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1- Introduction

The Hesar-Kuchok area is located between 38° 35' 34" - 38°30' north and 44° 35' 34" - 34°30/ east in
northwestern Iran, approximately 45 km south west of Khoy. Hesar-Kuchok fault zone (HKFZ) is a part of
Khoy melange ophiolite which is located in the northwest of Iran. Exposed rocks in the study area mainly
consist of mica schist, green schist, crystalline limestone, mylonitic gabbros-diorite, mylonitic limestone,
deformed shale, and mylonitic gabbros-granite rocks (Fig. 1). This study introduce the geometry and
kinematic characteristics of deformed rocks in the HKFZ area and covers the fabrics in metamorphic and
ophiolitic complexes to find out the structure, shear fabrics and shear sense indicators of the complexes.
We believe that fabric study of the area metamorphic- ophiolitic complex is necessary to get tectonic model
of the Neo-Tethys closure in NW Iran. The most basic method to determine sense of shear is to use the
displacement of marker features over a shear zone.
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Fig.1. Geological map of the study area

2-Material and methods

In field studies, the desired structural samples were taken in the designated sections. In microstructural
studies, about 120 directional thin sections were prepared from all rocks in the study area, and for the
preparation of directional thin sections, we had parallel shear with stretching lineation and perpendicular to
mylonitic foliation. The reason for sampling the rocks of the region is to determine the metamorphic
conditions in deformation phases and shear direction in the sections (Haji Hosseinlou, 2015). In order to
investigate kinetics of the study area, the obtained results were combined with the structural status of each
sample and field sampling. Laboratory studies have been conducted to investigate the relationship between
crystallization of some minerals and deformation, deformation mechanisms and shear sense indicators. The
stages of deformation have been separated in different units using field evidence and microscopic studies
and according to the texture in the rocks and the relationship of porphyroclasts and mineral fish with the
existing foliation, the relationship between stages of deformation and stages of metamorphism has been
interpreted.

Fig.2. (a) sigmoid shaped calcite fish in the study area and (b) parallelogram-shaped plagioclase fish in the Hesar-
Kuchok area, Section parallel to the stretching lineation and normal to the foliation. Shear sense in all photographs is
dextral, CPL.

Fig. 3. (a) Mylonitic limestone with a o type mantled porphyroclast (centre) in Hesar- Kuchok area, often mantled
porphyroclasts show stair-step, and (b) Mylonitic schist with a 8 type mantled porphyroclast (centre) in Hesar- Kuchok
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area. Quartz ribbons can be seen above the porphyroclast. Section parallel to the stretching lineation and normal to
the foliation. Shear sense in all photographs is dextral, CPL.

Fig.4. (a) S-shaped drag folding in mylonitic limestone rocks in near of the Heasar- Kuchok fault zone, lateral shear
sense, (b) Z-shaped drag folding in chert viens in the study area, dextral shear sense ,and (C) S-shaped folding
foliations in the Hesar area, lateral shear sense.

3-Results and discussions

The area ophiolite complex, a stack of tectonically emplaced thrust sheets, occurs at the northeastern edge
of the Sanandaj-Sirjan block, in northwestern Iran. Amphibolites occur at the highest structural levels above
ultramafic rocks which lie above thrust sheets of basalt. Radiolarian chert, sedimentary mélange, limestone,
and pelite occur at the lowest structural levels, in the southwestern part of the allochthon, near the border
with Turkey. Amphibolite-facies mylonite defines the shear zones between the higher thrust sheets, with
lineations representing reverse sense of motion along northeast-dipping C-foliation. Greenschist facies,
foliated serpentinite cataclasite and fault breccia represent the low-temperature shear zones in the lower
structural levels, and the sole thrust of the ophiolite complex. We constructed the structural contours for
the contacts between the thrust sheets, and calculated the attitude of the thrusts. The contact between the
ultramafic rocks and the amphibolites dips moderately to the northeast, subparallel to the field measured,
dominant mylonitic foliation along this contact. The results of field data of mylonitic and cataclastic fabric
supports the idea that the ophiolite complex was assembled in a SW-NE directed subhorizontal contraction
above a northeast-dipping subduction zone.

4-Conclusion

The most important deformation mechanism including foliation, S-C fabrics, dynamic recrystallization,
Mica fish, Z drag folds, Mantled porphyroclasts throughout the field area indicate dextral deformation.

558 |§SN: 2717-07534




wVa

shahid Chamran Adv. Appl. Geol. Summer 2023, Vol. 13(2): 556-575

University of Ahvaz

Along with fault zones, a number of major mylonite and/or high strain zones occur in the form of ductile
shear zone, each up to few hundred long and several meters wide. The most reliable shear sense markers in
high grade shear zones are shear bands, mineral fish, mantled porphyroclasts, sigmoid and asymmetric
bounding. There are many shear structures in this area. According to the information obtained from the
studies of shear structures along the Hesar-Kouchok fault zone (HKFZ), it was found that the resulting
structures are both high temperature and low temperature, so that the most important shear sense markers
high temperatures include S-C shear bands, mineral fish (Fig. 2), elongated feldspar bands, 6-type mantle
porphyroclasts (Fig. 3b), sigmoids and asymmetric boudins, (Passchier and Coelho, 2006). The most
important shear sense markers in low grade shear zones are o-type mantle porphyroclasts (Fig. 4a),
undulose extinction at quartz (Trouw et al., 2010). The presence shear sense indicators such as é-type
mantle porphyroclasts, S-C fabrics and mineral fish indicate strong strike-slip movements in the region.
Also, the observation of the HKFZ indicates thrusting in this area. Shear sense indicators such as S/C
fabrics, shear bands, shear folds (Fig. 4), fishes and mantled porphyroclasts indicate that the area deformed
via dextral transpression tectonic regime.
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Fig.7. (aand b and ¢ and d and e and f)- Slickenlines on Hesar-Kuchok fault shear surface, (g) Stereographic Projection
of Slickenlines plunge and trend on Hesar-Kuchok fault surface, (h) The results of the analysis performed to obtain the
average stress regime in Hesar-Kuchok (Haji Hosseinlou, 2020).
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Fig.8. Rose diagram of all joints measured in the study area
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Fig.9. (a - ¢) View of the Conjugate joints in the study area, Conjugate joints exposed and dissecting perpendicular to the
Hesar- Kuchok fault.
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Fig.10. (a) S-shaped drag folding in mylonitic limestone rocks in near of the Heasar- Kuchok fault zone, lateral shear
sense, (b) Z-shaped drag folding in chert viens in the study area, dextral shear sense, (C) S-shaped folding foliations in

the Hesar area, lateral shear sense.
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Fig.11. (a) Isoclinal fold in in the study area, Photo view NO050° and (b) The polar concentric of the Isoclinal folds axis
in the study area.
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Fig.11. View of the en-echelon veins in the study area (a and b) Dextral en-echelon veins in Hesar area shales.
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Fig.13. (a) Mylonitic limestone with a o type mantled porphyroclast (centre) in Hesar- Kuchok area, often mantled
porphyroclasts show stair-step and (b) Mylonitic schist with a 8 type mantled porphyroclast (centre) in Hesar- Kuchok
area. Quartz ribbons can be seen above the porphyroclast. Section parallel to the stretching lineation and normal to the

foliation. Shear sense in all photographs is dextral, CPL.
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Fig.14. (a): Sigmoid shaped calcite fish in the study area and (b): parallelogram-shaped plagioclase fish in the Hesar-
Kuchok area, Section parallel to the stretching lineation and normal to the foliation. Shear sense in all photographs is
dextral, CPL.
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Fig.15. (a): Microboudinage of k-feldspar (dark) in quartz- limestone shist, CPL and (b): Folding of boudinaged quartz-
feldspar layers in mylonitic amphibolite, their axis is perpendicular to the main stretching direction and (c): Sigmoids and
asymmetric boudins quartz-feldspar layers in mylonitic gabbro, in the study area.
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Fig.16. S-C shear band and mylonitic gabbro with mica fish in the Hesar-Kuchok area, dextral shear sense
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Fig.17. Rose diagram of the mylonitic (a) foliation and (b) lineation directions in the study area
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Fig.18. Orientation of the foliation and of the stretching lineation within the Hesar-Kucuk shear zones
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Fig.19. Contact of a pseudotachylyte vein (top) and the wall rock (bottom). Hesar-Kucuk area, a:

PPL, b: CPL, 10X
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Fig.20. Three-dimensional model proposed for the triclinic strain in the study area (Haji Hosseinlou, 2021)
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