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A/CNK = [molar Al2O3/(CaO + K2O + Na2O)]; ANK = [molar Al2O3/(K2O + Na2O)]. (Soltani, 2000).

Type Granite Quartz monzonite/monzodiorite
Quartz

diorite
Microdiorite

Sample D10 R15936* D11 D-34 D8 R15933* Sp9

SiO2 71.6 77.8 67.82 60.71 67.02 55.35 54.74

TiO2 0.29 0.08 0.44 0.41 0.42 0.8 0.5

Al2O3 11.8 12.2 13.25 14.57 12.73 15.88 12.86

FeO 1.32 0.95 1.96 6.41 2.16 7.96 3.40

Fe2O3 2.64 1.91 3.91 7.12 4.31 11.37 6.81

MnO 0.11 0.02 0.24 0.13 0.19 0.17 0.25

MgO 1.02 0.48 1.65 3.77 1.54 4.86 4.98

CaO 4.61 1.02 3.26 6.95 5.2 6.3 11.13

Na2O 3.5 6.08 4.43 2.99 3.67 4.6 2.81

K2O 1.37 0.43 1.12 0.8 1.33 0.53 0.5

P2O5 0.06 0.01 0.09 0.09 0.1 0.15 0.07

A/CNK 0.76 0.99 0.92 0.79 0.75 0.81 0.51

A/NK 1.64 1.16 1.56 2.52 1.70 1.95 2.49

Na2O/K2O 2.55 14.14 3.96 3.74 2.76 8.68 5.62

Type Granodiorite

Sample SS41 P17 D6 SS23 D12 D33 D37 SS4 SS8

SiO2 72.93 72.4 70.6 70.96 71.68 73.3 72.59 73.47 73.28

TiO2 0.24 0.29 0.32 0.32 0.32 0.24 0.24 0.28 0.26

Al2O3 13.7 12.3 11.9 14.12 11.84 13.2 13.03 13.33 13.86

FeO 2.22 1.38 1.51 2.87 1.52 2.09 2.69 2.4 2.17

Fe2O3 3.7 2.77 3.01 4.79 3.04 2.32 2.99 3.99 3.61

MnO 0.05 0.09 0.11 0.08 0.11 0.04 0.04 0.07 0.03

MgO 0.92 0.87 0.94 1.23 0.98 0.99 0.66 0.98 0.87

CaO 3.3 4.16 4.83 4.02 4.89 3.01 2.85 2.85 2.62

Na2O 3.74 3.38 4.51 3.93 3.86 3.73 3.87 4.01 5.03

K2O 1.38 1.24 1.06 0.5 0.35 1.62 0.95 0.94 0.38

P2O5 0.05 0.06 0.06 0.07 0.07 0.05 0.06 0.04 0.06

A/CNK 1.00 0.85 0.69 0.99 0.76 0.99 1.04 1.04 1.03

A/NK 1.79 1.78 1.39 2.02 1.76 1.67 1.76 1.75 1.60

Na2O/K2O 2.71 2.73 4.25 7.86 11.03 2.30 4.07 4.27 13.24

R15936* R15933* SS41 SS23 SS4 SS8 P17 D8 D6 D12 D11 Sp9

Ba 169 105 241 135 295 75 207 200 160 113 208 74

Rb 14.1 5.9 23.7 4.8 15.8 3.6 22.3 23.3 14.1 2.2 15 4.2

Sr 45.6 184.2 128.1 155.9 133.3 243.2 132.8 138.7 142.3 164.7 161.5 200.3

Zr 125.3 48.4 50.8 55.9 62.8 57.9 35.5 42.7 50.5 43.6 50.5 20.7

Nb 7.1 1.6 1 1.1 1.3 1.7 1 1 1 1.1 1.3 0.6

Co 1.3 35.1 5.5 8.2 6 4.3 4.8 11.4 5 3.8 8.3 33.4

La 9.3 5.9 4.2 4 4.4 5.7 4.7 5.1 4 5 5.7 2.6

Ce 18.9 12.6 8.8 9 9.7 12.7 9.5 11.8 8 11.1 12.3 5

Pr 2.5 1.8 1.14 1.25 1.33 1.77 1.2 1.73 1.03 1.45 1.71 0.77

Nd 10 8 4.9 5.6 5.7 7.6 5.5 8.3 4.3 7.1 8.1 3.3

Sm 2.34 2.28 1.21 1.55 1.65 2.13 1.34 2.28 1.35 1.89 2.13 1.09

Eu 0.34 0.79 0.38 0.49 0.47 0.65 0.49 0.46 0.48 0.59 0.51 0.45

Gd 3.05 2.86 1.48 2.14 1.97 2.73 1.71 2.87 1.49 2.23 2.53 1.55

Tb 0.63 0.54 0.29 0.42 0.4 0.53 0.32 0.6 0.28 0.41 0.5 0.29

Dy 4.29 3.38 1.92 2.79 2.61 3.48 1.94 3.71 1.87 2.64 2.81 1.86

Ho 1.02 0.72 0.45 0.62 0.6 0.77 0.51 0.9 0.43 0.65 0.7 0.44

Er 3.23 2.12 1.4 1.94 1.79 2.43 1.59 2.98 1.47 2.01 2.05 1.31

Tm 0.58 0.34 0.23 0.32 0.31 0.39 0.23 0.44 0.23 0.31 0.31 0.2

Yb 4.16 2.06 1.6 2.17 2.11 2.57 1.61 3.17 1.6 2.11 2.32 1.47



R15936* R15933* SS41 SS23 SS4 SS8 P17 D8 D6 D12 D11 Sp9

Lu 0.69 0.33 0.26 0.36 0.34 0.41 0.25 0.5 0.28 0.34 0.36 0.21

Y 23.2 20 13 18.3 18.2 22.1 13.4 24.6 12.3 17.2 17.1 10.8

Cs 0.3 0.1 0.3 0.1 0.1 0.1 0.3 0.1 0.1 0.1 0.1 0.1

Ta 0.5 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Hf 4.6 1.8 1.9 2 2 1.9 1.2 1.5 1.7 1.6 1.6 0.7

Pb 1.1 0.4 0.9 0.6 2.3 0.3 1 1.2 2

Th 11.3 1.2 1.1 1.1 1.3 1.2 0.9 0.9 0.3 0.4 0.9 2.6

U 1.6 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.3 0.3 0.3 0.9

Sc 6 31 8 13 9 11 18.9

V <8 361 54 73 48 28 121 42 44 44 35 132

Ga 14.6 16.9 11.5 12.5 12 12.5 11.3 12.9 10.1 10.6 14.7 12

Rb/Zr 0.1 0.1 0.5 0.1 0.3 0.1 0.6 0.5 0.3 0.1 0.3 0.2

Sr/Y 2.0 9.2 9.9 8.5 7.3 11.0 9.9 5.6 11.6 9.6 9.4 18.5

Ce/Yb 4.5 6.1 5.5 4.1 4.6 4.9 5.9 3.7 5.0 5.3 5.3 3.4

(La/Yb)n 1.51 1.93 1.77 1.24 1.41 1.5 1.97 1.08 1.69 1.6 1.66 1.19

(Ce/Yb)n 1.18 1.58 1.42 1.07 1.19 1.28 1.53 0.96 1.29 1.36 1.37 0.88

(La/Sm)n 2.5 1.63 2.18 1.62 1.68 1.68 2.21 1.41 1.86 1.66 1.68 1.5
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Laser-Ablation Multicollector

sample U (ppm) U/Th 206 Pb/207Pb ±(%) 207 Pb/205Pb ±(%) 206 Pb/208Pb ±(%)
Age

(Ma)
±(Ma)

1 863.2 1.2 20.6 1.5 0.11 4.99 0.016 4.8 102.29 4.8

2 688.9 1.3 20.7 1.9 0.11 3.20 0.016 2.6 103.60 2.6

3 761.8 1.3 20.7 1.3 0.11 1.99 0.016 1.5 102.77 1.5

4 856.4 0.7 20.8 2.0 0.11 2.99 0.017 2.2 107.60 2.3

5 431.4 1.6 20.5 3.7 0.10 7.93 0.015 7.0 97.54 6.8

6 830.0 0.8 20.5 1.6 0.11 4.00 0.016 3.7 101.17 3.7

7 439.7 1.5 20.9 2.7 0.11 5.26 0.017 4.5 109.04 4.9

8 915.2 1.3 20.8 1.7 0.11 7.57 0.017 7.4 106.16 7.8

9 724.7 1.2 21.1 0.9 0.11 2.75 0.016 2.6 102.95 2.7

10 892.8 0.8 20.7 2.1 0.11 3.29 0.016 2.5 103.23 2.6

11 611.0 1.5 20.8 2.3 0.11 3.06 0.016 2.0 102.63 2.0

12 604.2 1.3 18.5 18.2 0.11 21.40 0.015 11.3 93.20 10.5

13 596.0 1.0 20.5 4.1 0.11 5.50 0.016 3.7 104.52 3.8

14 711.8 1.2 20.8 2.4 0.10 2.53 0.015 0.8 99.03 0.8

15 593.2 1.4 20.8 2.2 0.10 2.66 0.016 1.5 100.76 1.5

16 627.5 1.2 19.9 3.6 0.11 3.85 0.015 1.4 97.95 1.4

17 909.5 1.2 20.6 1.1 0.11 3.51 0.016 3.3 101.07 3.3

18 806.9 0.9 20.7 1.4 0.10 4.16 0.016 3.9 100.73 3.9
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Mn 0.017 0.014 Na 0 Ca 0.622

Mg 1.145 1.047 K 0 Na 0.499

Ca 0.046 0.556 Ni 0.001 K 0.399

Na 0.005 0.024 Total 3.009 Total 21.519

K 0 0 Fe# 27 Fe# 40

Ni 0 0 Mg# 73 Mg# 60

Total 4 4

WO 2.335 28.103

EN 58.446 52.988

FS 39.218 18.91

CEIM

Name B406 B407 B408 B409 B411 B416 B416-1 B417 B418 B419

SiO2 49.00 48.90 48.30 48.40 48.20 47.40 48.30 48.50 47.98 48.11

TiO2 1.58 1.61 1.60 1.60 1.60 1.47 1.60 1.62 1.66 1.63

Al2O3 17.60 17.70 17.70 17.50 17.45 16.65 17.45 17.50 17.54 17.38

Fe2O3* 8.61 8.59 8.50 8.55 8.84 8.33 8.67 8.88 8.63 8.44

MnO 0.15 0.15 0.18 0.16 0.15 0.16 0.16 0.16 0.17 0.15

MgO 5.86 5.80 6.95 6.60 6.87 5.78 6.61 6.85 6.72 6.67

CaO 7.38 7.67 8.39 7.90 7.96 7.71 8.04 8.09 8.10 7.84

Na2O 4.86 4.46 3.09 3.99 4.29 3.36 3.78 3.85 3.69 3.72

K2O 1.38 1.46 1.81 1.52 1.50 1.65 1.73 1.63 1.68 1.72

P2O5 0.46 0.45 0.47 0.48 0.47 0.43 0.49 0.50 0.49 0.46

LOI 4.05 3.85 4.26 3.68 3.98 4.66 4.08 3.70 3.50 3.81

Total 100.93 100.64 101.25 100.38 101.31 97.6 100.91 101.28 100.16 99.93

Cr 140 140 210 200 200 210 210 210 214 204

Co 39.10 38.70 38.20 39.80 43.90 40.40 44.90 41.40 39.54 42.12

Ni 76 72 106 114 109 111 108 112 118 115

V 185 186 187 186 187 191 190 192 185 194

Rb 29.70 31.50 28.60 22.30 23.40 28.70 27.60 26.10 25.18 28.04

Cs 6.91 4.14 0.38 1.70 2.04 1.30 1.44 1.47 1.38 1.45

Ba 243 261 341 335 343 361 346 352 345 358

Sr 489 597 549 469 477 530 476 477 505 496

Ta 2.20 2.30 2.60 2.80 2.50 2.80 2.70 2.80 2.65 2.73

Nb 33.00 33.00 41.60 42.60 40.80 43.80 42.80 43.90 42.18 41.06

Hf 4.90 4.20 3.60 3.40 3.30 3.50 3.50 3.60 3.46 3.54

Zr 228 202 158 153 145 160 158 156 155 162

Th 3.80 3.74 3.63 3.86 3.39 3.87 3.72 3.90 3.76 3.82

Y 27.30 27.30 23.50 23.70 23.20 24.60 24.10 24.80 22.79 23.88

Pb 5 5 5 5 5 5 5 5 - -

U 0.98 1.01 0.97 0.98 0.94 0.98 0.93 1.03 0.99 0.97

La 24.10 24.60 24.80 25.70 24.90 26.70 26.00 26.80 25.09 25.56

Ce 47.60 48.60 47.30 47.50 47.20 49.90 48.00 49.60 48.11 49.52

Pr 5.98 6.13 5.78 6.15 5.82 6.13 6.09 6.07 5.91 6.14

Nd 22.10 22.40 21.50 22.20 21.40 22.60 22.10 22.80 21.73 21.90

Sm 4.78 4.82 4.40 4.60 4.36 4.57 4.58 4.67 4.42 4.51

Eu 1.59 1.60 1.58 1.59 1.56 1.58 1.54 1.63 1.55 1.56

Gd 4.85 4.74 4.33 4.50 4.40 4.37 4.35 4.65 4.47 4.38

Tb 0.76 0.77 0.67 0.70 0.69 0.71 0.68 0.72 0.64 0.71

Dy 4.58 4.42 3.98 4.24 4.13 4.12 4.14 4.31 4.08 4.15

Ho 0.92 0.91 0.79 0.82 0.80 0.83 0.81 0.84 0.83 0.83

Er 2.75 2.74 2.41 2.55 2.31 2.42 2.40 2.40 2.46 2.37

Tm 0.39 0.39 0.34 0.35 0.34 0.35 0.34 0.35 0.37 0.36

Yb 2.50 2.51 2.03 2.17 2.06 2.17 2.05 2.18 2.16 2.15

Lu 0.40 0.40 0.34 0.36 0.34 0.35 0.33 0.35 0.36 0.35
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Saccani et al., 2010)Zarrinkoub et al.,
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(Lachize et al.,

1996Yamasaki et al., 2006(Clénet et al.,
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(Anonymous, 1972)

(Tirrul et al., 1989)AfKa

NeZaZo

A

B

D

C

F

E

(A

(B(du)(gb)

(C(gb)(per)(EC)

(D(E

(F

A

B



C

D

E

(A

(XPL)(B

(XPL)(C

(XPL)(D

(XPL)(E

(XPL)OlCpxOpx

Pl

TiO2CaO

NiO

Mg#(Mg#=100×Mg/(Mg+Fe2+)

TiO2

Na2O

Al2O3Cr2O3

Mg#

En80.5-83Fs14.5-

16.5Wo1.5-3TiO2

Al2O3Cr2O3

Cr2O3Mg#

En45.5-48.5Fs5.1-7.5Wo44.2-49

a.p.f.u

Sam. 5-44 5-44 5--44 3--33 3--33 3--33 3--33 3--33

Site-Min. 1-ol3 1-ol4 1-ol5 2-ol3 2-ol2 2-ol4 3-ol1 3-ol2

SiO2 39.50 38.94 40.96 39.97 40.59 40.32 39.83 40.38

TiO2 0.03 0.02 0.00 0.01 0.02 0.00 0.00 0.00

Al2O3 0.00 0.00 0.01 0.04 0.05 0.03 0.00 0.03

Cr2O3 0.00 0.05 0.03 0.00 0.00 0.00 0.00 0.05

FeO 14.72 14.71 15.74 16.28 16.06 16.13 16.48 15.70

MnO 0.24 0.28 0.21 0.20 0.19 0.29 0.23 0.15

MgO 41.81 45.37 43.68 42.25 44.48 42.96 43.35 44.10

CaO 0.03 0.04 0.00 0.01 0.03 0.00 0.04 0.03

Na2O 0.07 0.06 0.00 0.03 0.02 0.00 0.01 0.01

NiO 0.19 0.34 0.34 0.47 0.40 0.45 0.43 0.27

Total 96.58 99.81 100.98 99.27 101.84 100.19 100.37 100.71

Si 1.025 0.983 1.020 1.017 1.005 1.015 1.004 1.009

Ti 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Al 0.000 0.000 0.000 0.001 0.001 0.001 0.000 0.001

Cr 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.001

Fe2+ 0.320 0.310 0.328 0.346 0.333 0.340 0.347 0.328

Mn 0.005 0.006 0.005 0.004 0.004 0.006 0.005 0.003

Mg 1.617 1.707 1.620 1.603 1.641 1.613 1.629 1.642

Ca 0.001 0.001 0.000 0.000 0.001 0.000 0.001 0.001

Na 0.004 0.003 0.000 0.001 0.001 0.000 0.000 0.000

Ni 0.004 0.007 0.007 0.010 0.008 0.009 0.009 0.005

Total 2.976 3.018 2.980 2.983 2.994 2.984 2.996 2.990

Fo 83.28 84.37 82.99 82.04 82.98 82.34 82.22 83.22

Fa 16.45 15.34 16.78 17.73 16.81 17.35 17.53 16.63

Mg# 83.50 84.61 83.18 82.23 83.15 82.60 82.42 83.35

(cpx)(opx)

a.p.f.u

Sam. 5-44 5-44 3-33 3-33 3-33 3-33 3-33 3-33 5-44 5-44 5-44 5-44 3-33 3-33 3-33 3-33

Site-Min. 1-cpx1 2-cpx2 1-cpx1 1-cpx3 1-cpx4 1-cpx5 4-cpx1 4-cpx2 1-opx2 2-opx2 4-opx2 4-opx3 1-opx2 1-opx3 3-opx1 3-opx2

SiO2 53.59 53.99 52.95 52.88 53.13 52.96 53.19 53.04 56.74 56.50 53.40 56.81 56.02 55.91 56.51 56.58

TiO2 0.08 0.06 0.10 0.09 0.12 0.04 0.06 0.12 0.07 0.03 0.12 0.07 0.09 0.00 0.01 0.06

Al2O3 2.14 2.23 2.44 2.26 2.39 2.34 2.33 2.53 1.65 1.76 1.55 1.66 2.09 1.83 1.96 2.14

Cr2O3 0.28 0.45 0.63 0.57 0.51 0.65 0.65 0.64 0.31 0.39 0.22 0.26 0.31 0.44 0.37 0.53

FeO 3.89 4.44 3.76 3.25 4.02 3.92 4.19 4.77 10.49 9.80 9.41 9.62 9.82 10.78 10.48 10.63

MnO 0.21 0.09 0.13 0.04 0.11 0.24 0.07 0.06 0.26 0.22 0.17 0.13 0.11 0.28 0.13 0.21

MgO 16.70 16.95 16.32 16.48 17.09 16.66 16.75 17.14 30.99 31.19 30.14 31.34 30.30 30.15 30.29 30.25

CaO 23.45 22.88 23.91 24.37 23.14 23.64 23.13 22.48 0.94 1.42 2.56 1.33 1.47 1.15 0.93 0.73

Na2O 0.07 0.12 0.08 0.11 0.02 0.06 0.03 0.12 0.02 0.00 0.05 0.01 0.02 0.04 0.02 0.00

K2O 0.01 0.01 0.01 0.00 0.01 0.01 0.03 0.00 0.03 0.03 0.03 0.00 0.00 0.00 0.04 0.05

Total 100.4 101.2 100.3 100.0 100.6 100.5 100.4 100.9 101.5 101.4 97.7 101.2 100.2 100.6 100.7 101.2

Si 1.949 1.949 1.930 1.928 1.928 1.925 1.936 1.920 1.967 1.959 1.924 1.967 1.962 1.961 1.971 1.966

Ti 0.002 0.002 0.003 0.003 0.003 0.001 0.002 0.003 0.002 0.001 0.003 0.002 0.002 0.000 0.000 0.002

Al 0.092 0.095 0.105 0.097 0.102 0.100 0.100 0.108 0.068 0.072 0.066 0.068 0.086 0.076 0.081 0.088

Cr 0.008 0.013 0.018 0.016 0.015 0.019 0.019 0.018 0.008 0.011 0.006 0.007 0.009 0.012 0.010 0.015

Fe3+ 0.002 0.000 0.018 0.033 0.021 0.033 0.008 0.037 0.000 0.000 0.057 0.000 0.000 0.000 0.000 0.000

Sam. 5-44 5-44 3-33 3-33 3-33 3-33 3-33 3-33 5-44 5-44 5-44 5-44 3-33 3-33 3-33 3-33

Site-Min. 1-cpx1 2-cpx2 1-cpx1 1-cpx3 1-cpx4 1-cpx5 4-cpx1 4-cpx2 1-opx2 2-opx2 4-opx2 4-opx3 1-opx2 1-opx3 3-opx1 3-opx2

Fe2+ 0.116 0.134 0.097 0.066 0.101 0.086 0.119 0.107 0.304 0.284 0.227 0.279 0.288 0.316 0.306 0.309

Mn 0.007 0.003 0.004 0.001 0.004 0.007 0.002 0.002 0.008 0.006 0.005 0.004 0.003 0.008 0.004 0.006

Mg 0.905 0.912 0.887 0.896 0.925 0.903 0.909 0.925 1.601 1.612 1.619 1.618 1.582 1.577 1.575 1.567

Ca 0.914 0.885 0.934 0.952 0.900 0.921 0.902 0.872 0.035 0.053 0.099 0.049 0.055 0.043 0.035 0.027

Na 0.005 0.008 0.005 0.008 0.001 0.004 0.002 0.009 0.002 0.000 0.004 0.001 0.001 0.002 0.001 0.000

K 0.000 0.000 0.001 0.000 0.000 0.001 0.001 0.000 0.001 0.001 0.001 0.000 0.000 0.000 0.002 0.002

Total 4.000 4.000 4.000 4.000 4.000 4.000 4.001 4.000 3.995 4.000 4.011 3.994 3.989 3.996 3.985 3.982

Al IV 0.051 0.051 0.070 0.072 0.072 0.075 0.064 0.080 0.033 0.041 0.066 0.033 0.038 0.039 0.029 0.034

Al VI 0.041 0.043 0.034 0.025 0.031 0.025 0.036 0.027 0.034 0.031 0.000 0.035 0.048 0.037 0.052 0.054

Wo 47.00 45.75 48.16 48.86 46.14 47.21 46.49 44.86 1.79 2.71 4.92 2.53 2.87 2.23 1.81 1.42

En 46.58 47.18 45.72 45.99 47.42 46.29 46.83 47.60 82.21 82.43 80.69 82.98 82.04 81.09 82.07 82.08

Fs 6.43 7.07 6.12 5.14 6.44 6.49 6.68 7.53 16.01 14.86 14.39 14.49 15.09 16.68 16.12 16.50

Mg# 88.61 87.18 90.15 93.10 90.13 91.28 88.42 89.61 84.04 85.01 87.71 85.31 84.62 83.30 83.75 83.53

a.p.f.u

gabbronorite gabbro

Sam. 3--14 3--13 3--13 3--14 3--14 3--14 3--13 3--13 5--74 5--74 5--74 5--16 5--16 5--16 5--16 5--16

Site-Min. 4-cpx1 2-cpx2 2-cpx3 5-cpx1 1-opx1 3-opx1 5-opx1 4-opx2 1-cpx1 1-cpx6 2-cpx4 3-cpx 2-cpx6 2-cpx7 2-cpx11 3-cpx13

SiO2 52.83 52.64 53.03 53.68 54.78 55.34 54.85 54.35 52.29 52.61 53.09 52.53 53.05 53.18 53.01 50.96

TiO2 0.16 0.18 0.14 0.22 0.04 0.09 0.12 0.10 0.53 0.47 0.45 0.56 0.49 0.45 0.55 0.45

Al2O3 2.11 2.10 1.82 1.09 1.42 1.46 1.38 1.36 2.26 2.53 2.20 2.29 2.24 2.42 2.49 3.24

Cr2O3 0.42 0.49 0.28 0.27 0.25 0.19 0.23 0.18 0.28 0.29 0.06 0.08 0.09 0.22 0.11 0.11

FeO 6.86 6.13 6.63 6.50 14.53 14.20 15.40 14.18 5.06 5.32 5.47 5.35 5.43 5.74 6.06 5.72

MnO 0.12 0.21 0.23 0.15 0.29 0.30 0.36 0.27 0.15 0.12 0.09 0.08 0.18 0.15 0.18 0.32

MgO 16.27 16.02 16.29 16.14 27.53 27.43 26.27 27.89 15.90 15.85 16.29 16.17 16.42 15.97 16.02 15.11

CaO 21.41 22.05 21.44 22.41 1.61 1.50 1.60 1.32 22.60 22.53 22.30 22.62 22.62 22.65 22.50 21.23

Na2O 0.12 0.15 0.12 0.12 0.08 0.05 0.02 0.01 0.35 0.34 0.26 0.27 0.29 0.37 0.36 0.30

K2O 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.01 0.00 0.03 0.04 0.00 0.02 0.00 0.01 0.01

Total 100.30 99.97 99.99 100.57 100.55 100.57 100.23 99.68 99.52 100.09 100.26 99.99 100.84 101.20 101.40 97.44

Si 1.938 1.937 1.951 1.966 1.956 1.973 1.975 1.954 1.926 1.927 1.941 1.925 1.927 1.929 1.920 1.921

Ti 0.004 0.005 0.004 0.006 0.001 0.003 0.003 0.003 0.015 0.013 0.013 0.015 0.013 0.012 0.015 0.013

Al 0.091 0.091 0.079 0.047 0.060 0.062 0.058 0.058 0.098 0.109 0.095 0.099 0.096 0.103 0.106 0.144

Cr 0.012 0.014 0.008 0.008 0.007 0.005 0.006 0.005 0.008 0.008 0.002 0.002 0.003 0.006 0.003 0.003

Fe3+ 0.021 0.022 0.012 0.008 0.024 0.000 0.000 0.025 0.038 0.026 0.015 0.037 0.042 0.035 0.046 0.007

Fe2+ 0.190 0.166 0.192 0.191 0.410 0.423 0.463 0.401 0.121 0.137 0.152 0.128 0.123 0.140 0.141 0.173

Mn 0.004 0.006 0.007 0.005 0.009 0.009 0.011 0.008 0.005 0.004 0.003 0.002 0.006 0.005 0.006 0.010

Mg 0.890 0.878 0.894 0.881 1.466 1.458 1.410 1.495 0.873 0.866 0.888 0.883 0.889 0.863 0.865 0.849

Ca 0.842 0.869 0.845 0.879 0.061 0.057 0.062 0.051 0.892 0.884 0.873 0.888 0.880 0.880 0.873 0.857

Na 0.009 0.011 0.008 0.008 0.006 0.003 0.002 0.001 0.025 0.024 0.018 0.019 0.021 0.026 0.025 0.022

K 0.000 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.001 0.002 0.000 0.001 0.000 0.001 0.001

Total 4.000 4.000 4.000 4.000 4.000 3.993 3.991 4.000 4.000 4.001 4.001 4.000 4.000 4.000 4.000 4.000

Al IV 0.062 0.063 0.049 0.034 0.044 0.027 0.025 0.046 0.074 0.073 0.059 0.075 0.073 0.071 0.080 0.079

Al VI 0.029 0.028 0.030 0.013 0.016 0.034 0.033 0.011 0.024 0.037 0.035 0.024 0.023 0.032 0.026 0.065

Wo 43.26 44.75 43.34 44.76 3.12 2.95 3.18 2.56 46.25 46.13 45.22 45.81 45.37 45.76 45.23 45.20

En 45.73 45.21 45.83 44.87 74.40 74.85 72.44 75.49 45.27 45.17 45.96 45.56 45.84 44.89 44.82 44.76

Fs 11.01 10.04 10.83 10.37 22.48 22.20 24.38 21.95 8.48 8.70 8.82 8.64 8.79 9.35 9.95 10.04

Mg# 82.42 84.08 82.32 82.22 78.14 77.49 75.26 78.85 87.80 86.36 85.36 87.34 87.83 86.06 85.99 83.05



TiO2

Al2O3Cr2O3

Na2O

En44.21-46.79Fs8.48-10.47Wo42.01-46.58

TiO2

Al2O3

Cr2O3Na2O

Mg#

En44.87-46.51Fs10.04-11.01Wo42.94-44.76

TiO2

Al2O3Cr2O3Na2O

Mg#

En72.44-75.55Fs21.67-

24.38Wo2.50-3.18

Al2O3

C

a.p.f.u

gabbronorite gabbro

Sam. 3--14 3--14 3--14 3--13 3--13 3--13 3--13 5--74 5--74 5--74 5--74 5--16 5--16 5--16

Site-Min. 1-pl1 1-pl2 2-pl1 3-pl2 3-pl3 4-pl1 4-pl3 5-pl2 2-pl5 2-pl2 2-pl4 2-pl6 5-pl7 5-pl8

SiO2 44.13 43.71 44.28 43.50 44.23 44.05 44.25 47.93 47.38 47.87 48.30 47.68 47.90 47.90

TiO2 0.00 0.02 0.02 0.00 0.03 0.02 0.08 0.07 0.02 0.02 0.03 0.06 0.05 0.07

Al2O3 35.39 35.71 35.53 35.08 35.35 35.86 35.91 32.65 32.65 32.52 32.92 32.33 32.76 32.95

Cr2O3 0.06 0.15 0.03 0.07 0.04 0.01 0.12 0.07 0.00 0.00 0.05 0.00 0.00 0.00

FeO 0.41 0.40 0.40 0.40 0.50 0.42 0.42 0.40 0.37 0.38 0.42 0.30 0.29 0.40

MnO 0.00 0.00 0.00 0.02 0.05 0.02 0.03 0.00 0.05 0.00 0.05 0.08 0.00 0.08

MgO 0.01 0.12 0.07 0.16 0.05 0.10 0.08 0.08 0.04 0.06 0.07 0.05 0.06 0.06

CaO 19.66 19.75 19.81 19.63 19.46 19.72 19.97 16.21 16.25 16.19 16.06 16.36 16.34 16.66

Na2O 0.48 0.52 0.48 0.55 0.45 0.45 0.40 2.53 2.37 2.39 2.33 2.37 2.46 2.15

K2O 0.01 0.03 0.00 0.06 0.04 0.02 0.01 0.01 0.03 0.04 0.06 0.02 0.00 0.04

gabbronorite gabbro

Sam. 3--14 3--14 3--14 3--13 3--13 3--13 3--13 5--74 5--74 5--74 5--74 5--16 5--16 5--16

Site-Min. 1-pl1 1-pl2 2-pl1 3-pl2 3-pl3 4-pl1 4-pl3 5-pl2 2-pl5 2-pl2 2-pl4 2-pl6 5-pl7 5-pl8

Total 100.14 100.40 100.62 99.47 100.19 100.67 101.27 99.95 99.17 99.47 100.27 99.25 99.86 100.31

Si 2.043 2.022 2.041 2.032 2.047 2.030 2.028 2.203 2.195 2.209 2.209 2.207 2.202 2.195

Ti 0.000 0.001 0.001 0.000 0.001 0.001 0.003 0.002 0.001 0.001 0.001 0.002 0.002 0.002

Al 1.931 1.947 1.930 1.931 1.928 1.947 1.940 1.769 1.783 1.769 1.775 1.763 1.775 1.779

Cr 0.002 0.005 0.001 0.003 0.001 0.000 0.004 0.002 0.000 0.000 0.002 0.000 0.000 0.000

Fe2+ 0.016 0.015 0.015 0.016 0.019 0.016 0.016 0.015 0.014 0.015 0.016 0.012 0.011 0.015

Mn 0.000 0.000 0.000 0.001 0.002 0.001 0.001 0.000 0.002 0.000 0.002 0.003 0.000 0.003

Mg 0.001 0.008 0.005 0.011 0.003 0.007 0.005 0.006 0.003 0.004 0.005 0.004 0.004 0.004

Ca 0.975 0.979 0.978 0.982 0.965 0.974 0.981 0.798 0.807 0.801 0.787 0.811 0.805 0.818

Na 0.043 0.046 0.043 0.050 0.041 0.040 0.036 0.225 0.213 0.214 0.207 0.212 0.219 0.191

K 0.001 0.002 0.000 0.004 0.002 0.001 0.000 0.000 0.002 0.003 0.004 0.001 0.000 0.002

Total 5.012 5.025 5.014 5.028 5.009 5.017 5.015 5.022 5.020 5.014 5.007 5.016 5.018 5.010

Ab % 4.20 4.50 4.18 4.84 4.05 3.95 3.53 22.00 20.88 21.01 20.73 20.71 21.38 18.91

An % 95.74 95.34 95.82 94.81 95.73 95.91 96.43 77.96 78.97 78.74 78.91 79.15 78.62 80.86

Or % 0.06 0.15 0.00 0.36 0.22 0.13 0.04 0.04 0.15 0.25 0.36 0.14 0.00 0.22

(Morimoto, 1989)

CaO/Al2O3

(Browning, 1982)

MORB(Mid-Ocean Ridge Basalt)

Beccaluva et al., 1983)(Pearce et al., 1984

SSZ

(Supra Subduction Zone)

Beccaluva et al.,

1983)(Pearce et al. 1984

(Yamasaki et 

al., 2006)

MORB(Tormey et al., 1987)

SSZ

(Barsdell, 1988)

Sisson and Grove, 1993)

Berndt (et al., 2005

(Gust and Perfit, 1987)

(Browning, 1982)

Pearce et al., 1984)Bédard and 

Hébert, 1996)

(Grove et

al., 1984)

MORB

(Juteau et al., 1988)

SSZ

(Lachize et al., 1996)
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Quad

A

En51Fs0Wo49En-Wo-

Fs

(Morimoto and Kitamoura, 1983)

B

(AQ-J

(Morimoto and Kitamoura, 1983)(B

Wo-En-Fs(Morimoto and 

Kitamoura, 1983)

Deer

Fo98Fa2

Number 1 2 3 4 5

Sample SK-M SK-11 C4 D3 D4

SiO2 55.87 55.84 56.27 55.63 55.92

Al2O3 0.00 0.22 0.32 0.17 0.13

Cr2O3 0.00 0.00 0.00 0.00 0.00

FeO* 0.00 0.00 0.00 0.00 0.00

MgO 19.07 19.18 18.90 19.05 19.02

CaO 25.44 25.78 25.45 25.82 25.65

Total 100.38 101.02 100.94 100.67 100.72

Structural formula based on the 6 Oxygens

Si 2.003 1.989 2.008 1.989 1.999

Al 0 0.009 0.013 0.007 0.005

Fe3+ 0 0 0 0 0

Fe2+ 0 0 0 0 0

M1Mg 1 1 0.987 1 0.996

M2Mg 0.019 0 0.019 0.015 0.018

M2Ca 0.977 0.984 0.973 0.989 0.982

Sum-cat 4 4 4 4 4

WO 48.95 49.14 49.18 49.35 49.22

EN 51.05 50.86 50.82 50.66 50.78

FS 0.00 0.00 0.00 0.00 0.00

WEF 100 100 100 100 100

Number 1 2 3 4 5

Sample SK-M SK-11 D1 B30 C20

SiO2 42.51 42.78 42.56 42.73 42.55

Al2O3 0 0 0 0 0

FeO 1.55 1.19 1.29 1.3 1.49

MnO 0 0.24 0 0 0

MgO 55.65 57.05 56.6 56.05 57.06

Total 99.71 101.26 100.45 100.08 101.1

Structural formula based on the 4 Oxygens

Si 1.007 0.994 0.998 1.006 0.991

Fe2+ 0.031 0.022 0.024 0.028 0.026

Mn 0 0.004 0 0 0

Mg 1.962 1.98 1.978 1.966 1.983

Cations 3 3 3 3 3

Fo 98.46 98.84 98.74 98.72 98.56

Fa 1.54 1.16 1.26 1.28 1.44

(Deer et al., 1972)X

SEMXRD

Al2O3K2OSiO2
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ACGVAGPost-COLGHSSLREELILE

HREEHSFE

(ACM)

(AFC)

I

(Selman 

Aydigan et al., 2008)

A

B

Amidi

C

(Amidi, 1978)

(Hajmolla Ali, 1993)

(Aghanabati, 1998)

(A(Gr)(KF)(B

(Gr)(TF)(S)(C(EV)



ACME

ICP-ESICP-MS

4A4B

GCDKit 3.00

(Janousek Farrow and Erban, 2008)

ICP-MS

Sample area Erjenan Kafiabad Aliabad

Sample no. EJ.4 EJ.24 EJ.22 KF.7.15 KF.7.26 KF.7.3 KF.7.40 KF.6.11 KF.7.1 AL.33 AL.34 AL.57

Rock type Granodiorite Granodiorite Granodiorite Granite Granite Granite Granite Granite Granite Granite Granite Granite

(Wt%)

SiO2 66.46 66.77 67.97 69.91 69.94 70.24 71.01 71.78 72.78 68.46 70.05 70.56

Al2O3 16.48 16.09 15.81 14.56 14.44 14.25 14.04 14.12 14.07 14.67 14.63 14.30

FeO 0.32 0.37 0.41 0.91 0.95 0.92 0.51 0.49 0.41 0.77 0.72 0.82

Fe2O3 0.97 1.12 1.21 2.74 2.84 2.76 1.53 1.50 1.07 2.13 2.16 2.65

FeOt 1.29 1.49 1.62 3.65 3.79 3.68 2.04 1.99 1.48 2.90 2.88 3.47

MgO 2.39 2.67 2.24 1.20 1.21 1.21 1.13 1.11 0.89 1.41 1.35 1.20

CaO 4.94 3.84 3.49 2.76 2.82 2.73 2.84 1.27 2.20 2.57 2.61 2.69

Na2O 4.58 5.67 5.12 3.42 3.38 3.33 5.15 4.75 5.06 3.98 3.86 3.42

K2O 2.66 2.33 2.69 3.66 3.63 3.76 3.15 4.16 3.06 3.85 3.86 3.71

TiO2 0.60 0.59 0.55 0.43 0.42 0.40 0.37 0.36 0.30 0.45 0.44 0.31

P2O5 0.35 0.31 0.25 0.13 0.15 0.11 0.12 0.14 0.12 0.13 0.13 0.11

MnO 0.13 0.12 0.12 0.07 0.07 0.09 0.03 0.06 0.02 0.07 0.06 0.05

Cr2O3 0.012 0.012 0.010 0.004 0.003 0.006 0.005 0.013 0.004 0.005 0.005 0.006

Sum 99.89 99.89 99.87 99.79 99.85 99.81 99.89 99.75 99.98 99.78 99.88 99.83

LOI 0.9 0.9 0.8 0.6 0.4 0.3 0.5 1.1 0.6 0.5 0.6 0.5

(ppm)

Ni 25 32 20 20 20 20 20 24 20 20 20 20

Sc 9 9 8 7 7 7 19 14 4 5 5 7

Ba 410 428 430 514 535 521 516 442 512 560 543 502

Be 4 4 2 3 3 1 1 1 1 1 1 2

Co 2.7 2.8 3.9 6.6 7.0 7.0 2.4 12.6 0.9 7.3 5.4 6.6

Cs 1.0 1.1 0.9 4.2 4.8 3.8 0.1 3.6 0.1 3.5 2.9 3.6

Ga 16.8 14.0 13.5 11.8 15.0 11.7 16.0 11.1 9.1 14.8 13.8 13.5

Hf 4.0 4.7 4.5 4.7 5.4 4.0 5.6 5.6 4.2 3.9 4.8 3.8

Nb 12.1 11.2 10.1 8.9 10.3 9.1 7.5 8.9 6.6 14.1 14.1 9.4

Rb 15.2 31.3 33.6 118.7 138.2 122.1 132.0 99.0 106.0 115.5 113.1 125.7

Sn 3 5 6 2 2 2 1 2 1 3 2 2

Sr 736.7 504.0 425.2 192.3 223.5 186.2 345.8 163.3 69.8 308.6 301.2 207.5

Ta 1.1 1.1 0.9 0.8 1.1 1.0 0.3 0.6 1.1 1.4 1.1 0.8

Th 12.4 13.3 14.1 17.0 15.6 14.9 17.9 15.0 15.2 13.0 11.5 15.3

U 4.2 4.6 4.1 4.3 3.4 3.1 2.4 3.8 1.0 3.3 2.5 5.3

V 57 61 52 43 65 41 64 50 21 33 29 43

W 1.3 0.7 1.1 1.2 0.5 1.4 0.8 0.8 1.0 1.4 1.4 0.9

Zr 151.3 154.2 155.6 164.7 166.6 141.6 161.7 146.0 143.6 143.5 144.2 147.8

Sample area Erjenan Kafiabad Aliabad

Sample no. EJ.4 EJ.24 EJ.22 KF.7.15 KF.7.26 KF.7.3 KF.7.40 KF.6.11 KF.7.1 AL.33 AL.34 AL.57

Rock type Granodiorite Granodiorite Granodiorite Granite Granite Granite Granite Granite Granite Granite Granite Granite

Y 25.0 27.0 30.0 28.0 23.1 25.0 25.9 25.0 24.9 28.0 24.0 27.0

La 27.7 19.0 26.9 44.7 47.3 23.5 51.8 35.0 30.5 32.1 28.0 36.3

Ce 49.7 41.7 53.5 62.0 53.0 43.2 53.0 54.0 56.0 56.9 51.6 50.0

Pr 5.23 4.60 5.68 8.05 8.30 4.53 10.73 5.32 6.53 5.84 5.18 6.67

Nd 18.5 16.2 20.8 28.7 27.5 14.0 36.2 23.5 24.1 17.3 14.8 22.7

Sm 3.61 2.97 3.04 4.39 4.65 3.05 6.82 3.62 4.40 3.47 3.14 3.81

Ho 0.53 0.56 0.48 0.73 0.83 0.71 1.04 0.46 0.92 0.52 0.50 0.71

Er 1.59 1.59 1.53 2.56 2.57 1.95 2.88 3.80 2.43 1.59 1.26 2.17

Tm 0.25 0.25 0.25 0.36 0.42 0.30 0.40 0.50 0.40 0.24 0.21 0.38

Mo 1.8 1.5 1.0 1.0 0.8 1.7 1.6 1.2 1.2 2.1 1.3 1.5

Cu 6.0 5.9 7.4 8.1 7.4 6.2 8.2 6.5 4.2 10.7 6.8 5.7

Pb 5.1 9.1 8.6 5.0 5.1 4.5 2.2 2.8 1.1 9.2 8.6 3.6

Zn 8 38 20 29 29 26 3 29 4 22 25 22

Ni 7.5 7.3 5.0 4.5 4.2 7.1 6.2 5.0 3.9 13.4 11.3 6.2

As 1.3 1.9 1.6 0.5 0.5 0.6 0.6 0.5 0.6 2.0 1.8 0.5

Cd 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Sb 0.3 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Bi 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Ag 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Au 0.5 0.5 0.5 0.7 3.2 0.5 3.5 3.1 3.7 0.5 0.5 0.5

Hg 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Ti 0.1 0.1 0.1 0.3 0.3 0.3 0.1 0.4 0.1 0.2 0.1 0.3

Se 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Sample area Aminabad Aderbolandan Khezrabad

Sample no. AM.31 AM.35 AM.37 AM.38 AD.2 AD.14 AD.5 AD.9 KH.3.2 KH.3.1 KH.3.7 KH.4.1 KH.1.3

Rock type Granodiorite Granite Granite Granite Granodiorite Granodiorite Granite Granite
Alkali 

granite

Alkali

granite

Alkali 

granite

Alkali 

granite

Alkali 

granite

(Wt %)

SiO2 67.48 68.64 70.07 70.21 65.03 65.39 69.60 71.47 74.59 74.91 77.21 77.90 78.76

Al2O3 15.51 14.66 14.64 14.47 15.59 15.33 13.77 13.10 14.68 14.57 12.69 12.23 12.13

FeO 0.68 0.75 0.76 0.67 1.27 1.49 1.24 1.07 0.23 0.22 0.16 0.16 0.16

Fe2O3 2.04 2.25 2.29 2.19 3.82 3.67 2.02 2.49 0.67 0.64 0.61 0.49 0.50

FeOt 3.08 3.00 3.05 2.86 5.09 5.16 3.24 3.56 0.90 0.86 0.77 0.65 0.66

MgO 1.92 1.50 1.45 1.36 2.36 2.08 2.46 2.18 0.40 0.32 0.05 0.10 0.12

CaO 2.63 2.69 2.24 2.59 3.84 3.86 2.88 1.68 0.28 0.20 0.46 0.19 0.16

Na2O 4.62 3.94 3.93 4.03 3.52 3.78 3.65 4.59 4.91 4.45 3.89 4.58 4.17

K2O 3.57 3.63 3.75 3.71 3.21 3.07 3.37 3.19 4.07 4.44 4.74 4.06 4.31

TiO2 0.60 0.49 0.47 0.45 0.61 0.57 0.55 0.40 0.11 0.09 0.06 0.15 0.19

P2O5 0.23 0.15 0.13 0.12 0.46 0.42 0.20 0.18 0.01 0.05 0.10 0.11 0.04

MnO 0.11 0.08 0.05 0.04 0.15 0.14 0.08 0.04 0.02 0.03 0.02 0.02 0.02

Cr2O3 0.008 0.005 0.004 0.003 0.008 0.016 0.013 0.014 0.005 0.006 0.004 0.004 0.004

Sum 99.76 99.78 99.78 99.84 99.87 99.82 99.81 99.88 99.98 99.93 99.99 99.99 99.99

LOI 1.5 0.6 0.5 0.5 1.5 0.4 0.8 0.8 0.2 0.4 0.7 0.4 0.8

(ppm)

Ni 24 20 20 20 20 47 42 44 20 20 20 20 20

Sc 6 5 5 5 11 15 12 13 4 8 2 2 4

Ba 470 502 495 523 407 415 510 499 402 385 352 345 360

Be 4 4 1 <1 1 4 7 3 1 2 2 3 1

Co 5.9 7.9 6.6 6.7 11.2 15.8 13.0 10.1 1.6 1.0 1.2 0.9 1.2

Sample area Aminabad Aderbolandan Khezrabad

Sample no. AM.31 AM.35 AM.37 AM.38 AD.2 AD.14 AD.5 AD.9 KH.3.2 KH.3.1 KH.3.7 KH.4.1 KH.1.3

Rock type Granodiorite Granite Granite Granite Granodiorite Granodiorite Granite Granite
Alkali 

granite

Alkali

granite

Alkali 

granite

Alkali 

granite

Alkali 

granite

Cs 1.3 3.8 4.3 2.4 5.1 5.1 3.3 1.8 0.1 0.1 1.3 0.2 0.1

Ga 15.3 14.8 14.5 16.9 14.4 16.4 14.4 12.5 10.7 15.8 14.4 18.3 11.6

Hf 5.6 5.0 4.9 4.2 4.8 4.8 4.4 5.0 4.6 4.0 1.9 4.0 3.5

Nb 15.2 15.9 15.1 18.6 13.2 12.1 9.5 8.6 10.1 6.0 4.5 15.0 9.0

Sn 1 2 2 2 2 3 2 1 3 2 1 6 1

Sr 394.8 300.2 293.0 346.4 286.0 270.0 220.0 204.0 68.2 324.3 40.3 24.8 23.7

Ta 1.2 1.4 1.5 1.7 1.4 1.0 0.7 0.6 1.0 0.6 0.8 1.3 1.0

Th 15.2 13.3 18.6 17.9 14.3 12.6 18.6 17.2 18.3 22.1 23.4 21.0 25.7

U 4.3 3.1 4.3 4.1 2.0 2.9 2.0 2.8 1.2 1.9 3.7 3.4 2.6

Zr 165.0 162.0 152.5 155.4 144.5 141.4 147.1 146.0 144.3 135.6 139.4 123.4 117.9

Y 26.0 23.0 22.0 25.0 20.2 23.4 26.0 25.4 20.2 23.1 21.8 15.6 17.0

La 32.3 27.0 34.8 39.7 28.1 35.8 28.1 34.2 7.8 21.7 11.5 28.9 35.1

Nd 18.7 21.3 20.4 21.9 20.7 28.2 21.5 28.3 5.9 17.9 12.8 21.5 26.5

Sm 3.54 3.10 3.43 3.62 4.24 6.06 4.59 5.92 1.46 3.69 3.66 5.37 5.43

Eu 0.86 0.73 0.72 0.78 0.93 1.31 0.99 1.34 0.33 0.71 0.24 0.54 0.37

Gd 2.98 2.75 2.77 3.04 3.92 5.67 4.06 5.45 1.80 3.65 3.49 5.18 4.66

Tb 0.49 0.45 0.45 0.50 0.67 0.93 0.66 0.82 0.38 0.66 0.70 1.00 0.88

Dy 2.91 2.50 2.53 2.56 3.93 4.81 3.73 4.02 2.35 4.07 4.18 6.33 4.98

Ho 0.45 0.59 0.49 0.48 0.79 1.11 0.71 0.92 0.79 0.88 0.95 1.38 1.17

Er 1.59 1.57 1.40 1.59 2.44 3.19 2.08 2.90 2.28 2.71 2.85 4.12 3.54

Tm 0.25 0.24 0.24 0.25 0.36 0.46 0.32 0.43 0.45 0.43 0.43 0.62 0.55

Yb 1.67 1.81 1.80 1.38 2.48 2.75 2.09 2.57 2.97 2.52 2.65 3.51 3.28

Lu 0.28 0.25 0.24 0.24 0.36 0.42 0.31 0.41 0.37 0.38 0.40 0.52 0.56

Mo 1.1 1.1 1.3 1.9 0.7 0.8 0.6 1.3 1.6 1.9 2.1 1.4 1.0

Cu 3.4 7.1 10.0 4.3 40.0 3.9 7.6 19.8 4.7 38.1 13.2 4.1 4.3

Pb 7.1 9.1 7.9 5.3 10.0 8.4 6.8 5.4 0.7 2.7 3.7 1.1 1.5

Zn 16 28 25 12 42 83 76 4 6 5 6 <1 3

Ni 13.5 11.5 11.9 10.2 12.6 47.0 45.0 37.1 5.9 7.3 7.1 4.1 4.5

As 2.8 2.0 1.6 0.8 2.2 0.6 0.5 0.5 0.5 0.5 1.0 1.1 0.5

Cd 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Sb 0.2 0.1 0.1 0.1 0.7 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Bi 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Ag 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Au 1.3 0.5 0.5 11.0 0.5 5.2 2.3 1.7 0.7 4.7 8.2 2.1 2.0

Hg 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Ti 0.1 0.2 0.2 0.1 0.1 0.6 0.5 0.2 0.1 0.1 0.1 0.1 0.1

Se 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

QAP
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CD

F

A(Sutcliffe et 
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Sample SC-65 SC-76 SC-109 SC-90 SC-77 SC-64 SC-97-2 SC-92

X 598107 595722 590478 594682 595711 598014 593742 594526

Y 3603885 3602237 3599447 3600294 3602343 3603805 3601357 3600411

Rock type 1 1 1 1 1 1 1 1

Wt. %

SiO2 62.88 63.26 61.48 63.90 61.33 62.36 63.77 63.18

TiO2 0.45 0.51 0.58 0.40 0.51 0.53 0.45 0.41

Al2O3 14.97 14.10 14.73 14.69 14.99 14.79 14.32 14.43

FeOt 5.17 6.0 6.40 4.68 6.11 6.26 5.34 4.77

MnO 0.10 0.11 0.12 0.11 0.21 0.10 0.12 0.11

MgO 1.83 2.07 2.62 1.42 2.82 2.27 2.49 1.47

CaO 3.54 4.49 3.30 2.91 3.05 4.48 2.54 2.82

Na2O 3.15 3.37 3.24 4.30 3.28 3.13 3.48 4.56

K2O 5.62 4.76 5.04 5.03 5.89 4.55 5.02 5.82

P2O5 0.21 0.26 0.23 0.17 0.26 0.28 0.18 0.18

L.O.I 1.23 1.40 1.91 1.90 1.40 1.42 1.63 2.12

Total 99.15 100.33 99.65 99.51 99.85 100.17 99.34 99.87

ppm

Ba 646 724 594 787 814 715 852 846

Co 10 13 13 7 13 15 9 7

Cs 5 6 11 4 7 4 6 5

Ga 14 15 15 13 15 15 15 15

Hf 6 5 5 6 5 5 5 6

Nb 22 10 12 12 10 10 12 13

Rb 178 137 181 155 199 138 158 196

Sr 632 778 543 634 609 997 635 576

Ta 0.8 0.6 0.8 0.9 0.7 0.7 0.7 0.9

Th 14 11 14 13 12 12 13 14

V 109 137 138 86 152 157 111 98

Zr 221 185 205 216 186 177 213 214

Y 21 21 22 22 22 20 22 23

La 31.2 32.5 31.6 33.8 32.0 29.9 32.4 33.7

Ce 62.2 64.1 63.0 66.1 65.4 59.8 65.7 67.4

Pr 7.02 7.30 7.27 7.73 7.52 6.98 7.56 7.83

Nd 27.9 28.7 28.1 29.5 28.5 27.7 27.7 30.7

Sm 5.03 5.46 5.34 5.78 5.97 5.42 5.41 5.91

Eu 1.16 1.37 1.18 1.37 1.41 1.26 1.36 1.42

Gd 4.46 4.90 4.56 4.95 5.05 4.52 4.79 4.94

Tb 0.65 0.69 0.68 0.73 0.72 0.68 0.71 0.73

Dy 3.44 3.90 3.64 3.76 3.97 3.76 4.20 4.35

Ho 0.70 0.75 0.74 0.75 0.78 0.72 0.81 0.80

Er 2.02 2.15 2.36 2.45 2.36 2.13 2.21 2.49

Tm 0.31 0.32 0.34 0.33 0.33 0.30 0.33 0.36

Yb 2.14 2.09 2.41 2.46 2.19 2.16 2.42 2.44

Lu 0.35 0.34 0.36 0.38 0.35 0.35 0.36 0.38

K2O/Na2O 1.78 1.41 1.55 1.17 1.79 1.45 1.44 1.27

Eu/Eu* 0.75 0.81 0.73 0.78 0.79 0.78 0.82 0.80

(La/Yb)N 9.83 10.48 8.84 9.26 9.85 9.33 9.03 9.31

(Ce/Yb)N 7.52 7.93 6.76 6.95 7.72 7.16 7.02 7.15



Sample HR-80 HR-79 HR-98 HR-88 HR-81 HR-100 HR-101

X 596075 595862 594487 596813 596216 594462 594463

Y 3607479 3607626 3609999 3608138 3607416 3608764 3608720

Rock type 1 1 1 1 1 2 2

Wt. %

SiO2 62.53 62.25 62.01 63.93 61.16 73.95 71.96

TiO2 0.53 0.55 0.55 0.47 0.50 0.23 0.23

Al2O3 14.12 14.89 14.67 14.43 14.99 14.28 13.91

FeOt 5.84 5.91 5.35 5.01 5.72 1.60 1.49

MnO 0.10 0.14 0.14 0.09 0.09 0.0 0.01

MgO 2.34 2.40 2.11 2.09 2.56 0.24 0.27

CaO 3.94 3.82 4.22 3.36 3.75 0.78 1.31

Na2O 3.26 3.40 2.94 3.04 3.11 0.80 0.54

K2O 5.06 5.19 5.81 5.14 4.92 6.85 8.69

P2O5 0.22 0.23 0.35 0.21 0.21 0.05 0.05

L.O.I 1.75 2.00 2.20 1.87 2.35 1.83 1.73

Total 99.69 100.78 100.35 99.64 99.36 100.61 100.19

ppm

Ba 779 773 767 788 722 194 216

Co 13 12 12 10 12 2 1

Cs 7 4 5 6 5 7 7

Ga 16 15 16 15 15 11 12

Hf 5 5 6 5 5 6 7

Nb 11 12 14 13 11 19 21
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Ta 0.7 0.7 0.8 0.8 0.6 1.5 1.3
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Nd 28.6 28.9 36.3 30.1 26.7 24.2 26.2

Sm 5.31 5.34 6.09 5.40 5.27 4.18 4.29

Eu 1.33 1.32 1.44 1.30 1.31 0.51 0.52

Gd 4.78 4.53 4.71 4.67 4.43 3.39 3.48

Tb 0.69 0.69 0.67 0.67 0.66 0.53 0.53

Dy 3.75 3.90 3.52 3.71 3.84 3.14 3.32

Ho 0.75 0.72 0.72 0.69 0.68 0.65 0.66

Er 2.32 2.26 2.12 2.21 2.06 2.07 2.17

Tm 0.33 0.32 0.31 0.31 0.31 0.36 0.34

Yb 2.21 2.27 2.10 2.28 2.08 2.38 2.44

Lu 0.34 0.32 0.32 0.35 0.32 0.38 0.41

Ratio

K2O/Na2O 1.55 1.52 1.9 1.69 1.58 8.56 16.09

Eu/Eu* 0.81 0.82 0.82 0.79 0.83 0.41 0.41
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Petrography and petrogenesis of intrusive rocks

in the northeast of Nayband, East of Iran
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and Akbar Esfandiarpour
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Abstract

The study area is located 50 km northeast of Nayband in the easternmost part of Yazd 

province. The area is a portion of the Tertiary volcanic-plutonic rocks in the west of the 

Lut block. The geology of the region includes latitic to trachyandesitic lavas, which are 

intruded by subvolcanic rocks with monzonitic, syenitic and granitic compositions. The 

texture of all the intrusive rocks is porphyric to glomeroporphic. Plagioclase, K-

feldspar, biotite and quartz are the main minerals of biotite quartz monzonite porphyry, 

biotite syenite porphyry and biotite granite porphyry. Clinopyroxene, besides these 

minerals is present in biotite-pyroxene monzonite porphyry. Based on geochemical 

studies, the biotite-pyroxene monzonite porphyry shows metaluminous and shoshonitic 

nature. This rock belongs to the magnetite series (oxidized) granitoid and is allocated to 

I-type. The relative enrichment of LREE versus HREE and enrichment of LILE and 

HFSE impoverishment indicate magma formed in subduction zone. The magma exhibits

low degree of partial melting (>0.1 to <3) from a garnet-spinel lherzolite source, which 

is contaminated by continental crust. The biotite granite porphyry is peraluminous and 

ultrapotassic. The rock belongs to ilmenite series (reduced) granitoid and is related to S-

type. Based on Nb, Yb, Rb, Y and Ta contents, the magma formed in syn-collisional 

tectonic setting. The granitic magma is generated by partial melting of continental crust 

and clay-poor sediments source. The relative enrichment of LREE and depletion of 

HREE, highly negative Eu anomaly and low ratios of (La/Yb)N and Ce/Yb)N can be 

attributed to the presence of residual plagioclase in the source area. The intrusion of this 

rock into the monzonitic unit indicates a collision occurred after the Eocene in the west 

of Lut block in which access to accurate geochronological and radiogenic isotopes data 

is required.

Key words: Petrogenesis, I- and S-type granitoids, Subvolcanic rocks, Nayband, Lut

block
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Abstract

The granitoid bodies of Yazd belonging to the Oligo-Miocene in age located in the

central part of Urumiaeh-Dokhtar volcanic belt. These bodies intruded into the 

Cretaceous limestone of the Taft formation and pyroclastic rocks of the Eocene. These 

rocks generally show granular texture; and porphyroid, granophyric, graphic, perthite, 

myrmekitic and anti-rapakivi textures are occasionally identified. On the basis of field 

observations and petrographic and geochemical studies, the Yazd intrusive bodies fall 

within the range of alkali-granite to tonalite in composition and belong to high 

temperature I-type (Cordilleran) ACG, VAG, Post-COLG and HSS groups. Various 

geochemical diagrams show the enrichment of LILE, LREE and depletion of HREE and 

HSFE. These are the characteristics of calc-alkaline magma developed in subduction 

regime of active continental margin (ACM). Therefore, it is suggested that the magma 

was generated from the subducted oceanic crust (Neothety) and evolved mantle wedge 

above it. The magma was generated at the base of crust owing to crust melting and 

subsequent differential crystallization, assimilation and contaminations (AFC), all are 

involved in magmatic evolution. Proposed geotectonic model of the area could be 

similar to the central Andes model, in which magma generated by polygenic and 

polystages phenomena.

Key words: I-Type Granite, Subduction andian model, Yazd Granitoid, Urumiaeh-

Dokhtar
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Petrography, Mineralogy and Mineralchemistry

of Ochestan contact metamorphic rocks (South of Mahallat)

Seyed Mohsen Tabatabaei Manesh *, Zari Eslami and Morteza Sharifi

Departement of Geology, Faculty of Sciences, University of Isfahan, Isfahan, Iran

Abstract

The skarns of the Ochestan area are located in the Sanandaj- Sirjan zone, about 60 Km 

south of Mahallat. The rock complex in this area consist of intrusive bodies and

metamorphic rock such as: schist, phyllite, slate, hornfels, amphibolite and 

metavolcanic. The injection of magma in the Cretaceous-Paleocene with syenogranite 

and monzogranite composition into the Paleozoic limestone and dolomite led to 

formation of skarn and marble. Clinopyroxene (diopside), olivine (forsterite), tremolite, 

talc, serpentine, phlogopite, margarite, wollastonite, opaque minerals, calcite and quartz 

are observed minerals in contact metamorphism rocks. According to the mineralogical 

studies, the Ochestan skarns are exoskarn-type and the presence of minerals such as: 

forsterite, diopside, tremolite, antigorite and phlogopite show that the host rock is 

dolomitic the in study area. These skarns show zoning of intrusive body into the host 

rock: wollastonite skarn, pyroxene skarn, forsterite- serpentine marbles, mica marbles, 

tremolite- talc marbles, calcite and dolomite marbles.

Key words: Clinopyroxene, Forsterite, Serpentine, Wollastonite, Skarn, Ochestan, 

Sanandaj-Sirjan
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Geochemistray and tectonic setting 

of Halab Mafic Gabbroic body (West of Zanjan) 
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Abstract 

In the west of Zanjan, east of Halab, Gabbroic bodies with tholeiitic nature injected into 

the Eocene rocks. The main minerals are plagioclase, pyroxene ± olivive and epidots, 

chlorite, termolite-actinolite and the opaque minerals are accessory minerals. The rocks 

studied have SiO2: 45.1-47 wt% and are classified as gabbro. The normalized trace 

element patterns show enrichment in LREE and depletion in HREE. The positive 

anomalies of K, Th, Rb and the negative anomalies of HFSE (Zr, Nb and Ti) indicate the 

rocks contamination with continental crust. On the tectonic setting diagrams the studied 

rocks are plotted in the continental intraplate field. Based on all these data, it seems that, 

the studied gabbroic rocks are formed by the initial stages of the magmatism related to an 

Eocene pull apart basin and formed due to partial melting of upper asthenosphere risen 

under continental lithosphere and contaminated with crustal rocks during the Eocene. 

Key words: Gabbro, Suprasubduction, Magma contamination, Continental lithosphere, 

Intra-continental rift, Halab, Zanjan 
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units: discussion of textural evidences and mineral chemistry 

of crustal sequence ultramafic-mafic associations 
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Abstract 

Sistan suture zone ophiolitic rocks are remnants of Tethyan oceanic lithosphere between 

Lut and Afghan continental blocks. This oceanic basin has been existed at least during the 

Cretaceous. Mineral chemistry from crustal sequence ultramafic-mafic associations and 

petrographical evidences from parts of these ophiolitic complexes (the ophiolitic rocks 

located between the south of Birjand and Tchehel Kureh ophiolites) suggest distinct 

geodynamic setting for the formation of oceanic lithosphere. Plutonic rocks from crustal 

sequence mainly include ultramafic cumulates (dunite and pyroxenite), cumulate gabbro, 

gabbronorite and isotropic gabbro. The crystallization trend in these rocks is variable 

including earlier crystallization of pyroxene relative to plagioclase and vice versa which 

implies SSZ (supra-subduction zone) and MORB (Mid-Oceanic Ridge Basalt) - type 

trends, respectively. The composition of plagioclase in cumulate gabbros and 

gabbronorite is bytownite and anorthite, respectively. Moreover, the contents of 

compatible and incompatible elements of clinopyroxene and orthopyroxene in ultramafic 

cumulates, cumulate gabbros and gabbronorite represent significant differences. The 

chemical composition of these minerals and crystallization trends indicate that 

pyroxenites-gabbronorite and troctolite-cumulate gabbros-isotropic gabbros have been 

formed from two different magma series with SSZ and MORB affinities, respectively. In 

the study area, it seems that the MORB-type magmatism resulted from partial melting 

beneath mid ocean ridge produced a depleted mantle. Subsequently, consequence of intra-

oceanic subduction the MORB mantle has been suffered higher depletion due to fluid-

induced melting in supra subduction zone setting and produced SSZ-type magmatism. 

Key words: Ultramafic-mafic rocks, Geodynamic setting, Ophiolite, Sistan suture zone, 

East of Iran 
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Abstract 

In the northwest of the Central-East Iranian Microcontinent (CEIM), southwest of 

Jandaq, the Toveireh Oligocene alkaline basalt with NW-SE to W-E trend is 

outcropped. This alkaline basalt with porphyritic, poikilitic and microlithic porphyritic 

textures have olivine (chrysolite), clinopyroxene (diopside and augite), plagioclase 

(labradorite) and spinel as primary minerals and titanomagnetite, serpentine and zeolite 

as secondary phases. The rock in question is enriched in alkalies (Na2O+K2O), TiO2, 

LILE (Cs, Rb and Ba), HFSE (Ti, Nb, Hf and Zr) with high ratio of LREE/HREE (Light 

Rare Earth Elements/Heavy Rare Earth Element) (La/Yb=9.64-12.68). The chemical 

composition of theses rocks indicates that the primary magma of the Toveireh alkaline 

basalt is produced by partial melting of carbonated garnet lherzolite of asthenospheric 

mantle. The geological situation of the study area suggests that the subduction of 

oceanic crust along the Great Kavir Fault from the Triassic to the Eocene caused 

carbonate metasomatism and mantle enrichment. The presence of abundant xenoliths, 

xenocrysts and the reaction textures show fast magma rising. The activity of Great 

Kavir and the Toveireh faults in an extensional system in the NW of CEIM can be 

accounted for the Oligocene alkaline magmatism.  

Key words: Alkaline basalt, Oligocene, Xenocryst, Jandaq, Central-East Iranian 

Microcontinent 
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Abstract 

In this study, we investigate the geochemical evolution and the age of intrusive rocks 

from central part of the magmatic arc of the northeastern Iran in the south of Sabzevar 

(Khorasan Razavi province). The geochemical evidences point to magmatism related to 

volcanic arc and subduction zone. The intrusive rocks vary in composition from granite 

to diorite and gabbro. Based on mineralogy and the high values of magnetic 

susceptibility [(>400) × 10
-5

 SI], the intrusive rocks are classified as magnetite-series of 

oxidized I-type granitoid. Chemically, they are meta to per-aluminous, enriched in LILE 

(K, Th and Rb) and depleted in HFSE (Nb, P and Ti) and belong to tholeiitic series. 

Low (La/Yb)N, low Sr/Y ratios and the negative anomaly of Eu indicate a classic island 

arc type magmatism. Trace elements behavior in acidic and intermediate intrusive rocks 

show nearly flat pattern (La/SmPm =0.97-2.57) and lie outside the garnet stability field. 

Thus, the source rocks should not be eclogite or garnet amphibolite. The geochemical 

signature of rare and trace elements suggests derivation from melting under relatively 

low pressure condition (shallow depth). The results of U-Pb zircon dating of the studied 

are 97-100 Ma (mid-Cretaceous time). The initial 
87

Sr/
86

Sr ratios and the initial Nd are 

0.7049 and +4.54, respectively  

Key words: Cretaceous, Granitoid mass, Magmatic arc, Sabzevar, Central Iran 
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