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Introduction

The present paper describes some field characteristics of deformation in

a high-strain and high temperature zone in migmatitic rocks, with several
kilometers wide occurring in Hamedan and Toyserkan regions, NW of the
Sanandaj- Sirjan Zone. A number of workers believe deformation and
metamorphism are closely related. We tried to establish relationships
between deformation evidence and rheological contrasts in different parts
of migmatites during the migmatization process. In recent years, several
studies have been carried out regarding the deformation and tectonic events
of the various rocks of Hamedan region. However, this work is the first
attempt to establish the relationship between deformation structure and
partial melting in the migmatitic rocks of the study region. The obtained
data can be used to interpret probable relationship between deformation
and metamorphism and to determine the role of rheology of the various

rocks in the region.

Regional Geology

The Sanandaj-Sirjan Zone (SSZ) comprises a metamorphic belt of low-
to high-grade regional and contact metamorphic rocks intruded by mafic,
intermediate and felsic plutonic bodies. Plutonic rocks of the Alvand
complex in the Hamedan region, belonging to middle Jurassic (Shahbazi et
al., 2010; Mahmoudi et al., 2011; Chiu et al., 2013), consisting of gabbro-

diorite-tonalite  association,  granite-granodiorite

10.22108/ijp.2024.140789.1323 hololeucocratic granitoids (Sepahi et al., 2019).

porphyroid, and
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Major metamorphic rocks events in the SSZ
occurred 160-170 Ma (e.g., Sepahi et al., 2019). The
metamorphic rocks of the area with different
composition and metamorphic grade, are mainly pelites
with small bodies of psammites, quartzites, meta-
basites, calc-pelites and calc-silicates. During partial
melting, some minerals such as cordierite,
aluminosilicate (andalusite, sillimanite) and garnet
porphyroblasts, in spite of floated, partly remained
stable and when the partial melt reached its critical
moving threshold, they were re-distributed in the
viscous mush (Sepahi et al., 2009).

Analytical methods

Description of rock units, structural analyses,
accurate measurements of parameters (i.e. lineation,
boudins, folds, veins) were carried out during field
observation. 44 thin sections parallel to lineation and
perpendicular to foliation were prepared at the section
preparation laboratory of Bu-Ali Sina University, and
then their petrography and microstructures were
examined and analyzed. The samples are taken from
metatexite dominated migmatites as well as diatexite.
Mineral abbreviations are taken from Whitney and
Evans (2010).

Petrography

Following pelites the most abundant rocks of the
area, slate, phyllite, pelitic schist/migmatite and
hornfels are common rocks of the region under study.
The migmatite rocks evolved from the hornfelses
(metatexite) and schists (diatexite) of the region. The
mesosome of schistic migmatites with similar
mineralogy with that of the schists, crosscut by
abundant granitic pegmatites, aplites, as well as quartz
veins. This zone is associated with partial melting and
development of granitic leucosomes in migmatites.
Plagioclase-bearing leucosomes are predominant, but
some contain K-feldspar as well. Melanosomes are less
developed and resemble the mesosomes in their
mineralogy and texture, except for greater amounts of
mafic minerals (i.e. biotite), and smaller amounts of
felsic minerals. Partial melting fronts were initiated
around various porphyroblasts, especially Al>SiOs
minerals and cordierite, and migrated to other parts of
the rocks. During diatexis, garnet and aluminosilicate

(andalusite, sillimanite) porphyroblasts remained partly
stable but floated and were re-distributed in the viscous
mush when the partial melt reached its critical moving
threshold.

Discussion and Conclusion

The essential processes of migmatites formation,
are partial melting, metamorphic differentiation and
injection of granitic magma. Leucosome layers appear
following the peak of metamorphism and partial
melting process. In the course of anatexis, with
increasing melt  fraction, migmatite  strength
progressively decreases. The boudinage of high
temperature metamorphic rocks is significantly
controlled by the evolving rheological contrasts
between the leucosome (melt) and mesosome of
migmatites. The deformation observed in migmatites,
occurred on a large scale in the form of folded
leucosome and Boudinage, and on a microscale in the
form of intracrystalline (undulose extinction,
deformation twinning) and intercrystalline deformation
(grain boundary migration, protrusion...). Therefore,
the folded and boudinated leucosome represent the
activity of tectonic forces in the conditions of the peak
transformation of the region. The simultaneous
adaptation of tectonic processes with the peak of
metamorphism created synmigmatites and probably
occurred in the catazone segment. While the
performance of tectonic processes after cooling and
creating post-tectonic fabrics, possibly happened in the
mesozone to epizone. Syn to post-tectonic structures
have recorded the relationship between the different
phases of the involved melt and deformation in the
solid state in the area. Synmigmatites can be seen in
different parts of Hamedan, such as Simin, Toyserkan,
Cheshme Ghasaban and Morad-Beik  valley.
Deformation  occurred  following  the  melt
crystallization in the investigated migmatites.
According to the structures of boudin, folds and veins,
which played an important role in development of
dynamic state of migmatites, the rheological evolution
of Hamedan migmatites (Simin and Toyserkan
regions) can be divided into three stages: (1)
deformation during melting, (2) solid state deformation
immediately after crystallization, and (3) subsequent
solid-state deformation.
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Table 1. Electron microprobe data of some minerals of paleosome in the migmatites of the Hamadan region

(Sepahi et al., 2018).

Mineral Type First generation | Second generation Muscovite Garnet plagioclase
biotite biotite
Rock Type Fibrolite garnet Staurolite garnet migmatite Fibrolite garnet cordierite migmatite Staurolite garnet
migmatite migmatite
Sample No.  jsim12_2- jsim12_2-|Rj22-100 Rj22-Ms Rj22-Ms Rj300- | jsim12-2- jsim12-2-  Rj- Rj- | RJ22PlI RJ22PI
100 101 15 15 Ms 3 Gt1-56 Gt1-56 22Grt12 22Grt12 1 2
core rim core rim
Sio; 35.28 35.92 36.59  36.15 47.090 47.190 27.09 37.33 36.89 3752  60.02 59.21
TiO; 2.92 2.56 1.53 1.44 0.36 0.21 0 0.01 0.03 0.01 0 0.01
Al,O4 18.91 18.66 19.48 20.07 37.100 37.290 32.2 21.63 21.29 21.86 25.57 26.55
FeO 20.83 20.95 18.48  19.08 0.870  0.770 32.58 32.55 3377 325 0.02 0.04
MnO 0.07 0.11 0.05 0.05 0.000 0.000 2.72 3.74 2.57 4.93 0 0
MgO 8.16 8.11 9.99 11.53 0.670 0.400 4.22 3.92 2.6 2.81 0.03 0.31
CaO 0 0 0.03 0.16 0.040 0.000 0.66 0.84 1.99 1.24 7.29 7.29
Na,O 0.09 0.1 0.23 0.31 1.390 1190 0.06 0 0 0 7.79 7.3
K0 10.28 9.03 9.86 7.93 10.000 8.960 0.01 0.01 0.02 0 0.06 0.05
Total 96.54 95.44 96.24  96.72 97.520 96.010 99.55 100.04 99.2 100.89 100.78 100.76
Oxygen 22 22 22 22 22 22 22 22 22 22 8 8
Si 5.365 5.479 5482  5.350 6.101  6.153  2.200 2.985 2992 2990 2.657 2.620
Ti 0.334 0.294 0.172  0.160 0.035 0.021  0.000 0.001 0.002  0.001  0.000 0.000
Al 3.389 3.354 3.439  3.500 5.665 5.731  3.083 2.039 2.035 2.053 1.334 1.385
Fe*? 2.649 5.479 2.315 2.361 0.094 0.084 2.213 2.177 2.291 2.166 0.001 0.001
Mn 0.009 0.294 0.006  0.006 0.000 0.000 0.187 0.253 0.177  0.333  0.000 0.000
Mg 1.850 3.354 2231 2544 0.129 0.078 0511 0.467 0.314 0.334  0.002 0.020
Ca 0 0 0.005  0.025 0.006  0.000 0.057 0.072 0.173  0.106  0.346 0.346
Na 0.0265 0.0296 0.067 0.089 0.349 0.301 0.009 0.000 0.000 0.000 0.669 0.626
K 1.994 1.7567 1.884 1.497 1.653 1.490 0.001 0.001 0.002 0.000 0.003 0.003
Total 15.617 15.444 15.602 15.533 14.032 13.857  8.263 7.995 7.988 7.983 5011 5.002
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Figure 3. A) Parallel fold showing early stages of migmatitization in metatexite. The difference in the layers'
resistance is high. This fold is separated from its limbs during the later stages (Simin area); B) A similar fold at
the syn-migmatitization, which has thick hinges and thin limbs of leucosomes (Moradbeik Valley region); C)
Alternation of thin and thick layers of leucosomes, which have created thin folds layers with shorter wavelengths
(Simin area); D) Disharmonic folding in diatexite of the region (Simin region).
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Figure 4. A) Migmatitic fold of the type of flexural folds with thin and thick layers (Simin area); B) Melanosome
(yellow dotted line) and leucosome are folded inside the paleosome at the same time (Moradbeik Valley area); C)
Shear folds in the vein with metadiorite composition in metatexite (Simin area); D) Shear folds of leucosome

layers (Simin area).
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Figure 5. A) An outcrop of an aplitic vein in the area; B) Pegmatite veins intruded into the metatexitic migmatite;
C) Quartz veins intruded the aluminosilicate migmatites that have been altered to the extent of metatexite; D)

Intrusion of diorite veins in aluminosilicate migmatites that have been metamorphosed to diatexite; E) Syn-
migmatite veins and younger veins that cut previous veins; F) Ptygmatic fold.
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Figure 6. A) Boudinaged mafic microdiorite dyke in migmatite, where the ends of the boudin fragments have a
feather-like and irregular shape and are accumulated among the leucosome fragments, showing the simultaneity of
boudinage and migmatitization (Simin region); B) Melt filled foliation boudins in metatexitic migmatite
(Moradbeik Valley region); C) Boudins in the mesosome in metatexite migmatite in which the extension was
greater at lower part (Simin region); D) Melanosome boudins in the leucosome in diatexite migmatite (Simin
region; Sepahi et al., 2009).
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Figure 7. A) Asymmetric boudins of leucosum in the metatexite migmatite; B) Pinch and swell boudinage parallel

to metatexite layering; C) Multi-layered boudins in the metatexite part; D) Felsic Megaporphyroclast with dextral
shear sense (All photos are from the Simin area).
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26 folded boudin
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Figure 8. A) Leucosome that were initially boudinaged and subsequently folded during later deformation (Simin
region); B) Shear-band boudinage of leucosomes in migmatite (Simin region); C) Sheath fold with leucosome
composition (Moradbeik Valley region); D) Rootless fold in solid-state deformation (Simin region).
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Figure 9. Photomicrographs of A) Bulging recrystallization (BLG) in the leucosome of migmatites of the Simin
area; B) Deformation twinning plagioclase (Quartzes also have a undulose extinction and internal crystalline
deformation); C) Deformation lamellae in quartz in the leucosome that have prefer orientation and show creep
deformation; D) Grain boundary area Reduction (GBAR) in the accumulations of quartz crystals in the leucosome.
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Figure 10. Photomicrographs of A) Biotite-rich layers (melanosomes) in the vicinity of biotite-poor and quartz-
rich layers (leucosomes) and preferred orientation; B) Garnet minerals, post-tectonic staurolite and first-
generation biotites in the melanosome in migmatite; C) Deformation of andalusite in the mesosome part with a
tongue-shaped margin. On the left side, quartz crystals have grown in the tension direction; D) Folding of biotites
of the first generation and small amount of muscovite in the melanosome layer, which shows syn-deformation
migmatitization.
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Figure 11. The schematic diagram shows the relationship between the type of boudinage and the volume ratio of
migmatites; A) Changes in bulk rock strength, heterogeneity, melt fraction, and boudinage type during the
migmatization stage; B) Changes in rock mass strength, heterogeneity, leucosome fractionation, and boudin type
during the post-migmatitization stage (Li et al., 2023).
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different layers due to the different composition of
layering in the protolith (Simin region).
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