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Average  Average  Average  Average Average
Sample o ’ ot ool
Rock type garnet cordierite of migmatitic  metapelite
granite granite granite xenolith __and xenolith
(Wt%)
Si0, 73.87 74.82 7441 54.43 62.07
ALO; 14.02 13.45 13.69 21.53 17.47
TiO, 0.05 0.08 0.07 141 0.70
MgO 0.13 028 021 4.04 2.85
FeO* 125 122 123 11.06 626
Ca0 0.65 0.64 0.65 L13 1.56
P,05 0.11 0.12 0.11 0.09 0.14
Na,0 2.06 285 251 L14 1.86
K0 6.08 5.10 552 240 3.63
MnO 0.06 0.05 0.05 028 0.18
Total 98.31 98.62 98.49 97.63 96.73
H,0" 1.03 093 097 1.97 238
CIPW norm
Qtz 3628 3627 36.33 21.97 253
or 35.93 30.14 32.63 14.20 2145
Ab 1743 24.12 21.23 9.65 15.74
An 251 239 246 5.04 6.82
Crn 313 237 2.69 15.21 7.98
Hy 265 29 269 28.57 17.77
Iim 0.09 015 0.13 268 133
Ap 025 028 026 020 032
FeO* is total FeO.
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Average Average Average  Average  Average  Average
Rock type gamet cordierite of migmatitic metapelite and  Schel
granite granite granite xenolith xenolith __(Li, 2000)
Sample No. No.3 No. 4 No.7 No.3 No. 10
(ppm)
v 2.80 6.65 5 196.88 101.97 130
cr 097 268 1.95 109.16 69.61 90
Co 0.69 0.83 0.77 21.34 13.47 19
Ni 1.04 147 1.28 67.53 3137 50
Rb 152.6 1439 147.6 96.25 65.21 140
Sr 6.02 11.74 929 75.24 67.10 170
Y 3.96 6.36 533 3845 53.82 2
Zr 56.69 49.25 5244 256.3 1903 160
Nb 37.91 4.04 18.55 23.77 26.70 11
Ba 4245 56.44 50.44 214.1 210.3 580
La 097 1.28 115 40.65 30.02 43
Ce 4.54 5.63 5.16 80.54 56.65 82
Pr 027 041 035 9.98 737 9.8
Nd 0.99 1.55 131 36.35 27.67 33
Sm 031 053 044 674 6.62 62
Eu 0.04 0.06 0.05 0.76 1.10 12
Gd 0.41 0.66 056 6.49 7.53 5.1
Tb 0.08 0.16 0.12 113 1.56 0.84
Dy 0.67 1.08 0.90 754 1020 4.7
Ho 0.14 021 0.18 1.60 222 L1
Er 045 0.61 054 436 642 3
Tm 0.08 0.10 0.09 0.66 0.96 0.4
Yb 0.70 074 0.72 435 638 28
Lu 0.12 0.10 0.11 0.66 0.94 0.42
Hf 275 221 244 7.06 7.55 5
Ta 2.65 078 1.58 218 220 13
Pb 17.61 18.56 18.15 16.06 2157 20
Th L14 215 172 16.19 1271 12
U 0.88 133 114 1.94 242 27
Ti 668 1033 876 17647 8773 4600
P 775 810 795 611 1007 700
K 64582 54142 58616 25514 38579 28239
Na 44802 61875 54558 24793 40474 12832
Rb/St 25.41 13.34 18.5 1.32 1.04 0.82
Rb/Ba 3.66 321 34 053 0.40 0.24
K/Ba 15353 1166.2 13244 127.9 2310 48.69
Eu* 04 0.6 05 6.6 7.1 5.65
Eu/Eu* 0.11 0.09 0.10 0.11 0.16 021
Lay/Yb, 0.88 136 116 7.09 342 11.03
La,/Sm, 205 156 1.77 3.88 2.94 448
Gd,/Yb, 0.49 075 0.64 132 0.97 151
Sm/Yb 044 0.72 0.61 1.55 1.04 221
La/Sm 313 241 2.63 6.03 4.54 6.94
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Source Tables 1 and 2. Average of Average of
f 1 Kd ites and i i

Value 005 01 03 05 06 07 0 xenoliths xenoliths
Kd  Kd Kd Kd_f f _f 1=10; Table | n=2; Table 1

Ba 1035 1.03 1.04 1.05 1.07 109 Ba 210.27 220 214.13
Rb 071 070 0.61 045 032 0.09 0.73 Rb 65.21 70 96.25
Sr 107 107 1.09 LI3 116 121 Sr 67.10 80 75.24
U 126 127 135 149 161 181 U 242 24 1.94
Th 077 076 0.69 057 046 028 0.78 Th 1271 127 16.19
Nb 136 138 149 1.69 187 2.I5 Nb 2670 32 23.77
Zr 056 054 041 017 -0.04 038 0.59 Zr 19030 150 256.33
Y LIS 119 124 134 143 157 Y 53.82 45 3845
La 072 071 0.63 048 035 0.13 0.74 La 30.02 30 40.65
Ce 069 0.67 0.58 041 026 0.01 0.70 Ce 56.65 56.6 80.54
Pr 072 071 0.63 048 034 0.13 0.74 Pr 737 74 9.98
Nd 075 073 0.66 052 040 020 0.76 Nd 27.67 27.7 36.35
Sm 098 098 0.97 096 095 0.94 0.98 Sm 6.62 6.6 674
Eu 148 150 1.65 191 213 251 Eu 1.10 11 0.76
Gd 117 LIS 123 132 140 1.54 Gd 753 75 649
Th LIS 116 121 129 137 149 T 156 13 L13
Dy 085 085 0.80 072 0.66 0.54 0.86 Dy 10.20 65 754
Ho 120 121 127 138 147 163 Ho 222 1.9 1.60
Er LIS 116 121 129 137 149 Er 6.42 5 436
Tm L4 LI5S 119 127 134 145 Tm 0.96 08 0.66
Yb 116 L17 121 130 137 150 Yb 638 5 435
Lu 131 133 142 159 174 1.98 Lu 094 09 0.66
cr 062 0.60 048 028 0.09 021 0.64 cr 69.61 69.6 109.16
Ni 044 041 024 -0.07 -0.34 0.78 0.46 Ni 3137 314 67.53
P 168 172 193 230 263 3.17 P 1007 1007 611
Ti 047 044 028 -0.01 -0.26 -0.68 0.50 Ti 8773 8773 17647
K 154 157 173 202 228 271 K 38579 38579 25514
Na 167 170 190 226 258 3.11 Na 40474 40474 24793
v 049 046 031 004 -021 -0.61 0.52 v 101.97 102.0 196.88
Co 061 059 047 026 0.08 -0.23 0.63 Co 13.47 13.5 2134
Hf 092 091 0.89 084 080 0.74 0.92 Hf 7.55 65 7.06
Ta 101 101 1.0 102 1.02 1.03 Ta 220 22 218
Pb 136 138 149 169 186 2.14 Pb 21.57 21.6 16.06
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Au_ Cu  Pb  Zn Ag  As
Samples __(ppm)

Samples (ppm)

Nb-A0-1 0.6 38 24 75 0.6 968
Nb-A0-2 02 85 34 80 0.9 128
Nb-A0-3 0.1 85 65 80 07 170
Nb-A0-4 0.1 90 60 45 0.7 142
Nb-A0-5 0.1 115 50 50 0.6 375
Nb-A0-6 03 780 25 115 03 99
Nb-A0-7 0.1 200 34125 04 101
Nb-A01-1 03 80 220 90 1.3 123
Nb-A01-2 02 285 62 105 0.9 185
Nb-A01-3 0.1 360 51 160 1.1 151
Nb-A01-4 0.1 310 33 130 07 965
Nb-A01-5 0.1 170 35 125 04 674
Nb-Al-1 0.1 105 95 200 09 103
Nb-Al-2 0.1 90 60 135 05 92
Nb-Al-3 0 80 35 100 05 467
Nb-Al-4 0 100 45 140 07 971
Nb-Al-5 0 47 20 60 03 932
Nb-Al-6 1 85 215 350 2.6 1684
Nb-A1-7 0 45 28 240 06 300
Nb-Al-8 0 90 18 180 03 200
Nb-A1-9 0 135 45 600 08 232

Nb-A101-1 1 75 45 67 14 2105
Nb-A101-2 1.4 55 50 50 1S 182
Nb-A101-3 22 28 35 37 1.5 2273
Nb-A101-4 29 42 28 50 L5 206
Nb-A101-5 1.1 130 38 75 08 4832
Nb-A101-6 0.7 160 38 65 08 165

Nb-A2-1 0.1 105 47 305 L1 270
Nb-A2-2 03 115 78 450 1 366
Nb-A2-3 0.2 122 800 800 9.9 443
Nb-A2-4 0.1 90 520 630 5.5 350
Nb-A2-5 0.1 295 420 660 7.2 292
Nb-A3-1 0 100 25 170 05 196
Nb-A3-2 0 85 33 150 0.6 19.5
Nb-A3-3 0 90 28 205 04 262
Nb-A3-4 0.1 90 29 200 04 24
Nb-A4-1 04 640 220 470 29 1205
Nb-A4-2 0.5 750 210 460 75 113
Nb-A5-1 0.1 1375 40 200 16 263
Nb-AS5-2 03 905 30 160 13 226
Nb-B2-4 0.6 225 450 1350 42 955
Nb-B3-1 0.2 190 50 175 09 814
Nb-B3-10 0 105 125 320 107 199
Nb-B3-2 0.1 170 30 140 06 386
Nb-B3-3 0 110 25 95 02 171
Nb-B3-4 0 85 15 110 03 205
Nb-B3-5 0.1 125 350 180 1.9 180.6
Nb-B3-6 29 180 4600 1565 26.5 6265
Nb-B3-7 0.1 130 1500 1440 152 1149
Nb-B3-8 0.1 80 160 310 1.6 478
Nb-B3-9 0.1 50 90 150 04 1615
Nb-B4-1 04 350 45 165 06 319
Nb-B4-2 0.1 210 3 115 03 275
Nb-B4-3 0.1 170 25 110 03 35
Nb-B4-4 02 245 31 145 04 286
Nb-B4-5 0.1 170 28 120 03 233
Nb-B4-6 0.1 130 23 115 03 217
Nb-BS-1 0.1 150 33 120 04 335

Nb-AS5-3 01 640 55 200 1.5 35
Nb-A5-4 01 410 35 200 0.6 247
Nb-AS5-5 0.1 285 25 170 0.6 346
Nb-A5-6 0 210 15 110 03 19.6
Nb-A6-1 02 150 45 150 0.7 693

Nb-A6-10 01 340 20 150 07 337
Nb-A6-11 0.1 14522 110 04 182

Nb-A6-12 0 140 27 135 04 15.4
Nb-A6-2 0.1 160 31 140 04 584
Nb-A6-3 0.1 130 35 135 03 294
Nb-A6-4 0.1 105 19 120 02 294
Nb-A6-5 02 1320 28 110 1.6 52
Nb-A6-6 0 260 20 125 06 16.6
Nb-A6-7 1.5 2575 24 120 2.1 49
Nb-A6-8 05 800 22 100 09 412
Nb-A6-9 02 730 45 195 1.1 35
Nb-B0-1 0.1 100 24 100 02 357
Nb-B0-2 0 150 28 140 03 218
Nb-B0-3 0.1 130 44 125 08 151
Nb-B0-4 0 120 70 155 82 34
Nb-B0-5 0 100 21 200 04 18
Nb-B0-6 0.3 95 30 180 0.8 132

Nb-BO1-1 0.1 70 60 210 16 285
Nb-BO1-2 0.1 60 42 145 36 154
Nb-BO1-3 0.2 90 220 145 1.8 193
Nb-BO1-4 0.8 65 35 170 12 458
Nb-BO1-5 02 1340 100 0.6 903
Nb-B01-6 02 12 110 140 L1 248
Nb-BO1-7 0.2 28 280 300 26 783

Nb-BI-1 0.3 85 28 105 0.7 243
Nb-B1-2 24 80 35 200 28 1614
Nb-BI-3 22 68 38 140 28 1703
Nb-Bl-4 0.7 85 20 160 0.6 2332
Nb-BI-5 0.8 90 190 180 13.7 1820
Nb-B1-6 04 160 50 175 1.8 880
Nb-BI1-7 02 320 380 370 20 323
Nb-B1-8 02 220 650 325 13.6 139
Nb-B2-1 0.6 140 180 270 75 464
Nb-B2-2 0.1 120 35 285 11 206
Nb-B2-3 05 230 42 205 1.5 4253
Nb-B7-13 0 260 25 110 04 464
Nb-B7-2 03 500 105 290 25 223
Nb-B7-3 0.1 265 51 225 1.4 119
Nb-B7-4 0 18 24 215 05 856
Nb-B7-5 0 175 38 230 1763
Nb-B7-6 0.1 190 48 180 0.7 883
Nb-B7-7 0.1 400 51 180 1.5 86.3
Nb-B7-8 02 265 48 130 11265
Nb-B7-9 02 180 51 110 1.1 109
Nb-BS-1 0 120 48 190 05 329
Nb-B8-2 0 105 45 300 06 296
Nb-B8-3 0 130 26 190 02 109
Nb-B8-4 0 85 130 80 03 10.5
Nb-B8-5 0 160 90 225 0.8 409
Nb-B8-6 0.1 155 25 160 03 418
Nb-Be-1 0.1 1090 320 550 83 221
Nb-Be-2 01 365 65 265 1.6 1286
Nb-Be-3 01 890 60 300 32 963
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Au Cu Pb Zn  Ag As

Samples _(ppm)
0

Samples _ (ppm)
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Au Cu  Pb  Zn Ag As
Samples _ (ppm)

Au Cu Pb Zn  Ag As

Samples _(ppm)
0.7

Nb-B5-10 130 16 120 0.2 20.2 Nb-Be-4 2395 305 290 16 225 Nb-C5-7 0.2 700 1085 2330 121 797 Nb-D1-5 25 450 400 3.6 234
Nb-B5-2 0.1 135 25 100 0.4 44 Nb-Be-5 17120 1330 600 444 1118 Nb-C5-8 0.3 1110 1425 3075 19.2 904 Nb-D1-6 0.1 115 500 675 3 53
Nb-B5-3 0 130 26 120 0.3 17 Nb-Be-6 0.2 1800 500 635 121 582 Nb-C6-1 0.4 1340 600 550 204 859 Nb-DI1-7 0.1 50 210 330 13 173
Nb-B5-4 0.1 150 24 160 0.3 52.1 Nb-Be-7 03 7595 150 400 26.7 532 Nb-D1-8 0.1 15 200 350 1.1 204 Nb-E10-2 0.1 170 75 210 05 332
Nb-B5-5 0 170 18 110 0.3 327 Nb-Be-8 03 3820 500 550 48.4 1036 Nb-D1-9 0.1 115 180 350 2 435 Nb-El1-1 0 75 15 110 0.2 6.7
Nb-B5-6 0.1 320 110 340 0.4 69 Nb-Be-9 0.2 2740 400 480 305 724 Nb-D10-1 0.3 240 115 220 1 372 Nb-E11-2 0 140 17 95 03 11.4
Nb-B5-7 0 150 31 160 0.3 21.4 Nb-C0-1 0.2 265 40 165 0.7 381 Nb-D10-2 0.4 240 160 240 1 499 Nb-E3-1 22 3895 925 1330 295 4533
Nb-B5-8 0 170 43 160 0.4 227 Nb-C0-2 4.5 265 35 115 0.7 507 Nb-D3-1 53 855 2150 270 829 6277 Nb- 2 19 2295 880 850 43.1 2667
Nb-B5-9 0 180 20 120 0.7 29 Nb-C0-3 0.1 115 80 100 0.9 56 Nb-D3-10 0.5 855 860 880 8 1496 Nb-E3-3 23 1165 1575 535 684 4608
Nb-B6-1 0.1 315 53 180 1.1 91 0.2 120 280 650 4 52.7 Nb-D3-2 4.6 1040 1890 390 80 4130 Nb-E3-4 0.7 1435 1275 575 343 2845
Nb-B6-2 0.1 260 38 190 0.8 84 0.1 75 375 730 4.6 321 0.9 5380 450 380 755 4237 Nb-E: 03 235 480 790 25 688
Nb-B6-3 0 130 19 140 0.4 50 0 50 550 830 3 12.2 0.2 10900 190 570 393 734 Nb-E3-6 0.7 7305 1175 3300 412 1897
Nb-B6-4 0 140 22 150 0.4 44 0.1 95 450 775 5.7 144 0.5 12200 210 640 357 622 Nb-E32-1 1.6 6880 1175 2040 233 2524
Nb-B6-5 0 150 23 185 0.9 92 0.2 140 450 650 84 1046 0.1 3720 58 510 16.2 311 Nb-E32-2 03 3750 300 1755 6.5 1147
Nb-B6-6 0 205 22 205 12 124 0.2 185 310 520 38 179 0.4 9825 600 670 242 806 Nb-E32-3 0.1 405 830 850 43 719
Nb-B6-7 0 185 22 145 0.6 44 0.2 70 210 380 1.6 100 22 3300 700 560 12 4590 Nb-E32-4 02 2220 180 980 32 589
Nb-B6-8 0 190 20 115 0.1 63 0.1 130 65 430 5 82.8 0.8 3270 500 730 75 1564 Nb-E32-5 04 2705 370 1540 74 1566
Nb-B6-9 0 180 17 115 0.3 373 0.2 140 65 280 2 2697 0.5 5960 960 675 51.7 1712 Nb-E32-6 0.9 1625 1375 1935 14 2403
Nb-B7-1 0.7 430 125 275 25 220 0.6 110 450 365 64 3485 0.2 2040 550 745 195 591 Nb-E5-1 0.6 2450 1275 1665 304 2763
Nb-B7-10 0 190 25 90 0.7 60.6 0.2 120 220 340 24 88.6 0.2 1750 805 940 153 795 Nb-E5-2 14 2915 640 1050 359 5180
Nb-B7-11 0 180 48 135 0.8 573 0.1 95 240 430 21 58.1 0.3 2655 410 885 27.6 747 Nb-. 3 0.7 3240 500 725 316 3836
Nb-B7-12 0 160 35 150 0.4 38.8 1.5 100 250 420 22 264 0.2 1620 200 580 127 464 Nb-E5-4 0.6 3625 280 475 16.7 2554
Nb-C1-8 0.4 67 185 450 2 92.8 0.6 680 1785 2010 20.7 2385 0.2 1460 220 500 103 331 Nb-E5-5 0.8 3535 210 650 119 1286
Nb-C1-9 0.1 79 300 700 32 735 1.2 855 9200 1710 48.1 2443 0.2 1860 450 620 19.7 556 Nb-E6-1 02 1165 210 800 8.5 528
Nb-C2-1 1.1 170 340 605 59 871 02 1165 330 870 158 836 0.3 2125 130 780 7.1 502 Nb- 2 04 4400 450 930 318 938
Nb-C2-2 1 245 320 835 5 812 0.6 1800 1115 720 206 1338 0.4 2805 750 1040 246 1428 Nb-E7-1 03 3745 550 635 39.8 1563
Nb-C2-3 0.8 225 500 1530 3 668 03 575 545 1655 14.6 1671 0.4 6020 280 550 373 902 Nb-E7-2 0.1 1080 120 435 8 394
Nb-C2-4 0.2 285 80 430 33 6339 0.6 745 805 1355 20.1 1441 0.2 1535 295 360 141 710 03 2565 600 800 27.7 1311
Nb-C3-1 0 135 40 210 0.8 575 0.6 2620 545 1265 315 1507 0.1 650 65 335 23 199 0.1 1230 60 620 78 417
Nb-C3-10 0.1 130 65 450 0.3 128 0.5 1695 805 1900 34.7 1873 0.3 2510 660 500 11.2 878 0.6 4805 220 1735 26.8 2805
Nb-C3-11 0 82 35 970 0.5 304 0.4 985 1995 5325 29.1 1967 0.3 2420 480 795 113 805 0.3 2050 160 670 12.8 1005
Nb-C3-12 6.7 980 10600 6590 150 0 04 875 2405 4225 28 1999 0.1 260 100 210 2 486 0.1 1935 85 1500 71 742
Nb-C3-13 2 245 1330 3480 145 2552 0.5 575 500 470 142 1554 0.1 260 70 200 12 465 02 2375 165 1490 122 940
Nb-C3-2 0.2 110 20 135 0.4 61.9 04 2255 545 675 187 1628 0.1 220 75 205 1 376 02 1440 280 1960 14 942
Nb-C3-3 0 115 30 145 0.3 64.3 0.5 2630 910 720 44 1914 0.9 25 70 130 1.1 671 0.2 1980 300 2060 10 1311
Nb-C3-4 0 88 29 170 0.4 41.8 03 1500 960 2010 11.8 1689 0.3 92 100 140 1.5 110 0.1 160 40 220 07 695
Nb-C3-5 0 105 38 165 0.3 31.8 02 1295 650 895 142 1427 0.1 60 140 280 32 802 0 135 30 160 0.7 56
Nb-C3-6 0 100 28 180 0.3 29.5 0.2 575 220 540 25 402 0.1 35 160 160 23 56.6 0 110 18 175 0.7 551
Nb-C3-7 0.1 115 20 170 0.4 47.7 0 125 28 210 0.5 174 0.2 110 140 170 25 110 Nb-E9-4 0 185 15 230 09 551
Nb-C3-8 0.1 98 35 180 0.3 46.2 0.1 115 65 470 12 192 0.1 50 160 330 09 159 Nb-E91-1 0.2 450 380 550 26 407
Nb-C3-9 0.1 155 20 160 0.4 63.1 0.1 190 63 450 14 216 0.1 25 220 400 13 402 0.6 3075 2730 1670 30.8 2756
Nb-C4-1 0 245 35 400 1.6 290 0.1 155 250 905 14 261 78 30 155 300 1.6 208 0.4 2995 3075 1880 18.7 2756
Nb-C4-10 0 110 19 150 0.3 14.8 0.1 125 40 800 0.7 268 0.2 210 125 400 04 541 1.1 2845 8060 1275 393 4733
Nb-C4-11 0 115 18 150 0.3 17.3 0 130 24 315 0.4 200 2.6 6090 2975 2330 748 2526 0.2 600 150 500 13 60.7
Nb-C4-12 0.1 170 40 225 14 3125 0 110 28 195 0.2 143 0 600 80 260 09 175 0.2 530 140 510 13 597
Nb-C4-2 0.1 205 45 210 2 228 0 85 14 140 0.2 141 0.1 500 85 220 05 225 0.1 1510 31 535 1.7 132
Nb-C4-3 0 115 25 155 0.8 97.9 0.1 115 18 170 04 206 0 500 33 180 0.7 11.8 0.1 1385 75 530 28 149
Nb-C4-4 0 133 62 200 0.8 26.8 0.2 480 210 260 32 51.6 0.1 400 33 250 0.7 224 0.4 4295 500 720 185 222
Nb-C4-5 0 95 37 150 0.5 153 0.2 320 63 300 24 43.4 1 1220 450 875 84 944 04 1145 380 765 98 316
Nb-C4-6 0 260 25 130 0.6 17 0.2 120 35 210 0.7 20.7 0.2 2850 250 2610 9.6 1100 13 860 580 2800 43 373
Nb-C4-7 0 110 18 185 0.3 14.5 0.1 50 35 50 0.6 56.6 0.1 3680 240 2795 114 1166 0.5 650 245 2135 25 253
Nb-C4-8 0 135 14 170 0.3 135 0.1 175 31 80 03 17.4 0.1 2840 95 1790 4 651 0.1 380 90 1645 22 184
Nb-C4-9 0.1 115 19 160 0.4 17.2 0.1 585 20 125 0.5 105 0.1 1970 150 1295 1.8 315 0 155 72 1490 1.6 175
Nb-C5-1 0.9 3460 2665 2050 50.6 2401 0.1 260 40 95 0.6 11.5 0.1 2615 80 1295 09 201 0.7 390 320 1420 133 1043
Nb-C5-2 03 1680 1010 1515 15.1 910 0.1 185 40 85 0.5 18.8 0.3 7260 150 3000 2 830 02 120 75 555 23 432
Nb-C5-3 1 2280 3065 1665 38.1 2492 0.2 90 70 120 1 47.6 0.4 2115 1075 10800 7.6 932 1.2 1555 1130 2635 102 940
Nb-C5-4 0.3 1690 2150 865 134 724 04 290 100 165 1.8 1439 0.2 650 260 3500 1.6 286 0.1 280 200 1395 12 161
Nb-C5-6 04 640 400 880 8.3 410 04 115 600 450 155 147 32 790 980 3565 4 2511 Nb-G3-2 0.2 720 720 2535 72 388
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Au Cu Pb  Zn Ag As
Samples  (ppm)

Au Cu  Pb Zn Ag As
Samples _ (ppm)

Nb-F32-1 0.6 1240 650 2430 11.6 1076
Nb-F32-2 0.9 1040 630 1915 152 938
02 1730 250 1975 131 615
0.1 1805 160 1530 93 663
0.5 2480 400 2140 76 989
0.5 1870 500 2580 339 1088
02 2120 200 1380 222 537
0.1 2740 85 890 139 434
03 1955 1755 1675 272 1582

0.2 805 120 675 106 427
0.1 1240 190 2190 53 532
0.7 7655 480 950 488 2076
04 4695 220 575 178 1022
02 4215 700 620 17.6 475
7.5 11500 21300 910 159 3612
23 9355 32000 1400 215 3787
0.5 605 420 460 82 452

0.1 350 120 300 1.3 148

03 825 210 400 43 334

0.2 1680 150 380 11.7 226

0.1 625 250 660 4.1 564

0 585 90 560 1.7 257

Nb-F8-3 0 175 22 250 05 53

Nb-G3-3 25 900 4130 1895 27 2800
Nb-G3-4 1.3 450 1540 1335 74 2570
Nb-G3-5 0.9 5895 2425 1895 47.6 2012
Nb-G3-6 0.7 400 820 2840 4.1 612
Nb-G3-7 15 950 620 2165 6.8 1070
Nb-G3-8 04 400 360 1490 1.8 313
Nb-G3-9 02 300 200 1395 1.8 186

Nb-G4-1 0.4 1965 950 1460 19.5 724
Nb-G4-2 0.6 1730 850 1200 134 665
Nb-G4-3 02 535 220 480 44 167
Nb-G6-1 0.1 1340 115 375 28 131
Nb-G6-2 0.1 1710 35 250 1.7 63
Nb-G6-3 0 1740 50 350 1.4 52
Nb-G7-1 0 190 60 350 1.6 448
Nb-G7-2 0 130 38 15505 244
Nb-G7-3 0 135 30 150 05 33
Nb-G7-4 0 90 55 150 03 233
Nb-G7-5 0 105 20 125 0.3 22
Nb-G7-6 0 255 20 135 02 17
Nb-G7-7 0 160 55 150 08 182
Nb-G8-1 0 110 33 180 04 167
Nb-G8-2 0 95 25 150 04 139
Nb-G8-3 0 110 40 135 0.6 283
0

120 25 165 06 243

(i Jealge e Sl (b sladiSas,
5 lasS) o jppoan sl S 0dle
S S S Fo il o (B JS) cal alimdlae
oS 4525 L olojed e Ygans oL
Sy Dyge Sl pliats g oSl e84 Sl
0355 35 1 53 by psilogualie w13 ez o

el 53 S5 b

b o (Sl 53 =Y
P G L5 adllan 900 ailaie 53
Sy s Gl SVl psm 5 g p0n
L Gl 55 ml sl 00 S5 (59093590
£ 555+ (o gsSane) Gy 2L slasl L
n O3 03930 3 (s SLa LS E 2ol
Seals’ o Bacee 0T )b ool g e ateiie
S5 STy pare Cdald Cand Sl g Ol Ay

sla gl S glel (wlb SLS sla S
ailio jo gbo S

oS eVl ) Sl (lo o dilaie slaSin

sloadls g oo (L )9055ige 355 3945 5l (2L

glg!

Sl 0351 sy zgay | (gl Sl S
e A 0dga e 43 ead olulid sla gl S

| 25 3)9e 2 Joiie o Slgl3

Sy Sl S0 -)
83ga e )0 Sl Sl 5o asls slo I

S 9 ledld sy (o) 9550
5 b 53 el lewnld il Ly Gl 5
g Sy sla LS 5 Lapds

elogalio (F JSI2) 358 0 (At Sdgn

RO PURT

Ol

Sl Do (Fupmgise (S 925 50 el

5 L203,0 dawgi cuwd sy 9l S o>l 0

9 o 039381 (a8 0515 2SS iz
e ol Gl g5 5 SCLd (g5 58 Sl S
oo i dlae sl iy 4 Sgaoms oy

(A JSs) el

ke (Gl 5o =¥
O jodn dalllas 550 B3gaze )5 Jle 5o ol
SISy 5 slasaS, oS,
g e ol )3 03 se onalie S 0195 S5
S oskte Lo lsS & jsoan sl
Slra S5l e S5l syrs ey 5 Sy
lash ol 99,5 o (et S pslesd (2]
sl 0 51 solotte U e hen aiz 51 55 35058
Lo}y 5 Lo SiuS (S g drgi Sonl oiie
Jh 092y 5 adlate )0 (SgSS sla i 5l (20
Gl ol ol 3 e i S e
1 Lajsh oy 2509y nl jliodg lapg jlasil ool

sbais 0 on

s 3 ke et sl s clalis o
Oogeiehd » Gl (LS ol ages dalyS i
o3ss 53kes el (4 JS8) b s o (Sl S

el 00 508 Seled (95 Sy 5 155 Sl sk

oMbl 900 —F
Oygoin (Flallbe baga e ;5 -t slle s
I slalad ce YL 5l L ol o ogime
latis ol slmojys 5y 5 Ladilsa
Al (A S caslessas 1y sam (loges)
Syt G5 JeSi L adlaie )5 g1 prenilogealie
o Ry atta (Gllays el €5
L JStogs slajsl sl S5 ol (295 S

23 SVl @KTAH) 059,008 o9 ke 5 (KD
S92 il ST 5 Glu S Sl g Sle Sl
el Sl (055ws e Slalllas 155,50
ol (Sl 55 (CugsSne L) 5 S oo & Ty
OlFse 1 (V) (aSTy 0 oS 51 (F JS2) wis o
Ll (3 s 5 ot s s Sl
{Meyer and Henly, 1967) cuuils
(1) 4(NaAlSi;04 - CaALSi,Og) + 4H +2K™ —
2KALSi;010(OH), + 8Si0,+ 4Na' + Ca?'
2ol b GlosTo ol (b ool 2 03
5 S lS ol o o Sosn s I (s,
5 02 by Slogyn Gaalil 5 35158 S Sl
58 0095 sl 35 e IS LS el oad o e
23 9 09 LS g a2 (g 0 9= b 2Ty
Ny S B g S o (sla S
1) (a5 4 cign) S s alal, (1) Ty
{(Robb, 2005) sas s L3

(¥) K(Mg, Fe)s; {(OH),/AISixOo} +4H" -

Mgz (OH)s(Mg, Fe),Al{(OH)AISi;0,0} + 2K™ +
68i0,+ (Mg*", Fe*")

S5 e 5 bl womiliy Gl (Jb e 5
55 oaboadla S ol S sl sl o))y 00l
S e S5 8 (Gl )T gam SV gare JSA5
Sl e Sz 3l eas STKT gy o i s
SI31Ca™ 5 03,8 533 (A (He oo 20
o of5T il 5 8l oy olyendy b sl 51 ot

Sgaaml o (Y ISC8) ienl adgi o cudgm a0 )
ilel 5 ol Slaslie B g, 00 S
oSl G5 S Sl 095 51 3,0 @y

Sl s e Sl St Gls 3 bl




A (olal oot~ lmlydl) ol e e 8 aly lailoSs lyl s LlalS sloThs

2 = 5 0p9lsn sla GLS (silinST Ailaie
S slaciad Ly Sl 055 5l )5 olacion
Ol 95 e oaaliin ;518 g 0an 5 lasals
WS S S (s gadbaie 5 ol )
e Ol s S35 Sk Sle S o onlple

B e

K 5359 4 (BiO) a5l Sla s 358 -0 U
Lo M55 10X leiS )3 515 5 ot ol

A8 G e o oS A st apes -V IS
el 03905 Mg (il cadsl Eosgm SIS

P2k Sla I Gad s o 1 555 S Slo -F JSS
ol a0 3l oy ola KK ooty 518 O sty

5 Sl YMM 50> L5 +Amm slsl 5 JSi —

el 03908 @b 1) (i 5 (S o (sla Lo T

Syl Floy$o -0
gl Ll e L Sl S ol
e Lot B ailate )5 cubl 5 Sy gecise
e (slaaxS ) BB S (on; G S 528

WAL e Jsl ojleds o) Jlo sisisls—2 YA
Aiveratien Famt of Mabijun Siscrabocd Arve
i i e une T -
Pyl Alierason | .
B Potssaic Aleration i = H

B Silisification Abseration

s

e

e

w g
A
- 2
. 3 %
st ) v ] v e

[Fee—mr

=T | :

Lo il 50 e cBsn i -A U

(&) Slellhae) ailliie y3 o8I oy pt

9550 adlats 5 (g5l LS AT (S sk
5 oLl A5s8 90 4 g (Ll Al e 99 (b oy 2
iz (Ve JS8) el lulis LB glans -af,
oo sl 55 sl G5l 5 ol i
slaaS) (2hedls SUs lain o 5ol
SIS Crags oS 38 gl el il 5 ablize
FlyS sleaznS, IS gl sleas, (il
Lo LS Logae 45 aiad (s gl SLo 50)
5 oSy L LE 00,5 oo 1) o] ey
o e ol (Sradl i8is 5 ol glonns]

5 ey S 0 50l S sm S
Ll JSiiaas o IS &jgoay oS ol adlaie
o gblie o slass, 5 g lal il by JSos

5 oSl slagle 53 5l (5Ks Son slosm -2 U5
1, i o 5 4 (5o 5

255y Sen Slalllas 5 glo dals S 53 e o2 ga
Al oo et |y Copm 3l (Salite sl fus
Al (Ol ol s psls bl )3 ol (giine sadin 5 s Slaglo 55 €l 5 5 sl S VYA e eJgl oot ol Sl sl t-

A LS 53 S e 93 il oles )Y S8
Sl b Pyn) pgs Jui g plidl L L Py) J5! S Sy
sl

10X Lo WAPY) iy 15 31 (slod -V Y U

5955 St (S o elS 3 jg08; 1 98I

1 S bl &gy olf 5 ladl cllras oS
Lo (S olizal 3 b 5 g posion ] sl S 300
i) LB S jgmos Su 53 39290 slR03)0 1 g
Wigd e ons (VY S2)

15 ol S8 4 am S s o s ) o) e s
Sl 1S lean) 48 Sy magiiss el Loy

Cedosges a1y ol (s3bu S

Sy S 0 (1 5m) Jal S sy
abls B JStags p e e 5 ladl il 5o,
O Jss)
Jole 3 53 ) 93 i slocs s
slajsh S L plojen 5 e S slaslre sl
O JS8) aloady LS5 (slanS e 5 )lsS

Oldl o3y a8 ool ohses dadined i ) Capm

olis (Sambo > Sacban asls 8 s (yie o
S ol &5 il dlee ol b8 e cpl amo o

oSl JSbo Spgen SIS 2l
a3 LSl s (oS Bl b she Sy
bl s L3l LSl gay 5 0)A-VIY
8l L il ol (i 55y S
9 S | Jgl Js Sy sl S5 SidSBlS
Lok 055 sla Kot 5 LT o sl o)y

Y JK8) colons

Syzs hibais 3 oad > ILEIST Saly VE 5l el
5505 Gtrimer 5 1090, (aseia O] 250 M
S3game s der 53 Loges 5 o sla@dl 53 o

el el

OlaswST g (Supergene) ol3ig (o34l

929 (b sladslne 1B » 2lalS g5 00
anti o 9 il sladls g b g bS]
angl Glasily Asges adsl Glaseilyn 03l
Vs oSt sla SIS bwgs sagas >l j5 9
095 SLBSLS 1 5she algsS 5 ComgSIB 000
(s Sead 5 S 53l 5 SVl ppam w005 (e
WSS adged Sl Heizren g (sl Bagaca
[ROVPIPSREE ORI SRP PR PROK Y
Sl et sk 510428, L olyen (glazS,
98 sn 038lts 03900yl 53 ST 9 829
29 SomsSI gy slaantloys 5 nlssS S
IS5 SIS sla JLS il sl S5

Zewloas

by G S il 0)lse (B 50

St S ) T o S 1Sy ol
03,0 555 59 5 (s29Swg S Diladllas 45 el ouile
2 e 2905 b i Sjay CasgSIS I (o>

s Attt Ca SIS S LI

rolis oileondsl} Jle m oAl and
S5l ldlS sis LS (sl g (o) 2 yshate 4
3 b o554 (Ag «Au As Zn Cu Pb) il ol
role (Fab Ly (I @ O3 s o
PPN I YUY PROPS § SRE TR JO

Sy (S gens 5 o Yl sals
oanl e oo gSIS L ad 0 O jpots 9 5 S
eFima S8 Sl 53 Sl ;55 bl aleas
Sogbin s gy (55 g5 STyl Loy Jland
Sromardy 05 = (i) o B (s =05 5 5l a8
o Spolow o3 508 5 (o)l b s 8 5 slosed
=55 S ey il o sy o0 ey Nishio
iloass JSas ol 5l 5 ol ) a8

(CPY) Zaym SIS (o535 56 5l (p95msSoon (slon VY US2

APY) o 0303

LSl 5 (558 (K L oS seiniRe
0a0ss @blia ;5 lglyd s Jlafiodsy i (595
030 JLBol &g ablie (5 y0 053 os
25 A5 9 Wigd o osaltie Jol Joud (slacy s
BRPRUES NSNIT-EIE CHIICEP N -t PPy
s eessS g eslen 4 e s sladiges
iloads
S3gume 5 435 O 9o slaalials Ko 5l

YO (oK I lillas &L 5] oy 390




A (Ol ool 5 ol 31 o5 St seie 59 dily Slaslo S elsl 5 SIS Slo Sy

podae Slaisn b 6,50 blis 0 coeS lon luie
e ay (S a5 d(VTVY (Sl ) 550 consay
anld ol o s el jolome bla Ly adais cal s
Sy Lasma 55 Sgrge sl sl il et
s Gl 05 Doy 2L, lE AL n s Sl
Loosls (53,55 el 33bo baosls g Jleys 55

Spdyien sl 3l 09 lawgs JalST 5k

Sets)] 5 0585 (535 2y s ooe o (IsOgrade)
L Loaadi (ol dogd 0 o (5090 Ojp00
(Kriging Sz S g, b 5 GIS l3dla s 5l eslil
3 S (SS9 ol 85 O j9—0 method)
e o S jboay il (g )al e slo g,
e oy ol (b o Sl s sl
S oolital L 1) palasl claises b (bl 55 caraS

TRINTAT

Lt
Legend

o
Vioke Fosivion [T 1R 2 pe
.

Tapagrapbis Comtenr
S -l.-nlu-u

LT

% Au
Ll =]
Cenchemical Map of Nabijan Area
Prepared by ¥ ¥ arirh

b oloardsy Jleps 428 -1 F IS5

Ul U yate ool e 4t ] o opdls
O s Sl 5 08 polis (olosdis
AMQ@
slagisu o baee jaie (ol (515 5 35 o3 1w
Sl (V8 SL8) Sl Lo ()l 505050 (555 50
(FIY- - ppm) TY d_zsl 5 slael ;5 55290 o515
i ablis 5 uSin IS Sl 4 425 b e

Ol VY Ul oMb olardssy Leps atii S
S Sy Ant oyl A5l el 00 00l
Aoy @A led shil b sig) Wb (s )xn o
2 3979e S L (a5 8y, () WS o0 S5,
50 3T b i (ams o olid ol Sen adlaie
gy ool BASunl (10 JK8) (i IS Slalllae
Gotee ool Cemsty (slags Lxial o515 5 Sl wcand]
ol o3gummn sV (sla il 5 oo sla i o

WA e Jgl ol ! Sl w559l —

fr

OA JS22) 53 rae tnl @ 9 o515 425159,
2y, b Gaate ol 58 Wy, el sad eols olid
Sty (o5 yaie opl oS15 il ol G @5
ey bl ety (SIS0 Sl s
s s |y ol ede o sas o olis bles
YL laos Byn0) ool 5l e slacy Jlaul sg2g
YUl S8 cbls Ldoas pate cpl s
At 53 a8 G plen (oS Slaptns ;3 o254
Sl o & Sl S Ala sl et
3,38 o

O JSC8) o ate () 35 508 o i ion 10,85
o leen 828 b )] aolie ool sad aseie
9l e 08 39t o Jol (55 Sl L
T L YR L CHRCICEP I LNt
<l (Rankama and Sahama, 1950) s,.5 )| ,8
L oy 0,8 paie 5358 g an azsi L
3 ol BlalS ag 52l s o slags el
5 yaie ol g eSS 5 (5 KAl Slills
ey oo B3 Jeize O sla SIS AL

Yo 5L 8 Sl i S i Sasins
S wiiles yaie (sl @i Joke sl o ool i
odghme (b gtz (B | paie cnl S e e
1) E3o50 (nl a5 Wl oo sl 8 o b ons 5le1
JUil il by e paie nl YL S 25 @ Olyis
& gdy Boae ol S Lo Jotone,s Sl
Spinee &yye HAS3S6? 5 H3ASOs sla oSles’
(Guillementte, 1993)

S @YU polbe jeam (isu ol 5ot )y p
s (Uins— a5l (20) Cojpsl sVl
Ll 58 e S oo 9l ) ComsSIS Sl e
ObosS sla0s; 53 5 2 (@b e oDl gl
S5 YU el ablyey 85 col (g pate e
2 sy S 5 Sadl e Bl 5 ol Slilg
Oing= Sobs (bl ghaw 1) b= 05

(Levinson, 1980) wS' e oy (s2rwsy

Latisas s 51 Jolr S 51 55 Sorn slos -10 JS
(Bl b3game K IS

Ol omb Sl 5 S5 obilB alanlses o e

oy Oy 8354 ;3 (Nickel, 1979) ,—aic
35 e 1398 sad osaliin o] 5l glos 1S (5 il
L 5 (Sujorm) SlinS &yp0 Sl 4 s pH
Ol 55505 839a5ma IS (g0 e (SIS Sl
Sl 555 0 5 2 Bl Slagisy 0 yibn yaie
i Jled o)f Bl Sl 4 425 LAY JSD)

yaie ol Sl eonlply wcal axdly g8 ialep

el 0391 s ol & Ytz i ) 5o

v (Ol ol s psls bl )3 ol (giine sadin 5 s Slaglo 55 €l 5 5 sl S

Legend Vo

s I ek e

-
Fopegraphis { smtems
-

% o
e ot sy T M
4 .*\ § Eeochemical Map of Nabijan Area

x Cu

Prapard b Vit

o ety e a2 18 S5

im0
Giewctrmacal Mag of Nabijan Area
Ferpares b FiVoieh

VYA e eJgl oot gl Sl sl

ff

I‘\, =0 SO,

1#@\

Legend Vel

> [
e [ 18
.

T oo
—_— PrprTy—

0
e ot Sy LT (RS P

E Zn

Gewehemacal Mip of Nabijan Areal
Ferpares i #-¥usied

55y leordst leen 428 VA IS5

Legend Vel % 1
ity T o 1 et

v e
b !

Mrtars
E] Ag
ot Ve T (WG 19
Grochemical M of Nabijan Arra
Farpared by ¥ Vs

o oot heps 425513 S5




A (olal oot dled —s 595 lmlydl) plrio e edie 8 Ay loiloSs elyl s LlalS sloThs

5 Sty 0,5 b 5 | (S o 2y Mo
9B s aloen s e o8 SBALE gy 3l o
Y 39250 Coute (St el 990 ol oaiiS
St il 030l 5 (loortisSi b Laulyd 0529
Ls pS (Steod oS p1)ls (oS )3 polie
Ol el s ol 3g 8 pae sbsS (e
53 (Al (alandss sl &b 5 Ll
Gl e s ol o balia LB Ll
Ol e o JalSs Lk Jle g0 o

FOWIUE IS

polie (olondyh) (Simsonr
Lyl jl (s S o polis (S p &5 gl 5l
Ly o B )l 1) peliie L, ame
g polie e Jlite L3 cobiss liordsss
ok 5| 653580 s @) 5 Ll o5 (0l 0od 5
el s pglaie e 4 3L e bt
AV Js) S35 Oig0 e (29 & (S
U 55 40 a el (Shasod o5 45 sl
SO s sl ol s s ol g8
Y sz lhas (¥ Jsoz) o solizal als slaosls

ol gy & (Firon o ile =Y Jga

C Au Cu Pb Zn Ag As
2 [ Au Correlation Coefficient 1 4720|6970 | 08¢ | 7300 | 719(%)
£ [ Correlation Coefficient 472(+%) 1 S48CH) | 621(%) | 684 | 611(%)
[ m Correlation Coefficient 697(*%) | 548(%) 1 803C) | 876(%) | 725(%)
E [z Correlation Cocfficient SO08(*) | 621(**) | 8O8(*) 1 700 | 703(+%)
3 [ ae Correlation Coefficient 7300%) | 684() | 876(*") | 7700 1 7950
S [ as Correlation Coefficient T1I9(%) | 6110%) | 725(%) | 703¢%) | 795(%) 1

=

Correlation is significant at the 0.01 level (2-tailed).

WA e gl ejled o Sl w555l

&5 g el (VYYF/XY ppm) e (5:Slo L
5 S5 m i 4 pama LIE o il 5 e
5 cSYb 5lw LS 3525 oS conl dibaie xbans

035 Ceand (ol 53 o 35 505 Gl ole 5]
50352 5 52 o5 CIFF) ML Kile e e
ams e s Gl s 4 Ges 3l o glacdale
Jos S L Julo Jlow s bslins (F Jga2)
8255 Gk slaisy o (s o)) ()15
O ls sage ;o Mbb catgs po |) AES o piden ( Sdae
(Crawe and Koons, 1989; Hagemann et al.,
b slais oMb 55505 4 4z g L 5 1994)
2 il ol Sy oo I Gl 210

il 005 5o Ceand ol Wb

S5 A g S

PSS et gy wad SStole wazg L
Eloslan as el o JOB ;L5 5,9 0 b3g0 20
5 (ol o Sliy (P o S5 T (slo S S
Sl SLS s SIS BB o slleys By
ado e 93 (b )5 5 Ol SlissT adlaie o
ol B pdy O j90

5 OtSetes Olyedn 45 25alS Cuss Al o
iy il ailate 5 (g5l LS 0 lsl
St oo Sl S5 b ol o 315085 Coond jo (s Lal
Sdee Sy jga> 4 axs bplplt 0ed 0 coalin
ey Sl b sl g nl o el
ol LT gl el b 3bLs 5|

Sl e 3l o LS laSaly clasiie - Jpax

s i LIS b Saly Glasie

Saly o5 (M) gl gas Salzas (M) gl gas Salp oS (M) ol gas
Nb-AQ 22 Nb-E32 12 Nb-C8 205
s B L Nb-Acl 15 Nb-ES 10.5 Nb-C9 6
Nb-Al 18 Nb-E6 5 NB-DO 15
Nb-A101 185 Nb-E7 7 Nb-DI 28
Nb-A2 155 Nb-E7l 6 Nb-D3 21
Nb-A3 13 Nb-E8 85 Nb-D7 15
Nb-Ad 6 Nb-E9 8 Nb-D8 14.5
Nb-AS 13 Nb-E9I 25 Nb-D9 6
Nb-AG 25 Nb-EI0 4 Nb-DIO 4
Nb-BO 18 Nb-Ell 4 Nb-EI 24
Nb-BOI 22 Nb-EF3 8 Nb-E3 12
Nb-B1 165 Nb-F2 3 Nb-G8 10.5
Nb-B2 8 Nb-F3 185 Nb-GO 18.5
Nb-B3 205 Nb-F32 125 Nb-HI 15
Nb-B4 12 Nb-F4 6 Nb-HII 5
Nb-BS 205 Nb-F45 9 Nb-H2 5
Nb-B6 18 Nb-FS 10 Nb-H3 5
Nb-B7 27 Nb-F6 3 Nb-T9
Nb-B8 125 Nb-F7 6 Nb-C61 165
Nb-Be 185 Nb-F§ 8.5
Nb-CO 2 Nb-F9 8.5
Nb-Cl 22 Nb-FIO 9
A Nb-C2 85 Nb-FG 4
0 - .
il PR s ost 23 NG 2
. : PRI p— - . -
[ ks, Goehessical Map of Nabdjas Ares Nb-C5 17 Nb-G4 6
— B (*P' Frepared oy F Ve Nb-C6 65  Nb-G6 6
S| ploart) lepn azi oY S5
TV ol Fone e 53 anly sla il 55 glsil s Qals sla S5 VARl sl oyl o Jsl Lo wessls A
Aalsl =Y Jgaz Crawe, D. and Koons, P. O. (1989) Tectonically &bo
Sample Au Cu b Zn Az As induced hydrothermal activity and gold
oo (mlmg0 2000 00 w000 . o mineralization adjacent to major fault zones. 5 olamdl wlid o) oy (VYAY) G (pol
Nb-G9-1 - - 70 -8 14 Economic Geology Monograph 6: 463-47.
Nb-G9-2 00 1350 60.0 205.0 09 115.0 4 Sp 03590 13 M 5 et (55l S ol oSl
Nb-GO-3 00 1200 400 2500 131060 Guillementte, N, (1993) Genesis of the Sb-W-Au A . ] L
Noos 00 w0 00 oo oo s deposit at Ixtal I eviden R e S C e
Nb-G9-6 00 10750 200 300 23 757 from fluid inclusion and stable isotopes. Ol e e pole saSiags
N— ; Ol Ol e 95
Nb-G9-7 0.0 640.0 25.0 160.0 0.7 36.0 Mineralium Deposita 28: 167-180.
Nb-G9-8 00 3000 550 220.0 05 215 et a1 e
Nb-G9-9 0.0 150.0 50.0 160.0 04 19.6 Hagemann, S. G., Gebre-Mariam, G. and 03gamxe,0 Ml lassT 5158 (\WAY) .z« So55
Nb-HI-1 0.0 160.0 160.0 380.0 2.5 2468.0 Groves, D. L. (1994) Surface-water influx in R
-HI- y - |y SL2ST (ol o sl Loy
WAzl oge mee et e s s . L1999 Subconte W 0 bl o,
Nb-H1-4 0.1 95.0 200.0 450.0 19 281.0 Western Australia. Geology 22: 1067-1107. Obesls o)) g5 Db BLz2ST 059,
Nb-HI-5 61 166000 4500 300.0 85.0 861.0 L X
Nb-HI-6 1434700 2000 1500 255 2400 Levinson, A. A. (1980) Introduction to Ex- 23S (Fane SBLAST g calidinen;
Nb-HI-7 04 9050 90.0 150.0 72 219.0 ploration G istry. Applied pub-lishi
Nb-HI1-1 02 10250 10450 850.0 11.2 529.0 . VA S sllet) Ll et .
Nb-H11-2 03 855.0 900.0 7300 1.6 583.0 Ltd, Wilmette, Illinois. U.S.A. (Smasibinlgss) JLelima; VYY) Log o Shy o
Nb-H2-1 02 10950 7500 930.0 15.8 625.0 oas ol a5 oy ol e
Nb-H2-2 04 11560 7500 1180.0 124 608.0 Meyﬁ“ ‘f and ll'le'“lgy’ I (111967)LWM(1EZIOC;( Ol ol il el
Nb-H3-1 04 2700 5600 675.0 3.0 264.0 alteration. In Barmes H. L. s.):
Nb-H3-2 0.8 240.0 655.0 700.0 3.2 525.0 Geochemistry of Hydrothermal Ore Deposits. as® (VYY) 80l g ] e sl op o5 0 00
Nb-T9-1 30 62350 2000 500.0 528 21400 New York, United States, Holt, Rinchart and .
Nb-T9-2 09 268000  750.0 720.0 235 11440 ! [V W 339 V) R - oy
Nb-T9-3 1.6 41200.0 655.0 1280.0 362 2427.0 Winston. "
Nb-F8-4 02 33500 1400 1400.0 25 517.0 . . . e
Nb-G8-5 00 90.0 20,0 1350 03 353 Nickel, E. H. (1979) Gossan mineralogy viewed O3S eldiies)

P (s sla (FnS2) slasS s S gl
1 lrs e 5 S il 5 <
085 4 S pmgiy| § o sSIS Ga)5 55 5 sl
G g )0 35 laay y slo (S
5a laonss 8 plgiea | sl Lelse

Sileise 55k adlaie p

&)l b
50 3l ol )5 aabibly B o gl ool
b plojle Calem b g (e pole ouSimgsy
PP USSR U PRUCO I Y 4
BLaST )b (6 e 5 BLEIST o ome Coglas Saslns

S9n )l Fmln (Gasedlye (5l

g e s 5 Ao b o) (G5B (Ko 3929

J=B SISl jo 0y ) iy e saiasglas
argi b sl JE S5 sl 5 M (Visible) cu3,
G o) 5l s azelo) AS atpa) e o3 Y &
(G553 25 PIYND (:Silee e 5 05 50 5 FYVY
S35 len 5 S| LI (558 (Sirar 3975
25— Lasialy (oolod 53 SR0u S L paie 53 00l
)L 5 5 Jeo (sl ey o sla oSS
odle Leizmed (59 5 Ll o5l il oo oo
Ao 1T & S s 2358 5L g gy 00 2
1) s ol S o0 Sl |y (5 gy leontsts
SLb Je )3 9y padad st i
Gblie o] pades 5 oo (slo Jslono (535
JeSis iy by e lail> s

in the context of solution chemistry. In:
Glover, I. E. and Smith, R. E. (Eds.):
Pathfinder and multiclement geochemistry in
mineral exploration. Geology Department
Extension Service Publication, University of
Western Australia.

Rankama, K. and Sahama, T. G. (1950)
Geochemistry. University of Chicago Press.
Robb, L. J. (2005) Introduction to ore- forming
processes. Wiley-Blackwell.

Titley, S. R. (1982) Advances in geology of the
porphyry copper deposits. University of
Arizona Press.

ol omliiiiess o slazlys (VY08) o s5ms

0aiS S, S Jalge (s (VYAP) B o ptas g
Lol Ll o oy ol Lo 5 o 2545

Vo oleartig e Lulyd g (s sl
59 ol 3l o allais ;3 abogypo 50
) pode eaSiagh bl bt Akl

Lol s




£5 —FA azino AFAL s o Jol oslaid sl S (5589 iy

VAN -1+ oy g

m.\})‘Lu thl.n slicw

VWAV Y 2dl s o)

i 30 S 5oL g GlweS polie 1 solaiwl

09,8 Sigigh acgezmo (g 9 Sl - (90915 $598 srosys

oLy Syl
Ol ighies i (ogs olSils islipsle ouSiils  ulid e 09,5

oS

B8 ok YA BTV R oLl Slatse 5 iplaed CptJlad (5 agkS Ar wogB gz )y 098 Siigish acgerne
Sl (sl g3 ol it 3l ol e gt aigy 5 Acgazme ol 33 18 JLed Lo, APV BYFO AL
5SS CoppoglS ol axly dw (olondsl Slaom,p 2 lis (nl 5 Sl 0ad Lol dsgaza (nl po Seld g
SSE ety 5 LSS S Thy e Slaalia bl » laasly ol ol Trate S95 Supms
o (La 5 N (Ba) oLl jolic o8 Slsh3 55 5 (0o OF 5 FA) Sl mslin 5y5me commsty a3 ot
Sl el 2 o9l sl and oo gy 5o gl lgl3 L jolie ol slie 5SS ce (asuie sonl gié AL5sS &
Aiis Jls55 5, CaO/(MgO + FeO') = +V) — +/0% Jyo Cums 5 ALOY(MgO + FeO) = V/OF — +/AA o
GloKis ol ez 5 olards lopasls o 03y Sle augy b Zyme slefle Lize aisl (ol
U g5 sl e L iy SLaflo ik Gyt ool 51 T 45 5250 (I b (SailS 5 Capmnonl ) saisnsl S
s ) hagte polie s (S 5 RmeslS oS e il sl sal sgzse VI
Slsieas dacSlys Flio ol gk (iduosd » daia ol aiies CaO/(MgO + FeO') 5 ALOY/(MgO + FeO') Jse
REE jolie olactssy sls osls (omyp o)l CdVs (il S 2 y50098,9) WS 3l 05, onl sl s gt
b 5o il ol slafl 25y e s geeiel 5 Py 5 aieoe plis 3 slaasly o SrogY

s e Glas

[SSCTRUIRESVTSNPUINE [P FUONE JE DCINHC [ JEHSIINCI SWSWLJPITSS N

1Son shala sy it s 5y S (laais e
S et A [ I (sloag sl 5 oSl
Soelizogty halllas 5 Lo ooy ss 55 Ll saisls sloSle

Aoddo
Al 5 (eSS (395 slmods aalllae
S5 (sloslall g coosl 5l (SigiSs slalame

WA e sl o)l ol Sl w555l —

oy

8 S 65 B b a5 olej 5 55550
(Berberian and King, 1981; Mohajjel and <!
Fergusson, 2000; Ghasemi and Talbot, 2005)
5 S (gl S 5 dalllas 550 slrosgs
SraseS Ar )3 09,8 gz 0 aSWls (e
(o= 3l Gy 0lon ;S Sei laes g Jlo
o iz Seigish aegezme Shsls iy 5 59
L oSt oy (o (VFAY) (e 5 o (55
oolitul b o JS Siws pboontigis sloosls oy 4SS
s Al (ol (G535 Faele 5 G0 sleass
) Loosgs ol 5ijls slalaSle Lite 45 05 e
Slallas 5 oo dinos (Jool bsles aseie
S92 |y acalllae 3590 sLaossi jiigyz (S50

A algS glo Ll 35 5 lse ol 4y catudls

aslllao 3 g0 dilite caslbidiirse)

Gl glajlé Sy o,Skes 5 alpasS US>
S 0550 (slaosgs a5 09,3 Sigish asgerme aloSle
llye aler i o1 51 sz adlie ol o
oty ailate alid s analllne 45w
9 lidaiar 5 o) oyl LSl (Sise ene
oo (51550 b (WSl o358 WoeSin sazme 5l
amly et b L ol b sl 03305
3oy Slew,y ool adlate ol wlida s
il 0 S5 080,55 ek el Cenaglgs
Sy 5 Cad (S | lasez a2y (ol s,
O 4 w50 ol sl 0 Sted Wil L alie
Loy oo «Slo3

S Ssisye wisey plbas s Iy 5
late s S8y aule 5 bt ¢ 508

slac sl gl Ly g gaidsiil 5 (s394
1055 los S (oS 5 S USS 5l sudgidlS
soj danie Jelge (Vo) o] San g Altherr slizel 4
65 Jmle a5l G (5 5 STUS 0l
Wpse

e 45l wlite LS 5 ()

109 e Lulyd (o

O ok (N g bt sbaSly (@

£ Sdlo g Smld slaloSTLs

gl YT

(Wolf and Wyllie, olaize 5| 5, 55 3|

1994; Rapp, 1995; Rapp and Watson, 1995;
Patin”o Douce, 1996; Patino Douce and Beard,

axis slaie ol Gganr 0sd St sl 1996)
e o8 o a0 VAL les 15 slo)lB axugy
S U Uy LTSS slaloSle LSt
sbaps; 0 @2l2sS slaan s o bes (ol 095 o0
S il am s Fee LAD: o | Sed (SisiSs
(Chapman, 1986) =l
@325 lacens il pel (Sl laleSle g
= L g e slosss @ jpoan g 5 L
Sl slainn ;5 Sdle Vil ,55,Se (slaghSSl
Sdle slaleSle sgrg 5l dalanme ol o Snls
Al yo dlas il L as o ls e8> glansgs
LAl 5 05,5 s |y 4l ol (slo K sy
e jgl g rgay |y (S - s S 5 L
aegaze 5l (i wlis (nl )3 gy 3)90 Slrosys
StppeS )3 degaze Gl s 09, 5 Sigish
Oy g A 53 S 3RS
§1 SaisiS5 aigs ol 55 1,5 (Stocklin, 1968)

: . Yl L8 03,5 5 s Amio 5,905 5 il
Slrooss el ok 5 ot o bt ol sy Lol B 4 Laosgss ol dalllae i b o wies Sleass] slacKin ol jondy Sal OB Ty 9 9 SHoar
*a-torkian@basu.ac.ir
oY e 8398 glaosgs ouijlu slaSle sline fuaai 10 (S ol § SlaS yolic jl ool ARl sl ojles o Jg) Jlo w838l —2 oF

it 5 5585 5 ot alllas s 50 i
SIS Gl e — gt (S35 TS 5 s
O JS8) ol (55 sl 0 5 ba S
solas ) 15U coss (1FYF) s olizel &
IS £ s e (S S S
e S8 slagez ©)p0h by ploj S 4
5 Jsl d sbaiez 5 3095 SouP0m (Bo¥ 9
2 518 5 plie (geldsd) (sladyy el 03V
ch a5 loper St 5 (G555 claSiw
w2l Slysen G5 oseldsd Cgr Ll 5

ilodel 392945

50818 gl SV 4l S Slges (53, 2 Sl
S5 55 9 [ASEFs Aol ) Kes oy ol
P Gd i 5 b (SEESS e andly L s e
wload Slte 55 - Slgigre 5 Ol e
ol Egial o)l ) 0 0 adlae l jo oS S
Sgish aesasme S5kl Jolo (sl (F55,55 5
Jreonin Sgigze 50 M a8 (alacSiw ;3 098
Sy ey L gy sad (glasl s 5o

ol 8, i VYV (6 0,2) ol 0

et o

ey

OYVF i ol i) ) aalllae 590 (53535 (sloodgs o ool ol puej 425 -1 JS5

SlF9r 3 slme by,
S 93 GgmeiS) 53 45 09,5 Sigishy acgaze
shastal ;3 (S8 shls 5 b pam w29 59l0)
o S5 Si it slassly 5l wiend NW-SE
aalllan oy alie ol ot o)Ll o igF o
5 ()5 155359 saSgil S sleasls
oddjla (g 90 g ol sad 35 ele (o
il Jlat 1 ol o3l 5 lelis,) Lol
5 Szl slaasly g o)l 8 gasgilS
Slelis ) il 5

el 00,T 2521 s
23l 5 el SLeSL 5 pariie SlS beasly oy 50
SiIs) )0 T Slidt g STy il 4T e

) JS8) ol S 55

Cayp0 a2l
3985 slaodg 5 Syl L pgoan w2y o
Loagdadi (l S pmed )0 g0i>) 00551 5 SzsS
by 5 55 LS Lol 581 55 0008 0 S b
Jhm j5 4 e axly 5l glodes 25 o cunl
a3 L o 5 dllas o5 s 4 ilato
) et Bllan s b oo ssaline canis
L Yol 5 cal g cmnl Ol Sedle 5 &l S5
Ol el SR b el 5,95 5 3550850
“FNS s (el S —om s Jols asly
el Sgige 5 S g9 yige I35 amypo
LSS S Gl (g aoly e
1) Jgmeial (BR=YD 1) M350 0z o5 JIoge
VR 7) 5 e S V=Y 1) S (TN
S S e Dy 5 (P10 1) Sl JISUT

Cgeme (257 SLa LS 3 slensT g st

SRegl plxil by,

5 LI5S Lol (o 5 S psleer 5l e
2 @lree bly) (g dihaie 4 by e sloaiss
235 plnil 50 lge B

5 Ciie oS5 L (3 slaosgs ololes -)

3979 ionled 95 b bl 0 (oulidiine slocails

fo e g Bodgi puled Jore 5 3929 puc 9

loosgs jlaigas Voo 5l iy (510 aiges =Y
ilises

(3585 slaasly slaaizes | I3 ablis agi ¥
datiges 81,552 lalllas ol

Sl cogr LacSi 3l aiges V4 sl -F
JUS g ol ialel o Last Jlol 5 (loordsl
FS S an o g latens (S 0]) el elsasls
(S U s Sl ol polis polin s sl
ST gl b olSiylasl ol 53 (Kod 45 ladigas ol
ICP-MS 5 XRF (sl s, dm cabog 0935 109
WA 45

ALO; Ti0; Si05) ;olic (sl 4525 slaosls
Ba P,05 K,0 Na,0 a0 MnO Fe,0; MgO
V Sc Ni Cr U .Th.Y Zr Hf Nb Ga Sr Rb
ol&—ws jlosliwl Ly (Nd 5 Ce LLa Zn Pb Cu
o plonil (XRF) (oSl 4l (il 9598 yiag oSl
Ho Dy .Tb Gd Eu Sm ) jolic . Jl> s ) cosl
ol&is L ICP-MS 5,4 (Lu 5 Yb .Tm (Er
2> iloat 4 325 SCIEX ELAN 250 Jas imiicls
YU L) ol ol (gl el (sl ST
Veppm (SB 0l 5 ol polie sln 5 i5 w0
BCR-P ol oolicl 5,50 (slas Jailiol .ol
xits GMP-01 5 MON-01




s (95 (sloasgt ol sLoSle clize (punad 3 ST ol 5 S polie 5l oslical

VT LS i (T US8) Sl esls S5 (87,
eblon ) ol sla LS cozifa s il ol
Gli & 90t IS boKin cul 55 S e
Jsbas g s ISt 8 b s JSians (Lath) JS5
5o s Sl i o ol i on 1 ¥
Lol 55 opaibie el sy 5w o]
Ftr lmslB JUSIT slojsly el (g0l 5 Jgane

50 bbb JUSIT a2 555, O psoty

S e Sa e Bl La S Dl L ojgl e
3 el JodSa b o IS tders sloysl ot o
il ysms e bt S 5 L e il oo £
S SIS JSLe IS &S el (VWAY (LS )
elaKw 10 G5 ol WS e les 4
5 laegorme 4 wlazs 5 15 Slo S ysbeos o
0ad has Sotay (J g Dgdal 5 Sl ol

o]

CuslyS ualg

29— Cix 50 45 loaniS (35 035

el Jo 355y il S S5 3 eyl 15 allns
S5 50 SlaSis o S5 o)l el i
o=l el S 5 e asals el sad somlin
S slasgorms a8 003 S cozse (Ko uly
5 Sl 550 sl S g S5 L oo
st ebl a8 ST Laals JISIT

JEEERVEN PO PR S POU ) PR ST RN I
3 555 ol JUSI Lol s 15 o o]
S5 | LaSin ol (i 5 S5 ISk
(Ye JSo) sams oo
S 58 (5 Sl Spgmotn il o0 (LS
ISl hls LapdIS 3ol 55 o oanlive cuige
Wload jolite o JSbiar & )00t g slwd 5~ o]

(Y3,5) slails oS pl b (Ya JS5) Wi oa
(F-0 mm) DSeudb cdys slaysh a5 Ll el
[ONCPTSFIR PPNV PO page 8
o9 oSt L s JSbaas el ety
A 0,55 5y (Sidys) gupaiaie Sl
il y98 55 3l 5 o Sbaas loSiw ool Jserdal
Lo U ) 5l G nl slaysh ojluil el 5
P Jsdel p5iys slaysly el it
ol aS ools sl 055 3 1) eSg g Sl laaies
33 S 45 ol ] 5 S il s el

J

(Anderson, el o355 ol Lesis o Ll 5
MS35,00m D5ty Jemals JWIT 5 35155 1984)
2 smehel 5 IS5 e sl (i )

ol 03905

a9l wly
degare (S iS5l Copnd o (S wly ol

Jles slazal jo guiile pan 0355 & jpot « Sigish

Wy ol lacKons o)l 33555 (5,8 sz —o 8
el adbie sz 5 655 0 G 50 S
L oml 5l G 9y ol 0)f0 1,8 alio ol Sl 3,50
5 0L ) 39m 00 (hyme oy y393i90 oS
Sy B S5 OYAY o San
L o5lsS cgge wodligh jl o mogilS
L lawgie Laciw ol el psiite oy 0083l 5
SIS as glails Lyl cdlw albes,e
Lol (5555t 5 (Y5 5 S y0mmal)
Sylite ((n5ieg ) 055 GG Sls8 b lie
PS5 1 Ll oo (alit GLS S 5
SVEL) $ )5S () oYY 1) s il sn oY < -YAL)
5 eS) Ss 5 (VO-Y+ 1) il JISIT (Y -

WA e sl o)l ol Sl w555l —

of

e ol S 5l 48 IS oS
55 2505 o8 5 555Uy 5 s5eSt 1, 2db
Loashy, Oygoany aL5 wodys glaysl »ogdle

b P S GLS om Jelid (a0 (B>
ol 03,5

f— o
Sl 5 (g (S slaasls sladipes Y S8
S5 e S AR o5 e 5 aalie 3,50 il S
SIS sl o 05Tz 50 anl il 350 SIS
oat s (VYY) Irvine and Baragar ool s ity 51

)L‘—“’“\bgsnﬂ] ‘5[&‘54_319} )‘ \ﬁ-h)‘y l) LQ)W stb‘ 9
Jols Bas sy JSIT .ol 03,8 abl>! (< )
NS el el (2S5 S 5 (S n 98l sla S
balald sy Ly (e jsboas Lol wceal Jyons
9 5 s om Sl el s Lo

[CR U S SR I Byt S
oL s, lams] @dle (PP.L) oll)S (€ 5 caposilS

ol 533, il (VAAY) Kretz 31 s 1S

[t D]
ol yolie

29250 yms Glaxly 6l S0, sgime aels
il S g o 9080,5 5 (a0 OF-FA) oy U
Bl aegeme ! () o) Coul (aoys YP-£Y)
S5 AJONK &lpesis foged ;s dinegll 5 elisl o
53 el Tl slaasssidl 5 5,06 15 AINK Llao
slaarsly sLaaigas pyas VYAV (LS 5) 35
alllas )00 (ST (08l 5 g (S
93m LSS S 5 Sy AFM Jlsgai
G Ot sy 3 LB 00 (Y IS) culed]
Glaasly 5 peuly o5 U g GLSTSUS
Lsio SLOIIISIS 55 51 5l 5 Sym991,5
(F JS5) st iy

av - 5958 (glbengt adijlu (SlaFle eliia cyoani 3 (S 0l 5 oS polic 5l saliza VAR e sl ol Js) Jlo sl BA

5 o Le a0 | 173 205 072 093] 324 306 229 239 194 125 196 696 1005 068 867 1096 1104 938 854

S b g ol o 1 i . . Na0 | 401 S82 491 304 505 490 470 47 415 449 449| 406 275 33 383 276 278 353 387

- B KO | 452 068 543 42| 294 302 430 501 489 528 444) 290 134 LI3 123 058 058 059 107

15g05 e oLl Lol ol sl s 3 1 POs | 005 001 004 005 032 016 0195 010 007 049 013 030 022 009 032 020 020 024 0I8

o foges o)l rolis > o5 4zl £ Total | 9829 9888 9778 9795 99.02 9776  9RST 984l 9777 9795 986| 9798 97.61 9845 9857 9RTS 9931 9862 9759

. . . . o e - Mg# | 2485 3511 1229 3109| 375 2277 3011 488 368 1803 3181| 4656 6120 6040 SL64 SE8 S859 5936 6137

SiO, J—'L“A » ‘5{|—> )é\—' 5 oS )-DL-‘ u')::—“ 5 | Hgh K o 1 C/MF | 055 253 041 048] 056 062 009 087 054 048 057 062 057 062 061 059 062 071 067

- ¢ F e AMF | 512 1811 918 801 336 376 645 464 652 483 158 L1 LIS 122 094 098 140 148

eleSl anT 3 b Live u)50 wxly lp (8 JS2) ; 4 KN | 074 01 073 08 038 02 060 073 078 077 065 047 032 023 021 013 013 011 010
i N N el ) (ppm)|

U Th Cs yolic Jlyl3 aniS oo slent 1) oz 3 E 5165 782 1389 3019|690 6206 7295 8724 8406 9756 S086| 5779 1533 1506 2466 977 997 1542 1944

¢ h Lty |y 5 £ Rb | 1632 197 1886 191 828 897 128 861 1619 1664 1003| 1077 1005 76 64 144 148 157 42

R Lot 1451 LRb « L 3 I o sr 128 2787 378 1035 2878 280 1566 1698 127.0 1092 1805| 3359 3009 3038 319.1 2674 2694 3614 4404

5938 4 I EPICE S A I H a $Cs | 234 037 226 43| 088 Ll 0 295 255 078 197 366 198 - - - 075 14

o o ’ i Eo o Ga 266 306 308 239| 276 293 255 23 243 276 257| 257 215 218 242 21 241 226 233

SLis 2alS St Cr Ni yolic a5 Il o o138 3 owK cak-alkaline - #Ta | 232 - 236 206 199 194 3569559 105 209 183 102 053 066 - - 074 064

Ol el St yolie S50 035 e . W' | 305 we o6 2ol o s U ag oy ;2 me| s wie 1 76 73 i3 i

55 o sinis Ba 5 Nb jolic (1 Jsaz) ains " . - He 8.5 -1 75 67 13 a5 SOB3 RI3 1079 442 269 32 - - - 363 287

<S5 s>e Ba g Nb jolie (V Jgozr) aimo o0 L E w0 L] Zr | 4224 4343 5566 3648| 3783 8199 < 10027 4320 4367 6178 2285 1494 1808 2038 127 1263 2056 1517

ool 5§ ! s ! i v 608 S0 63 357 S38 502 6702 45 472 S87 41| 423 309 317 448 432 423 37 325

>y 50 St ggiome Hlaie el e )l S SHO2(w Th 25 1142 285 284 107 158 S611 199 20 114 220| 68 18 34 46 08 19 38 36

< 20 ¢ ’ " 2 u 39 107 52 53| 37 26 792 59 55 3019 33 03 04 25 - 103 25

5 ol 51§ Sl S - sl 5 ey s oy slatiga sl blie 55 KoO fogai —F JS5 cr 4 72 39 57| 39 44 17139 305 SI 8| 512 311 2891 1437 3008 3408 969 178

ol Ca WRIPS 9 SR Ni 3456 22 32 31 4 5077 05 L1 167 122 988 794 262 985 998 335 467

L . oty claKin iy 6 bagie oty o33z 5 se 4 71 63 63 189 179 s6 89 133 103 121| 307 491 459 454 684 695 43

e ol S8 g el S5l (g pate el il ’ ”{M = Ca v 24 91 63 196 1156 317 32 60 33 112 $63| 3200 3169 2875 3445 3654 3687 2714 2289

iy Jasgie Slac JSIISIS 5,08 5o (215 5 )09 5 Cu 33033 21 26] 84 41 167 63 46 24 178 12452 716 404 757 757 288 93

i glacse S 5o Dy 3y s : P 169 62 145 153 68 134 684 39 143 175 47] 46 3 32 112 20 04 13

R T SR o 5A%) Le Maitrej) by s sLosls] slai s )5 m | 43 2 x5 B4 69 59 207 535 s87 356 357 8§57 958 973 1081 1066 784 719

olite ¢ Lid, B o Ll s s Vs aasls ol La 604 62 (98 48| 403 508 186 53 @1 27 674] 292 152 148 313 152 102 197 202

Syl &8, Ba aie Llw)ls S waxly (n ol ¥ S asile @3dle [(V2A9) Rickwood Ce 1208 206 1502 967| 865 1063 1349 1138 1213 645 1224| 548 305 204 594 289 197 422 40.1

s i ! ! e [ ILIL - 1377 784 866 956 413 - 1021 667 1045 57 352 352 - - 49 40

S A0S e Jos J5Lul (g ymaie lyedy wanils Nd 44181 s34 29| 341 40 899 329 385 293 386 261 148 163 272 17 161 185 199

J 2 ¢ < : Sm 8 27 49| 161 7 - - 695 666 T09| se6 404 397 - - - 484 421

. 0 as . . N tEu | LI6 048 065 218 226 411 132 149 157 L7312 la - - - 138 L%

4 S o osls L2 S/Nd | las ;o Ba jlos—os aalllas 5)50 dcgome slaaxly S ls slajloges Gd 796 861 448) 172 713 B 63 68 663| 595 449 444 - - . 500 455

. e b 14 147 078 131 12 - S 109 127 Ll 103 079 078 - - - 087 0T

Ba - YU, St/Nd (59,8 ;0 (50,900 92ly sladiges s Sligian 036 Ladise a5 aind o i Dy 85 - 002 498 823 734 - D679 826 685 636 494 498 - - - 547 4%

i fHo | 183 - 189 104 16 15 - Sl 175 139 13 L0 103 - - - L2 100

Lo lea>ly plw aS JLs o i 1,8 ol ’ : . tEr 513 - 532 299 461 48 - 401 499 393 348 260 284 - - - 304 277

sy L o e )8 oy L— Ca0 5 TiO, MnO .Fe,05 MgO (& JS—2) fm | 077 083 048] 067 062 - 061 076 0S8 051 037 041 - - - 044 039

5 L - 5y s . b | 494 537 316 417 392 - 386 499 36s| 31 221 249 - 27 246

Sl sl (Va JSb) ass YU Ba - ol SUNd SPTEI FINE DU Slsime Gl Ha | 0% 0% 0w os oe 06l 0% g 03 o am o - o o oom 0w

) M R - Ewkw| 044 - - o086| 087 0955 - 048 068 | 092 100 103 - - - 085 097

SV ST gl (slacy 50 5l &5 (Slatsy sy e
ol ST L LAt 56 a5 5 ol R
G5 S
J=B St Jlie )3 R lagas 5l ooy, 4 oS cul
laasly sla K gl (YD JSE) Conl bl
g g (A JSC3) SgSie sla,loges saalllan 3,90
il (O JSe8) (SLs ol jmobie gy

ol 00338 e 5 00 (e y5)

9y ey 255 s 5925 YU Rb

5 omial33l g, S0 Jaks iyl LKSO o
ol s (Bell shape) JS i3 NaO, 5 ALOs
Sl glaaly e 45 stns e L5 Lo gl
sl 3 (S Bl (el g copmagl S
Lo Sl a8 a5 e e 00y o5 >
Sl ol g b g 435 dnla s il
Fho Sl (slasaly JoS55 g0 45wl b iglie

(O JS5) atl onh LS55 wogs

ICP-MS g, 4t (1) rmmie ol o pue slims 420 2T 5 (RymosilS ey sloanly (oleard oS5 -V oo

e ok 55

Mg molar 100#Mg/(MgO+FeO'): A/MF: molar ALOy/ (MgO+FeO'). C/MF: molar CaOf (MgO+FeO') and K/N: molar K;0 /NaO.

wiga il CspogilS 9 Cy93 G Cpms

(%)

Si0, | 6977 7577 69.54 71.67| 6427 6376 6558 67.19 6721 67.99 67.85| 5431 4824 5091 5261 4883 4912 5432 5360
TiO, | 034 015 024 026 113 061 0936 060 037 030 063 1625 1411 1263 1716 1616 1626 1.124 0942
ALOy | 1426 1349 1471 14.02| 1568 1636 15121559 1517 154 1521) 1612 1681 168 1572 1578 1585 1674 1699
€0 | 303 071 201 193 484 502 441 192 303 284 303 810 929 853 929 1043 1050 728 667
MnO | 005 001 004 003 010 o011 0079 003 006 006 004 008 018 016 021 019 020 013 013

089

031 073 353 732 651 497 741 743 530 530

e 4 1y YU e 4y (gloiges (i IS
L (s 92ly ol gl oS i iy 10135 (o0
SR K asile )55l ,olie sl Sud i
S A e (Ce T4 I Y jolis o ilyl5
Sl a5 Il s (R JS5) wsh e plolis
Ba ale) LILE Spns 51 1, e adls’ Sl
ol (Y Zr Hf .Yb) HFSE ceew 4 (Th Rb K

@b JS5) sias e

39— ;3 (LILE) (g S5 Jbgnd olic

Jlo oee j0 s e lis Sab eSS
Ti asils (HFSE) (535 olose oo Ly 5 olic
ol 5l Sy ol a5yl |y ik (Fab s
bl Ly b o Slosinil g slanssnl
L ¥ ol ol b (Wilson, 1989) ol i3

898 St ) o w0l e S slatugy Slge
ISt (SLs ol jolic (slagSJl (Rollinson, 1994)




IS (95 (sloasgt ol sLoSle clize (punad 3 ST ol 5 S polie 5l oslical

" |
— . =17 'T1Y > }
. ]
% . + i: ¥ o LXY '-: . 2 i
A} - e =18 ks L3 1
E' =40 2 . |
.4 ) :
%0, " o i
o n 3 .’ﬁc 24
w @ e o om W @ ™ s @ = o@ m om
SHRmY) SHR (Wi} HOHmY)
4 L ' o
. o ‘o
¢ ) e
= e z z
L4 . E"n 2. E, .
L 2 . g,
3
. . ""& e .
o ..
" o
w @ @ w o om e @ W w4 s wm o om m
SH02m) S0 SOM)
(3] - »
w
5
_ 3.0
H : Fuf
BEo& twm g
3 o* fu
T oo s -
Grasiter
w @ @ m ®» wooBm @ Am
SO} Om%)

S sl lsgai o anlle 8 ym ol S 5 oyl w s slaaoly (slacKin aiges Lol yolic (slaosly a0 IS5

a>ly g (Aa JSi) ass 5 (e LAt S 55
134 3 REE L agSll o 5005 5 i j5osil 5
w3 oe ol o9 | ik BuJlosil 5 il 5is
VAL IAD oy s sl w3 Jlesil (b JS)
et AL SR s oS g e o9l S sl s
4 Cornd Sadd sloaxly 10 HREE (lagSJl .S

) Jsaz) col c6 als Sms a=>ly

L aslie 55 55 (LREE) S (S5 ol obic
S s |, esly Sas i 5 s HFSE
ol (V Jgaz 58 USCl) Lo loges ol 500 Bk
s a>ly il plaie jsbas (La/Yb)y a5 wims oo
93 @ 5y G5 5 SmoglS slavsly ane
@i i REE lagSll L Laco 500 0,38 oo
HREE slagSll 5 Bu sos pocizas e Jlegil

WA e sl o)l ol Sl w555l —

Niippu)

Ndippm)
*
-

-
,
: g
E
[ 3
-
.
%o" I .
T
0
® W W oW
SIOB(nI%) i sm.‘:.m, N
.................... 100 v
i ?
L .
L4 & -
. *
- 1 . *
* 0
w » " E
SHHTR) SIONwrs)
O —
s ]
LIV < TR AR PRSP
" s w0

“
SIONWG)

Sl (sl fagas ;0 calllaa 350 Chlisa slansly slocKin diges S 0L g leS jolie slaosls a5 -5 IS5

4 - 5958 (glbengt adijlu (SlaFle eliia cyoani 3 (S 0l 5 oS polic 5l saliza
'3 T T
sof
.
*
.
b . o o
00| + .
= e . E
E saaf © g usf -
£ anf = + .
wf o v N
} . .
100/ .
3] - .
108 - ) . o
o " w w ]
SriNd Srippm)

5 siy3205,F slacKin 3 Rb 5 Ba julie sl 039 Yo Sl (slaloges cnl St blia ;o Rb (b g Ba- SN (a slalages -V IS5
o 7 S ale el 20,5 SUNG 5 ST Jlglb 5 (lacSeald) 2l 5

e —

| i

Sample/ Chon drite

Sample/Chon drite

S o (3l lnign - SS9 S pmosl T slaasly (b 5 ()00 axly (2 GlaKiw ((F5:Sie) (s pateniz Ol g -A JS
el S5 aile @le (Thompson, 1996; Richard, 1995) cu a8 &

Sample/Chondite

.i

% |
R' -

] i l

Samphe/Chondrite

L Cn v 5l e W 8 T 0y Bhe B T Y

L e Py 40 T B B B T TR L

(Nakamura, 1977) < 08 L a8 Sdl,S 5 o0, sloasly (b 1 jsms wols (8 (S olaaS polie gl (slagSl -8 JS

e VS asile eidle il o 3 i

1AL o o ) e oy #
SEFuogd Gkl oS iz 45 siie siiae Pl

055 S0 GYLs 3 oat b sy s 5
Ol (gldl gy (50T J) (B GR350 8
5 Sl 518 alen 5 S 0y 8 0
ol (51,3 L aylie ;s Th 5 Nb Ba lLa ,—olic
Meh oo o9 by todd é &g 5 polic
PRI JEUPIE X TS IRIEIE RN
e Gyl Bl S ol 53 Sdsn; ©jgon
ol Ladl (gl oas 2e (50 wgnd 4 oS asile
(Torkian et al., 2008)
S amly ol g 4 aase L ) Jsa
dLa=Y\V-\+ ppm Th=~ Y-\ ppm ) ,slc 35 5
ss—ba_, (Ba= OYA-AY ppm 3 Nb=14-Y ppm
S S sl 00t 8 palie 5l S et
<15 ppml ol sol ik EbsS ate S 5l b
5 Ba=0Y ppm Nb= A/Y ppm La= #/Y ppm Th=
(Sun and McDonugh, ) ;| Laosls =Th-/# ppm
L alin ;3 bs Cups 5 359 solic lgl,3 (1995
£ PPM) (Sloe Elsgy oS 5 0 polie (rpan Syl %
ppm s Nb= 1)-A ppm .La= ¥#-\Y ppm .Th= 1
asals jo Lgil as o5l oo saseie (Ba= OYY-Y- Y
2505 50 58 gy () S5 5l 0B )15 s
(Torkian et al., 2008)
S 3>y ol SO RB/ST s ol 538!
e (2Suogd 1 oS () Jguz) Sl 1P ) 1S
o)l Edsrial OT G300 55 Alanlsay (525 sy
Sole &gy Loy 0 Lo Ylais! conl b ol
slaclioe (o3Rlr 5,985 (10 JS8) ol n

58 ly 5L 250 laF andlyioe 4bsS 5 grte

B0 ooty LTy Sl s 4z b

asgezme (ol S (5558 5 (s slassls
Sl b Sy b 4], ol wogp Sisish
03503 cmiiin g0, &l b ba o Sliaisl Lugd
S iz asllas 3,5 slaosgs eyl » 4SS Ly
- g gy oy aSgl S slac sl
lond S |Ses ) S o 45 s Gl e
0ijlw slaleSle Lo ma s ams COYAY (LS 5)

mles @Lbis 1) 5553 lausly 51 S5 a

ns gl L

bty 05 - gt IS (g0 & Lo
9 olid 5L slaasls o (F JS2) st 3o
WptiKa oyl Wil e jeax wile lendisls
lys St g NaO a0 sgimme « S5 5l 505 ASI
Yo T g5 slacadl 5 4 Ll (Saly a5 axies
9 85l polie S35 5 e 8920 4 azgi b il
Altherr 5w 3l (s, 9>y o Lol yolie 3503
ol Lo gl o Sl do (Voo 0) o
FOW PRENC U PN S99

ol opldl dmsy ol g (st 99 )

fodh

SV 55 oadpiilegulio glanigS 855 Lgd Y

(i, axio

S8 Al » sl g GlaSin (Suogd Y

slasS 05 e slaleSle

Lvgie jobas 5 o5 Gy 9y 53 SI0: sye
O29A) L g Ferre .() Jgaz) ol s s OF




v (95 (sloasgt ol sLoSle clize (punad 3 ST ol 5 S polie 5l oslical

5 poslS Seals Glo S 5o (sla lages
5T & wes ol sacaslts saalllas 50 (2l 5
2 5 Wiilbioe 093 0 (oS (F9)3 (oS Sl
(O JS8) wies ligeen 93l 5 3 Llsda

V, Cr, Ni acsle o Jisil polie o5 55 505 wodleas
ellae ol 6lasS (Sen (Sl loSle o
oty szl slaSle LS55 4 S s
5 s HAFC) e 3l Sl 5 55
5 e Sl L ole slaSle S oy b
Lo b LSl glin Wb 10 5 ol (Sion o 22555
SITH, St P oS Jlgls sl ansls sl |, glacug
sloaclion L a8 col olordgs slo S dlox
(Harris ef )5 Slysuan (o) 5 Sloe) slioss
3V JUS3) al., 1990; Chappell and White, 1992)
(A

et sla gl lyls 55550 slaanly odle 4
Jlesil 5 (U, La, Th, Ba, Rb, K) 5Ll jolic 5|
Sl p5 pegmzme il S axlg j0 a5 cl Bu e
Sl sl gy Lie G 51 o Ty ol 4 US)
SLaleSle s 1 amS e Cslem laacsly (o]
laiag slacdgisn (iduogd Sl anl S—ld
Sl S Lot ) il sael s2sa
(Wolf and Wyllie, 1994; a_il LaSTy s Sles
5 54> ca—wdsy &S (V+ IS2) Thompson, 1996)
53 biagy 5o 42555 31 G sloio iRl
SLaFle iogd ol o Blate wosls &5 (i g
PV Slid 4 gm0 (e oS W lge S92 50 (Seomld
0 jo-lte gy 4 oo i 4 e 0l )3 5

Siles b G5 5 (umoslS slavsly

55 85 Slbolie air il 05,5 wal3 ) sy
OS5 AVTYE el (i) (0,055 55,8 Sedle
Syrg aalllas 5,50 aibate s sl asls (VYAY

s

il 5 5 Cay990931,5 slously slalesl Lice

L S L (o908l slalesle Jusis
slaleSle o sile o wgio -V by (go—xe
(F JS5) dlis nl dallas 3550 (G5 = (2 y0950,5
o0l s ol w90 4 [ Ken slalame 5
g e

oy lasS slaclie (slo)lb usd w3, 50 )
3 88y 5l Jols slactia by 5 bl Lo SL3 &5
Slge L oo (b sy oad (gilué Al 6 Sl
aS oS e oloml oS 5 il Y] 55 glatug

15 slacKin Wiy LSl Wil oo
Slgs by iV Al s s i 500 o )le
ol a8 LaSl o b s (slo)l5 (glatas,
(De Paolo, 1981:5, Jlw (sly) cowl B 20 AFC

@95 3l ) ey U plajen slaps, 5o -Y
as s alS Sl slatg ae b olacKis
5 L (s 4188 o taaliiaals Jlise
(Roberts and  aa5 — &, sadai .S (o)
|, S—ds slaleSle el jolE Clemens, 1993)
23] Sszges

5 Smds slaleSle a5 ams oo les Jsl Je
sk g i a8 38, 5 AL jole slaleSle
(De AFC Jas plias Jae cpl ilazs 3 las o,

Zawsl Bg 420 Paolo, 1981)

WA e sl o)l ol Sl w555l —

; o . 1
5 . M |
Zw !
) e L1
z |
T . i
= ., ]
2 e %
T {

i
i i i
i ” |

TR a— L n o
S0

mekar AIOSYNEOHFeldT)

nokar OV (MgO+ Fel)T)
Soe S @ sdidites laanST Cd (slajlaged 53 anlllan 3590 SIS 5 (Fuymasl S g slaasly pled S5 ) S8

molar AROI( MO FeOT)

[ T
Lottt

Ca (€ 5 ALOS/(MEO + FeO') & K,O/Na0 Vgo Cacs (b SiO; 33 2o o 4 [Mg= molar 100*MgO/(MgO +0.9Fe0"] oyt

(Wolf and Wyllie, 1994; Rapp, 1995; 1 50 slaclie 00§ lax (sla oxie CaO/(MgO + FeO') 4 ALOy(MgO + FeO') ¥sa

st slia 5yel8 5 lace 1908 Canl 00d ozl Rapp and Watson, 1995;Patin”o Douce, 1996; Patin"o Douce and Beard, 1996)

i ST 058 s o gl LSS
SiSan s Ferre &5 2,58 55 Wb o eadgid
Lacy 50 Ll wls o e aites ol & (V494)
5Nb Ba La yolie oS o olis 51 (5 i5y5 5 b
e o9l 5 oud s atdeS b anlie p3 Th
is8 3l Sl dar a5 aias e L (lisgs Mg
35 b pmolie gl sl east site cad
59 mbie ol bagie 55 slie 5 a0
SlacE opdleas 3 fs cuglive s Eingy 55
ALOY(MgO+Fe0)=0.98- cerui sl fs aslg il

S o 8 lliglin b i Lase

&Sz
bS5 oolid G ol By sy
S5 9 SRmPl S ms saly olenty
35 S T SIS syl 5 K 53985 sloosss
At 09,3 gz 53 Gy g ay
Sl e gorme (ol it glaiw Sl slaloges
oty 5 SI0s s 45 caseie BISE s57g
Aol ol g ool (T - 9085 5 (S
S ssled oo Vs LT Lie (09 Sglitie oS 5
Gl 8 4SS Loty 30 ek s350m 4 10

0 S35 slmosgs il GLeFle eliia (paai o (S ol 5 a8 juolic 5l aslizl

S5l 059 pueslaSle (cwyp OYAY) (LS 5
OlSsls (5,38 aebipbl (Liws ) 093 dilaie

Sl lais!
3 oS oSils oy 5,5 (VVFY) g s
PUBERY PPN PUFENE DU St SOPTIINE S0

Ol s Sy oKl 1yl o8 | pmslis 5
by 4B £ b (VIVE) o
bt Slejl 038 BT lez ViV e

L3S (Sase wlilusT o
o8 laSis s R VTV ) vaceld S
oSl o) bt IS a sl Ll sl i

PR PR NS ST IRWS.)

Altherr, R., Holl, A., Hegner, E., Langer, C. and
Kreuzer, H. (2000) High-potassium, calc-
alkaline, I-type plutonism in the European
Variscides: northern Vosges (France) and
northern Schwarzwald (Germany). Lithos 50:
51-73.

Anderson, A. T. J. (1984) Probable relations
between plagioclase zoning and magma
dynamics, Fuego Volcano, Guatmala.
American Mineralogist 69: 660-676.

Berberian, M. and King, G. C. P. (1981) Toward
a paleogeography and tectonic evolution of
Iran. Canadian Journal of Earth Science 18:
10-265.

Chappell, B. W. and White, A. J. R. (1992) I-
and S-type granites in the Lachlan Fold Belt
Transactions of the Royal Society Edinburgh.
Earth Science 83: 1-26.

Chapman, D. S. (1986) Thermal gradients in the
continental crust. In: Dawson, J. B., Carswell,
D. A, Hall, J. and Wedepohl, K. H. (Eds.):
The nature of the lower continental crust,
Geological Society of London. Special
Publication 24: 23-34.

De Paolo, D. J. (1981) Trace element and
isotopic effects of combined wall-rock
assimilation and fractional crystallization.
Earth Planetary Science Letters 53: 189-202.

Ferre, E. C., Caby, C., Peucat, J. J, Capdevila, R.
and Monie, P. (1998) Pan-African, post-
collisional, ferro-potassic granite and quartz-
monzonite plutons of Eastern Nigeria. Lithos

CaO/(MgO+Fe0)=0.59-0.71 Jgo Coui 3 1.54
O Ky wxly onl Late Yol ooplply i
e Ay 5l B ol Ko LSS wsg
RB/ST s sl 533 9nly sijlw sleSle
A s Mgy e (iSuogd (17 5 eS)

[

5 s 2yl o)L eyl Qlogas s dlaly
Sl s (splS) Sdle glaclie Sulr
) digy 4l ol )3 (Suogd sl 5l 0500
i aCailS 5 ey gl jo sl 0 S el 8
LDl obie oS 55y cadlaie Sl slaSin
aalyt Sl GlaSle 8L o Ni 5 Cr oV asile
Gk 5l leasly ool sl sleSle JoSiis pas
it L plss (i 55 2 HAFC) Jos
sl a5 o 53 el s 53 Gl slaKi
S5l alie 5l e sla JLogiT Py St Ti o
aloz 5l Bu it Jlgil 5 (K Rb Ba [Th .La {U)
iy, Lt Ly 45 siis gloacis sl S
St )3l oty ol 6l (0225 9 Slee)
Oz b5y slaosls p 4SS b iz 3 30
S ol Semds sLalaSle a5 50,5 o bl
il sl sy s ety Sy cAsuosd
Lgte gl aaaly ol )093 5 s
L 4] CaO/(MgO+FeO') 5 ALOy/(MgO+FeO)
5 L placdyis (iduod 5|l Yo

Bl oad 3 oSl Slis

&bo

OYAV) T g g Sl 50 (el S LeS 5
i Sigsh aesere isdsry 5 SSs
DY o oSl gy ale alons 033
AYA - WY

VA e ol et o Lo sl

metabasalt, its control over liquid fraction and
composition and source permeability. Journal
of Geophysical Researches 100: 15601-
15610.

Richard, L. R. (1995) MinPet: Mineralogical and
petrological data processing system, version
2.02. MinPet Geological Software, Québec,
Canada.

Rickwood, P. C. (1989) Boundary lines within
petrologic diagrams which use of major and
minor elements. Lithos 22: 247-263.

Roberts, M. P. and Clemens, J. D. (1993) Origin
of high-potassium, calc-alkaline, I-type
granitoids. Geology 21: 825-828.

Rollinson, H. R. (1994) Using geochemical data:
evaluation,  presentation,  interpretation.
Longman, New York.

Stocklin, J. (1968) Structural history and
tectonics of Iran; A review. American
Association of Petroleum Geologists Bulletin
52:1229-1258.

Sun, S. S. and McDonough, W. F. (1989)
Chemical and isotopic systematics of oceanic
basalts: implications for mantle composition
and processes. Geological Society of London,
Special Publication 42: 313-345.

Thompson, A. B. (1996) Fertility of crustal rocks
during anatexis. Transactions of the Royal
Society Edinburgh: Earth Science 87: 1-10.

Torkian, A., Khalili, M. and Sepahi, A. A. (2008)
Petrology and geochemistry of the I-type
calc-alkaline Qorveh Granitoid Complex,
Sanandaj-Sirjan Zone, western Iran. Neues
Jahrbuch fiir Mineralogie ~Abhandlungen
185/2: 131-142.

Wilson, M. (1989) Igneous petrogenesis: A
global tectonic approach. London, Unwin
Hyman, London.

Wolf, M. B. and Wyllie, J. P. (1994)
Dehydration-melting of amphibolite at 10
kbar: the effects of temperature and time.
Contributions to Mineralogy and Petrology
115: 369-383.

45:255-279.

Ghasemi, A. and Talbot, C. J. (2005) A new
tectonic scenario for the Sanandaj- Sirjan
Zone (Iran). Journal of Asian Earth Science
26(6): 683-693.

Harris, N. B. W., Inger, S. and Xu, R. (1990)
Cretaceous plutonism in Central Tibet: an
example of post-collision magmatism.
Journal of Volcanology and Geothermal
Researches 44: 21-32.

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

Kretz, R. (1983) Symbols for rock forming
mineral. American Mineralogist 68: 277-279.

Le Maitre, R. W. (1989) Classification of
igneous rocks and glossary of terms. In:
Bateman, P., Dudek, A., Keller, J., Lameyre
Le Bas, M. J., Sabine, P. A., Schmid, R.,
Sorensen, H., Streckeisen, A., Woolley, A. R.
and Zanettin, B. (Eds.): Oxford, Blackwell
193 pp.

Mobhajjel, M. and Fergusson, C. L. (2000)
Dextral ion in Late C S

i 1 collision, daj-Sirjan Zone,
Western Iran. Journal of Structural Geology
22: 1125-1139.

Nakamura, N. (1977) Determination REE, Ba,
Fe, Mg, Na and K in carbonaceous and
ordinary  chondrites.  Geochimica et
Cosmochimica Acta 38: 757-775.

Patin"o Douce, A. E. (1996) Effects of pressure
and H,O content on the composition of
primary crustal melts. Transactions of the
Royal Society Edinburgh, Earth Science 87:
11-21.

Patin"o Douce, A. E. and Beard, J. S. (1996)
Effects of P, fO, and Mg/Fe ratio on
dehydration melting of model metgreywacke.
Journal of Petrology 37: 999-1024.

Rapp, R. P. and Watson, E. B. (1995)
Dehydration melting of partially melted




AF =5V axivo IYAR s o Jol o5les ol Jo o(s55)9 iy

VPR sl o5

VWA ENY il s o

Jhow 5 Liles Silalllas g oo, Sl 55 alads 5l osliciul by ol j4ilS asilias

O o — g (333 32385 By o 1 g 515 (58T GClS 5o

(ool Lo 3 00l ) (e too

Sl e 3l oSS spsle uSCASIS e psle it

oS

oyt (gla S (Glas S0 alflaz alo jo 50 5aim0 i g yd dilaie 1o oleardee) § (el S (2l e Slalllas
bS8 Wil S iy STy e 1o 0358 (il slacil jpax el e SIS (550 b 8T elS
bl I 9 NarCa Gl wals s plgen S 5 ol Kl Gy ()95 50 danSidlS (i Olyiscas
i 45 s g Gl niSa b olran o SIS E Cu e E Slpa i E ey 4 Sl + i + ST
el (oS Jlow 3 Shos Gl 5 Gl S b plajen wganar¥ e Szl 53 5 9500 S0ty has lialS w13 5l
Sl el 5 Sl b s et (Sls e s e Slo S0 b 8T (SIS pgs 25y el w85 s Yl (5555 L
005 olrad Cife IS+ Sganl IS+ Sy LG IS 5 SeiSe lras el sl wslaxS,
oSty 5 B b LILE 05,5 1 olic b ol pan il o 5035l lijen Ko REE 055 jolic aslba .canl
) s a5 i e ot otife SadlS slaglsT 5 S (slalols anlles ool HFSE o5, jobie S i

50, sl 4,0 FFB B VA (s Syl a0 b NaCl-MgCly-CaCl
o LS5 b YA+ 5l e cla e
g ol Jlilos (oo S ol (55 1gaalS slo3ly

—gas 095 e b B Vb Sagieall Sl
LaclaS i 5 (Fasedl oann b ol e
GRS o b plejer slagiz 5 (2L slaoslus’
5 S (S3e ST o) bamoyLis 45 oud axlge
Fot Gy g LlgasS ) (3550 Gl Ssh Gula

(Berberian and King, 1981; el Luriigs Lugildl

€O, 51 s oo VL 5] oKl
SONACH Jolan (S35 20,310 B V1D (5,95 L

Aoddo
ST 095 $Seeld (e Ay ol 2
U S iansts olsj oo (Alavi, 2007) ol s
035 (SIS g (50,8 andlo g9 by o (g
by Sgiely y gy (FabS LSS, LS

(Rachidnejad-Omran et al., 2002) sl 054; of a2

WA e Jgl ol ! Sl w559l —

*rajabzad@geology.susc.ac.ir

lamdins; 5 (B SGLS ol e Sl 5

ENMPUE I SN

295kl albio owlid (a0

s e g G550 (B 095
Ol 53 STy (Tl (Fo)9S ez S
(Alavi, 2007; Sarkarinejad et al., 53, o~ lo—2as
S sla S ) sogams (slacygais, 2008)
asgore (nyTsosd Olsreds yaye 5908 ol
SS9yl —mmy S50 o b adlate (S
Wigd oo odolive dng,lad dalate ;0 iy

03l ol adilie 3 degaze ol et e
O Job 3y e Ve L shg )y ojgon
) oy o 5135 e oaalie jtaslS
03 N degorms (SRS (S 3213 Gl (outs
Gl L laleSle 8,8 51 o sl Gy i
i gzl aloasl sy zgany tatilegS
sselS (sla e e 5l gl Jols ity SSg500
gl s G S 3,155 s LS
S92y Sl ol Sl 2 5 ol S oS
GLts Vb G pelS gy BT 5 Sl ST
Ol o 5 Sl Sloj anp nl 53 a2ly ol
dragyb By gl o 5 005 Mo il Jolas a>ly
(Eshraghi et al., 1999) s s lae 55,

“elS sl ey (gl e o oLl 2
Ol iy S395930L o lacennd 5 (Tooglys
O JS8) w0 S e (B0 o] sla e Lol
N oo cndps U ) slaysk b e (slocennds
“elS slorare 595 2 GRarkea OB oo V5

35 L gl o= 5 o Sheikholeslami, 2002)
9905 Suwd (98 £950 b g dihate (SBT3,
Sl yeS bl 5 (2300558 b Hleyen (55,5 al> e
2 o)B g3 9555 5l (AU lasS (S55,5S 5 g3
o)) LS O jgoa 4S5 Conl oolidl Ll adlaie
Sl omly Leo VU JLsd (G55 5 slasn
bae s 3 o515 ol (S, (o053 (St
9 =0 Ayl Sl peS Gty (LRES A 5)Lad
L ol Jad Wl Loy g8 5o (slmo L, (b yis
Ao l03 olr S-S S Sl G5
{(Sarkarinejad ef al., 2008) 5,5 o

25085 ol (B & 50 g kb 8T (sla el
29 52 Sl b (S e s RagLS ¥
ladsb 15 i olasS 5 o)l slagtioul e3guss
e e e e
load @l Jlot YA ONY YR OV Ll

s dalllae 3,90 dilaie &) (g S ol (St
alais il o e gyl 5y Lol ol
8 glite G55 99 50 Sl o 5l 5
G 095 0 @ 29 g f Sl 2pS e
5 Sl sl isu 5 (O ie isu) ool 0,5
G ol s gt g3 5o Btas o 3,50l
Wl 3 (egS ety

o5ty Sty o skl ol (sla il oalos
sl ol 5l plaS e Jleia! pl53 wloas 35 a0
30 1Bzt ol 00,5 a0yl 5 V0 GO
Sl oS Ay ol Litads ang b o3game
S5 g ool Al Lol e ¢ Slo S5 slaacgazs
szl b o lgme K s cilises jolic 20 pas b

% g ylab al o KaslS s o (sl lilos Slalllas 5 oS o B aalsd 5l aslinal b ljalS adlis

5 Soedls o Gl (ST oSS 095 oz
1 eals aseid b3 #yba Sl S
(sl slad,sodan CuiKe (guwmST 09,8 ()
45 03g awaS] 05,5 Lol SIS (ladl 5 glosgs
POVENJV UV PN PYPICHIN ) DY S BV I
L Gl - JSs) ol oads Jooud Cudgond 5 CuiisS
oo $laais O gt Cutabl i yiyen (z Y
asimaglis (Y JS5) Lacife 50 5 5,
FIRCYCEL Ry

sl el

255 L fptes colre S o gty sladly
o594 saemST 09,5 sl SIS oudosaline slacdl
(oS lay e Dot idl plaies coiSs
Lad, Sodogy (&WI-F JS) oud,e 16,
(g -F JS) planels A3l as) (o -F Jses)
SOy Sl (o -F S8 pglie sntipniile puli
(5-F JS2) Lag gohm 3 (otile 5 (0 -F JS2)
W05 svelive 55wy e ablic )0

(Sl =dps5) ol 2T Sl 0,8 (¥
5 (o -0 JS8) e JgST (-0 JS5)
Ceiife Lol en oSl ipte il
P Cal YO S.) FUNEEEIIN | gPCH WY X CC S
Gl ;550 5 5055 5 SIB wugsSige
e Eoles Lol an gl 3

L 4 (sSIL) Jlpaims sLSen (oizan
350 Gl otey b el pletSlpt CuggSinse
o5 lulis LS
Sl L) SV 5 e s LT 098 (F
3348 035 09,5 ol Lo (s (ST
oanlite CisS 5 ooile b olyon (e sl iy

g g0

Lales soly ¢l 5Lt popn oo ol maglss
i glaasly st Sdgl S <l gl
— rayys Sl yape 5l Lagos oy Ssgistlly
RE XLy L S S P JUN I SCW W et o
0390 S5 0, jlaw 9l onl slacald g ol
ol T o T Slge 85 il oS

e 5l o e — Sl b S slaosly
Syt FElbanr adly 0)90 Sy RIS
Ol adlasd 18 (LS lasaly 69, oot S
loaias 5 il sloojlaS 5l bose (Ko slaasly
adyg o il glaojlas 35z ailonts LSas L
G b S 53 peileSle B L g
o @“lﬂ)o

Sligy e YO+ ali, S L Sl
) acibie Solid g o daglSS: ol caigs 28
Glpes IS8 jo e sloos B 55> wloasling
3 i ool @S 5l (a5 olas, Sl S5
b 5 085l slaa sy dan .l loj ol
i alocd s slal pglKaS aliwgds Sg)gim
5 oz slagle 5 Lacdw dagle wils 3, b
Ailoas odudigy maid g dazr ombul ladilSal

)

Sk el by
Ol S g (8T Snils puslish SIS (1

5 ol Sidls (ol (LS (5t
5 S50 ke 10 1 io ahie $8 ol pljee S
A g el a3l slaaised I Jive S5 elaie YV
Al gyt b iges Vo olasl g (g9 Sae B,
colalliae ol ol i adllin (5 LSl oSl

VA e ol et o Lo sl

vy

T FT

(heritarch sp | miplys
b of,

ar. -fr-

VB oot ool iy e o e
P Ored B ) e e e e ke

B

™ o

O Dot adensi braet

cLr mm

o

x =

P
fr—

.

[T -
[
[ PP R )
5 W e e g gt ) g oty
[IPre i i
[0 ol g g b o
el
R
oe e g ) e s
e i g
M s
[

2g008R2RA]

g b ailate lidiree; 4t Y S5




vr s B ol SlaKadlS s s (sl lin lallln 5 ol S (Lo B0 2ty 5 alizal b ljalS allne

90,5 andil (b (geiS 3 ) Ly
(Guilbert and Park, 1997)
2 ad S0 Slallas ol o eizmen
I8 55550 slauilp 5l cov o5 lalame
S5 55 onyy 3l 56 SleSle e YL wilazd 5
28 s b s 3l ool lals o aiilg o0 55
s L Gos )0 2lalS (Williams ef al., 2005)

b Ygone 5 cotlon & cupsSIS & Cup
55 ol 5 5 ol lyep (pmsis Gl 5 55
Syms il Sglite Lo Ss sla S (lsee Sim
(Hitzman et al., 1992)

st baslgas L Seld (s sl 5
SlaiSs il ol e ola IS
3o oml Sl oo slagmiel 5 (coies
oyt Gelul 55 ag el adlie (o ceul Sl S
e Dglite (SHEST slapa; 5 00S )Ll
oliee i (Sarkarinejad ef al. 2008) Lags oo
&y G955 licans b iy el Sadls
olyod JSta b (Glo 50 58 (el (nlpln loss
o]

@5y Sn Slalllas g Sl 555 Pl @l
S A8 s e ol ek ol 53 05,55
el 0355 ol o (ol agis Sl s b cotie
L olyes G55 Sglite alyo 53 il pmizean
e g edg SSi J aibis o el gl S
sany U c a8 (6,0 @bl 3 omls
G S8 55 i e Bl sl 55
(Hitzman, 2000) &loays,S

o3 il Lo LS gl 09,5 (F
gl Ojsoan i g cniSe Ly olon (i
SLS Grresas Sy il b Lyl il
095 53 ) St 5l sz 4 ol il
olymas 5z ey Cy SIS Ly g o0l sl
(-0 JS8) cul

o1 2138l g Gl s (o

30 GV b (glodsi cpmis O jpony ol Glials
s Spai b g LS e S saaY 50
ol i s ploxl dilaie (sla o g b KrnSs
Lol on s )0 oS adaiigs L olials
5 ceslbon LSas b g gondS— coniw Slo 5
ks s o LT L ol o s sl
Loy ye o (ral FolS A5l a4 4z g L
i e Sl & o siraglys S
w03 S ganlp ol g wilad (Sl
S ol sloan] b aliwgas o5 was e oLt
G )l sl S jgampas (prien (ol ond
e Lo ol (oles aSil 5 Sails cutgs
Lo suimo i it YU e g ol 55 slls
50 i dggyhad adhiie o ol ohals o)
o LudlS” ol golaasdl el g bl olos
35S e el ool Gl e Ol
el o0 (655 slaaijls

slaglS 5l ale)S V¥l laug Wlg oo 2]
g cslio glalase 10 urw 5 s (0] g5l>
S0 L Lot aiilgi so b )LuslS” 51 s ol 20,8

oSl e S Il g il LL3)l o (g3 0358

WA e gl ejled o Sl w555l

Y¥

i (0 Dol-Cal caadS-Cnaglss s 3 (1Y) (530 <l b Mt Coife (ll oife sl KandlS slacl glyil ¥ S5
(Sledgs Ciifio ;o M ot (slodiss gt yirg S8l (6 5 (HLidl) oSy il L Cotifa (7 (slalo) Vil 5 2l b slosss

o S2uSa e 5 baS, (atig (

(0 lRel) (g BB e (KaSlh (slo) pe (Wl pbjee Siw o (ol slacdl -F JSs

lin K 515 )5 yako golans (b aiiife aten) 15 Q2 5155 pslie s0ticrmiils (slaossir (5 wislepS 5 plitel LSS w5, (2
el Canaslys (5350, ST ok Shatal )3 (il (5 il Cineglys ol iz 5 (S3,55 S

Yo a8 ol Gla Kl s Jlow slatile Sl g o F Sl S5 aald 5l oslizal b ljals anllas

L olmon etifle (ul5alS (o (TN ollosim3 5 S-Etifo 55k (1l sloaenS T o0 sloslyes 5 ol -0 S5
i 3 g SISy (655 531 (5 ailon I35 L ol o (Epi)igan] ~(ChI) a5 (2 11 JyiuS|

(Marschall ef al., 2006) el oo 5,155«
L olyon il SIS plyieas 5 odga i I
oas Ladiged ) glatd) sbajsh &5 5 coiife
57 et sy oS izes 98 e
33,5 oo osaline adiges 3| pan ;0 CutiKe b ol jon
45 Wi e L oSy Sy (HL laalis
Cdgeyi g oelleyy il Rl Gk b S
S pion e ot L83 oS lals )
e Ayl S 5l gy EiiSe ol VL &
Lottermoser L& 31 .asloacs SISk g5la lS
A4S Wle Sg2ges b s Ll o5 ol (143Y)
Ll el sl S @ Jls i 2515 S
Jems 30 )5 Gl (rizmen 5 o512l
SleeS obie Lulyd ol po il Glyl oloS
5 w0acilig s oLy iw 53 (WREE) S

39 o 3Lz opliy sapies Slo )T o sl

s Na-Ca go5 Sl So Ly sl 5o coss dl> o

+ St Sl + oS L Jles
S F oyl Cdge i lleygi 4 el
B eSSl GLS o ol en o SIS £
bcos o bl ;5 (Y++A) o, Kea 5 Rusinov
&y oo SV Gl 53 5 laal (995 5
ONICTL O P SOV L RCNPRVIRRR YR E S PRV IRV

35 93,5 e oanlive satile S slacln Sk 5o
ol yo 595 c0d 00y oatilu S8 i slaaiges
s YL (gl il St b gy

el Edgiial 0> )3 5 e
o plyrear plleygs g lad ailaie (sladiges 3
SO, L eetles U lass o0y Sl S S
Ollayg D9 o 0303 FI5S b gad)0m 5 slosed
25 ol rd blie )3 Gl Ss IS S lyieay
amio g lices g 5 3Ll slas,

dyod B e e ¥l sl L 45 0y ,3

VA e ol et o Lo sl

v

Ot 5 5 e G Ss s ooy LSS
(Sl s v 55 5 99,5 (o (S (glagans
Sl ool ola ) SVl Sz sl oY
(Chao et al., 1992; Chao et al., 1997)

o sl g 9,8 iy Lia b VL
~ Sl slaasly g wigy Gree ol jl e
ol ot s ool ppiol coge LI
el 53 $3930 ATl s 53 (s 00 paie
Syposs 1y 0 ool iy STy Sl S oS b
(Hemley and o5 l38 - sl p oSl olS 5
ol Jsame asylad pal slaSinsls Hunt, 1992)
el 250 ailaie o (3L g5 s T2
5 Kl asgame 3lid LS sLaosls el
ol o 0351 £ USE 5 Lo je o B3 slaalle

it

s
e
e
el
Ayt
i
e
P
5]
L
gl
il
iy
]
.
———p

g e g3 S 5 U

Olyeo Sw (ool
— S e slaloges lalllas asgS ol jo
S il Gl o) Wiiey polie Fad oy
oS (Al Lolan (Glo S slagyg; o polie
ookl o= = (Rollinson, 1993) el oas oaliazul

goabilw, Sy Lo w5 ole

(Cathelineau, 1987; Schneider et al., 1988;
Lottermoser, 1992)

Fde oS gl 4 Sl SVl sy
G Gl 5 552 slael b Ll D 5 iy
ol s LS Sy s sy STy
;9 LeREE 0,5 ,slic 5,25 jals g pH 133l
Gl L esn 0l 50 595 oo g0 Sl
Lyl oJloms PH (gl 5 danome ypmshipmsST liao

L

P93 Al oz )3 5 30,5 (oo palp uslen JS23
oo (kg n - e Gl SO b &S Slals
o) g5 e olad ailos 03 L3S b sg e
P S TN | SRRV Sy SO BV (i N
w039 0358 L G B sl 5 (S St
oo+ Eilod asgorma i folt s 35LL JIs
g o CetiSe Fy IS +Dganh 5158

5 glol 5l eg, 8 ol (Y + +) Hitzman L 5
S Jsb s (nnS Bllie 4wy ol slal
sloaglaSs wogm Ghilg s b b e slo) il
ot Gl b Bos I Cotife il 4 atuy
asgazme 4o Y Gty 5 £950 gamdS—gopins b
L olyad gk = S o oy slo Sl S0
L STy Ly 420 ool cilon (el
i sno ey Jlmw Sl L 552 el
88,5 0

S, il o anlllas 350 allat 5yl & g L
A g pal ooz el s S 15 8 0
S ol Jlessl 4 das e sla Gle S5 of jonay
e L as iy eanny ) ol sl sle S
58 sl ol o o g Lo g o3)lid sla S
15 Sy sl el byl (glo 5 bl Jsbo
5hoe saalie duyylad ailate o o slasysil




vy s B ol SlaKadlS s s (sl lin lallln 5 ol S (Lo B0 2ty 5 alizal b ljalS allne

35 olbons @l acs sl 5Ll ALS-Chemex

S (S8 susaslis o wleas a) Jsaxr

L CmgoSi polie 5l (Gons o9 & 0355 b
Jlie )3 5 St 5P olic , G LILE )5 (s
Cu s Ni (CrCoZn ki alauly olic 5 S é

ORI T NSRS

5 asllls 4y lal aibie ) plojes outiplw 5
P th g sloal jelie g adleat o)l
s (il B0 Ol S sladises
2575 5 e oSS el psle (5w 3 (AAS)
o b g )y SLE oleS ol
lSslesl s ACP-MS) (Ll sa_sicis slawdl

liae S FMS U5 FMI clmaszas) dpes s oa by €50 iy, olises K oo 4328 @l =) Jpor
s 5 (WE %) (S5 aey ooll ol polie (ondslo,Ts Slisme Sim AMIT B AMI (sladiges 3 onilu 5

565 polie nd. ot (s o3Il (ppm) (5 o o5 bl o3>
Ba

5 e slaylys SLbl ol sladiges S
§oatetls s ladiges o 55,5 oo (At cuilen
S lS Ao i slacKalS L
45 5 ot i Cu 5 Ni .Co Pb NaO 5l coslon
S B, 5l sabtls  clndiges Jlie
KO ALOs jI e SiilS ascas wooslon

(oY JS5) Whah i Zn 5 Cr MgO

el ol 5 1als Mg 5 Ca yolic (pizan

(LY JSCa ) asms e ol 2alsé Fe 5 Na-K
Fe u—iil> samolas Mg g Ca polie jials
0992 Y g Samaglys el )0 polie cnl sloe
Sl (logee Ko 53 (oLl jolie e
5 Sl b o asls ot s VL 2

5 aaglio Uy o opnizman ol S5l 0] 3 e

WA e Jgl ol ! Sl w559l —

YA

Cre v+ Bas Fb, ppm

" -
=
a E
il
P W .
£3 T W
LE I
:
Cal Mgl S¢ P
ALTERED
Samplel HBA

lig ke o) (Zhiwei ef al., 2004) s 5 e

SLa Sl e S s polie ol bgpae b

SLeodbl 4 Sbowws cqx 50 ok olimeds calisee
ol o oolizal lacKensls 585 glaanTjd o)l
(Wood et al., 1994; Zhiwei et al., 2004)

am T
r——
1000 {
-
w0 -
50 -
LR ~
m,
RS
[ s 1 15 2 25
MR TLw %

slatisai  CriVHBatRb Jie ;3 AFKATI ogai -A JS
) as kol laSls e satinhe S 5 sale S
(Rusinov et al., 2008 .l

oot b ) ol slaosls b g oulul ol
ol o aallle 3 ) 4 dlate sLaasiges
HFSE 05,5 ,olie Julie ;0 Zr Usps sl logas
olie Jolie ;3 Zr 45 5 (V s Ni (HF Sc (Th .Ta)

Samplel 7

Hem. Martle

f
i3
iE

AQOMIO MgOFe203 cr In

Mt. Marble
Sample/ HE2

Sl jole Fan i Mg 5 Ca polie oo (St g (Gl i Siw 53 (Fad g3 — (Fad i slalio sla Joges -V IS5
55 Cu 5 Ni Co Pb NasO Fa = (o (Unaltered) sa_zsslu s 4y Comns (Altered) sadlu 53 slocSiw 5| 6505 30 , Fe 5
(Hem. Marble) coslas s o5 1,3 (bjme K & o (Mt Marble) cie o lpre S

15 Cu 5 Co Ni Jdgss ,—olie Sab i
L iife Sl bl s ou byl §5 slaci
iy sl SIS 5 jolis oyl Centiar sammslis
ol CiFe a5 Lol e

walys b NaO fire iljdl o paiomen
B L jglne plie S 53 (gori Gl
35 KoOFALO; (glyime aal33l o)l cillas cotifa
o U Lacoslan Glbl 45 sabolu 55 cloSin
3y Sladtisal ;5 48 05 o0 LAt CuggSrge
Slame il L ol ot e 4l
il 55 Rb 5 Ba .V Cr Ti 50 KoO+ALOs
(A JS) b o
Ba aiile gpolie (Y +A) o, ISen g Rusinov Lk 5l
ol Sbellusls olesle s Rb 5 Cr WV
b oz (Slo )T sladigal ;3 CuggSase

Sl g a9yl CygsSmge W3 slaaigas )
el (i Rb 3 Ba V Cr o,y 1o K2O+ALO;
Bl agr ol 5 (WREE) 1 oloS olic
olie leeany (S 5 bas (HFSE) YU oo
Cgma Gl 5 slos T (b o el

va g ylad ol Gl KLl )3 Jls ol

o Loloe Slalllas 5 ol S o5 aalsd 5l aslinal b oljalS anlias

==ha HLILE 695 yobie 5 (Lol yolie 595,55
obie g dlauly polic jabyin Jolpe 0 5 lral>
(Fan et al., 2000; a_isS o L>al> |, HFSE 65,5
Zhiwei et al., 2004)

S5 b 4z g L addlhe o0 adlaie o
olie ol polie G Cd o)l Al o b
>4 REE 05,5 yolie 5l (o5 5 LILE 05,5
S35 5 4S5 ams e oLt Ilpd ol lead Lral>
09,5 olie wlet L cel 00, S0 iy ol
s 2,5 Lasa 5 |, HFSE

5= (Yo +A) ol ,LSen 5 Sheikholeslamiclalas
ol o> L5 Gy 5,50 b, iy s Sk
el S Allale 10 5 Cedsnehal b St
ahosgts s lmige REE 03, jobis 5550 sieipon
(PAAS) WLz 35,1 oy oS (s S
S oo b ;0 LREE jolic oS aas e ol

woloass 88 iy HREE olic 4y s (L

(Ve Jss)
02 T T T T L—
43
ol A ‘4:1 4
] 1 «
=] -« -
5 ‘.ud - -
< 4% o A
5 o
.:: -.‘4-1\' sof
. L L

A -
La Ce Pr NdSm Eu Gd Th Dy Ho Er Tm Vb Lu

(REE) St GLaS 03,8 ,sbic SuisT, s8-8
Wyl 35T oy s gy S b o0 iy slo oo

(PAAS)

45 Wload g, (Yb g Eu Sm (Ce .La) REES 04,5
SSHFSE o5, 8 1 olic oy (595 bl ) s les
(om g @ S8) axies e Sow

Vaipr

‘.

T

e olie )5 Sy pobie 28, s sla foges -4 JS5
53 HFSE 03,8, olis cute Somrad (0 oill Z8 S pials
w0 (REE) S5 LaS 03,5 polic o b Shnrad (-

LILE o35 jolie ito Sian 5

e app

0975 yobe alie )18, 55 LREE 655 jolic

oml Lo g 7 & JS8) aims oo oLis 05 ;I HFSE
) 6 i S 25 polie cnl lase 51 Gl ol 45 oglis
ol olwSs b s HFSE 655 jolic & o
LS LS5 b o LILE jolic 13, 0o o
(5% 5 o JS8) ol (Fati g 5 (Sl g Sglie
Yl (V239) f,LSen g Bierlein oode ply

S5 slab e o Gl Sy Jale LS
SlaKin lsjol 5 ol iy Jol> asls
il ol 50 ol Sbsle b 5 sy Lie o 355 50
Syd GVl iz 3 SeS S cd Ly

Ol Slas o 5 05 dioe ey polie plral>

VA e ol et o Lo sl

Al g ot ags collB b ol S ole ax o 4P -
5 5 JSZ 1r5d w03 (el (sln 85 el
(PVTX Software  Sidas 381 o, 5l Lo loges
ooy >, Modelling for Fluid Inclusion V. 2.6)
el 00 ooliiwl Linkam &8 8 lawgs

Aiged & slos s daih aalllas 50 ablie ls 5l
Al e g ol a5l es 4yl Jlew sl lilee
S A 58 plge SIS o eliler 5 pulitins,
ails s conlin olasl & Eenl Swe albl Lol
Jlee Y7 slass (59, (mles ) 5l ol b 5
Slaaizni 8 Jlw o liln ool cawsty Jlow
oanlin ;iag oo ¥ B0 sloojhil s sntaslllne
£5 M4 & SSE JE ol S, bl g ot
) g WY JSE) it b b

L+V (Liquid rich) 515 -l 536 50 - A g5

(€CO) mbe (D) @l -5 56 an -B g5

V+LI1+L2 (Gas rich)
L (Liquid) gl 536 5 -C g5
V (Gas) 35 ;36 S5 -D 2y
2 ot b ylile Cudse 5 o3l cdeay Slalllas

Lssas S Sy By A g Sl slajlils )
5l golass o (Te) SoSsgy atlaiti 4 Syl dy azgs

S8 YA °C sles 5l 5
odle K5 slaKas jgim (Gl 1Y JS5) 0,05 oo
NaCl-H;0- (sliod wizr slopiums ol NaCl

; e 3 90 sladises

(Hall er ceul Joizmo Luails” Jlows ;o CaCl-MgCly
sla il ;3 6,98 Gliee al, 19885 Robb, 2005)
Sl e Wt% NaClVF L 0 s A g9 Jlow
SV s
E5 5l rimian Jleals SVl (oS 5 el S oIl

el H;O+NaCl

el ogd glales a4z L

S S olie o wnde Gl gyse 0l
0375 yolis g oatign i Jlas (Glw S bed 5
&8 e d 3 b 655wl 4 425 LLREE
rolie & S Cuaglyd 5 ConlS platSle o S
loas g5 Laxe 5| HREE g5
Sl yeye (Yoo A) ) Ken 5 Rusinov L ull 5
JPSUANTENN I IR (P SNCTN N PRV N
i 5l 5,8 o LREE jolic I Sab 5 )z g
&5 5 b Lo LS by (rlawide )
i obe ol Jom 55 il 53 39290 slanils)
S o3 oo 50l SoalS (izen iten
sl s By b 5l aitas 55 LREE jolie ol
235> s REE™ 5 Fe? Mg”? (Ca™? 1y gl
35,5 o Ceraglys 5 oS Jlaisl | LREE
sl Bu e (s L xial (Zhiwei, 2004)
bl oS eVl 55 5 Bu” jpas saies e
4S5 I 5o il i S (59, 2 eanS pla S
Lyl 80 wlss asly e Ce e s)lonial

W3l Olyee S 35 2 g saleS]

Jloms 512 lleo lallne
s 5 rsSms Som Sl ) Lol s
SlaShs Gl (s slaylile (mislas
Sldlas ol sl ol 385 5 sk S5 PTVX
= 99 ahie WWoliw o tife Sl glaaiges
Gyt S ol 3 (35,158 slashg) Jino
Jos NIKON S Koo aligty (o 5 4td
i ltd s (gla (5,50l it asllias ED200
MDS600 Joco 035555, 5 o5 gl alessis 36
s MDS I3 316 5 4y 5 g2e g Linkam o8 5 el

D38 e oo St b S psiile s




A iz ol SlacSadls 5ol (slo liles Sl 5 e 5 o 55 sald Sl eliil b l5lS anllas

(Hall et al., 1988) ceul (L+ V) g95 slaLils
Jolas) 558 m i sl 5l -VF (sles
Sl 1,5 il -YID sLes 5 (VO/FY Wt.% NaCl
5 OAY wt.% NaCl Jolse) (55— (2 oS
Sl 5 sl 0s 6 Sl Sl (sl koo
SOBIYOC 5 -0F/18°C (s oliimsd sl B g5
Al o Las ol a8 (0-VY JS8) sl oael sy
28k b )libe 5l g9 00l ;0 €Oz mle ja> 5 Sl
VALY o 5 Lol ol 555 450l 08
(o -1Y JSCs) cosloas (6,8 o5l wt.% NaCl
aals o Lajloles o 5o sosloasay (Kan slas

3o 8 3LF le 4,3 F1 - B YAF o sgame
(g-VY JS8)

loogS A g5 sl lilo ;3 (Kan oo Jages
L ol 8 il dzryd FYO B VA 5l (gymmiie led
4> 3 TFO-YAD oles odgase ;o Jlsly3 on ity
g bz VY JSE) s e plis 1) ol 5 ol
il 418,55 S50 Lol (s i sl a5y
JeSezs Pl slad aiilyi (oo oad Byme slales
kb 3T Ogd (sles s anels azal b SIS
ol 8 5l a0 VIO G VY slaes 5 (Tm) &0
Omzmed @l ol (0T JSE) 98,5 e oanlin
ar g b b )libs (59, 2 pialepm o 45 wiad 0 i
PN 95 s ol sles paticats ¢
o=z 8 eenl b ocul sacis L SCas (Clathrate)

23 =59 0y YIV 5l 508 €Oz e Sl

D)LV s GO L L«

B e Ve e s lasl o [l Jlw 54
oS5 53 5 e iy (VY JS) 50
Sl LIS osgaoma 5 4y ykib dilaze yal slo g
53 O0F IS aiil e (Jlagisse) Lo ol 0]
Sl (S o i alean]F Slpd e

2 (B) L VHLITL2 (0 (A) L LAV oo (Gl sla,bilos glyil o yme -\ ) U5

CoSen ¥ 31 50) Lalibs S sl

W% NaCl <18) 1515 oVl Lassio b o (5,95
Az o Y0 LY e —iKen loales (O<
S wada 3 o slalibe jpam I8l
Gt g 6l 4l SgSs gonny b alpen (T

WA e Jgl ol ! Sl w559l —

AY

e oS 2S0les ol alS g pH s 1l
Sl 00 dyg b LS ol (sla Sl i
00 Js)

ol

. Tmar

TS PEEICE R INPUE L CESON IR K S
L oVl Ty Bl 5 sF %o b alofle oVl
s (oo S i g Gl T ljee S

AL

39 X0y ey (6395 Ol (o0 oSSy slas b G ankad gl 058 (sled (Al sl lilee oS g (slajloges VY IS8
o askad o 3T 0sd gled (0 (35S b (Fas (Sen sles (g NaCl Jsles

L as ola il (V- 1) Wilkinson , s s

5 i olales L i olran el o sy

Yo wt.%NaCl 3l i 5,98 9 9,5 glo a0 YO -

Lo gloie any gloSle Sl 8aimayLis w009 o yois
s [jalS Jle

TR A e s (G Th

iy (1% N eepubionst)

o dmgkd Sl bbb RS0E VY s
(JleFsz) plasple slaluils

e3game )3 Jls slajlile 6,518 azg

oy 45 33,5 o Sl (G950 b lSLe

ailae ) 8] Bl e o tee Vb ]
el gyl

[——

g 3 Jl (g Llor (Fobdplons 5 5 as 1Y JS5

AY g ylab al o KaslS s o (sl lilos Slalllas 5 oS o B aalsd 5l aslinal b ljalS adlis

S5 gbign 0w dngybal ailaie B g5 o Ll
ol L sl sl 55 ol slaclie 0 CO,
G L oo oal sla)llS (slalibes 5o >
adloats LS5 LSl SVl 51 B po 4 Lawgie

RO PXVARE S

g

Homogenization temprature (+C)- Th
2 H

La Ll 45 (Jlog30) Leoglos sl las ,o Ll

Lol az o s wlead arlse i5al sy b
I e B s g ol (Ble 4z 3 YO Sl el
=& syl dal s ol s asss & Wt.%NaCl

31 95 ol g oo olml il Gblia 15 €O, 5

Salinty (wl% NaCl equivalent)

FomE o dpiE g+ el +
235 (o0 paSiae S g SIS
Fde oS g 4 oS SVl (558 L
sz sl Ly SVl ol LIS 5 aiy
S S I s sl 5
0 L elen pad Saal 5 o gt
1 Jls PPl &8 alS a8l e 3T coslon
5PCO; alydl s 4l S Lok b 25Ty
NS S A g 993 e O o Jled el S
Ll ool el o S5 6uisS o (5l oSS
S i @y Sl S o5 o glapia 5
S Jlms o sl GlaaslSd 5 el Gl
P K ) IFRONBUTL Sy K W OVIIWIPR VLI P

Temperatre G (1)

gyl s pal Seudls ctg bl je slaan T3 -10 JSs

G5 Az
gl s gl s (ol 8l aaly o
ol 5l ol Lie sumalas oliendiines;
agyad dilaie 3 Sl 55 Sglite al> e 50 ol o
Ol S s Al o Gl )Ss (b jo asius
yolie LILE 65,5 , slic 5 Jase 055 4 Syo3
5 dslie ,o 5 i Mg Ca ,—slic 5 LRRE 05,5
—oblie 3 Cu gZn «Co «Cr Ni alalg 05,5 sl
sFe azg Juls polie ool ont & HFSE o5 5
ol Sy slacends 5 acasslss ;o Mn
= T b ol e Sy laails gy jpa 5 onl
Luls s olesF eVl U LacSiw ool 25Ty 5l

ol pl!
oS- i g5 5l Sl 53 Sl >0
e

VA e ol et o Lo sl

AY

Berberian, M. and King, G. C. P. (1981)
Towards a paleogeogaraphy and tectonic
evolution of Iran. Canadian Journal of
Earth Science 18(2): 210-265.

Bierlein, F. P., Waldron, H. M. and Arne, D.
C. (1999) Behaviour of rare earth and
high strength elements during
hydrothermal  alteration ~ of  meta-
turbidities associated with mesothermal
gold mineralization in central Victoria,
Australia.  Journal of Geochemical
Exploration 67: 109-125.

Cathelineau, M. (1987) U-Th-REE mobility
during albitization and quartz dissolution
in granitoids: evidence from south-cast
French Massif Central. Bulletin of
Mineralogy 110: 249-259.

Chao, E. C. T., Back, J. M., Minkin, J. A,,
Tatsumoto, M., Junwen W., Conrad, J. E.,
McKee, E. H., Zonglin, H., Qingrun, M.
and Shengguang, H. (1997) The
sedimentary  carbonate-hosted  giant
Bayan Obo REE-Fe-Nb ore deposit of
Inner Mongolia, China: A cornerstone
example for giant polymetallic ore
deposits of hydrothermal origin. U.S.
Geological Survey Bulletin 214.

Chao, E. C. T, Back, J. M., Minkin, J. A.
and Yingchen, R. (1992) Host-rock
controlled  epigenetic,  hydrothermal
metasomatic origin of the Bayan Obo
REE-Fe-Nb ore deposit, Inner Mongolia,
P. R. C. Applied Geochemistry 7: 443-
458.

Eshraghi, S. A., Roshan Ravan, J. and
Sabzehei, M. (1999) Geological map of
the Quatruyeh area. scale 1:100,000.
Geological Survey of Iran.

Fan, H. R., Groves, D. 1., Mikucki, E. J. and
Mc Naughton, N. J. (2000) Contrasting
fluid types at the Nevoria gold deposit in
the Southern Cross greenstone belt,
Western  Australia, Implications  of
auriferous fluids depositing ores within
and Archean banded iron —formation.
Economic Geology 95: 1527-1536.

Tl 2 33,5 (oo (gornlS a2 LD
Jlws i STy S (I3E 5 gy SGaeS
PH (ali8l 5 o)l az s pals o S
a1 Clo 8 5 L o 3550n
SbLie 55 Coilan S5 Lulyd pH il 5 bane
Sl 5| ol sLaosls 33,5 o al3 GosS
ol 6Lb o] S Wi oo Lt Sl (6o il
Losplon (e ol sloaniys g5 5 anlliae 3,50
ol Sl JlS s s Sagny ol ol (Jlaisze)
osen alpan ]t anlio B ol ol )S
Lo o JUSz alidl g Ve (Sain

s
Lalas 5 PH Gtali 3l 5 4l S olyas S b 25Ty
g Jelse o fate 3l eSS VL b (el

igysn ey dusyld oyl glaSils

SISl
oRisls ctmgh Ciglee Jlo ol b aslllas ol
ol aly ool gy 2,5 csllael Gl 3 e
99,5 e (Sl g S oLl alss ool 4y a8
Cnpjlar e Sbilis LS ool Co e 5l gizean
2 S ntisal 5 gl e Slles plal (sl o5 )8
gad gl b Baelus 168l g oo ili> adlate

S5 Sl

&b

Alavi, M. (2007) Structures of the Zagros
Fold-Thrust belt in Iran. American
Journal of Science 307: 1064-1095.




AD s B ol SlaKadlS s s (sl lin lallln 5 ol S (Lo B0 2ty 5 alizal b ljalS allne

Rollinson, H. R. (1993) Using Geochemical
Data. Longman Scientific and Technical.

Rusinov, V. L. Rusinova, O. V. Kryazhev, S.
G. Shchegol'’Kov, Yu. V. Alysheva, E. L.
and Borisovsky, S. E. (2008) Wall-Rock
metasomatism of carbonaceous
Terrigenous rocks in the Lena Gold
district. Geology of Ore Deposits 50: 1-
40.

Sarkarinejad, K., Faghih, A. and Grasemann,
B. (2008) Transpressional deformations
within the Sanandaj-Sirjan metamorphic
belt (Zagros Mountains, Iran). Journal of
Structural Geology 30: 818-826.

Schneider, H. J., Oezguer, N. and Palacios,
C. M. (1988) Relationship between
alteration, rare earth element distribution
and mineralization of the Murgul copper
deposit, northeastern Turkey. Economic
Geology 83: 1238-1246.

Sheikholeslami, M. R. (2002) Evolution
structurale et me’tamorphique de la
marge sud de la microplaque de I'Iran
central: les complexes me’tamorphiques
de la re'gion de Neyriz (Zone de
Sanandaj-Sirjan). Ph.D thesis ,The'se,
universite” de Brest, France.

Wilkinson, J. J. (2001) Fluid inclusions in
hydrothermal ore deposits. Lithos, 55:
229-272.

Williams, P. J., Barton, M., Johnson, D.,
Fontbote, L., De Haller, A., Mark, G. M.
Oliver N. and Marschik, R. (2005) Iron
Oxide Copper-Gold Deposits: Geology,
Space-Time Distribution and Possible
Modes of Origin. Economic Geology 100:
371-405.

Wood, S. A. and Williams-Jones, A. E.
(1994) The aqueous geochemistry of the
rare-earth elements and yttrium. 4.
Monazite solubility and REE mobility in
exhalative massive sulfide-depositing
environments. Chemical Geology 115:
47-60.

Zhiwei, B. Zhenhua, Z. Jayanta, G. Anthony.

Guilbert, J. M. and Park C. F. (1997) The
geology of ore deposits. WH Freeman
and Company, United States of America.

Hall, D. L., Sterner, S. M. and Bodnar, R. J.
(1988) Freezing point depression of
NaCl-KCI-H,O  solutions. Economic
Geology 93: 197-202.

Hemley, J. J. and Hunt, J. P. (1992)
Hydrothermal ore-forming processes in
the light of studies in rock-buffered
systems: II Some general geologic
applications. Economic Geology 87: 23-
43.

Hitzman, M. W. (2000) Iron oxide-Cu-Au
deposits, what, where, when and why. In:
Porter, T. M. (Eds.): Hydrothermal Iron
oxide copper-gold and related deposits: A
Global Perspective. Australian Mineral
Foundation Adelaide 1: 9-25.

Hitzman, M. W., Oreskes, N. and Einaudi,
M. T. (1992) Geological characteristics
and tectonic setting of Protrozoic Iron
oxide (Cu-U-Au-REE). Precambrian
Research 58: 241-287.

Lottermoser B. G. (1992) Rare earth
elements and hydrothermal ore formation
processes. Ore Geology Reviews 7: 25-
41.

Marschall, H., Ludwig, T., Altherr, R., Kalt,
A. and Tonarini, S. (2006) Syros
metasomatic tourmaline: Evidence for
very high- B fluids in sudduction zones.
Journal of Petrology 47: 1915-1942.

Rachidnejad-Omran N., Emami, M. H.,
Sabzehei, M., Rastad, E., Bellon, H. and
Piqué, A. (2002) Lithostratigraphie et
histoire paléozoique a paléocéne des
complexes métamorphiques de la région
de Muteh, zone de Sanandaj-Sirjan (Iran
méridional). Comptes rendus Geoscience
334:1185-1191.

Robb, L. (2005) Introduction to ore forming
processes. Blackwell publishing. British
Library.

WA e gl ejled o Sl w555l

A

southwestern Guizhou Province. China.
Geochemical ~Journal 38: 363-381.

E. Jones, W. (2004) HFSE, REE and PGE
geochemistry of three sedimentary rock-
hosted disseminated gold deposits in

VoY —AY amiio ATAR g oJsl 05bosd Sl Sl o380

VAN YIYY iy )b

VYASLVITY 12l o o 5

(STl @ ye0se) Wils oy Gadeinl S 8595 55954

LR \ . Y . e .
0013550 e dwzmo 5 (s goonl des! T LS Sgeme M cslog 105
Il bl o3 ol ) oKl guatige 3 (25 20SS ¢ kas 03,5
Ol coleial ledal oSty pgle 0uSails ¢ plidias) 055"

RS

b S g 00ls S )l g 095 53 3379 S99 laesy Sl (i bl sudgil S esg
il gl e S5 L ilags) sa Sty ol i ol el 31 Ui bias 0358 ol
o335 ol ool oty saijls sLoSle 45 2283 oo LS o 5 (ol K o smlid S ]y Slalie
el sl S T (ASD) qotansl 5 £l 2,5 5 15 0350 (k) ks, 8 5 JSTSSIS g5
SB ol pobie atssy aslsd 5 (Na,04K;0)/(FeO+MgO+TiO,) s ALOY/(FeO+MgO+TiOs) slacamd osimmly
ol el 0 sl e 6,5 Atlr Sy o 3 45 0391 005 Egs 31 g sLoSe Lt a5 stmo e i volaS

Csba 55 e i 5ol g ol ol 52941 (Codgmnial) () gy SlaEdsisy (iduosd Sl Yiais! LSl
) g 53 4 4t | Jolo L lloSle 5 cosl 05 o |y it S Gl glansly ey SYL
lodgs i wgd slp ole)S Lite o 5 Jatoe ailoads i 3Sale

ety Lo L 55 SIS cagil S candhssy el o — i (195 el w5l (gl o031

SeiSS 5 Shalarh emlibang Glseces o559
b 58 30y 5 ol b S plol ol 595 ez
il o s 1, ailate ol i S VYFF
5 ledine) slaom) p Slprecod ab )l a8
S alil 4l sadsil 5 slaSin sl
o0l 1,5 aalllas o 50
S5 ALy, ;9 139Y L o Masoudi izen
SlaclaS slml 5 sk 55 5o e 055
Al 4 4z b Joonl b ool 00,5 oy p | adlate

doddo
T oLidlir slab,e 4 adlllas )50 dilate
L ¥ 10 oLihar Job g Jla ¥Y 00" b ¥
sl e ol ol ad sgasme (3,5 ¥4 YO
Pyie Gl = EA (9) 252 (oolid 0
T Joban bl gusgdlS 8395 o ) 5 95500
Oedsl 2l e rag kS Ve sl 5 sep LS
Jla s ailate ol s JolS 5 Siloctonros Slalllne
U, B s ol LSen 5 Berthier Ly \AVF

* Zahra_tak@yahoo.com

WA e sl ojlad ol Sl i35l —

el Cwsasy L5 390 ol ol slas failiul b
gl oSty (Lol 528 )3 L 5T ol oo
sl 4285 olowil ol Wie Lo

N | ——
ue f/ Astanch

et bela

wat —_

anlllan 30 At it pae; 5| sload ol A2 <) IS
(s (SATLAYAS (5 )M5e 5 (i)

NI T

S 5 il oSS sas 5 o lael a sy
S (585 B39 S S jgon g )08 (S y0silS
Ol 090 (1 JS8) 38,5 oo plles S8 5 slasls
sl Do Selony; le Sl g
Boee S5 L (SzsS (53985 (slmodgs L olyan
o Lol 3 0t oLl (GlUss 5 (1555
ipmleiion (Frre |y (S 95 ol a3

clligs anly -\
[SERVCENTR SRR INE S

wools oS85 1y 4 ilate ol wlslis) 5 ol
S SIS 550 0055 a2, 5 ) 5 S ps S
s U5 eyl ) o] oelid K S 5

ST 8355 lear g (Sasalyy Wl 92
S8z e SnS 5 0o pleal 5l slalle o ailin
oo g Jliig ml 53 Gnlpl ol 4 b S
O olemg8 5 (Sojsds iy hlise sla S5

33,5 akia

(59908 (b
bt i o aalllae )5 ddlaze
Ol @ yfosizr 5 02 50 5 Ol s = gt
et () JS) el i S 5 S
0332 oo & Blate dilaie ol 50 39790 (slodiig
ot g ails gois) adlaie Ly 3 0 S
L S50 slayers 5l oloa 50 b Sl
0l Bladiiy s 5 s AV

ol ol s slaci il

5355 0l (o 2 45 ulidignen; W0l n vt
O 59 il a8 S ailiul gl S
hel) Sl 038 BT (e Sl y95) SSg930
ol . Ahmadi-Khalaji ef al., 2007) \YAD « >
bbb b ol (G555 degore cailaie
390 (b 55 45 355 o0 03 G G o)L,
S Ll et o oliel o gyl S0y
oa ol (i 50) (pslome (5555 degere
OTAD (ol gaoml) ol

g3 bl by,
S SHU ablic ags 5 aihaie 1o ()l paiged 5 g
5l oleS 5 ol polie 5JUT (gl daasiges ol
50T 6l aus 5 ool ICP-MS 5 XRF (sla s,

W atd 28 e 9 508 Il (Lol pole
ol oSy 3 ool Ly oS olic gl
aeglie 5 Sl el 5 S0 el b (sl




(S osbogiz) Bil Cyir syl S s05 3554

54)
23,5 oo ala>de Ll 4o wlazs 5 15 oy
s> Lackin ol islasls sla iz

slong; mlicss a5 bl ) (Cuisn

bl 55 cagllal slajsh Sl wies cosgllal
Obi ) (ol (S g ol glite Gl
5 UaBis il 9 sl slosle s o
6oy 9o b ol olSle SYLw b STy
SSld g ailonys S Lo S o b CugsSame
s iyl Sy oS Ss 5 0

SlaSis 098 ol (b o LS cnl &y
Og=as 3o 5l Gog A ps Jdoar (3555
b 50 e g aslamil o) Olie 9,8 4 5 wlonile
Ol 58 g ools STy SYLw b LSle (0 855 cualil
(Allan and Clarke, 1981) wloas

iz sla i 53 (sl S sl
1 o oS Lol slo S 5 o 2l Sa5ise
ool JmsdB JSIT 5 35,155 I Sz Jols

Jonl b bl ablcs iordy) (s Bged 5 cnlple
O S it S B g sl pasiia iy
atlion Suip 3979 S (nl 5L Slasis
B3 oo By Sl S s Cuosty ) S oS 5 45
133 Sy 035208 y9a>
e S5 slaSle o ol Jb Jlid (0500

slacadlS )0 i sanyy ol g oil Las

e Wl e K

{(Mcbirney, 1993) 593 0 0035 g5 gs youts

Lo oyl ool sla SIS (Y JS2) W3S oo i
a5 Sl 95 5l Jperiol s ISy ol
5 bl albicn 5155 5 Jlwssls JISIT 50 ke

Wil | K l 258 o SIS sae (S 5
a5 Cowl ol bxis] )0 ieuign 950 50 gy BB 4SS
3 sl Oyt Cinyy Ll &) slazal
el oa S S "

033 55 S yg0sil,T a0 S92 slacuen

S

5 eamyy ol

CpmBge (Solwan Lacoisn &) ax 51055
wold Sl S5 5l iy sln ) emilio 5L
(Tulloch, 5 Jzs! SiSTy okl 1 s S5loon
iz slran Cniny Mas Sl (5 Saa 1979)

555 sl e

PV JN] P B SRV PR Y
S Sl Ll

S y309831 5wty —Y
ailaie ;5 34250 (5358 355 pliel Lty asly ol
5095 039,83 033l5R Dl a5 wad o oS5 |
[N U B POV TP VRN BN L NN
S 8 S5 ol b S Jonl bl
alesls JSCis 1y wlelis )| 51 (s )lade g wiloads 45520
S acsly ol GlacKin S 5 39 oo ssalive 33
AV JS8) WS ga ks Sl b 2oy g0093],5
S S U s Bgad o bKiw o
FleS sla SLS 5l Kew (oS 5 g Wgd e omd
&7 3 Jmraiel SlomsslB JUSIT 5 iz T30
Sla S il 1) eodsnsST - codse i 5 SemdS
5 il o VT g 55 5 el Jols lagpl e
LaJbs (Sulicaga 5l 86 5L (Suibogs S

VAR e Jgl osled gl Sl wsigls—5

L3l 5 5l oolial b aS el ab 5 15
S loges 55, 25 0w S ujls s Newpet 4 Corel
iloads Jitie Cilisee

SS9 ol polie oondigil
5 ol polic w03 ICP-MS g, 5l esliul L
5 K 5l 4ges YA GleaS

Jsozr ol Gildae ol oad @11 Y oz 4o ol

Cewddy s g ol

5 s DV-FY SIS0, 5| nps el Lndiges
Sty i g sy PY-Ve ol asly ol
O iedien (L ) (elagyy 5 Lo pagil,S
S ot IO lke 3 Lol yolie s
ALO; (slosy ST ke S0y Ligliil L a5 (F S5
e L2815 Fe;05 5 MgO MnO TiO; .CaO
Fe;05 5 MgO MnO (TiO; slaa, .51 sal s
slagls sl o Lyl 6 pSole cded Wiy
598l LoSle (o pis b5 adyl dolpe (jies
e b5y 35 ALO; § Ca0 slaasnsST yals
Sl oty 1508 S ygl 5l PSR oS 5
sl by Jle 58 o] Jake alS g i
Si0) sl 1 KoO 5 NasO (sloienT &l i ity

B i by aams e ol (Gl s,

15U sl e iy 8l ol il e 5o LT laie
5 e ol 5L 5y ol

Si0; Jlie o lsa yolie ©lesis ¥ S5 o

L s5an alisdle o sboilan sl ot ool oLt

abs S8 ST Y (Cr WV Ni e Si0; (ol
Sls (238l suis, Nb 5 Rb Ba jlaie a5 Jl>
La 3Ce Ga Nd .Yb Zr Hf Ta ,slée o5 o0

1) o) s ol s (i LS ) (ol 5,
5315 S (5l G i o s ol e
Olfn 1y ylosei yo bS5 Lol yolis (Sl
(Zorpi )5l o atwgy b ol 21 51 2t

etal., 1991)

ae
3

50 60 To a

802
(Middlemost, 1985) sl = JISIT ggome ol Shs ¥ S5
sLmosgasme aalls 350 (sl F slaKiw sl

a5k ot e oad (5380 Lo

¥ i 55155 el JISUT Y s Ll SIS
B i 3155 0 s =¥ ]S Ll JLSIT

g3y - iigise )5S A wogzige -V el
5 Smgd VY S 92395 ) e 0939 )5S ) -

Sl ¥ Syl N g8
edis O

Comlige) A ol S W

Sty LSSyl Y
S 5 JEs o] S 2o S o)
Slains w)ls 18 coynsil,S wly 09,0 SzsS
el gla gl ams 8, K, Ly pyals 555
FleS M 95dly Jald oS ol bains K25
Ll 53 sl IS 51 5 ol g 5 Ll JSUT
Oygmodn 45 0,8 o Lal ebl g o5 5 @ Slpe
Ol gt 0003 ;K03 LIS (g3 o S5l
30 leFle cdlid SLL slajlb suslei LacKaw
s adlllas 550 dilaze

T3]
8355 plradsi) Sla Sy () n sybaedn
ol laasls 5l diged YA slaws bl gasszil 5
ST 3 ppe Wbl s 25 T L olStylaji o o)

1

(S o fosin) 355Ls Cpir sy 5 535 9%

PPN e s e alic 5 gy a2 ol polie (o) anllan 350 (soKiw gyl ploand T b -1 Jpor

(s
AR

Sample Sall 24 28 AsS M2 Asd 16
574 GED 66 201 26 6290 @280
059 053 059 0.54 049 0.54 0.55
16.61 16.40 1658 16.80 16.12 15.80 1659
795 6.67 687 6.08 5.88 622 642
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017 013 012 012 012 012 012
6.63 22 512 5.16 392 439 5.07
271 243 258 28 257 202
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011 011 011 0.08 0.12 0.11
147 L1 126 262 1.69 L1
10040 100.90 100,66 10007 10052 99.87 10081
5515 3283 2976 6035 S8 6023 5676
145 1.04 138 1.94 146 1.54 1.62
3438 17.16 2192 2210 1627 2330 2087
v 125.70 6825 97.14 96.92 78.07 10236 105.88
Cr 14573 90.69 78.26 151.33 6241 163.50 168.57
o 2053 1046 1405 1575 934 2020 2056
Ni 2113 10.53 16.20 17.12 15.07 19.97 19.04
cu 1470 598 2595 907 595 122 991
Zn 53.20 35.89 47.86 88.88 4353 80.28 6139
Ga 2020 11.28 1738 19.45 14.62 62.92 5529
As 5.88 675 7.76 7.14 6.17 573 6.05
Rb 87.35 7471 86.30 95.71 91.49 88.83 99.67
St 14202 12339 140.90 16047 127,65 15739 158,89
v 20 1195 1690 1772 1429 2346 2139
z 63.00 75,71 7357 7786 7143 11339 11339
Nb 111 6.77 852 9.82 7.81 10.67 1031
cd 011 0.07 027 059 023 0.99 0.90
Cs 1058 6.46 6.16 14.01 1187 8.49 1015
Ba 16198 20390 28615 29154 22977 233.00 287.00
La 29.82 1207 1536 20.58 18.96 2480 3177
Ce 65.28 26.00 32.61 4151 3847 48.64 60.13
Pr 9.78 317 417 S 455 6.19 7.60
Nd 3372 11.60 15.60 1873 16.01 2048 2392
Sm 7.92 246 349 3.84 an 441 475
Eu 087 047 050 094 063 100 104
Gd 777 225 33 350 28 439 430
T 1.62 039 058 0.63 051 0.87 084
Dy 8.48 248 355 3.75 3.00 443 4.13
Ho 2.08 049 072 077 061 101 0.10
Er 527 133 198 201 172 270 245
Tm 088 020 029 030 025 045 038
Yb 486 132 183 187 167 240 221
Lu 0.83 0.19 0.26 028 024 042 036
Ta 1.44 331 124 253 1.64 113 1.00
w 429 443 1.05 8.05 092 749 7.66
Ph 15.56 9.43 1852 3157 2094 2011 3141
™ 1452 535 903 934 858 1268 222
u 195 105 155 196 139 313 194
Hr 126 1.82 257 1.96 1.76 127 123
EwEu 0341 0617 0720 0779 0658 0699 0707
Lan/Ybn 4.10 6.11 5.60 735 8.25 7.58 691 9.61
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Tio, 054 044 054 054 056 054 055 054 052 053 053 052 047 043 031 030 037 038 038 038
ALO, 1603 1667 1590 1602 1601 1617 1509 1641 1600 1610 1610 1599 1564 1557 1507 1466 1653 1644 1624 1624
FaO 610 434 610 611 633 604 634 589 S64 596 639 587 545 516 358 362 310 322 304 564
FeO 555 394 555 556 575 549 576 536 513 541 581 533 496 469 325 329 282 293 276 53
Mgo 287 208 281 286 290 279 296 286 246 282 309 281 266 227 141 145 158 15§ 155 155
MO 002 006 011 011 01l 011 012 011 010 011 012 011 009 011 006 006 002 003 002 002
a0 478 319 398 461 473 472 462 483 430 498 475 460 480 38 272 280 276 300 315 315
N0 235 373 245 248 241 242 243 254 263 240 247 266 242 256 274 279 401 397 403 403
K0 256 268 255 251 283 257 289 239 303 266 259 250 274 323 417 371 315 310 272 272
P05 001 013 042 011 002 010 011 000 011 010 010 010 009 009 014 007 010 010 010 010
PF. 142 177 186 158 L4 LIS 137 160 LS4 113 142 166 093 161 093 099 L3 103 143 125
Total 10059 100.62 100.84 100.64 10060 10097 100.45 100.49 100.06 99.82 100.59 100.59 10043 10044 100.28 100.61 10043 100.01 100.78 10039
Li 4695 3016 4986 5376 6482 3595 SLIT 4111 5443 S353 3098 4412 3420 6029 $9.06 6622 2366 2104 2226 2164
Be 145 127 165 130 165 139 145 162 156 178 116 131 080 185 124 156 129 120 146 141
sc 2004 1635 2297 1676 2385 1788 2027 2030 1760 2226 1718 1752 1018 2093 1161 1214 633 680 737 944
v 9578 6753 100,69 7882 10649 8448 §092 9172 7133 10583 8304 8354 5591 8135 5157 3833 3433 3415 3445 2886
cr 12744 7831 15534 11040 199.72 11644 15343 17112 143.89 166.25 9620 113.54 10048 173.15 15837 14546 $5.90 60.58 90.11 1592
Co 2701 1273 2954 2412 1846 1265 1318 1297 1180 1699 1110 2407 825 1257 929 G611 918 765 925 7.07
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Geochemistry and Petrogenesis of volcanic rocks from the
Arousan-e- Kaboudan (NE of Anarak)

Jamshid A ian"!, Noushin an ', Ghodrat Torabi > and Mamuro Murata *

! Department of Geology, Payame Noor University of Isfahan, Isfahan, Iran
? Department of Geology, Faculty of sciences, University of Isfahan, Isfahan, Iran
’ Department of Geosciences, Naruto University of Education, Japan

Abstract

The volcanic complex of the (NE Nain) is part of Central Iran (Yazad block). This
complex consists of intermediate to acidic volcanic rocks and includes dacite,
trachyandesite, shoshonite and potassic trachybasalt Mineralogical characteristics such
as chemical composition of clinopyroxene (diopside to augite), and high Mg number of
biotites as well as geochemical ratios of Th/Yb, Ce/Yb, and Ta/Yb indicate that lavas
are shoshonitic in nature. The lack of Eu anomaly is an indicative of high oxygen
fugacity, a diagnostic feature of shoshonitic magmas. The pattern of rare earth elements
and spider diagrams show LREE and LILE enrichment and HFSE (Ti, Ta, Nb)
depletion which are the characteristics of subduction related magmas. Geochemical
studies reveal that in addition to fractional crystallization, crustal contamination and
magma mixing affected on the evolution of magma which has produced the volcanic
rocks in the studied area.Based on the accomplished modeling, the source rock has
possibly been a garnet amphibolite (including 0-10% garnet content) liable for
generating the study volcanic rocks.

Key words: Volcanic rocks, Shoshonite, Geochemistry, Arousan-e-Kaboudan
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Petorgenesis of the granitoid body in the south of Shazand
(South western Arak)
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Abstract

The Astaneh granitoid massif represents a small portion of Sanandaj — Sirjan zone and
consists of tonalite, granodiorite, monzogranite and rhyodacite, being the granodiorites
the most dominant rocks. Petrological, mineralogical, field and geochemical
investigations suggest that the Astanch granitoid is similar to those of the high-K calc-
alkaline series, metaluminous to weakly peraluminous, and displays features typical of
I-type granites. Low Al,O3/ (FeO+MgO+TiO;) and (Na,0+K,0)/ (FeO+MgO+TiO,)
ratios, and the trace and rare-carth elements patterns suggest that these rocks formed
along a destructive plate margin and were derived from a lower crustal source. The
granitoid magma involves partial melting of lower crustal protoliths (Amphibolites) and
fractional crystallization of the melts in higher crustal levels generated the whole
spectrum of rock types represent in the Astanch massif. Mantle-derived basaltic
magmas emplaced into the lower crust are the most likely heat sources for partial
melting.

Keywords: Petrology, Astaneh, Sanandaj-Sirjan zone, Geochemistry of granitoid, I-
type granite, Crustal source
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Mineralization study on iron ores from Qatruyeh area,
northeast Neyriz, Sanandaj-Sirjan zone using hydrothermal
alteration evidences and fluid inclusion studies

Mohammad Ali Rajabzadeh " and Sina Asadi

Department of Earth Sciences, Faculty of Sciences, Shiraz University, Shiraz, Iran

Abstract

Field, mineralogical and geochemical investigations indicate that Qatruyeh area,
northeast Neyriz, has experienced two different stages of metasomatic-hydrothermal
alterations with dominance of magnetite mineralization. Replacement textures and
mineral assemblages in host rock reveal that the mineralization and hydrothermal
alteration occurred in two stages. The first stage of alteration includes of Na-Ca
alteration accompanying magnetite ores with mineral paragenesis of Paragonite +
Siderite + Titanite + Tourmaline + Tremolite + Pyrite + Chalcopyrite. Na-Ca alteration
related to epigenetic ore mineralization tends to be developed in deeper levels along
bedding. The second stage indicates a sericitic-propylitic alteration which occurred with
widespread veins and veinlets of hematite. Mineral paragenesis consists of sericite +
quartz + epidote + chlorite + magnetite. Analytical data on metacarbonate host rock
show that LILEs and REEs were depleted whereas HFSEs were enriched during the
alterations. Data from fluid inclusions suggest that low grade magnetite ores were
deposited at temperatures between 180 and 435°C and pressures <280 bars from NaCl-
MgCl,-CaCly-H,0-CO»-bearing fluids with salinities between 3.5 and 15 weight percent
NaCl equivalent.

Keywords: Mineralization, Iron, Hydrothermal, Fluid inclusion, Qatruyeh
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Using trace and rare elements to determine the sources of the
granodioritic-granitic and dioritic magmas in the
Qorveh Plutonic Assemblage

Ashraf Torkain

Department of Geology, Faculty of Sciences, Bu-Ali Sina University, Hamedan, Iran

Abstract

The Qorveh Plutonic Assemblage (QPA) is located in south of Qorveh, about 80 Km
NW Hamedan, between 47° 42" and 48° E-longitude and between 34° 50" and 35° 10"
N-latitude. It was emplaced in a Sanandaj-Sirjan Zone (SSZ). Mafic and felsic
intrusions have been identified within the QPA and this paper focuses on the
geochemistry of three main units of this assemblage. These units have been identified
on the basis of field observations, mineralogical and geochemical characteristics
consisting of diorites, granodiorites and granites. The gabbro-diorite plutons are
characterized by SiO, contents between 48 and 54 wt %, low abundances of
incompatible elements (Ba, Nb and La) relative to mantle, but rather are similar to their
average in the middle crust. In addition, they have Ale;/(MgOJrFeO'): 0.98-1.54 and
molar CaO/(MgO+FeO')= 0.59-0.71 and they were probably derived from a mafic
crustal source. The geochemical features combined with the high volume of the
granitoid rocks (the granodiorite and granite) are inconsistent with an origin via the
differentiation of mantle-derived basaltic parent magma and assimilation. The
granodioritic and the granitic rocks show moderate values of molar Al,03/(MgO+FeO")
and molar CaO/(MgO+FeQ'") suggesting an origin involving dehydration melting of a
metagreywacke source. Geochemical data on REEs, Y, Rb, and Sr in the latter units
indicate that amphibole and plagioclase in the absence of garnet, were the major
fractionating phases during magma segregation.

Key words: Granodiorite, Granite, Mafic crust, Metagreywacke, Sanandaj- Sirjan zone,
Qorveh
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Mineralogical Characteristics and Related Alteration Types
in the Nabijan Ore Occurrence, East Azerbaijan, NW Iran

Farideh Vaziri Heshi', Lotfi’, Hashem Emami’®

1 Research Institute of Earth Science, Tehran, Iran
2 Research Institute of Earth Science - Islamic Azad University, North Tehran Branch, Tehran, Iran
3 Research Institute of Earth Science - Islamic Azad University, Islamshahr Branch, Tehran, Iran

Abstract

The Nabijan Cu-Au exposure is located in 20 Km southwest of Kaleibar. On the basis of
structural classification it is situated in the zone of Alborz-Azarbaijan. The diorite-
monzodiorite to gabbro-monzogabbro intrusive units of the area with Oligocene age, is
intruded into the calcareous and volcanic rocks of the upper Cretaceous lead to
metamorphism of the country rocks as well as the original body. Four hydrothermal
zones including potassic, phyllic, silicification and tourmalization are recognized.
Pyrite, native gold, chalcopyrite, arsenopyrite, sphalerite, chalcocite, malachite, azurite
and hematite are present. Based on geochemical exploration studies and collection of
425 samples, the content of Cu varies from 41200 to 12 ppm. The average content of
gold is 0.44 ppm. The formation and occurrence of Au and Cu mineralization are
controlled by structural and geochemical ingredient.

Key words: Nabijan ore occurrence, Alteration, Copper, Native gold
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Geochemical modeling of partial melting on the
Tall-e-Pahlevani migmatitic xenoliths, Shahr-e-Babak

Abdolnaser Fazlnia

Department of Geology, Faculty of Sciences,University of Urmia, Urmia, Iran

Abstract

Falling down of pieces of garnet-biotite-kyanite schists from the Qori metamorphic
complex (southern part of Sanandaj-Sirjan zone, northeast Neyriz) into the
Tall-e-Pahlevani intrusion, with an initial composition of leuco-quartz diorite—
anorthosite, led to these schists (xenoliths) undergo highly contact metamorphic degrees
up to pyroxene hornfels facies, and hence were formed felsic migmatites. Melt volume
size produced (leucosome) based on minor element geochemical modeling was about 50
to 70 vol. %. Some parts of the partial melts (probably <25 vol. %) were extracted from
the xenoliths, joined each other, and produced small patches of the per-aluminous
granites.

Key words: Geochemical modeling, Partial melting, Migmatite, Metapelite, REE
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Introducing the Ghorveh fibrolites and their formation
condition

Hadi Omrani'*, Mohsen Moayyed % Ahmad Jahangiri' and Mohsen Moazzen *

! Department of Geology, Faculty of Natural Earth Science, University of Golestan, Gorgan, Iran
2 Department of Geology, Faculty of Natural Earth Science, University of Tabriz, Tabriz, Iran

Abstract

The metamorphic rocks of the Ghorveh area, southeast of Sanandaj, are classified as a
part of the Sanandaj-Sirjan metamorphic zone. South of Ghorveh includes an
assemblage of regional and contact metamorphic rocks as a result of intrusion of
igneous plutons. Different types of metamorphic rocks are produced in this regard.
Metapelites have two generations of andalusite, cordierite and garnet produced by two
distinct contacts metamorphism. Fibrolites are associated with andalusite, garnet, biotite
and muscovite near Sartip Abad intrusion. Fibrolite growth without deformation and
randomly on biotite and andalusite shows that fibrolites have formed at the latest stage
of intrusion phase in this area. The textural studies of fibrolites show that they are of
disharmonious type. Thermobarometry shows pressure and temperature lower than 3 Kb
and 700°C in KMASH sub-system, respectively. Some textural evidence are consistent
with continuation of fibrolite growth after ductile deformation.

Key words: Ghorveh, Metamorphism, Metapelite, Fibrolite
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