[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

Iranian Journal of
Crystallography

: sm3y Alis o
and Mineralogy Gl G:"h“lkf'ls J
_ O

U‘)ﬂ‘ G.JLZ..?: 63[55 k5..4[.2.?:)51.3 A.L'gu

ezl Lils’ jo JlaassT oliee Sow cond e 5 S50 o255 o Sy (o) 5
b Olml;dT (G559 Jled)

Y \ .. ) . \ .
Gy Ol pten damw ¢ (Soke 5988 S ¢ (5 INS yrol o o F (5 poli Cpamn

St 57 557 S gl o5l oA e ol 03,5 - )
OOl 52 (tne 5 (ool e Slajlor i pole oaSiing o - 7
SRR AT ISPESIT 2 7ARVIS JVEICH IS

SLaassl gl ol @ly oLlsyl (2558 Aty 53 05Kgm e iz 5 059 b Jled po Dhidazd] aibais roa,Sx
5 Sedsy SIS b oS ais Couldgy; 5 o jailoanls wpls il ST g casuT Jels gl s b gy 390
SV sban 5 Selis)] Gk 0058 Gla gl S0 b oelen ()l 5 (omrkow slaaS) jpam loud gl o saileals
9 Sl o o 1oy S S olpod oy 5 B i SIS g Jlid sl S el ailate (] 53 53l SIS slalonns
S g5 el isdisd B YL aely oll8 ol et pw 6l baaSin lonijle clofle aiies 15 S 6o Fis 5l o ,lS
2o b pobie & o (LILE) (52 oo comgs S yolie (Sdsgi8 jSILAS g i 4y 0ad Jlovige Sloat joblie 5
eleSle el Sl ames o 5 Ti g ND ol iie gylmial 3 Th g RD K olie et g)lials 5 (HFSE) YU oo
b S ol Fas oé saias ol 55 (REE) job S1 ol Jlogas ol [iilhey 5 slo,B ail,s Sleass] clayles
6y SLeatT glacKim sla i 5l 45 005 (MREE) ailia 5 (HREE) 1y ol S15 jolic 4 conns (LREE) S
Gilises 6loSgas gy it g8 sl b b anied Fai o ;L gl ) el leSle GloS &y atls LI Sal

s o Lz 1y (glo, 5 Jlad ailS ils 8 slaargy oles (e larsme o oliis S

d){mﬁd.?b/f "cﬁ'/") L‘J 4JL’-(U‘UL})$ ‘WU"'OJ “5' 6@56%.15 6&03‘5

\Y"\/\ JLA-A-’ )Q 9 KWW @9}‘; ;...&} ulﬁL».J‘ 9 (g dodds
ool 5ol aslsl BlassT LSV E i b eSS Class] 2 OB) kelS g (e 53y o) 2L slajls LS

doy ) ke Lol YO sga (glo s wblaaS 5l al> e B8 i Jlods (6,50l S VY o 5DLaS ax] ddlais

(WY JSo) ool -5, a0 (g lsle sloasy,
S A jo oS pl ol oBaus syl I8
SslS Cgiz gteshS Ve g (@Y S [YO] gl
05 )15,2,5 Fblie (r 555k ey crl-esl @y (55gm (e

Ort @l Slaiee b (B0l ol 355l
Gla o,e g By FFOFTYY o 80 YA Y Gl ok
0y ol el @8ly Jlods YASYV YY" 5 ¥AZ YA" VY
Olojle GLulid )5 Lawgs VYA Jlo o )b (et sl

ey hgy o led Soae DllasST g cwlidiue;

Hossein.naseri@tabrizu.ac.ir : S xS Cawg o« AV YYAYYAVY 240l ¢ Jofue o0t o3¥

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



https://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

Olnl (ld G g (ol ol almo

S8 (Sgke 16 SN w5 ol \AR

572000 602000 632000
s L L

662000 692000 722000
1 L L

} &

[ A A
N A g £
g1 ! \ 1 S
| N @ g
< - g

o NAstamal l'
fhle“:" K"]3| /\njcrd >0ﬂd Ky
2 Ba:mnl | Zand Abad e 3 v s
=3 \ o~ S
E 7 IR acorien Y. 1a2raye Shadi Smd) Arca fgh . / g E
N Chol geshhghl A 2.2

?,,Aslﬁlmn \ ' *
/ Intrusive y v

Sanlar

Niaz:

T\nghdnuz
Andab Safikhanlou

= =3
= (=3
g LS
3 S
< / -
Legend Bl Dioricc (’ ‘} o
Lithology I Microdiorite = \ “u
Quaternary [l Granite, granodiorite -
Cenozoic B Quartz diorite porphyry \“’\-\\
I Mesozoic Il Monzonite, Micromonzonite \\"\\_\_
s B raicozoic [ Gabbrodiorite s
: neratization I Granodior g
1 Mineralization ranodiorite Study Area rs
q Epiticeinal Microgranite, aplite, granodiorite Y g
I Alkalin granite to horn- biotite Fault
® Porphyry granodiorite
*  Skarn Nepheline syenite
T T r T
632000 662000 692000 722000

BLaBeatl JLlS alad 5 olylom) 23 gy 48 (05 [¥] ol 5l slmaiy 52 BLBeol 3 SIS 05nf Cupabye (Gl 1SS

Al )b s Glp Glagh ol g eais plol o us

RUW PLES KN

oyes (olidiee )
039 Ollewl (2l aiyeS 5l (oide @Mladazd] adlate
Srdom oo e 28 SyegelsS Ve 0 g (@) S
Ohlyl 650853 oo oS Sl @Bly JUAST 50 9 (59509
S obb)l @l s S )l 15 Glnl o8 Jled s
5 003 o)l Glmlydl gl B (slaosS ans, 4 o Jlod
g2z Sb sl g aboe 0LL 4S5 5 pliie)l s plnil
20,5 oo Jate 635 50 Olnl (@158 S yeS 55 G plugi
e 5 Gadse e Loyl 0058 050 diyeS
1310 ;eskS 85 shls ol bl o oS [¥V ] il (goouie
loaiin oxi Sy g oo Ly JueglS AP L Fe
Slrodgi (izad 5 Sfgigins 5 Al S gigm, - Sliassl
Iepb laggeis) jpax lwl Sdgigie 354
2ol (635 po Gl and K395ty 5 (nyeelS 5y sloaisle
Olls Olmly 3T oIS jsboas 5 adlate () LSy 4z U

Sydy5 D) Gras dond Glrosg b bl o g3 p5S
097 Srdim )l b oas cwl (bS5 o)l
can [ A]l Jobsw dV] —tloam e [50] 5
- de o vyl Jas 1] RS A L Y (PURPS
oo D10 O] 69 e )5l 153 [VF] slg>
S 101 Jos® DVA V] syl pame 18] a0 o5l
AAATA 3 IRNESS TR R JEINCE P P g PN ER
5 bl IVE] Lo s - sl LYY Y] bl - SIS
PRAGYRESPIEN A 78 QRPNERP TSSO A A ) BRES
s3a sl onl 09 o axslis [¥4] 5o - glils ao
PA ez e slajls g pandge 5 e i S
OGS R 5 S 5 (emin 93, Gloig oenl argy
ol sl oo ol Camal  Jboasls Sliass] slodc gass
m O el S bl b Sg cnl (g (2l 5 e,
Ol Slaaasl glaasly 23l (o) ouls g (oo
GBS (o) 0T &S Cunl (S Wilodd (o 2 23S
ol Glaassl glaaxly » (culidiney B 5l (ol 4


http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

AR C e g (S5 (ol alS sl Sy (o)

VEY s oF o lad Y al>

@R 9

P gy wihaie polidipm) Conle olulid jghiie 4
9 (Poxe oS whide o i) olme w9
2 b g ol G sl 03 S il K les]
Sieo ghie Vo oy dio- Sl 2hia) O (SU alade £
Al plxl (Bes g e laisy I ead iy
SloSiw olordme; GBS Ry (o2 s 4 (izren
FoS o syl diges 1A dlaws (o lalS Gl 3]
S (ploord (o) 4325 glp dsgezme (pl ool (LS
A cls o LSle @;Ms(gwsslwlﬁu)‘_}f
(Siko o5 5 Gielo,3) aigas gluwoslel 5l g .V Jg92)
giS Same BlLasST 5 wlidine; lojle oKislesl 4o
X G5y ouloygild w3y, 4 ol ole
-l gy 4 58 polis 7 ) sga> 2do L (XRF)
<do b (lCP-MS) Wl cihx slowdly 0)> (Priw
bosls Jodowi sl plonil s 50 43525 0 ) -+ )\ ppm
slaass puy lp g GCDKIt J38l o5 5l ol (o)
2 oolawl ArC GIS 10.5 1331 o5 5l ol e

Sliais] (doaxly glpre sloShs

lee 53) (olidiine) 4il 4 5 @lye Glo (ouyn b
3>ly (p 503 7S (Y JSL) oy z 990 adlate (Vide -
O A Gl U laulgas axly ddlaie onims LS5 s
Cdgry 9 ol , B C":‘.}‘”—‘ IS5 b ey ]
sl o l2aS ) Sl alold L oasly opl ol asie
gl claarly 5 Cosl o el Slu S s Ll
TSl i oo (LS 55 |y (S p 9 Sl S oGl S
sbosly po adhte )5 ey, 5 Sy S L osle
-l B il Glachls 5 G ogir -0 Jled
eazly (59,0 4 Grb opiz —of Jled Wiy, b (Ll
b 5 Sle, sl Wl ead 5,5 Semas
Ol Olgie 4 (o859 g wied 25 SI W5, bl pen
Lo srfls olr slassly il o8 Jos 5 2bSE
sazly Bl co sl b ewjul (S15 Ger Seib oS5
-0 oo adhte wleld)l jo iy g Wlowiligy 1) ce08
Cdyd slaasld b 65515 (pgm) sladaly rizren gD
) jgas ashie IS 0 eadoad le T slaasly

oS kb slaarigs [¥Y] conlonisoly sloo,so 15 535 1
S G ohen 4 lo )8 (g5 slacly S 5 anli S
Aoy )0 1y Fserad sleariy (Sgieie Jluads]
5 Sl cllid S cul o wilin e ook
ol al> o 90 Jals ailate (ol 55 (63155 B (SLL anls,S
slaSiw Jlg el 655055 - Gbb G 5 gl
5 o leld o gl La b S5k it leass]
5 SLiassl glakinw JIg b laciw cal g W)l (isdad
SLiaisl adl>ye dgdce odndyy SLl Gmses (3w,
BB Sk GaSw (9015, b 655155 SLb s
b ol coale 4 analy slag)lshdl e s
o AT IVE YT 0o o pattn (ol Pl 5 (gl
o s sl slagleasst boadlie s oLl sl
B 5 (gted Cumle flin a5 M (o7 S
sloosgs [Y0] Wb o atie lamio 30 Sy
0)90 ;0 Sglite lagsw 9 b b (glosnuS (s39d
VAL wloads 3l lylss| 9k a8 30 g (s
5 0058 SleSs laag Ll o Skee jl 0 a5 [ve
Sl S rdim gyl D57 o G S (rires
JERTITEHRNIR RUW[FEN | & PRY [ PCE TR JCOU R DR 1 SN
Ssdeii b SLb b Sl GmsSdl Glej )3 hlew )l i o8
Oy wgee (Sgtsd Sladed Loy ol £oy0 (LIS
5 s208l,S (mmld slaasS [F- FA] codl asly adlsl
At iy poS (| )3 (5398 B ol 0BT (s
oo Sla Gl aiS e b | ey slagdel oS
63985 slodgs b olpen ol o (hlw)l atspeS )3 (65085
@l a5 GGl sl esls g gl
B Gy oSl (Lol 099 g3 00ijlo e Jol )3 L)
g 9 Srdim odlee e p3S Juld ity (pges
el Mo = e 2leyS18 5 Seim il SE Jold ey
5550 A b Gxbin €5 Gl G by bl
5 Srdim Exie pBS jeax (Jlinll (Jy cus patie
el 45 03 oo LS sy p Sl Gloj 0 bga e (2 Le ST,
LS hleyl @leSle plos” oSS GLL Jole jo n15S
-oud oS5 05 g0 JLis Gmegil 00 S SlaassT colad

Iel oy Jss) wl


http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

Olnl (ol SIS g (ol ol alne S wssle (s SWS w5 2L VEY

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

ooy 4 oL (S5 GlheS slapaie (63)‘5,\,4).3 cow> ) XRF g, @ kol slayaie a5 5l sdal Casdy sloesls Y Jgax
(o3l AN § cojailegwls Da) Pdladasd! Slaass] sloaxly ;0 ¢ paie slocans 5l S e PM e ) ICP-MS

503 0)lods Al-\\A Al-\o- Al-1aq Al-vya Al-vf. Al-vo. Al-vAy Al--y-
S g5 Da Da Da Da Da Da Da Da
SiOy OV SEY 5\ 0\ SE¥ FYY YA 2
AlOr \EVA V500 VO VOXA \EXE V0¥ V0PV VO
CaO \n} Y XA YY¥ Y Y YNY \f\ad V00 Y £y
Fe,O¢ s AV N 4 YO £\ OVvY £A
KO fof Yof Y \i\id fr0 £ v \at Afiid
MgO Al Y¥a Y0) \#Y Ye¥ YAS XY Y
Na,O Mhas VA N4 Y SYA YA Y¥0 )
TiO« Y N4 <Py <FA - A¥ -y PO -0V
P.O, <NA N¥ Y Y4 <A NF <N A
MnO N SNA <A AR <N Bh i SN0 < YA
Ba YYAA VEY VAVY YEY V-8 104 £0A vy
Ce VOYA YFOA N2 \YAg VoY VoA Y4, v YEFY
Co VAV Yo YA VAYS \YAS VAV VAL QY VYAA Y\SY
Cr NP 104 TYYE 23 Voo qayp 150 AYA
Cs Y0A vy Yo YFf YAY Yo YO0 YEY
Dy (ha YXO YO0 2 \IN% YV Y5 v
Er - 08 V) \VE \& \FE 13! WY Yy
Eu -V -AY -AQ < AY A <A -AQ Y
Ga \EY VAN Va0 A VENA WAY \YAD \FOY VAA
Gd oM oFf YV FAY \nA N \FAQ \f\as
Ge Y Y f \OY YAY a1 Y ¥ \FE YYF
Hf NS \OAA VFAY V£ 0F YA VAAY WYY I
Ho VoY -V - N4 N4l - AY V¥ - XY
La YAY YA VEFY A AF V¥ VEAS \YFF
Li VAP #xa £00 VoY AN V04 OAR 00
Lu - 00 -¥q -4 Niid o -4 -0 Ve
Nb Y VWS \YAY ArA A4 9.5 VYEA \i\id
Nd 9 fY WY VENY AM Ve VO V- AY VO A VEE
Ni FEYY Yo AT YVEY \iZat \ara% VAP \YAA
P Ad #Y. ooy V-9 vay V-9 FEY v
Pb INAA YYAs OAFY YY. AP FEYY FYNY YAAY Y\
Pr oFs FYA XY oF £ YA 0AY FAY NG
Rb VYA N\a721 \YEAY VFaN P V£149 ASY Na%%4 VIYAY
Sm YA v or YAA VAN YYY AThAS Yo £
Sn f YO T YAF Y Y Y Y \i\i2
Sr WYy Y- VEY Y " VFE VY- YO
Ta Y64 A1 YA YA Yy ik ey YYY
Th (hid <Af <A Vel <A V- f -AY <AY
Te Nda Nal <00 N Bt < ¥A sl -
Ti f7-q Yava TVey f.q. aVF FAVY YAYY YEYY
TI a1 VYO Yy PO FOY st Y0 V£
Th 12 %2 VWA N4 VY VYAY YN VEYS
Tm 50 -0 Ni\id - oY ¥ N - OY ¥y
U YA YA AN Y YA Y \¥2 Yy
Y 4 YA \§58 v \YOY \V¥ \0OF V¥
Yb VWYY s VA VN F VYA VAL YV \OA
Zr VAA VAY YF) yFa YYf ¥ TYY YYO
EuEu* N <A Bn%a N < Af N44d s -NY
Ce/Ce* - OF 3 Py Py < FA - OA SYA N4


http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

Y¥Y @?&wjjgu)fa s‘jj)’asLSL;La‘;;jw)ﬁ VFV Glasey oF o )leds ¥V 0l
Y Jgaz adlsl
gl Al-015 Al-040 Al-050 AI-055 AI-075 AI-090 AI-105 AI-05 AI-010 Al¢-015 Al-020
Koo Da An An An An An An An An An An
SiO; 233 097 £y YN g f ) £ OAAA 722 09,-4 Y
Al,O3 VE YA VEY \YA VFA \YOA VWEY \OF VOAY VWYY \FYF
CaO Yo XY fAA ONY YA Y- \a £ INER YN f YFA
Fe,03 IR FAY £59 o) V.oV 0A 1444 YAY Y YFY 5
K20 £A4 NE ovf OFY \{as OAF N\as fOF XY 70F of
MgO Y VA YAf YA4 VAA YAY XY Y0 < FA YO Y0 YFO
Na,O YXA N0 \FY Y YAY VOf hs YxY YAA - OF V0
TiO; g - 00 < FA N N AN - OV <M < AA < VA < AP
P,0s SNA N F <AA N s <NA NE NF NF <NA NF
MnO XY oY o Q o f Al XY YO oYY Y NA oYVf
Ba A VEYA f1f £40 VY- arq £V £y VFE VAY 140
Ce YY)\ $ Y140 YEYY YYAQ Y- AY VAYY YYYe Yora YYAY YO ¥ Y1AY
Co YAV YYOY YOO8 YV A A \YA YANY AEAE) Y140 YVA Y1AQ
Cr A Voo 8 VWA \WEY 944 VAYY YYYY £ 0F FYFO 604 FYA
Cs Yva Y\ YA YF) \0&! Y08 Y08 YNV \has Al Al YNA
Dy Y v \YF Yha \hid Y £0 Y £Y YA XA Y0 A YFA
Er VA% (hig VA VYA as \YE VYA VY YyY VAY VoY
Eu VeV <A VY <A A Yy VA VY N VWYY VY
Ga VADO V448 V4Af V£ FA VOOA \OYY VOFF YWYA VOAD VA0 VPN F
Gd £xa £Y0 o £ 00 \is A0 #XA #A 75 FXY
Ge YY# YV A YAD YA Y Ov Y5 hias Y8 YY¥ VAY
Hf 'A% Ve AY OFA Y8 Eha) At vy VOAY VY AA \YYE VWA T
Ho s - £ XY Nas YA ¥y s s N3 Y Ve
La VWYY V0 g VYA VVAT Vef YYAY WO V1AL \YAg VY20
Li YEA Y VY AN 0 YAY \(Ng ora VXY F5¥ ADF Ve
Lu Y YO ¥ SYY <Xy Y SXY - OF .04 NG - 08
Nb YAA oV or N2 FNY £ N2 \E AP VFAD \EXE VEAY
Nd £,y VVFA \ONF VY WA T V.00 V& YY¥a WAY VOA \s88
Ni A O VY \FAY VAVY Y0 V\YY VYOV TYYE £E. ¥ YYYSP YAVE
P \7a% aay vay AFE ) YAD 0. FAD FAD va. vey
Pb \OAF YExa \YEA VOFA 104 i \as YN Yaof rYAq Y-V
Pr ofa ONY X ONY AP I IR OOA VY 909 2\
Rb \FepA \WAVE 1Y00 \YYFE VSE04 IR 17430 VY QAN VOAOF ARra!
Sm XY YFA \l\at YAY YAO TAQ \h3 YFY YOA \l\Zd \a!
Sn 10 fA ovs FAF YV ¥4 YVA if\as YA TAD YAD
Sr Y'Y )Y Y-t Y A \YY VY sy \§e Y VoA
Ta Yva 00 VYA ha Yy YYA YAA Y8 YAQ Yv$ YA
Th ¥ Nas A -AQ N VY N3 Ve # AN VeV VoA
Te - Ff - fY N4 - Ff - O0F i i % <50 - OA NG
Ti TAVY TYYO £evy TEY YN YYVY TEVE FAS- OYAY FFEY OYAD
TI i <A S¥A Mhas - AF s -va v st Y VY )
Th \YAF VFAN \#OF VoY VEYY \O¥a VY VY VENA VOO VFAD \§
Tm XY SYA N4 SYA <Y -¥a SYA N4l N4 Ndd N3
U Y OA \i 22 \f\id YNA YAY YAF YN0 £\ YA Yy Yy
Y \YAFP A Y VVAF AYA YA vs VYO0 YY$Y 1441 \EXY VASS
Yb VOV Ve a4 -A¥ Y Ve A \¥E YYY Yy VYA VAN
Zr Yev Y-q Yev VEY Yoy VFA Y.t \YY YY# yyY Y\Y
EuEu* <A <NY < A¥ <A Nai Nl % <A <A <NO s
Ce/Ce* Al <Y Na s <P N <A s .F Nda <04


http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

Olnl (ld G g (ol ol almo

S8 (Sgke 16 SN w5 ol VEY

Legend
z i | Q": Channel fill deposits
g Q": Dissected ancient alluvial plain,
= conglomerate
.g 5 ~ Q% Q": Trachyte to Andesitic basalt
3 E® | E™: Volcanic Breccia
=
8 g E™: Andesite to Trachyandesite
z EY | E": Rhyodacite
= E* | E“Dacite to Dacite- andesite
- E™: Andesite

Dykes
Z Dacitandesite
E_E,/" Rhyolite

Mineralization

4277000

Silica and Barite Veins
(Zn, Pb, Cu, Au)

Hydrothermal alteration
Symbols
Fault
Road
River

4275500

Sl by ad)S 18 ey ol (Byre jo wsly cnl o)l
b sl S il o5 S5, el clen B SE 5 (0p
Rl @ Sl &5 00 (cwyp 950 adlaie ;0 a2y (o
Ol o Gele 8 e (& Y JS0) ! S5 18 ooy
ool bod S a ol caes (isu g 009 YU ol 4y axlg
(2 95wg S ooy ol 2 (g9 & F lass) cul
- S ol as culasly pl jo Cdle cdl ¢ o 58 e 8L
ez 1y o gloysly ceyo 35,057 5 Jgeriol D250 (sl
D) Pl BUKE o b sJSE lajsh tas e
b sySee 6ol 03l 1o (o> doyo $0 L YD Jlgl3
IS san dilaie (25 5 (B iz SSLe b e (Lee YO
"o omd kol Gl 83wy GG 5 S o 4 Lae]
oy WY B Ve lghd L) Jaadel (7 ¥ JSE) 2gd
LSl aed B (oS ghae) oS ©)j90 a0 (oo
¥ USE) e e ¥ B g ,See glite slmojlail o JSs
oot 4y (o] slaanST g Sl S wo IS 4 Sl Ss b (&
(o> 20,3 P BT oll3 L) 3)lsS Sl S ans slasls
FolsS (0 JK8) Wil jeas K 0 e e o 0> o
Ay el oSl Al glils g ool STy Ko 4wy b
SIS > wops YO LY GllS L) () 0)90 S
3 ok i @bkl 5 5l Sl (S
o 1S 5 Sl S oIS e oo 5 (gl IS L olpan

ol ol S ol aeST ol e 4y o

644000

VO« e el jo Dladasdl ddlais 5l oo oole owlid pue) aids ¥ JSb

Azdly g, oy cp 5 e ad axly BN 2y5ail aslg
A s puasSll e 4 GBSl b 45 00gy ailate 4o
4 g Cewl dabaie 58 0 i axly pl (B S sl oal
(o gAY la o) o4 P 0N (pigy (5S> 5,
g e ok o) 0ped b by L Ll LS ()
e S, K ae YO B Y el b sl SIS
VB )l J58 aed Bl St slajsl b NS 2 DL e
FebOr sga> Jbye cdl g By Sl e e
laS2) sgdios ol [ pob <o (la G > a0
"o S Sdlh g sanaibine s 2o SRy (S s @ ¥
Sero YU e pu 5 oot Jobs pae caimslis wilgs
Iy Gliwg SVl i g aasl (Gled SLSL rels) LSl
byl JSo slaysh b oaaliyen [EYFV] WS o aine
Yo bVe sgas o o VO U jsb o3l b jlo IS aens
el flia )0 amdee JSiS ) Helhiud e e wo
Ol (@ Y U)oyl oaids a8 ad wils 9o il owyp sl
5SS o 5 ded S i ole)S luST FT sl
"o OV OFST SHR S 9 (Sl JLad rals e
JIVUP PE ST S BUITIRSIVRE SIRPEIVSSI | 4 o IRV
slagls (B 5 ond (o p Jlwsdd slopslin; 5 52,
5 Sy A b 4y dbpe Cel 00l STyl i

RUIUH PRV SUNEoW
adlaie 35 50 ;0 Ay !By uil -l B ol a>lg

e laazly plo 4 Cod (6768 S g anily 13


http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

veo o g GlesS (2halS sla Sy ()2

VEY i oF o)la Y

L 5O 52500 Ly ol 0l 08 Jyeehol (o0 U533 sloysk S yo b (il aorly (0 (3 Somms 4 039) (ol wly (il s
5 ook O b (6 yskiny e o 0l (IS bl g 00 (o yoo P (gl SIS Ly (2850 L (& (g bailate YL il S0
Copl Comls axly (g «Seh3)l (Sl 50 Lyl Conls axls (7 ok o0 & yg0 il j90 IS (S ol )0 (o) 05 S Syl 2
3 st sttt b I p3ply o ity D353 5 S5 e 55,95 L 555 o b 52,5 (2 o ol 5 S350k
o U5 (5Lt | (bl oyl omls B Copmals 53 15 ey (sl S 5> g oo ygn il (5 coss s gl 32, (sl LS

(55 A5 OPQ yeakel AT 5155 QU ISPl azien [PF] i1y ity 518,55

75 sogels bl jsliil oIS an slajsly b 5,lS
2 O oS das b s IS8 555k slac B 5 DSk
9 Sty DS g JalS job 4 pe e VB 59k ol
sz Ope S dej Ceload (SLo S 5 ke (2
o2 5> SO ) Db hwald = 5lsST layslin ;) Sl 5
S SIS 5 oo 52y o SB IS L olpan 00,8 0,

el oo S o,y
OhZ 53 sy 0zl ol geis P SlaassT by axl
S>lg b 30 5l asly cnl o)l (A8 adlate o) Jlod
09381 99,5 o0 dgame (Telogyy 9l b iz 5l g sl
L5l o b Slaassl glaSiw wop ol slassly

ol Slee slagion cosuil F)lS B eo sl —ools oS5

JaSzs loazly o 5os 1l 5l asly ol B oy axlg
5ol 0pnd oo i a5 ooy oy Oy adhaie cdies
@ asly opl (W E S8) el ol ailes b adlaie Ggi
g 0 Sad o oS g bl ey sladdld L
2ol ek ase ol glaaST 5 cosl oo Glu,So
LS pl SHb ablie cw,p (o F JS0) wilad 5,
o b Sl pdim Sy SSbeasaslis
LS pl o bybad o cawl ass a8 5 Swp,
P 5 (o 20y V0 B+ i3 1) 5l el
‘_gL!bkgSlSj(g?:—fJ.i&) 0dg (g0 M)o? ¥ @‘553 L)
(o a3 ¥ BT S5 1) il oo ol 55 ol e 3
Sld (s> oy ) ogas Glila L) a8 sla SIS


http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

Olnl (ld G g (ol ol almo

S8 (Sgke 16 SN w5 ol AAig

skt 9 sskn) G SU 5 ) e o S
S Sl S oS e 4l Gl cles
Cewloads JSa5 00,5 0y 0)ligs b 5 S o
5oy 0 (Kiw axly 5l QAP iy jul- ST sl
Ol (soges gy el @ly oy 990 dllate ©p8 Lok
2SS Dyge dr g edg oy gz - Gyh Jled sl
obel (2 F UKS) el a8 )3 13 5 mad slaasly
KOS ARSI RROWIN | 7Y I TSP P IRV IS SOS U
2 Jed oSl el (3T 4 bae g 03g iyilS
ol S8l (58w Son o oy n bl Sl adlate
azej 9 09 sl Al G g Gy Sy LS Gl
LoaS conl glasls o &g a4 dinds odjlo g0 i S
JS8) Cenlonds az8)S 5 50 Wb 5 pasile oSS
35 b JSKbaed U b ISS &g 4y el Sy (2 F
Aoy 4o yeb Clhe Dige 4 Wiy UL slaojlal
(g F U8 ogdoe oms (Saw w2y ol (Sawn,
92 g0 oSS 1) S dbe) (o) Sy 43 PS5
Ly oS o maedS slojsh oot yo daSwyn ) cnl (2 ¥ S
Sl S5 wiloads phaie atie Mg, Gy 4T oo 90
3o e 9 Wl jea> Sawn) Sge 4 g8 pasle
(¥ JX8) wen

- ‘;‘)3 9 ‘5:.9.)'».\” LSS‘)" (& A.«x)..\j ‘@L.M"' Q. 1 w).: ».\>‘3 ‘LS.;’{")%) 6L®.A>|5 )‘ (XPL) ‘_g)Li; Sow 9 lew.) 4.»5.&.: ‘L.S")M ).:5[.«2.: i J.S..::

30 9290 ooy gleaakad L5l eailig 88l Lo 4y |y aly
2 Sl g Coml B Colyy oS5 b de woly ol
Sloymaz 04 witis yio gile Vo U gy L slaoslul
canbd ol (O F USE) Wl 8 ol SlaassT olge )
sl (2T o (45)0 5 0052 00 05 (o> b glo
gy A2y ol onies |LSis gladaskad aiis [y abge
0aisS dgazme glausly b Siwen 9 aiiwd ool Lu)So

el 51 o0sr Folez GbsS o il ]
G iS5 Sy axly ol B eyl (S156 cyjul aslg
CHr S 4 () 3y90 ddlate S50 5l Lo (Glu S0 L
ol 008 (ygS0gm (phre (ot 00l (slialy y3 5 052
a5l Canly B canls oy LS e asly ol el
FB olitiipe) 4l )0 009 2l SIS 85 ol
cblis oy ol (S PSS e
Py Sy ey b 658y S e Z3L (g 509 See
ssh edye G plaie 4 PR L ol 655k Gl B sk
Fogkes ¥ B 60k o3l b o fSiranss b Hlo JSo (slaysls L
JSeii ]y ok adpo Gla G5 e jo 7e o (S jai ISLe
15 oSl Syge 4 5 0y G SIS (z F USE) sms e
A Ll ojlail g USh 4y azgilh as Wil jpa S (e
S aney (g ¥ U8 il Copm GI &S swye

- e T D

aS u.:...o‘.)}.l) ..\>‘5 (e Agad (o (u5.»_‘> Coww 4y A90) w‘&y) .).>|5 ‘5;‘).7:.@ Reas (uﬂ‘ éMc\.?:ﬂ ‘salb‘;.u)).» 03 9o ‘SJ‘)bw)du—‘
S yrgeal (o 2 oo 6330 Sl iz 5 gt anl,d Jgi 51 (i &S (519 & g0 a0 ol slaonsSTy (Sobs,T Sl 5o o] 5o

5 cs,s olahd o7 0 a5 laaas] i asls (O pmdiw 3l die) 50 5ok Gl )0 O ygo 4 S 95D &S wlo gy aly 516,

=,

S5 slaysh i )0 (7 ol oo Seitdg p Sl,5o Jlao a8 ol (5156 o juil aslg (& ol ssalice B 5 sasad slaosg
Olgd 4 barpe L (ST L (S5 axly 51 90 sled (@ 52 sl (G s EudySn sl sl 3,05 la S Lol om0 L S0
padle el oud 433,550 )0 9L g il Sla ST L oS aded Sl (lasee) )3 55k )0 (lgie 4 S g e S SIS (g 5515

(9SS OPY S gy giadS CPX 35,155 QZ IS g PLPI) sl s Wl TEE] 3ilsl 5 g 51 la S5 (s Lz


http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

YEY ey 9 S5 2l alS la S oy

VEY o) oF o)lat Y al>

56 Wl Ogeisy aytier 5 WS jgam gy 390 adlaie
930 By ol (30T a2y 950 9 0y8 Jled 508 5
29008 3,50 wyir —of Jled ailaie o2 i 5o ]
ol el i oz -6, Jled o U s adhie (5,0
Sy90 ddlaie ye 0 e ¥l i (513 og Lo b eSS ls
LGl (pnl gl KO, (z 0 JSK5) Wgh oo 0038 gy p
sla gl 5 (7 & JS2) ol g, 685 b 1S
Ngdise 0y ol 50 owy GluFo b DL b cudy
5 Sl Gyb gz -0yt Jlad il (ages Wy, (2 O JS)
s 5] 5 5l wles S gl |, gy, (Suls 45 Ll 5|
sy oo b Se by S8l jea Sl SU ablie (o)
e SloslS ol st S5 sbie s ok
Faey0 0 910 F0 sy 4 Sl L Bl 5 ailsyen
JoScans b I USS sla 1S aites jsl oo sl S
ond ok ¥ ogas slaojluil o (2 0 JS2) PS5
Td> (5955 b S ae sloysl b 5,1sS aied e
Lo eshee VU 525 yok ol jo (2rge (cB9els g S5O
o) (E 0 JS2) 258 o0 0000 S y3 (g8 JB do)s
Sl lold L olyan 55,1587 (sl jslisny 5l (g 9590 S

el oals LS5 4y 956 Sla SIS 5 (S o

< B ot o~ — J L it sl A
A a30) e Gl 5o g, SOl (@l i 3dLid asdl adhie slacSols 51 (XPL) (6,5 K § (gwd sladiges ¢ olymo pglas b JSb
Sl Gl So0 b ads ) Sols (0 ol (gl Saas 5550 50 ol glaasTy (Sl (Glo S0 b (s Sl (0 (G Jlond S
a9l la,les b D030 sl sk cod o (& JSB 0 35,155 slo ok 5l Slopad 50 00 (Smnn oo I 230 IS 9 (5 582 <L (&
[y Gl Camls Syls (e ‘G‘:....)'.\JT Cewld SHIS (7 oy o 4 030) G’:.gb)'..\ﬂ Comlo U giwls SOls (g (o) jo5 0,08 slo SIS
5 s 5 458,7 2 Lo IS i ol it ol IS353k Lol S5 el 5515 oo 0 (& o ooy 39S 32530
(S S5 0pq 35,155 QZ « S 9 PLPI) axwn [FE] il

Sgax Culd b oyt Jlod ooy (ot by 08 0
e Oyye ddlate 35 50 )3 Jagl S Y dgax Job g e Y
Jael SOb pl oo s gl S (o JSKo) o)l 13
Sad 4y e ol ad g oadh S adgl il g el 8
Sads Judo 4 (0 b JS) cal aalas Gl b S
C S Ly e, e 3 el ] ey sla S il S
(o O JS2) Conl ok p o8l glaaeST 5 ) clo
Sl (p i wly ol 5l SHU ablie Gl lul
Lol Slyz BB g sk ) o b 6pdm 00l 0ay
L) blBlosls Lot o] oasmo S5 dlash oo
Ve bse Slshd L) 5,058 o (oo duoys 10 b Ve gl
097 =2 s Sl (& 0 JSD) aies (e de)e
2GS 5l a8 sla SIS g cuign Oy A g Jgedal
s gls (&0 US8) s S ol saims LSS
Cyere Sl gl 5l o) Sl S g CodST oI5
T2 Bl layebi il sy p 3je S die 80 S (o0
3 05 Gy b o (slaleald 5 Y s b S

ol ool LSas aagd 605 9,5l L le.:b‘sﬂf
50 03 i job a4 G (30T Cado b s Syls



http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

Olnl (ld G g (ol ol almo

S8 (Sgke 16 SN w5 ol VEA

sy olewald lajsl cbye o B el Com e
Aoy B D) Cu oy Ol S e o G (gloonlS
0dud Sy 4 Cadiyd g ek pled Do 4 (S
SST sl SIS (ol has b o mhaw )3 45 358 o0
b SBL 55,0 (K loasly don )0 00,5uS jobo 4y 55
2o oSk SleSo b (Shseen Jdo a5 o)l jpa>
39 Sl cpl s SIS BB i slodT ) gel
‘) )." i ‘S’Lﬁ.w‘o%) 9 w‘o Lgl.%d}‘j ‘G:'iJﬁ) Ail‘n)
Ol 59 Do 99 A (gl Sl S0 (& 7 SE) 9580
slag b bLsjl o san Jol g9 sl onaline LB aslais
SIS 9 ST ye b b L) 5o 9 Cl g L
@b Shp slaag b L3 0 ped g5 09 oe oy
FUSKE) 00,5yl askad o slad den 5 00g (7 £ JSD)
Ol 5o i el Bl 55568 (il Sjga b5 (2
Oyge a4 255 sk Ojge w i baT, 3 Sl Se
Sl g 6ok Dypar (Shp sl ;0 9 (GodS

Dgd o 00 (& 7 JK)

hals ¢ gleSs
Jolds el (g 090 adbite 0 D SE Oljme Sin
5 Sl g jaslianly 5 Cology ) odgr ) wamly gy
s el oS, el Ol e
03 wS Oyge a4 pp bGle, Sl alas Sle S
4 o g (P SE) ) - e 845, el
S slay, (o F U wlbols 7 iz Ojee
"~ SleFs g anils ) (8 S G piien (Selngn 9 (S e
ke S5 Gsal i S5 5 el o
Ol o 1) 35S (i Sbd Sl Se )b jpas
9 Seldgy e eld glaaxly ie 5 o)l b Sl S ple
5 oSl Wil ol hesiws  Sde,  Sub
Sl SuSs 5 5,0 5 ok den o ol glaaSly,ae
Al Sl oS (¢ F JS8) Wb jeas bl Ss ol
axly el Gl S Gbls pl o YU gaitnds ¢ (iullS]
b oplmilm 5 sl b slodS) @y Sgaze 35 (D]
Jolt (GLaSo onl 005 0 dgae (bngn (SleSs
S Gysb w4 edp Copm g Bl (& P JSY) Can e
SRl Gsr Slewals oGl e Comn e
D08 jgam odld gwyp ladigel den (o 5 Cewl AIIAS

Sl ;50 (&L ol S Uz 50 ol slaceSTh ooy 5, (Sl 50 (o )T Sl ;50 (o oyl 3 Sikid slo Gl 50 g i
S S Sla SlS S (g oo $L2a5 5 (g (b1 Slo T 50 Siw (520 58 (s Sl SIS 3> (& )] 50 Copmmy oo IS 5 LS

6 hais ] slaailas 5,155 SIS K i g oS 5 BUSE ol (¢ b p il jo JIB slaliad 0usS 1y 35065 (2 ks p (Sl 55 50
(oS S50pg 53,155 QZ « IS 2 5LPl) axiws [FE] 3lgl g g 51 a3 3 1 Lo SIS


http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

V¥4 e g (Gl (i alS sla S g o)

VEY i oF o)la Y

a8, (Y USE) ol ot et gliad, 0 ax s A
S ¥ odgas (eld g e Voodga (Jsb 5 cub gla
eyt Jed U psiz - Jlod Ll (soges 2y, 5 00l
ool 08 Cgir by jo Az )3 A g b L 3,0
s s @Y Cangli o 45 WS, gl (o ¥ JSK2)
b diezr  Ojg0 095 (ljee S S Glal b
@ arg b Badioe o ey whw )3y ) 390 (5l
ol vgaoe olials iy wal plsl slas sy diges
saalive LB slacil ool )b ks glaF, ailels
VOUSE) iy oI slalas sanS,y Jels ailele ol o
Oyt 3 aiiwd oaiSTyy ails g (D Y JSE) (glamS ) (o
ol o 4 Ol aaS) cnl o 3 laals
5 (@5 o Vo glasy) JE (o5 o ¥ sladss)
9 0l359,0 ladils lgic a4 (& g oV Gla JSi) g s oIS
5 oSt 5 ol eV wesSIS dgsS
alS 0,5 o Lil ol p slaails lgic a4y ol slaonSTy,an

el S5 (2B S el (n] )3 il g L

3

@lad oaisS p (gl Oy 4 5l SU nl 2 09
3 halls oS, aalym oS o s, 5 JB
el 638 o5 S el g0 i a8 AT 0l o 0ayo
slasly |, LSl o ohals Lol by Sow
JoSas (g pailcls b cols j1a8 5 ol 5 coilsy
slagls jpax b (elogn SleSs (¥ J52) wedos
sl lrasly o (ndS g Sgam! (g £ JSE) (S
S i sl2aS 5l s 0 b (sl (Sl b
057 eep sl pesily bl il ke
Sl ;0 45 59k o il oals Cudgn g ailis jem (oS g o
45 Wgd oo ond b (SIS laas ) (el Sl (g3
035381 a1 Jlade » ddlaie lo)S wlols 4y (ol 2SG035 L
D9 s
Soob e a5, Yl dalaie cpl o JboaslS sy,
‘slj.b slyls GM....LW sleas, U"‘ ol 00l S basls’
Aigydiiwd g VB0 00> oy g o VO U)o e g0

Silica Vei N
Silica Vein | I

Jleds G 4 ..\.1;) Shoals’ pwdws o5 (| :dlidazdl LI5S 25w 51 (XPL) (6, KalS 5 cws sladiges ¢ ol 7o polas ¥ IS5
S b g5la> o0 (B S8l 50 Capm g CuymsSS (JE wo Jlhul Ll ST (@ (ot Jled S w3) (0L o5 (@ (@
FURCTSRN FO{ € o GO SUIN SN FORPY | 1 FRPS PSP EONSRNIN ( RRCIVIN I IRCUUTR < LUt P [ [ f CCHP TR | RCHON O IS UON
a0 BIS g Co SIS o il sla IS (g «2ls S5 p9o al>ye 50 IS Lolran pgo Juud 2y o sla2S, SIS (g p9h ot y0 & y90
Bar «o SIS CpY (5 G u o PY o Jlawl Sph) aies [F8] gl 5 g 5l 18,5 10 b I (o Laxs| slaailis . ol Sl pgo

(&b


http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

Oyl ol S5 g (ol ol alma

Gode> S5l (6 SIS w5 42l vo-

s Sy 5L (g polie sla fogai ) ledazdl 4ol
ZrTiO; Jlages 5l jekaie ol s ot solascal (TH g Zr y5>)
el (GITA Sy 0o ,8 colinal [$0] NBY &y e
2O s owyp Oyg0 dbhie Jlaassl glacKin ( wll
o o8 05T g o] ST wanlog ) wals sloe S
Soged jladhie gl Siw oleSle Clps gwyp gl 05,5
TaYb 5 [fV] (0 A JS2) CO-Th GlwoS yolic slacas

Soges o eoliiuwl (o A o) [fA] ThYD & cos
Th el Sl Sals glo s, b yaze g5 Lulul,y CO-Th
3,ly By <98 Hul sleax o v as el 55l s yaie
Slae gyl dauly CO 4 Sigo ,0 wed oo wlie
mazy0 0 MY pais 4 ol e gl (o5 09> sk
xS lgiee 905 oo ol oly si5e gd YL gl
50 @lzdasd] dilate laiges oges ol AL 5 aS 85
5 Seded 9 Vb pely b L8 (ol sle S 028
o).'l..j 5o ‘Th/Yb O Cons Ta/Yb )‘é}fu’ U’“’L"“‘)J

L5l I8 (igded

(&Y USD) oSl &Sygo dy o Jud 99 50 Co o SIS

SaxS, Oigo a5 g ol @hGE Sl i Al ey
Aoy 0 (@Y IS 63l sl nlo Lo g o
#EY ) el GB ol jeas 2l S8 el
Looer plaaxs, &jpo 4 i 0S8 ol a0
OSp S O js0 4y (2B g o)l jam 5508 sl I ple
3 Ghel S o Jlul 0gh 0 ons laanS) cul el
sdss) B SB (g e V sladsd) ool ooy 4y
(g9 oV slafsd) Copmsss SU Loelea (z 5 2 ¥
g 9l o Jlal 5 Co s GBS 4 Cond g5 Sl
003 oy 5 Sl selim 5 b SE Slol Al e o
7 sladss) 5)lsS Jolts albly la SIS yll8 s oo
S (o) Sl Sl oS (O V JS2) cujb (E 5 ¢
Ol Glasis 5 eaS, ;o a5 wis ool glansT

gl o 0090

L':"L"‘*p‘“‘"] (_ng_f.l...) ‘_g)l.'xialj 9 (G0 ‘5‘).3 (R u,»‘ I

o
S |
S | HighK calc-alkaline c(,me“d,(e:‘:
| and Shoshonite Series Pantellerite
3 g " i Phonolite
= e "
i Rhyolite "
e Trachyte
ary . QS Rhyodacite/Dacite e
ﬁ S aci-alkalmc bo'
— | Series _N_ 1 Andesite b
=)
o . = | Basalte
= gho_lcmc P Andesite/Basalte Nephelinite
B D/R* 5‘ SubAlkaline Basalt
b= <
= T T T T T T T < T T T T T
70 60 50 40 30 20 10 0 0.01 0.05 0.50 5.00
Co Nb/Y
Legend =
(=}
Rhyodacite =
N (=]
Andesite A —
(=3
=
o
=
(=4
=3 4
=~
o
S
S
(=] T T T
0.01 0.10 1.00 10.00  100.00
Ta/Yb

S gas (o L F8] Lol polie Jloges (Gl jo ClnS g ol polie wlol p Dladasd adlate JliaisT clocKin cubyw g soios, A JSb
LEA] ThiYD 4y e TAYD Jloges (o 5 [FY] CO-Th LS jolie slacans


http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

Yoy e g (Sl 50 (lilS sla Sy (o)

VEY s oF o lad Y al>

20 5eam S 15 e lohs el ) 5 Seb ses o)y
Sl o 5 b glyls Pb o ey Slodise don
gy b LSle (VT L 5 glaninsS 855 oles 50 50 5958
Lol sl o,
[5 ] o ass ayouss Jlrgs ol SB polic Jloges 5o
Soyjaic (o 4 JS2) dibhie Jliassl slaaiges lp
2 S gloyaie 4 cos (LREE) S ol S
Cmd Hlaie iyl g i Sos ¢ (HREE) X
ol e el VYA B YD Sl oS s a5 (LA YD)y
LLREE _Sas é () Jsaz) oS oo ol |, Sas e
idu 098 b a0 () 4 olg e |y LHREE & o
w0 LHREE & s LLREE jolis fog YU
(Vo iiled gble o S Lsas (v IA] okl
OS5 097 @SE 9z (F dapym gt 5zl S
ST (0 5 [FV] (LREE (oYL (ol oy L) coib]
WS89z oo S5 d9g FY] daing olge 4 HLSL
S ailid j9m ol il 2 adhaie )3 eSerm 9 (nod!
3ol Jlas Sad g8 coge Sald laslie o cul
oo oy S adl ws, S LHREE 4 ¢ LLREE
SO G gy s Sy 65 SIS ojlailas o islas
G Slzassl gla S5y 5l LHREE 4 cows LREE
Iy 0] cal oSl oS 4 anwly oL Sal
aihie Slaassl glacKiw ;o cans ol oo Yo pioen
Aol b anhss (Sab g eaims ol Wlgioe (owyn 99
wihe 5l [£0 FF] il latwg (YL 4 il 3
Canns g 0 o 000 0 4 S W EU paie (glp a5 o5
Slgloynd a5 adhie Slzassl glaasly o EUEU*
Glal og aie SLas o)l (V Jgaz) <AL -0 QY
0 Wilg oo [P8] o Ken 5 5 55k 4 ol cplcenles] o EU
Lulid g olfwls o Wadh SU o5 jpax L bl
Sl lwals s b ool 5 e3dl ail LSl ozLus]
b e a4 az 5 6ysh Sialam il s ar Sds claclis

SleS polic gondipe
moold dy Cond 00l Hlxige A5 SeSie slaloges (wlul
Sl TigNb olie (i q o) [Fa] adgl acsgs sla
bl o LSl LSa5 p ouwmb a5 st e (g lxials
Sw yolie 5l baaiges Sas e 0] el il
5 (Th, Cs, U, Rb, K iLILE) &5 Sg glad b cewgs
(Zr, P, Ti, YU glose wois b yolie 5l Sod o Guizmed
oS oSl el Sk wlg . Nb HFSE)
Sos o lov-oy Fol sl o8 il Slaass
Sz, sely SeSie slaloges o Ta g ND sloyaie
ool LOF] ol ousy anusls zilyg)8 sloang o lacKiw
Gl b slackn o Ss 5l ND e g leal ool
laloS e ol (2T 51 256 Wilgs o T siie (5 ol 5 on
S Jsmeel w3l Gu3ilr g vgre (b glatug se
-0 9 ool (@Y aiss o Ta g N (ol oge S S
wigS LSl el o 1) bpae ool g bual Wi
2 Th s U cose s buab [of 00] wle Jus oYL
L s lbsss lacgm, (ol adlal 5l (L30 wilgs oo Ladiges
LOV] aal sy (YTL g olKtuls 4 cwsildl astwg
855 10 9 00 syt S o ileyb slaaryy ;5 TH jaie
s e ol (Sadgd il s g @b glansss
- oo T 1) Fe- Ti slasenST (i 55 Ti e (5, bxials
adyl Jole o cutSegls o> bl [00] ws
g ool Gl 09> Sl o ) Ti yaie asly o il
Sy eled Jdo K paie w05 (T it (g )lmials el
ol Jlewadd 5 Codsn ez ol S Ll jo Wil o
slayaie ot gylomal dOA] ujla ol & 0iS o5 00
SF S50 5 GloylB atug cIBs saausilis Wiy o RD 4 K
Klgi o 5 SI e (5 el il S oijle leSle
Dyge 4 paie plaBb PR PL Gl S L bl e
g dgb e aidndy Ca sl PISe L S5 50 eals Ll
3580 O e ilmal sl G5 Gl Gl v, (]
a8 oo lis Sas g aihie gladiges 0 ZF yaie [00]
=S5 oz elad o 4 paie (pl [00] (puidy) ol 4 48
&l b S sl JSle 4 YL (Sl L s S


http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

Olnl (ld G g (ol ol almo

Gode> S5l (6 SIS w5 42l

Yoy

Spider plot — Primitive Mantle (Sun and McDencugh 1889)

1000 10000

T T T T

40

Sample/ Primitive Mantle

TV T T T T

~[CG Ba U K Ce Pr P 2zr Eu Dy wb
= Rb Th Nb La Pb S Nd sSm T Y Lu
Legend
Rhyodacite 4o
Spider plot — REE chondrite (Boynton 1984) Andesite ye
=3
2F
F L@
e |
2 81
o ~ =
& =
S =
Y L
H L
Y L
3 ol
a ~E
£ E
o =
£ L
Lla Pr Pm Eu Tb Ho Tlm Llu
Ce Nd sm Gd Dy Er Yb

5 [FA) 4l 42258 oS 5 4y i o iy Sl ol g g ()5 i asdl athate 2atsl slocSis o5 59 JS3

e Siw (Jsero b

Sy o oy, 5 bawul ‘Lavc,‘.ij,\_ﬂ RYC ¥ %

s oo plas 1) oYL ateg

- angs o Ll i Llawss 5 el S65UsS oluips;
g wten (o) Jbd 5y 5 SLS Rl (s le
Koo loyye (59,0 wnlp 4 bangy cnl o Ll oS5
SR VTVCORE FUINTNUSINT A ESIUNE I A 1) 4 IR CO
it glayloges 5l dladand] dihie Slzasl sl
Oiilyeyd sladigy 4 o] (Siwly Slis den a5 ol oolaiul
oS oleSle colad S (gl (o ) e D) ke
Zr Joges 5l lamio g0 sldle el 5l Slaass]
2 omzpen (0 Ve JS8) (9] w3 aslial Y 4y s
350 (S slraxlg IV -1 RbZr & ceei ND Soges sl
Sle Jole b osle sleaasT GLS 0pud 3 o)y

(Y JS0) wsyls gl uilyg 8

P co oS 4 casond ol ol S ulie lsges (o

5l oSl 9 Culd oo
o5 e a5 Ba g ND Th oz 5Ll Ly olie
L oiouysls (oiduogd Sglite glaaz)s (hgiws
LS sleSle lalilo (plulids sl wigd oo 5ok <ealsl
O Cows BaTh Jloges (wlol ! 5 iaigh oo oolatul
ThIND cocs 09 YU loges (pl 4o .0 03,6 ThIND
dZagy b 0digyg b (slasgu; gd jlodaly Ol o Lis 4y
sl S oKiwls solgs 5o 4 BayTh VL cas 3 oYL
ol 2 LEV] el bogs e 59,8 asmio 3l oats lax sla Jlew b
e Gzl owin 350 Gladiges dls o (el
Wigy Oaizmed g lage) 098 5l eaaly ol S ez
Gy (Ve S wlasls | aE o iie oYL

5l adhie gl ol j0 Glaiwg LVl iE askds
(o Ve U [PA] ws oolanl BO/RD a5 s RD Jlsges

L Y] dledasd ] aibie SleassT glacKiw Golol ol


http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

Yoy

sy 5 (Sl S0 (2l alS sla S o) 2

VEY s oF o lad Y al>

<
<+
2
o
=
35
m
- *
7| Legend *
K Rhyodacite A ﬂ;& %&ﬁ%
A Andesite
=4 T T T T
0 50 100 150 200 250
Rb(ppm)
10
:
: T /’7&[0
« Ny e e
'y %c?/
& .
N ~
514 ~
m \s
A, A
1egend 1}17]1' = i
cgend G,
%Rh;ndacilc
A Andesiie
0.1 T
| 10
Nb (ppm)

Legend
9'6 Rhyodacite
A Andesite
0.2 5
Slab fluid/lower crust >
0.0 T T
0 200 400 600
Ba/Th
g
:
2
L Y WIP
& A ‘I
ST % A \

A Andesite

)
= T.cgend
= & '
. '
9.6 Rhyodacite A §
A |

[ I
10 20 50 100 200 500

Zr (ppm)

4 s BTN Jlogos (1L DlzBasdl aslaie SlaaisT slocSKiw jo aologpme; ol s g (limgs (io¥T (G Guand Vo JS5
AV-TND & cecs RBZE Jlsges (o P31 Y @ e Zr Jlsses (o {#Al BA/RD & coes RD Jlsges (o [#Y] Th/ND

sl gle 3o o ol F Gl 4 as ooy L b glS
45 Siload (el gy 5 (L) g « S35 (hnn
ol odile BL adsl SU 51 Sl B i o)lse i (o
Sl S o b e leas ) L ole)S sbel ol o oI5 S
o sl o S9dos (Blren Sl g (ouokew bl
o2l oS! ez agl sl SIS g oSS (JE
kSl"o‘ ).»aLA.C @L»..o.u..) ) Lgl.caoolo Qol.w‘ e G:LA;
Sl 6y )l SleSle sy a5l dblaie slacKiw (2,8 4
- 00ld Laiied  igdad 9 YU el b oL Sl ( LG
Cu S g AldeS A Cad ol OleS olie o
50,8 &S sleacsl slagleS Hldle codlad oosmslis

Sl 49
bS5 NS 5 ale G,y
g8 5l Db azdl gilhaiz Lils oS o ladised
(SLeaisl oy sy wmlsg ) o jasTeals wy jasl
Glauls b olyor cpugl pw b ol ST e jasl
o ar Sl (ST B eaSls g sl Camls 5 (s,
S laazly 5 op e aes e ol TS
- Cols gl g (Teslogyy 5 (3T Slaaly 4 by
ot 9 gy (Gl b oS el dlate 55 50 0 (1551
S ol o e csl wilas alad &q}xiwlo
A Gla Gl el (Shwi ) 0ped b by o Slaass]
L sladseiol G5l DL jiey (Ko slaoxly ol
Ol ol S5y sdS Wil Sl (B 0 g s laad


http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

Olnl (wld G g (ol yohs alme

Gode> S5l (6 SIS w5 42l vof

[7] Ebrahimi S., Alirezaei S., Pan Y., Mohammadi
B., “Geology, mineralogy and ore fluid
characteristics of the Masjed Daghi gold bearing
veins system, NW Iran”, Journal of Economic
Geology 9(2) (2017) 561-586.

[8] Hosseinzadeh M. R., Maghfouri S., Ghorbani
M., Moayyed M., “Vein- Veinlets related with
Mineralization and Fluid Inclusion Studies in the
Sonajil Porphyry Cu- Mo Deposit, Arasbaran
Magmatic Zone”, Scientific Quarterly Journal of
Geoscience  26(101): 219- 231 (in Persian).
https:,doi.org,10.22071,9sj.2016.41069

[9] MAANIJOU M., RAMEZANI T., Alipor s.,
“The main effective factors on the mineralization
of Sonajil porphyry-epithermal copper-gold
deposit, using remote sensing, mineralogical and
geochemical studies”, IRANIAN JOURNAL OF
GEOLOGY, 12(48) (2019) 63-79. SID.
https:,sid.ir,paper,129274,en

[10] Hassanpour S., “Metallogeny and
Mineralization of copper and gold in Arasbaran
zone (Eastern Azerbaijan)”, Ph. D. thesis, Shahid
Beheshti University, Tehran, Iran (in Persian)
(2010).

[11] Khalilzadeh H., Alipour S., Abedini A.,
“Geochemistry, tectonic setting and magmatic
origin of the mineralized stock in SahebDivan
porphyry copper system, NW Iran”, Iranian Journal
of Crystallography and Mineralogy 27 (4) (2019)
781-794.

[12] Simmonds V., Calagari A. A., Kyser K.,
“Fluid inclusion and stable isotope studies of the
Kighal porphyry Cu-Mo prospect, East-
Azarbaidjan, NW Iran”, Arabian Journal of
Geosciences 8  (2015)  437-  453.
https:,doi.org,10.1007,512517-013-1130-z

[13] RAMEZANI T.,MAANIJOU M., ASADI S.,
LENTZ D., Pirouznia N., “Comparison of
mineralization of the Sungun and Kighal porphyry
copper deposits, NW Iran ”, with an emphasis on
fluid inclusion  studies. JOURNAL OF
ECONOMIC GEOLOGY, 10(2) (2019) 403-424.
SID. https:;sid.ir,paper,180484,en.

[14] Hajalilou B., Aghazadeh M., “Geological,
Alteration and Mineralization Characteristics of

‘”.9)[-3 oo g_:‘*“’«s‘*" 5 )i‘Lw [EYE ST I ES syt
izl sl Guilhsyd agy b BLE » gla Sangd

i Bogesy 098 5l ossly ool S0 s (il

EISRY

Sl alie Jol sarwsg 5580 ale, 5l Lise Giegh ol
ol Yt 5 9ilol Culos 51 E5 IS5 o 51,5 olS2sl
5 olbome plojbe Jlo glacoles Grizmes wlRasls
s odige OLBT ongts oyt Jlod Same Slilass]
25 Slyy ot 9 030508 Guaige (lojle 85 ed)
aloee pyizee (gl onisle glasliing 5 byl 51 oLL

g led oo (il 08

&xlye
[1] Kowsari A., “Semi-detailed geochemical
studies of Arpalin area (vol. 3) 7, Geological and
Mineral Exploration Survey of Iran, Tehran
(1994).
[2] Ghorbani M., “Economic Geology of Mineral
Deposits of Iran (vol. 1)”, Arian Zamin
publication, Tehran (2007).
[3] Aghanabati A., “Geology of Iran. Geological
Survey of Iran Publication”, Tehran (in Persian)
(2006).
[4] Jamali H., Mehrabi B., “Relationships between
arc maturity and Cu-Mo-Au porphyry and related
epithermal mineralization at the Cenozoic
Arasbaran Magmatic Belt”, Ore Geology Reviews,
65(2) (2015) 487-501.
DOI: 10.1016)j.oregeorev.2014.06.017
[5] Calagari A. A., “Geochemical, stable isotope,
noble gas, and fluid inclusion studies of
mineralization and alteration at Sungun porphyry
copper deposit, East Azarbaidjan, Iran”,
Implication for genesis. Unpublished PhD. Thesis.
Manchester University, Manchester, p. 537.
[6] lzad-yar J., “M.Sc. Thesis: Study on the
Igneous Rocks in the Sungun’s ore Area”, Shahid
Beheshti University, Faculty of Earth Science,
Tehran (1992).


http://dx.doi.org/10.1016/j.oregeorev.2014.06.017
https://doi.org/10.22071/gsj.2016.41069
https://doi.org/10.1007/s12517-013-1130-z
https://doi.org/10.1007/s12517-013-1130-z
http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

Yoo s e g (eSS (2halS la Sy o)

VEY s oF o lad Y al>

[23] Aghaei M., Rastad E., Shamanian G. H.,
Madanipour S., “Characteristics of the gold-
bearing and barren quartz veins at the Zaylik -
Sarilar epithermal deposit, Ahar-Arasbaran Zone,
NW Iran: Evidence from mineralogy, alteration,
texture and fluid inclusion”, Ore Geology
Reviews,Volume 154, 105341, ISSN 0169-1368,
https:,doi.org,10.1016,j.oregeorev.2023.10534 1.
[24] Asiay Soufiani F., Mokhtari M. A. A.,
Kouhestani H., Azimzadeh A. M., “Geology,
geochemistry and fluid inclusion of Qarachilar Cu-
Mo-Au quartz veins, northeast of Kharvana”, East
Azerbaijan. Journal of Economic Geology, 10(1)
(2018)139-171.
https:,doi.org,10.22067,econg.v10i1.58161

[25] Ferdowsi R., Calagari A.A., Hosseinzadeh
M.R., Siahcheshm K., “Investigation of
petrography, mineralography, and mineralization
of gold-bearing epithermal veins in Astarghan
area, Kharvana, East Azarbaidjan. 32th national
and 1th international Geosciences Congress.
Geological Survey of Iran”, Tehran, Iran. (in
Persian with English abstract) (2014).

[26] Ferdowsi R., Calagari A.A., Hosseinzadeh
M.R., Siahcheshm K., “Petrography, geochemistry
and mineral chemistry of Astergan porphyritic
stock, Kharvana, Eastern Azarbaijan ”, Iranian
Journal of Crystallography and Mineralogy, 23(4)
(2016)759-774. (in Persian with English abstract)
[27] Jamali H., “Geology, geochemistry,
mineralogyand genesis of Mivehrud Au-Cu
mineralization, Eastern Azerbaijan Province.
M.Sc. Thesis”, Tarbiat Moallem University of
Tehran, Tehran, Iran, 172 pp. (in Persian with
English abstract) (1999).

[28] Radmard K., Zamanian H., hosainzadeh M.,
ahmadi khalaji A., “The study of mineralogy,
geochemistry and fluid inclusions in quartz veins
at the Mazreh Shadi gold deposit, northeastern
Tabriz”, Iranian Journal of Crystallography and
Mineralogy 25 (4) :823-844

[29] Baniadam F., “Geology and genesis of
goldcopper mineralization in Nabijan area. M.Sc.
Thesis, Institute of Geoscience”, Geological
Survey of Iran, Tehran, Iran. 167 pp. (in Persian
with English abstract).

Ali Javad Porphyry Cu-Au Deposit, Arasbaran
Zone, NW Iran”, Open Journal of Geology,
6(2016)859-874.
http:,dx.doi.org,10.4236,0jg.2016.68066

[15] Calagari A. A., Hosseinzadeh G., “The
mineralogy of copper bearing skarnto the east of
the Sungun-Chay river, East-Azarbaidjan, Iran”,
Journal of Asian Earth Science 28(2006) 423-438.
[16] Mollai H., Sharma R., Pe-Piper G., “Copper
mineralization around the Ahar Batholith, north of
Ahar (NW Iran): evidence for fluid evolution and
the origin of the skarn ore deposit”, Ore Geology
Reviews 35(2009) 401-414.

[17] Hassanpour S., “The alteration, mineralogy
and geochronology (SHRIMP U-Pb and
40Ar,39Ar) of copper bearing Anjerd skarn, north
of the Shayvar Mountain, NW Iran”, International
Journal of Earth Sciences 102(3): 687- 699
https:,doi.org,10.1007,500531-012-0819-7

[18] Hezarkhani Ardeshir, “Anjerd skarn
geochemistry and its association with economic
copper mineralization”, Azarbaijan-lran. 15. 158-
175.

[19] Nakhjavani B., Calagari A. A., Alavi S. G.,
SiahCheshm K., “Study of the intrusive body
associated with Gowdal skarn (North of Ahar) and
its comparison with other skarn granitoids”,
Iranian Journal of Petrology 11(4) (2021) 111-134
[20] Nakhjavani B., Alavi S. G., “Type of
mineralization, Geochemistry of Alteretion and
Relation of Gold and associated elements in the
Hizeh-jan area (NW Iran)”, Iranian Journal of
Crystallography and Mineralogy 26(3) (2018) 673-
688 (in Persian).

[21] Pournik P., “Economic geology and Au
exploration at Sharafabad-Hizehjan
area(northwest of Varzaghan)”, Institute of Earth
Science, Geological Survey of Iran, Tehran, Iran,
201 pp. (in Persianwith English abstract) (2002).
[22] Miranvari A. S., Calagari A., Siahcheshm K.,
Sohrabi G., “Geochemical study of alteration
zones around Au-bearing silicic veins at Zailic,
East of Ahar, East- Azarbaidjan Province”, Iranian
Journal of Crystallography and Mineralogy 27 (2)
(2019) 347-360


http://dx.doi.org/10.1007/s00531-012-0819-7
https://doi.org/10.1016/j.oregeorev.2023.105341
http://dx.doi.org/10.22067/econg.v10i1.58161
http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

Olnl (wld G g (ol yohs alme

Gode> S5l (6 SIS w5 42l vor

volcanic belt, northern Iran”, International
Geology Reviews 52(4-6) (2009) 608-630.

[39] Mehrpartou M., “Contributions to the
geology, geochemistry, Ore genesis and fluid
inclusion investigations on Sungun Cu-Mo
porphyry deposit, northwest of Iran”’, Unpublished
PhD. Thesis. University of Hamburg, Germany
(2009) p. 245.

[40] Yadollahi R., Kananin A., Maanijou M.,
Sarjoughian F., Hassanpour SH., “Genesis of
adakitic magmatism in masjed daghi region in
julfa, eastern azarbaijan”, Iranian journal of
crystallography and mineralogy, 19(2) (2011) 297-
310. SID. https:sid.ir,paper,4079,en

[41] Raymond L. A., “The study of igneous
sedimentary and metamorphic rocks”, McGraw-
Hill Companies, Inc., New York (2002).

[42] Javidi Moghaddam M., Karimpour M.H.,
Ebrahimi Nasrabadi K., Malekzadeh Shafaroudi
A., Haidarian Shahri M.R., “Petrology and
geochemistry of volcanic rocks of Cheshmeh Khuri
and Shekasteh Sabz areas, Khur, northwest of
Birjand ”, Iranian Journal of Petrology 7(27)
(2016) 125-146 (in Persian).

[43] Rutherford M. J., Devine A. D., “Magmatic
conditions and magma ascent as indicated by
Hornblende phase equilibria and reaction in the
1995-2002”, Soufriere Hills Magma. Journal of
Petrology 44 (2003) 1433-1484.

[44] Whitney D.L., Evans B.W., “Abbreviations
for names of rock-forming minerals”, American
Mineralogist 95 (2010) 185-187.
https:,doi.org,10.2138,am.2010.3371

[45] Mehrpatou M, “Geological map of
Varzaghan, Scale 1:100,000”, Geological Survey
and mineral exploration of Iran, Tehran (1992).
[46] Winchester J. A., Floyd P. A., “Geochemical
discrimination of different magma series and their
differentiation products using immobile elements”,
Chemical Geology 20 (1977) 325 343.

[47] Hastie A. R., Kerr A. C., Pearce J. A,
Mitchell S. F., “Classification of altered island arc
rocks using immobile trace elements: development
of the Th-Co discrimination diagram”, Journal of
Petrology 48 (2007) 2341-2357.

[30] Ghadimzadeh H., “Economic geology and Au
exploration at Safikhanlou-Noghdouz area (SE
Ahar). M.Sc. Thesis, Institute of Earth Science ”,
Geological Survey of Iran, Tehran, Iran, 232 pp.
(in Persian with English abstract).

[31] Moritz R., Mederer J., Ovtcharova M.,
Spikings R., Selby D., Melkonyan R., Hovakimyan
S., Tayan R., Ulianov A., Ramazanov V.,
“Jurassic to Tertiary metallogenic evolution of the
southernmost Lesser Caucasus, Tethys belt. 12th
the Society for Geology Applied to Mineral
Deposits (SGA) Biennial Meeting”, Uppsala,
Sweden.

[32] Aghazadeh M., “Petrology and geochemistry
of Anzan, Khankandi and Shaivar Dagh granitoids
(north and east of Ahar, eastern Azerbaijan) with
references to associated mineralization”, PhD
thesis, Tarbiat Modares University, Tehran, Iran
(in Persian) (2009).

[33] Ahmadzadeh G., Jahangiri A., Lentz D.,
Mojtahedi M., “Petrogenesis of Plio-Quaternary
post-collisional ultrapotassic volcanism in NW of
Marand, NW Iran”, Journal of Asian Earth
Sciences 39(1-2) (2010) 37-50.

[34] Kheirkhah M., Allen M. B., Emami M.,
“Quaternary syn-collision magmatism from the
Iran, Turkey borderlands™, Journal of Volcanology
and Geothermal Research 182(1-2) (2009) 1-12.
[35] Jahangiri A., “Post-collisional Miocene
adakitic volcanismin NW Iran: geochemical and
geodynamic implications”, Journal of Asian Earth
Sciences 30 (2007) 433-447.

[36] Babakhani A. R., Lesquer J. L., Rico R.,
“Geological Quadranglemap of Ahar, 1:2500007,
Geological Survey of Iran (1990).

[37] Aghazadeh M., Emami M. H., Moinevaziri
H., Rashidnezhad Omran N., Castro A., “Post-
collisional shoshonitic, C-type adakitic and
lamprophyric plutonismin the Khankandi pluton,
Arasbaran (NW Iran)”, Geosciences Scientific
Quarterly Journal 20(78) (2011b) 173-178 (in
Persian).

[38] Jamali H., Dilek Y., Daliran F., Yaghubpur
A., Mehrabi B., “Metallogeny and tectonic
evolution of the Cenozoic Ahar-Arasbaran


http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

yov e g (Sl 50 (lilS sla Sy (o)

VEY s oF o lad Y al>

[58] Harris C., “The petrology of lavas and
associated plutonic of Ascension Island”, Journal
of Petrology 24(2003) 424-470.

[59] Kamber B. S., Ewart A., Collerson K. D.,
Bruce M. C., McDonald G. D., “Fluid-mobile
trace element constraints on the role of slab
melting and implications for Archaean crustal
growth models”, Contributions to Mineralogy and
Petrology 144: 38-56.

[60] Boynton W.V., “Chosmochemistry of rare
earth elements: meteorite studies”, In: Rare earth
element geochemistry (Ed. Henderson, P.) 63-134.
Elsevier, Amsterdam (1984).

[61] Wright J.B., McCurry P., “Geochemistry of
calc-alkaline volcanic in northwestern Nigeria,
and a possible PAN- AFRICAN suture zone”, Earth
and Planetary Science Letters 37 (1997) 90 96.

[62] Sirvastava R. K., Singh R. K., “Trase element
geochemistry and genesis of precabrian
subalkaline mafic dikes from the central Indian
caton evidence for mantle metasomatism”, Journal
of Asian Earth Sciences 23 (2004) 373-389.

[63] Machado A. T., Chemale Jr. F., ConceicaoR.
V., Kawaskita K., Morata D., Oteiza O., Schmus
W. R. V., “Modeling of subduction components in
the Genesis of the Meso-Cenozoic igneous rocks
from the South Shetland Arc”, Antarctica. Lithos,
82(3-4) (2005) 435-453.

[64] Barragan R., Geist D., Hall M., Larson P.,
Kurz M., “Subduction controls on the composition
of lavas fromthe Ecuadorian Andes”, Earth Planet
Scientific Letters 154 (1998) 153-166.

[65] Fitton J., James D., Leeman W., “Basic
magmatism associated with Late Cenozoic
extension in the western United States:
Compositional variations in space and time”,
Journal of Geophysical Research 96(B8) (1991)
13693-13711.

[66] Tepper J. H., Nelson B. K., Bergantz G. W.,
Irving A. J., “Petrology of the Chilliwack
batholith, North  Cascades, Washington:
generation of calc-alkalinegranitoids by melting of
mafic lower crust with variable water fugacity”,
Contributions to Mineralogy and Petrology 113(3)
(1993) 333-351.

[48] Pearce J. A., “Trace element characteristics
of lavas from destructive plate boundaries. In:
Andesites: Orogenic Andesites and Related
Rocks”, (Ed. Thorpe, R. S.) 525 -548. John Wiley
& Sons, Chichester, UK (1982).

[49] Sun S. S., McDonough W. F., “Chemical and
isotopic  systematics of oceanic basalts:
implications for mantle composition and
processes”, In: Magmatism in Ocean Basins (Eds.
Saunders, A. D., Norry, M. J.) Geological Society,
Special Publication 42 (1989) 312— 345.

[50] Wilson M., “Igneous Petrogenesis”, Unwin
Hyman, London (1989).

[51] Chappell B. W., “Aluminium saturation in I-
and S-type granites and the characterization of
fractionated haplogranites”, Lithos 46 (1999) 535-
551.

[52] Gill R., “Igneous Rocks and Processes”,
Wiley-Blackwell, Malaysia (2010).

[53] Pearce J. A., “Role of the sub-continental
lithosphere in magma genesis at active continental
margins. In: Continental Basalts and Mantle
Xenoliths (Hawkesworth, C. J. and Norry, M. J.)”,
230-249. Shiva Publisher, Nantwich, UK:

[54] Rollinson H., “Using geochemical data:
Evaluation”, Presentation, Interpretation.
Singapore Longman (1993).

[55] Wilson M., Downes H., “Tertiary-
Quaternary intra-plate magmatismin Europe and
its relationship to mantle dynamics. In: European
Lithosphere Dynamics”, D.G. Gee and R.A.
Stephenson (eds). Geol. Soc. London Mem. 32
(2006) 147166 .

[56] lonov D. A., Hofmann A. W., “Nb-Ta-rich
mantle amphiboles and micas: implication for
subduction-related metasomatic trace element
fractionations”, Earth and Planetary Science
Letters 131 (1995) 341-356.

[57] Fan W. M., Gue F., Wang Y. J., Lin G., “Late
Mesozoic calc-alkalin  volcanism of post
orogenic extention in the northern Da Hinggan
Mountian, northern China”, Journal of
volcanology and Geothermal Research 121:115-
135.


http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html

[ Downloaded from ijem.ir on 2025-07-05 ]

[ DOI: 10.61186/ijcm.32.4.739 ]

Olnl (wld G g (ol yohs alme

Gode> S5l (6 SIS w5 42l VoA

[69] Miiller D., Groves D. I., “Potassic igneous
rocks and associated gold-copper mineralization”,
3rd edition Springer, Verlag, London (2000).

[70] Brown G. C., Thorpe R. S., WebbP. C., “The
geochemical characteristics of granitoids in
contrasting arcs and comments on magma
sources”, Journal of Geological Society London
141(1984) 413-426.

[67] Orozco-Esquivel T., Petrone C. M., Ferrari L.,
Tagami T., Manetti P., “Geochemical and isotopic
variability in lavas from the eastern Trans-
Mexican volcanic belt”, slab detachment in a
subduction zone with varying dip. Lithos, 93(2007)
149-174.

[68] Askren D. R., Roden M. F., Whitney J. A.,
“Petrogenesis of Tertiary andesite lava flows
interlayered with large- volume felsic ash- flow
tuffs of the Western USA”, Petrology 38(1999)
1021-1046.


http://dx.doi.org/10.61186/ijcm.32.4.739
https://ijcm.ir/article-1-1894-fa.html
http://www.tcpdf.org

