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Fig. 1. A: Lithotectonic map of Iran (Ghasemi and Talbot, 2006) and location of the Takht area in Urumieh-Dokhtar
magmatic assemblage (UDMA), and B: Geology map of the Takht area (after Majidifar and Shafeie, 2006).
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Fig. 2. A: Fe-skarn mineralization next to the Takht gabbro intrusion, and B: Mafic micro-granular enclaves in the
Takht granodiorite
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Fig. 5. The Takht plutonic rocks. A: Hornblende altered to epidote and chlorite in Takht granodiorite, B: Large zoned
plagioclase phenocryst in the studied samples, C: poikilitic texture in diorite. Large hornblende encompass small
plagioclases, D: hornblende altered to chlorite, E: epidotization of plagioclases in Takht gabbro, F: augite altered to
chlorite and epidote, G: porphyroid texture in microdiorite enclave. Large plagioclase in fine crystal of plagioclase,
hornblende and augite, and H: Gradational granodiorite-enclave boarder. Hb: hornblende, Aug: augite, Pl: plagioclase,
Ep: epidote, Bi: biotite. (Whitney and Evans, 2010)).
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Fig. 6. The Takht volcanic rocks. A: Porphyry texture with plagioclase and quartz phenocryst in dacite, B: hornblende
altered to chlorite in dacite, C: gelomeroporphyry texture in trachyandesite, and D: porphyry texture with plagioclase
and sanidine phenocryst in trachyandesite. Pl: plagioclase, Qz: quartz; Aug: augite, Sa: sanidine, Chl: chlorite (Whitney

and Evans, 2010)
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Table 1. Results of Takht plutonic rocks analysis (Di: diorite, Gb: gabbro, Gr: granodiorite, En: enclave)

HI-6 HI9 HI-10 HI-31 HI-36 HI-11 HE-13 HE-17 HE-5 HI-15 HE-26
type Di Di Di Di Di Di Gb Gb Gb Gb Gb
Si02 (%) 593 612 597  59.65 6045 60 472 482 4832 4725 4776
TiO: 067 067 064 068 0.655 069 096 094 108 096  1.02
ALO; 144 146 141 1435 1435 143 1089 105 108 104  10.84
Fe:0; 865 793 842 857 8175 849 155 1553 1537 1592 1543
MnO 005 008 004 0035 006 002 006 0.16 007 025  0.06
MgO 34 355 337 3415 346 343 651 688 623 68 637
Ca0 695 627 724 7375 6755 718 156 141 1492 155 1526
Na20 336 3.17 38 341 3485 346 292 206 221 295  2.56
K:0 123 163 108 126 1355 129 051 067 075 022  0.63
P20s 0.04 004 01 0065 007 009 004 011 009 008 0.6
Total ~ 98.05 99.14 9849 9881 98.81 99.57 100.1  99.15 99.85 1003  100.0

LOI 1.36 1.24 0.9 1.05 1.07 0.74 0.14 0.67 1.06 1.1 1.12
Ba(ppm) 330 270 220 355 245 380 240 240 160 200 220
Sr 270 310 250 320 280 370 360 210 360 360 360
Zr 210 190 210 325 200 440 135 121 146 172 112
Ce 50.3 549 86.5 59.9 70.7 69.5 93.3 49.2 78.8  86.05  89.65
Co 14.1 22.6 8.4 8.55 15.5 3 8.3 24.6 8.6 8.45 8.35
Cs 0.7 1.8 0.3 0.65 1.05 0.6 0.1 0.2 0.1 0.1 0.1
Cu 45 40 29 31.5 34.5 18 57 81 33 45 51
Dy 5.59  5.02 7.3 5.44 6.16 5.29 16.5 7.39 553  11.01 13.75
Er 324 288 4.47 <2 <2 3.43 8.76 4.56 3.24 6 7.38
Eu 1.52 1.43 259 1715 201 1.91 24 1.66 2.1 2.25 2.35
Ga 22 21 20 20.5 20.5 19 21 21 18 19.5 20.25
Gd 533  5.02 7.22 <5 <5 5.03 17.7 6.58 583 11.76  14.73
Hf 5 4 6 8 5 11 5 5 8 6.5 5.75
Ho 1.07  0.98 1.42  1.105 1.2 1.14 3.07 1.45 1.12 2.09 2.58
La 26 29.1 428 3245 3595 389 43.1 23.9 42.7 42.9 43
Lu 043 041 0.63 0495 0.52 0.56 1.02 0.64 0.45 0.73 0.87
Nb 16 15 21 20 18 24 28 22 17 22.5 25.25
Nd 229 226 33.8 2425 282 25.6 24.4 24.6 29.6 27 35.7
Ni 12 13 10 9 11.5 6 13 16 9 11 12
Pr 542 576 8.88 6305 7.32 7.19 12.8 5.7 819 1049 11.64
Rb 58.8 799 182 3695 49.05 15.1 8.6 46 5.9 7.25 7.9
Sm 5 4.8 7.2 5.05 6 5.1 17.4 5.8 5.8 11.6 14.5
Sn 6 6 8 <5 <5 <5 8 7 3 5.5 6.75
Ta 0.7 0.7 1.1 <1 <1 1.6 1.3 0.9 1 1.15 1.22
Tb 0.88  0.78 .11 0.885 0945  0.89 2.64 1.1 0.94 1.79 2.21
Th 5.7 6.5 11.6 1025  9.05 14.8 9.1 6.2 8.8 8.95 9.02
Tm 046  0.41 0.63 0.49 0.52 0.52 1.22 0.65 0.45 0.83 1.02
U 1.98 1.9 3.72 2.23 1.88 2.64 2.33 1.97 2.24 2.28 2.307
\% 272 227 142 163 184.5 54 202 225 251 226.5 2142
Y 282 259 36.9 22.5 26.8 29 76.1 38.1 50.3 63.2 69.6
Yb 3.1 2.7 4.5 3.4 3.34 3.7 7.8 4.5 2.9 5.35 6.5
Eu_Eu* 0.9 0.891 1.098 1.153 0418 0.822 1.104 0.589  0.486

LaN/YbN 5.655 7.266 6.412 6435 7.257 7.088  3.725 3.581 9.927 5.406 4.409
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Table 1 (Continued). Results of Takht plutonic rocks analysis (Di: diorite, Gb: gabbro, Gr: granodiorite, En: enclave)

HI-12 HI-3 HI-4 HI-13 HE-20 HI-16 HI-18 HI-7 HI-5 HE-16 HI-1 HI-14
type Gr Gr Gr Gr Gr Gr Gr Gr Gr Gr Gr Gr
SiO2(%)  68.1 68.52 68.59 68.64 68.7 68.79 68.89 69.1 69.2 69.2 69.3 69.32
TiO: 0.37 0.6 0.49 0.77 0.43 0.67 0.51 0.67 0.65 0.41 0.55 0.74
ALOs 13.3 1298 12.84 13.64 13.52 13.12 143 12.68 13.71 12.8 12.69 13.3
Fe203 5.11 4.98 474 429 4.2 4.76 3.84 485 4.2 4.75 422 4.59
MnO 0.02 0.04 0.04 0.06 0.03 0.03 0.02  0.05 0.03 0.03 0.03  0.06
MgO 2.05 1.99 2.73 247 2.33 2.3 2.13 245 2.4 2.63 2.92 237
CaO 1.53 1.22 1.99 1.96 1.06 1.96 1.56 1.48 1.67 1.71 1.43 1.07
Na:0 5.01 5.32 5.09 5.04 5.52 4.09 5.44 4.4 5.17 4.74 478  5.76
K:>O 2.74 2.73 293 283 2.66 2.87 2.65 2.2 2.83 2.13 248 245
P20s 0.19 0.13 0.11  0.12 0.1 0.07 0.06 0.06 0.06 0.04 0.03  0.03
Total 98.42 9851 9944 99.82 9855 98.66 994 97.88 99.92 98.44 98.43 99.69
LOI 0.6 0.69 0.3 0.49 0.49 0.81 0.71 0.73 0.52 0.82 0.3 0.63
Ba(ppm) 610 587 510 649 490 600 690 580 540 567 552 504
Sr 120 97 90 79 80 110 120 120 80 107 92 94
Zn 12 19 13 13 31 29 26 12 19 17 31 31
Zr 370 347 420 339 350 280 380 295 370 271 382 364
Ce 38.9 85.9 859 29.6 63.7 92.8 47.6 355 76.6 72.5 88.6  77.7
Co 2.7 1.2 1.4 1.82 2.3 3 34 1.7 2.7 2.7 2.3 1.4
Cs 0.5 0.72 0.9 0.91 0.8 0.65 0.95 0.7 0.7 0.62 0.63  0.82
Cu 15 28 16 30 20 19 11 9 22 44 34 34
Dy 5.03 5.02 6.25 6.18 4.17 4.35 4.9 2.49 4.28 4.25 523  4.63
Er 3.14 1.99 4.04 279 2.69 2.92 3.2 1.7 2.74 3.23 3.53 2.85
Eu 0.57 0.87 0.98 0091 0.79 0.65 0.84  0.67 0.85 0.72 0.83  0.63
Ga 19 18 19 17 17 18 17 16 20 18 19 15
Gd 4.22 2.56 5.85 4.89 3.9 4.26 4.16 2.13 4.31 4.15 325 3.63
Hf 9 12 11 11 8 8 10 7 10 10 9 10
Ho 0.98 1.02 1.34 095 0.87 0.91 1.04  0.55 0.9 0.87 0.98  0.79
La 34 53.6 444 492 32.2 55.4 334 242 41.6 43.2 53.6 462
Lu 0.54 0.52 0.64 0.64 0.45 0.5 0.52  0.31 0.44 0.49 0.51 0.48
Nb 27 27 27 31 17 24 25 18 20 18 22 25
Nd 15.1 25.7 3.6  29.1 20.8 27.8 14.5 11.1 24.9 223 15.01 24.6
Ni <5 <5 5 <5 6 8 8 6 <5 <5 <5 <5
Pr 3.46 9.81 9.15 10.02 582 8.82 3.58 33 7.16 8.13 7.15 643
Rb 98.7 75.7 46 80 149 96.5 121 108 130 95 142 163
Sm 3.8 6.32 6.3 3.32 4.1 4.7 3.7 2.1 4.5 4 3.2 32
Sn 6 <1 2 <1 6 <1 <1 <1 5 <1 <1 <1
Ta 1.8 1.45 2.1 1.87 1.1 2 2 2.3 1.5 2.02 1.98 2
Th 0.71 0.57 1.03  0.78 0.62 0.7 0.76  0.39 0.67 0.82 0.63  0.59
Th 23.8 25.6 224 245 28.8 24.7 25.1 27.3 32.1 28 3256 273
Tm 0.48 0.56 0.61 049 0.44 0.45 0.52 0.28 0.43 0.44 0.48 0.32
U 5.83 6.8 4.93 6.2 4.83 5.96 6.33 4.36 6.11 6.89 595 732
v 20 15 30 18 31 15 31 21 39 32 21 28
Y 29.1 26.1 332 255 25.4 23.7 25.5 14.5 24.2 21.5 36.2 394
Yb 3.6 3.97 4.2 4.01 3.1 3 3.5 2 3.1 3.32 2.6 345
Eu Eu* 0435 0.787 0.662 0.494 0.693 0.604 0.444 0.655 0.969 0.59 0.54 0.461
LaN/YbN 8.24 13.899 9.102 7.127 8272 7.003 1245 7.397 11.529 9.047 8.773 9.028
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Table 1 (Continued). Results of Takht plutonic rocks analysis (Di: diorite, Gb: gabbro, Gr: granodiorite, En: enclave)
HI-26 HE-2 HI-19 HI-23 HI-28

type En En En En En
SiO:2 (%) 58.2 57.4 58.8 58.5 57.95
TiO: 0.58 0.74 0.75 0.665 0.7025
ALO; 15 14.6 13.1 14.05 14.325
Fe203 8.14 9.28 8.82 8.48 8.88
MnO 0.13 0.02 0.06 0.095 0.0575
MgO 2.06 2.88 3.64 2.85 2.865
CaO 7.88 7.1 7.4 7.64 7.37
Na.O 5.09 5.29 5.92 5.505 5.3975
KO 1.3 1.17 1.27 1.285 1.2275
P20s 0.08 0.11 0.15 0.115 0.1125
Total 98.46 98.59 99.91 99.185 98.8875
LOI 1.235 1.11 0.6 0.36 1.175
Ba(ppm) 385 440 445 330 355
Sr 267.5 265 235 270 287.5
Zn 43.25 41.5 38.5 45 46.75
Zr 240 290 275 198 230
Ce 53.4 56.5 51.2 523 55.7
Co 13.05 12 13.6 14.3 17.3
Cs 0.825 0.95 1.3 0.74 1.375
Cu 38.75 32.5 25 55 36.25
Dy 5.6675 5.745 5.99 5.69 5.3825
Er 3.33 3.42 3.61 3.14 3.15
Eu 1.65 1.78 1.24 1.62 1.605
Ga 21.5 21 19 21.5 21
Gd 5.57 5.81 5.78 5.39 541
Hf 6 7.2 6.8 6.1 5.5
Ho 1.11 1.16 1.23 1.1 1.07
La 24.5 29 27.4 24.8 29
Lu 0.45 0.48 0.53 0.36 0.44
Nb 25 26 25 26 27
Nd 26.1 27.3 26.4 259 26.2
Ni 10.2 8.5 13 11.1 10.7
Pr 5.87 6.33 6.1 5.72 6.04
Rb 60.5 62.3 95.4 68.8 71.1
Sm 5.2 5.45 5.35 5.04 5.12
Sn 4.75 3.5 6.5 5.14 4.75
Ta 0.975 1.25 1.25 0.87 0.975
Tb 0.9 0.92 0.965 0.82 0.85
Th 6.55 7.4 8.4 5.27 6.95
Tm 0.4775 0.495 0.54 0.66 0.4525
U 2.125 2.27 3.185 2.98 2.085
A\ 224 176 129.5 192 201.5
Y 28.7 29.2 33.8 31.2 27.55
Yb 3.22 3.35 3.45 3.1 3.02
Eu_Eu* 0.937 0.967 0.682 0.95 0.932

LaN/YbN 5.13 5.836 5.354 5.394 6.474
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showing metaluminous nature of the Takht samples, and B: K;O vs. SiO, diagram (Peccerillo and Taylor, 1976) to
identify magma series of the samples. The most samples of the Takht area mostly fall in calc-alkaline series.
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Table 2. Results of Takht volcanic rocks (Tr-An: trachyandesite, Tuff: tuff, Dac: dacite)

Sample HE-3 HE-11 HE-8 HE-17 HE-9 HE-19 HE-20 HE-15
type Tr-An  Tr-An  Tr-An  Tr-An Tuff Tuff Tuff Tuff
SiO2 (%) 59.7 60.3 61.6 62 61.6 62.175 62.25 62.9
TiO: 0.64 0.59 0.75 0.87 0.53 0.65 0.55 0.57
ALOs 17.02 17.1 17.3 17.8 15.8 15.92 15.55 15.3
Fe203 3.36 3.7 3.69 3.86 4.61 4.73 4.35 4.1
MnO 0.04 0.14 0.07 0.05 0.09 0.04 0.09 0.09
MgO 1.66 1.74 1.92 1.28 1.59 1.7 1.31 1.03
CaO 4.88 4.65 4.45 4.06 5.5 5.15 5.1 4.7
Na.O 2.56 2.12 1.46 1.52 2.55 2.83 2.62 2.69
KO 6.52 6.97 6.28 6.34 7.32 7.52 7.23 7.14
P20s 0.16 0.14 0.15 0.12 0.18 0.24 0.12 0.11
Total 96.54 97.45 97.52 97.9 99.59  99.263  99.155 98.63
Ba 930 407 464 720 602 540 527 452
(ppm)
Ce 38.7 45.9 36.1 22.5 36.3 39.5 41.6 46.9
Co 24.2 25.5 32.8 38.1 4 4 5 6
Cs 0.5 0.2 4.1 0.1 0.7 0.35 0.55 0.4
Cu 14 12 22 8 8 7.2 6.5 5
Dy 2.25 3.92 3.29 2.13 4.16 3.89 3.93 3.7
Er 1.44 2.46 1.93 1.55 2.63 2.25 2.39 2.15
Eu 0.56 1.05 1.06 0.51 0.86 0.82 0.92 0.98
Ga 12 18 16 12 11 13.2 12.5 14
Gd 2.35 4.14 3.79 1.99 4.11 3.98 4.2 4.29
Hf 3 4 5 3 5 5.1 4.5 4
Ho 0.47 0.8 0.65 0.48 0.85 0.91 0.8 0.75
La 14 21.9 17.4 11.6 18 23.5 20.35 22.7
Lu 0.21 0.42 0.28 0.31 0.42 0.43 0.375 0.33
Nb 11 10 14 7 12 10 11 10
Nd 15.6 19.5 17.5 16.8 18.1 21.1 19.4 20.7
Ni 30 <5 21 <5 30 39.2 36.5 43
Pr 3.2 5.13 4.44 2.47 4.5 4.6 4.9 5.38
Rb 172 60.7 118 116.4 82 122 97 112
Sm 2.7 3.7 3.9 3.8 5.2 5.6 4.6 4
Sn 1 2 2 <1 2 2 2 2
Sr 438 301 705 385 658 486 516 374
Ta 0.8 0.8 1 0.6 0.8 0.8 0.8 0.8
Tb 0.37 0.63 0.57 0.32 0.65 0.56 0.63 0.62
Th 4.8 6.5 5.2 6.8 7.3 7.1 7.7 8.1
Tm 0.21 0.47 0.3 0.26 0.4 0.42 0.36 0.33
U 1.34 1.76 1.61 2.28 1.57 2.05 1.91 2.25
Y 14 24 18 15 25 29 23 21
Zr 133 167 176 113 183 145 159 136
Yb 1.4 2.6 1.9 1.9 2.8 2.1 2.5 2.2
Zn 32 56 37 15 70 61 53 37
Eu_Eu* 0.68 0.82 0.843 0.567 0.569 0.531 0.64 0.723
LaN/YbN 6.742 5.679 6.174 4.116 4.334 7.545 5.488 6.956
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Table 2 (Continued). Results of Takht volcanic rocks (Tr-An: trachyandesite, Tuff: tuff, Dac: dacite)

Sample HE-6 HE-4 HE-18 HE-1 HE-12 HE-10
type Dac Dac Dac Dac Dac Dac
SiO2 (%) 66.9 67.2 68.7 69.6 70.05 70.25
TiO: 0.72 0.63 0.64 0.65 0.77 0.69
ALOs 15.8 15 14.5 14.7 15.45 16.2
Fe:0; 5.24 4.75 4.695 4.86 4.505 4.15
MnO 0.06 0.03 0.06 0.03 0.045 0.06
MgO 1.63 1.56 1.505 1.22 1.3 1.38
CaO 1.96 1.79 1.68 1.4 1.32 1.14
Na:0 1.46 1.82 1.625 1.72 1.755 1.79
KO 4.76 4.3 4.52 4.53 4.405 4.28
P20s 0.14 0.13 0.12 0.11 0.1 0.1
Total 98.67 97.21 98.045 98.82 99.7 100.04
Ba 719 1510 824.5 929 629.5 1230
(ppm)
Ce 66.2 51.7 64.5 49.2 56 62.8
Co 12.9 1.7 7.1 10.4 5.85 1.3
Cs 8.1 0.3 4.85 0.2 0.9 1.6
Cu 14 8 14 9 9 <5
Dy 5.15 2.74 5.555 4.31 5.135 5.96
Er 2.94 1.58 3.345 2.54 3.145 3.75
Eu 1.27 0.67 1.315 0.49 0.925 1.36
Ga 20 11 18.5 17 17 17
Gd 5.62 4.34 6.025 4.34 5.385 6.43
Hf 5 4 6 6 6.5 7
Ho 1 0.53 1.1 0.86 1.03 1.2
La 31.5 25.6 30.6 20.7 25.2 29.7
Lu 0.47 0.25 0.545 0.4 0.51 0.62
Nb 12 11 15 12 15 18
Nd 29.7 21.7 28.55 243 25.85 27.4
Ni 32 13 32 25 25 <5
Pr 7.65 5.83 7.375 6.04 6.57 7.1
Rb 141 167 131.5 118.3 120.15 122
Sm 5.7 3.5 5.65 5 53 5.6
Sn 3 1 2.5 <1 2 2
Sr 383 400 343.5 215 259.5 304
Ta 1 0.8 1.1 1 1.1 1.2
Th 0.83 0.43 0.895 0.74 0.85 0.96
Th 11.2 10.7 11.65 11.6 11.85 12.1
Tm 0.46 0.24 0.52 0.4 0.49 0.58
U 2.38 1.56 2.745 2.39 2.75 3.11
Y 28 15 31 24 29 34
Zr 193 160 228 232 247.5 263
Yb 3 1.7 3.5 2.7 3.35 4
Zn 65 19 43.5 11 16.5 22
Eu_Eu* 0.686 0.526 0.689 0.322 0.529 0.693

LaN/YbN 7.079 10.153 5.894 5.169 5.072 5.006
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Fig. 11. A: AL,O3/(CaO + Na,O + K;0) vs. Al,O3/(Na,O + K,0) diagram (A/CNK-A/NK diagram) (Shand, 1947)
showing metaluminou and peraluminous nature of the Takht volcanic samples, and B: KO vs. SiO, diagram (Peccerillo
and Taylor, 1976) to identify magma series of the samples. The Takht samples mostly fall in calc-alkaline and

shoshonite series.
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Fig. 12. A: Trace element spider diagram on the Takht volcanic rock samples normalized to primitive mantle values
(McDonough and Sun, 1995), and B: Chondrite normalized (Boynton, 1984) rare earth Element (REE) patterns for the
Takht volcanic rock samples
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Table 3. U-P geochronologic analyses for the studied zircons of the Takht granodiorite

Isotope ratios

UGPM) ol UMh ) %) bl %) el %) error
Spot 1 147.09 4809.40 1.77  20.51 4.73 0.02 5.68 0.00255 3.15  0.55
Spot 2 247.82 3931.47 1.19 21.29 3.63 0.02 4.41 0.00253 2.50 0.57
Spot 3 86.57 2324.49 2.40 30.75 4.96 0.01 6.00 0.00255 3.38  0.56
Spot 4 173.38 4016.23 2.54 20.22  3.60 0.02 4.75 0.00260 3.10  0.65

Spot 5 219.45 3289.64 1.54 23.61 6.11 0.02 6.77 0.00268 292 043
Spot 6 230.45 6026.50 1.57 2231 3.54 0.02 5.09 0.00254 3.65 0.72

Spot 7 186.70 2761.10  2.15 2220 4.11 0.02 4.96 0.00262 2.79 0.56
Spot 8 104.33 784.57 252 4375 29.64 0.01 29.83 0.00262 335 0.11
Spot 9 138.66 4590.47 .51  20.59  6.09 0.02 7.22 0.00262 3.89 0.54
Spot 10 128.06 825.80 2.81 30.05 527 0.01 6.10 0.00247 3.08 0.50
Spot 11 113.15 3490.11 235 2513 717 0.01 7.83 0.00257 3.15 0.40
Spot 12 98.27 1241.57 238 30.76  10.36 0.01 10.91 0.00268 341 031

Spot 13 124.53 3625.20 143 20.64 6.15 0.02 7.19 0.00266 3.72 0.52
Spot 14 114.27 1858.22 1.64 2599 549 0.01 6.48 0.00263 345 053
Spot 15 182.59 3990.57 1.52 2226 5095 0.02 6.79 0.00258 326  0.48
Spot 16 242.59 2243884 230 1896  3.80 0.02 5.22 0.00267 3.58  0.69
Spot 17 95.90 164843.63 2.29 21.24 5.17 0.02 6.35 0.00261 3.68 0.58
Spot 18 259.09 2336.20 1.26 8.55 4.65 0.05 5.48 0.00284 291 053
Spot 19 280.36 9573.68 .35 23.09 3.14 0.02 4.37 0.00260 3.04 0.69
Spot 20 160.25 3838.93 2.06 2256 4.50 0.02 5.26 0.00265 2.74  0.52
Spot 21 105.54 4445.66 .76~ 20.35 5.36 0.02 6.35 0.00273 340 0.54
Spot 22 183.29 13928.13 238 1936 4.02 0.02 4.88 0.00267 277  0.57

Spot 23 97.83 41603.68 2.19 17.76  6.07 0.02 7.34 0.00263 4.13  0.56
Spot 24 81.45 1082.85 234 28.54 12.15 0.01 13.09 0.00260 487 0.37
Spot 25 126.60 1368.26 220 21.99 6.22 0.02 6.86 0.00263 290 042
Spot 26 93.05 5046.03 2.57 20.74  5.59 0.02 7.04 0.00255 429 0.61
Spot 27 61.40 1611223 199 1955  7.61 0.02 8.57 0.00264 393  0.46
Spot 28 98.78 852.87 240 2498 857 0.01 9.49 0.00268 4.07 043
Spot 29 89.20 1110.15 240 2521 5.81 0.01 7.73 0.00272 5.09  0.66
Spot 30 63.66 1178.33 243 1738  9.38 0.02 10.10 0.00257 3.76  0.37
Spot 31 96.23 3978.82 225 22.64 550 0.02 7.19 0.00258 4.62 0.64
Spot 32 124.56 6439.48 1.50 20.28 4.23 0.02 5.62 0.00265 3.69 0.66
Spot 33 72.38 1235.79 226 21.25 897 0.02 9.59 0.00266 340 0.35

Spot 34 102.89 1276.80  2.31 21.94 6.02 0.02 7.15 0.00261 3.87 0.54
Spot 35 117.90 2365.28 1.82 2449 4.68 0.01 5.89 0.00256 3.59 0.61
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Table 3 (Continued). U-P geochronologic analyses for the studied zircons of the Takht granodiorite

Apparent ages (Ma)
N e N
Spot 1 16.39 0.51 17.22 0.97 16.39 0.51
Spot 2 16.27 0.41 16.48 0.72 16.27 0.41
Spot 3 16.44 0.56 11.55 0.69 16.44 0.56
Spot 4 16.72 0.52 17.82 0.84 16.72 0.52
Spot 5 17.27 0.50 15.78 1.06 17.27 0.50
Spot 6 16.36 0.60 15.81 0.80 16.36 0.60
Spot 7 16.86 0.47 16.37 0.81 16.86 0.47
Spot 8 16.86 0.56 8.34 2.48 16.86 0.56
Spot 9 16.88 0.66 17.66 1.26 16.88 0.66
Spot 10 15.92 0.49 11.45 0.69 15.92 0.49
Spot 11 16.56 0.52 14.22 1.11 16.56 0.52
Spot 12 17.24 0.59 12.11 1.31 17.24 0.59
Spot 13 17.13 0.64 17.88 1.27 17.13 0.64
Spot 14 16.96 0.58 14.08 091 16.96 0.58
Spot 15 16.62 0.54 16.10 1.08 16.62 0.54
Spot 16 17.21 0.62 19.54 1.01 17.21 0.62
Spot 17 16.80 0.62 17.04 1.07 16.80 0.62
Spot 18 18.31 0.53 45.51 2.44 18.31 0.53
Spot 19 16.72 0.51 15.62 0.68 16.72 0.51
Spot 20 17.09 0.47 16.33 0.85 17.09 0.47
Spot 21 17.57 0.60 18.59 1.17 17.57 0.60
Spot 22 17.22 0.48 19.15 0.93 17.22 0.48
Spot 23 16.91 0.70 20.49 1.49 16.91 0.70
Spot 24 16.72 0.81 12.65 1.65 16.72 0.81
Spot 25 16.94 0.49 16.61 1.13 16.94 0.49
Spot 26 16.44 0.70 17.08 1.19 16.44 0.70
Spot 27 17.02 0.67 18.75 1.59 17.02 0.67
Spot 28 17.25 0.70 14.90 1.40 17.25 0.70
Spot 29 17.53 0.89 15.01 1.15 17.53 0.89
Spot 30 16.52 0.62 20.45 2.04 16.52 0.62
Spot 31 16.59 0.76 15.80 1.13 16.59 0.76
Spot 32 17.07 0.63 18.14 1.01 17.07 0.63
Spot 33 17.15 0.58 17.39 1.65 17.15 0.58
Spot 34 16.79 0.65 16.49 1.17 16.79 0.65

Spot 35 16.46 0.59 14.51 0.85 16.46 0.59
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Fig. 14. U-Pb concordia diagram and average age diagram from zircon minerals separated from the Takht granodiorite
samples. These diagrams give the age of 16.8 + 0.24 Ma for the Takht granodiorite.
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Table 4. Rb—Sr couples isotope ratios for the Takht area samples

Sample  Age Rb Sr 8"Rb/3Sr *®’Sr/*Sr)m +2s ®’Sr/*Sr)i +2s
HI-1 16.8 142 118 3.48124 0.70775 9.32000 0.70692 0.02462
HI-7 16.8 108 120 0.65428 0.70790 10.88000 0.70774 0.00463
HI-18 16.8 121 130 2.69263 0.70790 9.72000 0.70725 0.01904
HI-12 168 987 120 2.37941 0.70790 12.54000 0.70733 0.01683
HI-6 168 623 265 1.21013 0.70782 13.99000 0.70754 0.00856
HI-9 168 799 310 1.06034 0.70790 11.15000 0.70764 0.00750

HE-17 168 46 210 0.14463 0.70691 12.13000 0.70688 0.00102

HE-13  16.8 8.6 360 0.24794 0.70688 9.54000 0.70682 0.00175
HE-2 168 586 360 0.68064 0.70775 15.44000 0.70759 0.00481
HI-23 168 623 265 0.47090 0.70790 12.58000 0.70778 0.00333

HE-12 168 120.1 259 0.63365 0.70742 10.18000 0.70727 0.00448

HE-18 168 1315 3‘;3' 1.26847 0.70766 11.36000 0.70736 0.00897

HE-17 168 1164 385 1.26847 0.70766 11.36000 0.70736 0.00897

HE-11 168  60.7 301 1.21404 0.70782 10.95000 0.70753 0.00858

55 ddlaie sladiges SM-NA L5595l cax 6T .0 Jeus

Table 5. Sm—Nd couples isotope ratios for the Takht area samples

Sample Age Sm Nd 'Sm/"Nd (**Nd/'"“*Nd)m +2s (BNd/"“Nd)i 25 eNd
HI-1 16.8 3.2 15 0.12885 0.51254 10.92000 0.51254 0.00000 -1.49325
HI-7 16.8 2.1 11.1 0.13080 0.51254 8.86000 0.51254 0.00000 -1.42483
HI-18 168 3.7 14.5 0.15422 0.51254 7.70000 0.51254 0.00000 -1.56047
HI-12 168 3.8 15.1 0.15209 0.51250 8.64000 0.51250 0.00000 -2.33359
HI-6 16.8 54 253 0.13820 0.51244 8.36000 0.51243 0.00000 -3.68190
HI-9 16.8 4.8 22.6 0.17245 0.51246 7.84000 0.51244 0.00000 -3.44056
HE-17 16.8 58 24.6 0.41165 0.51236 8.00000 0.51232 0.00000 -5.83370
HE-13 168 174 28 0.24890 0.51238 8.91000 0.51235 0.00000 -5.15980
HE-2 16.8 74 244 0.12993 0.51236 8.08000 0.51246 0.00000 -5.04225
HI-23 168 54 253 0.18328 0.51234 7.98000 0.51234 0.00000 -5.30479
HE-12 16.8 53 15 0.14250 0.51258 8.96000 0.51258 0.00000 -0.79398
HE-18 16.8 5.6 15 0.13670 0.51257 9.23000 0.51256 0.00000 -1.10953
HE-17 16.8 3.8 16.8 0.13612 0.51248 8.52000 0.51247 0.00000 -2.91791

HE-11 168 3.7 195 0.16255 0.51246 9.45000 0.51244 0.00000 -3.41292
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Introduction

The Urumich-Dokhtar Magmatic Assemblage
(UDMA) forms a distinct NW-SE linear intrusive—
extrusive complex Magmatism of the UDMA that
occurred from Eocene to Quaternary, although the
maximum activity was in the middle Eocene
(Berberian and King, 1981; Ghasemi and Talbot,
2006). Collision of Arabian and Iranian plates led
to termination of Neo-Tethys crust subduction and
magmatism activity was abated in the UDMA,
although there is no common agreement on
collision timing. The Takht magmatic complex is
located in the north of the Hamedan province (west
Iran), and it belongs to the UDMA. The assemblage
of volcano-plutonic rocks is present in the study
area. The volcanic rocks include dacite, rhyodacite
and trachyandesite ~with some tuff and
agglomerated and the plutonic rocks are mostly
occupied by granodiorite and diorite (containing
mafic micro-granular enclaves) with some gabbro.
These bodies are mostly intruded in Jurassic schists
and are in contact with Cretaceous limestone
leading to the formation of a skarn iron-ore deposit.
The detailed geochemical and isotopic data is
lacking and the age of the Takht granodiorite has
not been determined. In the present study, the
authors mainly have focused on the geochemistry
and Sr-Nd isotopic ratios of the Takht magmatic
complex to clarify questions regarding
pterogenesis and its geodynamic evolution. We
also reported U-Pb zircon ages for Takht
granodiorite to study the relationship between its

genesis and geological evolution history of the
UDMA.

Materials and methods

A total of about 80 samples from the Takht
plutonic-volcanic rocks were collected. 16
plutonic-volcanic samples were selected for whole-
rock chemical analysis. Major element oxides were
analyzed by the X-ray fluorescence spectrometry
(XRF) method using an Optima 7300DV XRF
instrument in the Lab West laboratory, Australia.
Trace elements were also analyzed in this
laboratory with the inductively-coupled plasma
mass spectrometry (ICP-MS) method using a
NeXION 300 ICPMS instrument. Three chip
samples with equal weight (4.5 kg) were collected
from the Takht granodiorite. Then upon mixing,
average samples were obtained for U-Pb dating of
zircon. Hand-picked zircon crystals were supplied
to the ALC (Arizona Laser Chron Center) in
Arizona University. The 14 selected samples for
Nd-Sm and Rb-Sr isotope analysis were crushed to
less than 60um. All isotope analyses were
performed on a Nu Instruments Nu Plasma HR in
the MC-ICP-MS facility, in the University of Cape
Town, Rondebosch, South Africa.

Results

The plutonic rocks have metaluminous nature and
are of calc-alkaline affinity. The Sr/Nd, Nb/La and
Th/U ratios of the granodiorite show that its magma

*Corresponding authors Email: zarei.r@lu.ac.ir
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was formed mainly by melting of continental crust,
and that its enclaves were formed from a mantle
derived mafic magma. The samples have negative
anomalies in Nb, Sr, Ti, P and Eu and positive
anomalies in Th, K, Zr, Yb and Rb thus indicating
contribution of mantle and crustal materials in their
generation. The Takht granodiorite  has
geochemical features of I and A-type granites and
also shows properties of both volcanic arc and
within plate magmatism association granitoids
(high levels of LILEs and HFSEs). In order to
obtain better results, all the data were plotted on a
common “*Pb/**U versus 2’Pb/*°U diagram. The
results show an age of 16.8 = 0.24 Ma (Middle
Miocene) for the Takht granodiorite. Based on the
results, the Takht granodiorite was generated in
Miocene. In the Takht magmatic complex initial
¥Sr/*Sr range from 0.70678 to 0.70778 and eNd
also changes from -0.79398 to -5.83370. Nd-Sm
isotopic contents and trace element ratios indicate
that the Takht magmatic complex has originated
from oceanic slab break-off with continental crust
mingling in the post-collision stage. The eNd (16.8
Ma) vs. initial *’Sr/*Sr ratios diagram reveals, the
role of continental crust materials in the generation
of the granodiorite samples, while where the
enclaves lic are plotted in the mantle evolution
array field.

Discussion

The Takht magmatic complex has geochemical
properties of arc related igneous rocks such as Ba,
Nb, Sr, P, Ti and Y negative anomalies and for Rb,
Th, U, K, Nd and Zr positive anomalies. Most of
the Takht area samples are plotted in the triple
junction of volcanic arc granites (VAG), within
plate granites (WPG) and syn-collision (syn-
COLG) on Y versus Nb and the Y+Nb versus Rb
diagrams (Pearce et al., 1984). These data suggest
post-collisional tectonic setting for the Takht
magmatic complex. Field, microscopic and
geochemical evidences indicate that simple
fractional crystallization of a mafic magma was not

the only processes involved in the generation of the
studied rocks. On this basis, continental crust
material had extensive contribution in the
generation of the granodiorites whereas the
enclaves are from mantle derived magmas.
Relatively high fractionated REE patterns of the
granodiorite samples with high LREE/HREE
indicate an amphibole-bearing, garnet-free source
for the samples while small to moderate negative
Eu anomalies require residual plagioclase in the
source. The granodiorite samples basically have
geochemical properties of I-type granites and it is
confirmed by their Nd and Sr isotopic ratios.
However, relatively high HFSE contents make
them similar to A-type granites. Melting of a
former continental arc crust and contamination
with mantle derived magmas led to both volcanic
arc and within plate geochemical properties of the
granodiorites that make them similar to I-type and
A-type granitoids. The age of 16.8 £ 0.24 Ma
(Middle Miocene) of the Takht granodiorite is
consistent with the other post-collisional igneous
rocks of the area and regarding its post-collisional
geochemical properties the age of collision and
related orogeny must be considered at least before
Miocene.
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