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1-Introduction

Quartz is one of the most abundant rock-forming minerals in the Earth's crust and can be seen in
metamorphosed rocks in almost all parts of the world. Analysis of the structural texture of quartz minerals
in two domains of shape-preferred orientation (SPO) and lattice-preferred orientation (LPO) helps structural
geologists to understand the kinematic and dynamic nature of natural metamorphic zones. Temperature and
strain geometry are two dominant factors that control the orientation of quartz crystals within a rock.
Temperature determines which slip planes are active, typically reoriented to be perpendicular to maximum
stress (Passchier and Trouw, 2005; Faleiros et al., 2016; Fossen, 2016). Understanding the typical way that
quartz crystals reorient under different states of strain can provide geologists with an additional tool for
understanding paleo-strain. Understanding quartz deformation behavior under constriction will allow
geologists and working professionals to better identify the strain patterns within quartz-rich rocks
associated with constriction, and it can be used to study regional strain patterns in large-scale mountain
ranges. Within the field of crystallography, crystals are defined by their crystal axes. Quartz has three a-
axes radiating out of the center of a crystal and through the edge where two prism planes meet. The c-axis
radiates from the center of a crystal through the vertex of all of the rhombohedral planes. Stereconet
projection plots are a tool used by geologists to visually represent the orientation of objects in space.
Dynamic recrystallization was described by Guillope and Poirier (1979). Recrystallization occurs at
elevated temperatures > ~300°C within rocks deep in Earth's crust—the dynamic recrystallization of quartz
results in crystal-preferred orientations (LPO).LPO depends upon active slip planes, slip directions, and
strain orientation (Barth et al., 2010). Understanding the LPO of quartz is inherently complicated because
it is a function of many additional variables, such as water content and strain rate (Stipp et al., 2002). In
this research, the c-axis structural texture analysis of the quartz mineral was used to investigate the
deformation temperature and pressure conditions in the Saman deformed granite located in the Sanandaj-
Sirjan metamorphic belt.

2-Methodology

Eight oriented samples have been prepared to study the quartz c-axis fabric pattern in the Samen deformed
granite. All samples parallel the lineation and are normal to the foliation plane (XZ-plane). In many cases,
the Samen deformed granite shows a dominant mylonite texture, and penetrative foliation and lineation
have been developed in these mylonite parts. Using a polarizing microscope and U-stage, the nature of
dynamic recrystallization, deformation flow, temperature, and pressure conditions of deformation have
been analyzed.
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3-Results and Discussion

Here are three main mechanisms of dynamic recrystallization. From ~280-400°C, bulging recrystallization
(BLG) is dominant. BLG combines the other two recrystallization mechanisms: subgrain rotation and grain
boundary migration. Subgrain rotation (SGR) is the dominant form of recrystallization between 400-500°C
(Stipp et al., 2002). Grain boundary migration (GBM) occurs from 500-650°C (Stipp et al., 2002; Twomey,
2010). Transitions between mechanisms are caused by differing rates of dislocation climb compared to
dislocation production (Twomey, 2010). During the crystal plastic deformation of quartz, the opening angle
of c-axis fabrics (O.A.) increases with rising temperature and 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 the opening angle and temperature for rocks naturally deformed within the
range of approximately 250—650 °C, and it is 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 & Law, 2004). A close
correlation between temperatures obtained using the O.A. thermometer and mineral equilibrium methods
for different tectonic settings worldwide has supported using O.A. as a reliable deformation thermometer
(Law, 2014).

Several reasons place the O.A. thermometer as an advantageous method to quantify temperatures in
deformed rocks: (1) quartz is one of the most common rock-forming minerals of crustal rocks; (2) its
deformation behavior generally dominates the rheology of the crust; (3) it is stable over the full range of
crustal metamorphic conditions and can accommodate crystal-plastic deformation from diagenetic (<150
°C) to ultra-high-temperature conditions (up to 1150 °C); (4) the thermometer applies to rocks that lack
index metamorphic minerals; and (5) reliable quartz c-axis fabrics can be easily obtained from standard
thin sections using inexpensive optical or computer integrated polarization techniques. However, since its
proposition, the O.A. thermometer has only recently been subjected to further validation based on a few
additional data (Law, 2014), and the relationship between O.A. and temperatures above ~650 °C is still
poorly constrained. Faleiros et al. (2016) proposed a relation to determine the metamorphic temperature for
an opening angle less than 87 degrees (T (°C) = 6.90A (degrees) + 48). Based on Morgan and Law's (2004)
monogram and the Faleiros et al. (2016) equation, the deformation temperature was determined between
393450 and 531+50 degrees Celsius. Also, using the experimental diagram of Stipp et al., 2002, the
metamorphic pressure was calculated between 3.2- 5.3 kbar. The deformation depth was calculated to be
about 12 to 20 km, assuming a gradient of 30°C per kilometer. 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 critical deformation mechanisms in the deformed rocks.

4-Conclusion
Based on structural and petrofabric studies in the realm of lattice-preferred orientation (LPO) of quartz in
the study area, the following results were obtained:
- According to the petrofabric analysis, the study area has a non-coaxial deformation with a dextral shear
sense.
According to the opening angle of the quartz c-axis fabric, the deformation temperature ranges from
393+50 to 531+50 °C. This temperature window coincides with greenschist at the lower boundary of
the amphibolite facies.
- Bulging recrystallization and sub-grain boundary recrystallization are the dominant deformation
mechanisms in the deformed rocks.
- Results show a deformation pressure of about 3.2 to 5.3 kbar and a depth of deformation near 12 to 20
km.
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recrystallization and (b) grain boundary migration recrystallization.
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Sample No Opening angle (°) Temperature (°C) (Faleiros et al., 2016)
S1 65 496 + 50
S2 62 476 £ 50
S2 55 428 + 50
S4 58 448 + 50
S5 50 393 + 50
S6 60 462 + 50
S7 70 531 +50
S8 60 462 + 50
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Figure 8. Determination of deformation temperature based on (Morgan and Law, 2004).
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