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Abstract 
There are extensive outcrops of regional metamorphic rocks that consist of marble, calcschist, 
metapelite, and amphibolite in the south Sirjan (southern Sanandaj-Sirjan zone). Garnet, muscovite, 
biotite, calcite, quartz, and feldspar are the rock-forming minerals of calcschists. Kyanite, garnet, and 
staurolite constitute the index minerals of the studied metapelites. Amphibole and plagioclase are the 
main minerals of the massive and foliated amphibolites. The P-T conditions of the regional metamorphic 
event in the southern SSZ were constrained using conventional (single-reaction) and multi-equilibrium 
thermobarometry (THERMOCALC software). The average temperature and pressure gained by 
THERMOCALC software are 8 kb, 643 ˚C, and 9.6 kb, 645 ˚C for Ky-Grt schist and calcschist samples, 
respectively. Using revised and recalibrated conventional thermobarometry methods result in 
temperature from 504 to 664 °C and pressure from 6.57 to 7.88 kb for the investigated Ky-Grt schist. 
Mineralogical paragenesis and thermobarometry results of the investigated metamorphic rocks are in 
accordance with a medium P/T- type metamorphic gradient. Presumably, Neotethys subduction beneath 
the Sanandaj-Sirjan zone and resulting crustal thickening event led to such a metamorphic gradient 
during Eo-cimmerian orogeny. Medium P/T metamorphic rocks of the southern Sanandaj-Sirjan zone 
and accompanying high P/T metamorphic rocks of the north Hajiabad could be defined as a pair of 
metamorphic belts that were constructed during Zagros orogeny. 
 
Keywords: Medium P/T Metamorphism, Eo-Cimmerian Orogeny, Southern Sanandaj-Sirjan. 
 
Introduction 
 
An orogenic cycle is stablished with rifting events and continues while oceanic basins spread 
out and subduction is begun. Eventually, subduction ceased as a consequence of continent-
continent or continent island-arc collision. Every one of these successive steps is characterized 
by distinctive tectonometamorphic events. 
    Most reconstructions on the closure of the Neotethys propose that the formation of the active 
margin along the Eurasian margin started since the Late Triassic–Early Jurassic (e.g. Berberian 
and King, 1981; Besse et al., 1998; Stampfli and Borel, 2002; Arvin et al., 2007). This oceanic 
subduction was accompanied by the formation of a cordilleran-type margin along the Sanandaj–
Sirjan zone (SSZ) during Zagros orogeny in the Jurassic–Cretaceous (e.g. Berberian and 
Berberian, 1981; Ghasemi and Talbot, 2006) and by the formation of various marginal oceans 
in the back-arc domain (Inner Mesozoic Oceans of McCall, 1997). 
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    Some geological documents of the evolutionary trend of the Zagros orogeny cycle are 
capable of distinguishing in the SSZ (Hassanzadeh and Wernicke, 2016; Sheikholeslami, 2016; 
Shakerardakani et al., 2022). However, subduction- and active continental margin- related 
metamorphism play a critical role in the deciphering orogeny evolution but this aspect is 
somewhat ignored, as most researches are largely restricted to the investigation of sedimentary 
facies patterns, tectono-stratigraphic evidence and magmatic events of the southern SSZ 
(Berberian and King, 1981; Ghasemi and Talbot, 2006; Bea et al., 2011; Alirezaei and 
Hassanzadeh, 2012; Sheikholeslami, 2016).  
    This study focuses on the mineralogy and thermobarometry of regional metamorphic rocks 
(Rutchun, Abshur, and Sargaz complexes) from the southern SSZ. These new data allow us to 
construct a geodynamic scenario of SSZ to Neotethys subduction during Eo-cimmerian 
orogeny. 
 
Materials and Methods 
 
In this contribution, we investigate mineral chemistry and thermobarometry as a tool to 
constrain the paleotectonic setting of regional metamorphic rocks from the south SSZ. We 
integrate field investigations with laboratory work through mineral chemistry. Mineral 
chemical compositions were obtained using a Cameca SX100 electron microprobe at the 
Mineral Processes Research Center, Iran (Karaj). Operating conditions were 15 kV and 15 
nA beam current in full WDS mode. Mineral compositions were determined relative to natural 
and synthetic standards. Spot sizes varied in the 1-10 μm range, depending on the analysed 
phases. Mineral structural formulae were calculated through the software CalcMin_3.2 
(Brandelik, 2009). Representative electron microprobe analyses (EMPA) and chemical 
formulas of minerals are reported in Table 1. Mineral abbreviations follow Whitney and 
Evans (2010).  
 
Regional Geology 
 
The general history of Eurasia and Gondwanaland from Permian to recent times is defined by 
the rifting and drifting of continental fragments from the northern margin of Gondwana land 
and their accretion to the southern margin of Eurasia (Hassanzadeh and Wernicke, 2016). A 
more subtle, early example to the west is the Cimmerian “continental ribbon,” now represented 
by the various continental blocks north of the main Zagros thrust (MZT). Cimmeria is generally 
thought to have separated from Gondwanaland in the Permian, forming the Neotethys Ocean 
(Sengör, 1979). Most of the debates about the formation, evolution, and ultimate closure of the 
Neotethys Ocean, therefore, focused on the geological details of both the ophiolites and the 
intervening continental elements in Iran. 
   The SSZ zone considered one of the Cimmerian blocks is located in the southwestern part of 
Central Iran and is separated from the Zagros fold-and-thrust belt by the Main Zagros reverse 
fault (Fig. 1a). The SSZ extends over 1500 km, from the Sabzevaran fault at its southeastern 
segment to as far as the Iranian-Turkish border in the northwest, with a width of 150–200 km 
(Fig. 1a; Moix et al., 2008). This zone largely consists of Paleozoic–Mesozoic metamorphic 
rocks invaded by several types of mainly Mesozoic–Cenozoic intrusions (Rachidnejad-Omran 
et al., 2002; Ghasemi & Talbot, 2006; Arvin et al., 2007; Sheikholeslami et al., 2008; Fazlnia 
et al., 2013). 
    The SSZ is divided at the latitude of Golpayegan into a northern and southern portion with 
different features (Eftekharnezhad, 1981). The northern SSZ was only affected by an intra-
continental rift filled with thick Triassic–Jurassic deposits (Ghasemi & Tallbot, 2006; Azizi et 
al., 2018; Azizi & Stern, 2019), whereas the southern SSZ was separated from central Iran along 
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the Nain–Baft Ocean by the Triassic onwards (Ghasemi & Tallbot, 2006; Agard et al., 2011). 
Both, however, were separated from the Arabian Plate by the opening of Neotethys since the 
Early Permian.  Inversion of the oceanic basin began in the southern SSZ during the Late 
Jurassic–Early Cretaceous (Eo-cimmerian event), whereas in the northern part of the SSZ 
compressional deformation started during Cretaceous times. 
    Based on protolith characteristics and grade and age of metamorphism several metamorphic 
complexes such as Rutchun, Abshur, Sargaz, Khabr, Golgohar, and Qori are identified in the 
southern SSZ (Fig. 1b; c, Sabzehi et al., 1993; Sheikholeslami, 2002; Sheikholeslami et al., 
2008; Fazlnia et al., 2009). These metamorphic complexes are unconformably overlain by 
metamorphosed to non-metamorphosed syn-orogenic turbiditic deposits of Triassic and 
Jurassic ages and by Jurassic volcanic rock (Nazemzadeh et al., 1996, 1997; Monsef et al., 
2011; Sheikholeslami, 2015). The study area of this research is situated in the southern part of 
the SSZ, South of Sirjan Hajiabad (Fig. 1c), and contains outcrops of Rutchun, Abshur, and 
Sargaz metamorphic complexes.  
    Characteristics of different rock units and their stratigraphic relationships combined with 
evidence from magmatic and metamorphic events in the southern SSZ resulted in the 
identification of several tectono-stratigraphic units that record successive steps of an orogenic 
cycle which involved the opening and closure of the Neotethys Ocean (Sheikholeslami, 
2015). 
 

 
Figure 1. a- Location of the Sanandaj-Sirjan zone in Iran. b- Simplified geological map of the southern 
part of the Sanandaj-Sirjan zone. Modified after Hushmandzadeh et al. (1990); Sabzehei et al. (1992, 
1993); and Sheikholeslami (2015). c- Simplified geological and structural map of the study area. 
Modified after Nazemzadeh et al., (1996, 1997) 
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    Evidence of intraplate extension, seafloor spreading, and subduction initiation to the 
collision are observed in these units.   
    According to the field observations, Sabzehei (1996); Nazemzadeh et al., (1996) and 
Sheikholeslami (2015) subdivided metamorphic rocks from the south of the Sirjan area into 
five groups. Metamorphic rocks of group III of this classification that contains investigated 
metamorphic rocks are cropped out in the NW Vakilabad and SE Baghat regions (Fig. 1c). 
There are fossils as old as Giventian stage (Middle Devonian) in the less deformed calcschists 
of group III around the Khabr area (Nazemzadeh et al., 1997). Accordingly, Devonian volcano-
sedimentary precursor succession has been metamorphosed to produce the investigated regional 
metamorphic rocks during Eo-cimmerian orogeny (Fatehi & Ahmadipuor, 2017a).   
 
Table 1. Representative of electron microprobe analyses and chemical formulae of minerals in the 
investigated metamorphic rocks 
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Table 1. Continued 

 
 
Field observations 
 
There are extensive outcrops of Abshur, Sargaz, and Rutchun metamorphic complexes in the 
NW of Vakilabad (West Urzuyieh) that will discuss their field relations and macroscopic 
characteristics in this section. The general trends of these complexes are E-W and moderately 
dipping toward N-NW. contact boundary between these metamorphic complexes is 
characterized by a gradational border. Abshur complex is mainly composed of marble with 
intercalations of metapelites, forming the north Vakilabad Mountains (Fig. 2a). This complex 
is underlain by amphibolites of the Sargaz complex (Fig. 2a). These Grt-free amphibolites 
macroscopically show massive and foliated fabric. The felsic aggregation that composed of 
plagiogranite found within these amphibolites (enlarged part of Fig. 2a). Based on field 
documents, Sargaz amphibolites have a magmatic origin (orthoamphibolite). The Rutchun 
complex constructed the mountains of NW Vakilabad region. This complex mostly consists of 
calcschist (calcsilicate) intercalated with marble, metapelite, and Amp-schist (Fig. 2b). Spotted 
appearance that consists of coarse garnet that is attributed to the solution of carbonate 
groundmass is visible in the calcschists of Rutchun complex (Fig. 2c). Metapelite intercalations 
display penetrative schistosity. Garnet along with biotite porphyroblasts are visible in this unit 
(Fig. 2d).  
 
Petrography 
 
Plagioclase and amphibole are rock-forming minerals of Sargaz amphibolites (Fig. 3a).  
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Figure 2. a- Landscape view of Abshur (marble and metapelite) and Sargaz (amphibolite) from the north 
of Vakilabad. b- Rutchun complex mainly consists of a calcschist that is associated with intercalations 
of marble, metapelite, and Amp-schist in the north of Vakilabad. c- A close-up view of the calcschist 
from the Rutchun complex that dot-like symbols of garnet are easy to see. d- Metapelite unite of Rutchun 
complex that displays garnet and biotite porphyroblasts 
 
    Accessory minerals consist of quartz, sphene, and ilmenite. Secondary biotite and chlorite 
are the products of amphibole breakdown. Foliated calcsilicates of the Rutshun complex contain 
carbonate, garnet, quartz, alkali feldspar, biotite, and muscovite as the main rock-forming 
minerals. Garnet and biotite developed as porphyroblast. Favorably aligned muscovite and 
biotite define schistosity (Fig. 3b). External schistosity is slightly wrapped around garnet 
porphyroblasts (Fig. 3c) indicating crystallization occurs during or prior to the development of 
schistosity. Crenulation foliation (S2) is developed as a result of S1 folding in some calcschists. 
Amp-schists contain the main mineral of oriented amphibole and muscovite, quartz, and 
feldspar (Fig. 3d). Chlorite replacing amphiboles during retrograde metamorphism. Sphene, 
rutile, and tourmaline are accessory minerals in the Amp-schists. Quartz, muscovite, and biotite 
are rock-forming minerals of metapelitic samples. Staurolite, garnet, and kyanite appeared as 
the index minerals (Figs. 3e, f). Schistosity is defined by aligned muscovite and biotite. Chlorite 
replacing biotite porphyroblasts during retrograde metamorphism. Bt-fish fabric indicating 
crystallization occurs prior to the schistosity development. Rutile is an important accessory 
mineral of schists that is partially replaced by sphene. 
 
Mineral chemistry 
 
Garnet 
 
Representative garnet analyses are presented in Table 1. The investigated garnets belong to the 
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solid solution series of almandine (55-64%)-spessartine (4-7%)- grossular (14-32%)-pyrope (3-
15%). The garnet of calcschist samples is more enriched in grossular constituents as compared 
to the ones of the Ky-Grt schist sample. All analyzed garnets contain more values of spessartine 
constituent in the core to the rim, indicating their crystallization occurs during prograde 
metamorphism.  
 
Muscovite 
 
Si cation of the investigated muscovites varies from 6.09 to 6.43. Muscovites in calcschists 
have lower values of Al and higher contents of Mg and Ti in comparison to ones of other 
samples.  
 
Biotite 
 
The investigated biotites have Fe# (Fe/Fe+Mg) ranging from 35 to 50. Biotite of calcschist 
samples shows more Ti contents and lesser Mg contents than one of the Ky-Grt schist samples.  
 
Epidote 
 
Epidotes in Amp schist have Fe3+ content spanning from 9.11 to 10.14%, with pistacite contents 
(Xps= Fe3+/Al+Fe3+) ranging from 19 to 21.   
 
Chlorite 
 
The investigated chlorite in Amp schist and Ky-Grt schist have similar composition. They are 
relatively enriched in Mg with Mg# (Mg/Fe+Mg) varying from 58 to 60.   
 

  
Figure 3. Mineralogy and microtexture of the studied samples at the thin section scale. a- Amphibolite 
with clinopyroxene and plagioclase as rock-forming minerals (Plane polarized light). b- Calcschist 
foliation is defined by the parallel alignment of biotite, muscovite, and calcite (Plane polarized light). c- 
Coarse porphyroblast of syn-to pre tectonic garnet in calcshist (Plane polarized light). d- Aligned 
amphibole and muscovite plus quartz are rock-forming minerals of an amphibole-schist sample (Plane 
polarized light). e- Staurolite schist showing biotite and quartz as a rock-forming minerals that are 
associated with the index minerals of staurolite. F- Kyanite-garnet schist with index minerals of kyanite 
and garnet 
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Thermobarometry 
 
The P-T conditions of regional metamorphic rocks from the southern SSZ were constrained 
using inverse thermobarometry. This includes several conventional (single-reaction) and multi-
equilibrium thermobarometry. Conventional thermobarometers that were used in this research 
are recalibrated ones or devised recently. The obtained results are shown in Fig. 4. 
    Most conventional thermobarometry methods have not been calibrated for Ca-rich 
compositions. Hence, the P-T conditions of calcschist are evaluated only by THERMOCALC 
software because its compositional range is beyond the application of conventional 
geothermobarometry.  
 
Multi-equilibrium thermobarometry 
 
The multi-equilibrium thermobarometry was achieved as well through the average P-T 
calculation mode option of THERMOCALC version 3.26 (Powell and Holland, 1994; Powell 
and Holland, 2008), considering mineral data activities calculated by the AX program enclosed 
in the THERMOCALC package. For average pressure and temperature estimates, only 
calculations showing a statistical consistency expressed by the “sigfit” parameter were 
considered. H2O activity for Ky-Grt schist and a calcareous sample is considered 1 and 0.5, 
respectively.  
 

 
Figure 4. Results from conventional and multi-equilibrium (as obtained from the THERMOCALC software) 
thermobarometry applied to the calcschist (Orz11) and Ky-Grt schist (Orz10) samples. Representative 
average P-T results are shown with error quoted at 1σ level. Metamorphic facies boundaries are after Bucher 
& Grapes (2002). The grid showing granite wet solidus and Ms-dehydration melting are after Thompson 
(1996). Key to symbols: Ab: albite, Als: aluminosilicate, And: andalusite, Ep:epidote, Kfs: K- feldspar, Ky: 
kyanite, Hbl: hornblende, Ms: muscovite, Sil: sillimanite, Qz: quartz, Px: pyroxene, B: biotite thermometry 
(Wu & Chen, 2015), G: garnet barometry (Wu, 2019), GBAQ: garnet-biotite-aluminosilicate-quartz 
barometry (Wu, 2017), GMAQ: garnet-muscovite-aluminosilicate-quartz barometry (Wu, 2018), GB: 
garnet-biotite thermometry (Wu and Chen, 2006), GM: garnet-muscovite thermometry (Wu and Zhao, 
2006), TC: THERMOCALC (Powell & Holland, 1994; Powell & Holland, 2008) 
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Ky-Grt schist 
 
Microscopic observations indicate garnet, muscovite, biotite, and kyanite have been the mineral 
assemblage of the peak metamorphic stage in the Ky-Grt schist sample. By running 
THERMOCALC, this equilibrium assemblage yields average P-T conditions of 8±1.9 kb and 
643±91 °C.  
 
Calcschist 
 
Garnet, calcite, muscovite, biotite, and feldspar have been considered stable paragenesis of 
metamorphic climax. The average P-T calculated by THERMOCALC is 9.6±2.2 kb and 
645±45 °C.  
 
Conventional thermobarometers 
 
Garnet-biotite thermometry 
 
The Fe-Mg exchange between garnet and biotite is strongly temperature dependent and 
therefore is widely used as a geothermometer. This geothermometer is the most widely used 
thermometer for estimating the T of equilibration of medium-grade pelitic metamorphic rocks 
(Holdaway, 2000). The cation exchange reaction can be expressed as: 
Mg3Al2Si3O12+KFe3AlSi3O10(OH)2 = Fe3Al2Si3O12+KMg3KAlSi3O10 (OH)2  
    Geoscientists presented more than 32 various calibrations for this thermometer (Wu and 
Cheng, 2006). Recalibration of mutually consistent garnet–biotite that was revised by 
Holdaway (2000) is one of the most valid and reliable of this kind of thermometer. Application 
of this calibration yields temperatures of 560 to 612 °C for the investigated Ky-Grt schist.  
 
Garnet-muscovite thermometry 
 
Muscovite is a ubiquitous mineral in greenschist- to amphibolite facies metapelites, thus 
making the garnet–muscovite (GM) geothermometer very important in determining the 
metamorphic P–T conditions of metapelitic rocks. According to the garnet–muscovite 
geothermometer that refined by Wu and Zhao (2006), the temperature estimates range from 659 
to 664 °C for the investigated Ky-Grt schist. 
 
Biotite thermometry 
 
The concentration of Ti in biotite has long been considered to be a function primarily of 
changing temperature conditions in metamorphic rocks and has been suggested as a potential 
geothermometer (Henry et al., 2005). Wu and Cheng (2015) using more than 300 natural rutile 
or ilmenite-bearing metapelites, a revised Ti in biotite thermometry designed based on 
formulation was experimentally calibrated. Using this revised thermometry results in 
temperature from 504 to 536 °C for the investigated Ky-Grt schist. 
 
Garnet-Muscovite-Al2SiO5-Quartz (GMAQ) geobarometry 
 
Wu (2018) designed six formulations for the Garnet-Muscovite-Al2SiO5-Quartz (GMAQ) 
calibration to estimate P-T conditions of metapelites involving muscovite without plagioclase. 
According to this calibration, a pressure of 6.59 to 7.35 kb was obtained for the investigated 
Ky-Grt schist.  
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Garnet-Biotite-Al2SiO5-Quartz (GMAQ) geobarometry 
 
Most of the popular geobarometers applicable to metapelites require chemical compositions of 
both garnet and plagioclase to be accurately determined. However, many metapelites are CaO 
deficient, so plagioclase is absent from many metapelites, and such geobarometers cannot be 
applied to these metapelites. All these necessitated Wu (2017) to calibrate a new geobarometer 
applicable to metapelitic assemblages devoid of plagioclase and, naturally, apply to the broad 
ranges of P–T and chemical compositions of the minerals involved. GBAQ formulation yielded 
pressure estimates within 6.94 to 7.22 kb for the Ky-Grt schist sample. 
 
Garnet geobarometry 
 
In many metapelitic assemblages, plagioclase is either CaO-deficient or even absent. In such 
cases, all the widely applied, well-calibrated plagioclase-related geobarometers lose their usage. 
Hence, Wu (2019) inferred that the net-transfer reaction including intracrystalline Fe2+–Ca2+ 
exchange in garnet is pressure-sensitive and thus can be calibrated as a geobarometer. Based 
on this geobarometer we found pressure ranges from 7.72 to 7.88 kb for metamorphic 
conditions of the investigated Ky-Grt schist.  
    According to the petrogenetic grids that are defined for metabasite compositions (Liu et al., 
1996; Nagel et al., 2012), the minimum pressure for the garnet appearance is 8 kb. So, the 
inferred pressures derived from different barometers are in line with the absence of garnet in 
the investigated amphibolites.  
 
Discussion 
 
Eo-cimmerian orogeny is predominantly characterized by metamorphism, continental collision, 
and subsequent granitization in central Iran (Bagheri and Stampfli, 2008; Zanchi et al., 2009a; 
2015), NE Iran (Karimpour et al., 2010; Zanchetta et al., 2013) and the western Alborz (Zanchi 
et al., 2009b; Razaghi et al., 2018) regions. But this orogeny has resulted in Neotethys 
subduction initiation and its subsequent metamorphism, magmatism, and thickening events in 
the active continental margin of the SSZ during the Jurassic (Wilmsen et al., 2009; 
Sheikholeslami, 2015; Hassanzadeh and Wernick, 2016).   
    SSZ represents the “core zone” or “metamorphic core” of the Arabia-Eurasia collision zone 
(Mohajjel and Fergusson, 2014; Hassanzadeh and Wernicke, 2016). Hence, SSZ inquiry plays 
a critical role in the evolution and deciphering of the Arabia-Eurasia collisional events, 
nevertheless, its metamorphic history is poorly known (Hassanzadeh and Wernicke, 2016). 
Most of the SSZ has been underwent polymetamorphic sequence that overprinted by contact 
metamorphism as a result of intrusion emplacement (Berberian and King, 1981; Hassandzadeh 
and Wernicke, 2016; Monfaredi et al., 2020; Shakerardakani et al., 2022). Furthermore, the 
distribution of metamorphic rocks is relatively sparse and discontinuous in this zone, and much 
of the metamorphism predates the Arabia-Eurasia collision by 100 My or more (Hassandzadeh 
and Wernicke, 2016).  
    The occurrence of various geodynamic conditions of the Neotethys subduction zone and its 
resultant diversity of continental active margin, have probably led to distinct metamorphic 
gradients in different pieces of the Sanandaj-Sirjan zone. The predominance of these various 
geodynamic conditions have also been revealed in a back-arc setting. Neotethys subduction 
beneath the southern SSZ resulted in the birth of the Nain-Baft back-arc basin while it is 
associated with an aborted rift as old as Triassic to Jurassic that was filled by sedimentary and 
magmatic rocks, in the northern SSZ (Ghasemi and Tallbot, 2006; Arefnia and Shahriari, 2009; 
Azizi et al., 2018; Azizi and Stern, 2019). 
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    Metamorphic rocks include the widespread Late Triassic to Early Jurassic Hamadan 
phyllites, interpreted as back-arc deposits and considered a lateral facies variation from the 
Songor-Kangavar volcanic arc series (Braud and Bellon, 1974). The emplacement of Jurassic 
calc-alkaline intrusions like Alvand batholith into the Hamadan phyllites resulted in a contact 
metamorphism event encompassing Hornfels and various spotted foliated rocks, that has been 
followed by a low-pressure high-temperature regional metamorphism (Abukuma type 
metamorphism) or low P/T series during Cretaceous (Baharifar et al., 2004; Sepahi et al., 2004; 
Agard et al., 2005; Sepahi et al., 2009; Monfaredi et al., 2020). 
    Shakerardakani et al., (2022) reported a sequential metamorphic evolution in the central SSZ 
(Dorud–Azna complex) during a Wilson cycle. They proposed that the late Carboniferous high-
T/low-P orogenic and late Jurassic amphibolite-grade metamorphic events of the central SSZ 
reflect various stages of a Wilson cycle, from rifting to subduction initiation in final plate 
collision. 
    Eclogite facies rocks as old as 184 Ma have been reported from central SSZ around the Shahr-
e-Kord region (Davoudian et al., 2008, 2016). These eclogites predate approximately 100 Ma 
compared to Zagros blueschists (Agard et al., 2006). Alternatively, Shahr-e-Kord eclogites are 
associated with paragneisses while Zagros blueschists display an intimate association with 
serpentinites. Hence, Shahr-e-Kord eclogites have been considered the outer edge of the central 
Iran block that experienced tectonic erosion and ensuing subduction zone metamorphism during 
Neotethys subduction initiation in early Jurassic time (Fig. 5a) (Davoudian et al., 2016, Jamali 
Ashtianai et al., 2020).   
    Regional metamorphic rocks of NE Neyriz (Qori complex) consist mostly of migmatitic 
amphibolite, marble, and Ky schist that have undergone partial melting under conditions of 
medium P/T metamorphic gradient during Jurassic. This metamorphic episode is attributed to 
the Neotethys subduction-induced crustal thickening during Eo-cimmerian orogeny 
(Sheikholeslami et al., 2008; Fazlnia et al., 2009). 
    Based on thermobarometry results discussed in the previous section, the average geothermal 
gradient of the southern SSZ from 20 to 25 °C/km is obtained, in accordance with other 
metamorphic complexes from Gole Gohar (Fatehi and Ahmadipour, 2017b), Neyriz (Fazlnia et 
al., 2009) and Dorud-Azna (Shakerardakani et al., 2022) regions of the SSZ. Sillimanite and 
cordierite absence along with the occurrence of kyanite and staurolite in the investigated 
regional metamorphic rocks are in line with the metamorphic gradient of medium P/T. Such 
metamorphic gradients are dominant in continental collision or continental active margin 
environments (Bucher and Grapes, 2011). Although there is some variation, the consensus is 
that SSZ became an active margin associated with an accretionary prism after the Late Triassic 
(Mohajjel et al., 2003; Sheikholeslami et al., 2008; Agard et al., 2011; Mohajjel and Fergusson, 
2014; Hassanzadeh and Wernick, 2016; Sheikholeslami, 2016). 
    Crustal thickening that is associated with the intrusion of mafic magma in the tectonic setting 
of continental active margin can elevate geotherms to temperatures high enough for medium 
P/T metamorphism to occur. Neither mafic nor intermediate-felsic intrusions are found in the 
study area of southern SSZ. Hence a shortening event in the continental crust was responsible 
for the increase in the geothermal gradient rather than magmatic activity. Therefore, the 
investigated medium P/T regional metamorphic rocks from the southern SSZ can be derived 
from crustal materials of a continental margin that underwent thickening as a result of Neotethys 
subduction underneath the Sanandaj-Sirjan zone. 
    The juxtaposition of blueschist facies rocks around the Hajiabad region at the rear of the Zagros 
suture (Agard et al., 2006; Angiboust et al., 2016; Ahmadvand et al., 2021) with the studied 
Barrovian- type assemblages is reminiscent of a paired metamorphic belt (Miyashiro, 1961; 
Brown, 2010). The high P/T facies series typically develops along the outer paired belt or within 
a trench, and the medium or low P/T series develop along the inner belt or magmatic arc (Fig 5b). 
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Figure 5. Schematic reconstruction of the geodynamic evolution of the SSZ during Jurassic (source of 
data and readapted after Agard et al., 2006, Davoudian et al., 2016; Hassanzade & Wernicke, 2016; 
Sheikholeslami, 2015; 2016; Jamali Ashtiani et al., 2020. (a) Subduction initiation and tectonic erosion 
led to the formation of Shahr-e-Kord eclogites and paragneisses. (b) Development of the high P/T 
(Zagros blueschists) and medium P/T (southern Sanandaj-Sirjan metamorphic rocks) facies series within 
trench, and along the inner belt, respectively (not to scale, location of structures is only indicative). CI: 
Central Iran, SSZ: Sanandaj-Sirjan, SSSZ: Southern Sanandaj-Sirjan zone 
 
Conclusions 
 
Based on field, mineralogy, and thermobarometry results as derived from the regional 
metamorphic rocks in the southern SSZ, the major outcomes of the research can be summarised 
as follows: 
     Mineralogical documents such as the occurrence of kyanite and staurolite and the absence 
of andalusite and cordierite in the regional metamorphic rocks from the southern SSZ are 
compatible with the typical medium P/T metamorphic gradient of orogenic setting. 
     According to the thermobarometry results, the dominant geothermal gradient has been 20 to 
25 °C/km during regional metamorphism. This geothermal gradient is following pressure and 
temperature conditions of the tectonic setting of an active continental margin.   
     The investigated medium P/T regional metamorphic rocks are reminiscent of crustal 
material of active continental crust that has underwent Jurassic thickening event in the 
Neotethys subduction initiation during Eo-cimmerian orogeny. 
     Medium P/T regional metamorphic rocks of southern SSZ in combination with adjoining 
high P/T metamorphic rock, depict a typical paired metamorphic belt that developed during 
Zagros orogeny.  
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