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Comp

lex  
Gol-e-Gohar 

Rock 

Type 
Metapelite 

Sampl

e 
GS-233 

 
GS-102 

Miner
al 

GrtI
a 

GrtI
a 

GrtI
b 

GrtI
a 

GrtI
a 

Grt
Ib 

GrtI
a 

GrtI
a 

Grt
Ib  

Grt
II 

GrtI
I 

GrtI
I 

GrtI
I 

GrtI
I 

GrtI
I 

GrtI
I 

Point 7-a 7-b 7-c 2-a 2-b 2-c 8-a 8-b 8-c 
 

1-a 1-b 6-a 6-b 6-c 8-a 8-b 

Part Core Core Rim Core Core 
Ri

m 
Core Core 

Ri

m  

Cor

e 
Rim Core Rim Rim Core Rim 

SiO2 
37.2

3 

38.2

0 

38.5

2 

36.9

4 

37.1

7 

38.

28 

38.4

4 

38.2

6 

37.

75  

37.

91 

38.2

1 

38.7

7 

38.8

6 

38.5

4 

38.6

4 

38.2

5 

TiO2 0.13 0.06 0.08 0.15 0.11 
0.0

9 
0.12 0.05 

0.1

1  

0.0

5 
0.03 0.02 0.05 0.01 0.02 0.01 

Al2O

3 

21.4

9 

21.7

3 

21.6

9 

21.2

9 

21.5

0 

21.

39 

21.6

9 

21.5

6 

21.

10  

20.

87 

21.4

5 

21.6

9 

21.9

9 

21.4

8 

21.6

3 

21.5

8 

Cr2O
3 

0.00 0.02 0.00 0.06 0.10 
0.0
0 

0.04 0.02 
0.0
8  

0.0
1 

0.03 0.00 0.04 0.00 0.03 0.03 

V2O3 0.03 0.00 0.00 0.09 0.00 
0.0

0 
0.00 0.00 

0.0

0  

0.0

0 
0.00 0.03 0.08 0.00 0.06 0.09 

FeO 
30.9

6 

31.2

4 

30.1

6 

29.9

0 

30.7

6 

29.

14 

29.9

6 

30.8

8 

30.

81  

30.

82 

27.9

3 

31.0

5 

31.0

7 

28.3

6 

29.1

7 

28.0

6 

MnO 3.00 2.07 0.31 4.70 3.89 
1.1

8 
2.52 2.33 

1.8

3  

4.1

6 
2.99 1.53 1.73 2.65 3.38 3.41 

MgO 1.46 1.63 2.36 1.02 1.11 
1.8

7 
1.57 1.53 

1.6

8  

3.0

1 
4.11 5.78 5.90 4.24 4.98 4.47 

CaO 7.09 6.61 8.37 6.97 6.86 
7.5

5 
6.93 7.01 

6.1

0  

2.6

1 
5.60 2.41 2.07 5.29 3.01 4.52 

Na2O 0.07 0.09 0.07 0.06 0.06 
0.0

0 
0.10 0.04 

0.0

3  

0.0

3 
0.03 0.00 0.04 0.03 0.02 0.00 

K2O  0.00 0.03 0.01 0.01 0.01 
0.0

0 
0.00 0.02 

0.0

1  

0.0

0 
0.01 0.00 0.00 0.00 0.00 0.00 

F  0.02 0.10 0.00 0.00 0.00 
0.0

0 
0.14 0.14 

0.0

0  

0.0

0 
0.00 0.00 0.00 0.00 0.17 0.12 

Cl 0.03 0.03 0.05 0.01 0.00 
0.0

0 
0.02 0.00 

0.0

3  

0.0

0 
0.01 0.02 0.02 0.00 0.00 0.00 

Total 
101.
52 

101.
81 

101.
62 

101.
19 

101.
56 

99.
50 

101.
51 

101.
83 

99.
54  

99.
46 

100.
39 

101.
30 

101.
84 

100.
59 

101.
12 

100.
53 

Form

ula 

12 

O 
                                

Si 
3.00

2 
3.01

8 
3.01

8 
3.00

0 
3.00

3 
3.0
69 

3.04
2 

3.02
1 

3.0
47  

3.0
59 

3.01
0 

3.01
7 

3.00
9 

3.02
9 

3.02
9 

3.01
3 

Ti 
0.00

8 

0.00

4 

0.00

5 

0.00

9 

0.00

7 

0.0

05 

0.00

7 

0.00

3 

0.0

07  

0.0

03 

0.00

2 

0.00

1 

0.00

3 

0.00

1 

0.00

1 

0.00

1 

Al 
1.98

9 

2.02

3 

2.00

2 

1.98

4 

1.99

3 

2.0

21 

2.02

3 

2.00

7 

2.0

07  

1.9

85 

1.99

1 

1.99

0 

2.00

7 

1.98

9 

1.99

8 

2.00

3 

Cr 
0.00

0 

0.00

1 

0.00

0 

0.00

4 

0.00

6 

0.0

00 

0.00

2 

0.00

1 

0.0

05  

0.0

00 

0.00

2 

0.00

0 

0.00

2 

0.00

0 

0.00

2 

0.00

2 

Fe3+ 
0.00

0 

0.00

0 

0.00

0 

0.00

0 

0.00

0 

0.0

00 

0.00

0 

0.00

0 

0.0

00  

0.0

00 

0.00

0 

0.00

0 

0.00

0 

0.00

0 

0.00

0 

0.00

0 

Fe2+ 
2.03

3 

2.06

4 

1.97

6 

1.97

8 

2.02

4 

1.9

54 

1.98

3 

2.03

9 

2.0

79  

2.0

80 

1.84

0 

2.02

1 

2.01

2 

1.86

4 

1.91

2 

1.84

8 

Mn 
0.19

9 
0.13

8 
0.02

1 
0.31

4 
0.25

9 
0.0
80 

0.16
9 

0.15
6 

0.1
25  

0.2
84 

0.20
0 

0.10
1 

0.11
4 

0.17
7 

0.22
4 

0.22
7 

Mg 
0.17

1 
0.19

2 
0.27

6 
0.12

1 
0.13

0 
0.2
23 

0.18
5 

0.18
0 

0.2
02  

0.3
63 

0.48
2 

0.67
0 

0.68
1 

0.49
7 

0.58
1 

0.52
4 

Ca 
0.59

6 

0.55

9 

0.70

3 

0.59

0 

0.57

8 

0.6

49 

0.58

7 

0.59

3 

0.5

28  

0.2

26 

0.47

3 

0.20

1 

0.17

2 

0.44

5 

0.25

3 

0.38

2 

Total 
8.00

0 

8.00

0 

8.00

0 

8.00

0 

8.00

0 

8.0

00 

8.00

0 

8.00

0 

8.0

00  

8.0

00 

8.00

0 

8.00

0 

8.00

0 

8.00

0 

8.00

0 

8.00

0 

XAlm 
0.67

8 
0.69

9 
0.66

4 
0.65

9 
0.67

7 
0.6
72 

0.67
8 

0.68
7 

0.7
09  

0.7
04 

0.61
4 

0.67
5 

0.67
6 

0.62
5 

0.64
4 

0.62
0 

XPrp 
0.05

7 

0.06

5 

0.09

3 

0.04

0 

0.04

3 

0.0

77 

0.06

3 

0.06

1 

0.0

69  

0.1

23 

0.16

1 

0.22

4 

0.22

9 

0.16

7 

0.19

6 

0.17

6 

XGrs 
0.19

9 

0.18

9 

0.23

6 

0.19

7 

0.19

3 

0.2

23 

0.20

1 

0.20

0 

0.1

80  

0.0

76 

0.15

8 

0.06

7 

0.05

8 

0.14

9 

0.08

5 

0.12

8 

XSpes 
0.06

6 

0.04

7 

0.00

7 

0.10

5 

0.08

7 

0.0

27 

0.05

8 

0.05

3 

0.0

43  

0.0

96 

0.06

7 

0.03

4 

0.03

8 

0.05

9 

0.07

5 

0.07

6 

XFe 
0.92

0 

0.91

0 

0.88

0 

0.94

0 

0.94

0 

0.9

00 

0.91

0 

0.92

0 

0.9

10 
  

0.8

52 

0.79

2 

0.75

1 

0.74

7 

0.79

0 

0.76

7 

0.77

9 
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Complex Gol-e-Gohar 

Rock 

Type 
Metabasite 

 
Garbenschiefer phyllite 

Sample GB93 
 

GB259 
 

GS-234 

Mineral Garnet 
    

Point B-1 B-2 B-3 B-4 C-1 C-2 C-3 C-4 
 

A-1 A-2 A-3 B-1 B-2 B-3 
 

A-1 A-2 A-3 A-4 

Part Core Core Rim Rim Core Core Rim Rim 
 

Core Middle Rim Core Middle Rim 
 

Core Core Rim Rim 

SiO2 38.95 39.05 39.23 39.32 38.42 38.29 38.89 39.23 
 

38.37 38.20 37.69 38.18 38.36 38.68 
 

38.23 38.27 38.45 38.24 

TiO2 0.00 0.07 0.06 0.06 0.01 0.12 0.07 0.07 
 

0.11 0.12 0.08 0.15 0.16 0.06 
 

0.13 0.09 0.02 0.08 

Al2O3 21.57 21.96 21.88 21.26 21.64 21.50 21.70 21.52 
 

21.48 21.35 21.31 21.60 21.96 21.81 
 

21.30 21.46 21.70 21.21 

Cr2O3 0.03 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
 

0.06 0.05 0.00 0.00 0.00 0.01 
 

0.01 0.04 0.03 0.07 

V2O3 0.00 0.04 0.05 0.04 0.10 0.00 0.01 0.02 
 

0.06 0.06 0.05 0.00 0.01 0.00 
 

0.00 0.00 0.00 0.02 

FeO 32.16 30.68 28.94 28.99 30.37 28.84 30.19 30.03 
 

27.66 27.02 28.22 28.29 28.32 28.63 
 

29.93 30.82 31.32 31.43 

MnO 2.13 1.97 0.98 0.97 2.89 2.67 0.89 0.86 
 

4.31 4.31 0.94 3.49 2.24 1.74 
 

1.89 1.94 2.20 2.01 

MgO 2.79 2.72 3.07 3.08 2.53 2.27 3.13 3.62 
 

2.00 2.02 2.64 1.92 2.21 2.56 
 

1.70 1.35 2.18 2.15 

CaO 6.29 6.29 7.36 7.40 6.24 6.79 7.20 7.26 
 

8.16 8.15 8.14 8.10 8.20 8.33 
 

7.58 6.89 6.66 6.68 

Na2O 0.00 0.00 0.00 0.00 0.03 0.03 0.00 0.00 
 

0.02 0.06 0.06 0.05 0.06 0.06 
 

0.04 0.01 0.00 0.00 

K2O 0.00 0.00 0.01 0.02 0.02 0.01 0.00 0.00 
 

0.00 0.00 0.01 0.00 0.00 0.00 
 

0.01 0.00 0.01 0.00 

F 0.06 0.08 0.00 0.00 0.00 0.06 0.00 0.00 
 

0.32 0.30 0.00 0.18 0.12 0.00 
 

0.00 0.00 0.02 0.01 

Cl 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.00 
 

0.00 0.00 0.02 0.00 0.00 0.01 
 

0.00 0.00 0.00 0.15 

Total 103.99 102.91 101.56 101.14 102.26 100.60 102.09 102.62 
 

102.56 101.66 99.18 101.97 101.65 101.87 
 

100.83 100.89 102.59 102.06 

Formula 12 O 
                   

Si 2.996 3.029 3.061 3.084 3.007 3.040 3.024 3.027 
 

3.000 3.011 3.018 2.997 3.008 3.016 
 

3.036 3.047 3.001 3.008 

Ti 0.000 0.004 0.003 0.003 0.001 0.007 0.004 0.004 
 

0.007 0.007 0.005 0.009 0.010 0.003 
 

0.008 0.006 0.001 0.005 

Al 1.956 2.007 2.012 1.966 1.996 2.012 1.988 1.958 
 

1.979 1.983 2.011 1.998 2.029 2.005 
 

1.993 2.014 1.996 1.966 

Cr 0.002 0.003 0.000 0.000 0.000 0.000 0.000 0.000 
 

0.004 0.003 0.000 0.000 0.000 0.001 
 

0.001 0.003 0.002 0.004 

Fe3 0.049 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
 

0.004 0.000 0.000 0.000 0.000 0.000 
 

0.000 0.000 0.000 0.004 

Fe2 2.019 1.990 1.888 1.902 1.988 1.915 1.963 1.938 
 

1.804 1.781 1.890 1.857 1.857 1.867 
 

1.988 2.052 2.044 2.063 

Mn 0.139 0.130 0.064 0.065 0.191 0.179 0.059 0.056 
 

0.286 0.288 0.064 0.232 0.148 0.115 
 

0.127 0.131 0.145 0.134 

Mg 0.320 0.315 0.357 0.360 0.295 0.269 0.363 0.417 
 

0.233 0.238 0.315 0.225 0.259 0.297 
 

0.201 0.160 0.254 0.252 

Ca 0.518 0.522 0.615 0.622 0.523 0.578 0.600 0.600 
 

0.683 0.688 0.698 0.681 0.689 0.696 
 

0.645 0.588 0.557 0.563 

Total 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 
 

8.000 8.000 8.000 8.000 8.000 8.000 
 

8.000 8.000 8.000 8.000 

XAlm 0.674 0.673 0.646 0.645 0.663 0.651 0.658 0.644 
 

0.600 0.595 0.637 0.620 0.629 0.628 
 

0.671 0.700 0.681 0.685 

XPrp 0.107 0.106 0.122 0.122 0.098 0.092 0.122 0.138 
 

0.078 0.079 0.106 0.075 0.088 0.100 
 

0.068 0.055 0.085 0.084 

XGrs 0.173 0.177 0.210 0.211 0.175 0.196 0.201 0.199 
 

0.227 0.230 0.235 0.227 0.233 0.234 
 

0.218 0.201 0.186 0.187 

XSpess 0.046 0.044 0.022 0.022 0.064 0.061 0.020 0.019 
 

0.095 0.096 0.021 0.077 0.050 0.039 
 

0.043 0.045 0.048 0.044 

XFe 0.866 0.864 0.841 0.841 0.871 0.877 0.844 0.823 
 

0.886 0.882 0.857 0.892 0.878 0.863 
 

0.908 0.928 0.890 0.890 
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Abstract 
The recorded textural evidences of garnets included in the metapelites and metabasites from the Gol-e-

Gohar complex in southeastern Sanandaj-Sirjan zone highlight evidences of syn-S1 growth, post S1 

schistosity, syn-S2 and after S2 schistosity. The presence of two generations of garnet (GrtIa, GrtIb) in 

metapelites suggest dehydration continuous reaction GrtIa+BtI=BtII+GrtIb+Qz+H2O. Compositional 

profiles of garnet crystals in the metapelites and metabasites show decreasing spessartine and XFe 

proportions and increase of pyrope and almandine from the center to the rim. All garnets belong to the 

pyralspite series (Spessartine-Almandine-Pyrope) and are almandine-rich. Increasing Mn in the garnet 

core is indicative of differentiation and crystalline growth associated with metamorphic processes. On 

the other hand, the lack of clear zoning of Ca and Al from the center to the rim of garnets and the 

minor changes of Fe element from the center to the rim could be an indicative of a closed system and 

Fe2+/Fe3+ non-oxidation during metamorphism indicating growth of garnets occurred due to crystalline 

growth and differentiation of elements during metamorphism. Also, increasing Mg and Fe from the 

center to the garnet rim along with increasing Ca contents in hornblendes and decreasing Ca and An 

contents in plagioclase from their centers to the margins suggest that the garnets probably formed by 

reaction between hornblende and plagioclase as the reaction Hornblende + Anorthite = Garnet + 

Quartz + H2O. The coarsening and rapid growth of garnet and hornblende porphyroblasts removed 

H2O from the fluids and resulted in a gradual increase in the CO2 contents of the fluids. Sporadic 

calcites in the matrix testifies this issue. 
 

Keywords: Metapelite, Metabasite, Garnet, Gol-e-Gohar complex, Sanandaj-Sirjan zone 
 

 
  

  

  

  

  

  

  

  

  

  

170  


