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Article info Abstract
Article history This study investigates deformation in the Chai-Kour metamorphic complex, located in the Sanandaj-
iigzived:.go auly 2025 Sirjan metamorphic belt, using structural, microstructural, and strain analyses. Field observations show
pted: 12 September 2025 ' ' '
Keywords: o that this area has been affected by a complex deformation system resulting from the interaction of three
m;";&eﬁ;ﬁa‘gaﬁ]ﬂgtgmgﬁ def.or.mation phases. The st.ructlfral ar.1d microstructural .analyses conduct«.ad proyide evidencg for the
metamorphic belt, activity of a transperssion in this region. Presence of diverse structures, including asymmetric folds,
transpression. sheath folds, and asymmetric boudins, all indicative of intense and heterogeneous deformation
conditions. At the microscopic scale, the identification of sigma and delta porphyroclasts, S/C fabrics,
and fish-shaped micas not only confirms a dextral shear sense (top-to-the-SE) but also provides valuable
insights into the temperature conditions prevailing in the region. Quantitative strain analyses using the
Fry methods and Flinn diagram demonstrated that the strain ellipsoid in this area exhibits a clear tendency
toward plane-flattening strain. K values (0.51-1.18) and D values (1.1-2.22) indicate significant
heterogeneity in strain distribution across the region. The calculated vorticity number (0.75-0.83)
revealed that the deformation flow in the region was predominantly non-coaxial, with a simple shear
component playing a more dominant role than pure shear. Examination of quartz and feldspar
microstructures, including subgrain rotation (SGR) and grain boundary migration (GBM)
recrystallization, suggests a temperature range of 400—650 °C for the main deformation event, consistent
with amphibolite facies conditions. Additionally, the presence of quartz BLG recrystallization and brittle
structures like book-shelf in feldspars indicates the occurrence of late-stage deformation under lower
temperature conditions. These findings are in complete agreement with the region's tectonic setting
within the framework of oblique convergence between the Eurasian and Arabian plates.

Introduction 1500 km, that makes the suture between the Central

The study focuses on the deformation analysis of the
Chai-Kour metamorphic complex, located in the
southeastern part of the Sanandaj-Sirjan metamorphic
belt in Iran (Fig.1). This belt represents a critical tectonic
zone formed during the convergence of the Eurasian and
Arabian plates (Alavi, 2004). This convergence, active
from the Jurassic to Cretaceous periods, led to the closure
of the Neo-Tethys Ocean and the subsequent collision
between the Afro-Arabian Plate and the Iranian
microcontinent (Stocklin, 1968). The Sanandaj-Sirjan
belt is a NW-SE trending tectonic unit, extending over

Iranian block and the Zagros fold-thrust belt (Mohajjel et
al., 2003; Sarkarinejad et al.,, 2008; Faghih and
Sarkarinejad, 2011). The Chai-Kour shear zone, as part
of this belt is characterized by intense polyphase
deformation, recorded in a variety of metamorphic rocks,
including mylonitized gneisses, schists, and amphibolites
(Sabzehie et al., 1996; Keshavarz et al., 2025, Fig.2).
These rocks preserve a complex history of ductile and
brittle deformation, making the area an ideal natural
laboratory for studying strain partitioning, Kinematic
evolution, and the interplay between metamorphism and
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tectonics. Understanding the deformation mechanisms
and kinematic history of this region provides insights into
broader orogenic processes, including crustal thickening,
exhumation, and the transition from ductile to brittle
deformation.

Materials and Methods

The study employed a combination of field
observations, structural and microstructural analysis.
Oriented samples were collected from mylonitic rocks,
and thin sections were prepared in the XZ (parallel to the
stretching lineation and perpendicular to foliation), XY
(parallel to foliation) and YZ (normal to the foliation and
lineation) planes to examine kinematic indicators and
strain  analysis  (Passchier and Trouw, 2005).
Microstructural features such as quartz ribbons,
porphyroclasts (c- and &-types), mica fish, and garnet
porphyroblasts were analyzed to infer deformation
mechanisms and temperature conditions (Fig.3 and 4).

Strain analysis

Strain analysis was conducted using the Fry method,
which measures the spatial distribution of points to
determine strain ellipsoid geometry (Fry, 1979; Fossen,
2016). The Fry method is a widely used and important
technique for strain analysis, developed and extensively
discussed in geological literature (Baggazi et al., 2019;
Merschat et al., 2005; Mookerjee and Mitra, 2009;
Mookerjee and Peek, 2014; Keshavarz and Faghih, 2020)
Additionally, the Flinn and Ramsay diagrams were
utilized to quantify K-values and strain intensity (D,
Table 1).

Kinematic Vorticity Analysis

The kinematic vorticity number (W) was calculated
to quantify the relative contributions of pure shear
(coaxial) and simple shear (non-coaxial) components
within the deformation regime (Xypolias, 2010). Wy
ranges from O (pure shear) to 1 (simple shear), with
intermediate values indicating a combination of both
mechanisms (general shear deformation). For volume-
constant flow, angular relationship of macroscopic
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foliation with the shear zone boundary is unique for given
Rxz and Wk values (Tikoff and Fossen, 1995). Hence,
knowledge of ® and Rxz allows for the estimation of Wi
(Wells, 2001; Bailey and Eyster, 2003; Bailey et al.,
2004). This simple technique, usually called the Rxz/®-
method (Fig.7).

Results and Discussion

The study identified three main phases of deformation
(D1—D3). The first phase (D1) involved intense shortening
under  amphibolite-facies  conditions,  forming
asymmetric folds and an initial foliation (S1). The second
phase (D), the most prominent, was marked by top-to-
the-SE shear, evidenced by S/C fabrics, sigma and delta-
type porphyroclasts, and mica fish. The third phase (Ds)
involved localized Kink folding. All shear sense
indicators indicate top-to-the SE noncoaxial flow during
the regional deformation along the study area as part of
the Sanandaj-Sirjan metamorphic belt which likely
occurred  under  greenschist-to-amphibolite-facies
conditions. The dominance of recrystallization regimes
such as grain-boundary migration (GBM) and subgrain
rotation in quartz indicates a deformation temperature
between ¢.500 and 600 °C (e.g., Stipp et al. 2002; Faghih
and Soleimani, 2015). Prescence of quartz BLG
recrystallization and brittle features (e.g., bookshelf
structures in feldspar) reflects progressive deformation
from ductile to semi-brittle conditions.

Strain analysis (K = 0.52-1.18), indicates flattening to
plane strain deformation. The logarithmic Flinn diagram
showed intermediate symmetry (K ~ 1) which is
confirming the deformational characteristics of LS
tectonites in noncoaxial strain. Based on Vitale and
Mazzoli (2009), mylonite were classified in three types
includes strain intervals € = 0—1 (protomylonites), € = 1—
2.5 (mylonite), and € > 2.5 (ultramylonite, Samani et al.,
2020; Mansouri et al., 2021). Our results fall in ranges of
mylonite to protomylonite (Table 1).

The studied samples yielded Wy estimates of Ry,/®
method ranging from 0.75 to 0.83. Based on the
theoretical modeling of Forte and Bailey (2007), pure-
shear dominated flow occurs when 0.3>W, > 0.0
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complies with less than 20% simple-shearing. Simple-
shear dominated is indicated by Wy > 0.95,
corresponding to simple-shearing greater than 80%. Sub-
simple-shear deformation occurs if 0.95> W, > 0.30. So,
our Wy values suggests a general shear deformation (or
sub simple-shear) with 55-64% simple shear and 45—
36% pure shear, typically in transpressive regimes (Jones
and Tanner, 1995; Teyssier et al., 1995). The results on
strain partitioning in the Chai-Kour mylonitic rocks agree
with those reported from other high-strain shear zones in
the Sanandaj-Sirjan zone, such as the Dehbid area
(Sarkarinejad et al., 2010), the Mashahd metamorphic
rocks (Dashti Chandanagh et al., 2018), the Darizhun
shear zones (Derikvand, 2021), the Heneshk (Samani et
al., 2020), the Kahdan shear zone (Shafiei bafti et al.,
2022) as well as the Tanbour metamorphic complexes
(Mansouri et al., 2021).

Conclusions

Based on field work, the microscopic study and the
strain analysis of the Chai-Kour shear zone, we conclude
that the deformation history of this area was governed by
a transpressional regime, resulting from the oblique
convergence of the Arabian and Eurasian plates. The
kinematic vorticity numbers (Wx = 0.75-0.83)
unequivocally indicate a general shear deformation,
characterized by a nearly equal contribution of simple
shear (55-64%) and pure shear (45-36%) components.
This strain partitioning is consistent with a dextral (top-
to-the-SE) non-coaxial flow, as confirmed by ubiquitous
microstructural shear sense indicators including S/C
fabrics, sigma-type porphyroclasts, and mica fish.
Deformation  occurred  under  amphibolite-facies
conditions (400-650°C), as evidenced by quartz
recrystallization mechanisms (SGR and GBM), with a
subsequent overprint of lower-temperature, semi-brittle
structures. Strain geometry analysis reveals an oblate to
plane strain pattern (K = 0.52-1.18) with heterogeneous
intensity, classifying the rocks as protomylonites to
mylonites. These findings align closely with those from
other major shear zones within the Sanandaj-Sirjan belt,
underscoring a  regional-scale,  transpressional
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deformation mechanism. Ultimately, the evolution of the
Chai-Kour complex is interpreted as a product of crustal-
scale strain partitioning within the Zagros orogen, where
the interplay between coaxial and non-coaxial
components, affected on shaped the microstructure and
kinematic fabric of the mylonitic rocks.
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Fig.5. Fry analysis diagrams on the XZ, XY, and YZ planes were used for strain measurements. Other values are presented in table
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Table 1. Results of strain parameter measurements in the Chai-Kour shear zone.

Rxy Ryz X Y Zz k D u € ROCKS
CK-16 2 2.2 2.06 1.03 0.47 0.83 1.56 0.05 0.78 Protomylonite
CK-18 2.1 2.4 2.2 1.00 0.44 0.79 1.78 0.10 1.00 Mylonite
CK-22 2.3 2.8 2.46 1.07 0.36 0.72 2.22 0.10 1.12 Mylonite
CK-25 1.80 1.75 1.78 0.99 0.57 1.07 1.10 0.00 0.65 Protomylonite
CK-26 1.7 2.1 1.82 1.07 0.51 0.64 1.30 0.14 0.72 Protomylonite
CK-27 1.9 2.3 2.0 1.07 0.46 0.69 1.58 0.11 0.82 Protomylonite
CK-30 1.9 1.76 1.85 0.97 0.55 1.18 1.18 0.00 0.67 Protomylonite
CK-31 21 2.86 2.23 111 0.39 0.59 2.16 0.10 1.09 Mylonite
CK-32 1.9 2.75 2.15 1.1 0.41 0.51 1.97 0.20 1.04 Mylonite
CK-37 2.1 2.3 2.16 1.00 0.45 0.85 1.70 0.05 0.87 Protomylonite
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Fig. 6. a) A logarithmic Flinn diagram/Ramsay diagram (Ramsay and Huber, 1983) that shows D- and K-value contours along with
octahedral shear strain (gs) contours. b) Flinn diagram with Lode's ratio contours (Modified after Mookerjee and Peek, 2014).
c)Typical Hsu diagram (Modified after Mookerjee and Peek, 2014).
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Table 2. Results of vorticity analysis using the Rxz/6 method

Rxz (] Wk Pure shear Simple shear
CK-16 2.30 20 0.83 36 64
CK-18 3.66 11 0.78 42 58
CK-22 4.10 11 0.77 43 57
CK-25 2.18 18 0.81 39 61
CK-26 2.50 17 0.82 38 62
CK-27 2.60 16 0.80 40 60
CK-30 2.10 19 0.80 40 60
CK-31 3.90 12 0.77 43 57
CK-32 3.40 12 0.75 45 55
CK-37 2.80 15 0.78 42 58
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