[ Downloaded from ijcm.ir on 2025-07-03 ]

[ DOR: 20.1001.1.17263689.1399.28.3.8.2 ]

[ DOI: 10.29252/ijcm.28.3.645 ]

FON G PO doxio 5 AR Jly pges §)lod niid 5 Sy Jlo g

(S121-9539% G8) yeolla 42 Gloolla s (sondirmn) 5 ol S

*

> L g

Ol obe 5 ;‘;o)ﬁg/db'io[f‘;‘;i/.) bl axly ol pole 0uSiils ol e 09,5

QAN - A 2 oles s QAVIY + callia 2l o)

@ g Jold boatind (n 50rS )18 513 09595 Gl el Gr5 )0 9 Olr g 435550 A )0 pelle 4l ounSy
@ el Sl S 0358 35290 (bl 2y (n eges Cenl (purliw SRS, 5 45, b Skt 5 Colul CS RSy Cod
223 go HlLad yelleygi= 35,155 saaS ) 5 lateileSy ;o S92 90 lasydle,ss 51 31005, (g, & i Sl Gloe Sl o
sy 5o Gelleygs Sl lashas, aijls 18 ool adlate (o iy 35565 b Ceiisdied 0 )0 bl s ase oS
sleSle Sl bapydle, g8 X olSolr )0 (aii g Fe/FetMg 5 Al jlais (05 YU glard (oiailaio 59:5 5 (ASB055 ((l,S
il b olo)F Jhw o abwgy 5 aien (5 labime 4 dily (ouyp 3550 Slagdles olpln culedl (0
5 Jlow 00 ass @ie b badloygs JoSiis ab g oy 5 FE' Jlade s 39 YU 15000 ol slose] 35290 oleSe

il (63985 0095 b o5 alold

O i digy 139,50 frcallo 8 510 4 st S 8 o 07 g0S slaellg

o509 Cewonl 5l Ol g Al Fe Mg Ti asile (g yolie colad
aibe 6,5 o Shs oobel » LVl el )5 5
P35 2 0d By Gl (LS (SIS See
= sbole,si 9 (o) Sl r Sodle)gs (S5 5
omizmen NV Y] aloacs sy lle,gs (lm 15 soud
SLS 59 092 ge oS jolie ()l j0 Jgol Ol s
DY il onns Job ol Socw g9 wlol p opdbe,ss
—E a5 Bly Glalleygs ool plxil sle o)
Dol e pw —o8as DVF] 5,29 4l ales 5l o)l pns
5 aalizeS slacaslbeS NV8] gl 6355 o )3T acgomme
OLKLIS ol Jleis o adly byol asb VA V] g5lKie
SSoless 5 vy e 5 esKdl Jlas s wdly ISl 5 [14]
bt Ganadlaie (90 Sl 9l g9 5l el s 952
plosl slagiagh oolul » Geizres wiies olSLe g9 5l 4
Do S yeghS VO )0 &l ol 4l slagdle 5 con

doddo
ol slaSiw gl o (e ml, GUS S ey
5 =S slaSw 0 adyl G g el (5655 5 (29,
2 S oml ks ol Iva ] Wi e ol & sl
ozl b oleSle (6 b sloosl 3 al> ya 51 Jlan! Lo
bt oS 5 £ 5 (Soazmn [V] 05 0 250 (s
ol Rl @l Glleyss Vb Sl Ul Geioren
Golmly 5 el ulidl e 095 LSl o alixe
g oad lad g Los Dl sy 5l orwg 0 S o SIS
00,5 IS8T, ki St slo gy 55 SIS 2] o]
Sl ooy LS 51 ol e ol ol o [T el
S slaarld (e g (alid e oGl At
as [a-5] sgs oolal e sl oloasd crae)
s et Ll 8 g Oljee o (IS oS 5 (o) 2 pslae
il Jolgs (o) ol ron Gl S plo s lboysi sl
5 65k 508 o e e lad (5nST (S5 9z

Vahid.Shahrokhi@Gmail.com : Ssg iSUl Gy = FF-YYNY - VAD 1 plod- a5 ¢ Jghuune 00 9%


http://dx.doi.org/10.29252/ijcm.28.3.645
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.8.2
http://ijcm.ir/article-1-1519-fa.html

[ Downloaded from ijcm.ir on 2025-07-03 ]

[ DOR: 20.1001.1.17263689.1399.28.3.8.2 ]

[ DOI: 10.29252/ijcm.28.3.645 ]

Olp!l (el G 5 (ol jols almo

& old g At

YenA L, oi 5 VO KeV oo sasmocliss 5Ly
Colinail (i gl S L—w 30ty slao lasliul og
ot (sl ST 53S0 5 o8l sl Sdbl oo )
5 i S (@l Sl oIS (sl oYy
W eolaiwl pgaiesl

10 s b polie Glp o)) ol jolie Gln a2 s
ceals (28 LS T el 65E5Le Jge8 e
5 o= apfu OH+F=4 _x OH & 50 4, H)O (5 yaic
2 Lometd e 99 O 50 50 0l dslns (g8 021y
aS Li laie [(THZ+Y) -15= Lil s>5 coin sloolSol>
Syl ggmazme Sl o)ls polast (ulidjsh Y (LSt 4y
WS o il |, THZAY =15 slaylSe a5 o gysls
Sl p 42l ;2 780 5 ol slaggsls [V] ws s
I ot aid 575l o 8k g0 (ulleygs 50k LS La
2 ol g 38k Syl S gl ol vl 4l
O Jsoz) [YY] el b s

—Cod 90 g9 5l g ol Goaihate o yeelle 4>l
sl st )5 oo a i bled b Zoglye
Ivvl )l oLsSLe

(=9I (a3l p ) 4 gl 5l esliiul b el o
£ 00l gy yalle axl GlaceileSy )0 lleyg8 oS 5
20,8 e Jlocpdleei slaasly o Lyl oSiuls o

IR OP9)
ozl o dle g oKl 5 £ caS 5 utd jskaio @
SLaaS ) 5l w503 10 olss e pualle 4l Jlorydle g Calisee
s 923, il aalle il slalaslaSy 5 o csdless
g e S gblie (ulid S 5 oS (o) 2
9y 4o 4320 (6l adaie Voslaws dladises cpl 5l oads
3G (o2 Sl ot DBl (59 SN (jle 5
bl olle)ss calizen (slaosly 51 abais Yo olass oyl g5
slss il s CAMECA-SX-100 ol5ss jl ol
3y S9SN Go3lo 5 oliules] jo pate VY (gl alisee
DA (gladais) asjm ool Game olge (5,91 ,8 Glahss

(($3900,3 > 1) sl ¥V ol 5 el aiilasse ) Odley5 = 5,155 slaaS ) 0 39290 sladle g (B3l 5y i @S ) Jgua

Hga o Lot \ Y Y £ o 4 Y A 1 \-
SiO, YENE (A Y,0A Y& YY YEXY YEYE Y5\ Yo Y Y55 Y&
ALO; YO,0F YO0 Y'Y AP Yo,0% \idai Y0,00 0,00 Y eY YA YO0
TiO, Y. <A AP <Yy Bhid ¥ - ¥4 < YA < AA < AY
FeO YA \YNY 1144 VY- \Y,- Y VY-V \YY- \Y,- Y VY AY YN
MgO )Y VY- \AY Al \FY Aal \ Y \FY \AD \FA
CaO ) ! s s Y Y Y V¥ Y0 LAY
MnO SN0 LY LAY NF SN0 NF NF NF NF LAY
Na,O Al ) Fa ¥4 \YY VY VY s \YY \ ¥4 ) Fa
K,0 s s o f o f e s o f s e o f
Foozo AY YO A Y AYAY AY AYF AYNY AYYA AA- AY AR AYAY
Si 0AF- AAAY 0AA- £, 50 BAAD DASY 0450 AT BAYY DAY
Al FNEA FVEE 75N¥ £NOY 740+ FNOF FNOF £AFA £5AY FVEE
Ti oY SN SN0 . evs . FF . FY LTy . f8 AV SN Y
Fe™' VFAR VEO- Yan VYA VEYE \EYE )Y Xadi ak! as!
Mg nai SFeY - FYY Baai - YA S YEA ad) - YA as SFeA
Mn Yy Y0 VY STy Yy CeYY VY Yy Yy Y0
Ca e <Y CeY VY e ce Y VY Yy Yy CeY
Na - ¥0- aas ik L YAR an S YAQ - ¥o- A Ak - FVY
K < Ry YN ceeA ERYS cee® weeA cee® ERYS ceeA
FeO+MgO VY OA \YAY \Y A YO \Y£A \YFA VYO \Y Y- \YAY 1YV
FeO,FeO+MgO < AAA < AYY - APO - A%0 < AAY - A0 -AdQ N - AFE < AYA
Xsite ils SOV i S EA -0 Ay e - Fod i S MY
Kvac adi < FAA NS - DAY - OFY - DAY - FYE - OF) NS < FAA
Na+K - ¥os - Fva Rary - yay - Fra - Y40 - FOA and S BA < FAN
XyactNa - AVE Al - A0- - AV < AYY A - AVE < AYY < A0- Al
XvaeXvactNa - Fro LBy - OFA - 634 - DoF - 034 - FYo - 0% < OFA LBy
MgMgt+Fe s SNAA LY SNV -)Aa¥ SAYY S NVEA -)Aa¥ At SNAA
R1=Na+Ca < FY- b aa) Al < FN Ak - fYY s - FYY -
R2=Fe"+Mg+Mn Y00 Y . AY Y- Y, Y Y,.v5 Y-y Y- 00 Y,-vs ) Y- AY
AlinR2 - VY 504 Nats - Yof SAeY - VO¥ - VY SAeY Nars 504
R2* YA-Y Y VEY YNYS Y YA~ YAYA Y Nag YAVY YAf0 YVE- YVFE
RI+R2 YYD Y OAS YAOF) Y f0F Y FAY Y FOY YAYY Y FAQ YOYY Y OAS
R2*+Al in R2 YOFe Y- YYVY Y00) Y EEY Y00) Y 0% Y SEY YYYY YF- .
R3=AI+1.33Ti £YaY FAYY FAYYE FAe - Voo FAY - FAe - Vo) FAYE FAA-



http://dx.doi.org/10.29252/ijcm.28.3.645
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.8.2
http://ijcm.ir/article-1-1519-fa.html

[ Downloaded from ijcm.ir on 2025-07-03 ]

[ DOR: 20.1001.1.17263689.1399.28.3.8.2 ]

[ DOI: 10.29252/ijcm.28.3.645 ]

FEY

crelle 4l Gl (soedine 5 (o lid S

1WAQ 5l oF o led YA al>

0951 YY ool yalle dilate (55) (slacslay ;0 09250 slaglle,si (5305505 41528 @l ) Jgor aalol

Wged 0 la N Y Y Ve 0 \# Y VA V4 Y.
Si0, Y008 YO58 rove OV LR v TOND | YOAA | Yox- TEYY
ALO; YEYA TEAY TEAN TEOY TO YO Yoy v YEVY | Yo,.Y | YAy
TiO, e e <P - F0 < AY <P - Al LY - SA
FeO VYA WO VYYY O YFF RAd Vg AL A7 YO
MgO - 00 - A4 - A0 N BT -5V 2T < AA 3 < AY
CaO AV A XY ne i NY e NY SYY AYe
MnO A A NY N0 N0 NY N .Y N A
Na,O V08 ¥ai Rd )£ VY VYY V00 \0A \,0A Y00
K,O 0 F - f - f 0 0 0 - f 0 0
Egemo ASEY AYYY AP AY ADAS AY FY AVYO | AV)NY AVAY | ASOF AY/A$
Si 0A5Y 0A8 OAYA DAYY OAY- 054~ OAFA OAAE | AVYA | A
Al At £ YAA £ATE £AYY £AQY £AYA £ VAT £ VYA £aA8 s Vof
Ti +AY +AY Nev 0 A Nev A YA YO FAF
Fe?* VASA VAYY VAFY VAYY YV ABA VAFS VAAY VA YA VAYA
Mg CAYA YYO SAYY S NEE S NOY SNBY SN - Y10 NO- R
Mn VY YA oYY Y- Y- Y0 STy Y .Y YA
Ca Y YA ) YA FF Y N Y . . YF

Na - OV - 6Y4 AL - FVY 050 00 B b f -0 - 0-
K N oA RV oA Y AN AN RV AN Y
FeO+MgO 1YY VEY VEAY VY AY VE-Y YYAA VEY VWAV YAy VE-A
FeO,FeO+MgO a5 Aavs - AYY 401 200 - ALY A0A - AYE - AbF AF
Xsite 05F O5Y S0 Y4 ag - 0aY OFa - OFY - 05 f N2
Xuae Rias Y - Faq < FVA XA ey 00 - fov - frs - FYF
Na+K OYY oY - fov < FAN N2 - 0%\ <OV < OVY N2 <O
XatNa AAY ASY - AFA - ALY < A¥D I A0Y Y - A0) - AVF
XXt Na - fY- - £ - OYF - fay S feY - FY0 Ra4s - FY0 - FOA - FAS
MgMg+Fe R} Y Y ) AY VO PAY - VF Ny VY L

FeFetMg

R1=Na+Ca - OOY - 00 - fa. <00 -5 - OAY - OYF - OYF NN N2
R2=Fe“+Mg+Mn Y, va YV Y vv Yvy Y YeYA | Ye0A | oYtV Y55 Y, t5
Alin R2 - FAD . £y - £ay < VE - £ay <Y N SNy - YAY .Y
R2* YVY Y VY- YYYA Y VYY Y VYO (%3 Y yYe Y VO YADD | YVEA
RI+R2 Y OAY Y Y- YOvY YOFF Y5t YEY- YOAF | YOAY | vevy Y 04Y
R2*+Al in R2 ¥raq \fiai ¥ Y0\ Y0 ¥ EA- YEYE | YO YAOY | YFT
R3=Al+1.33Ti #APA £a-f £Avs #AQY Y, YA vAY Fa-f FAAY | VoA (824



http://dx.doi.org/10.29252/ijcm.28.3.645
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.8.2
http://ijcm.ir/article-1-1519-fa.html

[ Downloaded from ijcm.ir on 2025-07-03 ]

[ DOR: 20.1001.1.17263689.1399.28.3.8.2 ]

[ DOI: 10.29252/ijcm.28.3.645 ]

Olp!l (el G 5 (ol jols almo

& old g FEA

Qg.‘,ﬂ Y olal p peedlo dalais ( E Slewslel ;0 vsz g0 slapdle e ol A s Y Jaus aslsl

gad 0,leds A Yy Yy Yf Yo \id Yy YA Y4 Y-
Si0, TFAA O roYF OV ) FOAY | YOV TEYY To,0A ro,£)
ALO; vEF- TE,04 TONF ¥, ¥ TONF o) YEVA | Yot YEAY | YEYA
TiO, < AA - AP . BV - v$ - BV -5 Y o -5
FeO WO VY58 AN VYYY 1YY V0 AR WWOE VY5 VY f
MgO Ve ¥ -5V .55 N < A¥ <P N -0 -

Ca0 XY SNV CXY Y AV 0¥ Y Y A Y-
MnO VA VA SN0 SN Y SYY L Y SN NF
Na,O VY V0. V00 )£ Y00 ¥as V00 \¥a Y AQ ) fq
K,O Y Y oef BN el oo f v oo f el e F
oo AR 00 AY,-Y AY £0 AYNE AY OV AYOY | AYSA | AS)OE AV, AP Y
Si OA-Y 044 OAYE OAA- 0A+A 0 OASD OA- 0AVA DA+
Al £aA0 FVY- £ AF0 £ AYY £AYF £A SYAD | £R3A £AYA LS
Ti e YE e AR .Yy - +20 1oAY <o AY oY e 1 AA
Fe*' Y AAQ yAQY YAB4 VAYE VAYS V,vaq VAVY VAT 1440 VAT
Mg SN0 S NOY SNEY A < VOA N aYe CYeA s YA AN
Mn CevE Y ST Y- oYY vy Yy VA ST Yy
Ca e YA Y. v Yy ey 4 e YA vy YA R4
Na S0V < FA- c B - FVY c O S 0-¥ c B . OY4 Sy - FVY
K oo F oo F oA N AN SRRy Y4 SRRy AN Y
FeO+MgO VEYE VEYA VEAY Y AA V- f 1YAQ VYA VWA VEY- VY
FeOFeO+MgO .20+ - A0f N - A0Y BN - Ay . Ara - A8Y - A5% - AEA
Xsite - O5F SOVE - OFY - 0VF - OvY - OFY . ovs - OV - 0A . OFY
Koae - fre < FAS - fov RN - F5Y - fov i - fY CYEY - fov
Na+K - OV - FAS CB-A RN <OV < OVY b5 - OTY S SYE < FAS
XyaetNa A0 Y . AbY - AdA - Ab4 Y - A5f - A04 - A00 - A
XXt Na - FOA S0 - FVD Sb-f - FAF - FVD < AN . FE < ¥OA < FA-
l\fgi\/l‘g:rfe .- V¥ .- V¥ A A .eva SNV SNy N e YF < AD
R1=Na+Ca - OFY -0 - Ov4 N - O - oY - OYA g ) BTE)
R2=Fe“+Mg+Mn Y55 Y, vY Y FY Y Y0 Y, YA Y,V YRV | YN Y, VA Y vy
Alin R2 < YAY < SA IV - YYa YA SNy . £ay - MA Ve - £ay
R2* Y ADO Y VoY Y yva Y V55 YVE YY¥0 YYYA | YAT) YAYS A
RI+R2 Y5 Y OAY Y OA YOV Y 00A Y OVY YOVS | Y YyYa Y OVY
R2*+Al in R2 Y ABY vy ¥EVA va-v v EFE LA YEEY | YSFA T OFA YEY
R3=Al+1.33Ti Yy FAQ £AAY FAYA £20Y £A0) £a-) B £AYA £ ANS

agy jl (o250 b pl o liB e (calidne o 510 o 9 e
ol gt iy 2 58 5 [VF] sl ol s i (090 (owldiisso

U mmr oobd Oley 5 Lo Gas o5 lae ool
olis S oBws 5l YAl syl 3 el
A alaly 0y>gp Al )0 S9>ge ladalind (nF s
(I 5l Sl 5 b aSaiinn Sl 95 = ey oL
"G g 00 (gl g 4Bl lp colul CSIES Cos

QL..»JQ,..J d)...o 29 L)L......’JJ QL’;....J JLA.MJ 5o ).:Q.]Lo =\.3:>l5
PO NF B R A OF Ll slasb oo 59,50
VYO FA YL TYO RO 10 Llilis slasye 5 By
9009 @Bl 3 ymgp VVeoeee a8y 3.0 alo 0y S
US8) sl (6K BB g Ve e ee a0 5T adlsl


http://dx.doi.org/10.29252/ijcm.28.3.645
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.8.2
http://ijcm.ir/article-1-1519-fa.html

[ Downloaded from ijem.ir on 2025-07-03 ]

[ DOR: 20.1001.1.17263689.1399.28.3.8.2 ]

[ DOI: 10.29252/ijcm.28.3.645 ]

Al s ele 4l latlleygi (gontien) 5 (ool SIS

1WAA 5l o oyled YA ul>

3 s plsie 4 eog nl Gl YA VAL o555 IS
albiw 0095 b yloyon [FVF-YY] 529 0 soudgisl § slaosgs
oolel 5 g Sle Snlygy 0y90 ,o [VE] wigll 5 [ ol
Y+ Ma sg0>) i awl,S @ by, Rb-Sr iy,
2 gl 5 035 5 aleSle sl .ol oo [YV]
30 Gl Sl e g aBl S adlaie  owlidyae)
3 ol s g [YA] a5 o5 o (slanl T asloles
Gl oy [ ol axsls ailais sy, S5 605 S
eolle dilate slaadgiil S S wms e olis oad plal
G b ol (Sol 5 el (o5 b el lopsal
S oz %3 o 5 IYAD dima A s )5 LB
O (oo ey @l 5 )R S lalars (o
p9 g9 A-type go 5l adlaie ! laadsidl S a5 wes o
a1l plojen | oll8 5 QLB (Sal gla S5y 5 005

O Jss) [yl

[ =

33°45'27"

33°45'24"

-----

......
------

vvvvvvv

33°45'20"

General Symbols
=~ Geological contrast * *
— Fault = Road

v o Drainage Contour Line

.......
.......
------

Geological Map Of Malmlr Area R ‘flf unit boundary

Young Terraces & Agncaltural Land

..................

............

e =

LR oK r...... [P

--------
.o
v

. e

Sl 5 ok SBT3 45, b oy ol sl
5 S5 ol Slagulisyso ol jon 4y Jlociloddin 5 o058
cde a IVF] Whoas LSes sass5,5s locKimanls
Selygh —Ommt S Soge; Gnly 9> (o9 akie
g sate S JSL 50 ((S3le ey (S e $9> Uy
ol celrs glal Gl o laose, JIg S8
xSl BB 3o ol Lo (il> Slpuss 5 Iy
b LSl 35a5 [VV] s 5,5 0 BB ooy 4 g 0090
ooy S JSs o [YA YAl (<165 Ma) Sl Seul)s
wzge g Al Geel G Siw oSS
bl (6398 035 b wled oo 3 (9550 dlla LS
RSPV ER. S US N KESNUCSUDRPRH I 0] IV | 23 IO
Sewlisl 03 3zon @aSFS Glesy (lag wihie
Slade oloul cels g 00,5 3505 lud (9,0 a5 Conl Sleo
ailoads dalate cpl jo Jloas) slacands 5 ulaiyen oS
2 UPb g, 4 oads abl oeiwipm bl 5 W) YV

waw e waw

\{‘ B

* (S

ttttttt
......
-----

.....
------
oooooooo
........

Scale:1:1000

49°08'54" 49°08'58" 49°09'02"

49°09'06" 49°09'10" 49°09'14"


http://dx.doi.org/10.29252/ijcm.28.3.645
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.8.2
http://ijcm.ir/article-1-1519-fa.html

[ Downloaded from ijem.ir on 2025-07-03 ]

[ DOR: 20.1001.1.17263689.1399.28.3.8.2 ]

[ DOI: 10.29252/ijcm.28.3.645 ]

Olp!l (el G 5 (ol jols almo

ST B VE AN VW O

bl bl Spo by JSE0530 3555 slaysly cun
G w)é uBL» l; Qa)yé;)‘gf (o Y J.xya.?) Sloas
5 wibsyon e ol Sl SIS 0w )lo )0 5 allslavgte
3 Sl Sl 5 g Ghl Pl o8 Sl Sl g Clsn
il S (e ¥ USS) s SWhossl b g5 i el
5155 Lol sl ls Jols alslavgze (slails wil b L3
US55550 b JSiogidas &yg0iy (18+) DISs,l o (1F+)
5 olie 5 (B el S e S 5
L locrdleygs cadleds (S Y pgad) Sl ESgum 5 Cuily]
G g gl Sedyd slajel 09dise ond 1 (uSgileSy L
CasSs sloysl eizmen o 1S el g5 5 el
Ol S0 o5 ke 4 DSl slaysl 51 S asloass LB
¥ orgad) wlad has Gl 4 jlews Jliol 4 g ond
Dol GesSae (Sijaiz b e b ol S5 4 (e ()
S9z 90 SlceileSy )3 5585 4 lagrlle,gs (nl gdioe oy
Froskee YW BT o)& Jsb g goamgndl S gloosgs )
b o8 g eaiSly SO a4 bodle,g ol adle 03y
bogie culs 5 5o Vo Jsb 4y g 00pdS (puae &g
g9 3l o8 as wijle I3 SleSy e0gi lee 0 e SO

5oV sl JSb) siwe yulle,gd asyo Ve b caidley s

N

9 e Lo S99 Gotiginl)S 009 (owlbidiir

Moilloyg8 lasly (oS
sbgilen ol 2 el GadsisdlS 0388 oS5
Lly) orires a8 (o) U ablis (owyn 5 9 (2o
dalhio [0 352 ge wldKiw sbacgere o (ol e
$oaS ) Lo | 5 ladegorma cnl b loilesr coslaSy bls)|
0 JSE) 95,5 oyt S slacKis b il 555
o095 Jold 0095l (sages S5 culal ool
logleyg8 CoilaSy «92955,155 Uil wodl Seasles
CileSy sl Glleygi-lsS sleas, LB eulS
shls asgaze cnl wiligy oo |, dilaie 5| (VL e (]S
Sl S el g 0o gdye U awlocun e zél
@ el g ol S plae @ 059 Se 5 515 WS 5|
Jsb seakes 10 B lajei)l 5l (el (28 (S e
Slad aS wyls 18 095 Ay Cand S, sl yo g azils
aslocd o il b Saw (pl o uizes sl (g ,08,9 il
o (S y S8l o)l slajl (Sp y0 005 (o0 0 G
So7y witmeall & ygar Sl (gylaio o3l o (Sxy w09
alocls o U lawgie <l glylo cdlgn (Y pgad) o)ls
@ wilsyer g Sufgm W )l sl Jeld g
=2 S plpie 4,08 S 5 Haul g (Lol SI lse

(@ oelS95e 5 5155 W)l Sl sl » Jorive ST (Al el 4l (S slaozly 1 (o5 Sen gl ¥ U0
b ocd,s Cdl b Cuy005)s (o atkiyes 5 cadgm Db 5)lsS sl ol 5l JSate ailocei,s b lawgie <l shls el
ol s S Jeiine ailolavgio glals cdb b L8 ol S0 Codgm 5 aidd g0 DS Lol sl S5 5 Jeiio g dilolawgie
Pl - Lwals Fsp —ailsjsa Hbl -5,ls5 Qtz , Jorie o [F] olul 5 g lais! ol JSios5aes &ygon M)l o 35,155

Ordle o5 TTUT = 565 )1 0T - g9Knge MS — gy Bt - 1Sy So :MC - DS 0050


http://dx.doi.org/10.29252/ijcm.28.3.645
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.8.2
http://ijcm.ir/article-1-1519-fa.html

[ Downloaded from ijem.ir on 2025-07-03 ]

[ DOR: 20.1001.1.17263689.1399.28.3.8.2 ]

[ DOI: 10.29252/ijcm.28.3.645 ]

o e ealle 4l sla il s o e 5 ot SIS 1WAA 5l o oyled YA ul>

<l b loille,gs CoileSy 1 0Sug S ppal (Al bodleyss slaasly (9 SIl (35l0 505, 5 (255wg Ses (e polas ¥ JSE
Crons 4y 23) (SS9 S (Sloodgs 13 39250 SIS § o hee YV BT (o085 Job 4 Glleygi 5l (e poal (C (sasples
Jols 5 glails b b o 55009005 axlg 5l (5550mg ,Se pgai(S dacudleSy ;0 35250 slagrdleyss 5l (oS Go3le 5y pgal (@ (g
sladS, )0 9zge lleyg g Slhewald 5l (55w S pgal (& WusSiwge 5 Soigm (@bl Slawals ML Il sla SIS
~olpls Fsp —eailsjgo HBL - 35,165 QU2) (§05 Coow 4 029) (S0,53505 Slocin )3 Gllaysi= 3155 sbaaS, (@ olle,s 35055

ALF T ey g5 Tur 9551 0T i g9Sango MS — gy Bt —i 121y S Me =S5 530 P

) Sow 5 2oy Ve dgu 5,15 sla ol ol (28 S 2y e e sl GBS L CapnagilS 0ol

5 oSl glyls 00y JShosrl el g w0 JSid Jolis g slails el gl)ls acgomme (pl 0,10 acgamme (ol
£5 3 ol Glaclwals aiius Sepe il bl wbgn (ol lwals el gl sla il
Sbj Jlie a4 Suism W) (S S8l 5 e (55 S ol a bl g 0505 5 ol G plsie 4 cupSnse


http://dx.doi.org/10.29252/ijcm.28.3.645
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.8.2
http://ijcm.ir/article-1-1519-fa.html

[ Downloaded from ijcm.ir on 2025-07-03 ]

[ DOR: 20.1001.1.17263689.1399.28.3.8.2 ]

[ DOI: 10.29252/ijcm.28.3.645 ]

Olp!l (el G 5 (ol jols almo

(o 9o ¥ sla i) aiw e Mg/MgtFe S coss
Ofless5 5)lsS laaS ) oS sl e Cully iz (izren
Comss )Is Lo &ileXy )0 99250 (rdls )5 4 S
S 5 5YL Mg/MgtFe cos 5 50l Fe/FetMg
Slaidlo,gs & Cod (rlley5i- 5,155 slaaS) S s
S g s 1 (658 o ghls ool o 052 5e

Ry JJog i oS 4 Ladsgas Y oLyl JalSt Jlas!
L olols ol 5 09ueS .o oy [FO] Alin Ry a0 s
P AL Li bwg s >50 Mg, Fe 3l g)lo i 050>
A by ye gl e o L5 a5 090 0 gl Y Condse
(ST JS2) 2l (e stilr) T (il
Ca, nolie s X slomed 095 L 352y (bl bolle o5
ol g oldld ( comndS sl ydlo, g8 aiws 4w 4y Na, K
ool o Y] st o s ol JI5 T X ol oS
Slasdlayss i jload Cotls  laaiged s gaies; (xl
“FlsS slads, g wiien oL £o jllaiuileS )5 99250
Locailely )0 9250 slogulle,si 5l 55 diged 59 9 ulles8
099 b oaims s el fplas Wl X gloegys adlaie jo
e b anglie ;o X ool )0 99250 reliy 5 s polie
LF0] Al 4 s Xiae logi jo (& JSi) el Ca
LacaileS, ;5 35730 oalleysi ol ol (sloipas 4o
9 9l hod e 0 S )3 by B8 slaeS)
X slomts bl ol 323l )18 Caglys (a9 ST
2 99290 (el sl an Cans b ygi 5,15 S sleas, yo
(z ¥ U)ol i el

S 5 df0l Mg asy o s Fe ol s Jogei o
aen oyl 1, 8 ) (FetMg)=3 Lz g, Cuglys ool oi
4 g aien ) (FetMg)<3 l)ls Loz ol 5,0 ldaiges
o=l ool ol o 0 Y oKl 0 Al il & g0
P AL sl lade il oS Y (FetMg) ax o ologes
Sloas ey gladaiged dad gd oo yis Y oS>
Y (FetMg)<3 l)ls ) 8,90 aihio slayIla,g
8 Ced et oS o Fe ) S Mg lade b 5 it
(G0 JS5) %o

Soges (pl o dleygi sesls SauSTy Ko sg
AINa. (7 o pintile ol conmil 5 g LS5 23
Ca loges o baiges oll> [F7] ol X oSl> 8 ;Mg

Wgdoe onyd ali>de LB jlade 4 pa CugSuge SIS g
S5 b a8 ol gl CusSane glayel (& ¥ USE)
slo (5097 (mx 9 G (B Nabe oms PSS
5 O Sl a5 opdiee o biasSn 3 SzsS
5 SIS D g0 a4 Clél by oS .l diges o JISS S
ooy 5 Sloasals al8 aries Lawgio b 3, o3l gl lo
clas ) ailoass LB po LS 50 52 Sels dSgesta §d O
oS W) osn SymeslS S ) Gl g ,lsS
by g odal 0g2g BIKE Sy lee jo 5 jails Oy
(g 9o Y GlaUss) wlond ablel Slawals o el

“ e pSre (Spaiz b eaS ) cpl 0 05zge (ylle s
D5 & Grizeed 5 CosSans 3 D RL 5l olpen ]
L M 95 .09 oo 003 Casl 5,155 b ol yos 4] oiae i
oS s Cel)d s Sloa g elS 9N 6,5 Sl
i SU sbans) bwg Ll b dl,gs cpl sl o0
s )0 B) 5 5l (28 56 Sl Ll asl se g wigd e
eVl awsl by

o 090 ailin 0 (ool (S (ooud
O VY olwl o (31055 5 4 1o il 51 eolail b
g aihie ;5 09290 slairlla,y 3w o B
4 Coms Mg/MgtFe oLgs jloges 4 az g b by dleyss
Ca, Na, slocaus o oS5 Ol X/ XactNa
Ioges ol aly (I F JSE) 0b w0 [FY] Mg, Fe
oo B cidgd-y0-h oS 5o lagyleys (625,18
L Lacsleky )3 39290 slacrdle)ss yiian (uizren ool
Cod g Cond o Mg/MgtFe 5l s 5eS lade fyog |ls
5 oo, 3)lsS slaas, )3 9250 (rlleygs 5 W)ls 18
9 1 Ly 5 oty 3 sy2pm csloglleygs 51 sy
Capidgd dad ey ey Mg/MgtFe i iy jlodie
3 Syt okl S 4 ladiged hled 4 x> g b st
Fe jlafeas ci8 lss o faazme 10 Cuglio b anslin
Feslaiwl b K0 sgw ol jiiws Mg Jlaie 5l ladigas
5 [¥Y] Fe/FetMg a e i Na/Nat+Ca sl lsges
Lo ydle,s aon [FF] Mg/Mg+Fe 4 s Ca/CatNa
slagdlo)s (bl ol as)ls 18 e el 0 28 5o
s Fe/FetMg ;| 5,5V canss )b el ;o 34250


http://dx.doi.org/10.29252/ijcm.28.3.645
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.8.2
http://ijcm.ir/article-1-1519-fa.html

sav e ealle ol sla i dle g8 e 5 ool SIS 1WAQ 5l oF o led YA al>

ol o AL YL ke 925 vl @ el Glle g8
AlNa_lMg_l 9 AIOMg_l (OH)_l 6Lﬁwl.‘> cde EY Y
Lev] el

oxds lis (o 0 JK») Na* + Al* & cos + Mg*
omb Jlade 9szg (o 0 JS) Na @ s Ca jloges
Sisle [0 Cuglis o5 Hlade cams las (Ca<e)Y) pedS

[ Downloaded from ijcm.ir on 2025-07-03 ]

[ DOR: 20.1001.1.17263689.1399.28.3.8.2 ]

[ DOI: 10.29252/ijcm.28.3.645 ]

[T rrrrrrrrproqrryprorrr T r] Lo LA B B I B B B L L B L B |
: »e oy’ ] E . £
- o 1 [ |
s — — s | Foitite Mg-Foitite 1
Dravite Schorl - - I 1
] g (LY [
P { Y t
s "L i 1 % | ...
Z - — e+ o ! I s®
g f 1 5.1
;\ 0.4 KE 04— : —
- Uvite Fe-Uvite - + ~
0z — — 0x | Schorl Dravite | 1
1 I <
! } {
u_"hlllllll i BT P ||1—| “_“:_l JI|-|L,.,lll.;_.l| 1—1
0.0 0.2 0.4 0.6 0.8 10 0.0 0.2 04 0.6 0.8 Lo
Fe/(Fe+Mg) Mg/(Mg+Fe)
3s I | I I l Lo T T T T 7 T T
. — —
() - .
Schorl- Faoitite- RS d
Dravite Olenite B ]
EX] 08— —
H B Fe-Uvite Mg-Uvite 7
= - -
Fa - -
-
= - ~
.5 "-_J' 0s
3 = .
= - -
N Schorl Dravite ]
.0 — 03 |- —
Elbaite N ]
1.5 | | L L o0 S T i Dy N N N W — IR W T T 1
0.0 0.3 0.6 0.9 1.2z 1.5 0.0 0.3 0s 08 [
AlinR2 Mg/(Mg+Fe)
o — T T U T T T T T Ca
2 2 = A
¥ = H z 1 . VAN
- r g S (&)
08 2 my =
= B z
= = =
L o 7 = -
[+ e =
6 5
L .' .L: ]
£ =
< .’ 3 /
04 .‘ A
* v
~
/
0.2 i
/‘T Vacency Group
&
prad
| 3 Fia
0.0 I T T | 1 L LI i 1 [ | 4 .
4 5 6 7 ] Ksite vacency
Al

X-obgo jloges (Al ailoads ool i Ll oy 9550 lodiges a5 Slad oS 5 wlul p laydle,gs (soies, sl loges F S
S8 cudyed dilate 0 i 35,05 b Cuided- e 0,58 e ol asa o] jo a5 [FY] Mg/MgtFe & consvac/X-vactNa
Ca/CatNa Jlsges (& )l )3 cudygd 0,508 10 adiges dod o] ulul a5 L] Fe/FetMg 4 coes Na/NatCa jlsgei(e il
R2#= ) Al in R2 & s R2* Jloges (& it &dly Jyod 0,8 ,0 boaiges aen o olol p o5 [FFIMg/MgtFe a4 oo
oais p JolS yob 4 Y olSls lleygs sladiges den 40 a5 sas o lis oS [F0] (Fe+tMg+Mn + Al, R2= Al + 1.33Ti + Si-12
@ s Al Jloges (7 diied oL g9 5l 89290 slacloygs i o ab » a5 [FY] Xvac Ca (NatK) lie Jloges (& wand
32 (X) lrsts logas cnl obal 2503 518 Cuglys ouST 9 ST 5 Suglys s o 058 )3 adiges )] (bl a5 [FF] Xvac

e ) Jgaz axile e ailis el piicn eslely ) 35290 nlleysi 4 S (lle o5 5155 sleaS)


http://dx.doi.org/10.29252/ijcm.28.3.645
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.8.2
http://ijcm.ir/article-1-1519-fa.html

[ Downloaded from ijcm.ir on 2025-07-03 ]

[ DOR: 20.1001.1.17263689.1399.28.3.8.2 ]

[ DOI: 10.29252/ijcm.28.3.645 ]

Olp!l (el G 5 (ol jols almo

FOF

"-"_|||||||\|||||||||5 T T
= '“' N
&
78 — * l —_
L % i |
+*
1l
t 76
< :“0
4 F 33
2 as [ * . E
- - 4
L ) J
7.2 |— s —
7.0 _I 111 II\I|IIII|I II: I1
1.3 P 2 14 2.6 L kX))
CatMg*
0 T I TTTTTTTT TT TTTTTTTT ™
() ]
o\ |
0e *,
el C “‘ il
=
3 <
o8 | ®e
[ L]
"_-,-Illl...lll tag el ...||1
ol 0l (LR} 0.4 .S
Mg

Fe

Na

35 T
| *
|
BN
15 Y
10 . w’
“
| .
- =
s \\>
P
TH: = N
e
| e AN’
A Ty
s Py AlinR; (J
o ,
I;. ‘." \
w | P | T
[} 0s 10 1.5 0 18 10 15
Mg
0T T T T TTTTTT T T T I T oY
)
(4 "
*
06 ' i
- 13, AL Na, Mg
. 1=, [, Na
* 3, et T
05 e ee 1¥=Ca, Mg[). AL CaMgZ] 0, AL(OH)
L 2
- *
-
& @
04
L
03 L ISENEEE Ll Ll Lilaigll
0.0 004 008 il 015

Fe Jlaie 5l oS Mg L 0,28 10 9 2 (FerMg)=3 L 15 ;0 baiges o] (ulul 5 a5 [F0] Mg & e Fe &l s Jloges (Gl & Jsis
Mg*= Mg+ Fe + Mn + 2Li -Ti, Na*= Na + K, ) Na* + Al*q, coos CatMg* 0eSan Ko (0 i)l j18 Codjods

4 S € loged (Gl GugSan oz gillai g Cuglys oniile o5 a0 oaips lis bediges 5,5 1,8 (Al*= Al + Fe3+ + 2Ti-Li
aS Fe/FetMg 4 s Mg Jlogas (& ol yudleygi Jlislo jo Caglys o jlade saias Las (Ca<e)¥) puedS ol Jladie 549 45" Na

sl leSy [0 5290 locrle,si 0 Fe/FetMg i jlade g udlo,gi- 35165 slodS ) ;0 ao juie (oo jlaiio 09y i oaimd LS

510 sladSs & azg b uizmen [FV] wigd o jolits
YU AL 4 X ol 50 palS Caaw o oy dle o5 don o
‘)—ii‘b & 9— )| ...\_;)L) @LofLo Kl 9 asls U’““"‘)j
dae ole S slocpdlo,g b anslin o Sldle gloydle s
Cmns 092 YU Cpizmen .i)ls 6 5YL (Fe/FetMg) ol
by o o] JeSas slaailas ) plleygs ;o Mg @ Fe’'
2loSle ol ol 4 ax g3 LULFAL codl SLSLe slaolin
loaises 5l oolaiwl U padle aihie sla pdloyss o9
o ..\..JL J.vlﬁ ol w‘bﬁ
[V] Al-Fe-Mg 5 Ca-Fe-Mg sLa Jsgai ol
S s38 9 009 Su0p Sudjed oS 5 4 adlaie la ey
o 50 bl pl oS 5 iomed (8 JSS) aiiws (o]
g L1 5l , 88 slaaSgiil, S 0,n S o0 F JSi Jlogad g0

i Voo aile laaslis

o S Mg Jlages aly » adleyss (Sudsé Gl
ledasges (&0 JSb) ol (550510l LB Fe/FetMg
3l S = 00 S cands slls sy 0590 Yo dle e
oy o Fe/FetMg Joie 5 </ FO G - NY) ME oo jue
)O 05?9.4 LgL(buJLo)}? ‘LJ“L”‘ u.)‘ > A (’/Qa [ '/V/\)
Sl Gl 5= 35,155 slwaS ) amy Cos Lacsles
i Sas 4 g Fe/FetMg cos o pYL Sas ¢
(D0 JSo) ssa Mg Cas (o

lolo g
sl ele S slaielle,s an s (2leSle slaglle s
Lev] sce X oSl o oy ulS 5 5YL AL lads
099 9 SS9 Lo IS 13 35290 slairdla,ss
39— ol oo (l, 30 5 035 guailais
B,05=2wt % L, 5 PH<6.5 gamsl Ll s (A/CNK>1)


http://dx.doi.org/10.29252/ijcm.28.3.645
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.8.2
http://ijcm.ir/article-1-1519-fa.html

[ Downloaded from ijcm.ir on 2025-07-03 ]

[ DOR: 20.1001.1.17263689.1399.28.3.8.2 ]

[ DOI: 10.29252/ijcm.28.3.645 ]

Foo crelle 4l Gl (soedine 5 (o lid S

1WAQ 5l oF o led YA al>

Lo dle, s o Cos a5l a5 LT 1oV ] el &5
Yy [N [ CHW ESCN R N5 BN CESRP PO
J RPN R NV IRCUI PSSV SUES - PR SO X {8
ol b oo S Jlw dle g5 Fe=FeO*/(FeO*+MgO)
ol a5 60k an 35 B o0 S sS (SIS 0oy 5l ()5
Om S5 0098 ot (SIS 090 RS Sln S
3 i b solus alols 15 (g1aT, slaaslal g1y 5V b <A
Jadeas a e Ly [oe] cil o f 5l maS ey LS
4SS ol dihis calise sloasiges FeO*/(FeO*+MgO)
A oy T o ladge don 5,05 ,18 g canl A 5l ro gl
Mdle)gs slaaS; alols a5 w85 amis Glgs oo (V JS2)
V3l eS edls (S 0095 5l (o 2 9590 adilate o
Fe' Jluie amy azgi Ly ool by il o35y jiog LS
0 S 5o Ladl o &8y eizmen 5 ailaie laglley 58
slacl s bewlbeS o 5l i GlaosydlS oSy
Lot et 5o (595,50 slaasly ¥ S o] & anly
33 s Oy9e $ladaed den (5,25 )18 ilesy: 36 o
ol S Fe’ s Jlacie e YU Sles ¥ JSE A 6 S
sl ate a baglley i LSCAS 4l (09 S35 (3l
ool (63935 0355 b yiaghS V5l aS alold g Jlw oS

Al

Alkali-free

Se2g 4y glo,S bl il 4 i oS 5 5l (g ogume b
Js e a5 55,155 slaes; slagdleyss [F4] 0l
s s s JLaiol s o Sgid 5 0 4o (6515
ol 0595 3985 31 Ly AT, b aloads JSis SleSle
an glolosg po ol 32,35 5 LeSlo o)ligs 3585 il o (2l,S
ollayss s sl ¥ AL Jlaie [0+ ] alle (gasgnsl 5
e Sl 009y @0l )8 (lley g 5)lsS (sladS ) g 0395 5o
JSis sl oY 9= 392y LS gl slalle g5 924
‘;U )L.\_(Lo s)j.ld &9 )| ] 45) 9 obj_'; ) w.]Lo)ﬁ.a
i FEOTMEO Jlais 5l e, LS5 sl Mg, Fe
Aol don )0 0 e Sl 009 il as e Ve
Iy odleys JoSas slp 5Ls 5,50 Mg, Fe, Al B oSl

285 Sl ) aSeisl S ooy (950
S Ly g8 50 AL 1 (22 slacg s, Ly Lyl
Lol 05 oo aseine + /A 5l iws Fe'=FeO*/FeO*+MgO
S5l Fe'=FeO*/FeO*+MgO (ol s +F 5l 1iaS Cand
oRisls S5l o 5 Al Gl (8 lacses, b5 o0l ,So

Ca

. !| Liddicoatite

Foitite
Schor
Buerggerite Dravite
\
3 6
Uvite
Uvite
i Seharl f " .
Buergerite Dravite
Fe Mg
tot Fe Mg

a5 Ca-Fe-Mg loges (Wl sl podle aihaie slodlo g oS 5 oll> 5 [V]Ca-Fe-Mg 5 Al-Fe-Mg obiaw slsloges & Jsio
5 oileSy ot 51 i slaasdsd]S -V el & s lacll s bouileSy et 5 (2 sloadsd,S ) 5lale O sloo s
5 boaslaglio (lleygi =55 )l5 slafin -F LCa 5l (28 lacblio 5 bogsluglio GG (Sol lacn -F ol & axly slac L]
Sasle o] slaoyins a5 ALFe-Mg Jloges (o ond 55,58 slockiblp -F 5 bolySke -0 Ca 5l 8 sbegbbe
el & atsls slacadyl s besloSy ot 5l 28 slaadgndl,S -V ol 4 atly sloceyl 5 oeslely (ot 5l (28 slaadgndl,S )
5 bbb -0 el 5 glasl 5B S b cjon slacaslalio 5 boublie® Fe' 5l Lo clleyg- 5l slackn ¥
Fe™ 51 s lleyi- 5058 slacKin 5 lacodlio ( Sl (Sal slocin F (uuivagll 51 et S S, b oo é (sloialuylie
Sladiges dod LaleinS g mlie 5 ool ,Ste A 5 p9)S 5 wolly 5l (8 lacimanlio g bl oS b osd (155 50 (slacsdlal -V

(e ) Jgoz asbe ailes) s )15 Ll 4 aly sl T 5 eaileky ) 51 0id sbaogdsiil 5 0 S 10 palls aibaie oy le o5


http://dx.doi.org/10.29252/ijcm.28.3.645
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.8.2
http://ijcm.ir/article-1-1519-fa.html

[ Downloaded from ijcm.ir on 2025-07-03 ]

[ DOR: 20.1001.1.17263689.1399.28.3.8.2 ]

[ DOI: 10.29252/ijcm.28.3.645 ]

Olp!l (el G 5 (ol jols almo

& old g FOF

FeO/(FeO+MgO)

6 8 10

MgO
o3 dA) S o094 K03 b il Fauil slacle,gs Glaws (o1 40 a5 MO & cns FeO'=FeO/FeO+MgO) jloges ¥ JSib

Slacrdloygs 5l oo cosls p sladiges aen [0V] ol outs Lastie (C) (il S 005 5l 590 slaclle,gr g B) Lawlgas b sl S o0g5 4

oSl la Jlmw 5l H9m (6,5 SO Kby a5 el <A 5

&=l
[1] Henry D. J., Guidotti C. V., "Tourmaline as a
petrogenetic indicator mineral: an example from
the staurolite grade metapelites of NW-Marine",
American Mineralogist 70(1985) 1-15.
[2] Slack J. F., Herriman N., Barnes R. G., Plimer
I. R., "Stratiform tourmalinites in metamorphic
terrenes and their geologic significance”, Geology

12(1984) 713-716.

[3] Burianek D., Novak M., "Compositional
evolution and substitutions in disseminated and
nodular tourmaline from leucocratic granites:
Examples from the Bohemian Massif, Czech
Republic", Lithos 95(2007) 148-164.

[4] Maning D.A.C., "Chemical and morphological
variation in tourmalines from the Hub Kapong
batholith of peninsular Tailand", Mineralogical
Magazine 45(1982)139-147

[5] London D., Maning D.A.C., "Chemical
variation and significance of tourmaline from SW
England", Economic Geology 90(1995) 495-519.
1995

[6] Henry D.J., Dutrow B.L., "Metamorphic
tourmaline and its petrologic applications”,
Reviews in Mineralogy and Geochemistry
33(1996) 503-557.

[7] Dutrow B.L., Henry D.J., 2011. "Tourmaline: a
geologic DVD", Elements 7-5(2011) 301-306.

A2 ) ooz aiile by wilis ossies adlg A o5 o yelle ddlaie

ol ais ol ol £o 5l el )0 95250 slaylle sl
Dgls g ..x,.sLs eollo sl ydlo,si o gandalaie 0g0 byl
5 oo, 3155 sleas,) ;o 35290 slairdle s el
Comw 4y e Lo leX )0 09250 sl pdlo,g 5 ciso
sl gl wlal o ioren adyls bled colSed (dad
£33 Lacsboy 53 39250 slacndlo,gs i (gllS
S S Bl g Gl 535,195 sLwa S g 009 (LS
o35 B &y 5305 BEulay 55 332 9m e slaipes
Fe/FetMg a con s Mg Jlog i jo 05ls ), 8 Loegs
Sloidle;si g maiee jlade (n 3Vl Gulleysi= 35055 slaas,
=S g Fe/FetMg jlaio p 3V0 lewsilel ;o 59> 90
ol ed Seaia e o, S0 S b, Mg o
Sl Y ol j0 Al il sasms lis D (FetMg)<3
g adhie (ol glacdl S 0 JS0s5 sladleyg j9a>
Biwls sloSle (jog 8 5l g, ailis gassadlais o4
Lo sl (5,0 lodla g cwl jou 3l leusl 5 oyl
oS slaodla e as Il 0wl oSl olKiuls
oeedlllte (215 e slacKin 5 (65t oleSlo)
45 Sy oo S A S ol a5l 0z (o ;53035 155)
.\))‘Q LS’LA; l_> @LofLo Kl alise 6L®..\>|5 )9 e
G lodleygs bl jo FeO*=FeO/FeO+MgO cos


http://dx.doi.org/10.29252/ijcm.28.3.645
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.8.2
http://ijcm.ir/article-1-1519-fa.html

[ Downloaded from ijcm.ir on 2025-07-03 ]

[ DOR: 20.1001.1.17263689.1399.28.3.8.2 ]

[ DOI: 10.29252/ijcm.28.3.645 ]

Fav el 4l lagdleygi (oaedime) 5 (B SE

1WAQ 5l oF o led YA al>

[19] Mirlohi A., Khalili M., "Petrography and
Geochemistry of tourmaline nodules from Aderba
leucogranite (northeast of Golpaygan)", petrology
27(2016) 191-205

[20] Shahrokhi S.V., Delfani H., "Geochemistry
and source determination of tourmalines in
Mollataleb Area (North of Aligoudarz- Iran)”,
Iranian  Journal of  Crystallography and
Mineralogy. 27 (2) (2019) 385-400

[21] Delfani H., 2017. "Mineralgy, geochemistry
and economic geology of feldspar and tourmaline
in Mollataleb (North of Aligoudarz-Lorestan
province)"”, M.Sc. thesis, Khorramabad Branch,
Islamic Azad University, Khorramabad, Iran,
(2017) 126 p.

[22] Moradi A., Shabanian Boroujeni N., Davodian
Dehkordi, A.R., "Geochemistry of granitoid pluton
in northeastern of mine Jan (province Lorestan)”,
Journal of Economic Geology, 1(2017) 191-205
[23] Bloodate E.S., Hughes G.M., Dyar M.D.,
Grew E.S., Guidotti C., "Linking structure and
chemistry in the schorl-dravite series”, American
Mineralogist, 84(1999) 922-928.

[24] Stocklin j., 1968, "Structual history and
tectonic of Iran, a review", American association
of Petrolium Geologist Bulletine, 52-7(1968)
1229-1258

[25] Mohajjel M., Sahandi M.R., "Tectonic
evolution of Sanandaj-Sirjan Zone", Scientific
Quarterly Journal Geosience, 31-32(2001) 28-49
[26] Shahrokhi S.V., 2002, "Ore-control
Determinations of Cu-Mineralization and Its
Related) Elements at Kondor Area on Part of

Aligudarz (NE-Lorestan Province), M.Sc. Thesis,

North Tehran Branch, Islamic Azad University,
Tehran, Iran, (2002) 155pp.

[27] Lotfi M., Shahrokhi, S.V., 2004. "Cu-Au ore
mineralization in Kondor area (N-Aligoudarz)
connecting with relavant geodynamic problems of
Masterrun granitoids (NE-lorestan province in
Iran)". 7" conference of geological survey of Iran,

Isfahan, Iran.-Maning, D.A.C., (2004).

[28] Esna-Ashari A., Hassanzadeh J., Valizadeh
M.V., "Geochemistry of microgranular enclaves in
Aligoodarz Jurassic arc pluton, western Iran:
implications for enclave generation by rapid
crystallization of cogenetic granitoid magma”,
Mineralogy and Petrology, 101(2011) 195-216.

[29] Esna-Ashari A., Tiepolo M., Valizadeh
M.V.,Hassanzadeh J., Sepahi A.S., "Geochemistry
and zircon U-Pb geochronology of
Aligoodarzgranitoid complex, Sanandaj-Sirjan

[8] Van Hinsberg V.J., Henry D.J., Dutrow, B.L.,
"Tourmaline as a petrologic forensic mineral: a
unique recorder of its geologic past", Elements 7-
5(2011) 327-332.

[9]Van Hinsberg V.J., Henry D.J., Marschall H.R.,
"Tourmaline: an ideal indicator of its host
environment", The Canadian Mineralogist 49-
1(2011) 1-16.

[10] Scaillet B., Pichavant M., Roux ],
"Experimental crystallization of leucogranite
magmas", Journal of Petrology 36-3(1995) 663—
705.

[11] Wolf M.B., London D., "Boron in granitic
magmas: Stability of tourmaline in equilibrium
with biotite and cordierite”, Contributions to
Mineralogy and Petrology 130-1(1997) 12-30.

[12] Krynine P.D., "The tourmaline group in
sediments", Journal of Geology 54(1946) 65-87.
[13] Copjakova R., Skoda R., Galiova M.V.,
Novak M., "Distributions of Y + REE and Sc in
tourmaline and their implications for the melt
evolution; examples from NYF pegmatites of the
Trebic  Pluton, Moldanubian Zone, Czech
Republic”, Journal of Geosciences 58-2(2013)
113-131.

[14] Mirsepahvand F., Tahmasebi Z., Shahrokhi
S.V.,  AhmadiKhalaji ~ A., Khalili M.,
"Geochemistry and source determination of
tourmalines in Boroujerd area", Iranian Journal of
Crystallography and Mineralogy 20-2(2012) 281-
292.

[15] Tahmasebi Z., 2014. "The formation
mechanism of tourmaline nodules in Boroujerd
area (Dehgah-Sarsakhti)”, Iranian Journal of
Crystallography and Mineralogy 22-3(2014)419-
430

[16] Sepahi Garoo A.A., Salami S., Tabrizi M.,
"Geochemistry of tourmalines in aplitic and
pegmatitic dikes from Alvand plutonic and
metamorphic rocks of the Hamedan area", Iranian
Journal of Crystallography and Mineralogy 22-
3(2014)495-506.

[17] Shabani Z., 'investigation geochemical
characteristics tourmaline in the Alvand area with
a view of the boron of the economic geology
source”, M.Sc. Thesis, Khorramabad Branch,
Islamic Azad wuniversity, Khorramabad, Iran,
(2012)100p.

[18] Ahmadi Khalaji A., Tahmasbi Z., Zal F.,
Shabani Z., "The behavior of major and trace
elements of the tourmaline from the Mangavai and
Ganjnameh pegmatitic rocks (Hamadan area)”,
Iranian Journal of Petrology 27(2016) 1-24


http://dx.doi.org/10.29252/ijcm.28.3.645
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.8.2
http://ijcm.ir/article-1-1519-fa.html

[ Downloaded from ijcm.ir on 2025-07-03 ]

[ DOR: 20.1001.1.17263689.1399.28.3.8.2 ]

[ DOI: 10.29252/ijcm.28.3.645 ]

Olp!l (el G 5 (ol jols almo

& old g $OA

Rocks", American Mineralogist, Web version
01.02.07 (2017).

[41] Didier J., Barbarin B., "Enclaves and granite
petrology”, Elsevier (1991) 601 p.

[42] Hawthorne F. C., Henry D. J., "Classification
of the minerals of the tourmaline group"”, European
Journal of Mineralogy, 11(1999) 201-215.

[43] Trumbull R.B., Chaussidon, M., "Chemical
and boron isotopic composition of magmatic and
hydrothermal  tourmalines from the Sinceni
granite-pegmatite system in Swaziland", Chemical
Geology, 153(1999) 125-137.

[44] Collins A., "Mineralogy and geochemistry of
Tourmaline in contrasting Hydrothermal system,
Copiapo area, Northern Chile", University of
Arizona, MS Thesis, 225pp, (2010).

[45] London D., Manning D.A.C., "Chemical
variation and significance of tourmaline from
Southwest England”, Economic Geology, 90(1995)
495-519.

[46] Pesquera A., Torres-Ruiz J., Gil-Grespo P.P.,
Velilla N., "Chemistry and genetic implications of
tourmaline and Li-F-Cs micas from the Valdeflores
area (Caceres, Spain)”, American Mineralogist,
84(1999) 55-69.

[47] Harraz H. Z., El-Sharkaway M. F., "Origin of
tourmaline in the metamorphosed Sikait pelitic
belt, south eastern desert, Egypt”, Journal of
African Earth Science, 33(2001) 391-416.

[48] Cavarretta G., Puxeddu, M., "Schorl-Dravite-
Ferridravite Tourmalines Deposited by
Hydrothermal Magmatic Fluids during Early
Evolution of the Larderclio Geothermal Field,
Italy”, Economic Geology, 85(1990) 1236-1251.
[49] Weisbrod A., Polak, C. and Roy, D.,
"Experimental study of tourmaline solubility in the
system Na-Mg-AI-Si-B-O-H Applications to the
boron content of natural hydrothermal fluids and
tourmalinization process”, Volume of Abstracts,
International Symposium Experimental
Mineralogy and Geochemistry, Nancy (1986).

[50] Shahrokhi S.V., Zarei Sahamieh, R., Amiri,
F., "Petrology and Geochemistry of Vazmestan
intrusive  Bodies  (SE  Boroujerd-Lorestan
Province)” 16™ Symposium of crystallography and
mineralogy of Iran, Imam Khomeini International
University (2019) 137-143.

[51] Pirajno F., Smithies R.H., "The FeO/(FeO+
MgO) ratio of tourmaline: a useful indicator of
spatial variations in granite- related hydrothermal
mineral deposits”, Journal of Geochemical
Explorations, 42(1992) 371-381.

Zone, Iran”, Journal of Asian Earth Sciences,
43(2012) 11-12.

[30] Esna-Ashari A., Tiepolo M., Hassanzadeh, J.,
"On the occurrence and implications of Jurassic
primary continental boninite-like melts in the
Zagros orogeny", Lithos, 258-259(2016" 37-57.
[31] Shahrokh S.V., "Genetic of Kondor copper
and gold mineralization in Aligudarz area,
Lorestan, Iran", 6th European congress on regional
geoscientific cartography and information system,
Bologna, Italy (2009)

[32] Ahmadi-Khalaji, A., Petrology of granitoid
rocks of the Boroujerd area. Ph.D. Thesis, Tehran
Univesity, Tehran, Iran, (2006) 190 p.

[33] Ahmadi-Khalaji A., Esmaeily D., Valizadeh
M.V., Rahimpour-Bonab H., "Petrology and
Geochemistry of the Granitoid Complex of
Boroujerd, Sanandaj-Sirjan Zone, Western Iran",
Journal of Asian earth Sciences, 29(2007) 859-877.
[34] Mahmoudi S., Corfu F., Masoudi F., Mchrabi
B., Mohajjel M.,"U-Pb dating and emplacement
history of granitoid plutons in the northern
Sanandaj—Sirjan Zone, Iran", Journal of Asian
Earth Sciences 41 (2011) 238-249.

[35] Masoudi F., 1997. "Contact metamorphism
and pegmatite development in the region SW of
Arak, Iran”, Ph.D. Thesis, Leeds University, UK,
(1997) 135 p.

[36] Masoudi F., Yardley B.W.D., Cliff, R.A.,
"Rb-Sr geochronology of pegmatites, plutonic
rocks and a hornfels in the region southwest of
Arak, Iran”, Islamic Republic of Iran, Journal of
Sciences, 13-3 (2002) 249-254.

[37] Shahrokhi S.V., Zarei Sahamich, R., 2013,
"The study of geochemistry and mineral chemistry
of north Aligoudarz, Astane-E- Arak and north
boroujerd granitoids, west of Iran", Journal of the
earth,8-30(2013) 175-195

[38] Moradi A., Shabanian Boroujeni, N.,
Davodian Dehkordi A.R., "Evaluating the controls
on tourmaline crystallization in the mylonitic
granite-gneiss pluton in the northeastern of Jan
mine (Lorestan province)”, Journal of Economic
Geology, 8-2(2017) 343-358.

[39] ZareciSahamieh R., Shahrokhi S.V.,
AhmadiKhalaji A, "4 View on the
MetamorphicRrocks of the Boroujerd Area”,
Mining Conference, Mimeh Branch, Islamic Azad
University (1998).

[40] Siivola J., Schmid R., "List of mineral
abbreviation Recommendations by the I[UGS
Subcommission on the Systematics of Metamorphic


http://dx.doi.org/10.29252/ijcm.28.3.645
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.8.2
http://ijcm.ir/article-1-1519-fa.html
http://www.tcpdf.org

