SAF B SYY dmio 51 AT Ghis) ooz 60,lad pos 5 o Jlo o

oy gl glodwl J yelxo sdlld sycads o o Loo o)giﬁ 9 ol Sy sbeasl
2 Ol

YM[%D ).5.0‘ 6*‘éﬁ°ﬁ;ﬁ

4:_..oj)/ o&&‘/& ;IG}IC PRLOA/AY ‘Lf“’L'“J ‘/..wj Oj)f— )
B oliils ‘u.q.u.é ,a}k oSl -1

QAYANY 2 ole aseus AYIONY allie B o)

Gl oo g OIS Lo Sol gy sloudisygn Jols (0)e olanl)dl asidl ol et Jlad 5o slodlul Jj5lome (slla onssy
39 Sadlesdew 5oy slaysl 5 Cojllail o 0,5 ()5 g IS glacusdly b9 (sol> ablio ool (Saglgs S
s 5 5 s STy (sl o5 eokedlal (sl salle (T et ikt S 5 ol (goyp loigal 5
b S5y S5l g (28U Laslgy ailoas 7l Sl s (! jo ool #) slo STy loedl o bl 5 aS Csl o) slo
Q5 Seie s wlal el 0oy slodll S jglxe salla o (Overstepping) Jolss cdl> 5l 79,5 g4z )0 09 YU 51 Sk
03,5 Jood (Culoowa 00,503 5 0)55) shodlul (g,5lme salle ()55 (2 VL &5 Slos Sz (S50 5 1380 5 b (gorns 5

RGOV PV PR R FPV UL g i W X g P ES O A PR

ygi5f tglo M ¢ iiSTy (sloc Sl ¢ sy iy 50 £ T gloo Ao i goudS gaojlg

s S5 s Sl s lils e
5 Ly e ool &y TS Sl piSTy e
Bgd oo Gibesl S o oud cud Sledbl L e85 ,50
asle am slaanls b alodbl ol Syl iST o as
Oy el Gluyd g (Sojlse waze (Jo5 5
S3bail 095 50 Slagmey o I gy00 G 3l S
e clacellio [V-0] syls ool oy 55,55 Wi,
s patls 25Ty glacdl gyl shedlal g
oyl esle oLy 4 (Reaction texture)  _:uSly <dl
Sy e S K il [A] cula S5 asie lod

doddo
Ol gt (S 79k 50 003k )3 gladlul (S pglne salla
sleailaie ;o 5 (V JS5) shadlul sliwy, Jlods )3 g 4392l
ol el 00 &8ly [Y] obles ~s55 5 [V] ol yoor gt
oo oIS ST oy sl ol 5o s ol
O Celoald LSS 2 ygu0m9 8 Sainl S aliwg 4y oS
Jsb ;o [V] canl ouds pund pblogiw 3g0> Sl oyl
§solital b s ,50 sla STy oSS (gla s,y
S dighioe gl oSy San ) 50 la S (3L by,
S (25SwsSee 5 IS S Sloesn 9y
i oaee [F] S5s,55 5 ¥l nl 31 05 55

m.modjarrad@urmia.ac.ir : g =S Cewy o+ $F) YYOYIVY 5l (- FF) YYOYVEY 100l ¢ Jotuns odiug g *



Olpl (ool (G 5 (gwlids jsly almo

FYY

451016 s 102
e
(3}
Q
mp od
-
e re
37 94
0 20 40m
t1
Qt1 Q : Oid terraces
ch ch: Caicsilicate Hornfelse VA
gd gd: Gabbro diorite
mp mp: Metapelitic Hornfelse
-

GENERAL SYMBOLS

D Cuitivated or planted area

GEOLOGICALSYMBOLS

A

LR

Second class road

Town-Village

Sample locality

o Oy9e ddlaie (cwlilyee) Al ) SIS

50 Bk sl cawslodlul slacablie 1o eols &, slaoss] b
‘e sl THERMOCALC v.3.33 [30] I8l oy ;|
ol (Salipsga s balys 0510 5 (5,50 sle 15T

5 gl Gl greslS oozl je sladlul sling,
3 eboges, adhie cpl jo b agidl —aes)l e
Ol doz ol 5l Nigd ge 0ass (gm 5 8] SlaSs
45 3,5 o,Lil dreg)l (63585 Asgerme (39l Sl &
g, dile ggw, S Bl a4 Sel ol Sea
masgazee [Y] cosl ok o (5 pslre (55,55 s (o)
09,5 dw 4 45 ol (LSAS Soinl Al areg)l 63585
@B Sl 9 SosS slaSsinl g SIS (e S
Slga) 215 4 degazme (nl Wl e Sl S 5 o
@l slaaY Lawgs g Wlos S S9d Sewly95 b ey
e Oye Sadhie 63585 (so3g5 Wload oudsy (ywgee
m S oS (pl e e JSG ) dsgemme (nl (u e S
SRS LSy i oo S i ) dcgeme ol o (p S
ooy aS Wiload aislild ghudes g 43,90 ghivad glapli L
3 @ligy) )50 Cajgd Oled (o) p 3 90 st (3985
o el 4S8 (gledll (sliwy, jolxe 5 o8
V) el Sl gy b 5 posisy 550 436 s

Jeily GLasil s (ol oy Js 4 9)lee (S 0 b g 0
Sbml g Ko 28l o ytd Sl 5 00,5 td (bt slo
CotShams anle) Wigd e aanT b ol 4 bgrye (sl
S5 Sty sl y calple [V1-2] (g S 5 b
b sla Sy 1) 29 plxl (S8L Sleam)  olol 2
el 5,55 a5y 35 1 3 Ll 5 5 S
e S (g s ad) Saalizsga il 5 5 on
O 55,5 b Ll ol slaJas VY] 0l
) ot IS5 5 5555 ol bl 588 mets 6 o
s Gl s Ss Jae e e S 5
2l 35 TV 05 e plowl suile Lgima slacdly 5 la juiSTs
slodll Jyalme galle o Jolw s 5l g )5 (g4 )0 dllis
S Lalyy 5 g ealine oS o)lgs JSis ulul
PV ez b S5 50 (Slz eizren load o)
oK sy JS5 ol sl S gbne selle

IVE] sl 0 (g, o salice

IR P9
gl ooy sl slgihlen Jl G Gk Gl 50
~ S 3l gy 9590 gablaie jlg)ls diged g laills
B sy 9550 5 antd S alae Yo dgam 155 S0 la
L kulyy 380wy n Regh LI onl ell s S
PYLE I A PRI LI VPRIV GRPIL GO - v P VY LY



vy gl el yo Les 5,51 5 Lasls 2Ty clacdl

VAT s oF o)let Y al>

Grt + -A Grt + Chl + Bt + Ms + Hc -Y Ms + Qtz
Crd + Sil + He + Bt -4 Crd + And + Sil +Bt + He
Grt + Crd + Sil + Bt + Hc + Chl + -\ + Chl + Ms
5 ol gsl> wlfss slacs oS S5 ol ol And
58 sl s ol cldl S basges 51 Sy s
G55 0095 (galamdMo JB Coarwg 4y az gl L 0gd oo 00y
el STy 50 s (e s sbml Jelo) a9
il Sge a oy dsei el il jo (T 055
e slaggy W ais palp dihie jo gandibie ln

i (65l ool b aidl (gg, oo

eSS K
3550 313 cnl 5l e 4z 50 (25T slacly JoSas o
E98 a5 JLad-Los Lalyh o 5ss 1S oo )8 (o) 2
@lad Gl a8 (LSl ws) 9 0ad S o STy
PSS ).»;L.A EUE P T] IR X S gt )._»;LT o |y b S
90 2 Sl L2y slacdl ainly s n 0 1 o0
S 58,5 S 5o (g [A] wes 18 Skl 500 1) 4
&b S ol iSly Syme le 4 jlad-les
Sloaist ot oy slopbalS A1 s gl azl s
Soow S (5me ) l.bu—‘ U‘Jﬁ‘)" C)J 9 IRVELY U‘Jﬁ‘)"
STy ST ggdy sekite a4 LYY VVNANY] sgi oSS
oSy Jolw slos 3l i gl S slos (G55 50
Overstepping ) ildl ool Gl Jg wul Sioljsl dbgy e
a5 Jhglme (555,50 40 Cewl 004 G 3,90 o)l90n (rate
GILL L slul des s oo 7y Copw 4 Lo il
Sl 5l zey> a0 Gl o oigy ey (S5 50 (b
—al 65,50 Codle 4y azgi L Lol [YY] 05 oo YU Jolas
S olgse nSse Dze ol @ lad g Lo Gl a8
Ol & P odgyie G855 Sl 5o ol Jga>
sledll Fyglme alla (o 0ols & TR PNV IRVAR
4.3lf5.> J..S.“u OO Glél.u =y RV l) OWGA <\...>‘é)4
O 00 @l 5 S oS L oad (e oS
1 65 Wlie o ol Jols a5 ol 43,5 g0 L,
Soslre gl ;5 a5 age GG Sl el sy I
aQ G:lS u.)‘ ..LuL:GA wl.:sm).ﬁ Gl 00 00 51.03{.«»‘

ComssFse TFNS 9 Cuyms 5l e Guums e
B Rl ol g Glace 000 (oulid (S Canl oud JuSis
Dldld psliy 5 35,195 im0 ol T2 DL s
o gleerdely g GHLAGE sl Sy el 2
“4 0yl glanisS ouls Yl g oog I g5 51 o900
G yhogid (aiisS i oomlie LILE (WU ,olie o
Goxsld 4 bge L8 5 S8l ooy SO L oal
degerme (Suymd W (el oS plpe 4 diug
oo B gasial Goll 3 [V] ol oy sloiing dug )l (63985
I¥] et ons 550 Jlo ankes A¥=V o+ ayj08 Cuyu0
bt sy e b Sal glacis glls ars, wijle
Sl skl Gl (Sl glagulisyse [10] ool
08 Wlead (bghee dlate (I3l () slalS >
G slodlul gaihaie Jyglre (S55 50 sloSiw oz
ol &5 wBl o (SmdS nglss sloyeye 5 (Sl uliyse
adlcwl Sol o wile cplas cwl JJdo pl 4y ais
oS alSys JSas bpl o ol & azg L
Slo s oo conl oais ons L Sw ol jo et lais
085 50 SlSiw 5l (Szs5 sl o2 gledlul sdlls (o,
ol o)lys diisi (nl 5 saeo e LSt 1) adlate Jyglee
Ll

B Saw 0590 JuSid 9 (5,58 S

Swd stiged )0 ghdlul (Jyglne dla ) Slauli)ga
5 L aKiw ol o WSS, 0y 5 009 pSTie Sl
Selgm )l 0 9 SOl (Sws saige yo osaline LB
oKt ol 55 albgus (Slostd 5y 4 58] slodeasS] o
5 00 (Bo SinSl slils b () ogd o conlin
5 Seadlg 3y oK ol il Il §
S Fn Sodpe S8b gl Gl (S 0 g 0o lail
W9l lacedlg b g 355 csaliv Bl 1) SIS
SzsS slajsh ohen 4 CopsS g w8 wyjollus]
ool odolive slo S5 (et ol gwye o Coiladiw
sanlive e glagsll CaslaSin ol 4o blSes s odle
oDl W olse Jeld ol glacollis 5 oad
lons 4z 5 [V#] Kretz 3l la SIS g Lazs]

Cld -y And + Qtz -Y Cld + Chl + Ms + Bt + Qtz -\
And + CId + Sil + Ms + Chl -¥ Grt + Chl + Qtz +
Crd + Grt+ Bt + -# Crd + Cld + Sil + Chl £ Ms -0



Olpl ol S 5 (ol oy o

Soles 0 2o #Y¥

ol o goiaine Jlis! ol 55 50 a5 o)l 849 Joles
Gabwl [Y#] (ygpasls 5 Jouly slogw, ol [YV-YF]
wiz Sl S ganaies oslag, lp Jobs a5l g >
G (e (65,50 lalaze il ax s o
0 w2l p ol Sl e ez oenn sl el
(gl u;’;)f‘) G>|y dles lalaxo u;‘ 5O 45‘).5) ‘..)..3)5—‘
boSs (8L s (38 Foduzy el (Bl sla 2
5 rls il e ala gl ogheel S
polie (9550 iSly S y0 Bpas plp jo codglill
JSi polie slacedigrdyn Djpe 4yl g dies
ok Jobs Sl 3l s, 55 55550 Jsbo 5o 1 it
[Ya-YA] adb 1, (Significant overstepping rate)

)‘ 03 C‘)?b..w‘ 6[.0 O9) cuaj.\ L) Comnd u.:‘ )
5 Ol 0Bl g sl gl s 55 )0 (6,85 St (gl 1
sba Cedligrd g Gl Jobeme Jliol gla (25T5 5
el 0als a2l el lie

(sl A3) 35,158 59l (5o 54590 JoSit

Sl oais edslin Jgwl alfgs sl o
5o le b 5l degemme ol 0 dg2 g0 (sloddlais
—SSg IS g o S-S 15
g S 0 S0, g Cojgllailcg po S

)5 ool

5 S8 wupe S bl b o L gle Ojse
23 5550 slacablio ;0 Col s, 0gi oo 038 Cujgllas]
Al sl cplpls sl oois oays 3518 L ules
@ 5l shlo g Jrl hls ains 95 4y glodul (5 5lne
3PV J58) wilowds ity (€XcCESS) (BloI 5 g
> 5l zgys 5l (Sl et esaline (8L Ly, 5 53]k
asbe ol slos b s S5 a5 g5k 4 VL Jols
S § 2o 0,8 aile oYL Lo b o SIS L aden IS
cde cpair aams e Hlis ailEes b, ey jellasl sYL Lo
5l as el oas S5 (Overstepping) Jolss 5l z9,5 sy
S slosjgliws 5l gamaies pae 4 g oo o] ale>
g5y 3l AU Wlgiee 3 ol &5 08 o lal el STy
9 099 ‘5»15 9° )‘ UAM.: l) 9° LQQT 6[.@0)5[3.“:& as (5’L°U“"‘5‘9
O oliws 3B G hdd a5 go)lse o g anJl [YO] ail
g5 08 T (gl sl 5L S5 a8l 25Ty S, Jyns
plxil goew 4 gaaiee abl aiils b SauSly Lo gob;
2O Gadiad al> 1o o 555,50 slaoi] s 0 [YO] 04 oo
Gb [YO] sl cowal Sl Jols Sl 5l 2,5 s
> 5l zoy5 5l slabinl a5 g5 @ sl T ol3T (6551

(=
z
(=]
£153
i 3 :
gI=° ol= & e
z &ls . J5IE  a SE 8595 A =
2 LlE w] 9% %5 ™ e E And/Sil aE38 -
ol +lwo| B3 B g2 wo| [zg[E -
B iR w!| g3gl g Wl EE3e '
Cld-Chi-Bt zone o 2 5 585
o o Al
o & A
F -4 And Grt
il e
+{He0 M
253 1 M M M
g
8 B Bt
o le
Gt zone Cld-Crd-Sil zone Grt-Crd-Bt zone
M
And zone
o 5] |
o X
T L & = -
8¢ £ 58 2 A 5 3.8 .
A =T |32 g . b ¥ 8 &gz And/sil
EY Elx wlt+ |05 w ti=o
§§§T'= spl 2ls §§m5§ég gg{'ﬁgﬁ spl i‘;;g.g-im‘;K‘? Spl
g 2R 0 §~§ﬁ§+¢»§3 0| PIESIET[E wo| %[@®GT|0Y|eEE +|u20
5l5 3 w|  GEEREIEET wol ZIFEIZEIE wl 82178221200
3
i égugé 2% s w]| QIFSNEPs aE 528 spl
Y ~ B s gs
Gn "g Grt 9 gg g
X
o
F, ] F " m M
Bt Bt Bt Bt
Grt-Bt-Chl zone Grt-Crd-And-Sil zone Crd-Sil-Bt zone Grt-Crd-Sil zone

Slodds L ye (555,50 saz o Gialil cud i a layg; selwl il (59l (sla 35l il 93 sl 33511 —call ailoas 0351 W loge
ol (595,50 g4z 10 1y yien ) Cuslondiw (o 0,5 (2,8 (g5 45 5,9k 4



SV gl el yo Les 5,51 5 Lasls 2Ty clacdl

VAT s oF o)let Y al>

<o) sailaio
Hlocwdle adhie opl o K galfys S
e S S5 baiges 5l S o Grt+Chl+Qtz+Cld
Lol ol Gpae Juds 4 Ylaxol a5 59 cos ounlive
(&Y S) (8L Ly, 9 bSow sallgs JSi5 & a2
SE ol ded gl JSss sl 1y ny STy Gl

:o)f .)LQ‘...MH.»
Cld+Chl+2Qtz=2Grt+5H,0 (r-6)

SR g P g cem s @i S 4D 55 398 STy
A o 7y 0l Ol gaz 0 B ¢ sgam o sles 0[]
3 e g 0392 JL28 H95e (53190 (2STy (ol (Jolss e
255 o0 g (Sealudge S e
Casilonlmw— o 28,5 - b 15 gadlio

Cops S sl 5 e )0l SLsslhlb klg, ddlaie (pl 5o
JS5) 0)ls a52g Zujellail § adsn IS G 5 5 aSg IS
F S s Ly STy slacdl (o-F 5 o F 5 T
- STy gy Hhaie 5l aS aisd oo cdwlive adlaie ol sl
5 5L anes g0 aiiis caisS SaS jlews odld F) slo
9 And+CId+Sil+Ms+Chl -\ :0gi o0 00y S
Juisl ) Sl 8k Lls, Crd+Cld+Sil+Chl:Ms -
il 25 sy

2C1d+3Qtz=Crd+2H,0 (r-7)
5Crd+8H,0=8Sil+2Chl+11Qtz (r-8)

odalive CupoyS JBb L Ole Sipe A g IS S
on ek Sl Ll (o s WY SL) 0eh e
a5k e g (o F US) o jellasl g (g rmd) Coilondns
Lo s AT JS5) 0)ls 0929 Cupd S 5 Codlenkew (o
Ss7y b py STy g58y Jlixl (S8l Ll 4y axg

ol ails
Grt + 2CId + 2H,0 = 2And + Chl (r-9)
And = Sil (r-10)

Ol 8929 o )8 SIS g5 cpl 5o 0gd e alaxdle 4SSl
ool 00 B pan JolS jsb 4y Yoo a5

o gt 90,5 -y (495

Crd + Grt + Bt Jolis oo osslice 35510 oS ol jo
5 S8 Gy 5 Sl 8l Lals, ol + Ms + Qtz
S 525 sla sy Yzt (alply ol g 00,8 oS3
(J.”—a 9 o-f Jiw) Qiloads (S ‘) ).:)|)L: Q"‘

3Chl+Ms+3Qtz=4Grt+Bt+12H,0 (r-11)
2Ms+3Qtz+4Grt=3Crd+2Bt (r-12)

S g S S - adgin )15 adlaio
Il e ol o oad ounlie clacKie calSgs S
Lewl ClAHChHMsHBtHQtz sla S5 Jols 555,50
SlolS | G550 s S oyl ol 4 asign ls
oS Gl Gl Glaney jo g cenl cael Wy o,
53 Lol ool 2 WIAEELT 15 5SS 5 s i
[Y] SIS gay5 Jl580 o5 5l eolisal b as™ 5 25Ty oSl
il ALD1S D92 g o Slgainy

Chl + 4KaO = 5Cl1d + 6Qtz + 7H,0O (r-1)
oS cile az o YO ogas glales jo iiSTy oyl
[FV] 613 5 e bawgs a5 5 5 2Ty Bl es e
el ALl 3929 00l Slpiiy
hl + 4Prl = 5CId + 2Qtz + 3H,0 (r-2)
Sgax sled o ATy (nl 4 banye 3K a0 50
G axgi b (iSly g0 plaes o 7y o 5 cle a0 VY.
<ol B o asgn s USS Lbes lajsh jpa>
3l lasy o (@Y o) (Decussate texture) (0,0
Slptiiey Cudsm 5 CugSus (oS (o) adsl sla B
5 IS8 ebiae slajol g 51 (S 0 el oad
S S50 el ) Glaney o adsn s cdye
JS2) sosnlive JB sz 9555 Jpame 5 j5b 80
oal o |y Cudgn 5 CusSune adg pj STy (T
ol

8K fs+3Chl=3Ms+5Bt+9Qtz+4H,0 (r-3)
[MV] 613 5 2o ol @y S &Sl 3 25Ty
30 9B o 7, 0l 8 il a0 TV sgu s sles o
sedla gl S ga i )l8l0 5 b odd o 5 (2l j S 4SS
el 0013 &, 4,5 YO+ Taga sles 1 shodlal

g 39liT (gadlaio
Sl AndHQtz Jols bKiw cpl o alfge LSS
=Sl el o cojellal JSegs glacndls s
aSul 4 4 b (o -V USS) Ngd oo odalie 3y sl
2 S5 53 T o Ysons coidgls 5 by sla S
25 STy 51 SG 2 Glgs oo W10 929 (Sl Sl Sew

SUENEMSEN RECNKEr M)
Kao = Qtz + And + 2H,0 (r-4)
Prl = And + 3Qtz + H,O (r-5)
- o 0y S ol 5o CandslS 5 cudidg yn sl

esldT JolS G5 s oy a5 wigs



Olp! (el G 5 (ol yohs almo deles @ e sys

Lol ool JoSas )-')‘95 9 e ugSans (LIS 5y Sl Sl S e oo wl%}“ Lges 54 » M}v)if slaysk -l ¥ s
2 Sl Gla S50 gy (el aiges Sy 0 ZolS g agn IS Gl I -0 el ssaline BB wsg IS sl sl e il
oy i je0 diged S 5 S35 Glatudlig 8y D gy el o0 Wiged G0 55155 5 Cudge (ugSame (Lo )lS Slo Ul (slais

A H0S 0,5 sl SIS



SYY il glacable o Lo 0)91,3 5 el i8Sl slazdl IVAY Gl oF o Lol YV al>

"5)[5 u_i;.u)bb .‘a.»|5) -< PPL o> ol sunlie JJL‘! ..\.»55».:)15 9 C«».:Lo.».l:.w au.lj.n); 6L&b ‘5115 (5“3L, -‘4-"5) ‘) u..la.:)}m ll ¥ J&&
sl sla gl gl by, oy ol -0 PPL Gl sy el 90 diged S 5 085,85 oo 5 il lo
aﬁa._iﬁé; aCa.J)lf Lgl.b‘s)ls u_i;.u)bb "4-."5) -& PPL o> o )AS Kw 90 090 0y 6Lm‘51l5 ﬁLm u:.al.o.;.l.uu 9 u.g‘)ls m.\.».‘:s—ujls

T 2l ol Sl sty @ S sk (35155 $306) Jorpl (530> (5o 3531,
2 3550 515 Sl S 51 ()8 5 cajallal w0 5) Sl Sl U5 L lee &g Lo S Ko ol 5o

Olgieds 33,15 W8l degasme (pl aiload oo Sw (gdiw; w3 SIS ol 98 se o S 5 Zupo,S el



ol ol SIS 5 ol sl alone b 3 e SYA

030 CugSume SIS CoulS SIS oy j0 uizes (-0 SERCTEIN XV e COPIUR SO  SCTIN SO UV
Pl 5o osdee albimde aSily (om0 JSB) 35l “Cop0,S-8d ) g Cudgrcuilediwcy 50,5 woilend
ol Yool a5 ol onis ssmlive Ay IS SIS abogs e coled,

S F o Sl ool Gpae JulS job 4 (95 ol 0 S . . e .
o S Cad - )5 19

Jelis LS O%‘ 40 00l odlive K sailE g JSis
e 5o Codgm I .cawl Grt + Chl + Bt + Ms + He

63[5 O 9 )l‘. QL~° Sygo & 3 u—lla‘sw}lb c_s"S L(ij,o.;
slas,  Jlea! W (00 JSK5) ogd oo ongs 4,8

L) oS O b - o5 s
2Chl+Ms=2Grt+Bt+Hc+8H,0 (-13) el el R S

12Cld+5Bt+9Qtz=4Grt+3Chl+5Ms (r-14) 9 0 JS8) sas e plid )8 S L (6,881 Sl

Mo___ (1117 1t 11

=

G ol )/
B3 } i

ko]

T ('\I/llhi il

Grt \U_,J.QLI-JI-lJFI_

O |

L=

=) ookt ye2 0 PPL cls gyl 92 digad G 50 CagSis 9 Sudgm oo 0,5 23,8 la oI5 Sasslh Lalg, -all & Y
CulS 2 )B la 5 (Sl Ly, o) pudiijer -0 PPL Sl aslosaline BB CosSns g 205 025)5 sla IS (Semslil L,
PPL cJl> wlowslie LB o )8 SIS J51s jb le & g0 a4y Sob awyp slojoly sy udi 0 - PPL > cdgm g



£Yq .ol 6L®w.l)'_~o 40 Lo 0)91,3 5 ozl (5‘2‘;5‘9 sl

w518 el 5l gy el ye B

4Grt+3Hc+5Ms=12And+5Bt (r-15)
Grt+Ms=2And+Bt+Qtz (r-16)
And=Sil (r-10)

JB sl S5 e by, a4 Cobowe eyl
S5 o 5 sl iaSTy Ylais| a8 (-8 JSs) wloaslive
:&‘ooj.g J.:-ﬁé J.M‘

O] POY DUWSCIPE IN | R ECIPIPRI CH I JPOY-1 XS
Jols oo samline S  galfes LSS
Seslly Lalg, sl Grt+Crd+And+Sil+Bt+He
929 Casloslew 3 00,8 o jgllail Gla SIS (o (g,
sloglh ofiw ol o (P g AP KL Wl
oS wlazd) 98 o8 S (9,0 4 CopsS g Cajllasl
sl STy 1 (oF JS8) cwl 3 G5 Grae [ Silas

At 88 S ;3 39290 0,5 SIS ples ceslorkew 5 Cojollail o 3,5 Gla SIS (SehL Luly, -y ol — 1 S
)8 SIS 3 s ar cujellail sla SIS (K8, 5,8 06,8 5 Coslordew i jellail la SIS S5l bl .y di 92 - XPL >
el aSloanlie BB Eusellail SIS e 1o Cuisas 5 Sl S ysh oy i y3n ~os PPL b ol yo3l IS G yas §1 Sl

PPL Clo ) ol 50 digas G 30 Cali (o 5 Sl cadgm eailonhn oo 00 S oS5 (Sl Ll - PPL



Olpl ol S 5 (ol oy o

Seshl bl gl se o omF JSE o a5 jsbilen
Yoz a5 5,18 3929 5 G5 5 Cailonkow o 6, 1K5]
sl 00 Coilorow oS5 el o sla STy

2Chl+11Qtz+8Sil=5Crd+8H,0 (r-21)
4Crd+7Hc+5Ms=20Sil+5Bt (r-22)

Copilopdiw— g p10,5- 04,8 gadlaio

Grt + Crd + Sil + Bt ol lcew ol jo ailSqe JSas
5 ebyls baises 51 S yo 2wl + He + Chl + And
)l syl SLbI s LaSTy 4l & o Sosleddn
=S pl 5o 5 Cujellail SIS (Y USS) wigd oo 00y
Sl bl s ceslarkns S5 L 4 355 e oys b
el a2l 3929 5 lo iaSTy Jloas 1A s

Soles 0 2o .5
4And+Bt=3Hc+Ms+4Qtz (r-17)
25Ms + 8Grt + 5Chl = 24Hc + 14And + 25Bt +
20H,0 (r-18)

68 sl gl e T (Ssshl Llg, bl
o Sly Jlasl (o-F JS) cojellal 5 o pe)S
il dild 099

2Grt+4And+5Qtz=3Crd (r-19)
o gat— S lodw— 0 90557 (1493
Jols b ol o ead samlie LG
sl 5 jea> a5 !l Crd+Sil+He+Bt+Chl+Ms
CopdyS GBS L Gl Shyo 4 ESsn 9 Sabiowse

5Chl+5Ms=3Crd+4Hc+5Bt+20H,0 (r-20)

w9~ XPL uJL> .»loMLM b8 w)LT Lng)}b Sail> u.nJ?iw.n 5 Codlordew 31 plojlei gy oulas oo Y JSCS
=B LS5l sk il pd e po ZupoyS 5l aleysl - XPL Gl cailarhew § 20,5 (2335 Gla SIS (e (s, (Seislil Ll
ot g o XPL el casl pwyp g o poyS cailosdn sla S5 0T Sassll Lulg, - XPL el . cwy (ol jso .ol onnlive

)



SN ...64JL¢6L¢:¢4¢J%L‘;A).>L«>.>)9TJ.}5UA>'L;L 6&&5‘9&[&&5[3

JEo o gsiie Colerdw slaysl Coilarlw o oS
(-10) (slo STy abolis e cigd oo oz o sallasl IS
e sl ygbne e 5 1, 555 g5l (225)
03,5 Jod o (] 45 (plod (508 45 555k 4 S (oa
b gkS Y dgu> lad o ol S (Hle gaz o Ve

(GIFA JS5) Canl 00 350
Coiledw S ‘MW-QJQIA;W-@)G

D9 Sl

09 °
ol cde a8 sl 18 cuilagken ol o‘w 309 cx.‘ »

).;..>‘ ‘SJLS MO‘SA U

[YY-¥Y] el (Overstepping) YU Jolss &> 5l 74,5
Sloo 9925 b g Lo SLSL iolidl cle a4 a5 & js0 oy
U (Cslades S an atwn bxil j0) o aten
Sk )l lase )0 Az 50 5 0ad i oy jellu]
X alfyy LS o aliie ol cwl a8 )3 18
& 8 Sasellailco e S-adsn IS g5 0 ead caslie
W pdyS Sl b aden s I Gey cnl po el ool
A aiiws S alfgs LSas woiledaw § cojgllasl
ame o eVl Jols Sl 5l zeyE £y e of cle

el o0 Lais 5V glales b assny IS

Grt+Ms=2Sil+Bt+Qtz (r-23)
And=Sil (r-10)
00,5 adgi o po)S ()5 g Cuileskiw ladiged 5l (S 50

o9y pj Sy el (plply (¢ g -V JS2) Wil

el alils
8Sil+2Bt+7Qtz=3Crd+2Ms (r-24)
2Grt+4Sil+5Qtz=3Crd (r-25)

J515 3 oles S99 4 Sl S latiges S (5 50
I (@-Y JS8) Sgd oo oays C6)8 5 Cu s S sl SIS

el LBl 0929 Ju ) o STy ISl
20Sil+5Bt=4Crd+5Ms+7Hc (r-26)
Grt+2Sil=Crd+Hc (r-27)
Seshl bls ) casledw SLS Ladiges 5l o5 5 y0
amd e Ol Sl 5 0,8 )8 sl T L s8]

Sty La LS ol JSas sl py (ieSTy 13 oA JSCs)

g s

Grt + Ms + 7He + 11Qtz + 4H20 = Crd + 6Sil +
Chl + Bt (r-28)
Lo 0,4l 9

sl sdla o ools F) sla STy Jols sl oxie
(A J55) ol 0l e yf S g0 5 51330 8 5 slesls ol
—25,8 (95 0 Sl azg b g b oS ol el

Laloglew 5 ol (258 GG e Sl Lulg, PPL o) ol o0 A S5



81 a-
< <l 5Chi+5Ms=3Crd+4Hc+5Bt+20H20 (20)
2Chi+1Qtz+8Sil=5Crd+8H20 (21)
6+ 6 Ky/ THc+4Crd+5Ms=20Sil+5Bt (22)
f‘K'B?C:';fl'ggfg;f:ml““m (3) Sil |3sil+2Bt+7Qtz=3Crd+2Ms (24)
=, [+, I+
PrisAnd+3Qtz+H20 ﬁf] } (20) 4Sil+2Grt+5Qtz=3Crd (25)
4 2CId+3Qtz=Crd+2H20 (7) L4 (21) Grt+2Sil=Crd+Hc (27)
= 4Grt+2Ms+3Qtz=3Crd+2Bt (12) £ (22)
i £ (24)
= - (27)
1 o3 e D (25)
2{ By 2 ! <.
A -
Ky Sil
0 — > o KAne And
200 300 400 500 600 700 800 900 200 360 460 500 Bl:;tl ?60 3(;0 200
T% ®
Tec

o) uligmye W38 sl -0 ol Gl Gl alfgs LSis -l jo ool &) sl STy Jols slo g 4SS
(THERMOCALC v.3.33, [30]) .ailoaus o 5 SIS 50,5 51531 0 5 glaosls (bl oy )35 05w

Petroleum Geologists Bulletin, 52 (7) (1968) 1229-
1258.

OY0D) jguS swlids ey lojles
[3] Ghalamghash J., Bouchez J.L., Vosoughi-
Abedini M., Nedelec A., "The Urumieh Plutonic
Complex (NW Iran): Record of geodynamic
evolution of Sanandaj-Sirjan  zone  during
Cretaceous times- part II: Magnetic fabrics and
plate tectonic reconstruction”, Journal of Asian
Earth Sciences, vol. 36, (2009) pp. 303-317.
[4] Moazzen M., Modjarrad M., "Contact
metamorphism and crystal size distribution studies
in the Shivar aureole”, NW Iran., Geological
journal, vol. 40, pp. 499-517.
[5] Vernon R. H., "Restite,

microgranitoid enclaves in granites”, Journal and

xenoliths and

Proceedings of the Royal Society of New South
wales, vol. 116, (1983) pp. 77-103.

[6] Vernon R. H., "Evaluation of the quartz-eye
hypothesis”, Economic Geology, vol. 81 (1986a)
pp. 1520-1527.

[7] Vemon R. H., "K-feldspar megacrysts in
granites, phenocrysts, not porphyroblasts", Earthe-
Science Reviews, vol. 23 (1986b) pp. 1-63.

[8] White R.W., Powell R., "On the interpretation
of retrograde reaction textures in granulite facies
rocks", J. metamorphic geology, vol. 29, (2011)
pp. 131-149.

[9] Dunkley D. J., Clarke G. L., Harley S. L.,
"Diffusion metasomatism in silica-undersaturated

Sl g
oS Wadgm sl S5 sldll  (Folme sl o
Colankons 5 S 0,8 w2 S ()8 g IS oy ollus]
L b alfge JSas o Lo sl STy ailoads oass
=S8 leads sl asls  asSTly slacdl sl oolar
(275 Sl caSs Jrazme cujellil 5 angn IS sl
S Sy 5l <, G wlessy ow; sla S 5 cu 8
sl gl STy 5l cal oad LSis o S L oalSen IS
S s S Cupe S S agen s g ool
g oo oS cusgllasl g o po,S sla S5l casleaden
ol 5 S5 Sl IS et Jpame ubiyp S
Glol.d sl BE 9] olfo)Pﬁ Joee uuL..J‘ 2 | 03g
5 @10 2S1g) clocdew 31 cojgllal Sas sla auSTy
loo (25 zS1g) &6, 5 caslondiw 3l Co oS uSis
Y oogas jlid o ol 5 il a0 Voo dga> 65,50
S0Rd T 98 oS5 4 axg b ogd (o0 09l b SLS
Jesl Jlaas! ‘G{Lgfl.o Oz YL led ¢ 450 (63945 (G005
slSiw 4 ooy 3l ol 5 cule gaz o Voo s sles

oy oo S5 4 dhaie oylays

&=l
[1] Stocklin J., "Structural history and tectonics of

Iran; a review”, American Association of



SAY gl el yo Les 5,51 5 Lasls 2Ty clacdl

VAT s oF o)let Y al>

metamorphic rocks”, Journal of Metamorphic
Geology, 26 (2008) 181-198.

[21] Brady J. B., "Intergranular diffusion in
metamorphic rocks", American Journal of Science,
283-A (1983)181-200.

[22] Carlson W.D., Gordon C.L., "Effects of matrix
grain size on the kinetics of intergranular
diffusion”, Journal of Metamorphic Geology,
22(2004) 733-742.

[23] Holister L. S., "Contact metamorphism in the
Kwoiek area of British Columbia: an end member
of metamorphic process”, Geological Society of
America Bulletin, 80 (1969) 2465-2494.

[24] Yardley B. W. D., "The nature and
significance of the mechanism of sillimanite
growth in the Connemara Schists”, Ireland.
Contributions to Mineralogy and Petrology, Vol.
65, pp. 53-58.

[25] Rubie D.C., "Disequilibrium During
Metamorphic: The Role of Nucleation Kinetics. In:
What Drives Metamorphism and Metamorphic
reactions?", Geological Society of London Special
Publications

[26] Ridley J., Thompson A. B., "The role of
mineral  kinetics in the development of
Fluid-Rock
Interactions During Metamorphism (eds walther,
J V. & Wood, B. J)", Advances in Physical
Geochemistry, 5 (1986) 154-193.

[27] Lasaga A.C., "Kinetic Theory in the Earth
Sciences"”, Princeton University Press, Princeton.
(1998).

[28] Waters D. ], control  of
metamorphic rock textures: a model and an

metamorphic  microtextures. In:

"Kinetics

example from the aureole of the Bushveld
Complex", S. Africa. Terra Abstracts, Vol. 1
(1989) pp. 297.

[29] Lovegrove D. P., "Rates and mechanisms of
metamorphic processes derived from thermal
aureole studies”, D Phil Thesis, University of
Oxford, Oxford (2000).

[30] Holland T. J. B., Powell R., "An internally
consistent  thermodynamic  data  set  with
uncertainties and correlations: 2 data and results”,
J. of Metamorphic Geology, vol. 3(4) (1985) pp.
343-370.

sapphirine-bearing granulite from Rumdoodle
Peak, Framnes Mountain”, east Antarctica.
Contributions to Mineralogy and Petrology, 134
(1999) 264-276.

[10] Baldwin J. A., Powell R., Brown M., Moraes
R., Fuck R. A., "Modelling of mineral equilibria in
ultrahigh-temperature metamorphic rocks from the
Anapolis-Itaucu Complex, central Brazil", Journal
of Metamorphic Geology, vol. 23 (2005) pp. 511-
531.

[11] White R. W., Powell R., "Retrograde melt-
residue interaction and the formation of near-
anhydrous leucosomes in migmatites", Journal of
Metamorphic Geology, vol. 28 (2010) pp. 579-597.
[12] Philpotts,
metamorphic petrology"”. Prentice Hall, Englewood
cliffs, New Jersey 07632 (1990) pp. 498.

[13] Satish-Kumar M., Harley S.L., "Reaction
textures in scapolite—wollastonite—grossular calc-
silicate rock from the Kerala Khondalite Belt,
Southern India: evidence for high-temperature

"Principles of igneous and

metamorphism and initial cooling"”, Lithos, Vol. 44
(1998) pp. 83-99.

caloMe] 5 yglo 55,50 (sloodydy (pwwy o) daloee [VF]
ol eol; oKl wiyl wlis,lS aslibl (s

(\Y4-)

OTAE) 598 Some SBLEIST 5 colidiyms; oolojl
[16] Kretz R., "Symbols For Rock Forming
Minerals”, American mineralogist, Vol. 68 (1983)
pp. 227-279.

[17] Fisher G. Ww., "Non-equilibrium
thermodynamics as a model for diffusion-
controlled metamorphic processes"”, American
Journal of science, vol. 273 (1973) 897-924.

[18] Jeosten R., "Evolution of mineral assemblage
zoning in diffusion metasomatism. Geochimica et
Cosmochimica Acta", 47 (1977) 283-294.

[19] Carlson W. D., "Scales of disequilibrium and
rates of equilibration during metamorphism”,
American Mineralogist, 87 (2002) 185-204.

[20] White R.W., Powell R., Baldwin J. A.,
"Calculated phase equilibria involving chemical
potentials to investigate the textural evolution of



Olpl ol S 5 (ol oy o

Soles 0 2o FAF

[33] Dru E. Wilbur, Jay J. Ague, "Chemical
disequilibrium during garnet growth: Monte Carlo
simulations of natural crystal morphologies”, The
geological society of America, v.34, (2006) pp.
689-692.

[31] Bucher K., Frey M., "PEtrogenesis of
Metamorphic Rocks", Springer Verlay. (1994).

[32] Chakraborty S., Dasgupta S., Neogi S.,
"Nucleation kinetics controlled by chemical
overstepping and its tectonic implications, an
example from the Sikkim Himmala", European
Jjournal of mineralogy, vol. 19, (2007) pp. 791-803.



