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a b s t r a c t

Polyphase deformation structures of the Sanandaj–Sirjan metamorphic belt in the Neyriz area (Zagros
Mountains, Iran) are consistent with dextral transpressional deformation, which is related to the oblique
collision between the African–Arabian continent and the Iranian microcontinent. The collision started in
the Late-Cretaceous and is continuing to the present day. Quantitative kinematic analyses quartz textures
suggest localized shear zones deformed with a significant pure shear component. Spatial orientation of
lineation and semi-quantitative kinematic indicators indicate shear zone parallel stretching and shear
zone perpendicular shortening. The occurrence of a horizontal stretching component parallel to the
deformation zone boundary allows a kinematic model of combined transpression and lateral extrusion
for this part of the Zagros orogeny.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Transpressional deformation (Harland, 1971) is the simulta-
neous occurrence of strike–slip shearing and shear zone normal
shortening and has been considered as an important style of the
deformation in the regions of oblique convergence (e.g. Sanderson
and Marchini, 1984; Teyssier et al., 1995; Dewey et al., 1998; Lin
et al., 1998; Jones et al., 2004). Areas of transpression record
structures such as mineral lineations, folds, foliations and second-
ary shear zones with spatial orientations that may vary along strike
and dip of the transpression zone (Tikoff and Teyssier, 1994; Fossen
and Tikoff, 1998). The simplest types of transpression models in-
volve homogeneous deformation by a combination of simple and
pure shear. In such a general shear model (Fig. 1a) the direction of
the vorticity vector is a direction of no incremental strain with
shortening perpendicular to the transpression zone that is volu-
metrically balanced by stretching parallel to the laterally un-
confined shearing direction (Ramberg, 1975). In contrast to plain
strain models, Sanderson and Marchini (1984) investigated in their
model a vertical laterally and basally confined shear zone in which
the transpression zone is subjected to strike–slip simple shearing,
shortening perpendicular to the shear zone and vertical extrusion
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of the material (Fig. 1b). Fossen and Tikoff (1993) introduced
a modification of this model considering a deformation matrix for
simultaneous simple-, pure-shearing and volume change, and its
application to transpression–transtension tectonics. Robin and
Cruden (1994) developed a model with no-slip boundaries be-
tween deforming zone and the wall rocks, resulting in a symmetry
variation in strain within the transpression zone (Fig. 1c). Avé Lal-
lemant and Guth (1990) and Jones et al. (1997) introduced an ad-
ditional component of extension in the horizontal direction that
allows for unconfined extrusion of the deformation zone (Fig. 1d).
This component enhances the stability of vertical foliation–
horizontal lineation in transpression zone (Teyssier and Tikoff,
1999). Jones and Holdsworth (1998), Lin et al. (1998) and Jiang et al.
(2001) included vertical displacement of one wall rock relative to
the other, resulting in oblique simple shear strain of triclinic sym-
metry in contrast to previous homogeneous monoclinic flow
models (Fig. 1e). Czeck and Hudleston (2003, 2004) proposed
a conceptual model of a vertical transpression zone with local
non-vertical extrusion and tested this model with analogue
experiments. The inclined transpression model of Jones et al.
(2004) involves simultaneous pure shearing and strike–slip and
dip–slip shearing resulting in triclinic flow (Fig. 1f). Several kine-
matic studies from transpression zones have been attracted by
triclinic flow models mainly because they provide a satisfactory
explanation of the observed spatial variations in the foliation, lin-
eation and fold hinge data (e.g. Dı́az Azpiroz and Fernández, 2005).

To add more data from natural rocks to the large volume of
theoretical work, we focus on the Neyriz area (Iran), where the
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Fig. 1. Different types of transpression models shown in X, Y and Z coordinate system with reference to the transpression zone boundary. The full arrows represent the shortening
perpendicular to the transpression zone, associated with the pure shear component. The half arrows mark the shear component. Fd is the convergence vector with angle a to the
transpression zone boundary. 4 is the angle between the strike of the transpression zone boundary and the orientation of the shear component of strain. d is the dip of transpression
zone boundary. (a) Plane strain general shear. (b) Model of Sanderson and Marchini (1984). (c) Model of Robin and Cruden (1994). (d) Model of Jones et al. (1997). (e) Model of Lin
et al. (1998). (f) Model of Jones et al. (2004).
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Zagros Suture Zone separates the northeastern end of the African–
Arabian continent to the south and the Iranian microcontinent to
the north. Based on fieldwork, a detailed quantitative structural
analysis for the Sanandaj–Sirjan metamorphic belt in the Neyriz
area is presented giving evidence for a dextral extrusive trans-
pression zone.

2. Regional geological setting

The Zagros orogen is a linear collisional orogen and part of the
Alpine–Himalayan orogenic belt (e.g. Stöcklin, 1968; Ricou, 1971;
Dewey et al., 1973; Berberian and King, 1981; Koop and Stoneley,
1982; Ziegler and Stampfli, 2001; Blanc et al., 2003; McClay et al.,
2004). Regional deformation arising from the Late-Cretaceous to
Tertiary collision between the African–Arabian continent and the
Iranian microcontinent accounts for the lineation, foliation, iso-
clinal folding, thrusting and large-scale strike–slip faulting associ-
ated with crustal shortening in the Zagros orogeny (Alavi, 1994;
Sepehr and Cosgrove, 2005; Sarkarinejad and Azizi, 2008). Post-
collisional crustal shortening is active to the present day (Jackson
and McKenzie, 1984; Talebian and Jackson, 2002; Allen et al., 2004;
Regard et al., 2004; Tatar et al., 2004) with a N–S-oriented con-
vergence rate of approximately 20 � 2 mm yr�1 (Vernant et al.,
2004; Molinaro et al., 2005).

The study area is located in the Neyriz area, 250 km east from
Shiraz in southwestern Iran (Fig. 2). Metamorphosed and deformed
rocks of this area are part of the high-pressure/low-temperature
Sanandaj–Sirjan metamorphic belt (Alavi, 1994; Sarkarinejad,
1999). The Sanandaj–Sirjan metamorphic belt is a zone of thrust
faults that have transported numerous slices of variously meta-
morphosed Phanerozoic stratigraphic units. Stratigraphic evidence
and synorogenic conglomerates indicate that thrusting initiated in
the Late-Cretaceous. Shear sense indicators in various parts of the
zone reveal top-to-the-SW directed movement (Alavi, 1994, 2004;
McQuarrie, 2004). The rocks in the study area consist of mainly
mafic and ultramafic rocks of various metamorphic grades such as
greenschists, amphibolites, blueschists and eclogites. From north-
west (Sanandaj) to southeast (Sirjan), this NW–SE trending San-
andaj–Sirjan belt is about 150–200 km wide, more than 1500 km
long and parallels the main regional structures of the Zagros
orogen.

3. Deformation history

The Sanandaj–Sirjan metamorphic belt experienced a polyphase
deformation history, which is related to collision tectonics. Our
structural and microstructural studies focus on the characteristics
and spatial orientations of folds, foliations and lineations in order to
understand the overprint relationships between these structural
elements. Three main deformation phases are distinguished, of
which is interpreted to represent kinematically distinct events in
the progressively evolving collision zone.

3.1. D1 structures

This first preserved deformation phase, which affected the en-
tire Sanandaj–Sirjan metamorphic belt created a penetrative foli-
ation (S1), mesoscopic isoclinal folds (F1), and penetrative
stretching lineation (L1) that is defined by the long axes of top-to-
the-SW sheared quartz, feldspar and hornblende. The S1 foliation
and metamorphic layering form a continuous moderately NNE-
dipping foliation (mean: N75�W, 42�NE) which can be observed
throughout the metamorphic rocks of the study area. The mean of
the L1 stretching lineation dips with 33� towards N52�E (Fig. 3a).



Fig. 2. Geological map of the Neyriz area and a NE–SW oriented cross section, perpendicular to the strike of the main structures. The inset shows a tectonic map of Iran with the
Sanandaj–Sirjan metamorphic belt and the location of study area.
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Within the S1 mylonitic foliation, isoclinal folds with fold axes F1,
roughly parallel to the stretching lineation L1, are preserved
(compare Fig. 3a and b). The axial planes of these folds are identical
to the mylonitic foliation S1. These partly intrafolial folds suggest
a strong shortening component normal to the foliation and are
typical for high-strain shear zones (Passchier and Trouw, 2005 and
references cited therein).

3.2. D2 structures

The main structures associated with the D2 deformation phase
are F2 folds, which fold the S1 mylonitic foliation and therefore
refold F1 folds resulting in Type-2 and Type-3 interference patterns
(Figs. 3b and 4b). The mean orientation of F2 folds axial planes is
45�, S54�E and partly develops a penetrative S2 foliation or an
asymmetrical crenulation cleavage (Fig. 4a) which strikes roughly
N50�W and dips moderately to steeply to the NE. F2 fold axes dip
moderately towards ESE and are parallel to a crenulation lineation
L2 dipping with 25� towards S76�E (Fig. 3c).

Oblique to the D1 foliation, many boudin structures record
monoclinic and orthorhombic symmetry (Grasemann and Stüwe,
2001; Goscombe and Passchier, 2003) and are related to the D2
deformation. Different boudin block geometries including domino-,
drawn-, shear band- and torn boudins have been preserved
(Goscombe et al., 2004). Most of the boudins are arranged in foli-
ation-oblique trains recording monoclinic symmetry (Fig. 5).
Boudins, where the inner-boudin zone is oriented perpendicular to
the L2 stretching lineation record dextral shear. The amount of
stretching and rotation of the boudin trains suggest a stretching
component parallel to the shear zone and shortening perpendicular
to the shear zone (Müller et al., 2006).

Ductile semi-quantitative D2 kinematic indicators are well de-
veloped in the metamorphic rocks of the Sanandaj–Sirjan meta-
morphic belt. The sense of shear was determined in the field
perpendicular to the L2 NW–SE striking lineation and on oriented
hand samples and in thin sections. All microscopic and mesoscopic
shear sense indicators with monoclinic structures as well as clear
stair-stepping geometries or SC/SCC0 fabrics confirm the dextral
sense of shear (Fig. 6). Additionally, the dextral D2 shear sense is
confirmed by microstructures and microtextures in quartzites. A
quantitative kinematic vorticity analysis of D2 quartz textures are
discussed below in more detail.
3.3. D3 structures

Whereas D1 and D2 developed under amphibolite and greens-
chist facies metamorphic conditions, D3 represents an event
leading to the development of kink bands, localized shear zones
and slickensides along the thrust sheet of the Sanandaj–Sirjan
metamorphic belt. Abundant kink bands of several centimetre
thickness overprint all other deformation structures (Fig. 4c). The
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Fig. 3. Lower hemisphere, equal area stereographic projections of D1, D2 and D3
structural elements summarizing the orientation of Lineations (L1 and L2), Foliations
(S1 and S2), fold axis (F1 and F2) and kink bands. (a) Poles to S1 foliation which are
contoured at 1%, 2%, 4%, 6% and 8% per 1% area and L1 lineation related to D1 de-
formation event (b) Orientation pattern of F1 and F2 fold axes related to D1 and D2
respectively. (c) Poles to S2 foliation and L2 lineation related to D2 deformation event
(d) Poles to D3 related kink bands.
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Fig. 4. Mesoscopic and microscopic photograph of D1, D2 and D3 related structures of
Sanandaj–Sirjan metamorphic belt in the study area. Micrograph is from thin section
cut perpendicular to foliation and parallel to stretching lineation. (a) Optical micro-
graph of S1 and S2 foliation plane geometry. The S1 foliation is overprinted by the
asymmetrical crenulation cleavage (S2) related to D2 deformation event (location:
29�2800500 N, 54�3304900 E). (b). Type 2 Interference pattern of D1 related fold (F1)
refolded by D2 deformation phase fold (F2). (location: 29�2601200 N, 54�3305600 E). (c)
Field photo of D3 kink bands displaying late, post-metamorphic deformation (location:
29�2205500 N, 54�4800300 E).
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steeply dipping conjugate kink bands strike NW–SE and NNE–SSW
respectively (Fig. 3d).

4. D2 quartz textures

Well-developed c-axis fabrics in quartz mylonites can be used to
characterize the kinematics of the associated flow (Schmid and
Casey, 1986). Fourteen samples of quartz mylonites from different
structural positions within the Sanandaj–Sirjan metamorphic belt
were measured in order to relate the quartz c-axis fabrics to the
kinematic history. The quartz fabrics were certainly affected by the
D1 deformation. However, dynamic recrystallization still took place
during the D2 event and therefore the recorded microstructures are
considered to reflect mainly D2. D3 did not affect the quartz tex-
tures. The location of the samples is given in Fig. 2. Texture analyses
of quartz c-axes were investigated from using an optical micro-
scope equipped with universal stage. Our c-axis measurements are
displayed on equal-area, lower hemisphere stereographic pro-
jection and contoured using SpheriStat 2.2 for Windows (Fig. 7). In
all these projections, the foliation is vertical and stretching linea-
tion within the foliation is NW–SE horizontal. All samples record
a well-preserved shape and crystal preferred orientation consistent
with a dextral sense of shear. The fabric of the dynamically
recrystallized quartz was formed by both subgrain rotation and
grain boundary migration (Fig. 8a). From the density distribution,
quartz c-axis fabrics of the study area can be described as Type-I
cross-girdle fabrics with c-axis point maxima at high-angle to the
foliation trace which are interpreted basal <a> slip system and
moderate temperature (i.e. greenschist facies) deformation
conditions. These c-axis fabrics show an obliquity of the central
girdle segment with respect to the main foliation and lineation,
indicating a non-coaxial dextral shear. According to Schmid and
Casey (1986) and Law (1990), Type-I cross-girdle of quartz c-axis
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Fig. 5. Boudin trains formed during D2 deformation indicate dextral shearing and a strong stretching component parallel to the shear zone boundary. Locations: (a) 29�2500800 N,
54�3204500 E; (b) 29�2005200 N, 54�4703500 E; (c) 29�2902200 N, 54�3704500 E; (d) 29�2903700 N, 54�3103400 E).
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fabrics may be interpreted to indicate plane strain condition during
ductile shearing.
5. Kinematic vorticity number (Wk) derived from the D2
quartz textures

Two-dimensional methods of vorticity measurement are valid
only for conditions of orthorhombic or monoclinic ductile flow with
the vorticity vector parallel to the Y-axis of finite strain (Tikoff and
Fossen, 1995). The approximately plane-strain conditions we have
identified in the study area (as suggested by the Type-I crossed girdle
pattern of the quartz c-axis, Law,1990) satisfy the assumptions of the
applied method. Therefore we can combine quartz c-axis fabrics
with Rxz (principal normal strain ratio in the XZ section) in order to
quantitatively estimate Wk values (Wallis, 1995). However, we em-
phasize that deformation is most likely highly partitioned and in-
cremental and finite strain deformation integrated over the entire
transpression zone is certainly non-plane strain or even triclinic.

Several different techniques, mostly using meso- and microscale
structures, such as deformed passive markers, rotated porphyr-
oclast, deformed veins and dikes and crystallographic fabrics have
been used to measure vorticity (for a review of the methods see
Passchier and Trouw, 2005 and references cited therein). In this
work, a method based on quartz textures proposed by Wallis (1992,
1995) is used in order to estimate the mean Wk. According to this
method, the angle b between the perpendicular to the central girdle
of quartz c-axis diagram and the foliation is equal to the angle
between flow plane and the principal plane of normal strain
(Fig. 8b). The angle b is a function of Rxz (principal normal strain
ratio in the XZ section) and Wk, as demonstrated by Wallis (1995):

Wk ¼ sin
�

tan�1
�

sinð2bÞ
½ðRXZ þ 1Þ=ðRXZ � 1Þ� � cosð2bÞ

��
� ðRXZ þ 1Þ
ðRXZ � 1Þ

(1)

The principal normal strain ratio in the XZ section (Rxz) was de-
termined using deformed quartz grains. Length to width ratios of
quartz grains were determined from measurements, made on XZ
sections cut parallel to stretching lineation and normal to foliation.
Rxz was estimated for each sample applying Rf/4 (Ramsay, 1967;
Lisle, 1985). The investigated quartz c-axes girdles record b angles
between 8� and 19� and Rxz values between 2.5 and 6, translating
into 0.6 < Wk < 0.9 (mean Wk-value 0.76 � 0.11, Fig. 8c). We are
fully aware that a number of parameters and unknowns affect this
calculation (e.g. strain rate, contributions of diffusive mass transfer
deformation mechanisms, post-mylonitic recrystallization re-
covery). Especially for large strains, this angle would be less than 5�

for flows with mean vorticity numbers between 0 and 0.9 (Grase-
mann et al., 1999). However, our results still document a significant
component of non-coaxial deformation.
6. Discussion

6.1. Kinematics of deformation events

The leading edge of the northeast-moving African–Arabian
continent is marked by the occurrence of the Late-Cretaceous
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Fig. 6. Microscopic and mesoscopic kinematic indicators of the Sanandaj–Sirjan metamorphic belt in the Neyriz area. All pictures are perpendicular stretching lineation. (a) Field
photo of a sigmoidal shaped quartz lense with monoclinic symmetry (location: 29�2903100 N, 54�3601700 E). (b) Garnet amphibolite with strain shadows in the extensional quadrants
around cm-large garnet grains (location: 29�2604800 N, 54�3202300 E). (c) Photomicrograph of quartz grains with monoclinic symmetry in a metamorphosed microconglomerate
(location: 29�2201500 N, 54�4805600 E). (d) Photomicrograph of mica fish in quartz–feldspar mylonite (location: 29�2200200 N, 54�3604700 E). All structures show dextral sense of shear.
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ophiolite complex such as Neyriz and Kermanshah in western Iran
and Semail ophiolite in Oman along a belt known as the ‘‘Croissant
ophiolitique’’ (Ricou, 1971). The Neyriz ophiolite occurs along the
NW–SE trending Zagros Thrust System (Stöcklin, 1968; Berberian
Fig. 7. Lower hemisphere, equal area projection of quartz c-axis fabrics. The location of the
carried out using an optical microscope and an universal stage. In all these projections, the fo
quartz c-axis orientation were measured in each sample.
and King, 1981; Alavi, 1994; Agard et al., 2005; Sarkarinejad and
Azizi, 2008) in the Zagros Range between the Sanandaj–Sirjan
metamorphic belt to the northeast, and the Zagros Fold- and
Thrust-Belt to southwest and represents the Zagros Suture Zone
quartzite samples have displayed in Fig. 2. The texture analyses of quartz c-axis were
liation is vertical and stretching lineation within the foliation is horizontal. 250 or more



Fig. 8. (a) Photomicrograph of a quartz mylonite from the Sanandaj–Sanandaj meta-
morphic belt in the study area. Elongate and plastically deformed quartz grains from
a well-developed shape-preferred orientation. The quartz grains record evidence of
dynamic recrystallization by subgrain rotation and grain boundary migration (location:
29�2605200 N, 54�3604700 E). (b) b is the angle between the perpendicular to the central
griddle of quartz c-axis diagram and the foliation. (c) Plot of b versus Rxz (principal
normal strain ratio in the XZ section) contoured for different Wk. The majority of the
measured 14 samples indicate Wk between 0.6 and 0.9.
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between the colliding African–Arabian continent and Iranian
microcontinent. The arrangement of the Mesozoic ophiolitic com-
plex, tectonic mélange and the distribution of Mesozoic arc-related
calc-alkaline granitoid rocks in the Sanandaj–Sirjan metamorphic
belt confirm the presence of an ancient subduction zone SW of the
Sanandaj–Sirjan metamorphic belt during Mesozoic time (Sha-
habpour, 2005, 2007). Consumption and closure of the oceanic
basin was accomplished during Maastrichtian time and culminated
with emplacement of Neyriz ophiolite and pelagic sediments onto
the African–Arabian continental margin. The oldest sediments
resting unconformably on the Neyriz ophiolite are Late-Cretaceous
Tarbur limestone, indicating that the Neyriz ophiolite was obducted
by the Late-Cretaceous (Ricou, 1971). Furthermore, 40Ar/39Ar
heating plateau age from hornblende 92–97 Ma (Haynes and Rey-
nolds, 1980; Babaie et al., 2006) suggest that the tectonic em-
placement of Neyriz ophiolite occurred in the Late-Cretaceous.
Hornblende grew synkinematically during D1 suggesting that the
mylonitic foliation S1, the stretching lineation L1 and the isoclinal
folding with fold axes parallel to the L1 formed during exhumation
of rock from peak metamorphic conditions. The D2 event is char-
acterized by deformation of the S1 foliation and by the formation of
a weaker and less penetrative foliation under lower grade meta-
morphic conditions. Furthermore, the SW-directed thrusting ki-
nematics facilitating exhumation of rocks during D1 is overprinted
by the transpressional dextral strike–slip D2 deformation. The third
phase of deformation (D3) developed by localized shear along SW-
directed thrusts and post-metamorphic kink bands (documenting
ongoing shortening).

6.2. Dextral transpressional event

Given the presence of dextral shear sense indicators such as SC
fabrics, mica fish and quartz c-axis patterns, we interpret the Zagros
Thrust System in the Neyriz area to be overprinted by a dextral
transpressional D2 shear zone. The combination of strike–slip and
oblique-slip deformation along the Sanandaj–Sanandaj meta-
morphic belt plus a strong component of pure shear deformation is
consistent with a transpressional flow regime (Sanderson and
Marchini, 1984; Tikoff and Teyssier, 1994). Dextral transpressional
shearing predominantly localized within the metamorphic rocks in
the hanging wall of the Main Zagros Thrust. Horizontal to sub-
horizontal L2 stretching lineations and moderately to steep S2
mylonitic foliations suggest that the metamorphic rocks of the
Neyriz area were affected by a dextral strike–slip shear de-
formation. Many experimental and field investigations have dem-
onstrated that quartz microfabric is a good kinematic and strain
path indicator (Simpson and Schmid, 1983; Schmid and Casey,
1986; Mancktelow, 1987). Our analysis of quartz textures from
deformed quartz layers within the Sanandaj–Sirjan metamorphic
belt suggest plane strain condition during dextral strike–slip
shearing under greenschist facies conditions. In addition, our
quantitative kinematic vorticity analyses of the quartz texture
suggest a major component of pure shear deformation and
a stretching component parallel to the deformation zone boundary
(i.e. lateral extension). The L2 lineations in the study area are sub-
horizontal to shallowly plunging towards the SE and all associated
semi-quantitative kinematic indicators (oblique boudin trains, SC-,
SCC0 fabrics, s-type geometries) preserve an unequivocal dextral
strike–slip sense of shear with a shortening component perpen-
dicular to, and stretching component parallel to the shear zone
boundary. This structural pattern shows that the transpressional
deformation in the Sanandaj–Sirjan metamorphic belt deviates
from the basic model of Sanderson and Marchini (1984), involving
both vertical and horizontal stretch components (e.g. Dewey et al.,
1998). In confined transpression, as modelled by Sanderson and
Marchini (1984) and Fossen and Tikoff (1993), the finite extension
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direction for pure-shear dominated transpression is vertical. This is
not necessarily the case for unconfined transpression, and the field
data from the Sanandaj–Sirjan metamorphic belt in the Neyriz are
consistent with a model for unconfined transpression in which
lateral extrusion has occurred. Lateral extrusion within trans-
pression zones stabilizes horizontal lineation very effectively in
oblique convergence allowing the horizontal lineation to develop
even at a high-angle to the convergence direction (Teyssier and
Tikoff, 1999). Deformation partitioning in individual zones of dif-
ferent flow geometries allows bulk-flattening strain across the
Sanandaj–Sirjan metamorphic belt despite the fact that individual
domains appear to be characterized by non-coaxial plane strain
deformation. This model is similar to the models which have been
proposed by Hudleston (1999) and Teyssier and Tikoff (1999) for
maintaining strain compatibility in shear zones. In these models,
the maximum extension direction of the pure shear-dominated
domains is parallel to the movement direction of the simple shear
component.
7. Conclusion

A polyphase deformational history is recorded within the
Sanandaj–Sirjan metamorphic belt of the Neyriz area. We infer
D1 is related with thrusting an SW directed extrusion of high-
grade metamorphic rocks following the oblique collision between
the African–Arabian continent and the Iranian microcontinent
commencing in the Late-Cretaceous. Deformation patterns imply
a transpressional deformation regime within this part of the
Zagros orogeny. D2 is superposed on D1 and is dominated by
right lateral transpression at greenschist facies conditions. D3 is
a post-metamorphic event recording N–S shortening by forma-
tion of conjugate kink bands. Mesoscopic and microscopic D2
kinematic indicators revealed unequivocal dextral sense of shear
within metamorphic rocks of the Sanandaj–Sirjan metamorphic
belt. In more detail, Type-I cross-girdles of quartz c-axis fabrics
display greenschist facies non-coaxial dextral shear deformation
with basal <a> active slip system under plane strain condition in
the study area. The quantitatively determined kinematic vorticity
number based on the quartz textures is between 0.6 and 0.9 for
principal normal strain ratios between 2.5 and 6. Considering the
limitations of the method and deformation partitioning in local-
ized shear zones and in different rheologies, it can be concluded
that at least some zones of high-strain deformed with a strong
pure shear component. Because other semi-quantitative kine-
matic indicators suggest stretching parallel and shortening per-
pendicular to the studied right lateral strike–slip zone, we
suggest a combined transpression and lateral extrusion model for
the study area.
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