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Sample No. C-9* C-13 C-17

R-2 R-3* R-5*

R-6 R-10* R-12* R-15* R-16* R-21* R-25* R-27* R-28* R-31* R-37* R-41* R-42 R-47

Rock type An_ An  AnAntro Mela Meso Tro Weh Antro  Tro Meso Mela Mela Weh Meso Meso Leu Meso Clino Clino
SiO, 46.347.4547.25 4512 41.3 44140.15 458 442 394 436 451 439 433 428 447 437 451 422 434
TiOo2 0.07 0.09 0.11 0.12 046 061 0.09 033 016 011 021 0.23 037 026 021 0.18 047 0.28 0.28 0.21
Al,04 31.231.0330.52 21.141495 1731065 3.3 20.8 1055 184 19 103 164 156 205 1895 18 24 31
MgO 1.08 1.21 1.45 10.55 16.710.0521.08 20.2 11.85 22.2 11.05 10.7 16.85 253 141 103 896 11.8 19.418.12
FeO! 209 222 275 89714.05 12521.78 157 9.49 222 1015 105 159 1885 145 9.71 10.65 10.9 20.820.01
MnO 0.03 0.05 0.07 0.22 023 0.18 043 0.28 015 033 016 018 024 029 023 015 0.16 0.17 022 031
CaO 14.6514.06 13.81 12.05 9.46 128 555 12.3 113 548 1325 125 1045 8.77 10.65 13.05 13.35 125 143 145
Na,O 245 235 271 145 067 0.79 049 025 122 053 077 117 059 0.16 083 094 1.06 099 0.21 0.36
K,O 0.36 045 0.41 0.18 0.07 0.07 0.05 0.05 0.13 0.06 0.11 0.12 0.07 0.01 0.08 017 0.12 0.13 0.03 0.04
P,Os 0.05 008 0.1 0.03 0.08 0.03 0.08 0.02 0.01 0.09 003 001 0.02 0.01 0.01 003 0.06 0.01 001 001
Total 98.4198.9999.18 99.83 98.12 98.55100.4 98.35 99.41 101 97.98 99.6 98.8 98.71 99.15 99.87 97.65 99.95 99.85 100.1
LOI 151 086 06 059 016 03 05 059 075 036 018 045 0.11 037 032 0.18 067 021 0.34 0.15
Xwmg 0.34 035 0.35 0.54 054 045 049 056 056 050 052 050 051 057 049 051 046 0.52 048 048

FeO' = FeO total; Xy = Mgo/(MgO+FeO*); * = Chemical analysis of Dorani and Moradian (2007); An = Anorthosite; Weh = Wehrlite; An tro=
Anorthositic troctolite; Mel = Mela-gabbro; Mes = Meso-gabbro; Leu = Leuco-gabbro; Tro = Troctolite; Clino = Olivin-Clinopyroxenite; LOI =
Loss Of Ignation.

Sample No. C-9* C-13 C-17

R-2 R-3* R-5*

R-6 R-10* R-12* R-15* R-16* R-21* R-25* R-27* R-28* R-31* R-37* R-41* R-42 R-47

Rock type An  An AnAntro MelaMeso Tro Weh Antro Tro Meso Mela Mela Weh Meso Meso Leu Meso Clino Clino
\Y 31 27 42 55 127 590 105 236 47 89 182 102 227 150 137 139 248 199 425 551
Cr 130 144 138 503 370 280 598 510 440 510 330 380 480 870 370 330 210 400 612 589
Co 7.3 101 8.6 62.0 740 64.0161.0 98.0 650 139.0 63.0 59.0 950 1330 85.0 58.0 50.0 620 125 145
Ni 12 8 7 161 119 96 507 203 182 424 116 136 196 391 196 121 75 132 123 143
Rb 9.0 130 110 34 09 18 14 30 22 10 25 12 15 07 17 36 29 30 2 4
Sr 1685 1535 1403 889 712 915 488 130 934 548 919 933 541 51 817 1005 1010 887 117 139
Y 12 14 16 51 33 75 16 140 33 13 58 72 94 150 52 57 71 66 17 21
Zr 41 36.8 251 187 152 134 55 200 150 29 138 95 134 236 119 150 116 114 25 29
Nb 02 04 07 26 16 07 04 07 19 03 05 11 05 04 04 04 06 04 11 14
Ba 138.0 155.0 124.0 93.0 40.0 53.0 31.0 23.0 111.0 39.0 57.0 102.0 450 13.0 67.0 82.0 820 580 23 47
La 50 42 57 71 22 30 17 29 63 20 30 51 38 34 35 43 43 31 57 65
Ce 72 62 81 109 39 68 28 84 95 31 61 92 81 100 65 79 84 64 134 148
Pr 0.74 0.65 0.88 1.13 0.49 1.00 020 148 107 030 085 118 125 180 0.85 104 116 0.89 2.01 231
Nd 2.80 3.10 3.80 4.70 2.20 510 1.00 800 430 120 430 550 6.30 10.00 4.20 4.90 5.60 4.30 9.1 109
Sm 0.34 040 044 1.02 0.80 1.42 0.14 264 078 017 110 137 186 279 099 110 135 128 2.75 321
Eu 0.80 0.60 1.01 0.87 050 0.66 0.19 0.61 069 026 046 0.76 058 053 0.60 0.75 0.74 053 0.68 0.75
Gd 032 040 041 1.08 056 152 0.14 262 082 018 110 140 178 275 1.03 118 138 124 2.83 3.06
Tb 0.03 0.04 0.04 0.14 0.10 0.24 0.02 044 0.11 002 019 022 029 049 0.17 018 0.23 0.22 0.47 055
Dy 015 0.19 021 0.76 055 140 0.14 267 058 015 106 128 176 270 096 1.02 130 121 2.85 3.27
Ho 0.02 0.03 0.03 0.4 0.11 0.29 0.02 050 0.10 003 020 025 033 055 019 019 025 0.23 0.55 0.62
Er 0.07 0.09 0.11 0.33 0.33 0.75 0.08 144 028 010 056 0.76 099 151 055 054 075 064 148 1.85
Tm 0.01 0.02 0.02 0.05 0.04 0.11 0.02 0.19 0.04 002 007 010 0.14 0.22 0.07 0.08 0.10 0.08 0.22 0.28
Yb 0.07 0.09 0.12 0.39 0.30 0.70 0.08 120 0.30 010 050 0.70 0.80 1.30 0.50 0.50 0.60 0.60 1.25 1.58
Lu 0.01 0.02 0.02 0.06 0.05 0.10 0.03 0.19 0.04 003 007 010 0.13 0.20 0.07 0.08 0.09 0.08 0.18 0.25
Hf 0.20 0.20 0.30 0.50 0.60 0.50 0.30 0.80 040 020 040 040 050 090 0.40 050 050 040 09 12
Ta 0.10 0.20 040 0.10 0.20 0.10 0.20 0.10 0.10 010 0.10 0.10 0.10 0.10 0.10 0.10 0.10 010 03 04
Th 0.11 0.15 0.21 0.9 0.25 0.16 0.09 0.38 0.12 007 026 016 0.18 020 0.17 0.26 0.22 0.36 0.21 0.26
U 0.05 0.10 0.10 0.13 0.13 0.06 0.15 0.3 0.05 0.10 0.08 0.06 0.07 0.07 0.07 0.07 010 0.09 0.12 0.21
K 3822 4777 4353 1911 743 743 531 531 1380 637 1168 1274 743 106 849 1805 1274 1380 318 425
Ti 876 1126 1377 1502 5757 7635 1126 4130 2003 1377 2628 2879 4631 3254 2628 2253 5882 3504 3504 2628
P 352 564 704 211 564 211 564 141 70 634 211 70 141 70 70 211 423 70 70 70
Eu* 0.33 040 043 1.05 0.68 1.47 0.14 263 080 018 110 139 182 277 101 114 137 126 279 3.14
Eu/Eu* 242 150 238 0.83 0.74 045 136 023 086 149 042 055 032 019 059 0.66 054 042 0.24 0.24
Lan/Yb, 53.86 22.62 30.70 12.75 4.74 323 6.10 1.64 1697 7.18 462 549 315 183 539 579 515 417 341 280
La/Sm, 9.50 6.79 837 450 1.78 137 7.85 0.71 522 760 176 241 132 0.79 228 253 206 157 134 131
Gd./Yb, 3.78 368 283 229 154 180 145 181 226 149 182 165 184 175 170 195 190 1.71 1.87 1.60
Ybn 0.14 0.18 0.24 0.79 0.61 142 0.16 243 061 020 101 142 162 264 101 101 122 122 254 3.20
Smn/Yby, 539 493 4.07 290 296 225 194 244 289 189 244 217 258 238 220 244 250 237 244 226
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C-9 213 15.83 72.35 2.65 0.26 4.80 0.13 0.12
C-13 2.66 19.89 69.23 1.31 4.24 0.17 0.19
C-17 242 19.41 67.86 191 0.75 - 6.39 0.21 0.23
R-2 1.06 11.32 50.64 0.51 - 7.29 28.70 0.23 0.07
R-3 0.41 5.23 37.58 0.24 7.19 46.26 0.87 0.19
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R-27 0.06 1.35 3.73 - 32.24 3.99 56.70 0.49 0.02
R-28 0.47 6.61 38.60 0.22 11.61 - 41.06 0.40 0.02
R-31 1.00 7.95 51.21 - 10.90 152 26.73 0.34 0.07
R-37 0.71 8.30 46.59 0.36 15.84 - 24.65 0.89 0.14
R-41 0.77 8.38 44.29 - - 14.43 2.50 28.97 0.53 0.02
R-42 - 5.52 0.14 0.96 34.71 - 50.82 0.53 0.02
R-47 6.72 0.19 1.65 40.86 45.44 0.40 0.02
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Geochemical and petrological reconstruction of the
Talle-Pahlevani mafic-ultramafic intrusions
Shahre-Babak, Iran
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Abstract
The Talle-Pahlevani mafic-ultramafic intrusions located in northwest and south of

leuco-quartz dioritic and anorthositic batholiths developed in the southwestern
Sanandaj-Sirjan zone (173 Ma). These intrusions consist primarily of gabbro in
association with veins and lenses of anorthosite, trectolite, clinopyroxenite, and wehrlite
which show gradual and sometimes sharp boundaries with the gabbro. In the gradual
boundaries, the gabbro are mineralogically transformed into anorthosites and wehrlites.
On the other hand, in the sharp boundaries, the mineral assemblages in two sides are
different. There is no clear deformation in the Talle-Pahlevani mafic-ultramafic
intrusions. Hence, the changes in mineral compositions are the result of crystallization
processes in the magma chamber. The chemical changes, especially for REE, from
anorthosite and wehrlite veins and lenses toward gabbro in the gradual boundaries are
continuous. The changes are presumably resulted from different crystallization
processes in the different parts of the intrusions that cause crystallization of anorthosite,
clinopyroxenite, and wehrlite cumulates in the intrusions. Rocks of the sharp boundaries
show sudden chemical changes, but the changes exhibit the same patterns of increasing
and decreasing of the elements, especially for REE. Therefore, it is possible that all
parts of the intrusions were formed from the same parental magma. Parts with
unequilibrium crystallization in the form of cumulus and sub-solidification, underwent
fractures, and were interspersed throughout the magma chamber due to late injection
pulses or mechanical movements. The geological and age data show that the intrusions
generated from an Al,O;, Sr-, and FeO-enriched and K- and Nb-depleted tholeiitic
basaltic magma likely partial melting 5-30 wt. % of the spinel-peridotite mantle within
an incipient rift system. Then, the magma was crystallized in lower crust (relatively
high P.) magma chamber.

Key words: Mafic-ultramafic intrusion, Gabbro, Anorthosite, Wehrlite, Fractional
crystallization, rift
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