA 3\ f 48,40 Voo Ve Voo 34y [ aaa- 9. 49,40 Voo 1944 Voo 49,94 LRV AR
Ag \ -0 ¥ -0 \Y - g -A 00 o Yo WY \ \ .f \F Ve
As ora Y\0Y YWY ) YYA N Wy AS oY AfY. Y\Y N v 2 2 | q o
Ba wyg |ofsay £ ovvd | YfRa 00 vy B YYEA 33 OYA FOY Yy #Y) fif [ oore vey [ BA
Be <00 B - OA oYY ) W V0 Y Y \E VA ) W Wy \E \E ) W
Bi A -0 oY -f WY v o -0 \EA A D -F -0 2 o Ve e s
Cd ) - ) - .Y e ) -\ <) -A ) - <) ) ) v ||
Ce & \VAY VAYA VA AY YA Y £ 4% Y¥ YA Y \id Y4 Y4 YY ! YA
Co [Zai YENY Y FF Y\ 0 \ A \2 \FY \YOF ) YVY fYY YVA Y\Y Yo, f- oo [ 1ae
Cr Whr |f-q0 YAVA OYFA \F YA Yy Y¥ Y4¥ #Y £\ o 7. vV )Y 4\ AY V4
Cs - AY \Y <A )0 \i YA o £\ A4 ¥ YA \is oFf \id \ns Y \ A
Cu Yoy Yooy \YAS AY af VY Al AYDO VEYA I\ YYE oFF 80) vy A VYO8 | VAAE [ F¥A
Dy < AD s VAY V00 Y ¥ VYA Y08 YAl -AY VY YAV YV \naf Ovy v£a Y Yvo | wyy
Er VY VeV A -A -4 -A Al YY) - AY Az Y)Y \YY )V VEA VAL | e | \V
Eu A -A < AD -A \E - B < ¥4 - OF A% <AV o\ - AY <A Ve <A A A
Gd A WY VAY \OF Y0 WYY VAA YEA WY Y 00 Yya A0 v YVl owve | ovfe [ over
Hf -f YN \PY \F \YY <AY YO YN \YE WYY W N0 \FE Y Wy |oess | | ff
La A #IAF #PV Ve Y VE YV Yf \YOF I A Y- Y A VY VY \F A
Li N \YEY Ve fo YA 2 Yy YY Yo VbV ) ) YA i YA Y# Y. Y Y#
Lu 3 ) - f0 -4 - Ny o oYY Y oYY oYY A N4 Na I B Y
Mo Vo ¥ \ \E N A \# -0 Y8 oY -0 N o ) N -0 o N
Nb 07 Y VY Yal \ a4 Y VoY FAY \Rs NA Vo0 Vey Ve ¥ AY A v
Nd A4 V) YE K4 NWAY | ves AD VOV V44 OYY V¥ VO \FA VAY VFA RN RN ERAN BRI
Ni Ve AN V¥ YoV \VAY Y Y i q VoY Yo Y. A YY \\ \id Y¥ A Yo
Pb VYV | YYev \Aas .08 YFE Yy \# Ve A \ia A YA Y$ Y¥ Yy \Y YY #0
Pr Yo Al \EY V¥4 Yy VAL \iki YA YYo YYE \ial ) ¥ Yol i RS BRAY ER
Rb ) OA [Rhid a-Y Y- Y0 \o¥ a9 Al \YY 1) 4 ov iz ay Nl \id oY 74 )
Sh \# \ad )Y \ oY \Y V) 4.0 Y- Y YA \i YA YY YA Y YY Y
Sc VAA VAA vy [Aas A s oY AR #FY YYY Y YY YYA YoV YAF [ vea | vye | vor
Sm <A \lad WY V¥4 <Y \PY Y00 YA -7 \ial \ial Y VY YAy Y¥0 you | oxay | vy |
Sn Wy -F < A Y W W \E VXY V0 W \Y WY W W WY i W
Sr VoA | EYEE vy | sy | ovve Ny VY Ny | oavef Vo VE a0y )\ Ve |y [ s v AEY [ Vv
Ta <A -0 <A -A - OV PV <A <AD PV -V VA -V A -V #E | e | | sy
Tb - F0 - FY Y - oY <A 3 <) i B 3 3 - OA - OA <00 -7 cov | A v
Te ) ¥E Y <% YV B ¥4 - .Yy B N B B N B Ao [y
Th Bz VA VO Yo 14 YAE VY4 FiA? VAY VEAY YO E ¥ YFO YOY YA [ vea ] ovar [oepa
Ti V- - YA £ - YY-- VFY- YY\Y MY [ FRAY .- AYOA O81Y A | 6-A- | ofve | oovar [ vvaa | fea. | faAY
Tl <AV - OA - FA B4 - OF - 00 <A < AY N\ s A s - 07 i v | oexa | ook | vy
Tm VA e s XY Y Y - Yv Al Y ¥4 s s YV YV DA LA BN AR Y4
U YYY VA <A \id ) - A0 \ \V VXY \ 1) \ ) \ \ v ) VeV
\4 YOAY | VEAYA | VAYYA | VeVXA | YA Y Y4 oY AT VOA \PA Nid VOV )WY YA as LAl el
w Ve VO - AD VO \F Y0 VA A ) OY \as VA oY AY A fA WE | ¥ | or
Y AVY 0 AND )0 WY VoY YA Vay VAP 140 Y-A V¥ YAD VW2 YAV V0 o [ va
Yb WY VY VYO Ve - ‘A A WV VXY \# \# \E \E \E \# ) \Y \¥
Zn O-ed | avayy | vy VA 104 VPO \ \YY YYNY VY VoD i) af a4 a- AD A 114
zr YENO | AVAY 00 F 770 ) YO a- Voo FANY VoA YO ) N4 N Voo Y \R 1))



http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

FAY vy ol (S g ol o Lol polie condyao) oy g VE-T Gl oF o leds Y ol
\ gz aalsl
s | 8 8 & 18| 9 a8 N N & |1 8|1 8 [<g |83 |3|5
© sl |3 F (I3l F (13 |F ||| F|IF|F ]9
o < N~ o (a2} © (2] N To] [ee] — < N~ o ™ — © — <
EA-E NN N R R R AR R
wn — - - - - - — - - - - - - - - - — -
I I I I I I I I I I I I I I T |||
o 3] o 3] 3] ) o o o o o 3] o o o |o|(@®d | @
Si02 | ovva| oVAY | faxo [ ovye [ ovve| ooAv | oved| ofy | asor | oviff | oo-7 [ soxy | oof [ oove [ #Yas| fexe] x| svpa
Al20s | vory [ vevy | avve | vead [ vare asay | veas] Ay [ vavy [ vava [ vevy [ veny | et vaAr | veav[ha-v[afa] nar
BaO o0 D o0 D e d o0 N D e d D Y 0 el Iy 2 N Y
CaO Ve | Ay | v | ovwe [ et ey [y [ v [y [ oA | vy | ovre [ ke [ ey | WWE] e [ VAV W0d
Fe203 [ vevv | asan [ avaa [ aeey | Afe | vesa [ avav] arso| v [ oaes | oaxy [ veas [ avea aay | oovr | ana | sae| vipa
K20 Yha Y <AY Al \#¥ VoY Y \OA <AY v YAy YN | YeF YAf YA | fAS | 0NV [ YVA
MgO fev | oves [oeaa [ oevy [ oen | oera [ osvy | vef [ vay | owaf vo | A | ves [ vfv [ Ay vy [ Vvaa] ey
MnO Y T S YA I T T T v | ey | oexa [ evo [ v [ ey em | ey [ ey
Na:0 Y V¥ YFY \al \hA AR YAy XY \lai A4 A4 Yy Y0 Y- Yo YE | vor | Yoy ] ved
P20s YA ey e | oexe [ ey oewy | oexy [ ey [ ey A A R D Y Y A A Y
SO3 SRy v X | A A [ e®r | e [ v SIS \) A | ey [ aa e | -er| Ay
TiO2 A | Ay oA ey [ A [ can [ A [ -AY AY R 2N
L.O.l A A oYY fAY /AN \fal AV \i24 \id OY? fA TOA | Yor SYA | YSP [ Y| Y| oYY
fegezea [ 4939 2384 [ - REE KXY BEERE IEEVEY R BECETN SN T Vee | vee e v [y [y
Ag o | e e e e e e [ e -5 ) W[ -o AR R
As A 710 ld4d of v Y Yy VA OA- Yy Yy v YA o) YA YA £f A
Ba YA | vy | vy [y [ nav] ooy [ oava [ ave [ va vavy [ Ao [ oo [ eva | ma | ey [ ovre | vev | afA
Be Y VY \Y R WY wo o \F \E \Y wo | wo | we | e | ve [
Bi IR R V) \ -0 -0 -0 o | o va [ x| x| v ] v
Cd N | | e e[ e | Ne | oen- N |- |- [ N loa ] o [ em
Ce YA \rd Yy Yo ¥ Yy ¥ Y- v \as Y& \id A Ya of OA A YA
Co VY- | vef l2d\l YV\¥ YA Y\ ¥ YAA VYA Y YAV A VOA YYO Y¥ VeV \Wo |l £
Cr Yy Y Y £0 A 04 oy ff Y ) or ve | va Y R ED
Cs 0 o) v o) M i YA ) A ¥ YA A \iid 7 Yy Y A Yy
Cu AR VoA 4l AY A V-5 vy VeYo | VYo YO YAYY | YPVY [ Yaf Yo 'a- OV [ V-FF] avo
Dy YOV | YeA | fey | ovse [ Y[ owve [ yve [ ey [ ovwa [ ovxe | vas | ovey | ovav Y SN EE RS
Er WE [ vey [ over | ovar | [y Y vor [ ves [ e | s VA Ve | et | Yaa ] vy [ vy ] ey
Eu Ve |y | | A [ eaa [ ee | can | st [ A SAN | -AF RS RN R RS
Gd vy | ovAa | ovsa | ovva [ ymy [ vaa ] oA [ ves [ vaf [ vaa vy | owsy | ovas [ oves | yva| YAV | YA [ VAA
Hf I N S R R T Y RS B Y S I S s R RN A
La 14 Y 'Y \l4 VA 'Y 14 'Y AQ Y. Y Yy Yy YA \id Y- Y- Y.
Li vo [ ¥ f¢ [ fv [ s [ e [er [ vy [ vr Yo [ ¥ vo [ vo | v [ w [ ve] e
Lu R I R YN T I YN T T T 2 Y Yy | oevaf ove| -yo| -xf
Mo =) <) =) - -)) =) - - f =) -V -f ) -)) S Lve ey | oA [ ee
Nb a9 \oF Vey VoA ARYA \Yf VA W\ F YWY V& Ve \YY YA ay WO WA | WYAL VY
Nd oF | WA | wy [k [ FA] ae ey [ v [ ey [ e | [ vy [awvE [ oy [ vea] ey [ sa] Vs
Ni Y Y\ Y0 Y K Y# YA Y- Vo I YY VY 1) Vo 7 v A K
Pb YA YA ¥ A YO '4 Al YO \Y i YY Y- Y AY \id 'R Y- YY
Pr vor | ovws | ovwy [ oewy [eee | ovaa vy [ vy [ sy [ vy vah [ osxy [oevse | ovas [ ey [ fov | fs | vav
Rb A Y\ YA Y ov o8 £ OA va or Y oy ay va | vee ey [y [oaa
Sb Y YA A A0 v YA Yy Yy 4 710 Yy of Yy W Yy Y YA \d
Sc YEAN | VYA [ oYy [ ovay [ yve | v [ yea ] yax [ A | o vea [ var [ vy [ e V4 Ve [ vex[yer] vy
Sm vea | ovay |y | ovsy [ e[ vy [ xav [ v [ e el I 7S B2 N R R R A
Sn Y VY WY wo | ) W e VA V0 \Y W | \Y v o ) )
Sr veo | sy |oee oA [ vvee| Ay | ovev [ oave [ ey [ ovaas | aeea ] vean | sar | ovesn [ arsavoaafveaf ve
Ta o | cph | e | N | e[ ey | e | N [ v | ve [ ey [ [ e [ s | cas | cAA| -An] e
Tb < OA oy < FY 4 N hat T4l <Y - 0F <0V < 0F < #) < OY < 0) QA g IREYAAE IRETAAN I
Te ) +) < YY +) +) N ¥ <) A +) <A <) < N\Y +) <Y <) Y] NF] N0
Th YAV | Yy [ oyva [ ovwy [ vaa] oeve [ vy | v TVY TV VEY | fey [ v | oafe [ VEYs[arsa[vfef 2§
Ti O--Y [ Fvay | FAVA [ avye | FAST| FAVE | AOVY | VAV ([ a-vF 099 [ FVe¥ | 0-ay | FFFA [ FYAA | YAVE[ YAYY [ YAYA] Y¥YY
T SV 7N R BT IS ISP P2 BTN BT B TR BTN VYR I N I TN I
Tm Y| v .Y Yol -xvl vy [ vy | oxo| oxo | oxv [ o-xv SR RN RS RN
U -A -A -A A | ea ] eve ) -V -4 ) ) W [ v [ yal vy | ve [ va
V \PY VOO VY V7O \Iai \F. A \FY 0. VY A V¥ VY VO YA A va A
w oo | ey | ovese | oor | va [ oty vo [ WE [ vA Yy Y A | vy y v ove | ve | vva
Y WA [ YAr | owe [ vag [ [ F [ aa | e [ wva K WA | VA [ v | e [vas ] vas e vy
Yb \hy W \# \Id \hi \n! \h4 \hs \hi V0 \hs \# Y A VA \V A4 V0
Zn A) V) oA | v |y s ag | Vs | vy 04 04 V- fe | e | sv | fa [ ey [ v
Zr o [ vy [ ey [one [ veaf o nwr [ e | s 110 nr | v [ e[ e [ aey | ava [ s



http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

e ol SIS g it sly alova SIS aizolons sl L FAA

[ Downloaded from ijem.ir on 2025-07-04 ]

\ gz aalsl
glalg|la|elelelels|s|g|a8|s|lalalslals
© NG Iy - = pry by - TN N N NG iy o - o Y N o
o ~ o ™ [{=} (2] N n [ee] — < ~ o ™ © (<] N [{=} o
ElB|E g |85 B 58|28 |88 28 |8|§|8|5
wn — - - - - - — - - - - - - - - - — -
I I I I I I I I I I I I I T |||
o 3] o 3] 3] ) o o o o o 3] o o o |o|(@®d | @
Si02 | 0afr | ovyv [ ovfo [ sovf [ svar| ocofv [ ovy [ fasv] a-xo [ o-na | o-n | oof [ ov-A] FUA ] Fasf[ ovaA] oves| a- 4
Al2Os | e[ vovy | vasa | oy [ e aser [oasae] vexya ]l awvey | oavey [ ey [ - [ asee] vea [ e[ sy [ses]| s¥
BaO Y N N .9 XY N N N Y XY N . F % o5 2 2 Y
CaO YAY | ves | v | vas [ veef veo | ovve [ sy [ ey [ sy | oead | vey | ovva [ osva | fan | svy [ ANY [ vey
Fe203 [ warv | aver [ way [ wves | eve | aos [ e avaa| v [ oA [ onvee [ v [avas] yvna [ avea] aar | aes [
K20 YAy Vo YA A\ Yy YAy \V44 YA YV YA Yy v¥ ANA YEY | Yot YoV | Yas ] vha
MgO veo | feo [ fe [ ovor | ver]| ¥ f0r | fa | ooy [ ooy | osav | osoa | oev [ osve | fve ]| FAV ] FAY [ fov
MnO v [ e [ oA o | oeve] ey | oewv ] oer | ocoy [ ooy | ocor [ ¥ | e | ese | eg | ¥V x| ¥
Na:0 \AY Al V00 VAQ Yy Y YA YV A\ \nAs YAY YAY YEY | YfY WY | YA YPA L YAV YeA
P20s AV o | A | ey [ ey oaa ey ey [y | ey | ey | ey | ey | ey | oewy | oexy [ o | ey
SO3 o | XA | s | ey [y o [y [ e [ e |y | ke | [ e[ exe [ AV e ey |y
TiO:2 < FA A Al a4l - VY A < AY A <A < AY < AA - AY < AY AV AN | eA ey
L.O.l v \a OV Yya Al YA \fal tfo A ANl Yy Yyva | vAay VO | 008 | YAY | YAY ] YAY
Jegema | 2080 [ 2928 Ve- | aaaa | Ve | vee [ a3aa] 388 | - [RR BECETH BETETY BEERN T TR T I
Ag ¥ s | ey | A -y W[ v -y Y i, f v o | s [ x| -0
As W A0 oy oF A Yy AE 41 VAA 4y ARIA \f YWY VOA o VEY | Yoy [ VFA
Ba aof | a0s [ vee [ OveA [ var | evy | aax | soo | osvr | vy sAd | ore | sa- | aer | swv | sy [ fep [ £
Be ) \VE Y o | VF WY w [ W ) ) \Y Wwo | F o [ w | w | )
Bi <A <0 Y 3 .0 Iy < Y% -0 .0 .5 -0 .5 .Q “A .0 . .$
Cd -)) -\ - Y% -\ -\ -\ -\ .Y - .Y - -\ -\ - Ao [ oea ] oex
Ce Yo Y \t4 Y Y NN \rd Yv v YA Yy \td v¥ Yo \A Yy v Yy
Co Yaa YA \id YAY Yo X U V¥ AR YAY \idd YA Yo YYy YEA | YAV YA YEX | YP
Cr N v o v K Y VA Y Y Y Yf o) Yo ve | ove | va [ ve [ oy
Cs vy OF \is 7N A0 YO A 4 Yy A oY oy YA \d oY A 710 A4
Cu VEN Yys 144l YA [ YRy ova \aa! AP Voo Vof A4 Yo A A YOy | \YY v YA
Dy ver | veo [ vy [ vy [ oyae| vy [ vy ] ovae | ovas | ovor [ ovas [ oyav [y [ oxx [ e[ vy | ver] YA
Er Vof [ ves [y |y vy [ e [ | s [ s Y we | ooam s [ A [ e | s [ wve
Eu - 00 < YA < AY < AY - 09 4l < AY - A4 R4 \YF A VN0 Ve A K Vedl A VeV oYY
Gd vev | vov [ vy [ vea [ vy vov [ vor | wvaAa | vy vaf | vy | ovey [ ovwe | ovva [ veof ver | vy | vee
Hf Yer | Vs [ ovee [ vy [ ovea| ey [ oAy | e [y EEN A EEE E E R EY IRE RE
La VY Ve VF Ve V¢ Y# VA SR \F VF Y VY VY W[ ow [y
Li Yy Y ¥ Y A '4 Yo Yy v Y4 Yy Y4 \ Y4 Y4 Y \\ Yy
Lu vy [y [ oeaa ey ey ey |y | v [ oaa [ vy Rl RN Y Y Y2 N YN )
Mo Ty ) -A) o | ya | oF VA ) =) - -)) -)) -)) -)) I T R
Nb RN \ A4 vy AF ARTA YA AN A\ A o) A 0 A0y tf \ns £f \i'd
Nd WY [ va ]l v | na | nw ] ey [ w| oaa 1z Wo [ vy [ vy vy vy ef
Ni q Vo Y¥ Vo VY Y VF VY Y- ¥ K T K K B
Pb Yy A\ Yy Y A \# YYA a¥ 74 ) Y- \F Yy \Ai Yo Ya A 14
Pr yAY | ove [ ovwa [ ovva [ vy fes [ ovav | vas | dvaa | ves [ ovaa [ ovas [ A | vy [ ey [ A vy | v
Rb ay v ay av [y ose v§ OA 00 YA VY g0 | AY sy | oA ev | e [ o
Sb UA i v HA Y Y 4 o \t'd oA A\ 4\ AA Yy A oy Yo 4
Sc VWO [ ven | vEr [ oAy [ ex ] vy [ vag [ yve | vy | ovee | vYA [ o | vos [ YEA [ YEA| Yof | vox| voy
Sm vEA L YM [ ovar [ vas [ ve | vev [ vAe | vve [ v v [ ovar [ ovar [ vaa ] vy | ova [ vAy [ YA vas
Sn \Y \ \ I \ I \ <A <A <A <A <A <A <A \ <A <A <A
Sr veh | asae | vy | vasy [avaal vaa | xaval v fan [ ofraa | ovres | fvex | veav| foro | Yoaa| FEex[ fars avey
Ta YA | 8 | ¥ | oA | Y| A | e | cov | -f Y | g0 | FF | X | xR | ¥V | A ofe ] %
To F0 | oY | 05 | -ov | X8| o o | fF | ofF | -0 0 B | f | ot | o | %] fA| -0
Te Al <N ) +) A < \Y <) < \Y +) ) <) +) +) ) */) +/\ Y] -N
Th ae-r | o) [ ey [OfAr [ ovws] vy [ asa | ovae | x| ovaa [ over [y [ over | ooy | ave [ s [ vEa| s
Ti YAYV | SYVYY [ fa0- | FYYY [ YY) vags [ Fyav | FAYY | oWf OYYA [ FAYA | fava | oY 0-0F | FAAF[ 0-VOH[ A-YY] OV
T - fa < FA <Y T4l - 04 a4 <) a4 <Xa - fa < fo X0 -4 < ¥a LN RN BN AN IR
Tm YE Ny |y [ YA | evA [ ey | evA | ey [ ey X ey [ o [ er S A I
U YV \hi <Y A VA \id I <A . F <A \ A -V <Y <Y <A AR RN
V 0 \FY Y\§ \Fe \YF AY \Fe. ') Ak Y-f VY 14A Y-y Y-Y Yool YV | VoY | VeV
wW vey [ AF fA | Y | va W[ ovA \Y \Y Y Wl oy ove | ea | x| oA W
Y VoA [ WYY VA WA [N [ YAA [ wvA | ey | se | s \F VoA [ VoA [ ey [ e [ ex [ e | s
Yb Vo \hi (s A A VA V0 \hs Al \Id \f \hi \hy \ha \ha WY \hi \hi
Zn s | vy | oy | oy | oar fr - | - | w | wo | vee [ ave | oy [ ava [ ave [ AF [ .-
Zr Vo) [ Ar Y AY Av | vea | oar Y oy oy 2 oA | of vv | fa | or [ o | av

[ DOI: 10.61186/ijcm.32.4.683 ]


http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

FAQ vy ol (S g ol o Lol polie condyao) oy g VE-T Gl oF o leds Y ol
\ gz aalsl
. [S{Y[R (8|38 (3|38 |8 |8 8 (8|5 |5|5(88
- < [ee] N © o < o] N © o < © o~ © o < [ee] N
S N B T I O O O I N . O IR BN Y I
wn - - - - - - - - - - - - - - - - - -
I I I I I I I I I I I I I I T |z ||
o o o o ] o o ] o ] o o o o o |o (@ | @
Si0z | e | fAA] fAsY [ a-av [ RN ovev | oo f | FFE] o fA | faxys | fAVY | FAAR | o-fo| o0 [ Fave| ot Y] ot £epr
Al2Os | vovs [ ey | vsev | asvy [ases[ asxy [ ey voad | s | vser [ VoA | vsea vena] asfy [raav] veo [ 1ot vEva
BaO K XY 0 YN .8 oA Y% 5 Y Y3 0 .8 oo f Y% X N Y M
CaO Yo YAF A/ YFA XY YAY Nidd I\ Ay A Yyvy YAY | Vp# OAY | YXY | YA | YYY[ YVO
Fea0z [ vave [ vava [ awav [ oA | Voo [ Wy [ WA awp | avpa | f vy [ axe [axv [ voya [ awaa] ey | ref] A
K20 YAY Yy \hid v Yy Yy YeY YYA N4 YOA Y YAY | Yy ALY IAATAN WA AV IR
MgO TAY Oy ¥ ¥A OYD Ay Ay AN TAA FAY 4 \fal R R TAY | SVA[ ¥EY | WWYA] VFO
MnO -ov | -of o [ ef [ eev] v [ -V g -ps o0 | exa | oexy | e [ e [ ey ey | oxE oW
Na20 wre [ oave [ ovey | oave | owvr [ oawve [ aas | ovev [ ovas |oves | ovea [ oy | ey | vy | s o [ ved | vy
P20s XS WY | oY | Xy | Y| Y | NY | NY | AY | Y | Ny | XY | Y | Y [ NF| NV | Y| oNE
SO3 e | e ey | e [ o oaa e ke [ x| e A ey | ea ] ey [ ey oy ] Ae ] Y
TiO2 - AY <A <A A¥ <A A <A - AY A - AY - AF < AA - AY A% AV AT AV - VA
LO.l o [ ofr | sov [ oy [ e | oex [eer [ eva | eav [ eav | os¥e | o-¥ [ evs | fre | vwe| vof | vas| v
legezma | 4920 q9a8 [ Voo [ aqaa [ vee | e | ovee [y [ oyee | agaa | oasaa [ qaaa | aaaa] e |- [agaaf e [ aaan
Ag SB[ e .Y x| e -7 e -7 - Y| <oy | -F SRR
As oy £y YWY o oF \ Y or VWV F 4 A ay 47 s \Al A% 4 #1\
Ba ve. | vy | veA | vves | of | nwa | e | fve | svy | ove | tay | ova | fea | sov [ AvA | Asa | aav | avy
Be Y VO 10 o | VW \F Ve[ e \# \§ \Y ) ) wo o v [ owr
Bi -0 <A -y G -0 Y \ W) <A -0 f e -F vy [ [ e oy
Cd T B o - Y Y Y A -5 Y A o -5 N T N A B
Ce Y# YO Y4 Y¥ YA Y# YA Y Y# Y# Y# YE | Yo e | v e [ e[ sy
Co \i4 YY) \id4d YY# Y¥A Y\ ¥ Yor YA YA¥ Y-A Yey YOF YVY Y- OAD | YOF | V-p \ ¥
Cr O YO \id Y4 Y4 Y. \Ai \A YO Y- \id A Y- Yy Al \id A \0
Cs £ £y 4 vy | ea | fo YA | vA Y f)) Y od [ v | oxn | vy [ xw | sx | vp
Cu P [ A VWY [ Vof [ vy [ avA [ vy |[RvE | fof WA | [ v [ v A [ yva | eve [
Dy Yya Yne Yo YO YAy YAvY YAy YaY YAt m AT Yy | vaa YAY [ Yva ] YV | fy¥a| fY
Er WY | ava | oy |ovey o[ vsa vy [ veE [y VY VAY | vy [y [y | ver | vef | vav | vra
Eu ar [ Ay [ ovee [y o[ sav | caa | vy [ vea [ vws | ves ) I B B T T
Gd YAY Yyv YAY Y Yof YAY Yov Yfa AN YAD Y#a YY# YYA YEY | YV [ YAY | fYR ] vy
Hf Ve | ey [ oea [y wve [y [ oA oy [oeay |y oAy [ cae [ | caf Ay [ Vae ] ves
La VF Y Vo VY \F VY VY \F Y \F VY VY VY VY Wl v [
Li ¥ A ¥ ¥- Y Yy ¥4 A Y A Yy \i4 Yy YO Y4 Yy A \id
Lu VA < \F N0 Y 4 < \0 <Y < \F N0 N0 VA VA 4 < \F YN NP ONF
Mo R - -\ -\ -\ B -\ <)) -\ -\ -\ -\ Wl ves | v | oy
Nb ¥ \ni ¥ YA YA ¥ o Yo A v YA YA N ¥ .0 A \ON | VYA
Nd R4 ay AR AA Vo f Q¥ AR Vof Qv ARYA Ve f U v A a9y o | YWY 4
Ni Yf Y- K Y Y T Y- VA V4 Y- )4 Y- Y- K $
Pb Yy Y \i4 Yo AD Y ¥y Yv N A V- B \Al oY YO A \ Y-
Pr yya VAY Yy \#Y Y ¥ VAN v ¥ Y v AW ATE VA4 V& VAY Y VAZ L YXa | ove | fea
Rb ay A Y A ov V4 ¥ 00 70 #A of 4 Y gh | Ve W A vy
Sb Yy ¥ AN #f \i'd 0\ AN AAhi o) \4l \hi VA AY \Al A0y 4\l 7A £y
Sc YEY Y& At YY)V YA \idd YOA i\ YOA i\ YoV YOO | YE£ YOV | YOS [ YN [ WP WYY
Sm var | YA [ ovaa [ ovas [ yaa] vA [ vae | var [ vA veh | ovas [ ovva [ vea | vay | vea| vas [ sax| e
Sn ) -A \Y )\ VO -4 -A ) - A -A -A \ \ -4 vl o | o [
Sr 1) VEVO | FAVA | YOVY | YorAl YALY | fYQX[ FVES ] YAAY [ YYSA | YeYY TEF | oYV 22 | VR YYYY | YYAA] VYO
Ta e | ey | oexs [ ey [ o | oexa | x| oo | ooxa [ oexa [ [ oo | oy [ oexa | coa | - -ef
Tb or | ey | e [ ke [ ey | kv | oeav | e [t e [ eoe [ ef [ ofa ] ok | ¥V eea | ey egf
Te =) -)) =) <) -)) =) ) - =) =) - -)) S I T R T
Th VY \fY VA A A \hs! \#a WYY \ha -A¥ < AY \Id Y \hal S RN RN RAN
Ti Fa0- | 0-00 [ ovfY [ ovAa [ ovev] over [ awwv | ov-a| a-av | avo- [ faso [ o-fa [ a-00 [ o)vY [ Faas[ FAYY] FAYE] fArd
T NG - fo Y Qitd al < FA Al Qive <X <Xy Ny YA Y < ¥a AN ERTAN BETAN BRI\
Tm Y ey | ey ey e oo [ oy | ooy | ke e | oexr EE IR RN R
U -V -y v | cea | -y -y A [y -y -F | con ]| -# v s w [y [
\Y Y& v-f \R34 AR Y Y- \R34 R ARAY Y-y Yo Y. Yo VAA YAY | 1Fo A ay
w 4 AN [\ af A o VA VA Y o AN <A <A A 9N Y \i'd \id
Y YA [ vy [ ava | vae [ vy vea [oava [ e vea [ owve [ vy ey [ e [ e [ Yo [ vae [ YEF| YY
Yb \F VY \Y ) VY WY wo oW Y VY WY wo | ow Wl e [ af
n VY A AY \YY \YY \VFY WY AF MR \Ai YVO VY 9. Y0 a¥ ) 7Y \id
Zr Y o) A £A oy OA 00 o) of ¥ £y £\ £y o or | A [y | ws



http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

Ol oli S 5 kil s NS ol sl L 2t
=) g © =] o & o 8 o g 3 Q Blal2]|o
3] N =] 3 5 — S5 [N 5 (2} 5 S <~ o) < © 5 ~
o N =3 a N S ¥ S i S i S i S ¥ o [ Y& | ¥
= © < < [ee] S o — o Y] o [32] o < o Eel o © o
E &1 32 (R (I1S 13|53 131|313 |2(|%9|3]|¢%
& O U I - L s T BT S LR - IRUR (/R U I
5| P |5 |5 |z |5 |z|2|2|5 |5 |5|z|5|z|5|2|3
X [} o [} o [} el [}
SiO2 [ #vAv] seaa | sYAe [ sves [ oa-v] o%.Y [ oadY| oady] ovas [ ofas | ofx [ oy | ofav] arav [ saxy[ sy svps] f1pe
Al203 [ Yovy | veAr [ vesy [aesa [ avers] veas | vfoA ] veoy | vexy [ oavey [ ooy [ vess | oy | arAS [ VEYY[VEYY Ve | VY
BaO Y Y Y .9 el ey el o fF N .Y e .Y el ey Y 2 Y
CaO Yav | vg YVA [ ey [ oxval eey ey [osvy | ava ofe |tz | o | ROF | oNe | vvo| voo | vvy | fry
Fe203 or | ot | fea | ave | oMy | AL | FP [ asy | fE fYE \i YO NS | RAY | oY | FAD | 0FF| oY
K20 oM 00 A4l \n\i N Y \hid VA \hal vfa Vfa Y&y \hs YA YY | YEA L YVE[ fYY
MgO WwWo | vea [V wa [ yed | vy VA [ Y VY Ve [ ves [ axa [y | ocaa [ oves [ Yas [ var ] vy
MnO Y Y O NE Y oo f Y Y 0 Y e el 0 0 N Y R R
Na:0 \AS Y Y0 YAY VY A A YFv \iid 4l oYY OAN | FNF 07 | YAY [ N YYV] YOV
P205s XY | ey XY | ewy | ey XA | ey [ oe¥A ] ey Tz X0 | x| oevo | x| ey evs | evo | evs
SO3 Vo VA ¥ WY [ A e | ovas [ oeat [ vesa ] asa v vy ol veev]ovEes | ooavv ] avy [ awy oy
TiO2 < AY « M <A <A «AY < AY <A < AY (4 + YA < AA < AY <A <A YA A < AY +A
L.O.l Y VO YAY Y- q YA <A \ldd VYO - 0F VA0 YAY VA0 V0 VAN Y0¥ VEV VY vy [ YAY
fggoma | V- Voo \- Voo Ve ] atad ] aadf vee | aaa e R EE 4944 | 2944 294A]344] y.-
Ag -0 - f -0 oy - f N 0 N v N v - -0 N Yol oen | x| -0
As 710 £f ANy 4 Y [\ V0 Vof YA YA A 4\ AN A ARl WA 4 \YY
Ba a0d [ Ay [ Ave [ ovey [ rer [ ovav | ves | vee | el VaY vy [ A [ e[ ovea [ Yea | mA | Ava| oado
Be VA VA VA VA Yy YA Yy N Y YA \A \Ai \s 4 Y \A YO \Y
Bi 74 <V i -0 <A ) <A A <A - f \l <V <A <0 <A ) -0 <)
Cd - - - N - - N N <XE N N N N - A oen | oexe| o
Ce 44 7Y 7 70 Yo \al 7Y \id 7 A Y 7 74 I 7\ A ¥ 04
Co \YY Yy VWV F Vel VFo YA Y0 YN VF Vo f ki AN VFA Al WY VefF b KN
Cr i) i Y. Y \Y VA X Y \Y q Y 1) WY \Y wof e MR
Cs Y A\ i YA 4 A3 \id ) YA A\ \id A \a \4s A\ oY YA i\
Cu oy Y4 o) \a! YA A Yy \ay YA A\ q- WY £ \rd b WY oy AR
Dy fEY ] sy | A | fvA [ e oosy [ oseA ] v | vas gee [ EXY [ 0AY | vas [ oAr | faa oAd | fN [ svs
Er Yo [ ovya | oyya [ ovss [ oy [ oyvy [ vea | fae [ Ay Yaa [ oveA [ovvw [ A va | yas | oeny | YaA] evo
Eu WL Y L A oy ey [ owva ey [ Ay | ey VAY WY [ ver | vy v ] Ve ves | Ve ]y
Gd FoF | ovve | ovar | ofex [ oeee| e | rea | vya | ene goF [ oey | g | fvy | osxv | vav] s | vvy] sy
Hf YEA | VY | YVE [ YAy [ yyA[ vve | ey [ oovv | -ga Yy VY [ YVEE | ey | Yy | VA ey | oYY | feA
La AR Y4 YA ARl Yf \rd AR Y4 Yy \rd AR Y- AR AR Y4 Y4 Y- Y.
Li Y. Y. YY Y. Yo Y4 Y. Yf \$ Y. \F \$ WY \Y Wl vyw | vl n
Lu eve ey | oevs [ oeve | oy [ wy N ey | oo -¥E AV [y | s ek N ENE
Mo V0 \Y VA \ ¥ - VA ‘A Yy | nE VA Y YV | oA oF veoloyy oy
Nb A AN\ ARTAN YA Vof VAR \YY Y- Al VAY V4 f YA\Y V710 YYA WAL YAV [ YV Yoy
Nd Y\ Vay [ va [ oyea [ vos | oxvy [ yve | v [ o vya | ovag | oves [ ovve [ ovex [ YA [ vea | vex [ van| vex
Ni 5 ) 5 ¥ ¥ ¥ 5 ¥ o ¥ B ¥ 5 ¥ 5 ¥ B ¥
Pb ). \Y \Y \- \ a o \ 4 Y \# A \Y a \ Y Al \Y
Pr O | EvY | ooxve [ oy | sy AV | oaga [ Vono ] ser GFF | oeey [ oaee | oy [ oaey | oava] A | FAA] AfY
Rb NY | Ve Ny aA fA vy v Voo A a0 £0 VeY | A Y Yo [y [ oas [ ved
Sb Yo \i'd Yo N A WY \ AW \ \hs <A W \ W AN WV W Yy
Sc Wo [ ven Wy [y o] vy [ awvA ] ave [ aa WE [ vy WOl vy [ s [y [ WA x| s
Sm 04 | oexy | oexy | ofey [ oeaf vev [ ey | Aoy [ vas VAL [ ara | vve | faY | veA | ses | viea | fve | vy
Sn \ ¥ \hi \hi \hi Y A \A A\ A Y VA Y0 \s Yy VA A VA YA
Sr VW[ vy | ovava | oveay [ovva [ ovaan [ veao| YYAR| vYA | ¥eay | oyevE [ ovee [ YYEN [ YA [ Yeva[men [y [ iog
Ta -AY <A -Va av [ oeso e | vy | e [ oese WY Wy [ ey [ oeas | e AV vea ] evo | vy
Tb T4 4l 44 < FA Al AA e \ieA 44 <A < Vo -Af < FY < AY O A EY | AF
Te ) +) N ¥ +) +) Al < \F <OV A - OF N ¥ I4 +) - 0¥ AV o-fa +) - fo
Th gag | s | oeva [y ey oaxe | oeay [y e [ v [ AA Wl vea ] veer [ s |y | ang ey
Ti Fava | FA0L | f£P7 | FATA | TPOY| OYYY | o427 | FafY | foVF f-v Yo¥r [ a-£0 | TPVE| 097V | $2VA] YAAY | FPA-| FVAA
T A | SA | FR | XY | X | FY | AV b | oNf XA | XD | SA | NS | oY | NF| oY | XF| Y
Tm - f YA - f SN [ ey ke | oo [ ocEv ] ey - fA R R RS RS
U YeA | VA Y \ V0 VA V¥ Y WY YAY s \ \E Yy o [ vo | v | Yo
V AA ay AD A AY A AY ay AA 4 Q) 4 - b AY v AY )
W AY A Y\ Y \ ¥ VA Y o ¥ YA Yo f f of YA [ ova | A ¥
Y YoX | ovev | ovex | ovoy [ veo| vey [ vea | ves | vy YA [ v ay oy [ vag | oyey | vy [ ove [ ovyy
Yb A \Id W VA \Id Yy V0 Yy Al Yy \ha N \hy At Vo Yo V0 YA
Zn Y £f YA YA Yy ¥ \$ fY Y. TY X \Y ) \Y wlw| vl
Zr \OF | VR0 | VFF V#Y | VAT OA VAF | AT Y Y Yy Y O] Y[ oA | WE] AV |y | oay



http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijcm.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

£

e 9 00 (S g ol (Lol polis cerdine) (o)

VE Y ol oF o Lo Y

XRD (g, 4 0503l (Gane 05 (o ) g (Al (slodiged 4525 @l ¥ Jgar

[Eypily

Sl 55

gl 0,los

“wo,

Sl 50 51 580 1S5S S 55l 45T 35S

]

S-T2-3

OTORPRUWRIIY IR VERPRIIN S LN N PG |

- SORERUEIN | LIV

S-5-1

W POV P VOSPPOVSIEOS 1 X POV RN |

R

S-TZK-4

CarnilalS SVl IS S ST 5 158

S-TZK-5

syl S (oS08 wasgll 1S

by o3,

S-TZK-9

ooy s sl s 9aiign wond ] opmns oo 5155

olyigr b3l

S-2-3

S IS o) 555

BH1-241

CmndS &5 Kt g s gy o] 55,155 o 0

BH1-343

o > <| v| | | | =

oyl S 35198 S S Sebs
Cedbgiins 55 Wy 0 003 35158 @S S oS

BHL-344 | b,
BHI-431 V-

BH1-445 N

SLs
35158 g s s S K iy ]| SLs

by (g sige 55165 05 s89hi 0395 (Al S o3l (ane 00 )3 o3alS 5 (oo )F (sl Gl 50 5 (955 Sn 5 (2959 S ol ¥ Y8
9 Com o SLyok ) 1) Sw e g oad alad Slo)S GlaanS ) L aS wead gy PISDL SIS (sl ok colys 0030 )0 (650855 8L
ol yo (58 gy 5 PUT5aiy 6oy sk 00i)lo )0 b S a4y 5239 S50 (53530057 (0 (XPL cabolicis oudal 55 )0) wleols IS 33158
b P RPL S 09,0 oS ok ) latgunl (0 (XPL) wlos S 6Kl S0 o sLa3 50 &5 J5bin; slosanl b
SlosSe b 0 GS ol mhaw j0 5 0ud (i b S S iy & o5 IS (@ dXPL) Wl S SS (telg Sl yS0
Apdaw Sy 4 e Sl YO LY st Cwolbes L g S g o yuuil 0ad s )0 (sleaxS ) (& fXPL) el oads JoSid gy = (50,18
- a5, (g eiload JoSas SGld Slo 5o (b oS Ldgiise (s3ghiengd S (e 50 0aiS Ty jok 5y (Gloy ju 9 oy s 55,155 ol ja &y
Olowm sl (B0 23b (g ilaid 5 IS (gkogpy (Lo sSs (b (G (s39h 0095 )3 &5 e ile ) Cul b (Seunl slaaxS
2y S JIUSS de sla ok (sla ( SaSs g 00l oS Sy ad 5laS g 1 gSIST IS o (sl yok (e VoSl 5 Su SIS
- o lazs | sloailias) (XPL) ks s 5513 lanySo 0 s sSIS ol yads dy i oaiSTyy b o5 2y 4lS (& ((XPL) wloo S

ized (V0] g jo 513 S0 Lo


http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

Olp! (ol SIS 5 (owlidjohs alormo

G ol w0l L FaY

4 (63g85 0395 sddiged ;o Slw T asli olie puoren
=Y+ ¥ 9 AI=\~/\/Q\—\C?/YY l) ).3|J.3 wJLw Cond
Slewild oy o T Gla SIS ConBae 4 az s L (G
5SS o Mg g FE (slacsly )5 g oo IS ol
3,50 saaiges Y] Slo,So Glaas Jbgad 5 Dgal
GRIBIL 5wl oS GleSe gpls 0 o) p
(St o S S I3 Ceos 4y (la)S (Sl )5S 0y iy
L oSl s 5 wboad olete Sl 5 i IS
GRS el L ol aiis gl So Ol oy i
oS e @S Sl S Sl ek Lo
5SS asls polie o)l Slyes bbaly,S 5 el
“S Gl b s eog (rhawn; slaedise
CCPIZ\CY‘/A?—VY‘/\CV 3A|=\CO/Y\—VY/<\\ Lgﬁ‘ﬁ (o),
9 AI=YA/VY—Y&/%\ l.» ﬁ‘ﬁ Mﬁf @Lw)fo l.| 9
S5y sasms lis a5 wutea CCPI=0- AY-Y) 04
aaled boopl ses oo plas | Sl S-Sk S
Syl 2be)S sla Sl Sl g sk b S
polie fpuoren o)l Slgtren Oy ,S § Coms ju 2o IS
SLoFs b Sugrise ooy ladiges 3 Glu S el
CCPI=Ya )Y --00,+0 g AI=YYAY-YVAY L ol LS
Bly lawgio U o5 Slo,So b jole K 0,08 0 a5 o0y
Sodises ;o SluFo arls polie (o F JK0) aiis
ety = s (Gl S b sl glaSin (s
—9A/‘1Y LJ )"‘J‘ (5;)..\......5‘ —6;}..\.9.]5“ ‘j‘)d.)[f od.})‘o).))é
saims lis a5 wog CCPI=pY#7-ASYY 4 AlYONY
Ngy g aied (olo)S (SluSs gpeld )3 baaige (553
Sniges 53 ms gn ol |y S 2 15 o 5o Lol
NPT IRTINE N SRR ISR TY
)045 039y CCPI=Y‘A/Qf—;’Y/A\ 5AI=Y‘Y/?'—YV/V\ l.g).g‘ﬁ
(o ¥V JSK8) as &8ly o5 GloSo b jole Saw oS
BTN WS S ‘5;;,“)'&3] axly g0 o 1glSiy] el
— Oyl Gl g (elagn Sl S wuld als Jds @
elei S5 mlo b as wiloads SIS oo 5l Ol ,S-co IS

Syl Slgeen

@b Gl S sl atlds (o)
@lodime; Slpis 5 oS (GluSe e Sye Gl
S0y sl 5l aSel Saxe oS o eald ol
Sl S0 S Sle 5o Glaas Joges 9o les S oleend
S IS 5 (Al) St slaaSLs § sslizal L 1,
Al a5l [#] s soliul ams o iales (CCPI) ey
18] 0t 2lae (slosgs andlgus (slalusls” (sl )l s
b5 sl lusls gl [¥] CCPI asli b ol pods s
(CIA) (alonss SloFs asls uizan o5 oolic
D (o) g Al (rhav g (o sladiged sl
alaly olol 5 asls ol delStyl Sl 8o asls
4 (Al=100(MgO+K,0)/(CaO+Na,0+MgO+K,0)
o3litnl b (G IS 5 (o po lagla So Dol (S ole
b role ggome 4 oad 03538l jluSiw polie Cod |
w080 Y- Lasls ol Y] sjlop o la Sl S
Voo goad ole,Ss K 61,8 O+ wats Gl
LPl el oas (e S JalS slacKaw o
S AL (23 oS Ll sl - liyyS- el JloySo jas s
5 A lagleSe S5 5 Sl S Gle S il
alal; bl 53 CCP1 s lss 5l e sl o 5] (S pos
(CCP1=100(MgO+Fe0),(MgO+FeO+K,0+Na,0)
S s SRS (G sl Sle S Sad s ol
FeO 3 MQO pows as ol Lasls opl [¥] 595 o oolisi
odl gl a4 o 5 iily (b S 4 ol 0038
ol S oo 9 iy jlonwald

Gy, & aps mls ey Sle s glbasls
@l oad Chr gledl )5 S 5 er reib
ax>ly diges FF ( mlaw 45905 YV (ICP-OES 4 ICP-MS)
) 6358 oo Sl wiged VY 5 (b Slakss]
oS0 Gl Jogel 5 SIS 4y 5 dwle ool )l 5o
b diges o Glo,Ss asls polas .a5au0,5 eoly
SAYEY L pln s = k3] Glo T b 358 0oy
~ el SLeSs L CCPI-YFAf-V&) - 5 Al=FYAY
5 CCPIY« YO-AD - ) s ALFYSA-SENAL ol Slo S
V- Ll swbasn SleSo b sl sbsen o
- st oo Sl T3 b s CCPI=£5 Y Y-20 VY s Al=5+ VY
ties CCPI=5« FooV\ g ALOY S+ -0+ DY oo


http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

say o ol S g LS ol polie o sy o VT ol oF ojles Y ol

[ Downloaded from ijcm.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

epidote

calcite  Fe/Mg Carbonate dolomite /ankerite Chl(r)irtictc
10() 1 ‘l ‘ _. T T ’ py
‘ Strong, calcareous alteration L 4
— = O
5 5.9
= @ s £
o ® o * ® 22
® @ 2 0
5 ot 0 8 ® ® 5 2 | Biotite
560 I o® ®e o R
= = ® [ ] .
6 Hydrothermal alteration
o40 g dSericit
Slightly-Moderately o * @PEHCIE
]
20 altered parent rock 1
0 ; . ; K-Feldespar
0 albite 20 40 60 80 100
Alteration Index
BT 5 o o (o 53 by g3 0395 slatigni [l Wil bt 36 SLEAEST (S Sis saigai [ sl 5
[ b5 8 Gl S0 b 35k 0095 gloiges ] commmbrms s yos (Sl 550 b SLEALST (sl (gladiged
B o Loy @39 0095 glaciges B Sl g s (il )0 b GL2aisT ok glaiges
epidote . . :
Eal cite  Fe/Mg Carbonate dolomite /ankerite Chlorite
]0() T el ¢ T U ‘ pyrlte
| Strong, calcareous alteration | 2 o
£5
-
o & e 8 2o,
==
'\.‘ 0 “00 e 235
e R P
360 | e o 5 .2 | Biotite
= ) ==
: 4 =7
o i Hydrothermal alteration
© 40 §j : L Sericite
Slightly-Moderately <
20 | altered parent rock b
0 ; s ; ; K-Feldespar
0 albite 20 40 60 80 100
Alteration Index
15 A 50 9 (i i (1S (Gl 50 b Gl S 0398 (xbaus  § S diged
aly,s - M,}v&lu;abéu,mbfoéy@hmy)&sh&ub,u.
Sald Sl )0 b gudgiil 5 0098 cxbaww p § GO diges A

epidote . ; :
. lcite  Fe/Mg Carbonate dolomite /ankerite Chlorite
cf 0 T 4 + . [ 4 Pyrite
00 I Strong, calcareous alteration I 2 -
[ J .8
-1 @ ol
X 53
%% o )
560 | ® §_§ Biotite
= =
= =
S 40 Hydrothermal alteration
(&) i . & 5%
Slightly-Moderately ¢Sericite
20 altered parent rock 1
K-Feldespar
0 —&- - : L L
0 albite 20 40 60 80 100

Alteration Index

15 W 5w 9 (st o 32 S (s 50 b RIS (b 1§ S Sins aigni @
Cinrd Sinles g1 Sl 50 b SLRRLST (xbans 5 sl aigei ]

@ o ) (3585 0048 (@ aw (Al gladiged oliond 4520 slaaidly gl CCPlLay coes Al Sl o slasa jloges ¥ ISt
QS0 55 Same 0 S xbaw ) oliass] glaasly



http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

Olnl (owlids SIS 5 (ool oy alo

G ol w0l L Faf

FEAF 390 i o 9 5,1 Sl S0 b (53485 0095 sl
0395 FY YV 3ga Slo 5= (05 Sl So b 3985 ooy
Wl Loyt ool Ko PNV F sgas Wl Lo s3si
3995 cmbns = i o Sl S0 b on 55T S SE VY
s Vet o dogy Sle,So b ool s £2N S
L opmizon (A D JS5) aes VY VY cdow a5 (lp
Slde (b Gladige oleerd 4 @l 4 a2y
~ A GleSo b ooer (3aT (slausly ol CA
(5 5F 5uSilo obo 4) OVFYCAY YN 6,08 15 ey oo
0fS )3 (S o (ST (Sl S0 b (G398 005 0
L 35 0095 P+ POl job a) OF VY -77FY
OeSiles 5o ) OF ) F-Ae ) o5l o Sl g SLe S0
s Sl So b pdye Cojail Saw o (PYYF
OF0F (Sl job 4) FYYA-0FY 058 o sdgyp
OV —OVAY 6 5 SLld SLu Sl g5 53 40 5
L CAl Oless Jboges oiiwd (DOY0 5l b a)
S S0l (Game 0 (Slu S sladiy ;0 Ges I

Lewload Sl o0 S

d._lag‘) U“’L"‘ » ua>LMJ u.\‘ :Gilm);é ‘53‘[:.4.:.‘:5 ua)l:.:
oo CAI=100xAL0; (ALO;+Ca0+Na,0+K,0)
sl ols Gy CIA Jhie .l o g pu503lil 1) Sl S
Sortan b ool T 51 2685 B0 el Lo S é 5 4yl
gl Glo SIS g a8, o 3l adyl sl SIS S Sojls
DYT sl oo )3 CIA jJadie aoms )8 wigd o ad g
L£a0 ALO; slauus! polis I b CIA s
oy Olpsd oy sl adlaie pl sladiged owlil SIS
aS aws oo plas (F JSo) CAl & cees 00y b sloans]
ol sz Siwgingll la SIS jga> b a5 cunl asdly
S ) Sloen Gla 5o slaaigy ;0 Sodsh jeecise 5
K sCa 79,5 JdoasaS soo oo lid e o b ilaie
@ Comd N0 s ool Slo)Ss 0l céja, b
Wi mls 4 g L.owl CIA 5 Na oS L 51 SLe
- digad sl CAl (Sl polie ( o ladiged o lands

100 @

80 e P &0 e od
3 ° Sog E % 0"

- o ol ekt SN ., 1) @ i
g * "‘?.'. ! "? ‘“s‘;:‘ ‘..‘“ ..... i * o ; R? = 0.3488

40 ° o.\ 2 0%, ..

40 °
R* = 0.283
20 20
0 0
0 2 a 6 8 10 0 10 20 30 4
CaO0 (wt%) Al203 (Wt%) “I

R? = 0.0822

Naz20 (wt%)

O 4 R?=0.133

0 2 4 6 8

5

0 2 4 6 8
K20 (wt%)

CIA & Ees Na20 (& 5 K20 (s « CaO (s A05 (Gl (sloinsST &y opico 90 loges F S


http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijcm.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

40 o ol S g LS ol polie o sy o VEY lie; oF ojlod XY al>

B s o3 ST L T U 5398 0097 slnsis

il o S5 b b oo i
I il s i oo gladips

i i

B gy gl b L glontis glaiiye

CAl
0 20 40 60 80

BH1-000
BH1.010.020

BH1-030-040
BH1-050-060
BH1-060-070
BH1.070.073
BHL-073-076
BH1-076-079

BH1-080.4

BH1-082-085
BH1-0B6-089.9
BH1-080-100

BH1-094-097
BH1-098.2-099

BH1-100-103
BH1-103-106
BH1-103-112
BH1-112-115
BH1-115-118
BH1-120-130
BH1-124-127

BH1-127-130

BH1-130-140
BH1-133-136
BH1-141-146
BH1-150-160
BH1-153.7-157.35
BHI1-157.8-160.2

BH1-160-163
BH1-163-166
BH1-166-169
BH1-170-180

BH1-175-178
BH1-178-181
BH1-181-184
BH1-187-190
BH1-190-193
BH1-133-196

BH1-199-202

BH1-202206
BH1-210-214

BH1-218-222
BH1-222-226
BH1-230-234
BH1-234-238
BH1-240-250
BH1-246:250
BH1-250-260

BH1-258-262
BH1-262-266
BH1-270-274

BH1-274-278
BH1-280-290
BH1.286.290
BH1-200-300
BH1-298-304
BH1.310320

BH1-330-340

BH1-350-360
BH1-370-380
BH1-330-400
BH1-400-410
BH1-410-420
BH1-420-430

BH1-430-440
BHI1-440-450
BH1-450-460

BH1-460-470

~
Hydrothermal ﬂ_, \
100 | Alteration Legend  \7/

Andesite lava
with wf?

. Porphyritic Andesite
Micro quartzmonzonite
&Diolile porphyry
Diorite & Miero
quartzdiorite porphyry

Chleritization-
Scricitization Altcration

Propylitic Alteration

Phyllic Alteration

M

b 1) Sle ;50 sladigy ;o Ges (I8l L CAl &lss Wy, (@ o daw ladised Sle 5o sladig,y o CAl .Sl (1 & JSCi

EF =] K sloaiges paic/dls S aiged yaic)
(ol ,55-1] X100 Q)
ooyddawﬁv b)?u@l..: )|‘;M‘5~C JALC ML?!A 6‘1)
oy Z IS Gl S b (b ny g (b (39

..\.So)l.n (S0 0 S g

SloFo oy 1o (Sad e Jolo dnlone 5 (loord e oy 2
(SaFo sl (b lawesl 5 yolie [, (cwyn ol
sloaises gln j akl, @b » BF) Sasge e
DVAD ws ailons 0S5l 0,28


http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

Olp! (ol SIS 5 (owlidjohs alormo

G ol w0l L sas

Sls Sle S agy jo FE03 (Sos b izren ool
S5 g $S98 ooy slacy py lSTL BLS)I o Wilg e
Tor> o &5 WAL Joloxe (592 Slilgu 9SG pedl g ]
- oo 5 THO, Sais s [Y¥] el oo wslels 51 Fe,05
Al 00isS Gl 5o glo b Sl0y5,0 Cuple (Lo il
5 e g S SleFs a0 Fe0s3 vel
g Coilon o VoSl Gl S5 jea> JJo 4 sulogpn
2 MNO s> ol sms o olis (Sob g cuiXe
2 o Wlgier Gy — NSy (Selngn SLeSe
5 90eS1 S j90 4 pate pl Cuss s MDY 4 M o
o958l Yol sl sl cpl o Jo bl e laonSTy o
Salisyl slo Gl 5o (b G5eieg B s G w58 o] 2
alobo JIMN iz z9,5 Gl pp¥ Lulpd God ek 5
51Ca0 §Na0 KoO z4,5 [¥F Y] ol soges pal)d 1,
5 MaPl ohy 4 blwals SloSs Sl wbls
oloSs gladslme gg)0 4 polie ol 5l Gisn Gadsol]
g & ComlS y Glo S Gla Sl Gadanigs ol osisS
s o R ST Sl 5o gladiges 5l (S o GlaxS
2 bl Wl oo (3T Gl i b (el 5 SlayS
sl SluSs ag o NaO aul Ca0 sz lidl
Q—\ Jdo a5 was o plis ;M‘S..c Sl s sudagn
S 55 o b o)ly 5 mrde o5 S 4 55
IVVT el sl jgaiige sz b 5 ol oz oo
S b (G oo = 1S 5 Sl sl il o 50 K0
S yo B g am0ge HlS (Sab 8 (65985 0395 (Jbje
S 095° pely slajlewald (Soslen 5l (LU pnliy oS
el 00 Cul S po 9 Sedoly joeige (bl 52 (2le
S by (St oo = 52 5 (i ol 5 50 KO
o Wl e a5 wms oo i (Sab (ol Gl
» MgO Suis e ail peols glo)lawals Sl 3o
4 Nl Setlagn 5 S — G0l slagle S
(7 J58) adb IS edS 9 o IS G )0 e seie S o
05194 (5593 0358 sladigel Slu S slaary ass ;13 S0;
spax Jds 4 &S aes e plias (Sadpe Sl Sl S
boldsw 5 (Cum) badsw oz oS8 lalS
ol (g ol g &5 o)

Jado 4 ST ifygs )8 Cangs Kiws polie Slpidi gy y
aen ;0 olo S Jlw & ol ol ol 5 a9 D o 55
iy s [YA] smo o oylad Sods o5 Sle 5o slaasy,

ailai L) ollo Cond @y aig0d 50 9 o3l s Sl kg
9 ‘_,,}daw Gu)d.j Lngg_i;.w )" Agos ) P (F.R Lg)La;;é-l
5 el (ST o e oI5 Sle SOl (v

2T ey Sasd Jele e o ooliiud il
S dged Sy oy Sumd e S dised o bl
- S sl z Al ons Sl Wl Loy sl
Cewd 4 gl ol dilre (Sl S Gl sl 5 6,
St 5 (aleardsSad bulpd 5 (23550 b cledlbl oasl
mojl (Gome 0tS 3 Glu S sl (48 (b oLl

RSS2
S| o 0 (b8 polie (p i i g (el polic
5 F&203 MgO MNnO & bge sy & Lol jole
L o omodow SLoFo @iy o SiO, .¢¢ U el SOs
et o ST WS 5,T (Sl S8 5 (5T Glgee S
283 (o LS (Sad( e 6598 0395 (lme S b S
L Sikagn 5 S G0 lS SloSs glaag o
Olire S b (ebon (SleySs 5 (sl ljes S
a3l (Sab e lie (@Bly 50 el 0dd 5 (S3985 0398
Pz Rl b oo 185 (Slngp A S 4 (ol
i T elaSi gla lsals o i ls obsS SIO,
- Jsle 0900 4 Gl 3l (s25 o ST 5 (6358 0358
5 ALO; (SluSs anlp b .cwl s luSs slo
- o0 45 Wi o lis caals g il e s, PoOs
0aisS (LS ol ol PH sz (else L wlys
Codlad g Glo o a0 s (Sow 4 Jlow YL s
Al aslb bl jo Jhw o slepasleS lagg YU
Sl angs 58 5 o i (ol asgy 53 ALO3 [T
Cople Jo 4 Wilg oo a5 w0 lis (Sad b oS
2Bl gk atgy 50 2le)S b (PH<2) spud ga
5 Sy — kS Sle S ang e Po0s Yy vyl
T 2B Sl SO slaarg o o g (SodE (lasn
sl ols co s s a4 P05 a5 e e ol
- S vgzg Jds 4 ol (Saspe g (et sz Slans
s, 3 Loy TIO, ceslaaigy onl ,o Slind 456 sl
ool s ol (Sab é e Ll wiS o g9, FE20;
5 Sk gl oSl gla il S0 asgy 4o FE05 5 005 a8
Cel 00 83 (g § Sl Aty o THO: 5 (il
5 s Osr s Gl Gl Sl oS
Lo 5l gl zo 3 5 ol 5 ool o Sl g ailiyee


http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijcm.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

Fay

e 9 00 (S g ol (Lol polis cerdine) (o)

VEY iy oF o)t IV al>

JW‘OM‘;M&B ‘;Mﬁ)boﬁ)«m u{‘JlD
Sl g ol 6V il ) 36 Wl
oSS lagyg YL cudlad g S 4 Jlw YL S
20 S o el somad Ll WU slas kil Jlow 4o 5l
Spdien ol Coi o LB s 5 mb gles
- dig don 0 26 Wiy, q oy Oy50 sladiges o [YY Y]
Jdo 4 ailgi e a5 was o i Sadb 8 Sle S e
- S5 a2l 0asS la,Ss Jlw sl Il 5 VU sles

L Slygys oS ol slodsbne s L ST
Sl 55 slaay ,0Cs gRb Ba .l slgy slogloxe
"G 00 35 e g Ll Jdo 4 (6985 005 (e S |y
sl sl 5o ay ,0 5 [YA VY] Sasé v, slo
Jedo & (50T s S b oo 5 (o om0 1S
4 Rb Fous o5 ams oo ylis  Sad s b lewads o 55
" el glalowald (1SS ohg 4 Lo Lewals o 55 Lo
b Th el [¥e] el Slofs b ol Kow b

.(g,;gu'd\\/ sla d‘[gs[‘ﬂ\] A.Bl.c‘sc gS)zS‘_d ‘_,,_SL.;)fa LgL;m;J)é u.;):....f
500 €0 K:0 —Mg0 —Mn0 —Naz0 @ we$i02 wmAl203 —Fe:01 ~P0s  TiO2 @
400 150
'y
i g™ T . WA
g ) ; \ ' N\ // Xz ,w‘/—\ G5 v \J \\‘ A
" M A NN A
IR SeS = TN ORI B2
AV =i~ "\ s
- = 400
] Ailic [ . i Alerafon [ Phyllic Alteration_| Propylic Alertion T Phyllic Alieration_|
p‘/’l‘:{‘f:"\f’l.h;.f’ili!!?-;.;fl#‘!&l!,[ ‘jy ,f’j"::/l’lj !I,,:“f‘f’,',.‘f ,'/ / ",14‘10:{‘;.;%!I:;!a;li!l?}::ﬁlt!i.’? .?’ ;;{’,f/ I/' !,l’,'e;_f/" ‘/’l //
| i
- Ca0 K0 ~~Mg0 —Mn0 —Na0 @ 250 —8i07 =Ml —Feils —P0s —S  Ti0z @
200 200
o150 150
| o Wi
H < s :
gs:\\ V&@gn/}l\ﬁ 7 it% ; > 5 o
b \ £ 50 /
5 ® \{/ 2 100 M\/ L/ \’\//
4&"‘.\”_!*!0«"!'/ ";' »"J" f"fffj‘jﬁ 4 i«if{w‘?¢lf' 1’/ /"/‘ l:«*'l‘.«".\f"(*f’if.l" o «{i’}"_r"{f:.»«“‘_«‘":.«"ff'.f'&,«f;’ f/ ,{/ /@ 3
‘ ‘fff/f«‘f'«’f’!fffﬁ:«*ffm'ff/fﬁff’f ‘ fffff«'//f’f/iffxwfﬁz;ffxﬁﬁf:f/

‘509&.4 LATYS (‘-’5 g&”ksﬁ.la.w 9 ngla.w).:) ‘_gl.lbd.:}o.)‘}o‘).«ala.c ..\.a..wS‘ ;M&g ‘;M‘SQ)” s(EF) (;MLS"C J-QLC Q‘M J.Sj)? J.S..:i
bz Sl 3o gleaiy, o ‘5';.1)‘..\31 X (@ ¢ g FR=pLL Ki)

g

-
8

o

~~Co  Cr —Ni ‘ @

g

Enrichment Factor (%)

A0

—Ba —Cs —Rb —§r —Th —2r @
1200 |

roptie Al [Fchien ] | "l e A [ Pyl o |
0;“':!‘:’:‘“."‘;"’i{v'ili'!‘:‘i’{'{:‘i:’i’!, ’;”,O A llf ‘,l' $ [m‘pt:{le{,%.&l:}{,&/iylle}?ﬂt!l!if’llll {f/,{j? / £24 ”f
L R
%00 ~Co  Cr —Ni @ ~Ba —Cs —Rb —8r —Th —2r @
) Ly 3
é 100 f;
T T e ] | s T e
Wl W i /4
YILIIIP77. /?f//fsz/f/’.ff/?fflf/f LG /«':fffff.fffzﬁ‘fff/f:ffff?f

9 6.)9.9.5 035 (u ‘_,_‘.‘z.'a‘.u 9 (5744..4).3‘) 6[.&4.:9.04 o Yl; U‘J...A IR W L\ .la.....vb ].oL.c 9 ‘5..1)..\41 6[»&1»...» (o 9 (FR:erLw ;_i.....u) 609.&:.' 0395

il Slw,Ss slaany ;o ol slaKiw (&


http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

Olp! (ol SIS 5 (owlidjohs alormo

G ol w0l L FAA

w wlg e Ta g Nb Sas s V] col soss Lo S
sV Ta [YA] sl cw, o lS by oyl e o
Aee S oo Gle S slaanlp braS (bodel Y
Sl bl ol w0 aSdl e Y]
" Vg Sai Yog Ta (Sl S s o IS
K9, Y 5 Vog (Sasé Ta cubugn GloSs 5o (Sus
SIS s A 5B i (SLu)SS 0 g it e
dor ;0 Y (6358 00 b w0 o e lis
S Sle S o0 g s plas (Sados bgless
Ta s Sab &V Sl 5 (o jor (25 LS
~ Ty Saa i Vo lasn GleSs o ( Sasgs
o)l pl A oy e 4 e e plas Sad
Jbew YL anaul 3l Lo rals o ioli8l aslSes sole e
Colled g Sow 4 Jhow @YU o (Slo 50 Jste sl
Sas e I wsl Jlw ol eSS Glagg YU
Soge BT sz e SB p ol cai 5 35,08 Jdo a0 V
(&g oA gladss) [¥al o5
s VAT 09 o Cgmms mly lave b b polie 51U
Jhw caleSt b lo S ailels 5l o] (o 95
VIR SO SNSRI SRVSSSU TR JNPIT S WK APUIN
2S5l (om0 S 55 (Gl yS- (S o (S A
(S g @A Gl Ss) o)y Slaran
Ol el , 50 ladigs o5l S ol Ol w)yy
by PH L Ll 055 5 090 5 i)l gl L3, yolis
5 oo o S eSS il 5 (Eh) tals - LS
28 Sysb a wgiee S5 WIR) S 4 O s
pa> 50 g S 4 o b Cos g ol Ll
F , CF.CO PO SO 55z sl puShuaS slasilsl
15 5ol S olie cwyy [8Y Fo] anln o o8, ay
Obje Ko L LLREE a5 vas o oylis aiSojl o 0ud
L oSl o Sloas 8 o gl 50 dan ;0 (6398 o045
LLREE ;0 5las )b (g8 Sab o dogy ole 5o
sl So agy ;o 5 o)k |, Fasé s EU
ool olyen (SaS 5 b S S s Sk
5 ok sl Sle 55 3o oo ja5T b S L LLREE
— S (RS (2 g g0 g (Sadgd Selagn
(o5 A sl S) wimspe i b oS

Cr ol jpa> W Gl Sl b Jasly polie Slpis (g2
L PH 4 o 4 ooy ylw 5o slocXew ;o Ni g Co
sl o o [YF] Gnl PH ol als
Y Lalps g oad Slo o anld GhyS (b o jaieg b
"o wolR ) polie cnl (Sabd g (B sedtd ol
b 09,5 b yolis cal oz GRal¥l eizman [YY] wiles
2 NigCo Cr vas o 7, ailols 4 00sS Lo 5o sla
agy 9 G998 005 Gljme S b Glu S glaaiy aes
Cr g Fosgé culngn 4y 59 CO (Sudd oo
Olizee S by (Sl 5= Sy (515 4y 50 N5 CO
S L ) BT XS U R SR W v Y " L S PR JON- L SR
Ol bogdlses 1o Ni5 CO (92 spolie (&5 oY o
-0 oo b sls LSes Lyls COINT cas § aigdh oo
sleaiges ;o 55 oyl CONI cocs 9 Ni g CO Jlade oS
S5 S LS5 (SigSr e (sl o0 a5
2 CoINI coes camly a5l [Y2 Xo] oes solasl
iy & oo s g (oliaisT oSl b gla,luils
Camms | [YO] Cnl O 51 a8 9SG 51 e D=V ¢ 5l e
S laaises (e glaaiges lp (2Sle b @
3,90 by (5098 0358 sladigal g (e sl
aS 0390 Yo Z PPM g YYE AYA L plp oS5 4 gy p
el S 03 Same 0 S ole)S oKl Sl

bl ;0 ZN 5 Pb CU Lo S5 olbe pp> il
w e Rl aS ey pe S A g 550 Sl S
&, bl 4 008 3l )F (6l Jlas Lawg oy T 3955 o
5 oS oSl L Jslono 3l ol il o 45 by o0l
YL Jlo (Fad 8 Bl (el slaciw 5l Cundg S
sl jeax Jdo 4 6y S8a s o (BB (e
5 (OB 5 S g0 s o955 w2 1 sSI) (gl
S8y St el (551 5 CaSYL) gapST a5
Fred g S )3 oy sl GE E Jds 4 Wil e
(o g AN gla o) [YV] asb )]
- aigy den ;0 HE 0, L e sl U polie Slyeds (g5
slo sl 5o o ND aas o lis Sos 5 Sle,Ss slo
" 6398 0098 Olgee S b Selid 5 Sy - SRS
B e glid Sad i bSleSs ple 0 g (Sad
sladlw YL anal Kby (o5 @ 58 ND gtz


http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijcm.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

a4

-0 0 (S g SleS (Lol polie gerdpe) (o) 2

VEY lie; oF ojlod XY al>

Enrichment Factor (%)

o"}f’.?'

==Cu ==Pb ~~Zn

—Hf —Nb =S¢ —Ta ~ Ti —V —Y—u :
T

Y

| Phyllic Alteration

w=Hf <<Nb =S¢ —Ta ~ Ti ~V —Y —U

(Vo)

Enrichment Factor (%)

fffffffffffﬁ}}ff}?ﬁ PR

Enrichment Facto

==Cu ==Pb ~~Zn

S

LA #’fﬂ‘f‘ 7 /ff’fff

LM

”‘
S fffffffffffffffffffffff

LT, IR IIIAIIES

(Gl b g ool 1§ lbdigas )0 ZN 5 Ph (CU slo 1S yolic Sab il 5 Sob s (EF) Sab ié Jole ol pais wig, A JSib
035 («._: 62.19..» 9 LS"JG""’J") LgLibd.:g.u 0 U O‘J..o.b 4 YL» u‘%*" (IR WY L’).aL»..c 9 Ls.u)dj (_gl.lb&.u (o 9 (FRszL.u o) ‘_goj.xu 0dg3

ke ‘ssl.wjfé 6‘.3&4\...@‘4 o ‘5..»)..\41 (_glkg_i....u/' @y 6.59.&.3

oDy ~=Gd ==Ly ==Th ==Y ~Yb

300 400
250
200 W
e g
E Cd
2100 <
£ 2
£ 50 g%
H £
= o =
o 2
| =-50 =
= =
-100 B

e

T

/:M:”lc

45:

PEES

Y

Enrichment Factor (%)

«"*ffffffffffwﬁfﬁfﬁ /i':?lfff;f:f:f

= U ==la ~Nd ==Sm A

Enrichment Factor (%)

Slllcl(‘

s"‘e°o’o'

ffffff;’:’ffff'fffff}ffff Y

i) 39k 0355 (Gl _xbans 5 (xbans ) sladigas 0 LLREE Sab ié 5 Sad s (BEF) (Sab e Jole i wig, 4 JKa
)AJ (_gl.b&.u.: (o 9 605&; oby (u &52.'4...: 9 6.7;‘4“:).:) Lngm’.oa o L‘bHREE} &5‘"’)"\‘" L;L‘b&»..m (A_) 9 (FR f“‘"“‘"

sloagy ;o

.uzl.m‘jb.o)fo


http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

Olp! (ol SIS 5 (owlidjohs alormo

G ol w0l L Ve

4S w03g YA 5o BN Y AYAB oY L s o 4
A (63985 0053 y0 0L S jole ol polie Kl
Aleols Hlas Cuze (glun o baiees ol 0 EU 4 Ce
Sl 5 ol il S o ol (S jole miy
Vo JSs) cewleHREE o & LREE I o5 oo s
- G 9 LHREE LaLREE gg0m0 (Sl ol a5 (il
AY- YL oy sy« Th/iLa 4 Nb/La HfISm sle
G305 0355 A5 s 45 AiZeud < V) g F¥ oo OF V)0 A
5 Cate gyl o C8 s oYU ol SB ole i
rolie (S5Sie jlogai 50 oo (LiS e 5l EU
oS Fo] adyl sS4 cos snd gy ol
laLILE § LLREE a5 5 )sb a5 )5 5929 (glasdly jislos
g s o Hlid |y sasiie Soi e LHREE & e
bl 05 so 0asd caalS Wiy, G LU L Cs 51 s po
SIPD ole 63985 0055 4 by 1o slddiges ;o jlogei oyl
e Th s Y Nb RD 5 coze ()l Ba 5 U
L byl o Wil o SI Sos s asms o plis e
Sl Jl 3 cpladly SlejSo o g olle sl 33
5 S gylun o Rb g Ta U Pb 50l Kw o a8
Ve sla i) e e yliad aie g,le o ND o Th (Ti

(o 5l

S5yl Glo S 50 pb (SIS polie a5
[FF] oo uss @ cons ond [lug LWREE &8 LS el
s SO A&:.li})] GSL.»)fo L eds8 0085 lijme S o
- o ol ) LHREE s &4 LLREE | jain b
@ o LLREE Sus 2 5 jule Sl a5 aas
(Sl yob 4ol L5, Sle,Ssanls b LHREE
s NbLa Hf,\Sm slecoi 3 LHREE (L REE ¢soxs
<Yy 9 ~/\°V < AY AYAY DYAF L‘ )a.‘)." () Th/La
S ages ¥ y0 oy 0 LREE oy Sas g s
bl 31 098 co 0000 adgl S 4y o 5,1 Sl S
sl S5 Gl laiges ol (XRD) bl SIS & 5o s
0.55..' w5i.‘~o 9 ).))‘BS cu.»...” swsL)B.o.u}a ‘WSJQ sws”
St 438 o0y S5, T Sl 50 o ) Ll slajlé as
JoUS st (ol Bad 4 GlaJlow (2STy 51,0 a5
Sk il g bajlewals LS o 55 5 oL olie

V] wgs o oSy Sl

1 (83985 035 ,0 5 35,k LLREE uile a3y, LLHREE
LaS LU > 4w o plias Sas 8 b gle 5o asa
L o301 lee S ;0 LHREE .ol ol o o, 2l
Ay 5 9,0 (Sad 2 Selnsn 9 ke sla Sl S0
" JSE) asies olyen (Fab i b Gl )T s o RIS
LHREE 5 bLREE 3,5 5 Sab s (& 5 o 3 la
S g oS o oliigye gl wpe il KL
32 eSS Glagg YL el i g b gle S
gl calie lylpl aS el 0aiss (L )5 gl Jlew
50 bl (Sas e IVV] caslonis qal s oty i,
5 Suishyseiise Wi P sz 2 SE jpa> Sy
5o byl md a5 o0gr LoasloY gy 5 i gl ol
LEY] codlons; @lsl 4 LLREE o554 baoslsY cois

WiSe 5 (Juse oS ;3 pU (SB polic gy

S aigad V0 LREE w395 (Sis%z 5 55,03 (o) 2
S3ledlS 0si)ls ) slaaS ) g (63985 0395 ¢Syl Ol
(7 Jgo2) aSeib (Game 08 50 gaenS] 2 gasilon
aed ;0 QREE) o S polic 35,05 a5 aas oo olis
PPM G YYEVA 5l lagy ] polis g osgs YU Cons @ ladiges
Ny, SloSs b LLREE ol,ss col ;o o FYYY
VYY= PPM oS 0 oyl polie g aims o olis iyl
ol &S aes o ol HREE polie 5 ool s 0 YA
4 S ibaie jo GloSo anlp b IS 5k 4 polic
PPM oS o oyl polie g conl adl  zals LLREE
sga> LHREE 4 LLREE coiis sy (18 FAA -\Y 0
ol REE _Sui e Sl 45 wonl ADY —) YO ppm
- 09 @Ry sl Cljl e oS lal
HESM (S, j jzaS polis s WLREE § Sus
laLREE ;| ;5 F 5l ¢ sloJlw .o ThiLa gNbLa
Th/La sNbLa Hf,Sm o cos g o0y & LHFSE
L] s G5l e gl

S 43 S5l 5 (5988 0095 (sladigad ;0 U (S yolic as598

N
S S 4 S 0 Jlmige ol (S polie @5 o8]
S e ot Ll wlle Cuns 4 (639 0093 o [FF]
Eeme ke yob 4 . CwlHREE o 4 LLREE
Th/La s Nb/La Hf/Sm slece.s s WHREE LREE


http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

Y- )o)bb‘;beuw‘é‘o‘fol‘cww)w)f (AR QL\M)‘Y c)LM‘YIYJJ.}

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

Slaaasl glaasly 5 63485 sooogs slowd 4355 Glaodls wlwl 5 OlS § 06 S olie gl oads plonl Sl @l ¥ Joax
Aloads (aseie Bos Lol pon raw 3 diges AY 5 (b Jol diged 4 a5 PPM e 3 ICP-MS jig, 4 aiS 036

Lgas LREE | HREE | LREE, | Y REE |Eugu* [CeCe* | PrPr* | (LaSm)n| Sm,Yb | LaSm |(LaYb)n|(Gd,Yb)n ] Thila | Nbla | Hfsm | CoNi
STZ-T2-1 AR A& Affd OYYF \RAS VYA al YAY VA YAs YAY VXYY PR YA ATEN Y
S-TZK-06 f--f \IYad Y08 005% V¥ VXY ira) Yo VXY YA Y8 VA SYY - 0F 240 VEY
S-TZK-13 a4\ AAnAY YA ov st )Y VY 04 YA ARas AR} YAs VYY < YA ¥ \Y VY
S-TZK-07 AP YYAY fY VVFS ¥a) < AD A0 2YA \FY 1o Vo0 F < AQ < fA - f4 \YF BT
S-TZK-11 Ya .y Y Yy fyvy | Ves 0 i VVEY < AY V4Yo VoA - 50 ¥ ] -ve - -5
S-T7-2-1 YY Y vovy | ovar fana | VEv - XF \A AD VY VBN £av VY I RN wa vy
S-TZK-04 oYY VOFY Yf£a Voo \TEA S ATAAS SNY OVA VAN Add ART ATER -y A ) hd
S-TZK-14 RYZE4 YY) YAa AYANY | -¥A -4 SA5 AAA) Y ¥4 210 0% AN A (Xas AN VA
S-TAK-Si AVYed | Yevy | Aoy VAVAY | V80 A <A VEVS oY Yro- fory 00 coq BT faal VoY
BH1-60-70 AT Rdhand BRAT VoA - AY \IEA <A YAY YYV YA VYA ) VY [hai Fa) [hai \Kai
BHI-70-73 VA ¥ vy [oyya ovva ] own V-8 A Y Y Y5 [ v § G A 3 R N
BHI-73-76 AVO Yoxr YA owvas o \,- 7 <A YY¥ Y 5% OYA 4,50 VA T S Fa RN
BHI-76-79 40,00 vafy [ vryo [ovraa | e V-0 -2\ Y YV YA 07 V- FY VA T IR Y s
BH1-79-82 Yav¥ YA~ YA VoYY - VY V-4 - AN YNF Y f5 OYY AFA VYE <Y ©OA - f A
BH1-82-85 i Yexy Y ¥A V-0AY |- A VY - AY Y AD Y Y ¥ V¥ VAA \Y SNY - OO < FA - OO
BH1-85-88 £V YENA YAS v <A -4 < AA Y YA YAY 80 Vo FF Yo SNY <O PhA) el
BH1-88-91 FENO YEOA | vve a-ay | -av \ < AA Ty Yo) oYY [ V50 Y IS o | ves
BH1-91-94 YAYY YAYE | vva V-2a5 | LAY VY < AY YAA Y OYA AR 1o SAA ] -of ¥ | va
BH1-94-97 A-AY Yavf | ovvy Wess | Al VoY AY Y YAE N AAA YAY SN0 | - ¥A XY | At
BH1-97-100 YYAY YA-Y Afiai V-VAY (e VoA NS AfAY Affas aYs 0y VAY A (a P SAY

BH1-100-103 83V YYAY VYO av-f <A VoY < AA AR Y-V YAY 5¥4 \VE AR S YA A Y50
BH1-103-106 AARAS YAYY AAR# ARAAAN BENAS V) <A YHY YYs A £Y8 Y X - A - va -AY
BH1-106-109 A-AY Yaar | vy AAERAS BRYYY WV CAY MRS Y04 hAfivd AR VA Y4 - OA PR YA
BH1-109-112 of Yo vy | voes YOFA - 5Y DY <A rol Yot DAY VA 1 ra R RN e NS
BH1-112-115 AT ¥7 YY Y 5¢ Wefs | vy V00 <A Y% Y YA X V.00 VY Y R Y -5V
BHI-115-118 03 A8 YeAL [ vy AFAD -V VA Y Y AR YA A FYF \ OA Yy AL N T
BH1-118-121 AASY YAFA YA VY)Y -V Vo0 <A as Y0 7 Ve NE VAN - AA s - V¥ \ oA
BH1-121-124 AONY Y4AY YAV 1100f - AS V-4 A0 Y0 Y4 AN 40 ) VY s - OA - Y \ YO
BH1-124-127 VY ¥ YYAY Y5 R VY < AY Y YA YYY 8F0 AY ) 0F Y - 04 SYE | ovA
BH1-127-130 af,- v YO FY Y44 A\YoOF |- vy V-V - A4 Yo Y f OVY R VY B - Y \ Y
BH1-130-133 avye Y5AA v VYEYY | v VY <A [RA Y- ZYA \YAO VAA K -5 .Y Yo
BH1-133-136 YY Y YV YA ARANZ Y BRIA ATAAS SAY Y£a YoV A ANY VY Bhs S OY “OA \ &
BH1-141-146 \RARS Yoy Yff AYEON VY AR AV ANAl VAD YAY ANid VYO 200 -0 A VYA
BH1-146-151 ARAA AT BN ANAY AAarad BERAY \of <AV Y8 Y-Y AYY VVAY VX Ihid <50 <A \YF
BH1-151-154 VIEVY Ya4¥ YAY VEFS0 VY VoA CAS Y Y0 AgY V) AY VYO X0 has CAY v
BH1-154-157 YEYE YOFY | vay a3gs | -ve VY < AY oY VoY AYY [ Ve <oV | -y S Y
BH1-157-160 5.7 YE¥S | YAY arey | -y VY <Y fAY )50 FAD v5E [T I IR SAY | Py
BH1-160-163 2 Yyry | ovra aves | oA VoA < AY Ty Yo Y YYY VEA SYA | - ¥f YN ¥
BH1-163-166 AN YAYD Y A SAY \ AN YAA Y4 ANZ jakd VEA Y < XY Phed VoA
BH1-166-169 FEXA YV q Y X0 ¥ FY < AY N5 - A¥ YrY VA 504 Al ) SX- Bhid ¥as Y00
BH1-169-172 $E458 YO FA YOV q-5F - A V- F <AV YV \ VY £10 YY) Y - ¥o - OY - V4 ) A
BH1-172-175 VoY fe | vaey YoV \YYEA ] -g V)0 <A 8 \ VY AfY 4,y V)0 00 - ff N \Y$
BHI-175-178 vy s [ yvey Y 5T ENA VoA - AY YA VA FYY AN \YY el IR I R
BHI-178-181 055 Yo [ vye MY ] VA [ Y\ YV YAY 0% VYA \ Yo T IR E N
BH1-181-184 DOYF Yo F YAF [ A-AY vy N -7 YA YA A FYF \ Y - LYY I G
BH1-184-187 PA AAAY YYY A3s \YY ATEA <A Yy YOA AfTA) 53 VEA N X0 s AR}
BH1-187-190 VAT YOV YYO AYY VY AR thid YA AR AfAN £Y8 A DA i < XA \VEY
BH1-190-193 OOAY Yo YNV AVoy \YE VY VY YHY Y- AN £YY AR Y4 Y iy <A
BH1-193-196 oY Yoy YoV Yy Y VXYY VoA VY YO\ YYY Y £Y¥ )V ¥o Y | XA - fY \YY
BH1-196-199 0F .Y Yexvy | ves A-X VY [ VY ¥ YYY ras sY¥ VY N Y Y Ly
BH1-199-202 oY) voss | vy YYEY V)4 VY VY Y4 YYY TAF FYY )\ OY ) XY R Y
BH1-202-206 DOAA YOAY YOS MY AR} ATAAS EhAl yva YN £ Afad jakd 10Y S XY i \YE
BH1-206-210 500 A Yad YAV AN VA V)0 e YAY 144 YA £YY VYE XY ihid VYA
BH1-210-214 YR A% Y)S AY XY Vo WY ENA) ANA# Y- f 00 £YY VEY A <YV <A
BH1-214-218 OFV YAYD Y A - AY \ <A YAA Y4 YA £V8 A PA Bhas Bhid VoA
BH1-218-222 OYAY YFVA ) AA YAy VoA VA Y Y VY YYY £\ £V8 ) YV - YY - YA \ 78
BH1-222-226 vy yvay YA AFE \- 5 VoY - V¥ Y Y FA DY AFO ) A LYY LYY \F
BH1-226-230 O F) YY 55 YAY YE,-V \ XYY VY 2 Y oY Y § Y YYY VFY LYY A - AA
BH1-230-234 OADF YV ¥ YNE ADAS VY VN - NY YAY Y Y4 ¥V VYA )04 < YA -YE VN Y
BH1-234-238 OY A YOA Y4 VAYA V) Y - FA YA YN0 [l £V VY'Y ) - ¥ Ve ¥
BH1-238-242 OYFA YEVA AT AfYS \of WY Y \fted Y YV AR ja VoY Y | o-xe ha \YY
BH1-242-246 AR XY YOA AY£0 VA VoA PN YAA YNA 40 YYA VOF ) Yo Yo \¥ed
BH1-246-250 OFOF Y5\ Y A0 | Yy V) Y YA YYY [Tad VXY )Y A IR -t VER
BH1-250-254 OFAY YVt AftS4 A0V \YY VoY SN0 ANAS YYV Y00 VYA VY Y (Nid XYY 100
BH1-254-258 8O FY YY) ATTA) AYAY WY V) A \fied YYY AfA] jald \¥ad Y ths B VYA
BH1-258-262 o) - Yo Y-t v#- ¥ VY ATAA) e AT YOf XY VY VE IRL) XY LYY \hs
BH1-262-266 AT Y000 Y0 YYA VYY 10 Fa) Afta) Y-V Afitd £YY VEY coq A LYo \YF
BH1-266-270 INf\id Yo AR A SY VY V) - Vf Y& YNA SOA jid 10Y ) A - \OA
BH1-270-274 £340 Yyoy | ovay yrfs | oary 10 S0 Y5 Yo (i Yy )Y A RN cxo | o-va
BH1-274-278 AY XY ¥, Y SN VYFYY < AA N5 AY YYY \hid bFY Q) \ A NY - ¥ Yy VA0
BH1-278-282 \YV Y Y447 Y VFYOF A ) - A¥ YA Y00 5 VYo Y VAN - Y\ - f4 - f YAY
BH1-282-286 \YYNF ¥ Y5 VPYEE - VY VN Y <A Y0 YEf Y- 0 V) SF ) FY .Y - £\ < FA YYY
BH1-286-290 A\YAAY | yafo | wry VPAYY |- va V)0 A ¥V Y Y VO V)oY ) VY VY - f4 < 0F | vof
BH1-290-294 A\V-FY [ YveA | ovve \OVd YA V)0 A £ f YV Y AV YO VA B - fY <o | vfs
BH1-294-298 VY- 00 [ vesy Y ¥4 VOVAY |- vy V) <AV YA Y00 #FY V)Y )V AY V¥ - fY s Y YA
BH1-298-304 \YYY Ya Yy \Fzad EAA) WY “AY f-f YOV [AA) AR¥ai VAN Y 50 Fa YOV
BH1-5-400-410 \Fafitd Yansg AfiAs YXY Y SAY \ YA Yo YAY ARV YAV Phid SO XY YYY
BH1-400-410 VEVeA | ovaxs | owve VASXY Fad WY CAS AfTAN YDA £EA \EYE AAA# ALY A <X | vev
BH1-5-410-420 | \vvaf | FAAY Y YYSVA A <Al \I¥4 ANA# At 00 vaq VYA - va <O ¥ax Y
BH1-410-420 AYVAY | YVAS Y ¥4 \Fahtd el VY <AV YAA YY) fAR \YAS YOA Bh A - Yf Yy
BH1-5-420-430 \SY Ve | F-f0 f-Y Y-YY Yo <AS VeV YO YEY AN Vo OA yya AL <) Sry oy
BH1-420-430 awYvys | vefy YV VOVEY | A -AY <A [ YY¥ #VR Who YoV T IR s YA
BH1-5-430-440 | vfoa¥s | vvas | var |avey | .o < AA \oF YX¥ [ TAA 450 YV v | oevy 2y [ ova
BH1-430-440 ATV A YA VFAND (al ATEA) ~Af YA YA I AFAR AR Phid (Xas Y Y VY
BH1-5-440-450 | yfvya | rAo¥ YAY VAOAY | - vy - AY \AA) \Aid Yo ¥4 1,07 Y)Y Bhai [hAs Ih fYA
BH1-440-450 \YONF Y#) YV AV XS - 55 ) F <AV YA Y VA Y V2N Y - Y¥ - OY I Y FA
BH1-5-450-460 | \vAdos | f-yv | Yfo \VAYY -V -4\ V00 Y EY YAY f-4 VA VAT .Y - FA <0Y | vfy
BHI-450-460 " va e YYF \OA -V V-4 < AY Y AY Y- ¥ FYF VYo F YAY N Y LYY | vvs
BHI-5-460-470 | vevyy [ fvay [ vyy [asef | -vE - AY VoA Y £] Y5 FAY VY¥ VAV LYo | A 05 | YA
BH1-460-470 A\YEY YEVO Yy \Fe VY - A VO - AN Y0 YAY Y-8 A\Y0) Yo¥ SNY - fq - Y V0



http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

Olnl (owlids SIS 5 (ool oy alo

6N izrolons ol L vy

Sample/ Primitive Mantle

Sample/ Primitive Mantle

Sample/ Primitive Mantle

1000 10000

=3
S
-

=4 e
= =
<
=
=
=
=4 o
= =
=
-4
E;
=t &
1=
=
7
S R Y ey P e o] g
o byt 21 S w5
¥ = digai oluws
= A———————— e ———— A——
“Cs RbBa Th U Nb Ta La Ce Pb Pr Sr P Nd Zr Sm Eu Ti Dy Y YbLu La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu
g s
=
g _________________________________________
D o NN e e i O o e i et B el I i e
S £ S
]
-]
=
=
=
i DN NI W N e )
=
=
-1
3
L LT T TREENE R (O, S S L e S
£=
&
s
e e
Co ot =Sy 51 Gl F3 b (5398 00y slaigai []
¥ = aaiges olows
S
Dol e s S s s s s s e s s e s s S s s e s - + v T
Cs Rb Ba Th U Nb Ta La Ce Pb Pr Sr P Nd Zr Sm Eu Ti Dy Y Yb Lu La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu

1000 10000
2

100

10

0.1

=

Sample/ REE Chondrite

i o 3 b AT slatiw 6o [l
Y = diges Slasi

La Ce Pr Nd Pm Sm Eu Gd Th Dy Hoe Er Tm Yb Lu

(o dFF] o 0iS & consond o ool S 5 (65985 0095 pllos L5 _oxdans (sladiges o S5 polic w595 655 (1 1 JSa
A Cmnd 00 Jlomige «Selss, T Gl S0 aigy )0 (xlaw ladiges ;ob S5 jolic (o dF0] adgl 4t oF 4 s ads lonigs oloS yolic
5l g Sl So anyy jo (b gladiges ;ob S jolic (& 18] adsl aiisd a4 s ool Loy GloS jolic (&[] oy ,yuis

L¥0] adsl 4l 63 4 s 00y lonige CloS polie (7 5 [FF] Co,0iS & Cad oals ) lonigy (omadins

Sy e 0dgd kel wig, S LU L CS 5l S jo g aimo e
< iU gZr Ba Rb Ph jole «logei opl Gululy
JSas b bl o Rb moldl g e cute (g)lun
Nb 5 Ta Ti Ce .Y Sr .ol Gy yus 5 oy slo S5
JURS ] QRVRVINE AW P SERVC ORI SORP S EST RPN
s ) IS el PR DL w5 g Sl S b bl

(o

gy 2 0SB pele (Sadl ritie &y o
e a4y wilgs oo a5 Dgd g0 00y S A8 iy Slss,l SleSo
ST YL i g ol Lol (s IS slacdlon )i
Qig, 90 @iy opl 0 EUsCe ol [Y-] sl S
SeSie laged ;o aes oo lid |) Cudle e (g e o
s dFA] adgl anigd 4y s o Jouige oleS polic
s BLREE a5 )b 4 wed o ongo glabl ol
olis 1) pasin Sos e LHREE o o LLILE


http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

VE¥ lie; oF o )lod XY als

WS o0 ot o (il S Dt W9 5l (e oo
- Ole b e ey LREE 5 Suas s s
Sl S oy 518 5 e Sle S ol s LREE S
S a3 OF YL Cos Sl Wlgs oo (S o = (S5
polie SeSie Jogei [V ] ail Sle 5o Jotus sloJlow
2o ol fF0] adgl aiigs 4 cos oad gy LS
- ola ly asl gmle 68 S e Sle S sladiges
ol elalp cad LU G Cs 5l _zals ws, bsS 5 oo
adgl S 4 s U g P Pb Ba Rb jolc (loges
sl TigSrZr Ta Nb ol 5 cuin s)lun o gl

O JS2) siin e g)lmin (o

Seekgn (Sl 50 p0 90U (SB ol 393

ST Ay S o Jlrigy GLREE a5 S 555
L oolyed (635 o009 5 il objee Siw Lo [FF]
s S b by Sl Sl asile i Sodugp Sle S
45 035 WHREE olic Caows a3 WLREE ;I Laseis it
WHREE 4 cowd LLREE _Susé 5 il SiLis
oL REE ggomme (1 Sils yob ab .l Sl S 013 b
sy 4 ThlLa s NbLa HfSm claces 3 LHREE
SOV e Y FAAT AYYAY L ol 05087 ljee Kiw o
YEF e DAFA L ply 395 0055 Blbjme Siw ;3 5+ VF
Ce coze sl )lun o sz iz < N g+ YO o FF
5 C8 cute lmine g (il Oljes S L EU o
Moged 5 35Bie s (G358 o358 Glje S L EU
S b sieysy SloSs slanisai & by S55:Sie
wigy 5 Loy polie Sl «odsi oog 5 (il Gl
SIBE 3 WS (o0 S 09> pllo 4yl S 4 by e
Dz o 4y Wi oo a5 gl oo os LREE piny g5
Slo sl g Soanl ol Gz ol Sl by (b
i SleeS polie JeSie jloges yo Ayl sty Ces)
5 lasl gl oI ROl adgl ansss 4y s oud
s, s b o en LHREE & cows LLILE 4 LLREE
Solie logas ol elul s g 995 se0nus LUL CS I zals
Cote sylun o sl La 4 Pb SrTh U Ba Rb
b o Hlis hie gylmin o ZF g TiTa Nb 5 wes
O s

ok (Gl 58 50 U ( SB- polic i

CoyS 4y Cuwd oad Hlumay LREE #5650 IS 55!
I SOREP N I AT TSR BN OSSOV | 4
@ LLREE ;| jasie daie ol SO (g3le S5 0 ls g0
- g Sl LSl aS sms e oLt |, WHREE caws
SloySo anlp b LHREE & cows LLREE _Sus
e s WHREE (sl REE gyeme cnSilin y5b 4 and
AYEDF L plp ewss 4 Thla g NbLa HfSm la
Seae Jlogel o e N1 4 oV XY SO YHFY
S polie Oliess ( pundew Slo 50 sladige 4 by ye
St 98 0958 addsl S oS5 4 by je s, 51 50U
- o€ g el ddlaie 205l Gla S wig, Al aSly WS s
@igy cpl 4 050 oo 0sd (SM 32) LREE i, Soi
Ol sie )l BU jaie 50l s)lin 0 C8 paie
S 00 oy SleS polis JeaSie jloged ;5 .am5 o
aS Dgud oo 00y (glaidl yislas (56X Lfo] adgl ansgs o
ol bl ams o lis [ LU G Cs ) aels Wiy, SO
Casito 5yl o slls La s Dy U Rb Pb ,ole «loges
Uiali8l g B gileals b bLs, o Ph zolidl a5 ss
sl g s g oy Sl LS5 L BLS) e Rb
slwa o TigTa Nb Zr Sm Sr ole @ o
(g 5o+ GUSE) wms oo pLis e

Sty Sl (Sl F0 50 90U S elie mje

[FF] o yasS a4 o oas Jlina, REE 555 IS (565!
S ok ol S5 (5398 0058 5 (a3l pligee S
S 5 ST - ol (53l SIS 0ad 1050 (S s
- o b5 |, BHREE o 4 WLREE | i a5 o
4 Cows LLREE Sas 2 5 Gl Sl a5 aas
rolie 595 6651 5 el Slw)Fs anls b LHREE
4l Glgen w2 b Gliee Sow 93 2 0 0L (S
oo 3 LHREE UsLREE gsame (el ,5b
x50 e Koy s 4 ThiLa gNbLa HFf,Sm
Slisee K 155 VA g0 FY o FFYAAY VOAS L il
XS g e w0 YAN . AEVS Ll e eog
w5 P EU Lite 3 C8 Coze (5)luin o ooz aiiis
ol ez Gliee S 90 2 3 (e - SN
—S Sl Glease a bae (SeSie s


http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

Olnl (owlids SIS 5 (ool oy alo

Ls;)ls ‘WOL?MJ ‘OO‘JJL.}

[

0.1

10

Length | Geraphic .—E o
m log P v G W ———— 5.
[i] H i
1 E . A . ]
N w
20 — £ o
g =
- O =
Andesite lava o %_
4” — 1 githff E E
" o

(0]

2004

220

2404

260+

280
300—

320—

420

Porphyritic

400—

FLT———

Sample! I‘rirrﬂlilivc Manile ™
I

P T A A Y A A s M U R PP P N N A
=/ £
80 7
z
100 Porphyritic 15
Andesite =

10

1

Sample/ Primitive Mantle
10

0l

160 - - et = g3 S il T3 by (gdadl 025 slaaigai [T
4 1 = Walgai Slasd
S Ris B Th U N T Ln Ce Fb Pr 5r D Nd Zr SmDu TE Dy ¥ Wolu  La ce Pr Nd Fm Sm En G4 10 Dy Ho Er fm Yb Lu
]
] 80 N Cuahhro & =
Microgabhirol

Sodian Sl b gk ey sladigadll]
o= digad alass

C3 RN B0 ¥n U Nb lala Ce Pp ProSr PN Zrosw Ew 14 Dy Y vpLu

La € Fr NJ Fm Sm Eu Gd Tb Dy s Er Tm Yb Lo

1000 ouon ojol

le/ Primitive Mantle
[

100

100 1000

[0

Sample/ REE Chondrite

Sty g Lo by il glaRin sladisai [T
1+ = digad Sosy

340 — Andesite
2
360— “g
380 — 3
ﬁ

o

100

1

Sample/ I‘l;iumitive Mantle

0l

“ Bl Ba Th U N Tala Ce Pl Pe S F N Zr Sm Ea 10 Dy ¥ Vhin  la

Ce Pr N4 Pm Sm Fu Gd Th Dy He Fr Tm ¥b L

100

Sample/ REE Chondrite

[T L 3 ey el (e |
Vo = pdiged Sloai

Rb Ba Th U Nb Ta Lu Ce Ph PrSr I Nd Zr Sm Lo Ti 0¥ Y Yhlu  La Ce

Pr N0 Pm Sm Lu Gd Th Dy He Er Tm ¥b Lu

w;mw 'o..\.«ﬁ)l?u.e.' _,JQQL,‘.JJ@LJ.Cj[ff] w)&_{aw‘ 'o..\..;":)l;b.e.' ))ebgb)..ab_ce)gb'(_;ﬁl ;.O.o.c“ Q‘,.a..a.x.:w'"..\.ij) VY USS

6)“'9)9‘ ug‘)d.:] d.>|5 9 609_0.1 0.593

HfSM slacs 3 WHREE (LREE ggome o Silo
5+ OF o ¥F FAYY OFY-V s o Thila , NblLa
5 Ce cuie slas,bun o oz, Huzes ol VP

S (SAb SE 0gb e ongd Slw S ol o BU ek
i iz e 4 Wil o 45l oanlie 5 LREE
et po a5 a3k ol gy Gl S L

30 Sekd g by ¢ s o = (S0 Sl S0 (laaigy ;o [¥0] 4yl

Seld o 59 0 b SIS ol a5
S iS4y o oad iy GREE o555 IS (555
Seld Slo S0 b ol pen (3585 0395 ljme K ,o [FF]
|, WHREE e 4y LLREE | aseis iie o Sy
LLREE Sos e 5 Gl Sla a5 avo o olis

b a4 el SleSs anld b LHREE 4 oo


http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

VE¥ lie; oF o )lod XY als

S e AA g A VPR il Sl b T gl
- S gAY VY e VA g e S e S
U N el oy o AY g VA e NE e sl
1 sy 4 PriPre  CeCe* EUEU* 5 lua o (nSlee
L 63g85 03¢5 ;0 /s 5 VYo V0P Jlu 6348 ooy
e lS Sl Ss L (Y VE g o N0 b5l Sl S
INY cdogy Lo So b AD 9 VoA VA Sy
e AV 50 AA e FA LS SLe,SoLig s VF 5 )00
- Jslrs by ol (SB polie cantias o e slaany ]
Lilyd il (S glise Jolse @ gloS lo
e @31 L] (JelSs gy (b (ole)S Sl saloans 523
(Sl slagg cble s pH EN o alex 5l ois 05
sl gl caniias Lol Jole (Jolo uulgld 5 (Slavs
@ b » Wi ogeme b5 slalw ;o SREE
 BUEUS iie ol L5 5358 0055 59 s gon s
olas 1y EU § Ce cuze )lun o 5 SO 5l i Ce/Ce™
Candlad b eSts Lames ,S3Les C8 Coite g e g a0 oo
cde a V-] el ooy cnl Hoks ley Lo ST YL
Sl oyl Ca by wilg 0 EU Ca? L EUH Sg alas
G 3l 09 BU coe (g)lnim o cely 5 0uds LS5 5Dl
Cix by el Saie oS! Luls s EU Koo
oS [0Y V] s 0 35 peie aST g b
s a3 EUEU* cons lp V) eSOl i
5 (s o S S sla Sl 5o sl Ce e g EU Late
SzmS|- gl g slaaxnS -5 ) olalS (biee Subion
a3 Y0 YU les il olo)S lame sazmsylis
ol S b o3eeST GYL el ol il
woilen Gla S5 LSas b as [0y Al s b Sls 5o
Ol lsen cwile Cdl L cenSe 5 o, YeSl
o b BLil s wilgioe BU e (g lntbi oizron
w3k Lo SLEU 5 €A zg55 5 Gl ySo (b el
Ce/Ce™ o, iings Hloges 3l @l ol JyuS lp [Val
Sladisas (VY JSE) ai solina [Fa] PRPI* o cos
ite )i o 058 3o )T aiged 53 5 S LS
Cote )l 9 C8 (Sass Sk o5 W)l 18 Ce
we olo S glaslne 5 5 ool blyi LS s EU
2yl (Slotred S ohag 2l )S lanidlgn jpax b &S

2 i o lis NaO 5 SIOp slaousSTL YU 5 coute
DS Ay Comd odd gy LS jolie JS9S0e loged
S 45 g oo oy Bl Ll o651 S5 FO] adsl
Bgas (pl B s o olis LU G Cs 5l zals asg,
ol g 09 Cuite 5)lwia o o P gDy U (Th ,olc
2o o olid sie g)lwa o ZF 3 TI P Nb Ta Ba
NQRIL o)

dgei b SU jolie corbie; sbaeil 4l
g WSl ERE ol,S.Nf ©SOg4 0393 g b_aLw.cz....»T sl
9 Syt A Cud ol iy FoSie slayldges Julo
L olie S 5 5 WLREE 4 (Ba, Rb, Cs,U, K, Th
LHREE 4 (Ti, Y, Zr, Nb, Dy) YU (,sb olue oo
wilie,d slele oleSle cdlad asli a5 o) 04>y
Gl loges Wgyen 5 wliv oIl 4 4z L [FF] ool
‘) J.A‘ U”‘ U‘B”GA ..\.»So)l_v u.,)oT (_;‘Lﬁuj.».w e @9&.“-
Ll wline ofiwls 5 bSw gyl oanly (Soop Kl
LVl cé 5 Ja o lapyT lp 1) aolie guie Lo

Ce 5 BU glag oua g juunis
Il Sy ) Gt oslidippe; glaailols o Ce g EU olic
2 5 35l canb o (Ced, Ce*', EU®, EU?) _iylus
S LS b S g0 4 LREE ool jlvigy 555l
S yaie 93 18, Julos ol [FA] g0 oo LLes
-l ol s S o gl o8 slel, LREE jLe o
Slp Mgkl 5 sdiee wmime Lue PH 5 a8
able ;o Pr g Ce EU sl lra o polis 5,505l
@ gl ool HluFs Gl Siw 5 il S5 0a5ls 550
Y Jsz 50 ol mbs as [Fa] w eslial 5 Lauly) 5l s 3

el 00 31|

Ew/Eu*= Eun/[((Sm)n x(Gd)n)L2] .
Ce/Ce*=2Ceny(Lan + Prn) )
Pr/Pre= Pry/[((Ce)n x (Nd)n)Y2] s

o yosS 4 Cos yolie o jlgs N Gy YU Ly, o
eSles woads plol Slawle L s oo plas | [0+ ]
- S o wud i 4 PriPre 4 Ce/Ce* EUEU* 5)lun
- Sow o ‘(‘//\‘ 9 YA "/V/\ WJLAJJM QO QSH)AJT Lng


http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

Olnl (owlids SIS 5 (ool oy alo

G ol w0l L V£

ol ‘S’L.»L.w GJLulS 6'.6)[.9 » 09)_9‘ as o)lo S99 JL@»}‘
Ol 3w 6% S (KK w0
2 5wy S Sy p b aS il b p) 0 LREE
9 Y ALy A_JP 9 Sl M/" . loanis LS’LWL"W
&9 5 mbss SU Fse i Kby (1=70) LREE

Lol 00l e 50 b jwe Ko o LREE

oS Slo 5o Jsrue gladslxe 55
Jsloee onls (roand 6l (pleerdiny laghs; 3l
2 Fp Clrdiges TIO; polie l solitul warsS e, 5o
Coole 4 by SOl S TIO, jlade a5 &j5b ol
LOF] el ol conle a4 bgy e SO 5l yiis 5 Ol3g,0
GV opnd o by sladiges @lp TIO, polie
Sl 10 N0 vgas I xhu ladises o 4 ¢ AA
51 ool .l pate (5,T Sl 0 VY B paadiw
O Cows 26 polis g CetY+la o cows BatSr g
Ole S gladslxe g5 pais slagds, o 5l TIO,
bl L IYF] sl e aihaie o g5l SIS Jule g oansS
L ol5igy0 il 59 2 dojlogal cnl )3 (oyyt 9,90 Slodiged
maigy JolSS g (0SSl g dez g ks Sl B
I8 Slosg pagew wiSo3l Saws 08 Glo S sl

AU SE pole migh p Siw it G Jus
sloayy ;o LREE (lpe olpe 4 U atws wn
SaSIS a Ol ahox o1 51 45 Whad (I3 SLa S
7 sloaSTly a5 oSt bholind Gla Gl o)
o)l (S 5 5 asl Gleoland el G S (2l 4
Sla SIS oges i jolate 4 gy onl o [YF] o8
VAl g s, (Kinon oy 5l WREE (Ljee
9 SI0; (o YU g Cotte (Siaaon (F Jgaz) o soliul
(r=+ YA L) Tm 4 CaO «(r=- Y L) Nd 4 Pr Ce La
3524 (I=+ Y0 L) LREE §Na,0 4 (r=- ¥¥ L) Lu 4 K,0
bl g sSsse ol S S ol (i Sl o ol
a5z & LREE coss g 55,05 50 cadgh jseise g
5 F&,05 slaonst 5 LREE o cedl L5, Sle 5o
) W Sz Vb g hie (Soren e MNO
35 5 pas saimd lis aS (=Y g =« ff L L,
3923 @y -l J05:550 g 58] sl SIS lawy LREE
57 4 LREE 3 P20s (0 YU 5 cote (Stan ulpo
Er ; Dy Eu Sm 4 TiO, «(r=-f6 L) Lu s Pr Ce .La

ol ((r=+ ) L) EU 3> &y LLREE 4 Zr . (r=- Y L)
OS2 5 Mpeslis el glaclins gla IS a5 ams e

ol sl e ol (SB jolie oo g J 58 50wl e

(VY
3.0
I: Positiv Ce anomaly
I1: Positiv La anomaly
2.5 - no Ce anomaly
11 Negative Ce anomaly
2.0
z
—_
9 15
54 =
~ 5
i o
11
0.5 -
II
o o 1 1 1 1
0.0 0.5 1.0 1.5 2.0
(Pr/Pr*)n
[ sy~ S35 il F3 1 (50 ooy sladiges  [1] Soled SluFo b sdghi o3y slafin sladige
[ sy a5 Gl S0 b sdghi ooy slaaigas [l (s o (2 5 Sl 50 L LGS sl sladiges
W Sy Pl fo b gosi ooy sladiges Sty Gl 0 b PLEALT slacfin slaises
[ ol Ly (s39ii 0397 sladigai B ol Sl fo b GlaaisT sl wiges

l) Ce Md)m =) Ab‘.) )‘)sla).}-hﬁi IO PO 6Lb4"5"°"’)"““".‘3"‘u] L}&JLAM‘}’AS (PI’/PF*)n AJM(Celce*)n )L)j..o.: \Y J.S.fb


http://dx.doi.org/10.61186/ijcm.32.4.683
https://ijcm.ir/article-1-1898-fa.html

[ Downloaded from ijcm.ir on 2025-07-04 ]

[ DOI: 10.61186/ijcm.32.4.683 ]

vy b Sy LS o Lol polie e e oyt

VE¥ lie; oF o )lod XY als

o S sy g (aw sladigel o (Lol GlasSTy 0b S polie o g Slad) (Saod o o pile (o) 2 F Jgaz

{595 (Smen ™ changlo (Stcan ) (o) 529)50

oY oY C¥A —Ff —e e - —FA £ - FF N Y oY
¥ RN o f XA BN N Sy SY¥ - f- “NA - ov”
Y- IRV ) —feT ia A A IR —X¥ SAY oV

*. Correlation is significant at the 0.05 level (2-tailed).
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