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HT-MP metamorphism at the Shahindezh Metamorphic Core (SMC) —
NW Iran; Mineral chemistry and thermobarometry of metapelites
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Abstract: On the basis of microstructural evidence it is clear that SMC metapelites have
experienced at least two regional (RM1, RM2) and one contact metamorphism (CM). During
RM2, several porphyroblasts including kyanite, andalusite, staurolite, cordierite, garnet and
fibrous sillimanite have grown in the mica - schists. In order to estimate the PT condition of
metamorphism of metapelites, we used cation exchange and multi-equilibrium methods.
Temperature of RM2 estimated using, Grt - Bt and Grt - Chl thermometry 650 - 700 °C. Also
PT conditions are calculated by THERMOCALC computer program which is based on multi-
equilibrium reactions. Kyanite - staurolite - cordierite - bearing mica - schists are

metamorphosed at pressure ~5 - 7 kbar and temperature ~650 + 50 °C. Thermal gradient at

the SMC is considered to be ~ 40 °C/km. This thermal gradient is similar to those from
continent-continent collision settings.

Keywords: metapelites, HT/MP Metamorphism, mineral chemistry, thermobarometry,
Shahindezh Metamorphic Core (SMC).


https://ijcm.ir/article-1-645-en.html

[ Downloaded from ijcm.ir on 2025-06-06 ]

VB Y G 1AV Sl o) 8 )led eaojils Lo o

OF S5O A 10 392 g0 (o S (i HLid —Los g ST o
ol 5 Jlosds (SMC) juusalis buwgio ,Lid YU Los 4o

Yoo, Vo . Y9 .
u\l}ow‘uﬁ}ow‘ é).qm)m
/dju olLiils “_;«JLW L)"'d) Oj)f‘M ,D}LC oSl - )

dog,/ d>ly w}&g/ubfa(f‘m‘/u -r
mmodjarrad@yahoo.com ; Sy S Gy

OYAIEIY ol adead AYADN VY allas cdly o)

2z Syiws (SMO) Suals 5,5 055,55 aivs leiehlio & Coul oud (et (8Ln) Sl 4 4295 L onsSy
B b wilos,S a2 1, (CM) (gyslme (555,55 56 G 9 (RMI, RM2) glagb (55,5 51 5o JBlas 5 oads (65,5
Cdgpd laaii) 5 258 o 0,8 oy linl wojellail (il o IS (slesadbs by (RM2) ol slaab 655 5o
Aol oy (SleSins (sl Lt g oo cymrnd cilishs (sl 51 ooliial b 5 ol (omins La5 ~Los ilonsl S92g ) lpinsdlSaa 4
- o0 ks aKiw ol (G965 ,50 Gl 1, #0-V e+ °C Aiin sles Cu S - )8 5 Culgn - 65 SewlS iwles .l sus
THERMOCALC &b,y 5l oolizal b Jobs ailfaizr (gloatiSTy alad o,k 5l omiw jlid Lo 5l oolitil b spuizean ond
b dploms JslS B <Y £ 1,0 5 $0+ = B °C oy 10,8 — Eedglinl — EilS gl gy S5 T i g Lo (Sl

lo,B = 0,18 5,55 1 sledae Sl o 5l aS Conl aglS a0 F- °C 2bS me) ol Baims (lis (g Llid g Lo i

Jasals 565,50 diwd g o ety lid - Loo ( U ons HT/MP g45 555,50 codlio 1 g0adS sWojly

GlSiw 5 (Gl S o5k slaodgs 5 (Sol (sleSiw)
0SB yls ogy dilte o 5 s —5Sl (Sl
oaid plxil SMC 65 5o slSiw 0y90 jo &do dalas
51 a8 el ilate ol o A Caanl b 0,50 L ol
Lol e D as w588 calidinme) Glojle 5o
el oais 285 (sl slaaxly e g LS B8 H3L
Sk a4l Gl 055 50 Sl o5 4 a5 5 el dalllae
azub 5l @1 (Sl Ly, LS 8l 4 axg
Ao b (S9,50 5Lad g Les 0yl 5 (IS5 ,S0 5 G655
Szrly et glgl ogh Sl LilS bt S5 85
5 Sodgybisl (208 sl lST slosudlg by

dodilo
OF S den 3 aliSie Sleby) Bl (i JLaS -Les g
Shahindezh Metamorphic Core (SMC) socals

Sl 18 (635 e lnl ey yo ddlaie ol sl sl aisls
5 el mad Gl b9z ol cle &S
CrE 5 or l asdlhae 390 Bogaze el (Sgje5ly
- e 095 b G g Jled Sl Gl - gaie 095 b
20 3 oS e slamdol GleSin sl 00 0olre oy
o Sk b plpen Dall a5 wjls g2y ailais o
wli)S 4 aluly Jolr (S odle 4 aileads (55,5


https://ijcm.ir/article-1-645-en.html

[ Downloaded from ijcm.ir on 2025-06-06 ]

IN GO9S S0 dd )0 39250 )y SKw (o jLad -les g S5 sends

lesS 5B ls I8 Q] S95 095 S o6 g8l sleSw
JBb azbys Jlo= po 5 sl el pliwe o SKSLE
S ek aB nl (b ogbge aSlil GIGL AL L 4,
S g 009 (Sadil 5 (bps Shgsiws Glpl diug
los,S 395 95 S0 SS90 & Sdmy 9 SIS
\))S.Lo.c )—" » ..\)9..»&5‘0 o..\.bl..im p.ﬁ SMC )o @Le.iw u.....‘>
3 emtn OlSL Glpl Sy S o B
Golul s oKz O jgo 4y liin,e g S 5 lisladl
).’>|5‘ G as w‘ o..bL..uy ‘fT Go.o.c [‘,5 6[))\) 9 o..\.o])\)
IA] csls asls! Se5950L

bl S

Alosls LSzs 1) SMC 6 s placl ize ow, oS
shls g wms e i anjged W ol (W JSD)
Cdgliwl wosgllal (Ya JSo) coilS slecewdbs b e
9 (YA JS2) <o) (Yo JSo) o po,S o((Yh i)
Cadgn GileS 3l wile ) Ay 0 Sudgpad slaals,
Sl s (D ey ey Jlals igpSes
3 CapdyS g Caselll (il slesedligpdyg s
(odleyss Dl wenST Wlodalice LB 595wy Sl diges
S onl )0 28 lalS 5l bS5 oS p; st

+ Gabbro == Cretacecus limestone ] recent sllvium
[0 Amphiboite 75 Jurrasic limestone: i Qom fomatian
[ | Matavaicanite [ r Eocene dok == .| Lower rad formation

sandy imestans |+ | Granitsid

“17f Cambrian silicaous 7] GranieGrsiss
L “— limestans
[ Precamixian mylites

Precambrian sancy-imaestons

- man road

L col oads (orw allie ol o alonds onys ddlaie o &,
Joe (95550 ol slaws i 2 ogdle deihilio (w2
e oo b ol Jlo 5 clelS dgablie 55, 2 aisS
Oegp Sl Sleord oS5 @ dzg b e 5 00
Ded asiv slasl Lol Se5 50 g,lud g Lo Ll )l
L SMC slzhlio sl PT s 5 S 55l alss
G opyelS ) e HT/L-MP 5 5 slew
Sl a8 Lilwl 5 cadl 3 pao oliwgais jo (Sdgjeelly
6‘19) S 4.’>5.v Jab Wiloads \)L?D‘ 0)@ - o)@ 0)35)).

KNP g i Il [*
o0 oulive ..\?‘5 U”))LS‘“"B AW u;)fo ) 6Le‘i..~u
355,58 slaasly b Yol Saw opl aws SMC o
li2sS il e (plol cuty) 635 0 olpl o eais S
1y O 56T 5 00l & g el )0 SIS (JSGL
S5959595 S (215255 Crl ST w3 gl 5 OIS
5 SO (S JS s Sgies)l
>0 olpl el osie o Al Wlas o550
AW stla)J WJM] [\ P M )| L@‘i..w U"‘ @;Jf'b
0955 sleKw a5 vy e Ll 4 LY Y e Al el
Iy ls SSe5eadl 5l Gty Jolee (g Gonalls (5,0

41

o Fault

45

51

Oyt 0 jaipals b s sl oad Wbl V8] 3 s 5l Sleis Jleel b a5 andllas 5,90 dikate oo ool owlids cypae didi ) JSCio

el oo 0ols liad ol (565 )l Do 4y )l pl i o dalllas 850 dilate (e canlice B YL dlE 15 g 00g ol col>


https://ijcm.ir/article-1-645-en.html

[ Downloaded from ijcm.ir on 2025-06-06 ]

L cudg il el b .cils jsb ey @ gl ab Oygo 4 65,5 slatunilSs 51 PPL s jo 59Ky, S pglas ¥ JsCid
65 Mg e LSS g 8L b 50,5 Candlg b yg € L oko S

Qtz + Pl + Bt [I] + Kfs [d] + Chl [I] = Ms[I]
ol s Ky[11], Crd[I1], Grt[II], St[II], And[II] RM2
Sy dibie sltand 50 39290 leidly iy i 5B
PRSI SRS U EPCHURK JCIH I gEPY DES| IPRC W
5 lodyns s degeze (nl ol S Zujglll
bS5 4 Sl Bl sl aies oo JoSa5 1) adhais
Sl oytd S0 g gl (oo )S wzyjellal
Shas)le Gl lashl wins et (pl bons JoSa5

Qtz + P1 + Bt[1I] = Ms[1] + And[II] + Ky[II],
Qtz + P1 + Bt[II] & Ms[I] + And[II] & St[II],
Qtz + P1 + Bt[II] £ Ms[I] + Kfs[II] + Crd[II],
Qtz + P1 + Bt[II] + Grt[II]

ol ol b Crd[1I], And[III], Fib[III], Grt[1II] -CM
3 3950 Sleels b oS (a0 sl pa)S 5 cojdllail b
Al osel way Co)l8 g cdgd s g aglate LB L
il ods 00y S o2 L CM, RM2 sl ils uxly sl
2 5 il g Bl 25T 55 s 4 Sl o
el ol por 1 LS b g RM2 o ooy LSis LS
Gibsy |y ailate I (oS Eolos CM (slels L sleSan
o0 GleKiw b lozen bl 4y Sgame i g Jidd oo

gy de by 93 S50 0555 (ow) sl L

0 LDy Slal i oo OLAS (e 5 (65 Caes
2l i Job sy o o el sz B ol S 0l
W) e 20,5 Sleiedlis el ys el packe Wiz 390
4 i deeblie )0 Sgzge Cujgllasl 5 cudgbiul weadls
3 Cadgpad atws 9o (¥ JK0) dites Cuedbgpas! Ojso
g S Olaalie 4y sliwl b as” wiad oays s oyl
Sl ($55,50 i b R 5 Sudsn 5 S
3,5 Kretz VY] 51 sl odle .ol oas sl o jollus]

loads

SES

Ol b Ko e gt bL3,1 g LssslSal Wiy, dalllas
S 50 5B g0 Jilas SMC ddlaie jo a5 wws oo olis a5
ol e cwl eols F) Felre ($95,50 5B S g slast
oS oo oy 1y 3l SIS 4y i

=y skl 56l b ChI[I], Ms[I], Bt[I] RM1
§ o gSue o IS 4 HleaSTy Jlis 4y cid &5 sleSs
b ond Gpae Jdo a4 ks ailead o Cudsn
Codg a0 ol Sail ez odgn JoSis sleiaSTy
S kS Fhh el il i A oS
el snile .Ios.a.?m aalaie C«w)bjj.d)y 09N 6W


https://ijcm.ir/article-1-645-en.html

[ Downloaded from ijcm.ir on 2025-06-06 ]

\4 GO9S S0 dd )0 39250 )y SKw (o jLad -les g S5 sends

e (el 0351 5ol pujee 5l pole Siw Ylazsl)
3Ll G )8 sbediges o TIO, Llade sl oS o
3,00 SMC ddlaie 5l S &gad F 0 S5 () o)l
Por Hie jlage o 1) G cnl (pleerd oS5 T S
225 (o GLAS (e sl + il = Vg5

=17 Y 509,8) Sl 05 0 (o ll 5 Vg S jluie
@Lf U"‘ 30 L9 )b.o.a (Lo - Y U"")LW‘ 9 JAS
el TYY 0 o pinn Je oyl Gloo S el &l s
Slade lawgie od Ul dged g0 0 ST ol o eSine
5SS ] 5enSTYY gl s ¥ ¥ S5 ol 0 ST el
SUIYE 5 CasSes 5l AVE cdsilinl ssl> slaaiged
5 Sl linl Gl slaaises j3 g oad LSaS cuisSTL
W3 890 S lS dilate ow) oSl diges g0 1o IS
=00 Sl Slp mrseie (Joo S i385 15 lenrd
10 85390 <o ,lS Hey DVF] sow ails ulul .ol < F4
S ) &gl ;3 g 009 Sudgs) £95 5110 Co oS diges
Cudlad (0 JS5) oyl gy ST g cewl Co S ey g4 3l
Bgos 10 aS> ,0 eVl o, 8 &gad o IS jo culids
5 ol S Solanl g JISedS Sl oIS lacy oS
VY = YA ST esls ol ansls ol cudlas ooliss
29 e oz po,S laaised jo Al Jlade S o s
Bgos CoLlS o 138 lade .l eS Jlocs )8 sladiges
’/’; w‘).ws)bw)lf :\.:5.0) )9 ’/Y )a‘).a )‘QCA..{)..{Q;
oy piz 0> 50 b yae SMC gln IS 5o o .ol
SN g (S dged 90 50 S cnl e oS
170 g 00g CgiSy oo )S sl dged 93 2 50 (plerd
osds JuSes MnCrd 51 7¥,0 B 7Y ¢ MgCrd 51 7YY b
VA @l 4 -0 apfu SIS ol o Fe™' qsls ol .ol

e QM‘

5,8 g a5l ien o 0, (Jlglyd bl lacis e
slhas e Al slagsll ol ond sl o5 b
Qtz + P1 + Bt1[III] + Kfs[III] = Ms[I] + Crd[III] £
And[III] + Sil[IIl], Qtz + P1 + Bt[III] + Kfs[III] +
Grt[III] + Fib[III]
B ghaxr slinsSue 5 oIS GB Gl (b izes
RMI 5 oad JSis bl 5 plaie SolS a5 wlowel
ColS g oS yidon ogdbn (ChI[III], Ms[II] oiiwa
la‘dsjm :Y}o.am R NS d].a.o 4.l.>J.A U"‘ 5 RM1 Ew .b};fo
Sl Gl sleSos 055 50 o 0 oled 4 Ll

| WK

degerme 4 Llidiwgimgdl canm g oS 4 copo S
(Shimmer aggregate = ephesite + paragonite, ..
cdgybiwl bows aileass oyl ,Ss fine grain micaceous)
9 CagSons jl (Fue)d JBAl g Cunl 039y jlicy Cupd)S g
4 S0 0 o lililasiadll 5 (u)lS 4l L o )ls
aglhie jo Wb ceolle il g oond e ow, LS
auslgl 3

badilo gy oliws SO L pleond slody i i g,
plawcs o8isls cwlids yao; 05,5 ,o Cameca SX100 g4
Jﬁ.ojs vd)f O yg0 PAP Tooeal g Wl oolazl EF-as g
g 9 CugSems ST Y elal 255 sl LeslS
el o0l dlre ST Y GL o casall g A DS DL
dob 5l oolatul b g (i jaze Lulul p Fe''/Fe’ s
(ftp://www.esc.cam.ac. o s AX (5 5galS
oi3len my esls V' Jgax o uk/pub/minps/AX)
oo S oD A 3en S Lges V0 S pl icuden
U"‘ Agod RSJ (5‘)" les o q\‘&—qa\/ Agod 4 (5‘)" (02 il
OiyeS a8 ol claigas lad ol (¥ USE) el Y lae


https://ijcm.ir/article-1-645-en.html

[ Downloaded from ijcm.ir on 2025-06-06 ]

‘.\.15.0 su\)}A 5\)).7.00

Sl i LS ol )0 0al plosl sla 4 jo lass 55dlay B yme 4525 G Lo LeilS (g alais JIUT 51 ol slaosls AoM5- Y Jgis

Wiloads &l allie (o pgas

Calgliw! | ls | Capd,S | el Cyl5 | o g Codgm | e
W=olows | O=oluwy | Yi=oluwy | F=olows | YeA=olaay | Y=oloay | OA=sloay | FP=dluxs
Si0, YY)V Yo,£1 FAAY 0 Y XY fO,V- At FEYV
TiO, -0 o ) OYA¥ Y s VAN )
ALO; | avyy AR YOV YY- Y1V AR Yo AN 4
Cr,03 4 .- f o) Y o ; .Y
FeO A YYFA Ve 1,00 YV - YA VY FY o
Fe,04 . . \pe . \ VY . . .
MnO ) ) - 00 Yo - Ff ) AY
MgO VAY 10,Y4 AAs Y- Ofv e Ve vy
CaO , .Y , . f . fe Y .Y VXY
Na,O AA ; A . . \ A Bhvd VWY
K,O . ¥ Y o o AYA ASY 4
ZnO hid
Total aYAD AY VY 49,Y0 49,¢f \RRF L FAY a0, 0 Voo f-
Si YYYY \fad fAFE o) YAf0 YA Y £A Y,Aq4
Ti AR ERE) TR -A4. ey e vy NeY
Al VY 0Y YAFY ¥44 ¥ai Y- YV YA \YYE (RN
Cr Y ey oo . R , e f
Fe*" AR Y-\ - 0-f - AY- YYYE . FY V090 oY
Fe* . . SAYE . YA . . .
Mn +av Y - FF - FY ¥4 oo oA
Mg - YYY YYsa VYN eV - FEY Ve yhaa
Ca . oY . o) 2 0) o0 oY Py
Na -y ; g o Y0 - OY < AFY
K . o0 oo f . FAQ < heF o0
Zn SN .
Xwmg -4 - ATy
Xzn oYY
Xin oYY
MgCrd Ay
MnCrd oYY
Hem e
IIm - Aof
Mnllm N
Xam YOO
XSps A
Xpy XY
Xars .Y
AlY - AAY \YeY
Al \AYY - EVE
Xnmg 5 - OVF
Ms N4
Pa - Y¥
Xan 8
Xao Af



https://ijcm.ir/article-1-645-en.html

S O8SS Al )0 D93 ge )y (SleKiw (i JLad —les g SIS e

[ Downloaded from ijcm.ir on 2025-06-06 ]

sydrophilite eastonite
3
©S44b = S55a
n=9 n=2
_ o) © s58m O ss8t
= n=14 n=8
= “ A 858n  * S58p
< | %
+ S58c
n=9
1
.. 00 0.5 1.0 .
annite phlogopite

Mg/(Mg+Fe > )
ol il Ltges Ay oS 5 il o 2 SMC sless 5l o 5T (Sleism oS 5 s ¥ JSd

S58p Ssat S58¢
n=26 n= n=29
e 42
Pyp & ﬁ
A
Alm+Sps 8o Grs .
i 28 ouled] 5 Sen a5 SMC leis)l5 ploords oS 5 F U
0.8 O S55a
O S58p
< pseudothuringite brunsvigite
= [J—
T 0.6 |
(o)
e /
%’ - oo O
L. ® diabantite
0.4
corundophilite rhipidolite pycnochlorite
_ IR S
sheridanite clinochlore penninite
0.2 l T | I | I |
4.0 5.0 56 6.2
Si (p.f.u.)

el @815 3925 SMC (slatauds 0 ol 55y 5 Sy 2l g - DVF] Lt I oy il Jlogas jo o S oliands oS5 0 SO


https://ijcm.ir/article-1-645-en.html

[ Downloaded from ijcm.ir on 2025-06-06 ]

‘.\.15.0 su\)}A s\)).?to

THERMOCALC &b s [VY] Holland and Powell
bl VAVA] Sl JLad g s <> ,o [VAD (v. 2.4)
o 508 5 LS 2l lasl cdld oS5 ol ad s
dle adyl swess sles o AX &b, L Fe''/Fe?'
Van Laar Jos | st e codled aalp cpl jo oo
Al M1 ol JT syl LM Joe 5l Cudgm o (V-]
50 JT el bYW cudgbiwl gl daalip ol diloads dwlowe
slacl cudlad o5l s 4 slp g ad S L o l) cols ¥
Max ratio o 5 ol (28,5 515 50 (90 g oS s
ol 2 2R o)lgen Slwbre (nl )5 aiS (o Jos oY plp
5 bbasgazs dap gy HiO oS 5 b Lalls 5,Ls a5 el
3 Bzl conl ouls g apwloe ol o cewl 00gy LS
Ve sl i bes sl g obokeS V0 5l i jLad 6l e
Slr 9 Jobs ety 5l ogdlar ails ol Kl 4z s
- 6, g,y ol eolawl o 6,8 ladiges jo oo s
oolinl 8,90 sleg, [YY] o5 - co)8 5 V] csgm
Slign &5 05 (xw 3550 (nl )3 lesgy jslate cnl (sln
Y Jouz 0gd colaiwl s 5 jglxe g die) j0 S5z ge
28 kS b slasl (Sle g Spe S
a2 oo olis s IKG THERMOCALC sl p lslxs
S92 Sl - S8 g Sudsn - SO Ge (miles
@ by e slaosls ol aiws I SMC dihais 5l g0 ,lo>
RO - VY ain les o)l8 55 e 5l enislog py aies
o Cu,lS - S8 s Al g @l Kale ax o
olis o8 55 e glp |y oL, Kle a0 VY - £Y. gleo
...\.QQLSA

&'y THERMOCALC &by b (o )lid —los s
Jad SMC cads codg)linh o po S-coils slaaiged
$oe PV £ Feclos 5 ,LelS OY - VY £ V0 i
Slad Lo Aol £ S aes oo lis 1) o Kl ax o
i oy b 1) A8 iz Jols glapimio 5 (S8 (mie
S0 oo lis Uas

S S el ond ayio S dged 90 40 adg liul
I SopSie cadg bl LY B VRN Iy o e Sdg il
Zn0O Jlgl,d el 1EY L/YF oy, cudg,linl s LY F U
BNV Sl maseie (Joo pS g ool 090> 53 ksl cnl 5o
LI U SR

Cadl 51 S5 cpl ol 4 5o8 &ges £ 50 SIS ol S 9250k
oYL (An 4-20Ab 72-95) cul PSS o j0 9 €
3ol ColE Al a5 Bgel yo cud,gl lade
2 Sl e iy ol 8 paildl 5 Vs S
el 0al 00sd 1oCs 10,5 sladiges

B U] diges g0 0 LuslS 5l atws ol lei S liwgiegl]
porieg] Jlade ool YVOY - UYENVE L, SIO; gl
o5 50 Yo = AT FeO Jlade .ol £Y)0Y - /80 FF
Sl TN Y dg0 50 LS cpl o MgO Sl 3 el
Lol a3 518 S IUT 5,90 diges g0 0 (S ol raels]
s Cuel! g9 5l SMC gliblie o 08 LS
=) Cosel] 38 9 (V- 7)) cslen Sl lade (/4Y)
Dyl 5929 SIS ol o (O

$lesb (5355 53 i 5L Lo
owe sbepshl Gl Seelusses sleds) e B 4
7 L8 —les sl ((5Sws,Se) (SBL Djp0 a0l
Jolw b jo 3350 olae 4 Lsls Ol jo .ol oog
VF 0] Jle slp) ol sais s

O 50 kS 5l ges Cis 8y50 ;0 (IS ek
Slagze o5 )93 2 525 9 1S9l (2w JLid -Les SMC
32 3 St Sl el 43,5 ol wlazy ol
3 Lod esd 3 el S (68 oSilee AL sl
@ Shoz g agwieg S ety slajlon lul » lad
st g ol Sl 3 SlelS oS5 iy 5 S
C b 4 S8 ey ds S50 5 ogas 4 Sl
S35 badl> 5 S S5 4 oNgpay (S5 58 Sl
o ool arcion los sl sl 5 0 S5 5l g 00,8

a9,y 5l eolaiwl L SMC 5l wges as (e Hlid —Leo
Seslusge slaoslsy 5 alainr Jolu sledsSly alad


https://ijcm.ir/article-1-645-en.html

[ Downloaded from ijcm.ir on 2025-06-06 ]

AR GO9S S0 dd )0 39250 )y SKw (o jLad -les g S5 sends

THERMOCALC asl s Lawsgi _oeios ,Lid = Los 4 Ll codled o) ¥ Jour

4 3o Slaa | LS (2l slasel cudled (1Sl Y pb
oY S old
Yo C vy ool
RN Cedgiml
Al JGIPS U
v - AY CeisShl
BRI g
YA Ayl
Y < \PA [GVST-NY
<o YAD ol
' RERR 519 o2 e Cd gLl
<% Sl el gl
- ¥4 o pd,S
YA A o el cops,s
JRERTAIA S e Copo S
- AF ol
Al =
<Yy Syl
) <uils
) 3
- Grt-Bt themometry
----- 558¢
10r — — - 558
— — ss8p
L — - 858a
Gri-Chl tharmomatry
8k SEAp
E =
= gL !
o A
r \“‘ﬁ/’/ .
al g 1" L
‘Q,I.' o '“"x..__“__._.
F T N-\d "x._____%,
2 b Ang ™
1 1 l 1 1 P i
400 500 600 700
T(C)

O il 00l awlne THERMOCALC doliyy L aS 1) ailfaiz Jolad 5 G955 Jols oot jLid —los gulis a5 jLid 5 Leo jloges # SIS

] 00 W).;M)LMBSLAJ Lla u}.o‘):;l.bds.a.u AR (0

S5 59 o oS [f] ue o 3lles o Rajpura-Dariba
o o slebilio dY] jae jo lew glo ,o Taba
Bossost SLL oSy slebibie [o] ausl 3 Canigou
o e 355 58 kS Y] 555 0 4, dome
HT- slebbio 5 [Y] a3 Jle gouls Velay Dome
ol den ol [f] Lileul Tberia 5adles Sl LP
g Wload Jol> 0,8 = o) 5,95 52 Sl 15 55 55 Sledn) y

S10ya8 g Sl
Iﬁ‘M olKidls slw! P. O'Brien )5.“&5); )‘ 4.1......45...:..\;
6[.:5....4 Ao o&isls sluw! D. Whltney )5.“&5); 9 QLA.H

el g
S ain ol sl STy adad Uy omies Lt oo gl
oSl U 8l [las /YL sles 595 )50 onsms ylis
slas 5 Liss ol s .ol SMC ol (HT/L-MP)
POLskS VL 0l SIS se 5 sl L ablaie ol sl
L 595,50 At s sled ioh awle £0+ °C 290>
Pl el - o)l g g - S8, b, 5l el
o O dala Vo v OC dga 50 ciges lgz 0 Lo 8
o 3,900 eghS ;0 Fr °C sga> ;0 SMC b5 (uej
Lo ols o5l o8 — 6 )18 o065 15 Jare laseio L aS
alie SMC jo LSS 5550 50 g ool Cows & ,Lid

iy slo Glisae (55,5 Sl 5l oad (51553 )l3e


https://ijcm.ir/article-1-645-en.html

[ Downloaded from ijcm.ir on 2025-06-06 ]

‘.\.15.0 su\)}A s\)).?to

'Y

[12] Berberian M., "4 brief geological description
of north-central Iran. In materials for the study of
seismotectonics of Iran: North-Central Iran”,
Geol. Surv. Iran, Rep 29 (1974) 127-138.

[13] Kretz R., "Symbole for rock-forming
minerals”, Am Mineral 68 (1983) 277-279. [5]
Bhattacharya A., Mohanty L., Maji A., Sen S.K.,
Raith M., "Non-ideal mixing in the phlogopite-
annite binary: constriants from experimental data
on Mg-Fe partitioning and a reformulation of the
biotite-garnet geothermometer", Contrib Mineral
Petrol 111(1992) 87-93.

[14] Hey M.H., "4 new review of the chlorites”,
Min Mag 30 (1954) 277-292.

[15] Droop G.T.R., Bucher-Nurminen K.,
"Reaction textures and metamorphic evolution of
sapphirine-bearing granulites from the Gruf
Complex, Italian Central Alps", J Petrol 25 (1984)
766-803.

[16] Dale J, Holland T. J. B,
"Geothermobarometry, P-T paths and
metamorphic field gradients of high-P rocks from
the Adula Nappe, Central Alps", J Metamorph
Geol 21 (2003) 813-829.

[17] Holland T.J.B., Powell R., "An internally
consistent thermodynamic dataset for phase of
petrological interest”, ] Metamorph Geol 16
(1998) 309-343.

[18] Powell R., Holland T.J.B., "An internally
consistent thermodynamic dataset with
uncertainties and correlation: 3. Application to
geobarometry, worked examples and computer
program", ] Metamorph Geol 6 (1988) 173-204.
[19] Powell R., Holland T.J.B., "Optimal
geothermometry and geobarometry”, Am Mineral
79 (1994) 120-133.

[20] Coggon R., Holland T.J.B., "Mixing
properties of phengitic micas and revised garnet-
phengite thermobarometers"”, ] Metamorph Geol
20 (2002) 683-696.

[21] Bhattacharya A., Mohanty L., Maji A., Sen
S.K., Raith M., "Non-ideal mixing in the
phlogopite-annite  binary:  constriants  from
experimental data on Mg-Fe partitioning and a
reformulation of the biotite-garnet
geothermometer”,  Contrib  Mineral  Petrol
111(1992) 87-93.

[22]  Grambling ], "Internally-consistent
geothermometry and  H,O  barometry in
metamorphic rocks: the example garnet-chlorite-
quartz", Contrib Mineral Petrol 105 (1991) 617-
628.

S S ale sl slaglesal, s 4 15,1
Sy dlie cpl o olaiwl 0,50 olbeerd slaa i
5kl sl a5 &ige T plowcy, GFZ wlibss
SWITGFZ wliiss 35, ,0 Appelt o5 9 Rhede z5o

Sl Gl 3 LSS Bl

&=l
[1] Khasragi K., Eghlimi, M.H., Amini Azar R.,
Alavi-Naini M., "Geological map of Sahindezh
1:100000", Geol Surv. Iran. No. 5363 (1994).
[2] Barbey P., Macaudiere J., Marignac C., Jabbori
J., "Sillimanite concentrations in the southern
Velay Dome and Late Hercynian P-T-t evolution in
the French Massif Central”, CR Geoscience 337
(2005) 872-879.
[3] Mezger J., Passchier C.W., Regnier J.L.,
"Metastable staurolite-cordierite assemblage of
the Bossost dome: Late Variscan decompression
and polyphase metamorphism in the Axial Zone of
the central Pyrenees"” , C R Geoscience 336 (2004)
827-837.
[4] Estrada J.R., Martinez F.J., "Evolution of bulk
composition, mineralogy, strain style and fluid
flow during an HT-LP metamorphic event:
sillimanite zone of the Catalan Coastal Ranges
Variscan basement, NE Iberia”, Tectonophysics
348 (2002) 111-134.
[5] Azamber B., Guitard G., "Kyanite and
staurolite-bearing Hercynian metapelites from the
Canigou (eastern Pyrenees, France)”, Earth and
Planetry Sciences 333 (2001) 601-609.
[6] Mishra B., Upadhyay D., Bernhardt H.J.,
"Metamorphism of the host and associated rocks at
the Rajpura-Dariba massive sulfide deposit,
Northwestern India”, Journal of Asian Earth
Sciences (in press) 2005.
[7] El-Enen M.M.A., Will T.M., Okrusch M., "P-T
evolution of the Pan-African Taba metamorphic
belt, Sinai, Egypt: Constraints from metapelitic
mineral assemblages”, J African E Sci 38 (2004)
59-78.
[8] Darvish zadeh A., "Geology of Iran",
Amirkabir press (1990) 901p.
[9] Alavi-Naini M., Amidi S.M., "Geology of
western parts of Takab Quadrangle”, Geol. Sur.
Iran. Note no 49 (1968), 98p.
[10] Haghipour A., "Etude geologique de la region
de Biabanak-Bafq (Iran Central); petrologie et
tectonique du precambrien et de sa couverture”,
These, universite scientifique et medicale de
Grenoble, France (1974) 403p.
[11] Nabavi M.H., "Geology of Iran", Geol. Surv.
Iran (1975) 109p.


https://ijcm.ir/article-1-645-en.html
http://www.tcpdf.org

