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Abstract
The outcropping mica schists from the Silvana region, which are a component of

the Silvana colored mélange complex, are situated southwest of Urmia. This region
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Urmia. muscovite schists, biotite-muscovite schists and fibrolite-biotite-muscovite schists.

Mylonitic zone can be identified by the presence of mylonitic foliation and
microstructures such as mica fish, dynamic recrystallization, asymmetrically tailed
porphyroclasts, kink bands, and microfolds. The Silvana mylonites are categorized
as low to medium grade mylonites based on textural and microstructural evidence.
According to the structural and microstructural relations, the study area appears to
have been impacted by three main phases of deformation. The first phase can be
characterized by a transpressional deformation regime, leading to the formation of
S1 foliation in mica schists. The dextral main simple shear component can be
attributed to the second phase. During this phase, S2 foliation, mylonite zones and
various folds and microfolds were developed. Ultimately, multiple fractures and
microfaults were caused by the third phase of brittle deformation that affected the
study area.

Introduction and Shahrabi, 2006). Different ultramafic,
The Silvana mica schists are situated in the mafic, green schists, metamorphosed
west of Silvana, southwest of Urmia. These sedimentary rocks, and intrusive rocks like

rocks are part of the Silvana colored mélange
complex (Modjarrad, 2022, 2023). The
Silvana region can be considered as the
northwestern terminal of the Sanandaj-Sirjan
metamorphic  belt in the structural
subdivisions of Iran (Stocklin, 1968; Sabzehei,
1996). The Silvana region has a very diverse
stratigraphy ~ with igneous, sedimentary,
metamorphic, and pyroclastic rocks ranging in
age from Precambrian to recent (Hajmolla Ali

diorite and diorite-gabbro make up the Silvana
colored mélange complex (Hajmolla Ali and
Shahrabi, 2006; Modjarrad, 2023). Neotethys
subduction in northwestern Iran is thought to
have contributed to the formation of this
complex (Hajmolla ali and Shahrabi, 2006).
Investigating the structures and
microstructures of  metamorphic  rocks,
particularly mica schists outcropped in the
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west of the Silvana region, is the main aim of
this study.
Materials and Methods

In order to carry out this research,
preliminary investigations including
preparation of topographic, geological and
geographical maps as well as literature review
were caried out. Field studies were performed
to identify outcropping rock units, tectonic
structures and to collect samples. Systematic
sampling was carried out along the faulted
Bunar valley. Forty samples were taken and
tectonic structures were examined during the
sampling process. Of them, 17 unaltered and
relatively fresh samples were chosen to
prepare thin sections. Using a polarizing
microscope, thin sections were examined to
ascertain the textural and microstructural
relationships as well as the mineral
paragenesis. It is important to note that both
general and specialized software, such as Arc
GIS and Corel, were utilized to process the
thin sections and field photos.

Results and Discussion

The study area is located in the Bunar fault
valley and considered as a shear zone due to
the action of various faults. Various structures,
including foliation, folds and microfolds, kink
bands, and microfaults, were created as a
result of shearing forces.

Silvana mica schists can be divided into
three subtypes based on petrographic studies:
muscovite schists, biotite-muscovite schists,
and fibrolite-biotite-muscovite schists. Each
sample displays mylonitic microstructures
with porphyroclasts (lens-shaped muscovite
and plagioclase) arranged in a fine-grained
matrix made up of biotite, quartz, plagioclase,
and muscovite. Mica fishes, kink bands,
microfolds, asymmetric tailed porphyroclasts,
and dynamic recrystallization are examples of
identified microstructures.
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Mica schists undergoing transpressional
deformation during metamorphism gave rise
to the S1 foliation. The preferred orientation of
recrystallized quartz, biotite, and muscovite
defines this foliation.

Quartz and in some cases, plagioclase
display dynamic recrystallization. Subgrain
rotation and grain boundary migration are the
common dynamic recrystallization
mechanisms observed in quartz grains.
Plagioclases in muscovite schist, on the other
hand, exhibit bulging dynamic
recrystallization. It appears that the mica
schists were deformed at temperatures
between 400 and 700 °C based on quartz
dynamic recrystallization.

Microfolds are other microstructures found
in the mica schists. The overprinting S2
foliation developed as an axial-plane
schistosity. The S2 foliation is defined by fine
muscovite, biotite, and quartz. Muscovite and
plagioclase kink bands are frequently found in
muscovite schists. However, some kinked
muscovites have also been seen in biotite-
muscovite schists.

Mica fish with small aspect ratio and
rhomboidal fish shape were observed in
muscovite. Mica fish exhibit a dextral simple
shear component in the studied rocks. A
variety of microfaults and fractures developed
during the late stage of deformation.

The metamorphism and subsequent
deformations in the Silvana mica schists
appears to have been triggered by the closure
of Neotethys.

Conclusions

Mica schists from the west of Silvana can
be classified into three sub-types based on
petrographic  studies: muscovite schists,
biotite- muscovite schists and fibrolite-biotite-
muscovite  schists. The  mineralogical
composition of these rocks consists of quartz,
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plagioclase, muscovite, biotite, and fibrolite,
as well as trace amount of tourmaline and
opaque minerals.

Mylonitic zone is evident in this region due
to the presence of mylonitic foliation and
microstructures such as mica fishes, dynamic
recrystallization,  asymmetrically  tailed
porphyroclasts, kink bands, and microfolds.
The Silvana mylonites are categorized as low
to medium grade mylonites based on textural
and microstructural evidence. According to
the structural and microstructural relations, the
study area appears to have been affected by the
three major deformation phases. The first
phase can be characterized by a
transpressional deformation regime, leading to
the formation of S1 foliation in mica schists.
The dextral main simple shear component can
be attributed to the second phase. During this
phase, S2 foliation, mylonite zones and
various folds and microfolds were developed.
Ultimately, multiple fractures and microfaults
were caused by the third phase of brittle
deformation that affected the study area.

Based on the results of structural and
microstructural studies conducted in the

CRediT authorship contribution statement

Silvana region and compared with the trends

and structures of the Zagros thrust, it appears

that the mica schist was formed by
metamorphism of sediments during the
closure of the Neotethys.

References

Hajmolla Ali, E., Shahrabi, M., 2006. Geological
map of Iran, 1:100,000 series sheet Silvana.
Geological Survey of Iran, Tehran.

Modjarrad, M., 2022. The provenance studies and
metamorphic conditions of the Gysian colored
mélange low-grade active continental margin
schists - south of Urmia. Researches in Earth
Sciences 12, 147-165, (in Persian).

Modjarrad, M., 2023. Serpentinites of Gysian
Silvana Ophiolites-South of Urmia petrography
and geochemistry; relationship with Neo-
Tethys subduction at the Northwest border of
Iran. Researches in Earth Sciences 13, 75-98,
(in Persian).

Sabzehei, M., 1996. An introduction to general
geology of metamorphic complexes in
Southern Sanandaj-Sirjan Zone, Unpublished
Report. Geological Survey of Iran, (in Persian).

Stocklin, J., 1968. Structures history and tectonic
of Iran: A review. American Association of
Petroleum Geologist Bulletin 52, 1229-1258.

-
Conceptualization, Software
Investigation, Formal analysis
Shahnaz Hatami Noy
Validation, Investigation, Formal analysis
Resources, Data Curation, Writing - Review & Editing
Supervision, Project administration
Akram Alizadeh
Methodology, Investigation, Formal analysis
Resources, Writing - Original Draft
\Masoumeh Ahangari Writing - Review & Editing

108



VPV B )8 amio VFY ol g 50 ¥ o)led & al>

VAP S aSUI Ll YOYA —FFAX gl LLs

gy Al
AT (7] o pwd

033195 (o p ole aloxo

Journal homepage https://gnf.khu.ac.ir

26 LAyl 0w Llghaw 0y adlio (e blw jo MSD,58 (w)yy
SHES gbylsloy, g bkl

T 5] avgare Foslile p )51 g5 (eIl jLaed

Ol ooyl eaagl olSails pgle 0aSasly  pulitiizmn) 09,5 el (oulids IS
el s, o, oSS psle 29SS ¢ wlih praj 9,5 «luils ¥

Ol chnag,l g, oSS psle 20Sils ¢ wlihcyo 09,5 Lokl ¥

US>

oy 5 &ly Llghaw (055, ojael dcgazo | iu blghaw adlaie ;o 4l (jgeis; slocundlSw

Ao wledMb|
Wlio azs )b
VRV VA el s
VEYINVTO sl

Gols s oy
S| e W TR L S

g ($95 5w yeS el A5 I (S Sl sl sl Ll 5l adhate (pl el ey | L 08
09,5 A 4 Ol o0 |, e illos (ol SIS 5 bt S Slilllas & o g b 080 45,5 55 )3 Gl ons

Sishee (55155 1 95275 00 ol Cunnrs gy $Sae gy Sl b 9 Ll S5 S s S gSane
5 LSS lallss slacudS g zdy5 o S5 (Seelus ol wass (ale e ozmen b lSlog;
95 Bl Lly; 4 az s bl adhaie (nl )5 (B Sy 0 Shes 5 (Sishes slaaig 3579 5l Ol (S99 ex
Gl buly; olol st bawgia U (aly 4250 slacuishes £55 51 S92 50 Sacaishs w5290 sla) sl
03,5 Jos ddlaie )0 mpo (ASE,50 51 dn v oo Hl 4 S (0 09250 o LS lu g o e j0 0ad coslin
addgo b pgd jU el 0als ST (155 LSt 4y i 5 03,8 Jae (o5,L88 (230,50 O g0 4 sl 5Bl
5 iz el 03,5l 092g @ 1) 82 (ST 5 sk slaaryy g ook (asie 0wl oolu by Lol
g 0,5 Joe oaiSl (KB5S D90 4 pgw (U el 03,5 Ty anng B onl (b 3 st slacez

el 03,51 3525 41 1) godaie (sla 3 5 b St

doddo

sile oiia S)Sp s Lgas g% 5o
55,5 S 50 a8 silias 40 jguniS L dly jgied
B G ol wle b i SS
SIS 5 drgs g oSS el 4z 5 sl o
)ﬁjjbgooyo%.gfw@;)foéb&»)o

Passchier and Trouw, ) &b oo s «Siow g9

5 S5 5TS (SE 5 e L) S e

oSt (Zwart, 1960) ecwdl,ud e o,
Js7d azu,b gilejl cuz goanie Sllls
S el 5 s JS5,T8 s T8 saSis
Miao et al., 2023; siils) ol @18, & g0 Lol
sleaienss  (Okudaira and  Beppu, 2008

DOI http://doi.org/10.22034/KJES.2024.9.2.106731

m.ahangari@urmia.ac.ir . Sl asgars :Jghwmmn odwms gt

oyt gz dilghw 0yé dibie glacenilKw ;o S5, ES ) (VF2Y) p g Snl loolide o b (g5 ooil jlad allie ol 4 Sl

|@ OIS ATY B )8 amio Y o)lads @ ol oo)ls> Cree psle aloms . SuigiS sl lislugy, 5 boylisbe 25,55 b g

http://doi.org/10.22034/KJES.2024.9.2.106731



O 5 59 (seil>

Jei5 1, (o)l oy Ysore By slaps
2 RJSE Sle Bl sl o wies e
Sl Lo a4 S Sinlasl (25,5 55,5 5l
aiz  alizes slal o bkl ol aiies s>
31y oog oalice LB yieglS cpaiz U pe il
5 Se sl 0 @l Bl b S
Ramsay and Graham, ) ol diwg  (ees
Sgaome oy slaygy A Cewl S8 4 63y (1970
SolSil )5 5 005 pol> (SigSS ol 4
Wl so JoSiS (gouxie
s yliSle ey a4 ol G
L G555 slosw ;o d9rge sla)lislag,
G s al e, et il aSh
ol el WSy (e, wye wsiz) Ll
Ulskows () ope] asgome 5l ol laSin
(Modjarrad, 2022, 2023) &gd oo ogmxs
Jled )5 98 (39,8 & asgarme (ol eSS
Hajmolla Ali ) ceul oals ools cas ol pl o2
Ulghw (%5, 0 jual ae goxe .(@and Shahrabi, 2006
Seble Sl I ol

sbSow  glyl

aile 63585 laSiw 5 0ad(s5 S (a9,
Hajmolla Ali and ) ol 9 8 —Co j900 9 oy
ool » (Shahrabi, 2006; Modjarrad, 2023
slcaslw (Modjarrad, 2022) s e lellas
OO+ £ Y+ 5l S Gles Lylps jo addllae 0,40
SbskS OO £V 5l S jLlad g ol 5 cole ax o
3,90 ddhaie a5 cul SO 4 p3Y londs JSCis

\RK

Sl (5375 Sl £S5l & azg a2l (1996
9 S0 w6 )l adgl 5 ole S a5
o>y a5 sk gladel gana¥ gl
)| ol 00 J—S.w) ) 4..4:57 o &5)“.)'?‘?"9”’)
ibie S (SHgSS Az B 55leil Cue 9y0n!
SwsiSs Laie b slo 5,165 50 SIS 5 anseds
6ol coeal Sl ogmy Lice b sla 5165 5 5]
.(Okudaira and Beppu, 2008) ..

sl )tisle asllas (355,50 loXw o o
@ azgi b gublie Glacun s 10 09250 (SSiSS
Ll 5l byl csle g b pop X
el sl 38l yog dguse 5 SFLLES
Cuoleso o pde oS pl oS 5 0 iz
Syge yoS 2lwsS (e e b Gl YL
Arnaud et al., ) cewl oals 28l o oSS az> g5
et (§9, (g Olalllas 3929 ol L (2004
2o @ly b al S50 5 S5 50 Ll
dapl JeSas bams g3lujl cuz alosS (>l
Ghadimi et al., 2012; sile) cuwl @235 & g0
ol ,e (Kang et al., 2022; Ren et al., 2015
5 blslen, Clogas 4 4y egas
3¢>ge (Ultra microstructures) sl tloys,l,8
O ool S8 s G, A 5l S e
Renet) wles o adlhin SieiSS gl olulils
.@l., 2015

bocdel 0,05 slagss 9 2l >l
e &S Qi ol ped ddxle b sla gy eSS
Oed oo Alise Ol>jo L beaishe arwg A



O 5 59 (seil>

3 0l g o uSe polal il gz GIS
ki g SHb ablie 5 alme Wl
ool 00l oolaiwl bl ye

Gz )0 oolaiwl 040 GL"@U Solasl e
ol oo )N Jgozr 5o yol>

Geiod o oolaiul 0590 sl S (g las! $Dle -V Jgo

ol
Table 1. Mineral abbreviations used in this study.
Symbol Mineral Symbol Mineral
Bt Biotite Qtz Quartz
Fib Fibrolite Ms Muscovite
Plg Plagioclase | FMs Fine Muscovite
Tur Tourmaline | CMs Coarse Muscovite
adlio (ogos (omlipe

sllshw (A5 &l 5l aslllas 5590 adlate

Yo 505 b olmlydT plesl ) apag)l s o
S ool 0 @Bl anng) ol ted o (6 ok
O oaxy L Ulhw dghic (owlidiope; bl
Ololidiirey awgs 5 anitls logy s bSLle
09) O9ed e 6 Bl slagyg) 4 i
5,55, Jme (Nabavi, 1976) sblge -so>
Alavi-) 35 50 oIl s Gl e —gosis slagys;
—Tow 59) oy Jled 4l ¢ (Naini, 1972
Sl 00l ool cus (Stocklin, 1968) >
ol (Sabzehei, 1996) (lojuw psas ol 4o
Gl b ass ool s 093 5l S jsb 4] ol e
oS enl wilen 1) adkie opl lisl 0exg

425l g osd Cgmne (550 Bblie alox 5l aslllas
ol 00 28lg axlllas 550 eS el bl @
@laSal) plye Wil ooyl anlllas 500l
Oy dibate (pl 0 gan Sldlhs plxil sl
23,8
o g, g olge

b olesl coz 5 ol Bebod plnil jlate 4
Sledde sla cw;p ol adllas 550 0dgae
5 iy (Sl ny sleadds ags Jolo
g ddlaie glaslels oledlb Lg)jT&A_? 5 2bdl >
Ll o Lo calies 3blie 4o oo plol &iladlas
Sl e 51 oy - ool canlliane 50 £5550 b
slrasly ololis cpz adhis 5lauosh g ol e
S paiged 5 (ST slo,lsle catdly (geis
@ g L 00 olael jo (5,0 paiges 28,5 al]
D RS R e T
Cds 4 ashie (SSeSS sla,lEle gl paigal
o Sldllas (b o .2d )5 )15 adllas 550
oyl o 5l 9 008,85 Cils pr giwd diges T slows
Atd S Aged Vool (8L Laly) 4 axg b
adle  Cz w5 bl S ablis
2950 5 S lshs sl jo ablie dajlsl
SNV WE RN JX
Sezse slaylislug, 5 (8L Lilsy 5 (ool S
S Ol osSs e b S ablis
sl gz sl 55 oY 0 S 15 aalllae
aaS 5 (sogee Sbylley I ol Gades
Arc 5 Microsoft Office .Corel ala> ;I 55 ,,5



O 5 59 (seil>

Bl g ddibaico sl o

5 Ul ailaie logion; oupp 2
S sl wibie p WS (5 slas,
o 418 )5 SS ailate ;5 Sige slafu 5 e
Trs Jeadi 4 55530 3)lge 51 Sy po aslsl ool
Ll 00l 00ls
(Trends) kusg,

- ot Loy g, alaie ;3 09290 I i
095 S odd oaalive W) b alie o Cunl 190
Hajmolla Ali and Shahrabi, ) <.l sblge - 595>
oo plmil Slalllas 45 azg b 3925 ol b (2006
sy, «(Hajmolla Ali and Shahrabi, 2006)
Sl 4 asee csslie BB ddlhie o 0 6,500
sed S5 8 Shae ol loig, onl dusiso
SlaaS g bl ;o a5 (5)sb 4 aBl adlaie ;o
) baig) Gal dalol 55 a9l 5 gm0 97em j5lne
aghio o L Wy, aw oged cvelie Glg o0
yymo 2ile) (st~ B (sloig, ) Jolis Ulslon
Jlod g; =V (plaseed 055 a3l sl
5 dsedl asgame 1 Bane) 35,8 wsim —wé
Cannciig 9) (2952~ Jlods dig) Y 5 (5 050l
(Y JS8) aies (Blokew 230

VY

—ges ) el Lisw «(Stocklin, 1968)

S (oo B )3 ol e
5 S5 ol (s, S s
J52) sl ol sge 5 0y 5alS y o b sl 1,3
b wlaidl geis, Sl LaS oy0 Byl o boee
o0 GBlbl o il yeeit, sloasly 4 axgl
ouily JuS g9 5l 5950 JuuS sy o0 o o LS
SRS Sevms 33 5 oy e A Seslsd - Sl
ool 485 13 all S g 4 GedlSe axlg
odls Cubls y sladiges ComBae Cuwl SO 4y a3y
Ulghew Vedevyeee @l 695 » ey 3l o
<3, » (Hamolla Ali and Shahrabi, 2006)
05550 SlrgplS 5 s 5 (K o5l slaaxly
aLd 5o bdge Cuxdge Ll 28,8 138 oul
Haghipour and Aghanabati, ) g, V:YO«,- -
9y (rl 5l 0 S o0 B Sennd 0215 (59, » (1976
S8 sy o a5 4 gl Slalllne & 55 L
a5 Ulghows ViV e vyeen

axly o)l oral 4 jls g 48, Dyg0 29>

ol 003 @511 Y JSE )3 0 sl s



27 ===y ~

7
Turkey 5"/1//'//////%
e

=‘?§j T & L
Limestone % Microdiorite :f/)‘é";é P ‘,,,,//’/ ///{/ Dizaj /;-g-;
sandstone  revi = D //’/; 7 y ////7;*::‘
{Miocene) =] m:lr; ﬁ;::umd 4 & a" N jv‘?’_“’gad
@ Limestone
& Schist
Pc ach 1=
Cherty 5 :
[ E{] sandstone Grangdiorte )8
B yolomite = monsodiorite r=4
: Shale, —m— Granodiorite ”, . R
U/ philte granite P
ps  quartzite ama - gabbro BT i : (?
Metamorphosed ] = ~ o
utrarratc Granite & éiﬁ

37 00 0 5

Kuh-c-Kamal

sl 0038 F mzal o Slaslie 4y dz g8 b el a>ly Coslge o5 Sl L (Hajmolla Ali and Shahrabi, 2006)
505 Kbl S0 sl yrglas oy 4y (et 055 b JLaS 055 51) axlllas o550 aklare Jlod Cond 3 6l — slidipmo) iy
Sl 00l 00l L)Lu».i
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Fig. 10. Mica fish microstructure in west Silvana mica schists. a) Mica fish with small aspect ratios
corresponding to group 5 (Fig. b) of the classification of Ten Grotenhuis et al. (2003). c) Mica fish
microstructure and its stress ellipsoid (Fig. d). €) Rhomboidal mica fish belonging to group 3 (Fig. f) of the
classification of Ten Grotenhuis et al., 2003).
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