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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
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Introduction
The Silvana mica schists are situated in the

west of Silvana, southwest of Urmia. These
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

and Shahrabi, 2006). Different ultramafic,
mafic, green schists, metamorphosed
sedimentary rocks, and intrusive rocks like
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.
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Fig. 3. Field photos from west Silvana mica schists. a and b) Foliation in mica schists. ¢) Kink band structure.
d) The impact of dextral shearing forces on mica schists. €) Boudinage structure in silicic veins. f)

Asymmetrically deformed silicic vein. Sigmoidal structures are sometimes seen in veins. g) Sigmoidal
structures. h) Layering and sigmoidal structures.
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Type 1: convergent isocline

Type 2: parallel isocline Type 3 divergent isocline
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Fig. 4. a to c) The observed folds in the west Silvana region. d) Geometrical classification of folds (Ramsay,

1967).
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boundary migration along with kinked plagioclase. f) Plagioclase with bulging recrystallization.
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Fig. 7. Porphyroclast- matrix relations in the mica schists. a and b) Muscovite porphyroclast. ¢ to f) Plagioclase
porphyroclasts. All porphyroclasts display lens shapes.
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Fig. 8. a) Microfolds in micaschists. b) Displacement of microfolds by microfaults. ¢) Kink band microstructure
in plagioclase. d) Microfold and kink band microstructures in coarse grain muscovite. e to g) Kink band
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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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Table 2. Mineral growth relationships in mica
schists with varying foliation generations.
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