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Abstract

The metabasites in the Meydanak area are part of the Azna-Doroud metamorphic complex, which belongs to
the Sanandaj-Sirjan structural zone. Metabasic (amphibolite) rocks have undergone metamorphic and defor-
mation phases accompanied by migmatization with a low melt component and are classified as metatexite.
Structures such as schlieren, ophthalmic, diktyonitic, and stromatic (from filmic to nebulitic) are observed in
these migmatites. The main minerals in these rocks include amphibole, plagioclase, and quartz, while second-
ary minerals are chlorite, epidote, biotite, titanite, and opaque. The migmatites exhibit alternating paleosome
and leucosome bands, aligned with the mylonitic foliation. In addition to migmatization, amphibolites are
significantly influenced by ductile deformation. Evidence of this deformation in quartz crystals includes undu-
lose extinction, subgrains and neograins formation, dynamic recrystallization (BLG, SGR, GBM), and grain
boundary deformation. Deformation twins and undulous extinction further indicate deformation in plagioclase
and amphibole crystals. The presence of these rocks in the shear zone has resulted in mylonitic microstructures
such as foliation, lineation, core-mantle porphyroclasts, synthetic and antithetic microfractures, and fish-like
amphibole grains. Microstructures show deformation and metamorphism have predominantly occurred within
amphibolite facies, with some degree of greenschist facies. The alternating leucosome and paleosome bands,
aligned with the foliation, along with other evidence such as the amorphous nature of amphibole grains, quartz-
filled amphibole crystals, and straight, smooth boundaries between plagioclase and quartz crystals, indicate that
deformation occurred concurrently with migmatization. Overall, microstructural evidence suggests the occur-
rence of ductile and brittle deformation events at temperatures of more than 700 °C (GBAR) to 300 °C (BLG).

Keywords: Amphibolite, Migmatization, Deformation, Meydanak, Sanandaj-Sirjan Zone.

*Email:davoudian@sku.ac.ir
Tel: +989131812808



ﬁ sy | 9o les paia J VY Bl (sl e asliss

Gla ol &35 5 Le s Al5 oo L pd Oy sl
Ghosh and Sengupta,) LS ¢SS Olds dJ g
iy Ly sla S5 5l oad 25l (1999
Kozlovsky) &—uf f)fjfs slads sazes 53 gla-U
b 58 55 Jsb 551 (and Rusionv, 2008
i 55 e B Snis oS 5
Jain et al., 2018; Sawyer, 2008; Sawyer) C—wl o
Ol jan S o6 5 Slds oo Ll (et al., 2010
) eSSk 4 ) Lac L& o Sasoss L
e (Do YL 5 ) eSSl 5 (s
Ll o O gl 5L (Biermann, 1979) .S
St 55 iy ity i | s
518 (ot olial 5l L ol e sl (58S
S I ysaisl w0l S glanS sy 500
St Doy g s gl Ay, cLacS b Yyl
SV S8 o s oS MBS Ly
S Gosb s B S e 8 bl s A5 e
Qs 93w (Slo)U aw g glacS b 55 OT a4
(Leeetal,2020) 555 o JS oS3 anug saimy
W@tﬁyéu&-_ﬁ,“ug;_;é{\.zf;,ﬂ
=l ey Glroy 9 53 0sls @) Eoslp &S s 6l -
el (S5 83 Gl a5 Sy
ten Grotenhuis et al., 2003; Passchier and Trouw,)
Gla S8 s IS S5 gl lu sy JS i .(2005
e LS 51 S0 bl 5 55518 (el
Altenberger and Wil-) ) bl )l &S 55 (o) —
sla S5 0L > sl 57,5 5 (helm, 2000
Bhattacharya and) sl % » sl 4o 53 JSi 85
Ay s ol e dal s i U ol e 457 (Weber, 2004
'C)—;Q\‘}—f)u&_aﬂ‘;&_»zfﬁﬂ_’ﬁé:i)uéjujb
Bell and Johnson,) 3 53 4ibate ¢S 5 SIS i 85
.(1989; Passchier and Myers, 2012
Clrdg o= sbn )l (K Ol e i gy
5 =8 835 iz 4 S el Ol ol (gl
(e (gl ) ol a3l e |y S8 B
Mohajjel and Fergusson, 2000; Shakerardakani et
al., 2015; Davoudian et al., 2016; Shabanian et al.,
Sgline glaeKiw s oud L& 5T L2020

GLJJJ‘J_?QBH—CM%gJ_lN b2 LQLA wua..

RLTEY-T)

i b g lies i glime 4 Ci s Sl 05l
= s j Slwsl as Sederholm (1907) v 5 5L
IStz —Kaal glaesSKin Lo s l&os s LS|
035 534S ddlgn (S8 85 5 3T sla i |
allls 5,8 ol SVL A s S8 S K
A5 slmoly 65755 5 Ls Al oo K o
Som Ol /(i (Gla s pioman 5 Olds
To-) S eSS wm gy ot o gla o Lol
| ,— .(moyuki et al., 2005; Cavalcante et al., 2016
Gl O s 0 & lge s Clde S 5 a3
JL;,,_LA_iu)@C,w&:uTC}r;,;u@\s
LGS el b sl o (S 5 Sl
s LeSn & 6 Calies Lo 25 55 gl i s
0ol 3580 U b 53 45 0oy oy ol (Sl
Sawyer., 2010; Ghosh and Sengupta,) A_ss . &
33,5 o (1999

gl 3l K Sl o)l lac LK
A (s 5 gy 03 ST g (LS
L Y Les (gloyls o158 587 (slads oS 55 05— 5 4
Brown, 2010; :JLts 0l e 4) =S glaoks
¢S 53 ol — LgT aalllas 45" (Sawyer et al., 2011
L& s (559, Sosl5 sy ol L5,
Sl Cd e T o5ty lacn 5303 2.8 5 sba,
3k g (S 8 Slae) 03 (YL LS
I8 51K g sl SN eSS (s o a5
©35 55k ) ool e < S0 g g8 5 (55 50
Llods LS5 (Cony ol ot s 4 gl K i
(i 03 3 &y 3 5L Lol s (Sederholm, 1907)
e 53) e la gurlie Liie Al 5 o ¢ 5o leSon
G0 7 lpmaglosmbio dul 3 (b s (L ol )
e 53 =l 8 LSh g5 1,8 LS
ol G 8 4 52) (S8 B2 G i (S5 5
it o3 L g (sl c Il s &Ko 5 5 ot
slabes 3 58 s laeSKin tdu b amms 5)
Neogi et al., 1998; Nyman., 1995;) a_isb asls (YL
Sawyer, 1999; Brown, 1994 Sawyer, 1999; Brown,
e o= .1994; Ashworth and Mclellan,1985



dalp i bl (CadlY JS8) ol (VWYY (g
5 SFEE S IS sba (e
Iy aalllan 5 pe ailate s 4Bl O oty ol Y5 8
L w55 4 LaoT pole K i a5 L 015 s
‘J,|u>‘;;ﬁ_ﬂz&,_w)uup}ﬁ)ﬂu;‘
gt ot 53T Liie Uy (58 85 slacSn
5Bt cpgs 4w 5 (5 gk o= el $
caibie aafllas 5,50 glal sudeT a5 i Lo o e
Ly Ol Odere &b Jlacd ko il £ 0555 (i
v_,;l,,U}_L;Q_mt_g)umufj,\.u;@Jg_x
Shakerardakani et «Jlw O s—lus OM S 55 & um
«(Nutman et al., 2014 «Jw O oJds 0FA sal, 2015
YO (S 55 o =il sl s ) Ll SThe
o5 3,8k 5 (Shabanian et al., 2018 (Jw O s Jlos
BN S 05— ool B gta ) sl
! (Shakerardakani et al., 2015 :Jw O s ¥V F/#
NS J P G PR NN PTG S R PR g
o S s Ll gl ol ply sl § Sls
oty ;K5 Lol en a5 s aibate gladslg
Ny Sl gdn glaslis ) Jpb s ik
e smieT lmosy diled s ylie S8 8>
of o 4y sloe oy 05l jalel 53 05 g 4 gloms GbLe
S la S ClF by La S 5
>| — ¢Shabanian et al., 2020) Lleds aLad L
Sl ol Lacd sl 00140 O e
Sl LS5 OlaS iy Laows 6 y5 5 axils
Al s Sl slacd suisT (VW40 (s 4 sS)
sdalin S 5555, 5 Slo o Do) st i (| et
Lg)\_?l_goj_;},.wdi.ijuz_.mu}‘.s);l_iwjav\_&
Lot el (sl 3 (DY JS2) il 3555 (bl
sy otalin (SE 5y oo 5 Sl
3ol ST lacd pael (OF JS2)
03 (oY S ) was e Ol 1) 0ds wlSs
S CpniaT (s sla a1 o
(= WS 5 3 5 T sl sb ol ol
) itu el sdalie |6 s 2 s Uy
NS SLa S i s e ol )
Sla S8 sy Js an o 8 i 5 00 (Sl
A 5 LSS ol bl e s b 5 0

e S Kon 6, IS 5 S T s sl [ oA &

Hashemi et al., 2023; Saki et al. :JUze (gl ,—) Cul
Jli 5 .(\YAF (s> ¢ 2020; Sepahi et al. 2019
ae gara | (b Olste 4 ST b g3
7 e 0l it igy) 55,3 -U5) (S5 5
2300 (LS T (Js S5 5 58 5o aal s
ol 10 5 58 o odalie 5 it glacd sudel
Sy IS8 85 o o il S ins o]
L LadT ods o23leSe 5 e o) o o ST
Glacdsmisl 53 ollay, daly s i ol ul
- PR N

gl CurBgo

S8 53 o ShaS i 4S aallan 3 4 aibaie
3933 G,adled g, SNVF s Cul 5,00
07" (Bl slad b (Slasa L (01 5l o 8)
=l sl b e 5 S5 FAIWV 00" L5 FA oY
W o aBly (Sl YT ORI YVT LYY O Y E
VYO wlid ey 4t 55 aalllae 5y 03 5 oue
4z 5 (Berthier et al., 1992) sLTe 5 555l
PRIJI OV N VI B 5 g PO g PR R EERRR
ol gty Bl 5l 5 ol ol w515 (VYA
3130557 51 (sidms a8ls 534S Ol ki 4y
(ol JSa) el as £ 515wl o, 815
Sl g ol (58 5 A )b (IS b
ki edasoli N 9l Y b el omy
by e 0T ol 56 aS ol S5 sl
b 45 (Davoudian et al., 2016) A_&b o ¢Sl )55
Oyt il Cn&i 5 (sloylB 053 ity Al b
.(Shabanian and Neubauer, 2024) c—.l a5
Jels Ui (bt L aigy ol 55 s glae
Wl (st (2l § sla ) el )
S 035 Sy IS 5 Sk e kel e e
o o amy S 5 (S a0s 3T slacd s
33 55 B slajle | 2S4S Wilas § SLis oy
Alirezaei) S 5uisT U jew S o lus ; A
Cm 5481 o,y > 5 (and Hassanzadeh, 2012
Alodi | o> |, (Davoudian et al., 2008; 2016)
3T eSS I i aals 3y s 4 ik
o gl Jals 48Tl (015 Ujlmnsys S5 55

écfg_;\u\:ﬁét_m)) d_)_.i:JJ f}—&‘\:)&lﬁ_:j}.:u.‘ij



& %94 | Y7 o jlod carin Jle AF Y Ol (sl o § dalilad

i g odaline gl A ¥ LS Lg\«_f) (1SS J.{_,z

49°03

R -— N ——+.

= R

333 Study Area

June

sl g Sils | e 43 T:.}L«i:.o sl
@LA;L.:SL«&:AU_{_\JJ @}‘M;}j Lgl_buiéu._goéj_{

49°17"

‘‘‘‘‘

49°03"

Legend 2
[:] E Schist 1  Swdyarca
Alluvium itoli A—4__ Thrust Faul
arij 2 Amphibolitc and Metagabbro ust Fault
EE Daijins/Gabbro \:l CAmphibolieunity 2 - Village

- Granitic Gneiss,Migmatitc Amphibolitc and Marble
l:] Orthogneiss.
m Andegsitic Volcanics : Upper Jurassic

Lower Cretaccous

- Amphibolite and Greenschist \

@ Dolomitc and Calcite marble | June Complex

duartzite
Marginal sub-zone Q

[:I Darjunc Marble

Hamedan Phylite
(Upper Triassic-Jurassic)

el g0y 428 (2 .(Shabanian et al., 2018) 31 43 5 » O 91 (SHUSLo a0 4B 3wy g0 ddlaio Cadgo (A1) IS
.(Shabanian et al., 2018) 3 48l & 4xillan 390 dikin

5 eEGS sla S el Ol
A g B gl ol 5 (Bl Dl s

e BT
Sl syl Sl bl 1l layls L
Lt (p g 587 ) dile) s 5 (p s e L 50)
(=855 5 o sy Y Oy 4 S
o5 L ey (65l 53 Sl sdaltia |6
9 (aj_w;jj o (03, A b)) STHLS Oy se 4
il bl (Y JSC8) 5,8 o 515 o gsn
ol 15L& slacdseiel il o 3155 0
LeSw ol (ol la SI5 o3 5 Sl gl 8 5
L) oy IS s 5508 S 5 9k e
oS 25 T el (o (sl (o s
=P sl Olmen (G D SLI s S 5
(S NS 5 e 31 S8 8 5L el s S s 5
il (St o ( Sas o (5 ks
NS JmieT 055 ale slay gl JSCis 5 (gL
03 e e odaliie LK ol 53 jlwdls
5 ol penl JK 5 U lal g5 51 (SIS ablis S
Sl sty 505 (5 g5 K gl
SsS J8 55 655 6 s (Y S8 ia

glast (oY JS8) 558 oo 0s 55 S-C (5 L

crimen 3 LAl o S e a5 L
53 LI LgT Mehnert (1968) (gdses, bl
14T la bt Lw L (metatexite) XSS le 05,5
L eSaadil ooy i) (Patchy) glassd L
S5 (Y JS—2) (Ophthalmitic)  otor
(Folded) S35 o (Y JS—2) (Diktyonitic)
(oY JS5) (Stromatic) Sley iul (Y JS2)
I8 S b L) (I S ald O sy 45
St Sl oy S Y slaly a8 e
2o 2 S st etalte Lad ke
e P e T DL
Ly e Ske o pmial (Y JS8)
Slaes g IS 53 s 035 (smd e 5 Sn S Lol
Als (ST e g oS At S ke
9 93190

Slal sz, Sl Lot god (ol e Gl (b
o (55T ez S letnn D) 50 4 sl S
eSS L il lald piel (Ll o e e
b 03 e ysn leslial L Llus &3 GPS
Al laets s Sl (e a5 La gLy
tla_?u;.\_e\u g Sl o b g Sl e sl

Sy S o5 Sy Ko Gla s 5 SS5U



5hqﬁfdﬁp}éﬁféw@hj@b |V' &

G cdlllan 3390 dilain H (WS 133 (LA Glowe oid  Abofi ClgmieT S yls 3 ol peo palad ¥ UKD
38 T p il Sl (@ ditne 0l (WileSe S guie] Sl 6 o gaid) (9 il 7 9 Clgmiel SlaeSu
b Sl 4T Sl (D .pgwgide :Mela ¢ gwg 30 :Meso (P awgs o Leuco : Jwileaw st Sleidn b (O .ol
(z 9900 oudlin nizr G Pawgs el Blybl 33 05 Sl &Y T 33 & RISl HUSLo (g Bpgwgs sl &f 4
BPgwys ol 45 0895 p (209 3 (Sled 3gd 0 o lin ablie D g0 4 b Pgwes o ol yo 4 S g0 0 L
SIS g0 4 45 <log giul Jlisl (3 dilaie GBS0 33 68395 pz Lo iles (& .Nilond y Fi1g5 Lawgd

(P90 g ool S pdg i led dgh 0 oudlin 39y § 0 Sl 4Y I

SIS Lets o (S8 Lol an J kel 55
33 e T G 5,05 (¥ S2) 350 6L
S 550 0B Ly 0sST JS5 (sl a1
L Lo ol 055 ale J el oL L a8 0350
ol sl 058 (ale Sl Ly ) (Sl 4 4 5
Lad suieT sl ol ! c(ten Grotenhuis et al., 2003)
W5,E e s,50 Y 058 sl slaes § s LI
Glals 5 o lgn (NP ISt 00— - YU
odaliin SIS 5 5 9 gl 5o o S8 bt
{35 6 ot el (5 SF IS st o
Al e C«-.fbﬁ 5l o S ol e
5 N i Lad sedeT slassh a2 100
S5l 3T L3l sdS slazal 53 S ol s &gy

ol odaliie Job aeKw ol 53 ji 3 ¢S b
iS5 Glacpsy )y G b 4S5
sl (= ¥ JS8) (g e i 5 51305 ,5

i gl
K ol ool o jlw O g ay J piteT (SIS
Glwly 53 ambigr 5 ol iS b el
oy e S0 A L S ol SIS
oA el 5o S ml ) s e e Ao S e
S L el sk ablas 55 yesls JSu5 1 o sl
o.\_":.ol_iuj‘c)@;yl_:w&,ctbw);)@c_wa
e SSlay (2E Lag s e slialy 53
1 Lad smiaT 1alls (& JS8) 555 a scalitin 53
Gl Sns  Kos 5yl Sass S oS 4 sl

P WP o L IR P P N 2 S W



A A | \i4 o)\a.fn gr.:.ik Jle \FeY [_)\:....3\3 ‘C-*"L*’u:‘) asll2d

g o) TLeuco (cunSlin Sl 33 (S Lilisw S s e (AN dbcuilofn 31 (29599 S p9lad IS
(© «(XPL) S-C & il 31gals™ 28l (@ «(XPL) ylgonl £g5 31 slolad (5595 » (@ «(XPL) pguwgidhe :Mela ¢ gug 30 :Meso
(g {XPL) Jguol 35k 53 03l Sl 9 (20 o (Hgols 3 (5 29 (O (XPL) 51957 3 JgmioT (Sl Sl p3 (T p
(& (XPL) 0035 Jgminl (Al 31 (2l 6o 7 9 0 35393l 4 JomioT & 325 (2 (XPL) ) 05,5 Jomiol (lo 5l (2 los

(PPL)b 69§ 55 Bk Jamiol (8 «(XPL) Y09 5 Jamiol Ak stisluy s
Amp: Amphibole Chl: Chlorite Qz: Quartz Zrn: Zircon Spn: Sphene Czo: Clinozoisite (Whitney and Evans., 2010).

(g sof Ji_l) seb opodaliinla,sh ool 43 5
iy Oy s A S o 5N a5
(oY JS) b o 001> QLEIG g 55 3l (alaysh
S 23 S5 Fs s n F s ol el 55 L
b oo odalilie 4 i (ki )3

1y les

Gl il ool la SIS 51 G 5,158
Shls 48 sl e s g (S ke
S 9 3 w035 o gl 5 e i (sno I
sodd sloul JSs T glajlislay 55,08 slaysb
GBM & 5oy 551587 lasils § e sdzme sla 5l
g3 5 ks d> sloul clg 3 SGR 5 BLG
S (el 0 JS8) 355 0 0dal 2o GBAR
ol adalin 05868 o ls dond (glasls L

(o F JSs)

309253
o35 ysd w5y o0l 5 3OS 0 S SIS
po—sS P S s S bans 5 JSi o D) s
Olastlw @hyls 5 s o [ 1) sl
sl Loyl ol s (OF JS8) wil o (sl uaibais
SIS 5 S5 UT e 5 o 50
le K ol ) (g3ldms 548 o odalii 55,18
Il & ) s S OLES ST L 1 518 it
s S35 S5 31 (Gapais, 1989) (2 ¥ JSa) &l
ST B (s o 4 Ol 0 (S ] S5 0
(b e sl L S (ol ) ¢ (5, 8
(o= JS) 5,8 o)Ll (S8 5 okt ¢ xboline
S e 55 5 (glasls e O lge soen



a5 )15 S8t ol aalllan pblis I (5 53 (Ced1?
.(g‘?J&.ﬁ)a‘,_i@eML;A)_:JLgJ\‘,_JQ)H

o SIS 5,8 Sy IS8 T o S |v\' &

g Sl IS8 B Lol i 1l ST S
Lo sk ol 53 (Snltss Ly (Saadly 555 s s
b el a8 (Passchier and Trouw, 2005) &l

S o S abians D39.04 S1415 530 O p>lge (9 9 2 (XPL) 09) 095 JgmieT (plo b 3L-Lo 3 5 (AN :F SO
Soidabaio (51518 799 55U 59l (& (PPL) JamioT U™ (895 ¢ i g Overprint 31 olod (< «(XPL) 3505799 5% 9 Jomsiol
(o™ 8 1) (S350 ST (& (XPL) 30579 33 Ol (3 3 g (7 (XPL) 350793 5% slaygh 50 (> 90 (SMgol (z (XPL)

(XPL) Sk 9 35 <5 9 Slail b 5555 57l (8 «(XPL) 330579933 8

Amp: Amphibole Ap: Apatite Bt: Biotite Ep: Epidote Pl: Plagioclase Zrn: Zircon (Whitney and Evans., 2010).

Ci g 5 Jgmtta] OUS 3 IS J gammes 15 OT Ol 55
d_ﬂ)) Ca—::}:-’ (C—’(JQ) J}Q—ﬁ:ﬂ}’ Lﬁ&_ul U_i‘):
u_,jfjfa Js= 3 0lis 45" Cul e s (Overprint)
L s (slo s s S st (& -F JSC8) il o
Voone S s Lo S5 5o e f e ol 3 o sgf
(Faye, 1968) Zcal 558§ 5V ks e, Sl
TA\?A_(JL.‘»&\A_L:;&\_AJJL.Q)H@Q_;QT
:H@oa_i:&_uo_:ﬁ):MMéb\:

(=F U=

B PR N S (R WP UNE
LT (Gl s od smnia 0555 JLstsl &) 5)
3,5 o Ll Hu S sla G5 5 il (S s (g
Jold e a2 1 ol 4 ST 4 b sla SIS
Ll r gl s il 5 (o £ 55 5D S IS
wsls sy o gl o oL 5 sl ) 4
Lo gt ojIl 5o 5 JSiin o i 4l Ciles il
20 sl Cile S 3 5 b e 03 K
(Cmrods) A8 1S Y pamn 5 s ISy 5 55l
e ol 53 o IS5 -1 i) Wiles S abol>1 1

S Wb e o S SIS S e e



& Vi | Y el e JL 0P Y B sl e s

T (°C) Quartz

GBAR

"5
GBAR/GBM
700 transition

-
-
-
2. -
3600
0
-
-
-
-
5-s00 5%
B - oo
[ SGR ":~ S Gt A ":"‘

SGRBLG ggs =Vt
—
= P Mg
2. “ Yy

& F

-] 7
S prittle deformation i
5

(XPL) 0T b dai o (2 lod Tl 5o 9 5195 ok (Sl d 03b90 sobd Carog 31 (5 0a 1B SO

29 (90 (gl (T . 008 F 515 S aild B ol 55 oul dlom ! (S 4ild 35 (& el 50 50 ;MTﬁ b ks 3k (!
90l 31 (S 9.9 (8 .ilonds w1 (GBM) Suolsd yoldaguomd §1 50 4 F5195 o (S 41S cpicmen § 3 51s5 Syl
{(XPL) GBAR £¢ 311\Y+ 54195l 355e5 sbyygh «F3195 sldseh 18 b

(XPL) 81lg5 D90 4 5195 i3 (9 (XPL) 35195 Sldyoh 58 0 dad hgols 31 (S g AP IS

gupta, 1999; Diener and Fagereng, 2014; Caval-
Ole s 5 bl 54 S (6, 5k (cante et al., 2016
Sl 5 Sl 05,8 95 4 Lacsl&e

&

—=
O (o gl

Vigneresse and Tikoff,) s 54 oo J =8 Olds s ;>

Ghosh and Sen-) &l Clis s 7o a5 5 5 ol



(oY ) s s b e sla s 5oyl
oy s S, lapa gy g odd i glapsy
Lo mal ol oo bl (2 eSSls C5LaSn )
e sLnl S 5 VU S 455 p sy D0 )
S (ol S 1) 05,5 b 5 VL
sl aals s (oud i o33 eoss sl la
SESU s s e 0L |y Ll S
e i eSS 3 Lacd gy 05,5 s
Lacd 5y, 4S8 s ol el 5 Son STl
PSS b G SiLs slac L&
2 LSSk LAl LSl sy i 1 (558
s CaeSS 0 53 (S i) oD dles S
Slr g ol Bl 5 D eSS
SRS PEICNIRY PPy U VI TINE gpi g Jge
S AU L Sl sl 03,5 b oS IS
Jgann 5 b s 48 U505 s b 28 5 S 0L
Loz LB 5L 55,18 Lods 1 sla KnSls L
b i e 53 Sley el Gls o5 ST
g o ks S (s e slagnas o (S
DLt SSleg il (sl p g 587 VL (o3lml
Latd 555 4o e La0T 03,8 (o158 om0
les S a1y 6 5 iy SIS i B S
lagnas plad 50 03 A58 Sl (ol esdle
S 3 508 S pyn S ) Stz by e
Cal S 55 5l S e ol oyl Glaps s olas
33 (ﬁ}_m;)j e > 4 S 54 biles (Li et al., 2023a)
o S pol b P LSS
035,28 4s 05 5ad 51 S5 585 5 4l on Sl ) s
33,8 o 5L 05 en a 05L53 s 5 b 0 IS
il st | 55 0355 K IS 3 Il s 4Lt o
S S5 5 S K 55 L
tjj_&éi;_de&ALgl)_?loL:AJ:JL:é .
awda bl (Lietal, 2023b) u_S o i 4
la LS gl s S S (S8, S8
W&jo:%d;&})@)ésﬁ}swb
sl S 4T (Y i) o eSS 4
&BW.AJQLEE»@U;G&JJ?:@@U
Y Slaie oSSl gl sl a8 Cul S
Sl e onl gl 5 dles s b 1) C 5 LKe oS

o SIS (68 S 5 SIS Es o e ey |V’F &

1999; Rosenberg and Handy, 2005; Diener and
3 565 Y sems $Sile claeK . (Fagereng, 2014
Wilks and) .4 53 o 43 8 L3 55 oSmls (glacSKn
Slizel 53 Sl ¢ —ide w3 J b s (Carter, 1990
e dsb s s S 0 oS o (SIS Ol
0315 G G1AS 0 Ol Olsjon b bl
Diener and) 4" oo Cy 585 |5 0dSledly oz (ol
o3> 4> .(Fagereng, 2014; Cavalcante et al., 2016
e sS P e o il B Sl LS
strength of the migma-) r\.(z.:_,.»\ 5 e AL S g
(Lietal, 2023a) das o Lol 1, o sLKoa (tite
Sl 1 el Ol e 4y dalor &K (553 555
(mlid S5 adex Sl aee 5 (o)l (sLn iz
(o3 (s « 5 ¢ SIS 63100 ¢ a5 Sl (6 pmea
Biirgmann) S" o & Aol i bl 5y ,Lis
(SAueS 5 55 Ssl& e s (and Dresen, 2008
mleze (S5 o S 5 als o3 s sl
ok i S s oSl Lal LS s
PO P WU PRI SO - PYPIS E T SR W
23 53 Sl S5y )5S S by e
I 53 1) e ool Ol s 5 48
S SIS S S 94 S o d S osd A
Al Cl S i e e J s b a ) lis
Laails oSl (ldd a5 5 5 Dl S 0 J 8
Jsb 53 S350 1o U e Sl S
(Li et al,, 2023b) J_sl 4 5ls S5 wsd 4l s
Ao 30 Ly il Ol e G 4 S
Ladils 4e gozes Cnglia o r&,._«_A Bl ez
Renner)sﬁf@)b_égl.l_nu{)ji_.ﬁjj_;\:c._ﬁ
r}_w;j e eSS le 3 (et al., 2000
sl 3 ceslie AN s ez Ao o Ve Sl S0S
Lt 5 S 0355 53,10 55 5 p g 535k (0350 5m0)
i oS P e L eSS 5l S
ESles ol (slap g oS ) JS 5 e £ ¥
sl st s 5 o Kaal Hly (65555 Ay e 3dee
S slay JSm Loy i s Lacsl&e
Ll sc oS dlaay o decday
osb s e e atals 3 Al il IS s
L slapsg) ol i sla s an IS



ﬁ Vo | YR el i JL 0P Y B sl e s

Aol Lol 8 s OT j i js Sasosd 5 eSis
35 .(Brown, 2010; Weinberg and Hasalov'a, 2015)
ST gla o cuSa L eSis Lyl s s Ss
ol 3 s o sl (JpmmdnT 5 Cd g (g S e)
quhwb;@\g)gflfc};pww
VOI-AD ¢ PO VDY syd S s &)
Weinberg and) <.l :\stzsl_.« a5 AD =4
sla,shsssasasrg L ol sl (Hasalov'a, 2015
33 Jlazs] SIS s JT (SLa G5 L s S
eu@g@éb&_ﬁoﬁljaquég_&;
JgmtoT 5 E g St Lpd Oyl ol e
Al e byl sy Lo 5 odaT Cis (les 51 i
= S 3 ml o3 b 55 Ll s Rl
Gla S8 S 1 Ll e oS Ll 5 s
A5 53 CileSan sl (Aol ol 0l e 15T
il 5 T sy 53 Sb osd b 5
les ol 5 s Ol a5 sl su S sl
Brown, 2010; Palin et al., 2016; Saw-) J_sb ,5 sl
yer, 2010; Watkins et al., 2007; Weinberg and Hasa-
3yb o Sl Jod dalyd b s S (lov'a, 2015
ST 5 0L K L p s S S oS, sla o
Gl G Y JSK2) plas, Lo asl s
Lo ys slacihde 45" dias o 0Lt 5505 5 5855
Mg go b 355 L on Lo L nSSlie )
ol Il 35 5y 3 Ss g daly i ales
.( Weinberg and Hasalova, 2015; Halla, 2020)
5355 g0 sLadils 5y Asle 655k 0ys JSb s
St ks 1 S s e 0L J pnieT (5Ll
by pr Sl s sdmme )35 L (5 5k ey 4
Cao et al., 2010; Ji et al., 2013;) (& ¥ JSK2) ol
5 b mlral el ol (Skrotzki, 1992
JmiaT JS ot 55 Vil (55155 Il 25
Okudai-) 45 ls &5 )Lk K’j Olds & 5 Ll 5 s
33 S5, sy o ISy s b4 (raetal, 2017
5l S s el 5 il s ST
588 Caass (Lietal, 2023b) Cul et i
S5, s, Dl s osd sl STy by
Clon S e 55 an ) o3 a5 LSSl
Caoetal.,2010; Degli Alessandrini etal.,2017; Tac-)

White et) jplosl s ol gl s (6,208 p g 5575
it gd s K | Ll s (al., 2005
3 sl el le&ln ol il o3y e Uy (S
SIS 2 Dl a8 dmn oy S5
LS ol 3 O gl (o ¥ JS2) W ls Fass
5348 358 e slal dpkel (S Sa i85
S iSOl a0 Sl oLl LT slel
Mefjuduf,w.gpdowuﬁ_g
Lsd o odaliv ol b JiJf: Lgb»éi:_m o= 3
B P Rt P
Lal, .(C—YL}{_S) (Sawyer., 2008) 43 £
R K
e La a8, ol 5l a5 s s
LA LSn diles god pkad | DL n K 2T
SHL slaa¥ aS wms o 0li sl il
in (SHIE ) (Aol amio U 65l 50 p 5 557
SN 55 S slzal 3 55,18 ool Sas
B A doms o 0Lt (2 LSs kel s ans
e & le s an ) (st S8 i 0o
Rosenberg and Handy,) (& ¥ i) Cosles S a2
Gsl o168 5 slayls o Sy Sen bl 552005
JSb 85 g JS b S-C 8 16 Lo IS 5 30N,
Sls ) sl 5 55,18 laals (OF o) Wles
sl sl 33 (La_idy 5l Lasils (sLas e slicl s
(o) o giles il eSSl S5, 5 o 5-Aite
it 3 55N i sl dlesls LS |
A5 oo 1S A8 Sl il ekl OLS s S
P I P U (N (T E S S W P ST P
slagls ;5 (Lee et al, 2020) s Sa s Cgd
Oy o 63N g ot ammion &S 55158
S Sl Sdze 5 5 bS edasOLiS 4 S s s
slagls (Lietal., 2023a) (w0 JS2) Sl glasls
S i 1S L s Lo e sl SIS 5 S
Wles ST iy 8 Ols 5L 51 LT a8 das e 0L
Sawyer, 2010; Holness et al., 2008,) (C FJﬁ_L)

.2011; Li et al., 2023a

REMPPITUV R 2 o
s 53 as sln 5 ol w53 (S A8 Ol
Ll s 5 OF Osd Sas ol sl . Sl



domiaT Sla sl (5 p ot (25 LeSos slad podeT
S Joms gotiasOLi 45 dins oo LS S e
u_nlf.(é—\“g}.{_i) s;_w\ﬁ.iiJi_i Lds gsli—‘;'_)f;
o b SnSCs ol a8 aSs o Jmie] (sla b
J 68 s 51O a8 s 55,18 L
055 Al JsiaT (Gapais, 1989) (¥ JSs) el
(6] L«i.:_w g =l by Oy e Hlf
g Ay o DL |y piuly CS > 4 S Al il o
5 8-C IS s 85 oS b bl ol 3 e
b JoeiaT 055 e (sl st L .l 0l b 0 s
St smdel )bt Joyl o S 5 ghon 5 LS (S
Massey and Moecher,) 4555 o S b
L 3ol sy Jel e sln sk (2005
S SIS P L e S50 sl S s
b K 3l et 3 (Gl ¥ JSCs) dits 4l
i Lad el G S o)Ly g8 (5585
Slzal 53 4 ol d s Dl 5 Sy NS 0
a5 8 o 55 Ll (S 5lslT Lajlpls
St s g pe (F JS8) (o W USE)
Slacdd pmiel ol 53 addy oo 5 5S4 33 I 5l
P N P O VL PN PN S . PO R
b Il s et et Ly s M8 8 b o
Habib) ceul ¢S alys JSKa S5 L 0lejon S5 8s
SIS 550 sla,sh Sy Sl gl (et al., 2018
s o DL |y ily S Ly (82 oS SO
é@\@é&f;éug}fh)w.(y\“p)
(Kinking) $5,56 cIlo L (g pue) 55 &S 45
Sl O lad IS 5 5 (7 55 (e 50 (sl
Slys M8 8555y 0 (s Al e oS
REB RGNS Y| HI P R U g W (N E W E G | E
(Smith and William, 1989; Pryer, 1993) ._:b
Fooron 5500V glabes 53 bylowdls (-F JSC2)
(5o =gl Al gla S 5s ol Bl a s
Sl SenSs 28 (IS S sla S 2 S
Pass-) das oo 0L |y sldlas slacs 75 9 5=y
chier and Trouw, 2005 Stipp and Stunitz and Hei-
aS das e Ol 2 dals i (Ibronner, 2002
31,5 Sl a0 r slas 53 IS 5 50 A3
(Tullis and Stunitz and Teyssier, 2000) 3 o 3L&|

e S Ken 6,8 IS 5 IS5 S5 o S el [ys &

S5 8, ilwdaa 5 g5 Jslss (chetto et al., 2022
R R e
Diener and) <l ol g, i u—’;)f’ b s ol
migmati- oA_d L,,_..;L‘.i» > > .(Fagereng, 2014
O3ls Cmws jlay 4 5550 |3 5l eusle 3L zation
U TP S S WP W J - SN GO K WS
olde 354 .(Brown, 1994) 5,8 I 5 Lacll
1 outlesdl Cd puadaT a5 3 s S sy 15 o0
S s adls sla ) e sl js s g das tals
s 45 s e Olid gl Y AT 3 S e s,
s Al L e diledl ot e s oig ey S
Menegon et al.,) Cul of an Oldos &, lge 5 lda
SVl HLs ¢SO o=l 2l (20155 Zavada et al., 2007
ST g 53 SUB 0 5 by aig Jpb s (ST
93l &5y | u’_;;}fé Lgbtéi:_w o=l s
P55 o5 el S el 5L 5 S
Gl - Sae 5 s il 1y e aian gy Kl
(Lietal, 2023b) 1S slowl &5, 1 wlde U Slus
D 42 )3 e (M 578 g

I=b 58
53 eds B8 slajlit iy 5 e IS 85
90l (s SIS) Says Dglie fsl e =t LT
ot ey L) sl g (Ladls e 5 oLl
S I Gl (A ST S el JLis (o )8
o=l 3 Ol e JSB 85 Ll 8y a5 )5T
White and White, 1983;) 5 s—ai ssleul la bl
S8 s glacsl (Passchier and Trouw, 2005
(S-C &S ) it Sl ¢ 1 5 s
Ly gn 0l i 5 oS $STs gl sniel o
Sl A IS IS8 S (el (3l 0 48
Passchier and Trouw sd_de Loy g il 0 aibie
o oSSl St s S e (2005
= AP 3 S T Al aalan 5y 50 aibois
Odd i B (gl 3 gdmms bl L S
ol aS Gosba Ll (Sl S ks
o 5 o e S e K2 S
Soret et al., 2019; Ko and) &8s o 5 45 o o0
33,8 o0 LS5 0yLss 5ous J> L 5 Jung, 2015

45 .(Giuntoli et al., 2018 Soret et al., 2019)



ﬁ Wl Y el i DL 0P Y B sl e s

gl 3 Les i3 L byl ol 5 s Lasils ) e
L;u@u.x_é«_u_?gutf@'uw,;vm—fn
a3\ g5 L (GBAR) 55,1557 sla sk ,ls St
Ladls ddy g (glasls e dolsws adiasylis aS 555
5SSl Loyl 5 5 (glasiln e (65 LiealST 51 s
S8l s el e IS (St el
Passchier and Trouw, 2005;) > 55 o law g0 4> 55
.(Wiersma, 2009

9 =l Bl (S il s
Ol (i

ool aals y3eds sloul ¢S ulys gla ksl
ol aslas 550 s sla S 5 ylan
Lgu)tﬁl_w);_J;)_?}.A_S)bQ_iuUdL{_ijf;ég_i
P TS R R WPy (N RS S W
Hash-) 080 LS eSlus b (gl 050 51 1y (6 oo
Oldees g (Jafarietal., 2022) 5 > 5 » «(emi et al., 2019
— g a5l (bl Ol e 4 (Jafari et al., 2024)
33 o) O (Pl adaily e il 035 085 Ol
el g ool s Ol glse s 5 SS Al b
A8 55 S (e (55l Ly Al -5 457 (5550
5k 3 03 U g (5 laSin o 2 &Sl
e 5 p s S S Sladil sl Ui s p s ST
ol (SN 5 e a0 STl sl e 5o
S s b i il sl K
23 ST OVl HLE 685 555 1§ sl Sl s
ol 03 ST s 53 Fubosd s i g b
35t st o S (S F 5 e
IS B 5 OT i 53 Shiuns 4S5,k
Cd el () odsladly (la ide 55 0y iy
P & e Ly Sl o Al L ol e
sl el Lo WSSl ol ol Al e L]
Loy Sds opd sdmsilss a5 ((—aksd)
open in nSSUT L Olaen S8
) 3 5 5 5 5 e slaals 03 5 IS o
SE s b et i ol aS
Habib et al.,) ol ¢S nlus SIS £3 L Olsjan
=L el gl KnSs Sus, (2018
e sy dIs (o sn (00l (S13) 5018
el gy S 5 IS 33 SLnils bl o

3 g g ohalin 551557 5 IS 5 3 53 (oo e (el
M s 555 sk Kb Dl e 4y o S
0 (7P UK Cil o sl Sl a2
Al g e el Jals S8 B sl L
S8 sl Ly ol s (5188 Il Ly (Ss 29
el S5 85 sl by s 5 LagilS o
'C)}:_:*g;lfdﬁuat_?J;Ym O S Gles j3aS
Owona et al., 2013, Langille et al., 2010,) 4_as s
odaliv ¢yl o (gla =L .(Passchier & Trouw, 2005
S B 5l S g o IS S e
ol el o 055 l 53 (o O SCa) sl
ol B oy s o |y (louiSi (g kit v Ol s
Ods Loralr 5 a8 5 b S 28
Lol g ol o ok 0,108 o i las a0 olabis
S 205 e S e Les oS bl 5 s
Al 2 gy A Al LaOT s (g sl
SLaFl S 03 o Glain £ ol 5 2o ot
A s e DL (el e Ly S
olss s Lol en s s Y Les (bl
Lr (JS2 85 I il il e ol
Sl g caslapy syl 5, (L et al, 2023a)
Slap s A (BLG) sdT sl s sla kil
o slsul (GBM) glasls j s & —>lgs «(SGR)
Sl (-0 JS2) (GBAR) VY s 15 L sl ks
Wl Sl Uy (g 5 A5l AT 3 i S
=58 55 sladls Ol bl 5 0955 Yy ane Ladls g
..,\_S)b:}_g-)\fl_gl_?.b_w}:»jq;l_gsu&:_wja
SIS slaals 5 ad LgT o3l 5 Sl Cgr
Ly Sy k5l 1 ot (S 5548 s
.(Blenkinsop et al., 2007) &l ¢S5 555 L Ols jon
YU 5 55 53,8 slwas 3 Fre-Y0r glas s
ol (14315 5 o Gt 0yt Lol
Sed g M 5 s ds sladls I 55,08 cladls
S 0,8 e S aly il S S slaails
Stipp et al.,) 5 55 o0 odwsl ol » Sl s 545 5L
ks 5L (2002) ol 5 Stipp (gediie 4 (2002
(SGR) asls 3y iz = 9 (GBM) (glasils o & lgs
a3 0 =Frv g F YA clas s 6&.&;: J_i;l.:;

.w\HWUL@)JgLﬂdmﬂfusu



(e Gl s s 4 (e il
g Sl Ly S nSSte 555 5l L 518
di;_ul_gr}_w}f}lau\_:ﬂﬂél_kjf:}_?).m
5 5D Slasl 55 5 (i) LT 5 Ol
JsieT o5k 635 = = ladils 355 rioen
Csd Lol s a1l ST dias e 0L
el 3l 43 8 o OT e 3 Sas
u‘&—’;"f?’ du;&pu@,gg&_sfgt\}g\p
(C 80 i S o 1 5
ook 55058 e gl ( KoKy Saes
5 S 50 gl Ly SIS 8 sla JSTle o gt
33 e 3o b gals 5 (Kinking) S5, b Cdl> Ly
el ol JSs S gla bt L 1 OIS 400
(lid Pt Uy (S35 dlp 5 it 5 (oo
Sl s 55 Ao 5 sle i slags 5 ol s
stal s K 53 (GBM BLG ,SGR) S L
Vo 3l s i ¥ s sleso 8 odiS Ol 48 ol
Ay St USCs S5 Ll 5 s 5l Kl ez
ses—sS S slals ol (ol edle il
355n B 53 (SIS Sljle a p sl
JSi o e (g Sy S a5t Lol s aalllas
L JsmieT sl sl (St (I T slniils 03
SLassk o Ol 5 i Lo m 3525 5 55,158
S T 5 Shes 0dnS 0L 550158 Ly S 0 350
bl o aie s (5SS e 55 Sl
Fo s (S 5 Sl sy cimes
Sl sy sl (S 5 185 5 slawl IS 50 5
SLa Sl )3 (amsn (il s s)lis L
Sl S 5 bl Sl gy Sl
el g S 55 S Ay
LSRR o}
e slatsle 1 adlie 08 A 5 by
) pode 5 oanb pole ol tils Lo g (g 5nn
13548 5 Sis imsy ol plonil 535 8 g ol
RN
&
el olerds) Shs MW e S
— i gy (5 G il ol oy ot i

oylei Lr;‘_&da Juw LQ__.A)' u;:_;\; L;LAJ‘;A}}; gQ\;-ﬁ_.n

e S Kon 6, IS 5 S5 T e sl WA &

oM:QL&JJM}J)\;QWdL@f&U:
Sawyer, 2010; Hol-) (sl o olioe &S5 51 LT 50 ks
S das 5 K Ss 5455 (ness et al., 2008, 2011
sl (S 5 855 sl US4 53 ST s
23 s il s g il i Hlt
S S5 bl S S S sn S
2348 Tl p s 57 5 5l Sl
b 555 Laails L (Olds sl (sla gt
! p oS ) itu 53 S 5 5B S 58 o5l
S o Salus JSa s aalsl o Jls e
selie 5,b 4 (Leeet al, 2019) coul Ol 55
Gl ods by, Oldes lacslw aallls s
o5 3 ey U b e o 1 IS8 85, S oS
Izadi Kian et al., 2013;) Gl axils o gl p 5 55750
31 3 ol cUnil, Vet (Tafari et al., 2024
3 s 293 Al Sl (i 55 S ey M2 5

A3l 03 1
it LS (S8 S Sy sy e S L
3 acilaie )53 (IS5 575) S5 585 Sl
Ol 5o Ol oo i agy Gblie 5L 5 aalllas
L lss (58 8 sl 5Lb S s plinal
L8 =l 45 (Davoudian et al., 2008; 2016) o5 s
050940 bl ST 5 0T dalsd (gdom Sosl g Law g
@;;;rjsju.w\auwd&abﬁdb
Slis 2l L sz 5La8-VU Loy Cd seiel o)Lt
S 0ds 8 0 (25lSs i e 48 035 (ol
ey S IS 8 5 0as sk AnT S Lol an
Izadi Kian et al., 2013; «Jlie Ol s as) Cwnl 0l 5
Davoudian et al., 2016; Sepahi et al., 2019; Hash-
emi et al., 2019, 2020; Jafari et al., 2022, 2024
ol ot o S 0 )l ) (555 85 g 5L plo
035 WS aas 5 oy IS IS 55 sl 5 Ly

RCIW

S 5 domd

Sl 5 85 e amma > STl (sl e
Ol g At () gy S (i (L3353
PP U UL ICgNTINEE I PR
o,\_,:u_:;uitwuhuﬂq_lwéugi_zfg
=15 5 Sl alal 545 0 odalive LaOT s



& va |l v ol catin Jlu VP Y Ol (st o aalblad

gle map No. D7, Geological survey of Iran..

Bhattacharya, A.R. and Weber, K., 2004. Fabric
development during shear deformation in the
Main Central Thrust zone, NW-Himalaya, In-
dia. Tectonophysics, 387(1-4), 23-46.

Biermann, C., 1979. Investigations into the develop-
ment of microstructures in amphibole-bearing
rocks from the Seve Koli Nappe complex, PhD
Thesis, Leiden State Univ, 121 p.

Blenkinsop, T.G., 2007. Deformation microstruc-
tures and mechanisms in minerals and rocks.
Springer Science & Business Media., diatexis
and migmatite. Proceedings of the Geologists’
Association, 84, 371-382.

Brown, M., 1973. The definition of metatexis, dia-
texis and migmatite. Proceedings of the Geolo-
gists’ Association, 84, 371-IN2.

Brown, M., 1994. The generation, segregation, as-
cent and emplacement of granite magma: the
migmatite-to-crustally-derived granite connec-
tion in thickened orogens. Earth-Science Re-
views, 36(1-2), 83-130.

Brown, M., 2010. Melting of the continental crust
during orogenesis: the thermal, rheological, and
compositional consequences of melt transport
from lower to upper continental crust. Canadi-
an Journal of Earth Sciences, 47(5), 655-694.

Biirgmann, R., and Dresen, G., 2008, Rheology of
the lower crust and upper mantle: Evidence
from rock mechanics, geodesy, and field obser-
vations: Annual Review of Earth and Planetary
Sciences, v. 36, 531— 567, https:// doi .org /10
.1146 /annurev .earth .36 .031207 .124326.

Cao, S.Y., Liu, J.L., Leiss, B., 2010. Orientation-re-
lated deformation mechanisms of naturally
deformed amphibole in amphibolite mylonites
from the Diancang Shan, SW Yunnan, China. J.
Struct. Geol. 32, 606-622.

Cavalcante, G.C.G., Viegas, G., Archanjo, C.J., and

YY-VF Slsin AP O sy YY

Crend 4B VY e 0 O e g ¢ g

Olojlaw ViV ovvv o wlde (ys Sl abyy —wlis

Ol odae SBLEST| 5 wlls )

e (s R L 23l sl
5 bt e Ol (3LE VI e v e 4B A FAD
BADY o)Lt 8 0y S Sume LS

e oy IAF g ol ) g

(oo il (Lal LS s 3o

oiled a5 Sy Ol g M 4y (Olden

Oy o8 tils )| wlis (SIS 5 lid sk

‘.).C‘@J_(M Olusgls oo s p 0Ll s T esl s

0355 by g yeds ed S J, S alee Y40

Olwl) 315 Odors 3,8 Jlocd 25 b o8-l S

b e amellad Ol e i 4y (Ol )

Y oslad A o9 csolal
References

Alirezaei, S. and Hassanzadeh, J., 2012. Geochem-
istry and zircon geochronology of the Permian
A-type Hasanrobat granite, Sanandaj—Sirjan
belt: A new record of the Gondwana break-up
in Iran. Lithos, 151, 122-134.

Altenberger, U. and Wilhelm, S., 2000. Ductile de-
formation of K-feldspar in dry eclogite facies
shear zones in the Bergen Arcs, Norway. Tec-
tonophysics, 320(2), 107-121.

Ashworth, J.R. and McLellan, E.L., 1985. Textures.
In Migmatites (180-203). Boston, MA: Spring-
er US.

Bell, T.H. and Johnson, S.E., 1989. The role of de-
formation partitioning in the deformation and
recrystallization of plagioclase and K-feldspar
in the Woodroffe Thrust mylonite zone, cen-
tral Australia. Journal of Metamorphic Geolo-
gy, 7(2), 151-168.

Berthier, F., Billiault, J. P., Halbronn, B., Maurizot,
P, N.I.LO.C., Sahandi, M. R., Jafarian, M. B.,
Hajmolla Ali, A., Soheili, M., 1992. Geologi-

cal map of Khorramabad, Geological quadran-



olites. Journal of Metamorphic Geology, 36(9),
1263-1286.

Habib, M.E., Abdel-Moneim, M. and Abdel-Sattar,
S.M., 2018. Geological studies on the Abu Fan-
nani mylonitic amphibolites and related am-
phibolite xenoliths in the juvenile Neoprotero-
zoic Meatiq dome area, central eastern desert,
Egypt.

Halla, J., 2020. The TTG-amphibolite terrains of
Arctic Fennoscandia: infinite networks of am-
phibolite metatexite-diatexite transitions. Fron-
tiers in Earth Science, 8252.

Hashemi, M., Davoudian D, A., Shabanian B, N. and
Azizi, H., 2019. Petrographical study of parag-
neisses in Northeast of Golpayegan: migmati-
zation and evidences of retrograde metamor-
phism. Iranian Journal of Crystallography and
Mineralogy, 27(1), 179-190.

Hashemi, M., Davoudian, A.R., Shabanian, N., Cot-
tle, .M., Azizi, H. and Asahara, Y., 2023. Geo-
chronology, provenance, and tectonic setting
of the meta-sedimentary rocks from the North
Shahrekord metamorphic Complex, Iran. Inter-
national Geology Review, 1-25.

Hashemi, M., Shabanian, N., Davoudian, A. and
Azizi, H., 2020. Investigation of temperature
variations and deformation stages with respect
to microstructures and mineral paragenesis in
paragneisses of northern Shahrekord. Scientif-
ic Quarterly Journal of Geosciences, 29(114),
165-174.

Holness, M.B. and Sawyer, E.W., 2008. On the
pseudomorphing of melt-filled pores during the
crystallization of migmatites. Journal of Petrol-
ogy, 49(7), 1343-1363.

Holness, M.B., Cesare, B. and Sawyer, E.-W., 2011.
Melted rocks under the microscope: microstruc-
tures and their interpretation. Elements, 7(4),

247-252.

o S Kon 6, S 5 S5 T sl A &

da Silva, M.E., 2016, The influence of partial
melting and melt migration on the rheology of
the continental crust: Journal of Geodynamics,
v. 101, p. 186— 199, https:// doi .org /10 .1016 /]
Jjog .2016 .06 .002.

Davoudian, A.R., Genser, J., Dachs, E. and Shaba-
nian, N., 2008. Petrology of eclogites from
north of Shahrekord, Sanandaj-Sirjan zone,
Iran. Mineralogy and Petrology, 92, 393-413.

Davoudian, A.R., Genser, J., Neubauer, F., Shaba-
nian, N., 2016. “Ar/°Ar mineral ages of
eclogites from North Shahrekord in the Sanan-
daj-Sirjan zone, Iran: Implications for the tec-
tonic evolution of Zagros orogeny”, Gondwana
Research 37, 216- 240.

Degli Alessandrini, G., Menegon, L., Malaspina, N.,
Dijkstra, A.H., Anderson, M.W., 2017. Creep
of mafic dykes infiltrated by melt in the low-
er continental crust (Seiland Igneous Province,
Norway). Lithos 274-275, 169-187.

Diener, J.F.A., and Fagereng, A., 2014, The influence
of melting and melt drainage on crustal rheol-
ogy during orogenesis: Journal of Geophysical
Research: Solid Earth, v. 119, 6193— 6210,
https:// doi .org /10 .1002 /2014JB011088.

Faye, G.H., 1968. The optical absorption spectra of
certain transition metal ions in muscovite, lepi-
dolite, and fuchsite. Canadian Journal of Earth
Sciences, 5(1), 31-38.

Gapais, D., 1989. Shear structures within deformed
granites: mechanical and thermal indica-
tors. Geology, 17(12),  1144-1147.

Ghosh, S.K. and Sengupta, S., 1999. Boudinage and
composite boudinage in superposed deforma-
tions and syntectonic migmatization. Journal of
Structural Geology, 21(1), 97-110.

Giuntoli, F., Menegon, L. and Warren, C.J., 2018.
Replacement reactions and deformation by dis-

solution and precipitation processes in amphib-



& A | Y5 ol catin Jlo VY Okl ety aablad

and Seward, G., 2010. Kinematic evolution of
the Ama Drime detachment: Insights into oro-
gen-parallel extension and exhumation of the
Ama Drime Massif, Tibet—Nepal. Journal of
Structural Geology, 32(7), 900-919.

Lee, A.L., Lloyd, G.E., Torvela, T. and Walker,
A.M., 2020. Evolution of a shear zone before,
during and after melting. Journal of the Geo-
logical Society, 177(4), 738-751.

Lee, B.C.,Oh, C.W,, Cho, D.L. and Y1, K., 2019. Pa-
leoproterozoic (2.0—1.97 Ga) subduction-relat-
ed magmatism on the north—central margin of
the Yeongnam Massif, Korean Peninsula, and
its tectonic implications for reconstruction of
the Columbia supercontinent. Gondwana Re-
search, 72, 34-53.

Li, Y., Sun, S., Dong, Y., He, D., Cheng, C., Yang, Z.
and Zhang, B., 2023. Rheological behavior of
amphibolite facies migmatites during orogene-
sis: A case study from the North Qinling Belt,
China. Lithos, 454, 107240.

Li, Z., Zeng, Z. and Liu, Y., 2023. Boudinage and the
rheology of syntectonic migmatites in the high-
strain Taili deformation zone, NE China. Geo-
sphere, 19(1), 75-99.

Massey, M.A. and Moecher, D.P., 2005. Deforma-
tion and metamorphic history of the western
Blue Ridge—eastern Blue Ridge terrane bound-
ary, southern Appalachian orogen. Tecton-
ics, 24(5).

Mehnert, K.R . (1968): Migmatites and the Origin
of Granitic Rocks. Elsevler, Amsterdam, Neth-
erlands.

Menegon, L., Fusseis, F., Stinitz, H., Xiao, X,
2015. Creep cavitation bands control porosity
and fluid flow in lower crustal shear zones. Ge-
ology 43, 227-230.

Mohajjel M., Fergusson C.L., Sahandi M.R., “Cre-

taceous-Tertiary convergence and continental

Izadi Kian, L., Mohajjel Kafshdouz, M., Alavi, S.A.,
Sepahi Garoo, A.A. and Hoseini Dust, S.J.,
2013. Timing of porphyroblasts growth and
their relation to deformation stages in metamor-
phic rocks of the Hamedan area. Petrological
Journal, 4(13), 1-18.

Jafari, S.R., 2022. Study of structure and morphol-
ogy of zircons in pelitic migmatites in Hamed-
an, Touyserkan and Boroujerd regions, Sanan-
daj-Sirjan zone. Petrological Journal, 12(4),
51-76.

Jafari, S.R. and Izadi Kian, L., 2024. Relationship
between deformation structure and partial
melting in pelitic migmatites of Hamaden re-
gion, Sanandaj-SirjanZone. Petrological Jour-
nal, 15(1), 117-138.

Jain, A K., Sushmita, Singh, S. and Mukherjee, P.K.,
2018. Migmatization, granite generation and
melt accumulation in the Himalayan Orogenic
Channel, Central and Eastern Bhutan. Current
Science, 1903-1912.

Ji, S.C., Shao, T.B., Michibayashi, K., Long, C.,
Wang, Q., Kondo, Y., Zhao, W.H., Wang, H.C.,
Salisbury, M.H., 2013. A new calibration of
seismic velocities, anisotropy, fabrics, and elas-
tic moduli of amphibole-rich rocks. J. Geo-
phys. Res. Solid Earth 118, 4699—4728.

Ko, B. and Jung, H., 2015. Crystal preferred orienta-
tion of an amphibole experimentally deformed
by simple shear. Nature communications, 6(1),
6586.

Kozlovsky, V.M. and Rusinov, V.L., 2008, April.
Transformation of amphibolites and fractal
dimension of migmatites of the Belomorian
Complex as evidence for synchronism and pe-
riodicity of shear deformation and migmatiza-
tion. In Doklady Earth Sciences (Vol. 419, No.
2, 511). Springer Nature BV.

Langille, J.M., Jessup, M.J., Cottle, J.M., Newell, D.



Passchier, C.W., Myers, J.S. and Kroner, A.,
2012. Field geology of high-grade gneiss ter-
rains. Springer Science & Business Media.

Pryer, L.L., 1993. Microstructures in feldspars from
a major crustal thrust zone: the Grenville Front,
Ontario, Canada. Journal of Structural Geolo-
gy, 15(1), 21-36.

Renner, J., Evans, B., and Hirth, G., 2000, On the
rheologically critical melt fraction: Earth and
Planetary Science Letters, v. 181, p. 585— 594,
https:// doi .org /10 .1016 /S0012 -821X (00)
002223.

Rosenberg, C.L., and Handy, M.R., 2005, Exper-
imental deformation of partially melted gran-
ite revisited: Implications for the continental
crust: Journal of Metamorphic Geology, v. 23,
19— 28, https:// doi .org /10 .1111 /5 .1525-1314
.2005 .00555 x.

Saki, A., Miri, M. and Oberhinsli, R., 2020. High
temperature—low  pressure  metamorphism
during subduction of Neo-Tethys beneath the
Iranian plate: Evidence for mafic migmatite
formation in the Alvand complex (western
Iran).Mineralogy and Petrology,114, 539-557.

Sawyer, E.W., 1999. Criteria for the recognition of
partial melting. Physics and Chemistry of the
Earth, Part A: Solid Earth and Geodesy, 24(3),
269-279.

Sawyer, E.W., 2008. Working with migmatites: no-
menclature for the constituent parts. In: Works
ing with Migmatites (eds Sawyer, E.W. &
Brown, M.), Mineralogical Association of Canw
ada, Short Course Series, 38, 1-28.

Sawyer, E.W., 2008. Atlas of migmatites (Vol. 9).
NRC Research Press.

Sawyer, E.W., 2010. Migmatites formed by wa-
ter-fluxed partial melting of a leucogranodiorite
protolith: microstructures in the residual rocks

and source of the fluid. Lithos, 116(3-4), 273-

e S Kn 68 S 5 IS5 S o o ey Ay &

collision, Sanandaj—Sirjan zone, western Iran”.
Journal of Asian Earth Sciences, 21.4 (2000)
397-412.

Neogi, S., Dasgupta, S. and Fukuoka, M., 1998.
High P-T polymetamorphism, dehydration
melting, and generation of migmatites and
granites in the Higher Himalayan Crystalline
Complex, Sikkim, India. Journal of Petrolo-
gy, 39(1), 61-99.

Nutman, A.P., Mohajjel, M., Bennett, V.C. and
Fergusson, C.L., 2014. Gondwanan Eoarche-
an—Neoproterozoic ancient crustal material
in Iran and Turkey: zircon U-Pb—Hf isotopic
evidence. Canadian Journal of Earth Scienc-
es, 51(3), 272-285.

Nyman, M.W., Pattison, D.R. and Ghent, E.D.,
1995. Melt extraction during formation of
K-feldspart+ sillimanite migmatites, west of
Revelstoke, British Columbia. Journal of Pe-
trology, 36(2), 351-372.

Okudaira, T., Shigematsu, N., Harigane, Y., Yoshida,
K., 2017. Grain size reduction due to fracturing
and subsequent grain-size-sensitive creep in a
lower crustal shear zone in the presence of a
CO2-bearing fluid. J. Struct. Geol. 95, 171-187.

Owona, S., Ondoa, J.M. and Ekodeck, G.E., 2013.
Evidence of quartz, feldspar and amphibole
crystal plastic deformations in the paleoprotero-
zoic Nyong Complex Shear Zones under Am-
phibolite to Granulite conditions (west Central
African Fold Belt, SW Cameroon). Journal of
Geography and Geology, 5(3), 186-201.

Palin, R.M., White, R.W., Green, E.C., Diener, J.F.,
Powell, R. and Holland, T.J., 2016. High-grade
metamorphism and partial melting of basic and
intermediate rocks. Journal of Metamorphic
Geology, 34(9), 871-892.

Passchier, C.W. and Trouw, R.A.J., 2005. Microtec-

tonics, Springer, 365.



& Al v i Jlo O+ Y Dl (sl § asliload

tion mechanisms in naturally deformed amphi-
bole. Phys. Stat. Solid 131, 605-624.

Smith, C., 1989. William Hopkins and the shaping
of dynamical geology: 1830—1860. The British
Journal for the History of Science, 22(1), 27-
52.

Soret, M., Agard, P., Ildefonse, B., Dubacq, B., Pri-
gent, C. and Rosenberg, C., 2019. Deformation
mechanisms in mafic amphibolites and granu-
lites: Record from the Semail metamorphic sole
during subduction infancy. Solid Earth, 10(5),
1733-1755.

Stipp, M., StuEnitz, H., Heilbronner, R. and Schmid,
S.M., 2002. The eastern Tonale fault zone:
a ‘natural laboratory’ for crystal plastic de-
formation of quartz over a temperature range
from 250 to 700 C. Journal of structural geolo-
gy, 24(12), 1861-1884.

Tacchetto, T., Clark, C., Erickson, T.M., Reddy,
S.M., Bhowany, K., Hand, M., 2022. Weaken-
ing the lower crust: Conditions, reactions and
deformation. Lithos 422, 106738.

Ten Grotenhuis, S.M., Trouw, R.A.J. and Passchier,
C.W.,, 2003. Evolution of mica fish in mylonitic
rocks. Tectonophysics, 372(1-2), 1-21.

Tomoyuki, K.O.B. AY. ASHI, Masaaki,
O.B.A.T.A. and Yasutaka, Y.O.S.HIM.UR.A.,
2005. Diatexite and metatexite from the Higo
metamorphic rocks, west-central Kyushu. Rock
and Mineral Depositology

, 100(1), 1-25.

Trouw, R.A., Passchier, C.W. and Wiersma, D.J.,
2009. Atlas of Mylonites and related micro-
structures. Springer Science & Business Media.

Tullis, J., Stiinitz, H., Teyssier, C. and Heilbron-
ner, R., 2000. Deformation microstructures in
quartzo-feldspathic rocks. Journal of the Virtu-
al Explorer, 2.

Vigneresse, J.L., and Tikoff, B., 1999, Strain parti-

286.
Sawyer, E.W., Cesare, B. and Brown, M., 2011.
continental crust melts. Ele-
229-234.
Sederholm, J.J., 1907. Om granit och geis. Bull.
Comm. Geol. Finl., 23, 1-110.

Sepahi, A.A., Jafari, S.R., Osanai, Y., Shahbazi, H.

When the
ments, 7(4),

and Moazzen, M., 2019. Age, petrologic signif-
icance and provenance analysis of the Hamed-
an low-pressure migmatites; Sanandaj-Sirjan
Zone, west Iran. International Geology Re-
view, 61(12), 1446-1461.

Shabanian, N. and Neubauer, F., 2024. From Ear-
ly Jurassic intracontinental subduction to Ear-
ly-Middle Jurassic slab break-off magmatism
during the Cimmerian orogeny in the Sanan-
daj-Sirjan Zone, Iran. Journal of Asian Earth
Sciences, 106153.

Shabanian, N., Davoudian, A.R., Azizi, H., Asahara,
Y., Neubauer, F., Genser, J., Dong, Y. and Lee,
J.K., 2020. Petrogenesis of the Carboniferous
Ghaleh-Dezh metagranite, Sanandaj—Sirjan
zone, Iran: constraints from new zircon U-Pb
and 40Ar/39Ar ages and Sr—Nd isotopes. Geo-
logical Magazine, 157(11), 1823-1852.

Shabanian, N., Davoudian, A.R., Dong, Y. and Liu,
X., 2018. U-Pb zircon dating, geochemistry and
Sr-Nd-Pb isotopic ratios from Azna-Dorud Ca-
domian metagranites, Sanandaj-Sirjan zone of
western Iran. Precambrian Research, 306, 41-
60.

Shakerardakani, F., Neubauer, F., Masoudi, F,
Mehrabi, B., Liu, X., Dong, Y., Mohajjel, M.,
Monfaredi, B. and Friedl, G., 2015. Panafrican
basement and Mesozoic gabbro in the Zagros
orogenic belt in the Dorud—Azna region (NW
Iran): laser-ablation ICP-MS zircon ages and

146-171.

Skrotzki, W., 1992. Defect structures and deforma-

geochemistry. Tectonophysics, 647,



o SIS (68 S 5 SIS Es o e ey |NF &

tioning during partial melting and crystallizing
felsic magmas: Tectonophysics, v. 312, p. 117—
132, https:// doi .org /10 .1016 /S0040 -1951
(99)00167-5.

Watkins, E., Scott, J., Wingrove, J., Rimes, K.,
Bathurst, N., Steiner, H., Kennell-Webb, S.,
Moulds, M. and Malliaris, Y., 2007. Rumina-
tion-focused cognitive behavior therapy for
residual depression: A case series. Behavior re-
search and therapy, 45(9), 2144-2154.

Weinberg, R.F. and Hasalov4, P., 2015. Water-fluxed
melting of the continental crust: A review. Lith-
0s,212,158-188.

White, J.C., and White S.H., 1983. Semi-brittle de-
formation within the Alpine fault zone, New
Zealand, Journal of Structural Geology, v. 5,
579-589.

White, R.W., Pomroy, N.E. and Powell, R., 2005.
An in situ metatexite—diatexite transition in
upper amphibolite facies rocks from Broken
Hill, Australia. Journal of Metamorphic Geol-
ogy, 23(7), 579-602.Williams, P.J. and Smith,
M.W., 1989. The frozen earth. (No Title), 306.

Wilks, K.R., and Carter, N.L., 1990, Rheology of
some continental lower crustal rocks: Tectono-
physics, v. 182, p. 57— 77, https:// doi .org /10
.1016 /0040 -1951 (90) 90342-6.

Zavada, P., Schulmann, K., Konopasek, J., Ulrich,
S., Lexa, O., 2007. Extreme ductility of feld-
spar aggregates—Melt-enhanced grain bound-
ary sliding and creep failure: Rheological im-
plications for felsic lower crust. J. Geophys.

Res. Solid Earth 112, B10210.



