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Introduction

Granites are one of the most abundant rock groups formed the
continental crust, and are considered for investigating the temperature
conditions of their formation and metamorphism. Thus, they are a unique
window to magmatism and tectonic evolution of the earth. The S-type
granites are considered to be the result of crustal shearing in collision zones
in the course of orogenic processes and high degrees of metamorphism
(von Huene and Scholl, 1991; Brown, 2013; Hu et al., 2018). The granite
might be affected and change into metagranite by further metamorphic
deformations in the orogenic zones during or following the magma
crystallization and emplacement of granitic melts in the continental crust.
The mineralogical and textural characteristics of metagranites have a key
role in understanding tectonic events and metamorphic temperature
conditions and provide valuable information regarding the geological
processes and Paleozoic tectonic events in the northern part of the Central-
East Iranian microcontinent (CEIM).

The main goal of the present paper is to investigate the high
temperature-pressure metamorphism and deformation related to the of
closure the Proto-Tethys oceanic crust and the opening of Paleo-Tethys
oceanic crust in the north of the Central-East Iranian microcontinent, based
on the petrography and mineral chemistry of Airakan metagranite.

Geological Background

(Raumer et al., 2015; Rossetti et al., 2015). Following

In late Ediacaran, the Proto-Tethys Ocean several metamorphic events, the Proto-Tethys Ocean
between Proto-Gandwana and Proto-Laurasia opened closure occurred at late Ordovician to early
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Carboniferous, and led the Precambrian terrains of
Iran to collide and re-joint to form the Gondwana
supercontinent (Raumer et al., 2015; Rossetti et al.,
2015; Moghadam et al., 2017).

Iran is a part of the western lands of the
Gondwana supercontinent, moved to Eurasia in the
early Permian-Triassic and following the Cimmerian
orogeny, and then, with the Alpine-Himalayan
orogeny event, until now, it has undergone several
complex metamorphic, igneous, and tectonic
processes, and various structural and geological zones
have emerged in the land of Iran.

Central-East Iranian microcontinent is composed of
four main Pan-African continental plates, including
(from east to west) Lut block, Tabas block, Posht-
Badam block, and Yazd block. Airakan granite is a
deformed and fractured Ordovician granite, exposed
among the Miocene Upper Red Formation to the
north of the Khor area in Yazd block (Northeastern
Isfahan Province, Central Iran) (Shirdashtzadeh et al.,
2018). The overall textural and mineralogical
characteristics of the study granite point to its
deformed/metamorphosed  following  the  post
magmatic metamorphic processes at sub-solidus
temperatures  (Bagheri and  Stampfli, 2008;
Shirdashtzadeh et al., 2018). U-Pb zircon dating
(Shirdashtzadeh et al., 2018), revealed the Ordovician
age (487.6 Ma) for the Airakan granite. The
occurrence of Ordovician magmatism has also been
reported in the other parts of the Gondwanan
continental crust of Iran, Pakistan, and Tibet (e.g., Hu
et al., 2015; Moghadam and Stern 2015; Naeem et al.,
2016; Moghadam et al., 2018; Khodami et al., 2022;
Samadi et al., 2022).

Analytical Methods

Following the microscopic observations, the
selected thin sections were used for electron
microprobe analysis of minerals using a JEOL
JXAB8B00R device at an accelerating voltage of 15 kV
and a current beam of 15 nanoamperes at Kanazawa
University, Japan.

Discussion
A) High P-T Metamorphism related to Proto-Tethys Ocean
closure

Thermobarometry data based on the mineral
chemistry (and the whole rock composition) indicate
that the Airakan S-type granite was a result of
greywacke anatectic melting, due to an Ordovician

HPT metamorphism. This HPT metamorphism has
occurred during the closure of Proto-Tethys Ocean.
Consequently, collision between the Gondwana and
Eurasia supercontinents has resulted in the continental
crust thickening and anatectic melting. Similarly,
several Ordovician anatectic S-type granites are
reported from China (Hu et al.,, 2015), Pakistan
(Naeem et al.,, 2016), and Central Iran (e.g.,
Moghadam et al., 2018; Khodami et al., 2022; Samadi
etal., 2022).

B) Metamorphic deformation related to Paleo-Tethys
Ocean Opening

A metamorphic deformation caused by the
opening of Paleo-Tethys Ocean in late Ordovician to
early Devonian-Carboniferous (Bagheri and Stampfli
2008) has recorded in the Airakan metagranite in the
north of CEIM. According to mica crystals
orientation, metamorphic deformations of quartz
(GBM recrystallization, subgrains formation and
elongation, as well as preferential orientation or
SSPO of quartz), and feldspars (formation of flame
perthite parallel to the maximum stress (cl),
myrmekitization,  tartan  texture and BLG
recrystallization around feldspars), in 382 Ma, the
Airakan granite has undergone a metamorphic
deformation at ~500 to 700 °C in a shear zone.

Conclusions

Geothermobarometry results based on the mineral
chemistry as well as the whole rock composition of
Airakan metagranite indicate that a high temperature-
pressure metamorphism has resulted in an anatexis
event (dehydration of mica) at temperature of ~817-
850°C. This event is consistent with the continental
collision and of ancient continental crust thickening
in the north of Yazd block during the closure of the
Proto-Tethys Ocean starting from Greece to Iran and
the Himalayas and, the Pan-African orogeny, from
the Precambrian to the beginning of Ordovician.

In addition, petrographic features (e.g., the flame
perthite, myrmekite, and recrystallization of quartz
and feldspars) show that Airakan granite has
undergone an approximately high-grade metamorphic
deformation in a deep shear zone at ~ 500-700 °C.
Based on previous geochronological data (382 Ma), it
was a consequence of Paleo-Tethys evolution in the
active continental margin of the southern Eurasia in
Upper Devonian.
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Figure 1. A) The structural map of Iran and the location of the Airakan region in the north of CEIM; B) Geological
map of the Airakan region (from Jandaqg 1:250,000 map, Geological Survey and Mineral Exploration of Iran, 1987).
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Table 1. Electron microscopic analysis (EPMA)
analysis data (in weight percentage) of quartz in Airakan
metagranite and the calculated structural formula based
on 2 oxygen atoms (in atom per formula unit).

Rock Type Granite

Sample No. GR4 GR4 GR4 GR8
Mineral Type Quartz  Quartz Quartz Quartz
Analytical Point 70 71 80 98
SiO2 99.47 99.55 99.93 99.85
TiO: 0.00 0.00 0.00 0.00
Al20s 0.00 0.00 0.00 0.00
FeO* 0.05 0.01 0.02 0.05
MnO 0.00 0.02 0.01 0.00
MgO 0.00 0.00 0.00 0.00
CaO 0.00 0.00 0.01 0.00
Na20 0.02 0.01 0.02 0.01
K20 0.01 0.01 0.01 0.01
Sum 99.55 99.59 99.99  99.92
Si 1.00 1.00 1.00 1.00
Aol 0.00 0.00 0.00 0.00
Ti 0.00 0.00 0.00 0.00
Fe* 0.00 0.00 0.00 0.00
Mn 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00
Ca 0.00 0.00 0.00 0.00
Na 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00
Sum 1.00 1.00 1.00 1.00

Reyre and Mohafez, ) ;s slo o,y ,o
1970; Romanko et al., 1979; Babakhani et al.,
Sision o b b eSS G eags (al (1987
Bagheri and ) Jaex sl g 6,80 ol ool 8 ee
b el ewsl S SO 1 cwsl,S ol 5 (Stampfli, 2008
Sleasilsy s S L oS wiladls (ighee coil,S
b oy Sgisidly G b gz (595,50 oSS
aiile) J e g oy o Lol so il o
5045 | cale «(Shirdashtzadeh et al. (2018)
9 oy Ay S0 S Sl ol anls S-type il S
oal Wy dilaie slacedln 0gd o 50 (Bloie;
Shirdashtzadeh et) sw iy o cw, p Lb 5 .Col
oS 25 02,81 lagise o yw —uilygl oo (@l 2018
993l B (SLok 525l (0 yelS oo Bakm0 s
5 Slice 6l (i Jlw Gaekes FI0 £ FAV/S
CilS onl B 814 SlapS 5 e Lol renl 1
5 sl ey Jlw ks OOF 5 #1F SVA DIA
e 50 sl e slacal F aileas) Ll olSiuls
bl S5l 5l ol o (Llga—u5 I
Shirdashtzadeh) asb délaie p polS - Sug39,55.2 9%

0 50 sl (6358 slpodgy i AL
O3 5 Ol (2UlgasS slo)8 dvgy sla i
(Samadi et al., 2022) sloas

oo el (b,
aasges S5 ahaie (g95wg Son oy 5l o
Sl mais 98T Sigue,0 Gizmw Gl W (S
00035 2 g SLS 3y olKE s b ligle SIS Lo
JEOL ol o Ly g,mSl gl , 4 jons b0
5 ey 5 LS 10 sazmsclis 5Ly s IXAB800R
a alol (ol glsl3bS olSails 4o cyael 53610 5>
Al,05 TiOz Si02) Lol slan ST 5300 s
5 KO Na,O CaO0 MgO MnO [FeO Lry03
S 5 65,54 L ol cwsas La S5 (NIO
sl 0ae 8kl memal gesian 5 (b slo SIS
1t e A plol aalisds sloools (g5, ZAF L



V74 0ol jid s oS 5

e Sty (B3l g gy p addtag b LT 50 Sagietll YL Lo (5,50 9 (eSS0

o1 &l ) b Jgasb olpencs Gl T sl Slin o Jlewald (3900 &b ) EPMA L g iUl 51555 4125 slaosls Y Jgir
s dTAD 65,1 0F IS SINOIG) y5nnST w31 A &b s ool cewsas (Jgo doys b 50 S5 SLL sbosszle 5 (s b5l Jge,8 50
.Xan= Ca/Ca+Na

Table 2. EPMA analysis data (in weight percent) of feldspar in Airakan metagranite, the calculated structural
formula (in atom per formula unit), and mineral end members (based on mole percent) based in 8 oxygen atoms
(Olg: oligoclase; Or: orthose: Ab: Albite; Xan= Ca/Ca+Na).

Sample No. GR4 GR4 GR4 GR4 GR4 GR4 GR4 GR4 GR4 GR4 GR4
Mineral type Or Or Or Or Ab Ab Or Olg Olg Olg Or
Analytical Point No. 67 68 77 78 79 81 84 85 86 87 88
SiO2 65.14 6521 6522 6479 67.13 6842 6513 6559 6509 65.63 64.93
TiO: 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Alz03 18.32 1843 1848 1833 20,52 20.08 1854 2161 2163 21.73 1849
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
FeO* 0.06 0.25 0.01 0.01 0.08 0.00 0.05 0.03 0.06 0.05 0.09
MnO 0.00 0.02 0.01 0.00 0.02 0.02 0.00 0.01 0.02 0.00 0.00
MgO 0.00 0.00 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00
CaO 0.01 0.00 0.00 0.00 0.83 0.62 0.01 2.56 2.62 2.70 0.00
Na20 0.45 0.57 0.50 035 10.95 1154 0.75 1033 10.25 10.23 0.72
K20 16.09 1577 1589 16.19 0.37 0.13 15.64 0.25 0.25 0.26 1553
Sum 100.1 100.3 100.1 99.7 999 1008 100.1 100.4 99.9 100.6 99.8
Si 2.87 2.88 2.88 2.86 2.96 3.02 2.87 2.89 2.87 2.90 2.86
Al* 0.95 0.96 0.96 0.95 1.07 1.04 0.96 112 112 1.13 0.96
Fe*s 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.00 0.00 0.00 0.00 0.04 0.03 0.00 0.12 0.12 0.13 0.00
Na 0.04 0.05 0.04 0.03 0.93 0.97 0.07 0.88 0.88 0.87 0.06
K 0.95 0.93 0.93 0.96 0.02 0.01 0.92 0.01 0.01 0.01 0.91
Sum 4.99 4.99 4.98 4.99 5.00 5.01 4.99 5.01 5.01 5.01 4.99
Anorthite 0.03 0.00 0.00 0.00 3.93 2.88 0.04 1190 1220 1255 0.02
Albite 4.09 5.17 4.57 322 9399 96.39 6.80 86.74 86.42 86.03 6.57
Orthose 95.88 94.83 9543 96.78 2.08 0.74 93.16 1.36 1.38 143 93.42
Xan 0.84 0.00 0.00 0.00 4.01 2.90 059 12.06 1237 12.73 0.23
Aolsl Y Jgu

Table 2. Continued.
Sample No. GR8 GR8 GR8 GR8 GR8 GR8 GR8 GR9 GR9 GR9 GR9
Mineral type Olg Or Or Olg Olg Or Or Olg Olg Or Or
Analytical Point 478 479 480 481 482 483 484 492 493 494 495
SiO2 63.12 6290 6348 6243 6332 6371 6426 6445 6427 6474 64.05
TiO2 0.00 0.00 0.00 0.05 0.00 0.00 0.01 0.00 0.00 0.08 0.00
Al203 23.09 18.05 1847 2297 23.30 18.62 1851 2227 2255 18.01 18.53
FeO* 0.02 0.03 0.00 0.04 0.00 0.00 0.04 0.00 0.00 0.05 0.01
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Table 2. Continued.

Sample No. GR8 GR8 GR8 GR8 GR8 GR8 GR8 GR9 GR9 GR9 GR9
Mineral type Olg Or Or Olg Olg Or Or Olg Olg Or Or

Analytical Point 478 479 480 481 482 483 484 492 493 494 495

MnO 0.04 0.00 0.01 0.00 0.00 0.01 0.02 0.00 0.01 0.00 0.00
MgO 0.01 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.01 0.00 0.00
CaO 4.10 0.00 0.00 4.59 4.28 0.03 0.02 2.74 3.14 0.00 0.00
Na20 9.25 0.42 0.94 9.05 9.27 0.76 0.83 9.52 9.96 0.43 0.42
K20 0.12 17.76 17.19 0.11 0.06 16.93 17.32 0.05 0.06 18.13 17.85
Sum 99.7 99.20 100.1 99.3 100.2 100.1 101.0 99.0 100.0 1014 100.9

Si 2.80 2.97 2.96 2.78 2.79 2.97 2.97 2.86 2.83 2.99 2.97
Al* 121 1.00 1.02 121 121 1.02 1.01 1.16 117 0.98 1.01
Fe*s 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.19 0.00 0.00 0.22 0.20 0.00 0.00 0.13 0.15 0.00 0.00
Na 0.80 0.04 0.09 0.78 0.79 0.07 0.07 0.82 0.85 0.04 0.04
K 0.01 1.07 1.02 0.01 0.00 1.01 1.02 0.00 0.00 1.07 1.06
Sum 5.00 5.08 5.08 5.00 5.00 5.06 5.07 4.97 5.01 5.07 5.07
Anorthite 19.50 0.00 0.00 21.70 20.20 0.10 0.10 13.70 14.80 0.00 0.00
Albite 79.80 3.40 770 7770 79.40 6.30 6.80 86.00 84.80 3.40 3.50
Orthose 0.70 96.60 92.30 0.60 040 93.60 93.20 0.30 040 96.60 96.50
Xan 19.64 0.00 0.00 2183 20.28 1.56 145 1374 14.86 0.00 0.00

sdalcwody g 3l o8 ol jana G5 T il Sbio )0 St (S9ne e Bl ) EPMAL g 2SIl 415555 45265 glaools ¥ Jur
(6l oo 2 55 w5l &b 2) 5emST @31 VY &L 2

Table 3. EPMA analysis data (in weight percent) of biotite in Airakan metagranite and the calculated structural
formula based on 22 oxygen atoms (in atom per formula unit).

Sample No. GR4 GR4 GR4 GR4 GR4 GR8 GR8 GR9 GR9

Analytical Point 69 72 89 82 66 476 477 490 491

SiO2 36.06 36.34 36.42 36.81 36.88 35.78 3538 3599 36.47
TiO2 2.94 3.00 3.07 3.06 3.04 2.04 2.60 2.95 3.05
Al2O3 16.54 16.00 16.29 15.89 16.35 16.84 16.00 16.28 15.80
Cr203 0.00 0.01 0.00 0.00 0.00 0.04 0.00 0.00 0.06
FeO* 23.66 24.84 23.97 24.37 23.86 2463 2505 2425 2398
MnO 0.21 0.28 0.29 0.26 0.21 0.31 0.27 0.26 0.25
MgO 6.30 6.52 6.28 6.48 6.31 7.04 6.63 6.05 6.11
CaO 0.03 0.00 0.00 0.00 0.00 0.06 0.05 0.00 0.00
Na20 0.12 0.08 0.09 0.03 0.07 0.15 0.18 0.08 0.13
K20 9.32 9.38 9.67 9.53 9.69 10.09 10.18 10.31 10.12
Sum 95.19 96.44 96.08 96.43 96.41 96.97 96.32 96.15 9597

Si 5.55 5.55 5.56 5.60 5.59 5.53 5.53 5.60 5.67
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Table 3. Continued.

Sample No. GR4 GR4 GR4 GR4 GR4 GR8 GR8 GR9 GR9

Analytical Point 69 72 89 82 66 476 477 490 491

Al* 3.00 2.88 2.93 2.85 2.92 306 295 299 289
AV 2.45 2.45 244 2.40 241 247 2.47 2.40 2.33
Al 0.56 0.43 0.50 0.44 0.51 059 048 059 0.6
Ti 0.34 0.34 0.35 0.35 0.35 024 031 035 036
Cr 0.00 0.00 0.00 0.00 0.00 001 000 0.00 0.01
Fe* 3.05 3.17 3.06 3.10 3.03 318 328 316 312
Mn 0.03 0.04 0.04 0.03 0.03 0.04 004 0.03 0.03
Mg 145 1.48 1.43 147 1.43 1.62 154 1.40 1.42
Ca 0.00 0.00 0.00 0.00 0.00 001 001 0.00 0.00
Na 0.04 0.02 0.03 0.01 0.02 0.04 005 002 0.04
K 1.83 1.83 1.88 1.85 1.87 199 203 205 201
Sum 15.29 15.32 15.29 15.25 15.23 15,72 1573 1559 1554
Fe/Fe+Mg 0.68 0.68 0.68 0.68 0.68 066 068 069  0.69

Yy ZJL& » D..\.A"wéd) LS)L“"L“" Jj.a)s o‘).o.bda ulS).a-i w‘;l—ﬁ-ﬁ )b wass.m.a (le)jM)é :\Jla ).a) ‘535]»5.” 5‘5).&) 44).70 6&00‘& f de.’

Ao LoSLe caggSn i 135555 CugaSins M) (55L5La Jgosd 53 o3l &l ) )50nST o
Table 4. EPMA data (in weight percent) of muscovite in Airakan metagranite and the calculated structural formula
based on 22 oxygen atoms (in atom per formula unit) (M: metamorphic muscovite; I: magmatic muscovite).

Sample No. GR4 GR4 GR4 GR4 GR4 GR9 GR9
Analytical Point 74 83 73 76 75 488 489
Origin M M M | M | |

SiO2 46.75 46.93 47.42 47.58 47.60 46.92 47.06
TiO2 0.77 0.91 0.88 0.61 1.01 0.27 0.33
Al2O3 30.28 30.42 30.77 30.38 30.16 30.74 30.24
Cr203 0.00 0.02 0.02 0.00 0.00 0.00 0.00
FeO* 3.90 3.88 3.90 3.61 3.94 3.88 3.99
MnO 0.03 0.02 0.04 0.00 0.02 0.06 0.04
MgO 1.44 1.43 1.44 1.43 1.49 1.53 1.66
CaO 0.01 0.00 0.00 0.04 0.03 0.02 0.00
Na20 0.32 0.31 0.33 0.33 0.25 0.35 0.35
K20 10.63 10.93 10.70 10.55 10.74 11.71 11.85
Sum 94.13 94.86 95.52 94.53 95.23 95.48 95.54
Si 6.40 6.38 6.39 6.46 6.44 6.37 6.40
Altowl 4.88 4.88 4.89 4.86 481 4.92 4.84
AV 1.60 1.62 1.61 1.54 1.56 1.63 1.60
AM! 3.28 3.26 3.28 3.32 3.24 3.29 3.24
Ti 0.08 0.09 0.09 0.06 0.10 0.03 0.03
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Aalol F Jgu
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Table 4. Continued.

Sample No. GR4 GR4 GR4 GR4 GR4 GR9 GR9
Analytical Point 74 83 73 76 75 488 489
Origin M M M | M | |
Fe* 0.45 0.44 0.44 0.41 0.45 0.44 0.45
Mn 0.00 0.00 0.00 0.00 0.00 0.01 0.01
Mg 0.29 0.29 0.29 0.29 0.30 0.31 0.34
Ca 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Na 0.08 0.08 0.09 0.09 0.07 0.09 0.09
K 1.86 1.90 1.84 1.83 1.85 2.03 2.06
Sum 14.05 14.07 14.03 14.00 14.02 14.20 14.22
Fe/Fe+Mg 0.60 0.60 0.60 0.59 0.60 0.59 0.57
X s 1deal 0.51 0.51 0.51 0.51 0.51 0.51 0.50
X py ideal 0.01 0.01 0.01 0.01 0.01 0.01 0.01
X mgcel 42! 0.19 0.19 0.19 0.20 0.19 0.20 0.21
X Fecel 92! 0.29 0.29 0.29 0.28 0.29 0.28 0.28
Sum 1.00 1.00 1.00 1.00 1.00 1.00 1.00
X s ideal 0.51 0.51 0.51 0.51 0.51 0.51 0.50
X py ideal 0.01 0.01 0.01 0.01 0.01 0.01 0.01
X el 1deal 0.48 0.48 0.48 0.48 0.49 0.48 0.49
Sum 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Figure 2. A) Airakan metagranite in the hand specimen with foliation and separation of mafic and felsic
mineral layers; B-F) Microscopic images (in XPL): B) Oriented granular texture and the minerals of quartz
with undulatory extinction, oriented biotites with minor zircon and apatite minerals, secondary muscovites
within and on the side of plagioclase and quartz crystals; C) GBM recrystallization around quartz, BLG
recrystallization around alkalifeldspars and flame perite inside them; D) oriented texture of quartz as SSPO and
GSPO; E) Tartan twining in alkali feldspars; F) Plagioclase myrmekitization with vermicular quartz inclusions

(abbreviation based on Whitney and Evans, 2010).
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Figure 3. A) Composition of feldspars in Airakan metagranite (North of Khor, Central Iran) on the feldspar
classification diagram (Deer et al., 1992); B) composition of biotite in the Airakan metagranite in the biotite
classification diagram (Deer et al., 1992); C) Ternary (FeO*+MnO-10*TiO2-MgO) diagram to distinguish
magmatic biotites from re-equilibrated biotites and secondary biotites (Nachit et al., 2005).
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Figure 4. Composition of white mica in Airakan metagranite. A) plot of Mg-Li octahedral versus Fe*+Mn+Ti-AlY!
octahedral (Tischendorf et al., 2001) (Li values are ignored since they were not measured); B) plot of total Al versus
Si in mineral structural formula (from Capedri et al., 2004; Borghini et al., 2009); C) Fe+Mg-AlV-Al" ternary
diagram (Lc=leucophyllite; Ph=phengite; Cd=celadonite; Ms=muscovite; Fms=ferrimuscovite; Fph=ferriphengite)
(Feenstra, 1996); D) Mg-Ti-Na ternary diagram (Miller et al., 1981) to identify the magmatic muscovites from
secondary.
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Figure 5. Whole-rock composition of Airakan metagranite (North of Khor, Central Iran), A)
Al>,03/(FeO+MgO+TiO,) versus Al203+FeO+MgO+TiO2 diagram (Patifio Douce, 1999); B) Al,Os/TiO, versus
CaO/Na.O Plot using the thermometry meth,od based on graywacke melting (Rapp and Watson, 1995) in GCDK:it
software (version 1/4) (modified after Shirdashtzadeh et al. (2020)).
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Table 5. Calculated temperatures for zircon and apatite saturation based on the abundance of major and minor
elements in Airkan metagranite using GCDK:it 4.1 software plugins (M = cation ratios of (Na+K+2Ca)/(Al.Si); Zr=
abundance of Zr; Zrs; = zircon saturation for the proposed temperature; Tz = zircon saturation temperature; Tap =
apatite saturation temperature (Pichavant et al., 1992) for the peraluminous rocks).

Sample

GR17

GR4 GR19 GR12 GR2 GR14

M 1.307501 1.39862 1.301025 1.314271 1.280929 1.333648 1.316293 1.28813 1.280728 1.259028

o GR13  GR6 GR18  GRI0
Zr (ppm) 210 137 47 174
Zrsa(ppm) 966 104.4 96.1 97.2
Tz (°C) 817 773 695 800
Tap(°C) 813 850 836 846

149
94.5
788
828

146 123 52 118 83

98.8 97.4 95.1 94.5 92.7
783 769 703 768 741
868 837 789 866 852
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Figure 7. Classification diagram for zircons origin (Pupin, 1980). The hatched part shows the zircons in the Airakan

metagranite (North of Khor, Central Iran).
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