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1. Introduction

ABSTRACT

The use of spatial orientation of structural elements provides a great help to understand the geometry
of shear zones. Investigating into the indices of non-axial deformable flow in two areas of shape
preferred orientation (SPO) and lattice preferred orientation (LPO) of quartz in the deformed rocks
of Koli-Kosh complex in the Sanandaj-Sirjan metamorphic belt at the north of Fars province show
the dextral shear component. Quartz c-axis preferred orientation indicates the dominance of bulging
and sub-grain rotation recrystallization in the thermal range of 379+50 to 448+50 degrees Celsius and
pressure of 3 to 3.5 kbar. According to stereography projection of pole of foliation and lineation the
plane of vorticity normal section was estimated as N15W/45SW. Assuming the compatibility of the
north and south thrust systems with the boundary of the shear zones, the rake angle of the boundary
of the shear zone and the vorticity normal section was calculated equal to 19 degrees. Therefore,
it is possible to consider the oblique transpiration model with triclinic geometry as the structural

evolution model of this shear zone.

are the common features that are used by structural geologist for

Petrofabric analyses are the most important methods for kinematic
and geometrical interpretation of deformation flow in the shear
zones. Using the shape preferred orientation in the mesoscopic
and microscopic scales and the pattern of the optical axis of some
minerals help to structural geologists for understand the nature of
deformation flow. There are several shear sense indicators that
suggested by different researchers (Passchier and Trouw, 2006,

Trouw et al., 2010, Fossen, 2016). Planar and linear structures

dynamic and kinematic analyses of the shear zones. According
to the development of stretching lineation in the direction of
maximum principal axis of the strain ellipsoid and coincidence of
foliation plane to the XY principal plane of the strain ellipsoid, it
will be possible to determine the principal planes and axis of strain
ellipsoid (Twomey, 2010; Law et al., 2004; Fossen, 2016). Also,

these structures can be used to determine the geometry of many
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shear zones (Lin et al., 2007). In many deformed zones, the lack of
strain markers makes an important problem for determination the
principal planes and axis of strain ellipsoid. In this research, using
mylonitized schists of the north of Dehbid in the Sanandaj-Sirjan
metamorphic belt, some aspects of deformation such as the nature
of deformation flow, shear direction, temperature and pressure
conditions of deformation and the geometry of the shear zone have

been discussed.

2. Research methodology

In this research, using field studies and preparing the oriented thin
sections (parallel to lineation and perpendicular to foliation) the
petrofabric characteristics were investigated in two realms of shape
preferred and quartz lattice preferred orientation. Results were
used for determination of shear direction and symmetry of shear
zone. Also, the pattern of quartz c-axis fabrics was discussed to

investigate the P-T deformation conditions.

3. Results

The results of petrofabric analyses of deformed rocks in the
Koli-Kosh complex in the Sanandaj-Sirjan metamorphic belt show
an important non-coaxial deformation flow in this area. Results
of shape preferred orientation show the development of different
types of shear sense indicators. All indicators such as mineral fish,
stair stepping porphyroclasts, sigma type porphyroclasts, s-c shear
bands reveal a dextral sense of shear in the study area. Also, the
results of lattice preferred orientation of quartz c-axis fabrics show
a dextral sense of shear. Based on foliation and lineation structures
the principal axis of strain ellipsoid were determined as: (X: 321/27,
Y: 77/41; Z: 208/37). The short axis orientation of strain ellipsoid is
parallel to the shortening direction due to convergence between Iran
and Arabian plates. Combination of kinematic and micro-structural
studies shows the triclinic geometry for this shear zone. Finally,
the result of opening angle of quartz c-axis revealed green schist to
lower boundary of amphibolite facies for the metamorphic rocks of

the study area.

4. Discussions

Shape preferred orientation reveal development of some shear sense
indicators such as: mineral fish; stair stepping, sigma type and S-C
shear bands in the study area. All these shear senses show a dextral
shear sense in the shear zone. Lattice preferred orientation of quartz
c-axis fabric show Type I asymmetry cross girdle with non-coaxial
dextral deformation. According to the study of foliation and lineation
structures, the principal axis of strain ellipsoid was determined as:
(X: 321/27; Y: 77/41; Z: 208/37). The plane contains lineation
and pole of foliation is coincided to XZ principal plane of strain
ellipsoid (Ramsay and Hubber, 1983; Xypolias, 2010). This plane is

perpendicular to the vorticity axis and therefore it can be supposed
as vorticity normal section (N15W/45SW). In this research, the
geometry of northern and southern thrust was assumed as shear zone
boundary. This assumption takes into accounted also by Jones et al.
(2004). Therefore, the geometry of shear zone was estimated as:
(N320W/40NE). Stereographic projection of shear zone boundary
and the vorticity normal section shows that the value of @ angle is
equal to 19 degrees. Therefore, triclinic geometric symmetry can
be considered for the studied shear zone. During crystal plastic
deformation of quartz, the opening-angle of c-axis fabrics (OA)
increases with rising temperature and with decreasing strain rate
(Kruhl, 1998; Law et al., 2004, Law, 2014). Numerical simulations
also indicate that the opening angle is sensitive to the 3D strain
geometry (Price, 1985). Based on Kruhl (1998) and Law (2014) it is
observed that a positive linear correlation existed between opening
angle and temperature for rocks naturally deformed within the
range of approximately 250-650 °C, and proposed that the opening
angle can be used as a deformation-related thermometer. Therefore,
in the temperature range of 250 to 650 degrees Celsius, the opening
angle can be used as a thermometer to determine the deformation
temperature (Morgan and Law, 2004). Faleiros et al. (2016)
proposed a relation to determine the metamorphic temperature for
opening angle less than 87 degrees; (T (°C) = 6.90A (degrees) +48).
Based on Morgan and Law (2004) monogram and Faleiros et al.
(2016) equation the deformation temperature was determined
between 379450 to 448+50 degrees Celsius. Also, with using
the experimental diagram of Stipp et al. (2002) the metamorphic
pressure was calculated between 3- 3.5 kbar. Assuming a gradient
of 30°C per kilometer the depth of deformation was calculated
about 12.5 to 15 km.

The results of thin section studies, quartz c-axis fabric pattern,
amounts of opening angle and P-T conditions reveal that the
bulging recrystallization and sub-grain rotation recrystallization are

the most important deformation mechanism in the deformed rocks.

5. Conclusion

Based on structural and petrofabric studies in the realm of shape
preferred orientation (SPO) and Lattice preferred orientation
(LPO) of quartz in the study area, the following results were
obtained:

- According to the petrofabric analysis there is a non-coaxial
deformation with a dextral shear sense in the study area.

- Based on stereography analyses of foliation, lineation and shear
zone boundary the @ angle is equal to 19 degree. Therefore, the
triclinic symmetry can be suggested for structural evolution of the
studied shear zone.

- According to the amounts of opening angle of quartz c-axis fabric,

deformation temperature is in the range of 379450 to 448+50 °C.
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This temperature window is coincided with green schist to lower are the dominant deformation mechanisms in the deformed rocks.
boundary of amphibolite facies. - Results show deformation pressure about 3 to 3.5 kbar and depth
- Bulging recrystallization and sub-grain boundary recrystallization of deformation near to 12.5 to 15 km.
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coaxial (b) deformation (Faleiros et al., 2016).
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Table 1. Amounts of deformation temperature using equation
of Faleiros et al. (2016).

Sample Opening angle Temperature (C)
No @) (Faleiros et al., 2016)
1 54 420 + 50
2 48 379 £ 50
3 56 434 +50
4 50 393+ 50
5 50 393+ 50
6 58 448 + 50
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