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Sample SG.G1.8 SG.G3.10 SG.G1.29 SG.G3.46 SG.G1.38 SG.G2.4 SG.G2.21 SG.G3.16 SG.G3.40 SG.G3.7

Grano - Grano - Grano - Grano - Grano -  Grano-  Grano - Grano - Grano - Grano -
Rock-type diorite diorite diorite diorite diorite diorite diorite diorite diorite diorite
SiO, (%) 64.83 61.98 65.35 61.84 64.5 63.65 62.5 60.9 61.5 61.2
TiO, 0.53 0.74 0.77 0.79 0.61 0.67 0.65 0.81 0.93 0.75
AlLO, 15.82 15.87 15.65 15.99 15.3 16.1 15.7 16.05 16.3 16.28
Fe,0, 2.67 3.7 2.41 3.46 2.82 2.94 2.92 3.04 2.91 2.96
FeO 2.27 2.19 2.27 2.25 2.58 2.96 3.18 3.21 3.01 3.05
MnO 0.11 0.12 0.1 0.1 0.1 0.1 0.1 0.13 0.11 0.1
MgO 2.13 3.1 1.94 3.2 1.81 2.1 2.48 2.89 2.73 3.1
CaO 3.61 4.38 3.55 4.56 4.31 39 4.72 4.82 4.61 5.05
Na,0 3.64 3.77 3.8 3.28 3.47 3.41 3.06 3.8 3.26 3.39
K,0 4.05 3 3.81 3.81 3.71 3.45 3.35 2.9 3.54 343
PO, 0.17 0.21 0.15 0.25 0.2 0.22 0.18 0.24 0.2 0.27
Total 99.83 99.06 99.8 99.53 99.41 99.5 98.84 98.79 99.1 99.58
Ba(ppm) 860 562 673 844 328 656 703 866 624 138
Rb 103 96 124 107 113 82 94 93 124 86
Sr 488 520 416 491 447 534 590 471 550 446
Y 20.1 18.6 22.7 17.13 23.21 20.1 20.8 24.52 18.27 20.8
Zr 152 173 120 120 109 138 126 160 132 155
Nb 16.2 21.8 22.4 13.1 14.3 17.2 15.6 12.1 17.9 10.8
Th 28.3 25.4 22.5 21.5 20.2 21.4 20.6 20.7 15.1 20.8
Ni 44.4 53.1 75.3 55.7 42.1 51.6 56.5 59.7 45.6 62.8
\% 166 216 129 164 185 140 174 203 173 108
Hf 4.4 5.5 3.9 53 4.6 4.9 5.1 6.2 5.7 5
Cs 6.2 4.5 5.8 5 5.7 6.2 6.6 5.6 4.9 5.1
Sc 9.7 12.4 7.6 13.4 13.1 17.9 11.1 10.6 9.3 15.9
Co 27.6 29.1 22.5 29.3 235 28.2 27.7 28.3 26.6 33.1
U 3.1 2.7 4 2.4 3.8 4.3 4.5 39 3.2 2.1
La 62.8 44.1 37.9 553 50.6 73.5 61.37 80.2 35.21 52.31
Ce 119.6 87.5 76.2 102.3 104.1 151.1 115.9 168.7 69.73 96.8
Pr 14.1 9.3 8.6 11.4 11.8 16.6 13.7 17.81 7.65 10.3
Nd 48.4 29.5 30.8 39.7 42.7 59.3 51.2 57.8 28.13 37.5
Sm 6.67 6.2 6 7.3 7.41 9.87 7.82 9.96 5.93 7.26
Eu 1.01 0.7 0.83 1.11 1.19 1.42 1.5 1.38 0.78 0.81
Gd 4.8 4.9 4.1 5.12 5.72 8.14 7.01 8.26 5.22 5.4
Tb 0.76 0.6 0.57 0.84 0.87 1.26 1.12 1.24 0.69 0.81
Dy 4.3 3.6 3.1 4.6 5.01 7.24 6.24 8.13 3.57 4.52
Ho 0.91 0.79 0.72 0.99 1.04 1.54 1.32 1.48 0.88 0.9
Er 2.6 2.3 2.1 2.9 2.92 4.42 3.9 3.62 2.58 2.16
Tm 0.36 0.29 0.27 0.4 0.38 0.54 0.48 0.48 0.38 0.39
Yb 2.2 2 1.85 2.9 3.1 3.86 3.16 3.39 2.74 2.56
Lu 0.4 0.32 0.29 0.46 0.44 0.56 0.5 0.46 0.41 0.37
Eu/Eu’ 0.542 0.36 0.513 0.555 0.558 0.484 0.62 0.465 0.428 0.39
(La/Yb), 20.65 15.95 14.82 13.79 11.80 13.77 14.048 17.11 9.29 13.59
La/Yb 28.54 22.05 20.48 19.06 16.32 19.04 19.42 23.65 12.85 18.78
Th/Yb 12.86 12.7 12.16 7.41 6.51 5.54 6.51 6.106 5.51 8.82
Rb/Sr 0.21 0.185 0.3 0.21 0.25 0.15 0.16 0.197 0.35 0.139
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Sample SG.G2.14 SG.G1.19 SG.G2.3 SG.G1.30 SG.G1.15 SG.G1.56 SG.G1.13 SG.G2.9 SG.G1.24 SG.G2.31

Grano - Grano - Grano - Grano-  Grano-  Grano-  Grano - Grano - Grano - Grano -
Rock-type diorite diorite Diorite diorite diorite diorite diorite diorite diorite diorite
SiO, (%) 63.76 65.29 62.94 65.7 67.37 68.05 66.61 67.11 70.34 67.96
TiO, 0.73 0.64 0.83 0.52 0.57 0.35 0.43 0.51 0.56 0.44
ALO, 15.88 15.64 15.8 15.38 14.74 14.41 14.93 14.45 15.1 14.83
Fe,0, 2.72 2.53 2.59 2.6 2.28 1.89 2.32 1.65 1.3 2.26
FeO 2.66 2.34 2.81 2.23 1.57 1.53 1.88 1.61 1.12 1.14
MnO 0.1 0.12 0.1 0.1 0.1 0.1 0.11 0.1 0.1 0.13
MgO 2.44 1.7 231 1.66 1.51 1.21 2.06 1.81 1.82 1.51
CaO 3.95 4.1 4.1 3.56 3.65 2.73 3.49 3.9 2.25 3.14
Na,0 3.67 3.78 3.89 3.87 3.45 3.18 3.57 3.68 2.83 3.28
K,0 3.76 3.42 3.26 3.91 3.92 4.11 4.15 3.6 34 4.7
PO 0.23 0.18 0.24 0.22 0.12 0.11 0.15 0.11 0.1 0.13
Total 99.9 99.74 98.87 99.75 99.28 97.76 99.7 98.53 98.92 99.52
Ba(ppm) 505 607 750 453 348 456 492 584 630 197
Rb 118 120 109 110 106 112 138 145 135 125
Sr 485 508 446 395 434 440 460 407 431 398
Y 21.5 19.24 21.61 18.65 13.2 21.7 18.3 16.4 20.3 18.1
Zr 135 85 145 143 89 128 96 113 138 80
Nb 12.4 10.5 8.2 13.6 10.1 17.5 11.9 11.6 14.3 5.8
Th 21.5 26.24 28.6 32.7 352 335 29.4 26.9 24.1 41.6
Ni 46.6 38.8 48.2 35.3 23.4 36.3 41.4 28.2 41.1 19.2
\% 148 100 194 159 99 180 134 98 121 75
Hf 4.8 3.8 4.5 33 4 4.2 4.6 2.8 4 3.2
Cs 6.7 4.7 6.9 5.8 3.6 4.5 52 3.6 5.1 3.9
Sc 9.2 14.7 11.3 7 11.9 10.1 9.6 4.8 8.64 11.5
Co 26.3 17.6 33.3 24.8 353 20.2 15.1 16.2 12.4 11.8
U 4.2 2.6 3.6 3.14 3.1 2.5 4.2 32 5.7 3.6
La 47.6 63.16 57.1 83.7 47.7 74.35 60.6 59.4 37.9 83.1
Ce 96.4 122.7 107.6 176.2 84.6 147.6 113.3 113.2 71.1 162
Pr 12.1 14.5 11.6 17.76 8.8 16.7 12.6 12.9 7.6 14.8
Nd 39.8 53.1 41.8 59.4 30.4 53.4 45.8 52.1 27.4 45.5
Sm 7.33 9.3 7.46 10.4 5.1 8.81 8.14 7.56 6.06 7.06
Eu 1.02 1.7 0.9 1.46 1.02 1.3 0.89 0.82 0.64 1
Gd 5.53 9.04 5.17 9.07 4.6 7.04 6.27 7.01 4.8 5.8
Tb 0.9 1.33 0.81 1.18 0.66 1.03 0.94 1.1 0.54 0.82
Dy 55.1 7.68 4.93 8.81 3.64 6.56 5.23 6.13 29 4.98
Ho 1.03 1.34 1.1 1.51 0.98 1.11 1.06 1.3 0.7 1.2
Er 2.83 4.1 3.08 3.76 2.4 2.96 2.99 3.34 1.8 3.1
Tm 0.41 0.49 0.42 0.5 0.34 0.52 0.48 0.4 0.23 0.4
Yb 2.91 3.16 2.83 3.05 2 2.51 3.08 3.1 1.7 2.3
Lu 0.47 0.53 0.48 0.51 0.34 0.52 0.6 0.46 0.25 0.43
Eu/Eu’ 0.489 0.566 0.443 0.459 0.643 0.504 0.38 0.344 0.36 0.477
(La/Yb), 11.83 14.45 14.59 19.85 17.25 21.42 14.23 13.86 16.12 26.13
La/Yb 16.35 19.98 20.17 27.44 23.85 29.62 19.67 19.16 22.29 36.13
Th/Yb 5.18 8.29 10.1 10.72 17.6 13.34 9.54 8.67 14.17 18.52
Rb/Sr 0.243 0.236 0.244 0.278 0.31 0.356 0.3 0.25 0.314 0.24
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Sample SG.G1.11 SG.G2.28 SG.Gl1.42 SG.QL.6 SG.Q1.33 SG.QL.16 SG.Q2.25 SG.Q2.8 SG.Ql1.27 SG.Ql.4

Grano - Grano - Grano - Quartz- Quartz- Quartz- Quartz- Quartz-  Quartz-  Quartz -
Rock-type diorite diorite diorite  monzonite monzonite monzonite monzonite monzonite monzonite monzonite
SiO, (%) 67.58 68.87 67.24 60.2 61.08 60.19 58.86 59.32 60.38 58.36
TiO, 0.39 0.32 0.38 1.23 1.11 1.06 1.28 1.13 0.98 1.26
ALO, 14.66 14.25 15.05 16.21 15.61 16.1 16.03 16.4 16.16 17.04
Fe,0, 2.25 2.06 2.13 2.75 2.7 2.8 2.55 2.8 2.69 2.99
FeO 1.77 1.48 2.01 3.95 3.11 3.45 3.53 3.54 3.24 3.21
MnO 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.13 0.1
MgO 1.76 1.44 1.64 2.81 3.26 2.98 4.11 3.17 3.12 3.04
CaO 3.39 3.51 3.32 5.85 5.48 5.68 6.09 6.24 5.91 6.21
Na,0 3.64 3.76 3.47 3.72 3.89 4.27 433 3.8 3.12 3.94
K,0 43 3.72 3.35 2.85 3.38 3.11 2.8 3.19 291 3.08
PO, 0.14 0.11 0.15 0.3 0.26 0.23 0.28 0.29 0.32 0.28
Total 99.98 99.62 98.84 99.97 99.98 99.97 99.96 99.98 99.96 99.51
Ba(ppm) 469 264 284 982 504 444 326 693 952 486
Rb 127 85 126 70 91 76 60 82 73 65
Sr 355 437 413 521 515 571 533 485 590 641
Y 15.5 20.7 18.3 21.7 19.3 22.4 25.4 27.5 24.7 243
Zr 127 123 158 155 161 175 194 184 146 136
Nb 7.6 7.5 7.8 20.4 13.4 215 26.7 23.8 16.7 20.5
Th 31.9 30.7 26.4 12.3 17.8 17.6 7.3 13.7 16.6 10.8
Ni 31.2 25.6 38.5 66.1 58.5 99.2 68.3 73.1 57.2 78.7
\Y% 89 81 107 231 194 284 219 240 210 249
Hf 3.5 3.9 4.1 5.7 5.3 5.9 7.3 6.4 4.8 6.8
Cs 3.7 52 4.9 4.6 5.1 5 4.2 4.8 3.8 4.4
Sc 6.4 12.1 9.9 14.1 12.6 15.4 17.5 13.4 20.3 15.3
Co 19.3 13.1 22.3 28.7 39.1 45.4 36.3 324 34.9 40.6
10) 43 3.6 3.9 0.7 1.3 1.8 0.5 1.9 2.3 1.6
La 96.8 44.8 54.17 28.5 26.1 332 21.9 24.6 16.43 30.4
Ce 187.6 88.6 109.5 59.3 51.6 64.2 46.2 49.3 37.2 61.2
Pr 19.06 9.75 10.7 6.2 5.8 7.04 5.3 5.52 4.66 6.73
Nd 59.3 34.22 41.4 24.4 233 26.9 20.1 21.7 16.7 25.1
Sm 11.3 6.63 9.23 5.02 4.42 5.4 4.1 4.31 3.76 5.25
Eu 0.98 1.06 1.18 1.1 1 1.1 0.9 0.88 0.86 0.95
Gd 9.34 5.42 6.89 4.24 3.8 4.5 3.9 3.9 4.78 4.41
Tb 1.27 0.74 0.83 0.71 0.61 0.63 0.51 0.56 0.76 0.66
Dy 8.05 4.67 4.97 3.6 32 34 3 3.14 4.51 3.5
Ho 1.41 1.05 0.92 0.82 0.76 0.83 0.7 0.74 0.99 0.84
Er 3.96 2.76 2.7 1.9 2.1 2.3 2.1 2.2 2.65 2.23
Tm 0.55 0.43 0.4 0.32 0.29 0.34 0.3 0.3 0.44 0.34
Yb 3.77 2.71 2.43 2.3 2.2 2.7 2.1 2.16 29 2.63
Lu 0.61 0.48 0.4 0.4 0.35 0.44 0.31 0.33 0.51 0.43
Eu/Eu’ 0.29 0.54 0.45 0.728 0.745 0.682 0.688 0.656 0.62 0.603
(La/Yb), 18.57 11.95 16.12 8.96 8.58 8.89 7.54 8.23 4.09 8.36
La/Yb 25.67 16.53 22.29 12.39 11.86 12.29 10.42 11.38 5.66 11.55
Th/Yb 8.46 11.32 10.86 5.34 8.09 6.51 3.47 6.34 5.72 4.1
Rb/Sr 0.357 0.19 0.305 0.134 0.176 0.13 0.11 0.17 0.12 0.1
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Sample  SG.M3.10 SG.M2.39 SG.M2.52 SG.M2.63 SG.M1.66 SG.M2.70 SG.M2.74 SG.M2.79 SG.M1.82

Monzo - Monzo - Monzo - Monzo - Monzo- Monzo- Monzo- Monzo-  Monzo -
Rock-type granite granite granite granite granite granite granite granite granite
SiO, (%) 75.63 74.91 74.48 72.74 72.36 74.11 73.59 71.18 72.23
TiO, 0.05 0.03 0.11 0.2 0.1 0.1 0.1 0.23 0.05
AlLO, 12.74 12.95 13.09 14.11 13.56 12.92 13.53 13.54 13.67
203 0.31 0.42 0.84 0.77 1.01 0.49 0.28 1.06 0.53
FeO 0.22 0.22 0.56 0.66 0.66 0.39 0.23 0.81 0.43
MnO 0.04 0.06 0.03 0.1 0.09 0.08 0.06 0.1 0.07
MgO 0.23 0.17 0.49 0.46 0.44 0.26 0.29 0.61 0.16
CaO 0.74 0.87 1.28 1.25 1.13 1.19 0.9 1.55 1.67
Na,0 2.91 3.13 34 3.33 3.84 3.15 3.58 3.72 32
K,0 6.2 5.53 5.06 5.02 5.63 5.42 5.8 5.09 5.26
P,0, 0.06 0.07 0.05 0.09 0.12 0.08 0.07 0.13 0.06
Total 98.91 98.08 98.8 97.97 98.19 97.72 98.14 97.11 96.83
Ba(ppm) 194 107 403 495 288 266 171 376 203
Rb 201 194 152 157 199 135 218 146 169
Sr 209 176 227 285 217 275 332 300 107
Y 10.1 17.8 7.5 28.2 12.6 9.4 30.9 15.4 10.2
Zr 73 91 52 66 117 97 86 60 37
Nb 53 7.6 11.9 15.6 6.4 8.1 9.5 14.3 10.8
Th 31.9 30.7 26.4 12.3 17.8 17.6 7.3 13.7 16.6
Ni 3.9 5.7 2.5 15.8 11.4 3.1 7.3 9.1 6.8
A% 8 14 54 97 45 9 16 56 25
Hf 4.1 2.1 3.5 2.7 3.9 43 33 4.2 3.2
Cs 3.4 - - 4.6 3.9 5.5 - 2.7 -
Sc 3.5 4.2 53 2.4 2.5 3.1 1.1 1.6 4.1
Co 3.1 52 6.1 16.3 5.9 14.6 9.4 8.8 1.7
U 6.1 5.4 5.7 3.1 5.1 5.3 6.4 43 5.8
La 41.2 29.3 49.6 36.2 53.4 24.5 18.7 50.8 34.9
Ce 84.5 64.7 99.3 73.6 110.7 55.3 38.6 105.4 70.5
Pr 9.11 6.89 11.14 8.22 11.43 5.97 4.51 11.67 7.54
Nd 28.9 26.5 38.2 29.8 42.6 22.8 14.87 43.1 26.7
Sm 5.71 5.11 6.91 5.95 8.62 4.41 3.34 7.32 5.92
Eu 0.67 0.61 0.99 0.86 0.98 0.86 0.41 0.88 0.52
Gd 4.88 4.37 5.19 5.43 6.39 4.14 3.12 5.61 3.98
Tb 0.71 0.79 0.75 0.84 0.93 0.67 0.47 0.91 0.56
Dy 4.16 4.84 4.66 5.19 5.67 3.53 3.12 4.93 2.95
Ho 0.78 0.91 0.81 0.99 1.18 0.72 0.64 1.11 0.68
Er 2.11 2.56 2.48 2.87 3.29 1.84 1.73 2.88 1.77
Tm 0.33 0.35 0.33 0.39 0.45 0.3 0.28 0.37 0.25
Yb 2.27 2.29 2.18 2.48 2.81 1.95 2.08 2.82 1.68
Lu 0.31 0.36 0.34 0.4 0.46 0.35 0.29 0.41 0.24
Eu/Eu’ 0.388 0.394 0.513 0.462 0.403 0.589 0.394 0.419 0.327
(La/Yb), 13.12 9.25 16.45 10.55 13.74 9.08 6.50 13.03 15.027
La/Yb 18.14 12.79 22.75 14.59 19.00 12.56 8.99 18.01 20.77
Th/Yb 19.69 13.31 10.59 15.56 10.46 19.07 14.80 12.94 20.41
Rb/Sr 0.96 1.10 0.66 0.55 0.91 0.49 0.65 0.48 1.57
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SiO, (%) 593 614 649 687 707 737 737 7444 7335 71.07 63.28 59.77
TiO, 08 06 05 04 03 02 02 0.1 0.1 0.14 0.71 1.15
AlLO, 16.8 162 160 143 142 134 13.6 13.23 13.33 13.06 15.84 16.22
Fe,0, 28 26 25 18 14 09 08 058 0.59 0.79 2.87 2.75
FeO 4.5 37 24 1.3 1.5 1.1 1.3 0.41 0.42 0.62 2.64 3.43
MnO 0.1 01 01 01 01 00 01 0.05 0.07 0.08 0.106 0.10
MgO 30 32 18 1.0 02 05 03 033 0.33 0.38 2.39 3.20
CaO 72 58 38 32 22 15 1.1 1.03 1.07 1.61 4.23 5.97
Na,0 40 31 40 30 35 32 32 319 3.52 3.46 3.57 4.01
K,0 2.1 25 36 48 45 4.7 4.7 5.45 5.61 5.17 3.52 3.04
POy 0.3 02 03 02 0.1 0.1 0.2 0.06 0.09 0.9 0.21 0.28

sl (S, ol Lagygish (ol 5| Soges by
RVLTSO%] [ U SRS B AY o AT L VR PR AN
s & ACNK 5 ;a8 ANK jylio glyls pols
el Fe gl 5l b ol ot (loadsisl S s o
o5l porinogll 5l (Sl (as L (ol
Gimin sy, Sl lgicas Fe glacy ISl b ol jon
LaS wigd oo bl Sl sbasgil 3 5l oo
Jdg‘)L\_M.o UT)JQLM L’s 009.:\.3 o‘fo.b 6‘4.«._“:9.: ‘;b}ﬂ
)‘ L;\.\_M.’).».u.) ua.>L~.) (Melnert, 1984) ! 09—
oo (SLBaSgEl S & o ol 550 o]
oSl Lo g S5 g 0391 52eS Fe slasy ISl L
5 2 5 (Sogll 4 a0 45 4 Fe glausgdl,S
ol e Jppas cwlail i wg b g pis Jleai!
Oyl oogaze 1o iion el slraseis], S logal
A, 0 41,8 Zn g Aue Cu glaasgisl S
€9 9 2yl Jemiliy ot )0 5185 £55 9 42y
il ola ol Sas ol asgazme o b aS lals
Gk oo 5l Glgee 1) (R HobS (e Sl oo
LE5Lb/, 85l pobie o jloslaiw] (V15,5 6 puSoslul
9995945 polie jlg 0 o ,L3) (o) 2 (Vg (RB/ST3L)

vy

oS iile) AU-Cl gl Kol L ol o (s lnid52.51,8
)15 s (Ll ol AUCU oyl 5 Lo 55, oS
S g sl S (il Sa5ige (slaaly Jlis o
Sl 5 e 6390 b pals 2,5 Ll
ozl aile) Mo g Sn slaasgil 5 slaadss! S
il os Gl SIS o)

5 =gl S 5 IS, li
2 polie cpl sl b 3 el (SgPser)lsS
il oo Fe 5 Alle Ct lo g (Sl b ol o slodsigisil S
LoalS e ol HLaslS Lo 52y (6D a5 as5le)
S baly sl olas 9 (Bocsa Ocna De Fier 4
Sl 00y oy Fe g Auc Cu sloases] S lawgio
(58590 (B oS rizres (d-VD JS5)
(62995 b (polos (38 Jlsld JISUT g 2 S
S gl ) Bl L oo (slaasgislS oS 5 alie
Ghzrl audgidl S S51555 o) (slaaaly wsile) Mo
(A0 JS) asly e

L po sloygish Sy Meinert (1995) ol
S5 53 poesll 3l (Fodims bl o) Sl b
5955550 518 Gogieglilio 5 039050 99 L sla st



@ S5 Sl (ol aigiisasiylsS o Lo )gu053l 5
Fe g A Cu gl 5l b ol o gladdgius] S osg0mma
olyot (GlooSgil)S 4 Lo iyl (3995 b Ll e
sl Sege ciloads puy Mo g Sne W sla IS
2 55 ol Lol S jlewald JSUTg lacos! S
B35 15 W g Zn gladdgisl,S oSl o edgiome

(@Y7 )

v oSl Jemsly g cond 55 <5399 %

.(Blevin, 2004) s oo yLii 1y a8l ols sl g >
ol o3l glacSion 15L5 g 8y w3 (b Jls sl
S oy mals b Sc blas jo g b (isliél ab Rb
AaSgiol § calizee claasly o |y alal) cpla-Ve S i
o, g0l 5 IS ol jo .o)l;\ftsg Oaled 4 polw
9 i SC polie Al gy (polw lacusgiiges)leS o
g lewlSanw bl Se5ae o Cad WS Rb
Gl s Mg co et aeus))S  Lwals JISIT

5 1
™ a s Gmnodicrits b

| - Svenogtmite

'] | mMcnzogranite

MaO)

(=]

i Cruariz monzoniie

+ A Tali-felsper grazite o
i L)

i 0
2
= e
~ & [ L
z -7 e A .
+ . N + b
2 - :
4] \ ;
£ c Md
g ﬁ :
I_H
= G

(T3 3 L

£] ] o » L i 0 & ] 1]
5i0, S0,
LR Immmwpﬂmtmmnu,JM}
fd | e
18 .t (] it al, 159%
= & +—Fe -mFrﬂznﬁﬁﬂmdrpmrf-ﬁ.lmH }
- Au —wily
13 Ca D Fe sham (British Colunsbia; Mednart, 1995)
10 T
FETR ] ‘// . - A-Cu skarn (Irin Jaya, Extsherg district;, Meinert, 1997)

18 r&i'-w e Sn
A ‘};* - D Fe-{Pb-Zn) skarn (Bocha Gcona De Fier, Romamia, Nicolesoy & Moors, 1599)
12 Mo +5a
Lo -mmMEﬂuMﬂmmuﬂ_IM}
as |
[T ] - Sn- and Mo-skarn (Evciler, Turkev; Vocel-Orturk ot al | 2005}
o . RS —

0% (F] IF 10 N B bh ouas

- ap=s for wkamn gr Iy 1694)
ACNK *

Si0, Llia ;5 Fe,0,+Ca0+Na,0/K 0 covs (¢ (Si0, lia ;5 KO (b .Si0, Jlie ;3 2) MO 5,la cla,loges 10 JS_
ol e coSsisl,S oSl b T duslie g ool asiil S ol ACNK blis , (6 ANK 5 SiO, Llia ;5 JISIT ggazme (d
(Meinert, 1995) j1 48,5, baassnsl,S o, 5ol (gl Jansgie

\Al



OhKen g lsley o

A e 50 e Grnodiorite
w0 | Mo Swr.npn.ml.e
e W aMonzogranite
A Cruartr monzonite
00 L .
= +AKal- I"n?ld!.'pu'r gramite
E ot h—m
s .
g .y r‘ - ‘:/Au
Py 1
100
o ’;‘r’ . 8
-] i
.lh.( &
0 I"
Fe
0
] 1] 20 EL 0
Sc (ppm)

e 50

e Granodiorite
Svenogranite

IMu'n:ugﬁmhe

AQuartz menzoaite

+ Alkali-feldspar granite
In

s

oM
H,)ﬁ,;., B

A

'

0.1 &

Cu
Fe

0.

100 iy 00

Zr (ppm)

Jslie ;5 Rb (a .(Meinert, 1995) 51 a8 555 -\l sloadsiil 55y, Sl lawgio 5 ol 085l S OlaS polie glgime NP S
Zr Jslas o Rb/Sr (b 4 Sc

leclie jls (L85 )18 () 9)50 Jraitiay (SigiSS
(Y S) sl oy o bl LalSS Sl

s, LslS il glgil g LaSlo 40 Sl5l3 ond lgly3
g,JL‘>5 d”)‘a" ‘6"‘5)" JA[SJ)“;’JL’ 6‘>9'°" 0093 4y wb
YU 50 3oy 5 oS 5 JolSS i el Grals- iuls]
ool GlasT Ll l .28 )5 L8 () 2 3550 Sl
3 ol Cople S8 10 g BB Coenl 55 LeSLe
o s—w,,» -(Ishihara, 1981) a5 oo o21,8 1, ccalil
Lyl 1o S 5L 615 glaLayoma 45 s co ol
Sl sl Lils blas o cacwl ool aumwlanns]
oo g 55 423L5 LolSs b cloac oz b Cu g Au
Rb/Sr Lkis ,o Fe,0,/Fe0 jlogei jo .aiil o ol ot 3
ateion sdnST 5 adl LolS5 Sl b abls JolS5 s
BassilS S5 @ a6yl 5l g Wsdi o0
il oo wline 5 Soo3 Au-Cu glo )l b ol jon

5o Kl ge YL jo oais solwl sl ol )b oS53
Ol Luly) s jolaiody (gladlaie 5 (>l ol
ooliinl 350 laT b oo gl Lusls 5 0,0] gloKins
Sz g b Lusls savddlaioe 4 by o slrosls 5,5 18
A )3 (63l (sl gS lsneay Wl oo La SIS
25,8 )8 oolaiwl 550 ool - le)S g

1. Moderately evolved melts

Yo

Syia g Sy Jedgid Sl ole &l
YU lowe pa 8L polic a s o Srg Rbuslen
P95 e Sy sskieas Py Zre Nbuiles Syoxials
St Somel 5l )8l (gla LS L ol e (slaygish
odls 0ols yLid b-\F S 1o oS abo sy le 05,1095 1
Lolyon slaadginslS ailes (rolw sladdgisl 5 ol
= Rb/Sr i slyls Fe g Zn. Cu. Au ISl
ol slaasgisl S as aes oo yLid Jlogel ol Labl oo
Py Fe g Al Cul slanisil S oSl 4y b s
oy, ul LSl 10 0095 (ol Jumas Ly odimo 1y Lis g 009
el ddlais ;o Fe g Auc Cu
Dl glaclie byl ;5 ohgts KIRD glace—us
(Yoo F) bl ool oo iad g g do 4S8l 5,85
gsi*-"‘)fs)“-’ 9 S5 )L, 45 (—leasgezs Blevin
olya LILE 03,1357 g0 toled iy y5l3 2ol 3L 6,55
Jslie ;0 K/RD Jlog i s il o stzss b8 S5
Olejen ) K/RD cos (9 0ig,—iig 2alS' K < SiO,
53 (bga\V JSb) 0,138 o Hinles 4 il 57 eSS Lo
s 4 s (gl Al sloesl S b loges oyl
A 519,55 (6 5 0rely KIRD s 5l s ol 03,3
b ee Lolie ool iy Susb LolSS oncasyLis a5
Ol (69985 0085 oS 5 A W oo il ) log05 4]
(VY JSi) cel sloy8 aisl> T g slacs] S asli

ol iy 10 g9090 (2l 15y S i 45 sk len)



G polis degorme fouily ansds o |y Lo (Somien
S9zge aSgiilS 1500 g (el adgidlS )0 el
Ll 5l 28 oS )l i gy 8 Jlod 0

Spee Vb Slad S8 gl 0,50 (LhalS Junsly

Granites from continental maﬂ'ns
1000

©® UNEVOLVED e %
- ﬁ .. - - - f |
[
.immasun-:u' L ‘s’ 4’ c‘:.ﬂ
K/Rb EVOLVED
- '- L ]
T & -
STRONGLY =
EVOLVED
Peru
100 ~e PRB st'.frl:.i:l;‘fﬁli; — .
M, Am Cord FRACTIONATED =
Adirrtiws ATPPTTN FPPPITTIN TR
40 20 ﬁlll 70 80
Si02
LFB gramles (S-D, Carh}
lﬂnn MR B LR LR LR LR LI IR R L
i W
UNEVOLVED 1
-MODERATELY
K/Rb EVOLVED
STRONGLY
EVOLVED
100 - TYOLVED -
L AND -
s FRACTIONATED
PR TETE FETE TR PP T e T e PR EE e
40 S0 6 70 80
SHO2

e 2Bl Jewiliy g comd 55 509

loles Lol 5318 asgame @y (bW IS o
Au-CU as gz a5 Spo3p b (yalis 0557315 5 oy
L1l LolS s sl b ol s g 00 o -

S8yl (60, Sg,y iz 0l o (Blevin, 2004)

Igneous rocks frum island arcs
[ aj
ﬂ 'Q'L\E\ 01_\1-:13‘ ]
l’- s o 4p® | ‘ 8
. 1 '
-u%n%r:gu % -
e
K/Rb
-
STRONGLY
EVOLVED
STRONGLY
100 = g New Britain EVOLVED =
Marianas FRACTIONATED =
= & Lan anil .
|||||||||||||||||| Do sy v u sy malv o suwys
40 50 60 70 80
Si0z

Samen granitiod from northwestern S5Z

IWDI-.IIIIII..IIIII.III.IIIIII..IIII.IIIIIdI—
[ UNEVOLVED |
- . "+
MODERATELY &, . -
VOLY
KRy | EVOLVED !ﬂ;{ )
STRONGLY
EVOLVED
100 TN~ 1
u AND 1
o FRACTIONATED L
L Lo a1 o | I |
40 50 60 70 80
SI02

il 3 (b (owsd pli> o sl (a o LSl SSBLJolSS 5 53,85 o ol Hskueds KIRD gassasls jloged NV S
ool a59251,5 (d 5 (Blevin, 2004) 51 48,5, Wosls pled) S g I g m slocsl S (€ oslo,)ld aisl>

coliaS polie (sloools conys Al o YU prmsly L
il sla sd el S s 1o crales aiszil S
et 35S o )l g, e el L a3 e (VAG)
i g€ 9 HREE g Nbe Tic Hfe Y Ll 51 Sai
swolS,l> S5 b LREE 4 K. Rb. Cs. Th LU ;|
254 eig8 (ol Bl dhugy (il9,8 L Jad e (ogd
2loe 5k ()l e i e
sl LaslS ilies gl g LoSLe 0 I35 s 3

\2d

=

Caliges (S wlg gy 5l Siie (pols agislS

S el S ol So3ige «luygosilS ol
bl a5 0Bl o CudgiigesleS g CadlyS ) Lwald
o2 (21555 5 (LSS (ol tish) sloaasls
oy bl LIS 1) T (glaaisnsl, S’ (Shg
ogimeslllie polis dudgil 5 45 s so i Lol polic

515 sl (ACNK=1.21) ogivnaslT,y b (ACNK=0.75)

SIS SIS (g s s 3o Slanig iy sl g Ll



OhKen g lsley o

10
a
r & = [
o ' Cu-A#"i(futAu Mo
Eg W-Mo Sn
s [
&= W
S A}
S
S Sn+W
- | increasing
[ oxidation
[ increasing
. : ﬂ-
fractionation
0.01 b UL - : -
0.001 0.01 0.1 1 10 100 1000
Rb/Sr
b CADIA MT LEYHSON
Ca Ca
KIDSON
R F,U
Au As Sb 8 I
A
u) Asis DEPOSIT
DISTAL ) e T0
.Egb = {Bﬁf DISTRICT
({Cu Mo Te) PhCu SCALE
PROXIMAL o
) Cudn
Cu (Zn) -~ Fb CuAu i -
: BiTe oo
-"’\ PROVINCE
Heto-Lr g A

DIFFERENTIATION

S samaibie e Luls) soamsLis cagtda ,lges (B g ol a3yl S (sl ROIST blia ;3 Fe,0,/FeO lsgai (a WA JS_i
arl oK b alive 5 o mosy, AU-CU ds gaes 45 i35 L (yols gl S «(Blevin, 2004) ,LlS 5 glamb oliis
al oo Wl Lsls

JolSS slaleSle al gy Au-Cu gloy, Sl wiilon
3,5 g0 aiie odS] g a8l LolSS Sl b sl
lcedsyigey)lsS g e, 505],5 olaandish sloaasls
S b ol plazg b cald samslis el
Loy 5y (oMb wis 08 Au-Cu slaasgsl )3 o Sl 5l
Lo CUFe (5o 4l Ll 0yl Au-Cu Lol

9 38 (oS P JolSS 5l (onb (5398 slaosgi b a5 e
oS5 b (Kales bLs ) Lsle 5l oads giiee Lol I3l
cleSle L Au-Cu ¢, )5l gla,Lils .5, ls LoSle
ol o a3l ol Sl b aidls JolSs s cosuS|
528 (ol gl S s (i (slaaly il s

\A4



G399y yp VYO e (ool asd game -
by 5 aaliy bl copalis )8 (63985 0583 can Dol
NAY s o Risls s

o2l 0395 S3edg i 9 (SSeye WO Lz i Sae -
Aol bl oyl (g o Sla S g ol ddlaso goS4i] S
AAE s oSty ) sl IS

Ahadnejad, V., Valizadeh, M.V. and Es-
maeily, D., 2008. The Role of Shear Zone on the
Emplacement of Malayer Granitoid Rocks, NW
Iran. Journal of Applied Sciences, 8, 4238-4250.

- Ahmadi Khalaji, A., Esmaeily, D., Valiza-
deh, M.V. and Rahimpour-Bonab, H., 2007. Pe-
trology and geochemistry of the granitoid complex
of Boroujerd, Sanandaj-Sirjan Zone, Western Iran.
Journal of Asian Earth Sciences, 29, 859-877.

- Alavi, M., 1994. Tectonics of the Zagros
orogenic belt of Iran: new data and interpretations.
Tectonophysics, 229, 211-238.

- Aliani, F., Maanijou, M., Sabouri, Z. and
Sepahi, A.A., 2012. Petrology, geochemistry and
geotectonic environment of the Alvand Intrusive
Complex, Hamedan, Iran. Chemie der Erde, 72,
363- 383.

Berberian, M., 1977. Three phase of meta-
morphism in Haji-Abad quadrangle (southern ex-

tremity of the Sanadaj-Sirjan structural zone): a
palaeotectonic discussion. In: Berberian, M. (Ed.),
Geological Survey of Iran, Tehran, Report 40, 24.
Berberian, M., 1995. Master blind thrust
faults hidden under the Zagros folds: active base-

ment tectonics and surface morphotectonics. Tec-
tonophysics, 241, 193-224.

- Blevin, P.L., 2004. Metallogeny of granitic
rocks. The Ishihara Symposium: Granites and As-
sociated Metallogenesis, Geoscience Australia.
Chappell, B.W. and White, A.J.R., 1992. 1
and S-type granites in the Lachlan Fold Belt. Trans-
actions of the Royal Society of Edinburgh. Earth
Sciences, 83, 1-26.

YA

e bl Jewily g comd 55 5909

Bocsa Ocna De g LowolS” jieco s Fe dolslS g yi!
Ol (1l ) lewald JSUTg sl Sgns ¢ 5051, Sg3000
Sn g Mo sleaseis!, s o S wl 4 g pdius cald
Do o0 lid |y 4S5 Ll

9 S50 JolSS a5 e oo yLis aslllas cpl azes
el (G5 (doloans oS frolos (ygigh (oS3
JERTESY LgL:bu)lS.w‘ (AU—CH—FC d.uLo)LglJﬁ 6‘9""’“ 9
Qilgs o 00l 0l sl el )by plad oS5 0l o dilaie
Ol boly,y poundss jglaioas gladlaio g gla>l wlida )0
)‘).9 oolawl é)s.,o Q" l.: Ja...:).o ‘_ng)LMul59 u.ol_w uﬁ"ﬁl"
W sl LolS b wisle Au-Cu Lol SI5ls ac gozo
sleodg (Sjelarts 9 (o—hee Luly) lpbs Sl
asgorme Jouily (ololed o 1) Lo (Saning Sl ()8
5 ool 00 allas a8 555k 1o ol 318 olie
s i o Jla s 85250 slogygish oo
SR

IR

WS (b slacslos jladlio (ol (Bwy
Sis JbS 3adzs cpl plol o ol J olKisls wladss
L aS dllin pyioee olygls 51 B ngs izmen 3 )l0 |,
S oy 0gaps g Al prlans (85| ds 095 dias )l ol ki
Syl 1y Sas JleS cslos,s” bl

&L

035 S59l9ye 9 Sk ATAY e g (e -
= beB)8 4bobl ol SLbl (595,55 9 alsw (55945
XY ks o olSiils cs)

S gl B g g g5 ol -
(520955 9 S8 (oo (B 9y5 WWAY (. o (oo g
ke 0 f gz el Sigish agazes slaadgnil,S
AY-VY A (5ol aloe (han

oSl (olazdl ol ey VY (] oS -
) it lS asbbl eyl oy oDl oy
YPF o olSilo



OhKen g lsley o

- Condie, K.C., 1989. Geochemical changes
in basalts and andesites across the Archean- Pro-
terozoic boundary:identification and significance.
Lithos, 23, 1-18.

Delaloye, M. and Bingol, E., 2000. Grani-

toids from western and northwestern Anatolia: geo-

chemistry and modeling of geodynamic evolution.
International Geology Review, 42, 241-268.
Einaudi, M.T. and Burt, D.M., 1982. In-

troduction - terminology. classification, and com-

position of skarn deposits. Economic Geology, 77,
745-754.

Fazlnia, A., Schenk, V., Straaten, F. and
Mirmohammadi, M., 2009. Petrology, geochemis-

try, and geochoronology of trondhjemites from the
Qori Complex, Neyriz, Iran. Lithos, 112, 413-433.
- Foley, S.F. and Wheller, G.E., 1990. Paral-
lels in the origin of the geochemical signatures of
island arc volcanic and continental potassic igneous
rocks: the role of residual titanites. Chemical Geol-
ogy, 85, 1-18.
Harker, B.R., Mosenfelder, J.L. and Gnos.

E., 1996a. Thermal and mass implications of mag-

matic evolution in the Lassen volcanic region, Cali-
fornia, and constraints on basalt influx to the lower
crust. Journal of Geophysical Research, 101, 3001-
3013.

Harker, B.R., Mosenfelder, J.L., Gnos, E.,
1996b. Rapid emplacement of the Oman ophiolite:

thermal and geochronologic constraints. Tectonics.,
15, 1230-1247.

Harris, N. B. W., Pearce, J. A. and Tin-
dle, A. G., 1986. Geochemical characteristics of

collision-zone magmatism. In: M.P. Coward and

A.C. Ries (editors), Collision Tectonics, Geologi-
cal Society, London, 67-81.

Harris, N.B.W., Inger, S. and Xu, R.,
1990. Cretaceous plutonism in Central Tibet: an

example of postcollision magmatism? Journal of

ya

Volcanology and Geothermal Research, 44, 21-32.
Henderson, P., 1984. Rare Earth Element
Geochemistry. Elsevier Science, 501 pp. Hildreth,
E.W., Moorbath, S., 1988. Crustal contributions
to arc magmatism in the Andes of Central Chile.

Contributions to Mineralogy and Petrology, 76,
177-195.

- Irvine, T.N. and Baragar, W.R.A., 1971. A
guide to the chemical classification of the common
volcanic rocks. Canadian Journal of Earth Sciences.
8, 523-548.

Ishihara, S., 1981. The Granitoid Series and
mineralization. Economic Geology 75, 458-484.

Ishihara, S and Murakami, H., 2004. Grani-
toid Types Related to Cretaceous Plutonic Au-
Quartz Vein and Cu-Fe Skarn Deposits, Kitakami

Mountains, Japan. Resource Geology, 54, 281-
298.

- Karimzadeh Somarin, A. and Moayyed,
M., 2002. Granite- and gabbrodiorite-associated
skarn deposits of NW Iran. Ore Geology Reviews,
20, 127-138.

- Lentz, D. R., Walker, J. A. and Stirling, J.
A. R., 1995. Millstream Cu-Fe skarn deposits: an
example of a Cu-bearing magnetite-rich skarn sys-
tem in northern New Brunswick. Exploration and
Mining Geology, 4, 15-31.

Martin-Izard, A., Fuertes-Fuente, M., Ce-
pedal, A., Moreiras, D., Nieto, J.G., Maldonado,
C. and Pevida, L.R. 2000. The Rio Narcea gold
belt intrusions: geology, petrology, geochemistry

and timing. Journal of Geochemical Exploration,
71, 103-117.

Mehrabi, B., Mahmoudi, S., Masoudi, F.
and Corfu, F., 2009. Mesozoic and Cenozoic U-Pb
ages and magmatic history of granitoid bodies in the

northern Sanandaj-Sirjan metamorphic zone, Iran.
Geological society of America, Abstracts with Pro-
grams 41, 481.



- Meinert, L.D., 1983. Variability of skarn
deposits - guides to exploration. In: S.J, Boardman
(Editor), Revolution in the Earth Sciences. Kend-
all-Hunt Publishing, Dubuque, lowa, 301-316.
Meinert, L.D., 1984. Mineralogy and pe-
trology of iron skarns in western British Columbia,
Canada. Economic Geology, 79, 869-882.

- Meinert, L.D., 1993. Igneous petrogenesis
and skarn deposits. In: R.V. Kirkham, V.D. Sin-
clair, R.I. Thorpe and J.M. DUKE (Editors), Min-
eral Deposit Modelling. Geological Association of
Canada, Special Puplications, 40, 569-583.

- Meinert, L.D., 1995. Compositional varia-

tion of igneous rocks associated with skarn deposits
- chemical evidence for a genetic connection be-
tween petrogenesis and mineralization. In: J.F.H,
Thompson (Editor), Magmas, fluids, and ore de-
posits. Mineralogical Association of Canada, Short
Course Series 23, 401-418.

- Meinert, L.D., 1997. Application of skarn
deposit zonation models to mineral exploration. Ex-
ploration and Mining Geology, 6, 185-208.

- Mohajjel, M., Fergusson, C.L. and Sahan-
di, M.R., 2003. Cretaceous-Tertiary convergence
and continental collision, Sanandaj-Sirjan zone,
Western Iran. Journal of Asian Earth Sciences, 21,
397-412.

Muller, D. and Groves, D.I., 1994. Potasic
igneus rocks and associated gold-copper minerali-
zation. Lecture Notes in Earth Siences, 56.

- Nakamura, N., 1974. Determination of
REE, Ba, Fe, Mg, Na and K in carbonaceous and
ordinary chondrites. Geochimical Acta, 38, 757-
775.

- Nicolescu, D., Cornell, D.H. and Bojar,
AN., 1999. Age and tectonic settings of Bocf3a

and Ocna de Fier-Dogneca granodiorites (south-
west Romania) and of associated skarn mineraliza-
tion. Mineralium Deposita, 34, 743-753.

Ao

e bl Jewily g comd 55 5909

-Pearce, J.A., Harris, N.W. and Tindle,

A.G., 1984. Trace element discrimination diagrams

for the tectonic interpretation of granitic rocks. Jour-
nal of Petrology, 25, 956-983.

- Rogers, N.W., Hawkesworth, C.J., Parker,
R.J. and Marsh, J.S., 1985. The geochemistry of
potassium lavas from Vulsini, central Italy and im-
plications for mantle enrichment processes beneath
the Roman region. Contributions to Mineralogy and
Petrology, 90, 244-257.

- Rollinson, H.R., 1993. Using geochemical
data: evolution, presentation, interpretation. Long-
man. Scientific and Technical, London, 652.
Sajona, F.G., Maury, R.C., Bellon, H.,
Cotton, J. and Defant, M., 1996. High field strength

elements of Pliocene-Pleistocene island-arc basalts

Zamboanga Peninsula, Western Mindanao (Philip-
pines). Journal of Petrology, 37, 693-726.

- Sepahi, A.A., 2008. Typology and petro-
genesis of granitic rocks in the Sanandaj-Sirjan
metamorphic belt, Iran: with emphasis on the Al-
vand plutonic complex. Neues Jahrbuch Geologie
Und Paleontologie Abhandlungen, 247, 295-312.
Shahbazi, H., Siebel, W., Pourmoafee, M.,
Ghorbani, M., Sepahi, A.A., Shang, C.K. and
Vousoughi Abedini, M., 2010. Geochemistry and

U-Pb zircon geochoronology of the Alvand plu-

tonic complex in Sanandaj-Sirjan Zone (Iran): new
evidence for Jurassic magmatism. Journal of Asian
Earth Sciences, 39, 668-683

Shand, S.J., 1943. Eruptive Rocks. D. Van
Nostrand Company, New York, 360.

Streckeisens A., 1976. To each plutonic rock

its proper name. Earth Science Reviews, 12, 1-33.
Teppers J.H., Nelson, B.K., Bergantz,
G.W. and Irving, A.J., 1993. Petrology of the
Chilliwack Batholith, North Cascades, Washing-

ton: generation of calc-alkaline granitoids by melt-

ing of mafic lower crust with variable water fugac-



OhKen g lsley o

ity. Contributions to Mineralogy and Petrology.,
113, 333-351.

- Thompson, A.B., 1982. Magmatism of the
British Tertiary Volcanic Province. Scottish Journal
of Geology, 18, 49-107.

- Valizadeh, M.V. and Sadeghian, M., 1996.
Petrogenesis of Alvand granitoid complex. National
Geoscience database of Iran, 5, 14-31 (in Persian
with English abstract).

- Whitney, D.L. and Evans, B.W., 2010.
Abbreviations for names of rock-forming minerals.
American Mineralogist, 95, 185-187.

A

- Wilson, M., 2007. Igneous Petrogenesis.
Unwin Hyman, London, 461.
Yucel-Ozturk, Y., Helvaci, C. and Satir,
M., 2005. Genetic Relations Between Skarn Min-

eralization and Petrogenesis of the Evciler Grani-

toid, Kazdag, Canakkale, Turkey and Comparison
with World Skarn Granitoids. Turkish Journal of
Earth Sciences, 14, 255-280.

Zamanian, H and Asadollahi, B., 2013. Ge-
ochemistry and ore potential of the Almoughlagh
batholith, western Iran. Geologos, 19, 229-242.






Slo Jole D -AY Slrio YRS Sl FY 6 )lods M Jlos o)l  smsbidsmoo; anlilind

03550 (o) GBS )3 (S95)50 (5w iglis
Olaos wWigh Codgil e g Jlok

) s J.)LC
$lsl oy dnges o231 ¢l ey 0, ey lutils )

YNY il b
A0/ V[0 1 Gy )b

WS

‘ulfl)ob)o 8‘5 ulm aslais ooy O /;O =) LSLQ&’—“ ASA.QQGA ul_m.t g_é‘;?)""?cjljm Ja;‘s)
il 3555 WS 13 (Sl e ) gl il Jlo 5 oy 53 gl sl g5, 55 5 o
S Sl S 5 IS el (ot sl 9331500) gl Sl a3 gy o sl
P e ez aS e il ond codladiw § 268 ilS g il sla SIS oty ondds g
degazee it Codlorkew 5 S8 (oIl wud S sla SIS I (IS s ) Sigll g adlae
Slooliwl b .l Sglatin mo b (i 5 Jloud) alaie 90 00l (495,50 oy (oS 0 365,50 sla SIS
Y 425 it 5 55555 5 sl 28 il ol sl 25Ty o 15 Solapsgoss Jols
393> CO, Jg0 S g )b ol ) lezr—g0- ol 5 il a0 £oFYe Lo 5 as wigll codgil Jlods slacKoes o
o5 Cyly ol 45T 5 )L LS oz wolS il dzps VO o3y 4 i (555,50 slaKiw 0 5 <Y
o~ l; AJ9J‘ Y el JLQ-MJ ida..dojé ‘SaLo}fu.m) ubbbfod.w Ml?bo le.ab)LmS 9 Loo u,ul.w‘f ] 00 o)
OL 5 99yl (595,55 sl o b e a5 Cal agleS 5 SIS Sl a0 DA FYO o3 4y 5 glite
swlewdas gl b Theriak/Domino asli,s 51 eoliiw! b (iSas gogus gusy 51 Jool> (sloosls ol gulaio
SP S S il ot laes adlaie 565,50 slo i (oplply e s lid o9 Billa oy g, o 5
28 4B S Semslg (b 33 B wglBl (o i 9 g8 L Ladye () 9 (5B (glalye v
oSLaS 355,55 Al | o > sl sl s 5505 JSCE o B (€5 5 by e 5

OBL 5 0099,)b (£95 59 sl gy Bz Jols slo STy ¢ laves ddlais wigll Codgils 1 gandS slasslg

dodlo

Lylg) asazgi booyaw cpl cwl a8 S &0 Lid
HBsSlS £6i 5l Jomial cALSIO, slacsye L (g loly
Al oo ) 7 4 a5 Wloal B yme 35)leSHELS0l
.(Miyashiro, 1994)
e (Coslodw - cojgllasl 6w L) b PIT gg
YL PIT g9 5 (Cslondiws - oilS (65w L) Lawgia PIT

AY

550 sl SLoS plos (Harker, 1932) L o

5 1S (owlid I Slaogas Ll 5l onig,—inn glamb
00 7 ykae 4l (gai0d; i Al ;005 &y
9550 S SeS 5l (leaie (ga0d, o )9

Lo sl sz oo A5 Sl glals

adel_saki(@yahoo.com :la e saiusgs *



s eo ahnsgs (B b (5loy 8 (69,95 sladigy o5
Ly il 5 st e g ool
55,53 5705 3T 5 oy PIT s 4 o
=9 (6w S a0 k5 45 .(Miyashiro, 1994)
S 5 L 45 315 sy g PIT g5, 55
(Bickle: 1975) 5,105 b, 45552 YU b (ysly PIT
ol (glo)B dsgy (o meied e 4y o o5 w8
00D 5 glo)Boy53p (b o a8 T 050 b Sl
Sl 28 p0 (Lo o o 1o 99750 (gl I 2!
b o)l slagyg; bl 1o 920 (bl SIS Ll L
b 4>l 0 o) cdillas (($95,55 £55 (nl CogSs
PSS >l Vw 2,0 S92y ddg,lS ;!5*‘" 9t
ooyl I 5| i oo Lili3l b b ugie PIT

.(Miyashiro, 1994) aas oo Lis 1) codgil 3

5 “"4“‘1’: Aﬂ" - m)) 4%.]93)

%9, 9 Olge
i35 50l Slalllas 13 gla Lo 5 aSil ol
ot plosl gl ol ale sl 55555 3, »
(Sadeghian, 1994; Baharifar, 1997, 2004;:0—5l
Sepahi, 1999, 2008; Badrzadeh, 2002; Sepahi
et al., 2004; Shahbazi et al., 2010; Tork, 2011;
33 (SF SO (G gl 4 ;S Lol Saki etal., 2012)
Sy 585,50 «Jlio (gl sl oas 4y py dibaie oyl
L Sos (bt S |z aSCal b g Cngg)l b el Ly
ool Sglitie Wgll Jlod 5 Ciz )3 00 (65,50 (o)
29l g e S pdn Og o Sle s
adllas ol )5 00 05 =5 CilS g udg bl Sl
Sy 9 bt S5 50 Sglas clde b ol oo i o
Ly g Jlad )0 00l (550 (o) (oS (S55,50
OB s 9 ety dlilais ;3 oS5 4 a5 Woll el
SraSwgdgm 515k sl sl 9 09—t Som i)ls 118
ol 0l 48,5 0 o Lo oyl adlllan Cp> 284
Theriak/Domino aeb ,» 5l eolaiw! b by S gdgus o0
o Lmo S SIg0y b o gl 5 wiloads o,

AY

e OMD)9 D () (K )3 (9553 (6 0 gl

FETRALFREND

(o238 sl wsd )3 (b PIT 95 slaSi gyl
iyl o 0al (o5 S Gblia 5 3,55 Sblia
Lold cpl o (acadline) ool (15550 (o) slaSow 1
eVl 5 il G555 Syt 5 s 355
sl o s 4l 3,05 3925 gy insl g
1 25,15 c(ablio) ons (15,5 )y sl 0
S8 g e go CBL YL a0 jls (A5 5
Sgazee MNO 51 oé slaccdilin g lawgio g b Ol o
owb PIT G655 >lss .(Miyashiro, 1994) 54 oo
0d— Cuzo OV b a sl 10 a5 i )lo 0429 55 (6,500
LS 5 wloads (455,55 (VL sla)lsd 15 L o
L PIT 55 & oy PIT 35555 1 35 by oy
S 5 9 0 S5 i S~ el gy
S5 Dy 10 LapdyS s Simb (S5, Dz o
5ot gbaial @ o oo 5 (o K9 o0 JoSis SYL
Sl b SIS sl g Ly 9,90 (5 53 Zjllai]
(Helms and oo oo )Lis bawgio PIT 43 b poliio
i 13 sl PIT >l o IS 5 Labotka,1991)
Db oS> gl sle,S (oS lesl o aS gy
L ol PIT >lss .(Miyashiro, 1994) &g o0 8L
L oloses Loosgs (nl autis ol pow (gaudginil 5 gloodgs
At (S9558 5 b 9 ($95,50

et 2 s VL (sLas 35,5 LS
g wdloe (Vb dwgy 15 (5l STy oanS Sais
pateien Sologlew 5 Cuilluil Lol asgazme ey
YO o Vsana (39555 £95 0ol (Gl pbol)S oo
kS a5l S ()Lad g yieghS pr olS Bl a0 VO
.(Richards and Collins, 2002) ol o 5L

Se 4 guydidy g gy jsbds awgie PIT 4ol S
4>l 90 Dol 095 oo S Gl PIT (555,50 4l
b clansgio PIT ol sl o PIT o ki 5 L
A 4 g Swlolron (3L (GuSgislS (3985 slaodgs
Bloel 10 39290 (ol PIT (15 & S a5 sy o0



Sko ke

0,8 4l 15 39290 clacedled 36 oo Lo 8 55
slasy el Lo g ,Lid olidl ailoa s 65,50 )l
555 (Sl K o el o Jloigalys 55,55 K,
Jol5 5 slo,8 0,95 10 Wigy dnlol . Slos S sl 1y lasb
Sl 5 peigish slacudlad g9, Sl JliagS wial b
LaSlo gl ¥ ,Lail (o) USS) sl o0 Wigll ol il
ashis ;0 Syslre 555,50 (slacKiaw a5 el ond oo
J975 9 55 )23 ety 955,50 oK 5 990 ol
Sl Bl 5 o 5555 sloKins ity iy
Al 00 (495,50 oy (O Aigd o 00y Wi
5 by slaSiw colsmial 5l plaay Lo gl oS
s Lyl ol o 55 s Clew- SIS

o bl D50 a4y 00l 55,50 (o) Gla S
i ) g bl «
Soop alold 5 b gl
Wg—di g0 0 uileX o ¢ b ulasga a gl o gl

‘

A g

5 Coilopkes

a0 Gwlidl ceges oy, .(Baharifar, 1997, 2004)
oS ;0 aS(5sbas Al so (y5isk Cuoms 43 (595,50
cZaiellail (238 odsm (sl Sl odd (165,58 (ous)
00 sl g oasliy )Ll (23,5 ey ]

.(Baharifar, 1997, 2004) %45 oo

A2,
o g ST

o S8 Lally o BT5 50 5 2o Sldllas 5l
3 G35 s 9 QB )13 (om0 3590 00D (65,53
5610 )50 005 (195,50 ooy (oS (a3l sla S
CAMECA SX 50 oo Lawsgs (EPMA) Cg 509,55l
L8 auilys 4 nS Bretagne Occidentale olS_iils ,o
VOKV sl oous ool gg,nSI1aSG,b ol 5k 0w 5
4325 slp el 00y 4l Fralai 2 (gl s o g
el oaly oolai il Ye-Ve nA Coiiay Sby> 5l cdiges
yolie 0ST Gygo a4 duo ) S dga oo gl
ol ool 005l Y BV gl oo yo o) gl .ol

bl ooy o Sl

@ pgmge (59559 )lg8 5 (i aslllas 850 dilais

2 sk lg Dygo a4 aS el oy o (g5
@i g gyl 51Ty (Swilhgy Slilgeds 5 sl
Srh oge 3 Badal g Gl b )9S ()¢ St
i gy (Alavis 2004) gsle 3)ls b ol
9 (AN JS2) diasls (o ST5 015 095 51 B3 1) Ol
390 ddlaie .l oauels aisle udd o S a s ) )l
3,18 )18 odorn ASSF0 b gy oy 0 Jlazs anllas
LK a5l oo 555,55 5 0y (sloKins Lol a5

9 mSghs (b Al (b o adlie o9y slaaxly g

AD

L) ol Bl 565,55 alla g gl LSS ol o) 4 (o canlllae 850 dilaio § )l g dicw Ay Comdge (Al ) IS
A5l sy gl ongs B b Jleds (i 10 Al Lew-SIS slocoews L(OYYA 35,k 5 il




adlao 9O iy A 45‘-\-"9-” V‘-J?l‘ S9—=9 JL°—-’ 5
D go Eams «iylo 1,8 S pungd g i
(B g adlain) Wighl g oS (S35
Yo 4o 5 adlais o wWigll cudglb a ul oy b
B s 03 ;9394 Cupd)S g Cajellail s sla ol
E9r 3 D9 ca s Codg s + 26,5 4 g oo jlaull
SolS 5,8 co055 sy 5y b Lol e lagly Ficas
9 Cedgu 6),3.3&4 9 w.l”...d L 01),0.@ u.’)lf 0I—d BA>
T« g pd 9 6,8 00,5 1y Qkf.ll.é olewals ‘_leSJ'l
WDloads Ca oS Sl Colgs 10 9 a s ,S Al o Las
Sz 9oxSly Sygo bl 5 ST So azyd i L
adalsl g de oniils Lol sla SIS 5,168 g Lwald
S il i e cla 5 il S
& ST Ll pgusgie 55 o Wigd oo ,alls bacosless
oSyl 9 (@ 9 D2V JSB) 958 o0 oS e

O sl 1o (0, slas) wles co s ol Egp

s, o g il SL g cudg binl lpcaad, dalais
g e 0023 o (95,5
(O adilain) Wigll Jlols slaSoww B1)59 5

i as oyl &g 4 LS ol o cudg il
(D g A YUSL) 050 0 000 0318 o 5w VO
230 (59550 L piey o s Lol 90 Coilads
WSloa—is Jol> b ulas)ga-codg,bwl-ci,5 a0
)8 5 oS, 4 Lol g o i Loy g i
WLA.J.M» (CVJS_MJ) Sl 00y J.:\.b.) &_A.»JB)MS 9
o8 a5 (sl la s jalls L gl
syl b Lacs, 5 g lacasladw LS ;0 Ygoaso
Olgeds Hlleygi 5 Codall (X9 g0 SEs)d 50 Ao
8L wloaal i JlB Sow aiime 1o 2,8 sla S

A

e OMD)9 D () (K )3 (9553 (6 0 gl

SS9 9 e Sl
Sl pges ¢ SS9y 9 gl e Slalllas ploxl g1
a2 59y 2 ezl Jliiae Ojgo 4 45 ddlaie o0 |
Aol el 0 03,51 () ISb) ailato  oaslicds pae
Qgad T 0g05) i adlaio Jlomds o So a5 8§
OB g dilaie gz 10 (6,500 5 (Gl 00y oy
Condgo bl o (Gl 0ol C Bl digel Frogas)
DS o0 )8 oo st i slrosgaste 1o ladigad ples
S 5l S5 adaie B sgu> ol o Oldlas 51
el 0 ags ol S g 81,5950 Dladllas Cys
0 (355,55 sl Kins wighl o5 BlLLI 5 S sboa,
Gl 5o )l (Gglite (ol SIS calize (g 50 (o)
sleis $565,50 sl Xw b canl onds o o
o8l 5555 Ll bt SIS 15§l Jlot g s
2 OB g adlie 5 Wigll 0393 pgiz (lo iz )
oS wigll gl 5l 2eolsS ez 51 5590 J—olyd
3992) 0363 4 [yl S35 b g i Cold g sl 900
oS slouliion (N3 4555 5 (kS 4
Ol o LS a8 Sl p Setes S )S aS )l g9
luileX o 0 005 45 ol Soo3 b g sl Loyl g0
5o S () S5 53 3980 003 (S g
oS Cel Callail g 200 S oS ol slazedlog o
Sl VO3] Sion 0 lacsleSe jo Cops S S5 o3l
95 503 08 CuslS g S Ll (STl g5l g o0 25
(i adlie ;0) Wigll e Jgily Sl (e 5o
Al g 5 dd il y50 g Sl g0 4 s
ashis ol 0 a4 S Jloys 55 s 0aud Copo,S SIS
VO 099 33 (olacedls il Oygo 4 odg)linl SIS
D9 50 0030 el ol pan 4 pladiges jo yie Silw
Lo ki g 50 a5’ Jlot adlaivn 13 39290 (5555 045,
aslaie 10 45 J)yg0,0 diiwd CoilS lls wilasd 57 IS
Cajgllasl SIS gl LaaS, cpl (5 —angs) S5gll oy
5 S5l e b ol o0 _xws axlllao ol 4o

03l (1955 (gm) GBS ($95,53 (50 9 (LA ST



Sl Jole

oS l 1 Cedys b, 5 Cusellail jeim (0 g Gl (S s ailaie) wigll sl i claKi s 31,50 .Y IS
9L JTlo b 00,5 (& ta il 93 a8 ) (oloo S ol ol & (S, (SlateiloSan 0 pg—wgie g po—migSog) 9l (o
ol oo el LI s s S sl Setloas (o5 IS (z bbeiloSan 1o ity slacasloke o oS IS5 (&
fs}m}S.“a’J :Lu (PIge :Mes GM‘ Sp e loudaw :Sill 5&0).».); :Crd su.s)}”».\j AIld)‘ ..L.:)L&
f@ﬁwbogﬁdﬁmsaom.)u&_md‘)é LSAM)OASW‘;QJJB w‘w&y‘;ﬁﬁf&.ﬁu
SF0 sraS) (& ¥ SD) ol aseis BB oog jlasly jene codsliwl ciadg s jsels o8 Je g
dilaa ;5 g il o ColS s Voone Ko ol j3  sdudy s 4 YWaol) s cod o o o 51 63l s

(¥ USE) Wl oo 000 jsdga i Sodgyliwl ol om0 oilST (0 5 O USS Sosiiull

4 4 I R
& PRAEE T H g Sl - I
Sloimlis 9o 53 i yd slacdy bl jgan (Gl (i dilaie) Wil gl Jlod sl 315550 5 ol o polas ¥ S
ol yor 4y Lo yudis a2 50 Cadiyd Lo ilS (6,5 USE (& ) B ol pod 4y Codg Ll (D g @ ¢ Sumd digd 10 CoilS (la ol (@ eyt
oy 92 50 235 ol e ay o (6 gitin slacilondiw 599y co (o 5l oS 9l cdg il Les (El8IL (7 o255 codg !
Cotloplons Sill ccoilS Ky cedgy bl St ez, Gt 51 05, le (g la] @3Dle 5,8 o IS5

y e

AY



Sl 03¥ 5090 (nl & (ol sl 4S5 9l il
e g Jlod adlaie 1o 565,50 sl Lid g Lo
g dplio 02 L g dwlone wigll codgily

30 OY bow iyt g ,Lid-los awlxo
Wgll Cdgilb Cgiar (F95,50 s
P09 9 55 Ll b a e o Liiea
HLad Byl sla s, gl codsil Cgar gla
z)lid ( Se8l5 Jols slagwles aile ew oo
sl s> 5 (Koziol and Newton, 1988) ;| GASP
Aol SaS ay aS (0,5 Siifg,m) alfue ol
el 00 oolatwl cSloai p—w, THRMOCALC
b Cgn 9 S)l8 o Fe-Mg (505 Jolos ytage s
(Ferry and Spear, 1987) gl diS 5l oolai_u]
Il slo Jow .l oais 28,5 |16 oo (0l 6l
(Ganguly and ¢ (Helffrich and Wood, 1989)
Qoo a8 5 I o, ¢l Saxena, 1984)
&y o dwlre oo,y slos .(Sakietal., 2012)
Hlid g el ogs o1 5 il 4z 10 YO+ 5 Voo 565,50
@ ol el 00l Al ,U LS o> b a s 0g0
J38le 5 el wons ailfais Jolss sla s S5
(Holland and Powell, 1998) ;! ¥/Y asx_i SIS g0 5
olas Al F USs ggy 2 a8 Sloaus dcwle L8 5 Lao
Ao oo Ol o g, Koo b o935 Bollas g Sl oals ools
FAX a4l 5l oolaiwl b by SIS ples ag.iST e lxe
ool p .ol oas sl Holland and Powell, 1998
VLBV sgus oy 565,50 (6, S ISl Bos Waools
Gl 3 @loSime; ObolS (plpba g Sl 039y yioglS
(°C/km) yinglS 5 01,5 il a0 OA dg0> LS
el 0093
ol o HOu o0 jlaae o F ISt ol
HO0s0 jlade g el asys YV Glaes slacaileXw
bl sl 0oy W pgangie 10 99290 (slacu s S
DW [DW = wt (H,0 (melt) / wt(H,0 (Crd) a_lu,
> Vsl > o5 Lm 5Ty b Lasye DW i
aS ol YIYE S o slacileXw gl ol,5 sl

AN

e OMD)9 D () (K )3 (9553 (6 0 gl

Srs )3 39555 oSS (glas s Yoo
SlaSins S o0 I drgs pol gladige 10 9 2l525S
&y > Lo €5 (535 0 (195 )3 S92 90 (5955
obolr 5 Sl (59555 (loj 50 Boe Lod Eped Sinled
2L S 5 Elgl Dlgi e 39790 sla S acgorns
.(Twiss and Moores, 1992) 5,5 olobs 5L gblew oy
(Buchan type metamorphism) S o3 S5 ,50-)
(Barrovian type metamorphism) y99,b 3 555 ,55-Y
(Blueschist type  Slows cs (65,50 Y
metamorphism)
Jsere 0> 5l Les (o YL ailes (L g5 (555,50
5 lele a8 ol 15 5 Eal o Firney Sl
BaeS (958 ol sloKi o b g fyman Ll 5
(213295 5 B Wlgi oo Jol> (955,50 b oo axngs
Al lals adla il oliess sl am b olsjen
5 SFSD Lg—h S w859 » Al e ($9550
OB g5 Jolae (Caslonkonws - Cajollail (6 m0) ol PIT
Blosl )3 45 0,5 o0 Ojg0 dgy 5l 2l )3 g 9Bl oe
oy PIT 355555 5 el o1 sasa gl 5 o5
G59lS (6398 slaosgs 3l (galj lass b Vs—osne
olyod Cywed Soadd Slzaisl glacKiw b el g
JS e as o ls o] Vs Ko (ol 9525 il o
I CE PR P C SN PXYVIPC M W PO AW N
S (9, Sy oy PIT G555 5
9 Sl fuden (9555 GlaSiw 3ei) Sl adgislS
PRRERIK JPINESHIPEIE S SOOIt SRR
55,50 6lo )T yuslionims ) Lis a5 Wloalds jgaste gL
Gl E55 S99 Lol (a3l S slaleSle Lawgs
P SFSIEP ol g odg oole plo S ey et AL
S8 sl (S9555 plpeas (pliaeS (g oles
3 S50 s jaeis aS ol onls aslil

Dy oo 00 live Vgoane polai slayg) &jglne
Jleds 5 g dilie ;3 395,55 (6w (s e
3 i 3 Sl s S s s o 5



Sko ke

84 1) 2ann+3crd+3herc=6sill+3alm+2phl

2) Gand+3alm+2phl=2ann+3crd+ 3nerc

3 15eastsSfcrd=30sill+10phl+5ann+3herc
6.

(ll

1T T T 1
400 500 800 V00 8O0 900

Temperature (*C)

)

o

o

=

(5]

Melt H20 (wi percentage)

Min. H20
solubdlity

. {E

b

T I I
T TED E10

g

Temperature {'CJ

cakculate P Kbars 4
calculate T (°C)= 620
a

| 2py+3mu+Tpa = 9sill+7ab+3east+7TH20
i =

o .:

00 400 S00 800 700

Temperature ['C]

800

S50 (@ (VY aed SIS g 53 dali ) il Jolss sla sovos 5l oolaiwl b S g sbacesloXee jLad-los e (AL F S

CowljLed g Les o H O wo s Blos slils ol aS" Ul sl |y HLO g Glie-cu oS alal, ol 5en slo sovos o] (59, a5 jLid-Los

Qo yd dkee boghas ail o (Johannes and Holtz 1996) ;1 a5 el Glie 48 0550 Ol e Sl alaiie bglas ol sols ialei |,

Lol Jlid 5 Los 4 azrgi L ]y S s slocailoSion Sl 5 Loy 00,8 (gl 09250 i ol a2 o LS 1) 00,8 50 39290

ol BBl gl)ls oz g, a8 Cal ools &) e 053 Ll 10 a5 S g CileSe sladiges Ol slgime puast (0 0o oo LS

aguiS] g Lid-loo (peds (& il oo (Rigby et al., 2008) 4 (Johannes and Holtz, 1996) 51 U1 Jilas gl ks a3 .ailazs 5,18
(YIY a5eis S50 5 dol ) il Jolss sla covoe 5l ooliinl b (i) Jlosd 00l (165,50 sy oS 1o Jlows

8,5 o l,8 (Max H 0) T 55l (gl s S35 51
ilodgs Jlew slylo ©gd sla Sl aS ogs pl ilis

Ales g0 a0l 1) e ddlais S jusg

Al

Silo gl g losol Cgd sla STy b el
sl ol L5 5 Loo 5 FLO g e (o a5 sl i
Sl csllas bowileXas cpl o Jlaw—yg00 093 b g
bl el (095 093 sladiges HYO (ggiome
L5 (Min. HL0) Jlas T glyls bt g5, e ¥ S
S 5y3eyd Wil go Jluw-yg Ll Kl o5 wlad, S



51 s (5l 25Ty gty Lod dslons 51 oy

Sl 45T sl Sl iy 23Sy 51 (VLo g5

Ol e s ool wl lsceilodw by ulisyon 1
(8 FUSE) ol oaids dclores LAY 590> ayg.aS]

py +3mu + 7pa = 9and + 7ab + 3east + 7H,0

L slagtasTy plas 5o 25Ty ol gl Jlone Bl

034 €33=sdT 4 sdP=0.8 kbar ] &glisie 4,551

o) S (Cedgig ) JS S (oo
OBy 9 (i adliio odds (495,59
oS 5l diga 95 28 5 Lol polie Ul b
Yoz 0 (B rmg g (eier dilais 0ud (59555 (o)
25 eSS Loy ddlase 90 0 S Koo .l 0ol 00,4
.(Herron, 1988) auisly o 005 jilecis jl0g05 yolus]
o350 ;3 (Fe 0,K,0) vs. log (Si0,/ALO,)
S adlaie cpl o olpbs 2555 o0 )18 b (oS5
ailaie 93y 50 15 )l (Snnly Solgion 4 (595,50 5
S8l ee HLaSe L jole S oS5 g 5 Jlod

e OMD)9 D () (K )3 (9553 (6 0 gl

30 OY bew aygaST g LS -lod dmilxo
wigl cadgil Jloks (Fg5,50 slasiuw
Sodlonkw (g) 00 3558 (o) SO
Sl ibamas 15 e adlaie o (Lo yulis 30)
iloel 35258 i s0a8 (555,55 oS (5, 2 5]
oS LS5 gl lasd mSlas (Y- F5)YVA) alow
Fef 090> 1o Lo g )b oLS Jlom dg0 o o il
.(Sepahi et al., 2004) cool osgs ol 5 5l ax o
2B g, 5l sasliawsds gl ,Lid gl > jleslanwl b
5 Cadgu—d,) 8 ausle) o,las L350 eyl jo Ol asugusT as
leaigusThas o lopl STy sleslainll  (GASP
sl ol iy SIS go 5 dolip SaS & O yusie
00 (55,50 oy sl Kis o Ol 5.8 4T s e
3 S5 (s Fe Mg 3515 Jol aga 5,5 oo,
(Ferryand Spear, 1987) ) gl oS 5lo0 b I b s g0
oo a8 S IS slocuiladiw slo i oo ol
S5 Tl 6l 00l dlne (o) sles
oS sl a0 £V L £ov ociiladiw sla s s
oS (nl 55 @le S o) QL3S Crlpla Ewl 039
03¢ (°Clkm) ,=eglS 5 01,5 cilow az 0 FY/D dg0>

O g ileSne (sloulisy o0 10 25250 g § CylS (D pd)S Gla S g e BT B pme ol N Jgo

U“"L"‘" » W}u d‘f Lmuﬁ.._'lf Slows ol ooy M)f).la; »

Sla el saelinsds (6 o gaS giwl Slowlne 5l oolitw! b 6,5 gl Fe/Fe® cons .ol oo dmlons yiaST o3l 1)
Sl 00l wl?m u)...ws‘ P"‘ \Y u.vl.w‘ » w)lf 6‘)4 L&:u}uls

Mineral Crd Crd Crd Crd Crd

Grt Grt Grt Grt Grt Bt Bt

SiO, 48.07 47.98 48.09 48.09 48.42
TiO, 0.00 0.00 0.01 0.01 0.01
AlLO, 32.53 3235 3229 3229 3292
PO, 0.00 0.00 0.05 0.05 0.00
Cr,0, 1.75  0.68 1.26 0.00 0.00
Fe O, 864 9.74 935 1.26 1.17
FeO 0.55 070 0.60 935 9.00

MnO 7.14 652 6.58 0.60 0.45
MgO 0.01 0.02 0.06 6.58 7.11
CaO 0.18 0.19 0.16 0.06 0.04
Zn0O 0.00 0.00 0.16 0.16 0.18
Na,O 98.70 98.11 98.48 0.16  0.000
K,0 48.07 47.98 48.09 0.000 0.000

36.84 36.82 36.68 36.16 36.85 3520 3530
0.02 0.03 0.00 0.00 0.00 3.20 3.25
20.98 20.71 21.00 21.63 20.77 17.93 18.24
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.01 0.04 0.10 0.06 0.03
0.86 1.46 1.07 2.19 1.83  0.000 0.000
3493 3133 31.16 3435 3522 20.80 21.24
3.70 4.75 4.83 3.39 3.81 0.11 0.00
2.39 3.32 3.26 2.65 2.43 8.30 8.55
0.67 1.56 1.56 0.57 0.51 0.00 0.00
0.00 0.00 0.00 0.00 0.00  0.000 0.000
0.00 0.00 0.00 0.00 0.01 0.11 0.10
98.60 99.83 99.45 100.75 101.52 9.98 10.02

q.
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Mineral Crd Crd Crd Crd Crd Grt Grt Grt Grt Grt Bt Bt

Totals 0.00 0.00 0.01 98.48 99.17 95.63  96.710
8 (0) 18 (O) 12 (O) 11(0)

Si 2.672 2.119 2.128 4997 4978 2998 2970 2.967 2.909 2959 2.703 2.683
Ti 0.00 0.00 0.00 0.001 0.001 0.012 0.002 0.000 0.000 0.000 0.185 0.186
Al 1.317 1.876 1.857 3.955 3989 2.032 1969 2.002 0.000 1965 1.623 1.634
Cr 0.00 0.00 0.00 0.004 0.000 0.000 0.000 0.000 2.050 0.006 0.000 0.000
Fe 0.000 0.000 0.000 0.098 0.091 0.053 0.089 0.065 0.132 0.111 0.000 0.000
Fe* 0.002 0.014 0.008 0.812 0.773 2.401 2.113 2.107 2.311 2.365 1.336 1.350
Mn 0.003 0.001 0.000 0.053 0.039 0.258 0.324 0.331 0.231 0.259 0.007  0.000
Mg 0.001 0.000 0.002 1.019 1.090 0.293 0.399 0.393 0.318 0.291 0.950 0.970
Ca 0.333 0.872 0.881 0.007 0.004 0.059 0.135 0.135 0.049 0.044 0.000 0.000
Na 0.670 0.120 0.128 0.032 0.036  0.000 0.000 0.000 0.000 0.000 0.000 0.016
K 0.007 0.000 0.000 0.021 0.000 0.000 0.000 0.000 0.000 0.000 0.978 0.971
Totals 5.006 5.003 5.000 11.00 11.00 8.000 8.000 8.000 8.000 8.000 7.798  7.808
XMg, 0.309 0.313
XMg,,, 0.333  0.343
XAl 0.648  0.659
XAl 0.163  0.158
Mg/<Mg+Fez) 0.109 0.159 0.157 0.121 0.110 0.416 0418

555 Ol s (laTn (sl ol 30 59 S50 b ol 5 sl Sla SIS g5 e 3T e ol Y g
sl 00 Al yinST w31 F ool s i 1oy 5315 15 - ansl o0 dsles (ynST A olasl 1 leasils g1, L yslS

Mineral fsp fsp fsp Sp Sp Sp
Sample
SiO, 59.94 45.99 46.35 0.00 0.00 0.02
TiO, 0.03 0.01 0.05 0.00 0.00 0.00
ALO, 25.07 34.56 34.33 58.48 58.14 57.03
Cr,0, 0.00 0.00 0.00 0.08 0.00 0.06
FeO 0.05 0.37 0.22 36.20 36.52 36.79
Fe,0, 0.00 0.00 0.00 1.92 2.95 1.88
MnO 0.07 0.02 0.00 0.68 0.72 0.59
MgO 0.01 0.00 0.02 2.93 2.83 2.06
CaO 6.98 17.67 17.91 0.12 0.02 0.00
Na,O 7.75 1.34 1.44 0.00 0.02 0.05
K,0 0.12 0.00 0.00 0.00 0.02 0.00
Totals 100.02 99.96 100.33 100.22 101.17 98.41
Cations per 8 oxygen atoms Cations per 4 oxygen atoms

Si 2.672 2.119 2.128 Si 0.000 0.000 0.000
Ti 0.001 0.000 0.002 Ti 0.000 0.000 0.000
Al 1.317 1.876 1.857 Al 1.967 1.937 1.957
Cr 0.000 0.000 0.000 Cr 0.002 0.000 0.001
Fe¥ 0.000 0.000 0.000 Fe* 0.041 0.063 0.041
Fe* 0.002 0.014 0.008 Fe* 0.860 0.863 0.896
Mn 0.003 0.001 0.000 Mn 0.016 0.017 0.015
Mg 0.001 0.000 0.002 Mg 0.124 0.119 0.089
Ca 0.333 0.872 0.881 Ca 0.000 0.000 0.000
Na 0.670 0.120 0.128 Na 0.000 0.000 0.000

Y9
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Mineral fsp fsp fsp Sp Sp Sp
K 0.007 0.000 0.000 K 0.000 0.000 0.000
Totals 5.006 5.003 5.000 Totals 3.000 3.000 3.000
Ca | (Na+K+Ca) 0.330 0.879 0.873 X,,,.(Her) 0.860 0.863 0.896
XMg (Spl) 0.124 0.119 0.089
XMn 0.016 0.017 0.015

O (595,50 §laSins )0 S5zge Jlewald § S35 (g bl (g (S 9,5 5T Byme s Y o

ol s i sl ey 55lS 0l el o 4385 15 10 e &0 4y g sl oS Fe iusisms SIS 03 pan slaplll

o . 00 lundds (6 5098 gl Slewlna 5l osliiwl b 6,5 gl Fe?' [Fe® cas .l oo awlone yiuanST 131 1)
el 0 dlime ST I olaol )8 gl LaypilS

Mineral Bt Bt St St Grt Grt Grt fsp fsp Fsp
SiO, 3545 3545 26.70 27.75 37.25 37.30 37.20 60.39 60.43 60.67
TiO, 3.02 3.10 0.45 0.70 0.04 0.03 0.00 0.07 0.00 0.00
AlLO, 17.63  17.95 55.70 53.35 21.04 21.10 21.07 25.51 25.14 25.18
P,0, 0.02 0.04 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00
Cr,0, 0.12 0.00 0.00 0.00 0.00 0.00 0.01 0.25 0.26 0.20
Fe,O, 0.000 0.000 0.00 0.00 0.86 146 1.07 0.00 0.00 0.09
FeO 20.51 21.30 11.75 14.40 28.00 36.20 31.16 0.03 0.00 0.01
MnO 0.15 0.18 0.05 0.30 9.56 1.12 620 7.14 6.57 6.58
MgO 9.34  8.09 0.95 1.40 1.02 195 275 17.57 7.56 7.84
CaO 0.00  0.00 0.00 0.00 2.80 242 1.74 0.15 0.15 0.13
ZnO 0.000 0.000 2.18 0.10 0.00 0.00 0.00 101.20 100.12 100.60
Na,0 0.11  0.06 0.00 0.00 0.00 0.00 0.00 60.39 6043 60.67
K0 9.54 9.74 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00
Totals 95.87 95.87 97.65 97.90 99.70  100.0 99.95 2551 25.14 25.18

11 (O) 12 (O) 4 (0)
Si 2.702 2.716 7.47 7.82 2.998 2.970 2.967 0.000 0.000 0.000
Ti 0.171 0.179 0.10 0.15 0.012 0.002 0.000 0.000 0.000 0.000
Al 1.580 1.621 18.37 17.74 2.032 1.969 2.002 1.967 1.937 1.957
Cr 0.000 0.000 0.00 0.00 0.000 0.000 0.000 0.002 0.000 0.001
Fe* 0.000  0.000 0.00 0.00 0.053 0.089 0.065 0.041 0.063 0.041
Fe* 1.302  1.365 2.75 2.77 2.401 2.113 2.107 0.860 0.863 0.896
Mn 0.010 0.012 0.12 0.07 0.258 0.324 0.331 0.016 0.017 0.015
Mg 1.060 0.924 0.41 0.60 0.293 0.399 0.393 0.124 0.119 0.089
Ca 0.000 0.000 0.00 0.00 0.059 0.135 0.135 0.000 0.000 0.000
Na 0.010 0.000 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
K 0.931 0.952 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

Totals 7.800 7.776 29.23 29.15 8.000 8.000 8.000 3.000 3.000 3.000

Xyea) ~ 0.3410.298
Xyear, 0380 0.327
X 0.647 0.642
Xga, 0145 0.168

Mg/, 0.455  0.404 0.109 0.159 0.157

ay
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Sample SiO, TiO, ALO, Fe,0, MnO MgO CaO NaO KO PO, HO CO, Sum
(AT O T ¢/ W ¢/ B 5 B ¢/ BN ¢/ B /A NN 0/ B CA YRR

Tu 59.1 1.00 19.0 6.40 0.08 2.80 0.48 1.20 6.00 0.140 2.80 0.58 995

Che  60.0 097 195 690 013 210 050 090 390 0100 270 170 996
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Sample KZ230 KZ240 KZ300 ZA612 ZA635 ZA618 ZA600 ZA803 ZAB20 ZA754
Name GRD GRD GRD GRD GRD GRD GRD GRD GRD GRD
SiO, 62.4 63 63.7 62.5 63 63.7 63.9 64 64.2 66
TiO, 1.06 0.65 0.6 0.67 0.63 0.64 0.66 0.62 0.58 0.51
ALO, 15.05 15.05 15.4 14.85 15.1 14.95 15.2 15.05 14.65 14.75
Fe 0, 6.14 5.86 5.5 6.11 5.54 5.04 5.46 5.6 5.25 4.56
MnO 0.08 0.09 0.09 0.1 0.08 0.08 0.08 0.08 0.09 0.07
MgO 2.52 3.53 3.24 3.65 3.42 2.61 3.34 3.25 3.15 2.63
CaO 3.86 3.89 3.47 4.05 3.98 3.76 3.92 3.81 3.32 3.46
Na, O 2.99 1.96 2.1 1.98 2.04 2.16 2.03 2.13 2.03 2.03
K0 2.47 3.11 3.1 3.13 3.13 3.16 3.01 3.15 3.63 3.57
PO, 0.36 0.16 0.17 0.14 0.16 0.15 0.14 0.12 0.1 0.12
LOI 2.17 1.83 1.87 1.88 1.97 2.82 1.36 1.42 2.11 1.47
Total 99.1 99.13 99.24 99.06 99.05 99.07 99.1 99.28 99.11 99.17
v 166 130 122 137 130 100 141 127 120 102
Cr 60 150 140 160 150 100 160 140 130 120
Ni 94 122 100 124 120 71 128 110 101 91
CcO 20.4 18.3 15.8 18.8 18.8 13 18 16.8 15.6 12.4
Zn &3 81 75 82 74 65 73 74 66 61
Ga 19 18 19 19 18 18 18 18 17 17
Sn 2 3 3 3 2 2 3 5 4 3
\ 2 2 1 2 3 1 2 2 2 2
Ba 228 386 318 422 464 331 334 285 369 354
Sr 187 217 196.5 205 223 186 202 192.5 188.5 189
RB 115.5 135.5 142.5 159 136.5 127 137 150.5 158.5 152
Nb 19 14 14 16 13 13 12 13 12 12

48.7 25 21.2 25.8 23.4 20 324 31.8 20.3 29
Zr 174.5 163.5 138.5 169.5 163 138 151 158 174.5 145
Cs 7.1 10.4 11 12.4 9.4 8.4 12.4 17 15.2 12.8
Hf 5 5 4 5 5 4 5 5 5 5
Ta 1.2 1.1 1.1 1.1 0.9 0.9 0.9 1 0.9 1
Th 2 16 8 19 12 7 12 12 12 15
0] 1.5 1.5 1.3 1.9 1.2 1 1.9 2.2 1.7 1.7
La 11.3 34.7 19.6 34.2 324 14.6 26 25.8 24.7 34.6
Ce 32 72.8 47.4 80.4 61.6 37.8 55.1 58.1 58.7 69.4

Vo¥



oL g SaS )byels

N Jgoz dalsl

Sample KZ230 KZ240 KZ300 ZA612 ZA635 ZA618 ZA600 ZA803 ZAB20 ZA754

Pr 3.9 8.4 5.4 9.1 7.2 4.5 6.2 6.6 6.7 8.2
Nd 16.3 31.1 20.9 35.1 26.9 17.2 24.7 25.2 24.7 29.9
Sm 5.1 6.4 4.4 6.7 5.1 3.7 5.3 5.1 4.8 6.3
Eu 1.1 1 1.1 1.1 1.1 1 1.1 1 0.9 1
Gd 6.4 5.9 4.6 6.2 5.1 3.9 5.2 5.1 4.5 6.2
Tb 1.3 0.8 0.7 0.9 0.8 0.6 1 0.9 0.7 0.9
Dy 8.5 4.6 3.9 4.5 4.1 3.6 5.3 5 3.9 4.8
Ho 1.8 0.9 0.8 0.9 0.8 0.7 1.2 1.1 0.7 1
Er 5.2 2.7 2.4 2.9 2.4 2.3 3.5 3.6 2.2 3.2
Tm 0.7 0.4 0.3 0.4 0.3 0.3 0.5 0.5 0.3 0.4
Yb 3.7 2.5 1.9 2.6 2.2 2 34 34 2.1 2.9
Lu 0.5 0.3 0.3 0.4 0.3 0.3 0.5 0.5 0.3 0.4
Mg# 44.84 53.33 50.64 54.2 54.3 55.01 53.48 54.41 54.79 53.85
A/CNK 0.89 0.97 1.02 0.94 0.95 0.95 0.98 0.95 0.96 0.95
Corundu 1.29 1.54 1.49 1.17 1.58 1.49 1.49 1.76 1.8 2.68
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Abstract

The polymetallic epithermal Glojeh ore deposit is located in the middle of the Tarom-
Hashtjin metallogenic province in Alborz-Azarbayejan (western Alborz). It consists of four
major epithermal veins, in the South Glojeh and the North Glojeh areas. Andesitic basalt
and dacite are hosting the mineralization in the South Glojeh and the North Glojeh veins,
respectively. The rocks in Glojeh area include intrusive rocks (granodiorite, granite and
quartzmonzonite), diabasitic dikes, and volcanic rocks (dacite, rhyolite, andesitic basalt
and tuff). Based on genetic and crossed relations of vein and vienlets, mineralization in
the Glojeh occurs in three stages: (1) early stage of Cu-Au-As-Sb-Fe-bearing minerals;
(2) mid stage of Pb-Zn-Cu-Cd-Ag-bearing minerals and (3) late stage of hematite-goethite-
Ag-Bi-Au-Pb minerals. Mineralogy and minerals chemistry studies show that galena in
stage 2 (substage 2B) have inclusions of silver bearing minerals. Important silver bearing
minerals in Glojeh veins are argentite, native silver, Ag-tetrahedrite, polybasite, matildite
and marrite. Gold mineralization occured in substage 1B (stage 1), and is associated with
specular hematite (specularite) as native gold and in substage 3A (stage 3) as inclusions
of native gold and eletrum in hematite and quartz. Alteration in Glojeh district consists
of propylilitization, argillization, sericitization and silicification, that have well-developed
and zoned in the around Glojeh veins and extends ~ 30 meters into the host rocks. Chlorite
geothermometry in argillic zone (stage 2) and propylitic zone (stage 3) are 275°C and
200°C, respectively. Mass balance calculations indicate that Al, Zr, Ti, Y, Nb, and HREE

were immobile elements during alteration.

Keywords: Mineralogy, Geochemistry, Alteration, Epithermal veins, Tarom-Hashtjin

metallogenic province, Glojeh.
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Abstract

In order to determine biostratigraphy, facies and sequence stratigraphy of the Kalat
Formation in the West of Kopet Dagh Basin, two Jozak and Chakhmaghlu stratigraphic
sections were selected and sampled. The thickness of the Kalat Formation in the Jozak
and Chakhmaghlu stratigraphic sections are 158 and 139m respectively, and its lithology
consists mainly of gray to brown limestones and few marl. Biostratigraphic studies
led to recognition of 32 genera and 15 species of benthic foraminifera and 11 genera
and 6 species of planktonic foraminifera and then, Siderolites calcitrapoides-Sirtina
orbitoidiformis Assemblage Zone was identified. Based on the indicated biozone and
fossil contents, the age of the Kalat Formation is Maestrichtian. Petrographic analysis led
to recognition of one silliciclastic and ten carbonate facies belonging to four depositional
environments including tidal flat, restricted and semi-restricted lagoon, shoal and open
marine. The identified facies were deposited on a homoclinal ramp setting. On the basis
of facies distribution and depositional environments, two depositional sequences were
proposed for the Kalat Formation. Depositional sequence 1 consists mainly of proximal
open marine and shoal facies. Maximum flooding surface of this sequence is characterized
by open marine facies containing echinoid and planktonic foraminifera. Depositional
sequence 2 consists mainly of shoal facies rich in bioclast, intraclast, benthic foraminifera
and rudist. MFS of depositional sequence 2 is represented by bioclast echinoid packstone
facies. Comparison between sea level changes in the study area with eustatic sea level
and Arabian Plate sea level curves show that sedimentation of the Kalat Formation was
influenced by eustatic sea level change.

Keywords: Biostratigraphy, Facies, Sequence Stratigraphy, Kalat Formation, Kopet
Dagh Basin.
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Abstract

The Samen granitoid is located along the northwestern part of the Sanandaj- Sirjan Zone
in the Southwestern of Malayer. Based on mineralogical and geochemical characteristics,
five main facies have been recognized in the Samen granitoid which included granodiorite,
monzogranite, syenogranite, alkali-feldspar granite and quartz-monzonite. Granodiorite
is the main facies of the pluton and is more wide spread than other facies. Geochemistry
of major elements indicates that the Samen granitoid is metalomious (ACNK=0.75) to
peralomious (ACNK=1.21) and is classified as volcanic arc granites (VAG) related to
active continental margins and petrochemically belongs to calc alkaline with high K rock
series. Depletion in Nb, Zr, Hf, Y, Ti and HREE and enrichment in K, Rb, Cs, Th and
LREE is consistent with an arc setting related to the subduction of Neo-Tethyan oceanic
crust beneath the Sanandaj-Sirjan zone. The pluton has been contaminated by interaction
with upper crust. In the Samen district both calcic exoskarn (grossular-andradite/augite-
diopside) and endoskarn (tremolite-actinolite/epidote) occur along the contacts between
granitoid and marble. The present study indicates that geochemical characteristics of the
granodiorite and quartz-monzonite Samen rocks are similar to the averages for Au-Cu-
and Fe- skarns granitoids, whereas the geochemical characteristics of the monzogranite,
syenogranite and alkali-feldspar granite are similar to averages for Sn- and Mo-skarn
granitoids. Based on oxidizing conditions and magma evolution, the Samen granitoid is
characterized by relatively unevolved to moderately evolved and oxidized suites, as in

most Au-Cu core metal associations globally.

Keywords: Geochemistry, Au-Cu skarn, Magma evolution, Continental margin, Samen
granitoid
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Abstract

Field relations and petrographical features show that formation of the metapelitic
rocks in Western Iran were influenced by different metamorphic conditions in south and
north of Alvand Batholite (Jurassic age). The intrusion of the Batholith into pelitic host
rocks in the northern area (Cheshin Village) produced hornfelsic metamorphic rocks
which contain staurolite, kyanite, garnet and sillimanite, whereas in the southern area
(Tuyserkan city) these rocks contain, cordirite, andalusite, garnet and sillimanite. Mineral
assemblages in the metapelitic rocks in two areas (in the north and south) are different.
Using multiple equilibria temperature, pressure and fluid composition have been
calculated for the formation of both northern and southern respectively, as temperature
(~600-630 °C), pressure (~2-4 kbar), and fluid composition (X,
northern rocks and temperature (~600-750 °C), pressure (~4 kbar) and low (4,,,,) for

as low as 0.17) for

southern rocks.

P-T results indicate that geothermal gradients in two areas (North and South) are
respectively 42.5 and 58 °C/km which conform Barrow and Buchan metamorphic series.

Pseudosections were constructed using the Theriak/Domino program. Results of this
method are in good agreement with other methods. Therefore, the Hamadan metamorphic
rocks have experienced multiple episodes of metamorphism driven by burial and heating
during arc construction and collision during subduction of a Neo Tethyan seaway in the
Jurassic-Cretaceous, and these events are associated with different metamorphic series in
parts of metamorphic aureole of the Alvand complex

Keywords: Alvand Batholite, Hamadan area, multiple equilibrium reaction, Barrow and
Buchan metamorphic series.
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Abstract

The Zargoli granodiorite is located in the northwest of Zahedan in Sistan suture zone.
This granodiorite intruded a flysch-like unit at Oligocene and its SiO, contents range
from 62.4 to 66 wt. %. This gronodiorite is calc-alkaline, metaluminous and I-type. The
Zargoli granodiorite shows negative anomaly of Ta, Ti, Nb, Eu and positive anomaly
of Rb, Ce, La, Ba, Sr in spider diagrams suggesting that these rocks have been derived
from the partial melting of lower crust. This magma was contaminated with flysh- type
sediments during emplacement in Sistan suture zone. Discriminative diagrams indicate a
volcanic arc (VAG) and active continental margin (ACM) tectono-magmatic setting for
this pluton.

Keywords: Zargoli, Sistan suture zone, Geochemistry, Granodiorite.
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Abstract

Independent estimates of deterministic and probabilistic methods of hazard analysis
in the region of Tabas city were conducted in this study. Gutenberg - Richter relation for
Tabas was obtained by analyses of seismic data based on Log N= 2.3 - 0.50 Ms. The
greatest horizontal acceleration on Tabas city is 0.7g rsulted from Shotori thrust with
a shaking power of 7.4 Richters. The obtained results show that, Kalmard fault with
the length of 170 km and distance of 50 kilometers from Tabas, has the highest impact
after Shotori thrust. So that, the most expected seismic (8.93 Richter), the maximum
relative intensity at the center (8.32), the maximum horizontal displacement at the center
(29.82cm) and the maximum vertical displacement (66.70cm) are the result of this fault
on Tabs area. Using geostatistical analysis tool in Arc GIS (ordinary kriging), a suitable
model was introduced for mapping the maximum gravitational acceleration. Using this
map, zones with high and very high seismic risks and two liner earthquake sources with
NE- SW trend (west of Tabas) as a result of Kalmard and Ladar faults and NW-SE (east
of Tabas) as a result of Shotori, Esfandiar and Nayband faults were identified.

Keywords: Maximum gravitational acceleration, Seismic hazard, Ground motion
parameters, Shotori horst.
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Abstract

Peridotites are one of the main rock types of the Abdasht ophiolitic complex in
southern Iran. Peridotites of this ophiolite are dunite and harzburgite. The important
original minerals in the peridotites include olivine, orthopyroxene, spinel and to the
lesser amounts, clinopyroxene. Study of the chemistry of spinel in these peridotites show
that their composition, based on the end-member chemistry, is Spl , Chr . Mag . to
Spl,,, Chr,;, Mag, .. The chromium number (Cr#) varies from 0.73 to 0.92 and the
ALO; contents are 3.61 to 11.29 wt%. The chemical compositions show that spinel is
mantle residual phase and its high Cr content indicates the peridotites depletion. Spinel
chemistry shows that the studied peridotites are related to supra-subduction environment

in a fore-arc setting with boninitic features.

Keywords: Dunite, Spinel, Supra-subduction, Abdasht, Kerman.
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Abstract

The North Tabriz Fault (NTF) is the most prominent tectonic structure in the
Northwest of Iran. The results of this study show that this fault has a major impact on
hydrogeological conditions of the local aquifer. Plio-Quaternary volcanic ash and tuff
layers constitute the only unconfined aquifer of this area which directly lies on Miocene
red marl as aquifer bed rock. Northern part aquifer bed rock is placed in the higher level
than the southern part. This could be the reason for the existence of the reverse dip-slip
movement of fault in this area, which causes the northern part (hanging wall) trusted over
the southern part (footwall). Sharp differences in aquifer bed rock level at relatively low
distances (less than 200 m), can be a sign of near-vertical slope of fault in this area. An
obvious groundwater level differences which reaches to more than 8 meters, along with
the apparent differences between groundwater qualities across the fault at a low distance
(about 200 meters) show a barrier behavior of fault. Total depth of the southern part
wells is four times compared to the northern parts. Total annual discharge of southern
part wells is about eight times of northern parts. Total hardness and ions concentrations
of groundwater samples shows that most of the northern part samples are not suitable for
drinking purposes, but the southern part samples are suitable. Also, all of the northern part
samples have the negative Langelier index (corrosive). All of the southern part samples
have the positive (very close to zero) Langelier index and suitable for industrial usages.
Therefore this is a reason why most of industries in this area were located in the southern
part of the fault.

Keywords: Fault zone hydrogeology, Groundwater, North Tabriz Fault, Aquifer
structure.
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