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1-Introduction

Gneissic domes are evidence of orogenic movements in both compressional and extensional tectonic regimes
(Eskola, 1949; Teyssier and Whitney, 2002). For the first time, Scola (1949) described the geological setting
and tectonic features of gneissic domes in orogenic belts worldwide. Generally, gneissic domes (e.g., Burg et
al., 1984; Amato et al., 1994; Thigpen et al., 2000) and metamorphic core complexes (e.g., Coney, 1980; Davis
et al., 1988; Lister and Davis, 1989; Harris et al., 2002; Faghih and Soleimani, 2015; Faghih et al., 2021;
Mahmoudi Sivand et al., 2021, Mansouri et al., 2021; Soleimani et al., 2021) are developed in compressional
and extensional tectonic regimes, respectively. These domes include a set of metamorphic rocks and intrusive
masses covered with the upper layers of crustal rocks. The Toutak gneissic dome is located in the high-
pressure-low-temperature Sanandaj-Sirjan metamorphic belt and is an example of the gneissic domes in the
Zagros orogenic system (Figure 1).

This research investigated the microstructural and petrofabric characteristics of metamorphosed rocks to
highlight the kinematic characteristics of deformation in the Toutak gneissic dome.

2-Material and methods

Oriented samples (XZ section, perpendicular to the foliation and parallel to the lineation) were used to study
the microstructures. The prepared thin sections were examined from the petrofabric point of view, to determine
the deformation temperature. In addition, the microscopic shear sense indicators were used to determine the
sense of shear during deformation.

2-1- Quartz C-axis fabric

In most metamorphosed rocks, the deformed crystals are oriented and arranged systematically. Such rocks
have a lattice-preferred orientation (LPO). The optical method and polarized microscope measure the LPO and
the orientation of the ¢ and a axis in deformed quartz. In these studies, thin sections oriented in the XZ section
of strain ellipse are used (Passchier, 1988).

This study used the universal stage (U-stage) to measure the lattice-preferred orientation of deformed quartz
(C-axis fabric). This method also determines the orientation of slip systems in crystals such as quartz. In this
method, the orientation of the quartz C axis is measured, and then the quartz fabric pattern must be drawn in
Streonet to detect the quartz LPO (Passchier and Trouw, 2005).

LPO patterns in quartz with strain variations are shown in the Flinn diagram. In this figure, the shape of the c-
axis is shown as a textured skeleton, and the a-axis is shown schematically with curved lines. The symmetry
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of these fabrics in this figure indicates a coaxial deformation. The theoretical models of quartz crystallographic
fabrics for coaxial deformations showed a clear relation between these fabrics and strain axes.

The Structural Map of The Toutak Gniess Dome
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Fig. 1. Geological map of the Toutak gneiss dome.

A combination of active slip systems directly controls the lattice-preferred orientation pattern in all kinds of
deformed minerals. Basal <a> slip system is essential at low temperatures. With increasing temperature, the
importance of prism <a> slip system rises, and the pattern leads to the maximum around the Y axis. At very
high temperatures and in the presence of water, the prism <c> becomes active and causes the C axis to parallel
the fabric attractor. Small circle girdles (Passchier and Trouw, 2005) are standard in low to moderate
metamorphism conditions. Increasing the temperature increases the opening angle in a small circle. In addition,
in non-coaxial progressive deformation, the C-axis patterns of quartz will become asymmetric, and using it,
the sense of shear can be recognized.

3-Results and discussions

The deformation temperature was determined by analyzing the quartz c-axis pattern (Figure 2). T02, T01,
T04, and T08 show that the temperature varies between 475 + 50 to 565 + 50 °C during deformation (Figure
3 and Table 1).

According to Kruhl (1998), the opening angle around the Z axis in the XY plane between the two maximum
points can be used as a deformation thermometer. Therefore, the opening angles measured in the fabric
skeleton can determine the deformation temperature (Law, 2004). According to the location of the samples in
the study area, it was observed that the samples with low deformation temperature are located on the edge of
the gneissic dome. While approaching the center of the gneiss dome, the deformation temperature increases.
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Table 1. Estimation of deformation temperature using the opening angle (Kruhl, 1998)

Sample No. Temperature(°C) Opening angle(°)
T01 50 +565 71
T02 50 #555 69
T03 50 +260 30
T04 50 +490 62
T05 50 #340 42
T06 50 #380 48
To7 50 +495 63
T08 50 +475 59
Quartz c-axis fabrics
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Fig. 3. Deformation temperature obtained using the opening angle of the quartz C-axis fabric

108



wVa

Shahid Chamran Adv. Appl. Geol. Spring 2024, Vol. 14(1): 106-121

University of Ahvaz

4-Conclusion
The following results were obtained based on the microstructural studies carried out in the Toutak Gneiss
dome:

-In the metamorphic rocks in the gneissic dome's center, the quartz C-axis patterns are categorized as

Type-1 Cross girdle. According to the opening angle in the skeleton fabric patterns (T02, T01, T04, and
T08), the deformation temperature is determined between 475 £ 50 and 565 + 50 °C.

-The samples with small circle skeleton fabric show a much lower temperature. According to the quartz

C-axis pattern in samples T03, T05, T06, and TO7 with peripheral maxima, the deformation temperature
varies from 260 + 50 to 495 + 50°C.
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