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Abstract

Mahneshan Complex in the northwest of Iran was affected by regional and contact metamorphism. Microstructural and
petrographical features as well as field relations show that Mahneshan Metamorphic Complex has been affected by four episodes
of metamorphism (M1 to M4) and at least two deformational phases (D1 and D2). The M2 metamorphic stage is characterized
by a strong preferential orientation of minerals (S2) and development of a peak metamorphic assemblage. This metamorphism is
temporally associated with D2 deformational phase. The M3 metamorphism was contact metamorphism and M4 metamorphism

is retrograde. The mineral assemblages of peak metamorphism M2 are muscovite, biotite, garnet, staurolite, andalusite and
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sillimanite. Pressure and temperature of metamorphism in the Mahneshan Complex were estimated by multiple equilibria

calculations, cation exchange reaction thermometry and net transfer reaction in order to determine the geothermal gradients

and type of metamorphism. The temperature of M1 metamorphism is estimated 420-450°C and pressure of 3-4 kbar. M2 (peak

metamorphism) temperature is 600-620°C and pressure of 5-7 kbar. The temperature of M3 metamorphism is 520-560 °C and

pressure of 2.-3.5 kbar. The Geothermal gradients for the peak of metamorphism show high value for the upper crust (33° C/

km) indicating a Barrovian type of metamorphism for the study area. Tectonic setting of metamorphism is related to continental

crust and magmatic arc.

Keywords: Geothermobarometer, Mahneshan Complex, Geothermal gradient, Cation exchange reactions, Metapelites
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Sampel 43¢ 43¢ 44c 44c 13b 43bl 43bl 44c 44c 44c 43bl 43bl 44c 44c¢ 43¢
Mineral Bt Bt Bt Bt Bt Bt Bt Grt Grt Grt Grt Grt Grt Grt Grt
Post Post Pre Post Syn Post Rim Post Core Core Rim Core Rim Post

Si02 34.95 35.25 40.73 34.40 34.34 35.62 34.36 36.8 36.50 37.11 38.11 35.02 36.50 37.00 36.71
TiO2 1.96 2.05 1.55 2.45 1.36 1.57 1.62 0.04 0.05 0.00 0.00 0.02 0.02 0.04 0.02
Al203 20.15 20.80 28.52 20.23 19.66 20.32 19.54 | 21.07 20.95 21.30 20.67 19.98 20.60 21.15 21.17
Cr203 0.01 0.03 0.04 0.00 0.00 0.00 0.00 0.03 0.01 0.01 0.01 0.01 0.00 0.01 0.00
Fe203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.93 223 1.90 1.80 1.10 1.61 1.60 2.05
FeO 22.93 21.77 11.18 21.85 21.84 19.89 21.74 | 28.44 31.64 31.26 30.00 30.05 30.72 31.76 31.80
MnO 0.17 0.11 0.05 0.24 0.20 0.12 0.12 8.25 5.86 5.84 8.18 8.09 6.09 5.83 5.94
MgO 8.43 8.60 4.50 8.58 7.82 8.74 8.85 1.80 2.28 2.63 1.41 1.88 2.50 2.36 2.02
CaO 0.02 0.00 0.03 0.01 0.12 0.15 0.33 3.18 1.60 1.96 2.55 1.38 1.81 1.88 1.95
Na20 0.19 0.32 0.13 0.12 0.32 0.08 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K20 8.91 9.06 6.40 8.05 8.11 8.43 7.35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Totals 97.00 97.90 93.13 95.50 94.07 94.93 94.06 101.5 101.13 10190 102 101. 99.85 101.6 101.6
Si 2.62 2.62 2.90 2.61 2.67 2.70 2.65 2.94 2.93 2.94 3.027 2.94 2.96 2.95 2.93
Ti 0.11 0.11 0.08 0.14 0.08 0.09 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.78 1.82 2.40 1.81 1.80 1.81 1.78 2.00 2.00 2.00 1.935 2.00 1.97 2.00 2.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe(3+) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.13 0.14 0.107 0.09 0.10 0.09 0.12
Fe(2+) 1.44 1.35 0.66 1.39 1.42 1.26 1.40 1.90 2.13 2.07 2.09 2.09 2.08 2.12 2.12
Mn 0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.55 0.40 0.393 0.55 0.50 0.41 0.40 0.40
Mg 0.94 0.95 0.47 0.97 0.90 0.99 1.02 0.21 0.27 0.311 0.167 0.235 0.30 0.28 0.24
Ca 0.00 0.00 0.00 0.00 0.01 0.01 0.03 0.27 0.14 0.167 0.217 0.17 0.15 0.16 0.16
Na 0.02 0.04 0.01 0.02 0.05 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.85 0.85 0.48 0.78 0.80 0.82 0.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Totals 7.70 7.78 7.12 7.74 7.77 7.71 7.73 8.05 8.00 8.00 8.05 7.87 8.00 8.00 8.00

Y il S 1YY gm0 31 YA (5151 6 IS 5 g 39S 339 5 gl 58 IS 5 jn (sl 25 =Y gl
sl 0 sl O 5enS T A IS 55 5N 5 O3S |

Sampel 13f 13b 13a 43bl 43¢ 44¢ 13a 13b 43¢ 13b 13a 13a 44¢ 44¢ 13f
Mineral Chl Chl Chl Ms Ms Ms Ms Ms St St St St Pl Pl Pl
Pre Core Rim Core
Si02 23.62 23.83 23.53 46.10 46.63 46.34 47.12 46.48 26.04 27.28 25.66 25.47 60.61 60.70 63.42
TiO2 0.07 0.09 0.09 0.28 0.44 0.70 0.29 0.28 0.45 0.31 0.30 0.31 0.00 0.00 0.01
AI203 22.76 22.74 22.77 38.52 36.30 36.70 35.51 35.26 57.34 53.60 54.83 54.82 26.22 26.11 22.92
Cr203 0.00 0.00 0.00 0.03 0.05 0.03 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00
Fe203 0.00 0.00 0.00 0.73 0.92 0.86 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.07 2.40
FeO 28.77 28.42 28.70 0.16 0.21 0.19 0.79 0.86 11.90 14.00 14.26 14.30 0.00 0.00 0.01
MnO 0.38 0.42 0.27 0.00 0.03 0.00 0.01 0.01 0.28 0.60 0.40 0.40 0.00 0.00 0.15
MgO 11.68 11.71 11.44 0.36 0.58 0.60 0.55 0.61 1.01 1.22 1.16 1.21 0.00 0.00 0.04
CaO 0.00 0.02 0.05 0.01 0.00 0.00 0.20 0.05 0.01 0.00 0.00 0.00 6.77 6.75 2.40
Na20 0.00 0.00 0.02 1.72 1.20 1.00 0.79 0.98 0.05 0.01 0.03 0.01 8.46 8.53 7.91
K20 0.00 0.05 0.00 8.81 9.70 10.00 8.41 8.87 0.01 0.00 0.00 0.00 0.12 0.10 2.04
Totals 87.30 87.28 86.87 96.73 96.00 96.40 93.81 93.44 97.00 97.00 96.64 96.52 101.9 102 98.93
Si 2.55 2.57 2.55 2.99 3.00 3.03 3.13 3.11 7.20 7.66 7.25 7.21 2.65 2.66 2.83
Ti 0.07 0.00 0.00 0.01 0.02 0.03 0.01 0.01 0.09 0.06 0.06 0.06 0.00 0.00 0.00
Al 2.76 2.90 2.92 2.946 2.90 2.83 2.78 2.78 18.70 17.73 18.27 18.30 1.35 1.34 1.21
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Fe(3+) 0.00 0.00 0.00 0.01 0.04 0.04 0.03 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe(2+) 2.60 2.57 2.60 0.009 0.01 0.01 0.00 0.01 2.75 3.30 3.37 3.38 0.00 0.00 0.01
Mn 0.03 0.04 0.02 0.00 0.00 0.00 0.00 0.00 0.06 0.14 0.09 0.09 0.00 0.00 0.00
Mg 1.88 1.88 1.85 0.03 0.05 0.06 0.05 0.06 0.41 0.51 0.50 0.51 0.00 0.00 0.00
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.32 0.32 0.11
Na 0.00 0.00 0.00 0.216 0.15 0.12 0.10 0.12 0.02 0.00 0.01 0.00 0.72 0.74 0.68
K 0.00 0.00 0.00 0.730 0.80 0.83 0.71 0.75 0.00 0.00 0.00 0.00 0.00 0.00 0.12
Totals 9.98 9.97 9.98 6..91 6.98 6.97 6.85 6.90 29 29.40 29.55 29.57 5.0.4 5.04 4.96
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1) g+ 2and + phl = py + mu
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