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Dextral transpressional deformation along the Chalderan shear zone, NW Iran
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1- Introduction

Chalderan shear zone (CSZ) is located 270 km north of Urmia and 868 km west of Tehran. The inclined
convergence shear zones are structures that show vertical shortening and parallel shear. Main models can justify the
kinematic studies of inclined convergence zones (Fig.1) because they adequately explain spatial diversity observed
in foliation, lineation, and fold hinge (Diaz Azpiroz and Fernandez, 2008). The study area based on the division of
Iranian structure-sedimentary units is in the Central Iran zone, ophiolite sets, and Iran's ultramafic rocks
(Aghanabati, 2004; Ghasemi and Talbot, 2006). This paper introduces the evidence of reverse and strike-slip shear
zones on mesoscopic and microscopic scales in the Chalderan area. In this paper, we have attempted to introduce
the most critical deformation mechanisms, shear zone geometry, kinematic indicators to infer shear sense, the
relationship between shear tectonics, and other deformation mechanisms in the region in the proposed model CSZ.

2- Materials and methods

Samples were taken in the designated sections in field studies and structural. In microstructural studies, about 100
directional thin sections were prepared from all rocks in the study area, and for the preparation of thin directional
sections, we had parallel shear with stretching lineation and perpendicular to mylonitic foliation. The reason for
sampling the region's rocks is to determine the sections' metamorphic conditions, deformation phases, and shear
direction. Laboratory studies have been conducted to investigate the relationship between the crystallization of
some minerals and deformation, deformation mechanisms, and shear sense indicators. The stages of deformation
have been separated into different units using field evidence and microscopic studies. According to the texture of
the rocks and the relationship between porphyroclasts and mineral fish within the existing foliation, the relationship
between stages of deformation and stages of metamorphism stages has been interpreted.

3- Results and discussion

Lithological studies in CSZ show that the degree of metamorphism of rocks (Fig. 2) in this region is in the
range of greenschist facies and upper amphibolite, and the temperature is about 480-680°C. According to
the information obtained from structural and microstructural studies of the study area, it is found that the
resulting structures are both high and low temperatures. Thus, the most critical high-temperature
structures include twinning bending in plagioclases, folding of quartz and feldspar bands, stretching and
banding of feldspars, and asymmetric porphyroclastic structures in many alkaline feldspars, without
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folding of country rocks (Trouw et al., 2010). The most critical low-temperature structures in this region
include segmentation of feldspar porphyroclasts in mylonites of the region, dynamic segmentation of
feldspar and quartz, and undulatory extinction in quartz. The results of field studies, satellite images, and
geometric and kinematic analysis of the study area's structures and microstructures indicate that the
predominant direction of Chalderan faults is northwest-southeast (Fig. 3). The predominant mechanism of
faults has been identified in the thrust and strike-slip. Chalderan fault, part of the Galato — Siahcheshmeh -
Khoy strike-slip fault, is located inside the Cretaceous ophiolite sets and has caused severe segmentation
of these rock sets. The dextral indicators of this fault are mineral fish (biotite and quartz fish; Fig. 4), Z-
shaped drag folds (Fig. 5), and twinning K-band folds of plagioclase, and C-S shear bands (Fig. 6) are
samples taken from ophiolite sets. According to studies, the evidence of the type of movement in this
shear zone is as follows:

- Evidence of reverse movement of CSZ
In CSZ, reverse faults and S-type stretching folds (Fig. 5b) are formed in reverse shear zones.

- Evidence of strike-slip movement of CSZ
Z-type stretching folds (Fig. 5a) are formed in strike-slip shear zones in this zone.

- Evidence of strike and dip-slip movement of CSZ

Shear sense indicators such as S: C shear bands (Fig. 6), fault folds (Fig. 7), feldspar minerals,
segmentation quartz, various fish mineral structures (Fig. 4), and mantled porphyroclasts (Fig. 8) represent
that ductile changes show the strike-slip and dip-slip together movement. In this zone, dip-slip mylonitic
foliation has a higher dip, but strike-slip mylonitic foliation has a relatively lower dip. There is much
kinematic evidence of shear stresses and compression function in this region, showing a shear zone with
mylonitic foliation having a moderate dip to the northeast and stretching lineation to the northeast with a
dextral strike-slip mechanism with a reverse component in this region (Fig. 9).

4-Conclusion

There is evidence of brittle and ductile deformations such as folds, faults, slickenlines (Figs.10, 11 and 12), Z-
shaped shear folds (Fig. 5a), and kinematic indicators throughout the study area show a dextral shear; the study area
has a dextral shear movement. Most regional structures have a northwest-southeast direction, such as faults, folds,
joints, and thrust faults show strike-slip of most faults. The tectonics movements are of the type of convergence, and
the maximum shortening is along the NNE-SSW. We proposed an inclined transpressional dextral strike-slip model
(Fig. 13). The structural and microstructural studies show two groups of the main structure in this region. The first
group is structures related to dextral shear movements, including asymmetric mantled porphyroclasts, C-S fabrics
(Fig. 6), and mineral fish structures (Fig. 4), and the second group is related to thrust movements that occur in this
area. Inclined transpressional strike-slip components create the dextral shear movements, and an inclined
transpressional compression component creates dextral shear movements. The structures and microstructures
indicate reverse shear and dextral strike-slip in the observed shear zone. Each indicates the occurrence of
partitioning in this zone, indicating that the inclined tectonics forces to the CSZ deformation zone occurred due to
transpressional tectonics between the Arabian plate and Central Iran block in northwestern Iran.
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Fig. 1. Block diagrams of transpression models after Sanderson and Marchini (1984), Jones and Tanner (1995), and
Jones et al. (2005); (a) ideal simple shear, (b) ideal transpression with homogeneous deformation, (c) transpression
with shear partitioned into pure shear within deforming block and simple shear, and (d) Inclinal transpression.
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Shear sense in all photographs is dextral.
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Fig. 14. Photomicrographs of different types of mica fish; (a) mica fish with rhomboidal shaped recrystallized mica
porphyroclast with mylonitic foliation, Sofla Gori Naw area, (b) mylonitic schist with sigmoida shaped mica fish from
Arkovin area, south east Chalderan, (c) mylonitic schist with sigmoida shaped mica fish from Abghram area, and (d)
mylonitic schist with sigmoida shaped muscovite mica fish from Sofla Encheh area, south east Chalderan. Section
parallel to the stretching lineation and normal to the foliation. Shear sense in all photographs is dextral, PPL.
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Fig. 15. (a) Recumbent isoclinal fold in the Abgharm — Shekh Soloy Bala area, photo view NO055°, (b) isoclinal fold in
in mylonitic gabbro rocks in the Keran Bala area, south east Chalderan. Photo view N353°, (c) plunging isoclinal fold
in marl shales, Reihanloo sofla area, in north east Chalderan. The axial surface strike is N330°, (d) stereographic
projection of the polar plot of limbs of symmetrical folds and determination of the position of the axial surface of the
fold using a bisector of the angle between the two focal points of the poles and & diagram. AP: The axial surface of the
fold that is perpendicular. Interlimb angle (a) of 8 is.
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Fig. 16. (a-b) Sheath fold in Keran Paien area, south Chalderan, photo view N049°.
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Fig. 17. (a) Z-shaped drag folding in north of Keran Paien, south east Chalderan, dextral shear sense, photo view
N256° and (b) S-shaped drag folding in north east of Keran Bala, south east Chalderan, leftral shear sense, photo view
N345°.
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Fig. 18. (a) S-C shear band cleavge in mylonitic gabbro from Khezlou area, south east Chalderan, photo view N219°,
(b) S-C shear band cleavge in mylonitic schist from Avajigh area, north west Chalderan, photo view N248°, (c) S-C
shear band cleavge in mylonitic micaschist from Arkovin area, north west Chalderan, Shear sense is dextral, width of
view 0.5 mm, PPL.
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Fig.19. Drawn boudinage of quartz-feldespar vein, Baba Ahmad dam area, south east Qara Kelisa. Shear sense is
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Fig.

A

20. Drawn and folding boudinage, Baba Ahmad dam area, south east Qara Kelisa, Photo view N122°.
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Fig. 21. Boudinaged granitoid vein and faulting (torn boudinage), Baba Ahmad dam area, south east Qara Kelisa,

photo view N134’.
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Fig. 22. Boudinaged granitoid vein and thrusting (Snake-shaped), Baba Ahmad dam area, south east Qara Kelisa, photo
view N303°.
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Fig. 24. Stereographic projection of F1 fold axis and S; foliation.
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Fig. 25. (a) Reverse fault and fault propagation folding in the Qom formation limestones, Gajot area, photo view N272°
and (b) Folding of the limeston layers in the hanging wall, Haramlo area, photo view N346°.
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Fig. 26. Orientation of the foliation and of the stretching lineation in the study area.
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Fig. 27. Three-dimensional model proposed for the triclinic strain of the Chalderan shear zone. There are two groups of
the main structure in this region. The first group is structures related to dextral shear movements and the second group
is related to thrust movements that occur in this area. The dextral shear movements are created by inclined strike slip
component. So this area can be justified by inclined dextral transpressional model.
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