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1- Introduction

The study area belongs to the SE part of the Sanandaj-Sirjan zone (SaSZ) in Iran, a long (approximately
1200 km) narrow zone primarily comprising regional metamorphic rocks intruded by Mesozoic plutonic
rocks (Stdcklin, 1968; Hassanzadeh and Wernicke, 2016). The Qori complex mainly consists of basic rocks,
metacarbonate, metabasites, and metapelites formed during metamorphic events associated with the
subduction of the Neotethys oceanic crust beneath the Iranian micro-plate during the Jurassic period
(Fazlnia et al., 2009; Sheikholeslami, 2015). The complex has endured at least two regional metamorphic
events: (1) Barrovian-type metamorphism at 187 to 180 Ma, contemporaneous with orogeny related to the
thickening of the continental crust, and (2) a high T-modetare P event at approximately 147 Ma associated
with subduction at the active continental margin of the Sanandaj-Sirjan zone (Sheikholeslami et al., 2008;
Fazlnia et al., 2009).

In this research, we investigate the metamorphic evolution of the Qori complex by calculating
thermodynamic phase diagrams. This study aims to complement previous research and provide researchers
with a broader understanding of the thermodynamic conditions of the metamorphic events related to the
tectonic evolution of the southern SaSZ.

2- Material and methods

Fifty metabasic samples from the Qori metamorphic complex were systematically collected and studied
using a polarizing microscope. Five fresh samples were selected for whole-rock geochemistry analysis. The
samples were analyzed using a Philips PW1480 X-ray fluorescence (XRF) instrument at the laboratory of
Kiel University, Germany. The results are available in Table 1.

3- Results and discussions

3-1- Petrography

The samples exhibit a nematoblastic texture partly replaced by a granoblastic texture with increasing
metamorphic grade. The assemblage hornblende + plagioclase + garnet + clinopyroxene + quartz + titanite
represents the peak metamorphic condition (lower granulite facies) in the studied metabasites. Conversely,
the assemblage actinolite + zoisite + plagioclase + chlorite + epidote + quartz + titanite represents the lower
limit of metamorphic conditions (green schist facies). In intermediate conditions (amphibolite facies), the
assemblage hornblende + actinolite + garnet + plagioclase + quartz formed.

3-2- Geochemistry
Low SiO; (46 to 50 wt%), moderate Al.O3 (14 to 17 wt%), and high FeOt (10 to 13 wt%), CaO (8 to 12
wit%) and MgO (3 to 11 wt%) of the samples are consistent with a basic igneous protolith (Fig. 4).

3-3- Phase diagram modelling
A pseudosection phase diagram was calculated by Theriak/Domino software (de Capitani, 2010) version
2018 for the AF-71 sample in the NCFMASHO (Na;0O-CaO-FeO-MgO-Al,03-Si0O,-H,0-0O2) chemical
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system (Fig. 5). Solid solution models include GARNET (White et al., 2007) for garnet, CHLR (Holland
et al., 1998) for chlorite, OMPH for clinopyroxene (Green et al., 2007), OPX for orthopyroxene (White et
al., 2002) and LIQtc (White et al. 2007) for the melt. The fluid was considered as pure water and excess in
the calculations. The diagram show that the peak P-T assemblage is stable at 640 to 750 C° and 6.5 to 10
kbar. In higher P-T, partial melting occurs and form the migmatites that is consistent with results of Fazinia
etal. (2017).

A temperature versus Mg# (MgO/MgO+FeO) phase diagram (T-Mg#) in 7 kbar pressure (Fig. 7)
indicates that the assemblage plagioclase + garnet + clinopyroxene + amphibole is stable in Mg# values
range 0.01-0.5, which is consistent with the Mg# of the samples (0.2 — 0.5). Moreover, a temperature versus
water activity (T-aH20) phase diagram in constant pressure of 7 kbar (Fig. 8) reveals that the assemblage
plagioclase + garnet + clinopyroxene + amphibole requires more water activity for stability in higher
temperatures. At temperatures 640 to 750 C° (the peak condition), water activity passes 0.4, showing that
CO; could also be effective in the formation of the mineral assemblage in peak metamorphic conditions in
the Qori complex.

4- Conclusion
The results of the present study are summarized as follow:

- The metabasites of the Qori metamorphic complex have different mineral assemblages representing
metamorphism from the upper green schist facies to the lower granulite facies.

- Inthe peak of metamorphism (granulite facies), the assemblage hornblende + plagioclase + garnet
+ clinopyroxene + quartz + titanite minerals formed.

- The chemical compositions of these rocks show that they formed form metamorphism of a basic
rock with a higher FeO content than MgO that is characteristics for ocean floor tholeiitic basalts.

- The calculated phase pseudosections a sample indicates that the peak condition obtained at 640 to
750 C° and 6.5 to 10 kbar, consistent with results of the other studies in the area.

- According to the other calculated phase diagrams (Mg# — T and aH20 — T), the high FeO content
of the protolith and low CO2 content of the metamorphic fluid were influential in the formation
and stability of the granulite facies assemblage.
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Fig. 3. Photomicrographs of meta-basits from the Qori metamorphic complex. (a) and (b) Nematoblastc fabric resulted
from the orientation of the hornblende crystals, (c) and (d) Granoblastic fabric in the high-grade samples, (e) The
mineral assemblage actinolite + garnet in the amphibolite facies samples, and (f) Formation of corona fabric due to

reaction between the hornblendes and garnets. Mineral abbreviations are Act: actinolite, Cpx: clinopyroxene, Hbl:
hornblende, Grt: garnet, Mag: magnetite, Qz: quartz, Ttn: titanite, Zo: zoisite (Whitney and Evans, 2010).
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Table 1. Chemical compositions of metabasits from the Qori complex

Sample No. AF-X-17  AF-31 AF-38 AF-66 AF-114-b AF-71 AF-140-f
Rock type Amph Amph Amph Amph Amph Amph Amph
SiO: 46.42 45.88 50.29 50.19 57.57 49.29 40.89
TiO2 1.92 0.46 2.10 3.01 1.30 1.61 4.36
AlOs3 17.43 14.34 14.25 15.56 14.11 15.07 15.81
FeO* 10.55 10.12 11.13 12.52 7.66 13.67 17.33
MgO 4.98 11.53 5.53 3.37 4,75 6.59 6.25
MnO 0.16 0.17 0.18 0.43 0.10 0.26 0.38
CaO 10.70 12.27 9.89 8.28 9.09 9.46 9.69
Na20 3.31 1.70 3.12 2.29 2.03 2.24 1.13
K20 0.52 0.49 0.68 1.14 0.80 0.68 0.42
P20s 0.35 0.03 0.27 0.64 0.22 0.17 0.59
Total 97.69 98.28 98.83 97.43 98.61 99.13 96.85
LOI 2.79 2.56 1.16 0.94 1.68 0.96 1.75

C F
(J55he 2,0 ;0 aen A = Al203- (Na20 + K20), C= CaO- (3.3xP20s) and F= MgO + MnO + FeOt) ACF jlsges -F IS
(Winter, 2013; Barton et al., 2018) 5,58 555,50 acgamo | oy 350 (555,50 laKiw HoleKiw (s g
Fig. 4. The ACF diagram (A = Al;Os - (Na;0 + K;0), C= CaO- (3.3xP,0s) and F= MgO + MnO + FeOt), all in

molecular proportions) for determining protolith of the studied rocks from the Qori metamorphic complex (Barton et
al., 2018).
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Fig. 5. Phase diagram pseudosections calculated for the Af-17 sample. The blue field contains the
mineral assemblage observed in the peak metamorphic condition and the gray filed contains the lowest
metamorphism grade of the studied samples. The arrow show the path of metamorphism. Mineral
abbreviations are Amp: amphibole, Chl: chlorite, Cpx: clinopyroxene, Ep: epidote, Opx: orthopyroxene,

Qz: quartz, Zo: zoisite (Whitney and Evans, 2010).
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process of the Qori complex metabasites. The mineral abbreviations are as in Fig. 5.
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Fig. 7. T-Mg# (MgO/MgO+FeQ) phase diagram in constant pressure of 7 kbar for the AF-71 sample. The blue colored
field contains the mineral assemblage observed in the peak metamorphic condition of the studied samples. The arrow
show the path of metamorphism. The mineral abbreviations are as in Fig. 5.
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