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Sample No. G-1 G2 G3 G4 G5 G6 G7 G-8 G9 G-10 G-11 G-12 G-13 G-14| G-15 G-16
Rock Type Gb-GbD (999 25 — 5,5) D-QD (cu,005 15 — ay909) Gd (co,p091,)
(Wt%o)
SiO, 49.08 49.59 50.28 51.54 5341 5342 5357 54.12| 5573 56.84 5839 5991 61.07 61.94| 66.71 68.27
Al, O, 20.51 17.08 19.04 18.11 17.97 18.12 17.92 15.44| 1722 1697 16.64 1625 1576 1582 1493 14.89
Fe,O3 391 386 375 424 390 364 340 520 394 338 388 291 349 347 241 239
FeO 595 599 482 647 523 532 481 674 504 449 471 446 433 377 245 245
FeOt 9.86 9.85 857 1071 9.13 896 831 1194 898 7.87 859 737 782 724 486 484
MgO 433 714 6776 483 555 594 588 330 4.12 517 357 358 3.00 250 1.78 1.23
MnO 0.16 020 0.17 0.6 015 025 014 0.12 0.12 0.15 0.13 0.10 0.11 0.04f 0.05 0.08
CaO 11.08 10.04 890 10.17 878 892 927 812 7.75 835 721 726 6.00 6.10] 444 335
Na,O 338 370 457 275 340 3.02 308 336| 345 355 354 398 342 477 390 4.07
K,0 028 148 0.60 056 043 058 0.82 1.18 131 031 0.79 042 165 040 250 257
TiO, 123 072 084 104 089 068 081 192 1.09 065 097 090 096 096| 0.64 0.57
P,0s 005 0.10 028 013 021 0.07 0.8 050 027 o0.11 021 023 023 024 0.15 0.13
(ppm)
Sc 35.00 41.00 32.00 37.00 25.00 32.00 26.00 35.00{ 25.00 25.00 26.00 24.00 22.00 21.00| 16.00 14.00
Ni 6.80 52.80 54.00 3.40 29.10 10.70 20.40 5.80| 14.30 23.10 1090 890 6.60 5.60] 390 1.80
Cr 41.05 246.31 177.89 47.89 95.79 88.95 116.31 34.21| 61.58 143.68 61.59 54.74 5475 34.21| 47.89 41.05
Co 29.00 3420 26.70 31.10 27.70 29.20 28.30 26.30| 24.20 22.00 21.40 1790 1690 8.10| 10.00 8.00
\Y% 290.00 280.00 262.00 336.00 214.00 142.00 226.00 369.00| 228.00 179.00 222.00 218.00 162.00 147.00| 91.00 62.00
Cs 1.10 140 040 1.00 0.10 130 200 040 160 020 0.60 220 130 0.80] 1.20 3.40
Rb 450 43.60 18.00 16.60 830 2020 27.30 24.50| 27.60 4.10 21.20 840 4280 7.30| 52.30 85.10
Ba 127.00 190.00 148.00 135.00 178.00 113.00 257.00 409.00| 472.00 177.00 251.00 213.00 455.00 170.00{ 679.00 519.00
Th 020 090 480 09 1.60 090 1.60 470/ 3.50 3.00 4.80 500 500 5.60f 1030 11.00
U 0.10 0.60 140 030 040 030 060 130/ 1.00 0.70 150 130 1.50 140 270 2.70
Zr 19.30 29.00 53.10 50.30 87.00 54.00 145.20 200.40( 148.50 79.70 141.80 165.70 190.60 185.50| 247.30 246.40
Hf 060 080 150 1.60 230 140 390 530/ 370 220 3.80 510 520 5.00f 7.10 6.80
Nb 1.60 1.10 320 210 460 1.70 530 10.60{ 8.10 4.00 630 7.00 880 9.10/ 10.30 10.30
Y 1040 1590 20.70 17.50 20.40 14.40 2330 46.60[ 29.30 24.10 31.20 35.70 38.00 36.90| 44.50 40.50
Ta 020 0.10 020 0.10 030 0.10 030 0.70] 050 030 040 040 0.50 0.60f 0.70 0.80
Ti 7392 4349 5051 6245 5329 4054 4847 6137| 6548 3919 5794 5422 5777 5735] 3819 3390
K 2346 12308 4977 4612 3558 4842 6786 9774| 10834 2540 6579 3455 13708 3291| 20705 21350
Sr 373.30 158.50 546.20 325.40 395.00 312.50 336.50 315.30| 373.20 303.40 304.80 296.30 245.90 359.50| 230.40 188.50
La 310 430 1580 520 9.10 560 1090 21.60| 1440 830 18.80 17.90 19.80 12.00f 14.90 23.90
Ce 6.80 10.50 36.90 11.70 21.40 1290 25.60 52.20| 32.70 20.30 39.90 39.60 4590 30.10[ 39.60 55.60
Pr 096 149 465 158 282 1.73 332 673 4.04 278 476 501 559 417 527 639
Nd 4.80 730 2030 7.80 11.80 8.10 15.00 29.50{ 17.50 13.00 20.70 21.50 24.40 18.20| 23.80 26.90
Sm 130 199 421 203 3.03 1.87 342 7.19| 419 323 456 512 558 488] 582 572
Eu 097 068 1.11 080 093 0.81 098 171 1.12 073 1.19 1.14 1.18 1.09| 098 1.04
Gd 1.64 245 3.60 254 328 205 367 811 463 356 471 524 6.00 579 6.63 6.02
Tb 030 041 059 046 058 039 065 139 082 068 0.87 096 1.05 1.03 121 1.07
Dy 1.77 261 332 293 343 242 396 791 484 420 527 570 631 592 699 6.50
Ho 039 055 068 063 071 053 082 1.66] 1.06 085 1.07 1.17 135 129 152 142
Er .11 1.60 199 176 208 156 232 488 3.04 260 328 348 4.02 372 458 4.00
Tm 0.18 027 033 028 031 025 038 071 046 040 053 056 059 057 072 0.67
Yb 1.06 1.63 223 173 208 158 238 432 291 259 323 344 377 3.63] 440 4.1
Lu 0.17 024 032 027 030 026 036 067 044 038 049 053 058 057 0.67 0.65
Mo 020 0.10 020 030 020 470 030 080 050 030 050 0.60 0.70 0.60[f 0.80 0.60
Cu 27.60 7240 4690 9590 82.50 840 2850 25.10f 390 5.60 1070 8.70 25.80 2.00| 15.40 41.20
Pb 1.30 3.80 240 170 150 330 200 140 140 260 080 1.10 1.00 0.80] 140 4.0
Zn 8.00 72.00 65.00 17.00 29.00 44.00 21.00 10.00| 12.00 40.00 19.00 14.00 17.00 9.00{ 8.00 27.00
Ga 17.80 12.20 15.50 17.30 17.90 16.00 17.00 18.10] 1590 1520 17.00 16.20 15.60 16.00| 14.30 14.70
As 0.80 140 190 330 260 1.00 1.00 200 570 050 220 460 150 530 1.70 0.90
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Sample No. G-17 G-18 G-19 G-20f G-21 G-22 G-23
Rock Type Gr (il %) Ton (e Jbg)
(wt%)
SiO, 6730 70.43 71.56 75.47| 73.05 73.92 74.06
Al,O3 15.70 14.55 13.59 12.69| 14.17 13.82 13.73
Fe,Os 219 189 1.79 124 158 1.18 148
FeO 1.74 1.67 150 1.03| 1.57 1.03 134
FeOt 393 356 329 227 315 221 282
MgO 1.43 086 091 028 072 0.54 0.60
MnO 0.10 0.07 0.04 0.04f 0.07 0.04 0.04
CaOo 2,69 3.01 237 121 229 1.68 324
Na,O 336 4.00 3.67 385 582 7.14 474
K0 482 299 395 398 027 0.18 028
TiO, 051 044 049 024/ 039 037 036
P,0s 0.13 0.10 0.12 0.05f 0.09 0.08 0.08
(ppm)

Sc 11.00 10.00 9.00 6.00f 9.00 9.00 8.00
Ni 200 170 230 090f 1.70 1.50 2.10
Cr 2738 2737 3421 27.37| 3421 3422 41.05
Co 6.60 540 540 190 490 2.80 4.70
\Y% 52.00 44.00 57.00 11.00{ 36.00 30.00 31.00
Cs 370 050 130 1.20f 0.90 030 0.30
Rb 160.60 78.60 112.80 115.10f 8.80 6.00 5.40
Ba 818.00 723.00 677.00 720.00(141.00 61.00 215.00
Th 11.20 9.60 1820 14.80| 11.90 12.10 10.30
U 290 200 470 3.50f 3.00 3.00 2.80
zZr 202.30 232.50 216.90 217.70{214.00 256.50 225.20
Hf 6.00 640 680 7.30| 6.60 8.00 7.70
Nb 12.80 9.60 12.50 12.50( 10.30 11.90 9.40
Y 27.70 37.40 34.00 50.20( 40.20 50.80 35.50
Ta 0.80 0.70 1.00 0.90f 090 0.70 0.60
Ti 3053 2661 2969 1459 2313 2249 2189
K 40020 24841 32769 33030| 2273 1513 2355
Sr 225.90 203.70 153.70 99.20{310.30 180.70 345.20
La 2590 2550 29.80 30.50| 26.30 22.50 23.50
Ce 5450 5520 56.60 64.80| 58.20 50.30 47.80
Pr 6.14 648 629 7.74] 676 631 550
Nd 23.90 25.00 24.40 31.00| 27.30 26.90 21.50
Sm 482 520 487 680 572 634 458
Eu 1.04 096 073 0.77/ 090 090 0.98
Gd 437 533 486 6.73| 544 6.63 4.74
Tb 081 099 087 131 1.04 127 088
Dy 465 592 529 787 611 751 557
Ho 096 131 106 161 131 159 1.19
Er 2.83 374 324 499 4.00 490 3.56
Tm 045 0.63 058 086 0.67 0.82 0.59
Yb 2.85 384 367 545 432 517 3.64
Lu 046 058 056 0.78 0.66 0.80 0.57
Mo 050 0.80 0.80 0.70/ 040 0.20 0.90
Cu 3.00 250 1540 13.20| 190 330 7.40
Pb 11.00 250 350 340 140 1.70 0.90
Zn 56.00 17.00 9.00 17.00{ 30.00 20.00 15.00
Ga 16.30 14.80 13.20 14.00 13.60 14.00 13.30
As 360 240 320 1.70| 210 3.10 0.60
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The petrogenesis of Zafarghand granitoid pluton (SE of Ardestan)

Mahmoud Sadeghian * and Mahboobeh Ghaffary

Department of Geology, Faculty of Sciences, Shahrood University of Technology, Shahroud, Iran

Abstract
The Zafarghand granitoid pluton ranging in composition from gabbro to tonalite and age

of early-middle Miocene crops out about 35 km of southeast Ardestan. The pluton has
intruded into the Eocene volcanic and volcanosedimentary rocks of Orumieh-Dokhtar
structural zone. The pre, syn and post-plutonic dikes with mostly andesitic composition
are associated with this pluton. The presence of abundant microgranular enclaves and
interrupted syn-plutonic dikes are remarkable evidences of magma mixing in
Zafarghand granitoid pluton. Based on the geochemical characteristics, there is a limited
gap between mafic-intermediate and felsic rocks which may be the result of differences
in their source rock regions. Enrichment in both LILE and Pb are indication of crustal
contamination. Considering the typical negative anomaly of Ti and Nb, it can be said
that this pluton is originated and produced in a volcanic arc of an active continental
margin. Based on the discrimination diagrams of tectonic setting, the Zafrghand pluton
can be classified as I-type, volcanic arc and continental arc granitoids (VAG and CAG).
The melting of subducted Neothytian oceanic slab, its overlay metasomatized mantle
wedge and partly continental lower crust as well as fractional crystallization of
generated magma, led to the formation of the studied pluton.

Key words: Petrogenesis, Syn-plutonic dikes, Magma mixing, Crustal contamination,
Neothytian oceanic slab
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