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1- Introduction

The concept of metamorphic core complex was expressed at the same time as the study of the Tertiary
extensional tectonics of Cordillera. The metamorphic core complex has been identified as one of the most
important structural styles of the lithospheric deformation in the several Phanerozoic orogenic belts. By
definition, a metamorphic core complex consists of three basic structural components including low angle
detachment shear zone and lower and upper plates comprising gneissic and nonmetamorphic rocks,
respectively (Platt et al., 2015). The metamorphic core complexes form in orogenic belts, providing
important opportunities to study low to mid crustal outcrops in areas affected by large-scale extension,
uplift and erosion (Konstantinou et al., 2013). Structural and microstructural studies in shear zones help to
understand the mechanisms of their formation and to reconstruct the deformation history (Xypolias, 2010) .

The main objective of this research is to study the microstructural features of metamorphic rocks in the
Gelmandeh metamorphic complex, Central Iran (Fig. 1) in order to reconstruct the kinematics of ductile
deformation during formation of the complex. For this purpose, kinematic analysis including determining
the shear direction, finite strain and vorticity and their variations in the Gelmandeh metamorphic complex
was carried out to reconstruct the deformation conditions (i.e. depth, pressure and temperature).

2- Material and methods

In order to study the deformation induced microstructures and to determine the deformation parameters
such as strain and vorticiy, 9 mylonitic samples were selected from different patrs of the Gelmandeh core
complex along a NW-SE transect. Thin sections were cut in the XZ section of the strain ellipsoid
(perpendicular to the foliation and parallel to the lineation) and were examined regarding mineralogy,
petrofabric and kinematic characteristics.

The direction of movement in a shear zone is often determined parallel to the stretching lineation.
However, the shear direction can be specified as dextral or sinstral. This can be determined using the
kinematic indicators such as displaced layers or dykes or the curvature of the layers or foliations in a shear
zone. The geometry of these structures in a deformation zone can be used to determine the sense of shear
(Fossen, 2010).
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Fig. 1. Structural zones of Iran. The green rectangle shows the Kerman-Kashmat tectonic zone and location of the
study area (Ramezani and Tucker, 2003).

The vorticity concept highlights the measurement of the internal rotation of the rigid grains in the matrix
during deformation in a shear zone. This term is used to discuss fluid dynamics and is comparable to the
rotation of a moving pedal during fluid flow. Assuming the existence of a steady state deformation, the
value of the kinematic vorticity (Wk) is introduced as 0<Wk< 1. For pure shear deformation, Wk = 0 and

for simple shear deformation Wk = 1 (Fossen, 2010).

Recently, Jessup et al. (2007), after comparing different methods, introduced the rigid grain net (RGN)
method as a graphical method for estimating the kinematic vorticity number (Fig. 2).

According to many studies, the type of dynamic recrystallization is related to the deformation
temperature in mylonites (Passchier and Trouw, 2005). In this research, the deformation temperature was
estimated based on the identification of different types of dynamic recrystallization regimes (e.g. bulging,
subgrain rotation and grain boundary migration) of quartz and feldspar grains in the mylonites of the study

area.

Several methods have been proposed for strain analysis by structural geologists (e.g. Ramsay and Huber,
1983). The RF/® method is used to analysis the strain of objects that were originally spherical or elliptical.
In this study, porphyroclasts have been used as strain markers via the software provided by Chew (2003).
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Fig. 2. A view of the graph used in the Rigid Grain Net method based on semi-hyperbolic (Jessup et al., 2007).

3- Results and discussions

Using rotated porphyroclasts and S-C structures, a top-to-the-NE sense of shear was identified during
ductile deformation in the study area (Fig. 3).
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Fig. 3. (a) rotated porphyroclasts, (b) & structure in the center and rotated porphyroclasts, (c) garnet rotated

porphyroclasts, and (d) microscopic photo of quartz ribbon. All these structures show Top-to-the NE sense of shear
during ductile deformation in the Gelmandeh metamorphic complex.

Microscopic study of the deformed rocks revealed the presence of dynamic crystallization of grain
boundary migration (GBM) type in quartz grains. This type of recrystallization shows a deformation
temperature of more than 500 ° C in the Gelmandeh metamorphic complex. In feldspars grains of the
mylonites, the bulging recrystallization (BLG) to a combination of bulging and sub-rotation (SR)
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recrystallization are most common. Based on these data, the deformation temperature is estimated about
500 to 650 ° C in the Gelmandeh metamorphic complex equivalent to the amphibolite metamorphic facies

(Fig. 4).
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Fig. 4. Microscopic photo of mylonite showing recrystallization mechanism including grain boundary migration in
quartz and bulging and subgrain rotation in feldspar.

The RF/® method was used to measure the amount of strain in the metamorphic rocks of the core
complex. The results of strain measurements and the diagrams obtained from the software provided by
Chew (2003) are shown in Fig. 5, in which the vertical axis is the angle @ and the horizontal axis is Ln RF.
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Fig. 5. Strain measurements based on the Rf/® method on the XZ sections.

The results of vorticity measurements usingy RGN method are given in Fig. 6. The contribution of
simple and pure shear components in the deformation of the Gelmandeh core complex was calculated
according to the results of vorticity values using diagrams presented by Xypolias (2010) and Forte and
Bailey (2007). Simple shear and pure shear contribution were 55% and 45%, respectively, which highlight
the presence of general shear deformation regime in the study area.
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Fig. 6. Vorticity measurements in the RGN plots

4- Conclusion

The Gelmandeh metamorphic complex is located in the Central East Iranian Microcontinent. In this
research, structural and microstructural studies have been performed to determine the nature of the
deformation in the Gelmandeh metamorphic complex. The presence of microstructures such as mica fish,
rotating porphyroclasts, and the S/C structure all indicate the top-to-northeast sense of shear. Based on the
dynamic recrystallization studies, the deformation temperature in the Gelmandeh metamorphic complex is
estimated between 500 and 650° C. This condition corresponds to amphibolite metamorphic facies. Using
the Rigid Grain Net (RGN) method, the mean kinematic vorticity number was estimated to be 0.75. Based
on the results of kinematic studies, the deformation regime in the Gelmandeh metamorphic complex was

determined as a general shear with contribution of 55% simple shear and 45% pure shear.
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Fig. 3. A view of the graph used in the Rigid Grain Net method based on semi-hyperbolic (Jessup et al., 2007).
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Fig. 4. (a) Rotated porphyroclasts, (b) & structure in the center and rotated porphyroclasts, (c) Garnet rotated

porphyroclasts, and (d) Microscopic photo of quartz ribbon. All these structures show Top-to-the NE sense of shear during
ductile deformation in the Gelmandeh metamorphic complex.
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Fig. 5. Microscopic photo of mylonite showing recrystallization mechanism including grain boundary migration in quartz
and bulging and subgrain rotation in feldspar.
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Table 1. Obtained data from Rf/® method

Strain data(Rs) using the Rf/® method

sample Isym x2 minimum | Rsvalue
Gml | 0.5208333 | 16.0000 1.23
Gm2 | 0.8344371 | 22.7682 1.33
Gm3 | 0.8604651 | 60.9767 1.74
Gm4 | 0.84375 16.0625 1.27
Gmb 0.94 34.8000 1.74
Gmé | 0.9213483 | 18.3034 1.74
Gm7 | 0.9345794 0.4486 1.45
Gm8 | 0.8571429 3.6154 1.24
Gm9 | 0.9365079 | 21.6190 1.38

LnR, vs. Phisample Gm1

Phi

g

S N
A Wi
“\ e LI

R

-90

70

Ln R, vs. Phi sample Gm2
T

Ln R, vs. Phisampie Gm3

-9
i 70 \
50 1S
30
-10 4
n
5
7% 74
‘ " Y % I . [ -~ -
Ln R, vs. Phisample Gm5 90 Ln R, vs. Phi sample Gm6
79 . \\
50
30
-1
10
3 >
= 58
g 70 v
% L o0 T

2 3

©

50

-30

3

50

7

-

XZ amio jo sbolio jIRID g, 5l oael consy 5,5 polie -F S

Fig. 6. Strain measurements based on the Rf/® method on the XZ sections.
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Table 2. Vorticity measurements using RGN methods

Sample

Wm

Gml

0.74-0.78

Gm2

0.78 -0.82

Gm3

0.80-0.82

Gm4

0.62-0.74

Gmb

0.68-0.74

Gmé6

0.62 -0.79

Gm7

0.63-0.81

Gm8

0.70-0.82

Gm9

0.82-0.89
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Fig. 7. Vorticity measurements in the RGN plots
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