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Amphibole 1 2 3 4 5 6 7 8 9 10
SiO, 53.09 52.80  53.50 54.11 51.57 53.24 54.05 5421 44.02 44.05
TiO, 1.37 1.44 0.55 0.89 1.51 1.39 1.44 1.33 0.19 0.84
ALO, 5.52 5.12 4.28 5.79 6.83 5.91 6.70 5.53 9.55 9.42
FeO 10.32 10.50 11.14 10.42 10.00 11.09 9.13 9.39 22.83 22.37
MnO 0.30 0.29 0.95 0.54 0.69 0.44 0.32 0.50 0.77 0.49
MgO 13.46 13.53 12.48 12.09 13.48 11.58 12.89 11.88 10.98  10.16
CaO 10.67 10.75 10.46 9.97 9.65 10.86 10.40 10.84 4.47 5.30
Na,O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K,0 0.41 0.50 0.43 0.28 0.31 0.43 0.33 0.56 0.22 0.35
Total 97.21 96.99  95.82 96.15 96.59 97.00 97.35 9630 9534 95.05

No. of O, 23.00 23.00  23.00 23.00 23.00 23.00  23.00 23.00 23.00 23.00

Si 7.70 7.69 7.91 7.88 7.47 7.76 7.74 7.88 6.86 6.90
AllV 0.30 0.31 0.09 0.12 0.53 0.24 0.26 0.12 1.14 1.10

Al VI 0.64 0.57 0.65 0.88 0.63 0.77 0.87 0.83 0.61 0.64
AlTotal 0.94 0.87 0.74 0.99 1.17 1.05 1.13 0.94 1.77 1.74

Ti 0.15 0.16 0.06 0.10 0.16 0.15 0.16 0.15 0.02 0.10

Fe* 0.00 0.00 0.00 0.00 0.52 0.00 0.00 0.00 0.45 0.19

Fe* 1.25 1.28 1.38 1.27 0.69 1.35 1.09 1.14 2.52 2.74

Mn 0.04 0.04 0.12 0.07 0.08 0.05 0.04 0.06 0.10 0.07

Mg 2.91 2.94 2.75 2.63 291 2.52 2.75 2.58 2.55 2.37

Ca 1.66 1.68 1.66 1.56 1.50 1.70 1.60 1.69 0.75 0.89

K 0.08 0.09 0.08 0.05 0.06 0.08 0.06 0.10 0.04 0.07
Mg/(Mg+Fe*) 0.70 0.70 0.67 0.67 0.81 0.65 0.72 0.69 0.50 0.46
Fe*/(Fe*+AlYY) 0.00 0.00 0.00 0.00 0.45 0.00 0.00 0.00 0.42 0.23

Amphibole 11 12 13 14 15 16 17 18 19 20
SiO, 52.11 52.87  53.54 54.73 52.61 53.94 5398 5394 51.01 53.18
TiO, 1.93 1.56 1.12 1.15 1.58 1.52 1.54 1.56 1.34 1.28
AlLO, 6.02 5.92 5.16 6.72 6.94 6.71 6.93 6.53 6.98 6.57
FeO 11.15 11.26 11.21 10.43 10.36 11.43 10.21 10.11 11.71  11.14
MnO 0.32 0.31 0.91 0.58 0.71 0.49 0.39 0.43 0.77 0.49
MgO 13.52 13.28 12.36 12.37 13.54 12.21 13.01 12.24  13.21 13.26
CaO 10.89 10.51 11.41 10.16 10.19 11.13 10.76 11.22 11.17  11.30
Na,O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K0 0.39 0.48 0.46 0.39 0.39 0.31 0.33 0.58 0.53 0.35
Total 96.33 96.19  96.17 96.53 96.32 97.74 97.15  96.61 96.72  97.57

No. of O, 23.00 23.00  23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00

Si 7.49 7.59 7.75 7.78 7.48 7.64 7.64 7.69 7.34 7.56

AlY 0.51 0.41 0.25 0.22 0.52 0.36 0.36 0.31 0.66 0.44

AV 0.51 0.60 0.63 0.90 0.64 0.76 0.79 0.79 0.52 0.66
AlTes! 1.02 1.01 0.88 1.13 1.17 1.12 1.11 1.05 1.14 1.05

Ti 0.21 0.17 0.12 0.12 0.17 0.16 0.16 0.17 0.14 0.14

Fe* 0.15 0.15 0.00 0.00 0.36 0.00 0.00 0.00 0.31 0.00

Fe* 1.19 1.20 1.36 1.24 0.87 1.35 1.21 1.21 1.10 1.32

Mn 0.04 0.04 0.11 0.07 0.09 0.06 0.05 0.05 0.09 0.06

Mg 2.90 2.84 2.67 2.62 2.87 2.58 2.74 2.60 2.83 2.81

Ca 1.68 1.62 1.77 1.55 1.55 1.69 1.63 1.71 1.72 1.72

K 0.07 0.09 0.08 0.07 0.07 0.06 0.06 0.11 0.10 0.06
Mg/(Mg+Fe*) 0.71 0.70 0.66 0.68 0.77 0.66 0.69 0.68 0.72 0.68
Fe*/(Fe*+AlYY) 0.23 0.20 0.00 0.00 0.36 0.00 0.00 0.00 0.38 0.00

A
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Sample.No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

SiO, 59.86 60.01 60.02 66.74 62.46 61.12 60.31 93.94 80.71 65.96 58.86 61.73 62.42 60.11 64.96
ALO,  23.68 2438 24.34 21.06 23.58 24.70 25.26 2.84 9.01 23.55 24.62 22.39 23.03 25.66 23.55
Cr,0, 0.29 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fe O, 025 035 025 0.19 021 025 035 009 0.10 0.16 028 026 0.21 0.15 0.16
FeO 022 031 022 0.17 019 022 031 0.08 0.04 0.14 022 021 0.17 0.12 0.14
CaO 8.74 10.56 9.98 584 849 1034 10.05 1.41 5.88 7.37 8.84 10.03 8.89 10.09 7.96
Na,O 6.66 341 484 585 499 3.01 357 1.03 211 278 6.76 486 5.10 3.60 3.01
K,0 022 045 024 031 027 023 034 036 0.11 0.19 0.11 0.12 0.08 0.14 0.19

total 99.92  99.47 99.89 100.16 100.19 99.87 100.19 99.75 97.96 100.15 99.69 99.60 99.90 99.87 99.97

Si 2.68 269 268 291 276 271 2.67 384 347 286 2.65 276 2.77 2.67 2.83
Al 125 129 128 1.08 123 129 132 0.14 046 120 131 1.18 1.20 134 121
Cr 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fe* 0.01 0.01 0.01 001 001 0.01 0.01 000 0.00 001 001 001 0.01 0.01 0.01
Fe* 0.01 0.01 0.01 001 001 0.01 0.01 0.00 0.00 001 0.01 001 0.01 0.00 0.01
Ca 042 051 048 027 040 049 048 0.06 027 034 043 048 042 048 0.37
Na 0.58 030 042 050 043 026 031 0.08 0.18 0.23 059 042 044 031 0.25
K 0.01 0.03 0.01 002 002 0.01 0.02 0.02 0.01 001 001 001 0.00 0.01 0.01
X, 41.51 61.16 52.46 34.77 47.59 64.38 59.41 38.08 59.82 58.37 41.69 52.88 48.81 60.16 58.39
X 57.24 35.74 46.04 63.03 50.61 33.91 38.19 50.34 38.85 39.84 57.69 46.37 50.67 38.84 39.95
Xor 124 310 1.50 220 180 1.71 239 11.58 133 1.79 0.62 0.75 0.52 0.99 1.66

(Sl 05 ol (581 Y s 5L Jn,9) (W) 30359k SIS 5,250 G231, 510 s Jyon

Sample.No 1 2 2 4 5 6 7 8 9 10 11 12

SiO, 71.15  70.61 71.24  72.02  70.63 71.09 71.19 71.19 71.23 71.02 70.75 71.18
ALO, 16.09 15.75 16.67 15.09 1540 16.23 1598 1598 14.67 16.01 15.79 16.14
Fe,O, 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09  0.09
FeO 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10  0.10
CaO 0.00 0.22 0.48 0.00 029 027 0.00 0.00 0.22 0.19 0.12  0.17
Na,0 2.81 1.47 0.60 2.79 1.54 1.00 272 272 1.50 1.61 1.54 1.24
K0 9.85 11.85 10.91 9.88 11.96 10.67 9.60 9.60 1221 1098 11.93 11.06

total 100.09 100.09 100.09 99.97 100.01 99.45 99.68 99.68 100.02 100.00 100.32 99.98

Si 3.16 3.17 3.16 3.20 317  3.18  3.17 3.17 3.20 3.17 317 3.17
Al 0.84 0.83 0.87 0.79 0.82 085 084 0.84 0.78 0.84 0.83 0.85
Fe* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00
Fe* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00
Ca 0 0.01 0.02 0.00 0.01 0.01 0.00  0.00 0.01 0.01 0.01  0.01
Na 0.24 0.13 0.05 0.24 0.13 0.09 0.23 0.23 0.13 0.14 0.13  0.11
K 0.56 0.68 0.62 0.56 0.69  0.61 0.55 0.55 0.70 0.62 0.68  0.63
X, 0.00 1.29 3.30 0.00 1.67 1.83  0.00 0.00 1.26 1.17 0.70  1.09
X 30.24  15.66 7.46 30.03 16.09 12.24 30.10 30.10 1554 18.01 16.29 14.40
X 69.76  83.05 89.24 6997 8223 8593 6990 6990 83.21 80.82 83.01 84.51
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Mineral Biotite Muscovite
Sample No 121 121
13 14 15 16 17 18 26 27 28 29 22 23 24 25
SiO, 36.7 363 365 351 356 357 389 377 287 30.8 46.78 48.05 47.47 485
TiO 19 18 179 177 175 177 179 1.77 024 042 052 040 0.39 0.42

2
Al20, 188 195 19.1 188 186 187 18.6 181 202 19.7 343 349 347 343
FeO 18.0 186 182 17.7 184 181 16.6 166 244 239 154 126 134 140
MnO 0.11  0.10 0.13 0.10 0.10 0.10 0.11 0.09 025 0.12 >DL >DL 0.02 >DL
MgO 931 935 970 9.86 937 938 11.18 1038 12.7 133 098 095 0.77 1.06
CaO 0.19 0.6 0.12 0.17 0.13 0.15 0.11 0.08 0.19 0.17 0.10 0.08 0.04 0.06
Na, 0 021 020 023 020 0.17 020 020 0.11 0.04 0.07 074 071 0.89 0.78
K20 9.57 988 953 934 928 932 946 980 7.12 721 105 102 102 104

F >DL 040 143 1.03 066 093 >DL 001 >DL >DL 0.01 1.04 >DL >DL
Cr,0, 0.02 0.03 0.02 003 002 003 031 035 0.14 0.17 0.05 0.03 0.03 0.04
Li,O 098 08 092 052 068 069 161 126 >DL >DL =>DL 025 >DL =>DL
H,0 401 384 335 341 361 348 4.04 388 358 3.68 450 4.08 454 444
Total 99.9 100.8 1004 97.6 98.1 98.1 102.7 100.0 97.2 99.6 100.0 101.1 100.3 92.4

Si 549 540 544 540 545 545 557 558 472 491 622 630 627 6.56
Aliv 251 260 256 260 255 255 243 242 328 3.09 1.78 1.70 1.73 1.44

Al vi 0.80 0.82 080 0.80 0.80 0.82 0.71 0.75 0.63 0.61 3.60 3.62 3.67 4.02

Ti 021 021 020 020 020 020 0.19 020 0.03 0.05 0.05 0.04 0.04 0.04
Cr ~>sDL DL >DL DL DL >=DL >=DL >DL >DL >DL 0.01 >DL >DL >DL
Fe 226 232 227 228 235 231 199 206 336 319 0.17 0.14 0.15 0.16

Mn 0.01 0.01 0.02 0.01 001 0.01 0.01 001 0.03 002 >DL >DL =>DL >DL
Mg 2.08 2.08 215 226 214 214 239 229 312 316 0.19 0.19 0.15 0.21

Ca 0.03 0.03 0.02 003 0.02 0.02 0.02 0.01 003 003 0.01 0.01 001 0.01
Na 0.06 0.06 0.07 006 0.05 0.06 0.06 0.03 001 002 0.19 0.18 023 0.20
K 183 188 1.8 1.83 181 18 173 185 0.15 026 179 170 1.71 1.75
OH 400 381 333 350 3.68 355 38 384 393 391 4.00 357 4.00 4.00
F DL> 0.19 0.67 050 032 045 0.14 0.16 0.07 009 >DL 043 >DL >DL

Al total 331 342 337 341 335 336 3.14 3.17 391 371 538 532 540 546
Fe/Fe+Mg 052 053 051 050 052 052 045 047 052 050 047 043 049 043

o>y oS! . (Tindle and Webb, 1990« Monier and Robert » 1986) 5! 5.0uS1 23 a4l 5 CogSius 9 Cudigm (5,5 lo Jao,8 duslne
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Mineral Plagioclase
104 111 111z
Sample No
25 26 27 28 9 10 11 12 13 6 7 8 9 10
SiO, 64.7 653 662 673 660 67.3 658 66.7 663 66.7 68.6 68.1 682 685 68.2
TiO, DL >DL >DL >DL >DL >DL >DL DL >DL >DL >DL >=DL 0.0 0.02 >DL
Al20, 21,5 220 21.0 203 213 21.8 21.7 21.3 214 222 21.2 207 2.1 209 209
FeO 0.2 0.1 0.1 0.1 0.1 >DL >DL >DL >DL 02 0.1 >sDL 0.1 >DL 0.1
MnO DL >DL >=DL >DL >DL >DL >DL DL >DL >DL >DL >DL >DL >DL >DL
MgO DL DL >DL >DL >DL >DL >DL >DL >DL >DL >DL >DL >DL >DL >DL
CaO 4.5 4.6 4.4 32 44 01 0.1 01 >DL 02 04 0.3 02 03 0.2
Na,O 10.0 9.1 9.0 9.6 9.0 105 11.2 11.1 11.8 114 10 11.3 11.1 11.1 11.6
K20 ~sDL >DL DL 04 >DL >DL >DL 0.1 0.1 >DL >=DL >=DL 0.2 >DL >DL
Total 100.9 101.0 100.7 101.0 100.8 100.4 100.3 99.3 100.1 100.8 100.36 100.5 100.9 100.93 101.09
Si 114 114 116 11.7 115 11.7 11.6 11.7 11.7 106 119 11.8 11.8 11.8 11.8
Al 4.4 4.5 4.3 42 44 45 45 44 44 42 43 42 43 43 4.3
Fe* ~>DL >DL >=DL >DL >=DL >DL >DL DL >DL >DL >DL >=DL >DL >DL >DL
Fe* DL >DL >=DL >DL >=DL >DL >DL >DL >DL =>DL =>DL =>=DL >DL >DL >DL
Ti DL >DL >=DL >DL >=DL >DL >DL DL >DL =>DL =>DL >DL >DL >DL >DL
Mn DL >DL >=DL >DL >DL >DL >DL >DL >DL >DL >DL >DL >DL >DL >DL
Mg DL -DL >DL >DL >DL >DL >DL >DL DL >DL >DL >DL >DL >DL >DL+
Ba ~sDL >DL >=DL >DL >=DL >DL >DL DL >DL >DL >DL >DL >DL >DL >DL
Ca 0.9 0.9 0.8 0.6 0.8 >DL >DL >DL >DL >DL 0.1 0.1 >DL 0.1 >DL
Na 34 3.1 3.1 33 30 35 39 38 40 35 34 3.8 3.7 3.7 3.9
K ~sDL >DL >DL 0.1 >DL >DL >DL DL >DL >DL >DL >=DL 0.1 >DL >DL
Cation 20.1 199 198 199 198 19.8 20.0 20.0 20.1 21.1 19.6 199 199 19.8 20.0
Ab 79.9 781 78.8 825 786 99.5 995 994 99.6 989 97.6 98.2 983 98.4 98.7
An 199 21.7 21.1 154 212 03 02 03 0.1 09 22 1.6 0.8 1.3 1.1
Or 0.2 0.2 0.1 2.1 02 02 02 03 03 02 03 0.2 09 02 0.2
il oo o) s o ST.(Droops 1987) 51 y5enST 8 asly o jlwadd glaceny g8 o limlu Jgo )8 delxe
Copgolio § Gl Jgmrbol (gladigas Jomdol (Glocens S8 (551055, 5 Ul s (1Y Jsar
Mineral Amphibole
Sample No 104 1
19 20 21 22 23 36 37 38 1 2 3 4 5 6 7 8
SiO, 493 49.8 49.1 50.1 464 41.7 40.7 40.0 43.6 50.2 49.5 442 464 512 50.1 485
TiO, 0.2 0.1 0.2 0.1 03 05 05 05 04 02 02 02 02 01 02 o0.1
Al20, 49 4.5 50 45 103 164 17.0 16.1 94 56 66 9.1 62 37 45 6.6
FeO 155 151 152 153 163 17.2 173 174 152 109 119 114 104 12.5 133 134
MnO 0.3 0.3 03 03 03 03 03 03 03 03 03 03 03 04 04 05
MgO 138 13.8 13.6 142 107 7.1 7.2 81 13.7 163 154 172 193 162 152 1438
CaO 1.5 11.7 116 116 11.4 11.2 11.1 11.2 10.8 11.2 11.0 9.1 10.2 99 103 7.7
Na,O 0.8 0.8 0.8 04 1.2 1.9 20 19 22 18 1.8 19 18 16 1.7 3.1
K20 0.2 0.2 0.2 0.1 03 03 04 04 03 02 02 02 03 01 01 02
F 0.1 02 >DL 0.1 >DL >DL >DL >DL >DL 0.1 >DL 09 >DL >DL >DL >DL
Cr20, >DL >DL >DL >DL >DL >DL >DL >DL >DL >DL >DL 0.8 >DL >DL >DL >DL
Total 99.2 98.8 984 99.5 98.6 98.8 98.6 983 989 99.2 994 99.0 99.0 98.8 98.6 98.1
Si 7.4 7.5 7.5 7.5 70 64 64 63 67 74 74 68 70 76 76 74
ALY 0.6 0.5 05 05 1.0 16 16 1.7 13 06 06 12 1.0 04 04 0.6
Al 0.3 0.3 03 02 07 12 13 11 03 03 04 03 >DL 02 03 04
Ti sDL >DL >DL >DL >DL 0.1 0.1 0.1 >DL >DL >DL >DL >DL >DL >DL >DL
Cr sDL >DL >DL >DL >DL >DL >DL >DL >DL >DL >DL 0.1 >DL >DL >DL >DL
Fe* 0.6 0.4 04 07 04 01 02 04 10 04 05 13 12 08 06 1.1
Fe* 1.2 1.4 1.3 1.1 1.6 20 19 17 07 09 09 >DL DL 0.7 09 04
Mn sDL >DL >DL >DL >DL >DL >DL >DL >DL >DL >DL >DL >DL >DL >DL 0.1
Mg 2.9 2.9 29 29 23 16 16 1.7 29 33 32 35 39 33 31 3.0
Ca 1.7 1.8 1.8 1.7 1.8 18 17 1.7 16 17 16 13 15 14 15 1.1
Na 0.2 0.2 0.2 0.1 03 06 06 05 06 05 05 05 05 04 05 038
K >sDL >DL >DL >DL 0.1 0.1 0.1 0.1 0.1 >DL DL >DL >DL >DL >DL >DL
Mg/(Mg+Fe2) 0.7 0.7 07 07 06 04 04 05 08 08 08 1.0 1.0 08 08 09
Fe3/(Fe3+Alvi) 0.7 0.6 06 07 03 01 01 03 08 05 05 08 10 08 07 0.7

.(Leake » 1997¢ Rock and Leake » 1984:Mogessie et al, 1990) ;1 -yiu ST 23 a0l p» Jourial slocans Sgd g, blo Joo 3 aulxe
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Mineral Amphibole
Sample No 111z
1 2 3 4 5 11 12 13 14 15 16 17 18
SiO, 524 51.0 50.3 49.6 52.1 494 429 535 521 536 518 526 49.0
TiO >DL 0.1 0.1 0.1 0.1 0.2 0.4 0.1 0.1 0.1 0.1 0.1 0.2
A12(33 2.8 3.8 33 30 26 6.5 12.0 2.3 3.5 2.3 3.9 2.3 6.3
FeO 8.3 9.3 93 90 83 10.5 13.2 10.0 11.7 7.5 10.6 9.4 10.6
MnO 0.3 0.3 03 03 03 0.3 0.3 0.3 0.4 0.3 0.3 0.3 0.3
MgO 19.1 179 194 203 19.1 164 13.1 17.6  16.3 19.9 16.9 18.7 15.9
CaO 122 12.0 12.1 119 123 11.7 11.5 122 114 127 12.1 12.4 11.5
Na,0 1.0 1.0 08 1.2 0.7 1.6 2.6 0.7 1.2 0.6 1.1 0.6 1.5
K,0 0.1 0.1 0.1 0.1 0.1 0.2 0.3 0.1 0.1 0.1 0.1 0.1 0.3
F 0.1 >DL >DL >DL >DL >DL 0.2 >DL >DL 0.1 >DL  >DL >DL
Cr,0 0.3 0.3 02 03 04 0.1 0.2 0.4 0.4 0.1 0.5 >DL 0.1
Totaf 98.9 983 989 989 985 995 991 994 99.6 99.5 98.8 99.0 99.1
Si 7.7 76 7.5 74 7.7 7.3 6.5 7.8 7.6 7.8 7.5 7.7 7.3
Al iv 0.3 04 05 05 03 0.7 1.5 0.2 0.4 0.2 0.5 0.3 0.7
Al vi 0.1 02 >DL >DL 0.1 0.3 0.5 0.2 0.2 0.1 0.1 0.1 0.4
Ti sDL >DL >DL >DL >DL >DL >DL >DL >DL >DL >DL >DL >DL
Cr DL >DL >DL >DL >DL >DL >DL >DL >DL >DL 0.1 >DL >DL
Fe* 0.3 0.3 0.8 1.0 04 0.4 0.5 0.2 04 0.3 0.3 0.4 0.4
Fe* 0.6 0.7 0.3 >DL 0.5 0.8 1.1 0.9 1.0 0.5 0.9 0.7 0.9
Mn ~s>DL DL >DL >DL >DL >DL >=DL >DL >DL =D >DL >DL >DL
Mg 3.9 3.7 39 41 39 34 2.8 3.6 34 4.0 3.5 3.8 33
Ca 1.8 1.8 1.7 1.7 1.8 1.7 1.8 1.8 1.7 1.8 1.8 1.8 1.7
Na 0.3 0.3 02 03 02 0.4 0.7 0.2 0.3 0.1 0.3 0.2 0.4
K >DL >DL >DL >DL >DL >DL 0.1 >sDL >DL >DL >DL >DL 0.1
Mg/(Mg+Fe2) 0.9 0.8 09 1.0 09 0.8 0.7 0.8 0.8 0.9 0.8 0.8 0.8
Fe3/(Fe3+Alvi) 0.7 0.6 1.0 1.0 0.8 0.6 0.5 0.6 0.7 0.7 0.7 0.8 0.5

.(Leake, 1987« Rock and Leake, 1984:Mogessie et al, 1990) 51 yiu—uS123 a0l 15 Jomial sl s Sgb o, bl Jgo 8 alna
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Mineral Garnet Mineral IImenite Sphene
121 104 121
Sample.No g 1o 11 12 19 20 21 SampleNo 59 55 i3y 35 2 3
SiO, 374 372 378 38.1 37.6 37.7 38.1 SiO, 0.02 0 0.02  0.09 30.4  30.1

TiO, 0.06 0.02 0.07 0.02 0.06 0.10 0.09 TiO 55.1 552 540 541 37 395
ALO, 20.8 20.6 20.7 20.0 205 206 21.1 FeO 443 442 445 4.1 1.13  0.71
FeO 30.2 303 30.7 312 31.1 30.0 31.0 ALO 0.02 0.13 0.7 1.26 1.44 1.04
MnO 724 786 338 1.19 337 325 1.14 Na,O 0.04 0.01 0.04 0.02 0.05 0.03
MgO 1.99 206 176 2.04 232 201 1.96 K20 0.01 >DL >DL >DL 0.02 0.01

CaO 2.51 1.69 6.08 7.59 429 587 17.58 MgO 0 023 025 0.17 >DL >DL
Na,0 >DL 0.04 0.03 >DL >DL 0.12 0.02 CaO 0.06 0.01 0.02 0.03 28.2 28.9
K,0 0.0l DL >DL >DL 0.01 >DL >DL MnO 1.15 1.11 1.15 1.16 0.07 0.06
F 0.04 >DL 0.09 0.34 147 >DL 0.02 V,0, 0.05 022 015 0.14 >DL >DL
Cr,0, 0.01 0.02 >DL >DL 0.02 0.0 >DL Cr,0, >DL >DL >DL 0.01 0.06 0.01
Total 100.1 99.9 100.5 100.2 99.4 99.6 100.9 F >DL >DL >DL >DL >DL >DL
Si 3.02 3.02 3.02 3.04 3.04 3.03 3.02 P,0, 0.01 0.03 0.01 0.02 0.27 0.06
AlY >DL >DL >DL >DL >DL >DL >DL Total 100.6 101.0 100.86 101.0  98.7 100.4
Alv 198 198 195 1.89 195 1.95 1.97 Si >DL >DL >DL >DL

Ti >DL >DL >DL >DL >DL 0.01 0.01 Ti 2.08 2.08 2.01 2.02

Cr >DL >DL >DL >DL >DL >DL >DL Al >DL  0.01 0.04 0.07

Fe’ >DL >DL 0.02 0.06 >DL 0.01 0.01 Fe* >DL >DL >DL >DL

Fe* 2.04 206 2.03 202 210 2.01 2.04 Fe* 1.86 1.85 1.84 1.83

Mn 0.50 0.54 0.23 0.08 0.23 0.22 0.08 Mn 0.05 0.05 0.05 0.05

Mg 024 025 021 024 028 024 0.23 Mg 0.00 0.02 0.02 0.01

Ca 0.22 0.15 0.52 0.65 037 051 0.64 Ca 0.00 0.00 0.04 0.00
Almandine  67.9 68.5 67.54 66.6 70.0 67.0 67.94 TOTAL 4 4 4 4

Andradite 0.07 0.11 098 299 0.13 0.36 0.59
Grossular 722 476 1664 19.2 124 168 21.10
Pyrope 8.07 838 7.10 833 9.51 8.19 7.80
Spessartine  16.7 18.1 7.74 2.76 7.85 7.53 2.58
Uvarovite 0.03 0.06 >DL >DL 0.07 0.03 >DL
cations 99.0 99.0 98.7 97.4 98.1 98.2 98.9
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1992« Anderson and Smith, 1995).
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Abstract

Sistank copper deposit is geographically located in East and South-East city of Qain.
In general, copper range in Sistanak is in East Central Zone, part of which is located in
the Filishy zone and another part in the Lut Block. The stratigraphy in the study area have
shown that old rocks than the Jurassic age in the study area. According to petrographic
studies, the volcanic rocks are divided into two groups of lavas (andesite and andesite
-basalt) and pyroclastics (tuff and agglomerate). These rocks are placed in a class of high
potassium calc-alkaline and calc-alkaline. According to chemical composition, volcanic
rocks occur in andesite and andesite-basalts range. Copper is the main mineral in andesitic
lavas, including native copper, chalcocite and malachite. In addition, in some samples the
iron oxide minerals such as hematite and, gotite are presant. Mineralized zone is placed
at the highest level of volcanic lava and the mineral is stratabound. Such characteristics,
are indicative of epigenetic in origin. According to geological characteristics and based
on geological and mineralogical charactristis, copper deposits in Sistanak is probably
similar to Michigan type deposits.

Keywords: Active continental margin, Andesite, Calc-alkaline, Native copper, Sistank
Qaen.
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Abstract

Jebale-Barez plutonic complex is composed of granitoid intrusive bodies and is
located in the East and southeastern of Jiroft province of Kerman. The plutonic complex
is composed of granodiorite, quartzdiorite, granite and alkaligranite. Plutonic rocks are
mainly composed of plagioclase, alkali-feldspar, biotite, amphibole and quartz. Based on
microprobe analysis, plagioclases vary from andesine to labradorite and alkali feldspars
occur as orthoclase. All amphiboles are magmatic and placed in three groups: calcic
amphiboles, iron-rich amphiboles, amphiboles consist of Fe, Mg, Mn. The study of
oxidation and reduction state of their source magma by amphibole chemistry, in dicated
high oxygen fugacity. Therefore, granitoids of Jebale-Barez plutonic complex are I-type
or related to magnetite series and the estimated oxygen fugacity imply oxidation magma
and its formation in convergent plate boundary. On the basis of geo-thermo-barometric
calculations, using Hamarstrom - Zen, Schmidt, Johnson - Rutherford, Smith - Anderson
and Uchida methods, amphiboles have crystallized about 1.54 to 7.87 kbar at the depth
about 18 to 23 km. As emplacement or crystallization temperature of Jebale-Barez
plutonic complex based on the two feldspar thermometer using Anderson method has
been ranges between 550 to 750 °C and using Putirka method has been achieved between
710 to 830 °C and based on Ti-in- amphibole thermometer has been ranges between 670
to 735 °C. In addition, hornblende -plagioclase thermometer shows 653 to 732 °C for

equilibrium of these two minerals

Keywords: Jebale-Barez plutonic complex, Mineral chemistry, Thermo-barometry, Al

content of amphibole.
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Abstract

Dozdozan plain is located in 80 kilometers south-east of Tabriz and is one of the
most fertile plains of East Azerbaijan. The main economy of its residents is based on
agriculture and as a result of the scarcity of surface water resources; agricultural sector
is the major consumer of ground water. In this study, the application of Fuzzy Set theory
for evaluation of ground water quality for agricultural purposes is used. In this research,
seven ground water parameters from 50 wells were measured from 2012 to 2013 in
Dozdozan plain. Based on Fuzzy Water Quality Model, the ground-water quality is
classified in three categories; desirable, acceptable and unacceptable. Results showed
only 17 samples from 50 wells come in desirable class with certainty level of 63.6 to 84
percent. About 28 samples classified in the acceptable category whose certainty level
ranged from 48 to 64.5 percent and the remaining five samples were in not acceptable

category with the maximum certainty level of 13.7 percent.

Keywords: Dozdozan plain, Fuzzy Inference Model, Ground water quality, Agricultural

water.
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Abstract

Halab-Mianaj metamorphic area is part of Takab Precambrian metamorphic complex
that exposed in north-west of Iran. Halab-Mianaj cross section included a group of
metamorphic rocks that have been metamorphosed in the greenschist and amphibolite
facies. Garnet porphyroblasts chemical composition in garnet schist rocks is in almandine
range. Amphibole composition in Amphibole schist and meta-diorite rocks are calcic
and are changed from actinolite to magnesio hornblende. Chemical compositions of the
Plagioclase crystals are between albite to oligoclase range.

The maximum temperature for garnet schist rocks based on Grt-Bt thermometer
determined 552°C that indicates epidote-amphibolite facies. Temperature and pressure
metamorphic in the amphibole schist and meta-diorite based on amph-plag thermo-
barometer determined about 420 - 487°C and 3.9 - 6.7 K-bar that shows the beginning
amphibolite facies. Therefore, the geothermal gradient bases on Halab-Mianaj metamorphic
rocks with different protolith approximately are 30 + 1° C/km.

Keywords: Thermobarometry, Precambrian basement, Portolite, Amphibolite, Basic
Schist, Halab- Mianaj.
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Abstract

The capital city of Tehran is located to the south of central Alborz. The North Tehran
fault, as the main structure of this region, perched on the northern part of the city
and separate alluvial fans from volcanic rocks of the Alborz. There are several other
faults within the city which seem to be structurally related to the North Tehran fault.
Geomorphic study of fans and river deposits suggest that most of these faults are active
and taking up both left-lateral and shortening in a wider zone to the south of North
Tehran fault. In addition to faults there is distinct folding within the Tehran plain. Field
observation along road cuts which cross these structures suggest that young folding in
Tehran plain are active and escalate due to the activities of the underlying faults. There is
little evidence of rupture in front of these structures and thus most of them are considered
as blind faulting. The trend of these structures is oblique to the North Tehran fault which
is probably due to distribution of left lateral deformation in wider zone within the Tehran
plain. The distance between active folds and the North Tehran fault increase from west
to east. Analog modelings were carried out to study the effect of thickness and slop of
deposits on position and trend of structures within the Tehran plain. Results from these
experiences show that geometry, orientation and distance between structures is probably
controlled by oblique shortening of the zone, as well as increase in thickness and slope

of the sedimentary deposits.

Keywords: Alluvial, Fault propagation fold, North Tehran Fault, Analog modeling,
Morphotectonic
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Abstract

This paper represents the sequence stratigraphic analysis of the Oligo-Miocene shallow
water carbonate succession of the Qom Formation, east of Kuh Siah outcrop (South
of Garmmsar). The study is based on the lithosratigraphy, biostratigraphic framework
(in the context of European standard biozonation), microfacies, paleoenvironmental
interpretation and sequence srtatgraphic concepts.

In this section, only f to ¢, members of the Qom Formation can be differentiated. The
biostrtigraphic results revealed that the benthic foraminiferal composition of the studied
section has close affinities with coeval assemblages in Western Tethys and the Middle
East. The larger foraminifera associations in the Qom Formation mark the SBZ 23 to
25 zones, referring to a time span from the late Chattian to Burdigalian. Based on the
micropaleontological studies, the age of late Chattian (SBZ 23) is ascribed to ¢, member
which previously considered as Aquitanian, in East of Siah Kuh surface section.

Sedimentary environment of the Qom Formation is related to a carbonate ramp
platform. Based on sedimentary texture and percentage of skeletal and non skeletal
allochems, 1 lithofacies and 13 microfacies from inner to outer ramp were determined.

The sequence stratigraphic studies led to the determination of four 3™ order sequences.
The first sequence with the Chattian age includes ¢, and ¢, members. The second sequence
with the Aquitanian age includes c,, ¢, and d members. The e and f members belong to
third and fourth sequences with the age of Burdigalian.

Keywords: Qom Formation, Microfacies, Sedimentary environment, Sequence
stratigraphy.
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Abstract

The Shirinabad clay-bauxite deposit with more than 1 km long and about 8 m in
thickness is located in 60 km south-east of Gorgan. The Shirinabad deposit has been
developed as a stratiform horizon along the contact zone of Triassic dolomitic limestones
and Jurassic shales and sandstones. The basal contact zone of the horizon is mainly
undulatory, whereas the upper contact zone is concordant with the hanging-wall shales
and sandstones. The rocks within the horizon show pelitomorphic, microgranular, oolitic
and pisolitic textures. Textural analysis indicates both allochthonous and autochtonous
origins for the Shirinabad deposit. Based on textural and mineralogical evidences the
deposit can be divided into four distinct units. Kaolinite, anatase, routile, bohemite,
hematite, goethite and berthierine are the principal constituents. From geochemical data,
it is concluded that the Shirinabad deposit probably originated from basaltic volcanic
rocks. Combination of mineralogical and geochemical data shows that the Shirinabad
deposit formed in two stages. First, bauxite materials and clay minerals were developed as
authigenic bauxitization processes of alkaline basaltic parent rock. Then, these materials
were transported to karst depressions and formed the Shirinabad clay-bauxite deposit.

Keywords: Clay-bauxite, Textural analyses, Shirinabad Gorgan, Mineralogy,
Geochemsitry.
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