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Fig. 1. Simplified geological map of the study area (Saheb, Kurdistan). (from Kholghi Khosrghi, 1999 with some

modification)



O 5 cellloe 364

Saheb granitoid
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Fig. 2. Field images from the Saheb granitoid body, A: Field outcrop of the intrusive body in the study area (view
direction to the north), B: Hand-specimen from the Saheb granitoid body including orthoclase, quartz, biotite and

amphibole minerals, C: A close view of the intrusive body containing coarse grains of orthoclase, and D: The mafic
dyke cutting the Saheb granitoid body (view direction to the north).
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Fig. 3. Microscopic images of the Saheb batholith, A: Inequigranular texture and the main minerals of quartz
monzodiorite including plagioclase, orthoclase, quartz and amphibole, B: Myrmekite texture in quartz monzodiorite, C:
Inequigranular texture and quartz, amphibole, plagioclase and biotite in quartzmonzonite, D: Chadacrysts of
plagioclase, quartz, biotite and amphibole in the large orthoclase crystal with perthitic texture in quartzmonzonite, E:
The large crystal of orthoclase with perthite texture in the monzogranite sample containing chadacrysts of biotite,
plagioclase and amphibole, and F: Zircon, biotite, plagioclase and quartz minerals in monzogranite samples.
Abbreviations after Whitney and Evans (2010) (PI: Plagioclase, Afs: alkali feldspar, Qtz: Quartz, Amp: Amphibole, Bt:
Biotite, Zrn: Zircon, Myr: Myrmekite texture).
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Fig. 4. Cathodoluminescence images of dated zircons from the Saheb granitoid. The white circles show the location of
dating using U-Pb metjod..
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Table 1. Zircon U-Pb dating data from the Saheb batholith

232 Th 238 U 207Pb[206pb 207Pb[206pb 207Pb[235U 207Pb[235U 206Pb[238u
Spots ppm ppm ppm Ratio 1sigma Ratio 1sigma Ratio
Ch-4-01 29.67 853.3 876.13 0.048965  0.002855  0.065005 0.003608  0.00969
Ch-4-02 20.15 535.08 700.05 0.049672  0.003033  0.066331  0.00384  0.009786
Ch-4-03 29.75 826.76 972.19 0.04936 0.002907  0.064739 0.003649  0.009639
Ch-4-04 17.18 430.37 685.72 0.04624 0.003027  0.062903 0.003951  0.00975
Ch-4-05 17.01 443.7 647.13 0.049198  0.003245  0.066266 0.0042 0.009762
Ch-4-06 15.55 407.3 613.2 0.047463  0.003299  0.061817 0.004078 0.009393
Ch-4-07 16.2 420.72 577.44 0.050207  0.003463  0.065422  0.00407  0.009608
Ch-4-08 18.33 489.27 628.12 0.047158  0.002841  0.063089 0.003507 0.009804
Ch-4-09 12.47 322.62 521.88 0.047839  0.003248  0.062276 0.003896  0.00947
Ch-4-10 21.77 582 738.39 0.049323  0.002768  0.06497  0.003521 0.009584
Ch-4-11 15.27 401.62 632.24 0.046468 0.00289 0.060522 0.003475  0.00943
Ch-4-12 10.94 285.87 478.86 0.047282  0.003241  0.060622 0.003691 0.009392
Ch-4-14 16.79 458.52 594.55 0.04937 0.003695  0.063679 0.004291  0.00939
Ch-4-15 20.53 574.79 711.95 0.051632  0.004763  0.070387 0.006548 0.009776
Ch-4-16 16.76 440.64 627.15 0.047649  0.002618  0.063941 0.003663 0.009665
Ch-4-17 19.74 521.97 747.41 0.049969 0.00345 0.066825 0.004248 0.009741
Ch-4-18 21.77 610.52 718.6 0.050229  0.003591  0.065073 0.004132 0.009663
Ch-4-19 12.49 329.77 450.62 0.048579  0.003674  0.06623  0.004554  0.009785
206Pb[238u ZOSP b[ZSZTh ZOSP b/ZSZTh 238U/232Th 207P b/ZSSU 207Pb[235U 206Pb[238u 206Pb[238u
Spots 1sigma Ratio 1sigma Ratio Age (Ma) lsigma  Age (Ma) 1sigma
Ch-4-01 0.000135  0.002961 7.74E-05 0.991548 146.38 -62.03 63.94857  3.440574
Ch-4-02 0.000155  0.003109 9.03E-05 1.278406 188.97 142.5725 65.21162  3.656341
Ch-4-03 0.000127  0.002996 9.14E-05 1.136152 164.9 138.87 63.69434  3.480517
Ch-4-04  0.00013 0.003165 0.000115 1.543502 9.36 151.835  61.94205 3.774818
Ch-4-05 0.000186  0.003254  0.000134 1.49198 166.75 138.865  65.15006 4.000276
Ch-4-06 0.000137  0.003058 0.000109 1.47712 72.315 159.235  60.90443  3.900031
Ch-4-07 0.000151  0.003121 0.000111 1.345628 211.185 165.72 64.34582  3.878941
Ch-4-08 0.000156  0.003087 0.00011 1.257934 57.5 137.025  62.12001 3.349644
Ch-4-09 0.000173  0.002985 0.00012 1.609248 100.09 155.53 61.34267 3.724399
Ch-4-10  0.00013 0.003052 0.000112 1.25515 164.9 133.315 63.91513 3.357214
Ch-4-11  0.000142  0.002926 0.000119 1.578378 20.47 144.43 59.66548  3.32717
Ch-4-12  0.000141  0.002904  0.000126 1.698169 64.91 155.53 59.76053  3.533973
Ch-4-14  0.000166  0.002967 0.000111 1.340093 164.9 166.64 62.68361 4.096011
Ch-4-15  0.00025 0.002874 0.00015 1.29456 333.39 217.565 69.0663  6.212034
Ch-4-16  0.000158  0.003032 9.85E-05 1.51468 83.425 122.205  62.93372  3.496463
Ch-4-17  0.00016 0.003029 0.000113 1.526155 194.525 156.46 65.68241  4.043142
Ch-4-18 0.000181  0.002974 9.41E-05 1.276595 205.63 166.645  64.01335 3.939593
Ch-4-19  0.00019 0.003249 0.000151 1.487162 127.865 170.345  65.11514 4.336613
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Table 1 (Continued). Zircon U-Pb dating data from the Saheb batholith

Pb 232 Th 238 207pp20pyy  207pp208p  07pp235y  07pp23B|y  206pp238|y
Spots
ppm ppm ppm Ratio 1sigma Ratio 1sigma Ratio
Ch-2-01 18.45 452.5 671.31 0.049 0.003 0.0646 0.0036 0.0098
Ch-2-02 30.71 834.06 905.74 0.0501 0.0023 0.0673 0.0029 0.0098
Ch-2-03 11.91 318.28 486.63 0.053 0.004 0.0645 0.0038 0.0094
Ch-2-04 28.22 805.77 898.85 0.0484 0.0029 0.0632 0.0036 0.0096
Ch-2-05 17.17 455.98 613.71 0.0498 0.0033 0.0654 0.0039 0.0097
Ch-2-06 16.58 465.86 532.52 0.0486 0.0045 0.0619 0.0051 0.0095
Ch-2-07 18.51 456.94 607.07 0.0535 0.0101 0.0651 0.0101 0.0094
Ch-2-08 31.9 851.43 1146.4 0.0497 0.0022 0.0662 0.0029 0.0097
Ch-2-09 15.91 413.8 480.9 0.05 0.0042 0.0677 0.0051 0.0099
Ch-2-10 14.52 402.31 500.95 0.0488 0.004 0.0611 0.0046 0.0095
Ch-2-11 14.13 348.08 566.75 0.0488 0.0039 0.0657 0.005 0.0097
Ch-2-12 14.25 372.04 510.02 0.0489 0.0053 0.0632 0.0064 0.0095
Ch-2-14 14.23 377.7 519.55 0.05 0.004 0.0642 0.0043 0.0097
Ch-2-15 9.6 246.96 450.57 0.0498 0.0036 0.0651 0.004 0.0096
Ch-2-16 14.69 382.87 469.19 0.0496 0.0037 0.0668 0.0047 0.0098
Ch-2-17 10.72 255.58 487.82 0.05 0.0038 0.065 0.0043 0.0096
Ch-2-19 11.88 307.12 514.75 0.0487 0.0066 0.0657 0.0083 0.0099
Ch-2-20 19.92 542.4 673.01 0.0502 0.0027 0.0668 0.0035 0.0098
ZOGPb[ZSSU ZOSP b[ZSZTh ZOSP b/ZSZTh 238U/232Th 207P b/ZSSU 207Pb[235U 206Pb[238u 206Pb[238u
Spots

P 1sigma Ratio 1sigma Ratio Age (Ma) lsigma  Age (Ma) 1sigma
Ch-2-01  0.0002 0.0033 0.0001 1.5332 63.56 3.46268 62.69 1.03757
Ch-2-02  0.0001 0.0032 0.0001 1.1112 66.17 2.72234 62.95 0.80435
Ch-2-03  0.0002 0.0029 0.0001 1.5662 63.46 3.62699 60.42 1.54722
Ch-2-04  0.0001 0.0029 0.0001 1.1481 62.24 3.40544 61.44 0.83388
Ch-2-05  0.0002 0.003 0.0001 1.3875 64.35 3.76256 62.38 1.02816
Ch-2-06  0.0002 0.0029 0.0001 1.1827 61.01 4.83479 61.04 1.12465
Ch-2-07  0.0003 0.0033 0.0002 1.3754 64.03 9.58578 60.59 2.12119
Ch-2-08  0.0001 0.003 0.0001 1.3891 65.05 2.79435 61.93 0.86528
Ch-2-09  0.0002 0.0032 0.0001 1.1854 66.52 4.85789 63.5 1.08765
Ch-2-10  0.0002 0.0029 0.0001 1.2578 60.24 4.42798 60.72 1.06841
Ch-2-11  0.0002 0.0031 0.0001 1.6392 64.64 4.79656 62.51 0.97514
Ch-2-12  0.0002 0.0033 0.0002 1.4916 62.21 6.12889 61.12 1.56544
Ch-2-14  0.0002 0.003 0.0001 1.3525 63.22 4.06984 62.44 1.18986
Ch-2-15  0.0002 0.0028 0.0001 1.8005 64.01 3.84946 61.66 1.09687
Ch-2-16  0.0002 0.0031 0.0001 1.2081 65.62 4.43238 62.78 1.53677
Ch-2-17  0.0002 0.003 0.0001 1.8566 63.96 4.11739 61.8 1.06787
Ch-2-19  0.0003 0.0028 0.0002 1.6174 64.62 7.90735 63.19 2.00249

Ch-2-20  0.0001 0.003 0.0001 1.1933 65.67 3.30297 62.61 0.91077
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Table 1 (Continued). Zircon U-Pb dating data from the Saheb batholith

Pb 232 Th 238 U 207P b/ZOGPb 207Pb[206pb 207P b/ZSSU 207Pb[235U 206Pb[238u
ot ppm ppm ppm Ratio 1sigma Ratio 1sigma Ratio
Ch-7-01 2.95 79.4 82.31 0.058383 0.016331  0.068205 0.019892 0.010483
Ch-7-02 4.3 111.69 112.72 0.061415 0.011624  0.072596 0.00765  0.010575
Ch-7-03 7.08 190.03 131.29 0.047696 0.010066  0.066386  0.011451 0.010229
Ch-7-04 4.28 114.35 113.18 0.05175 0.012117  0.067812  0.011399 0.010226
Ch-7-06 2.63 74.34 75.4 0.059246 0.01054 0.071552  0.008323 0.010638
Ch-7-08 2.67 71.19 82.66 0.053215 0.00954 0.071492  0.009229  0.010847
Ch-7-09 4.26 106.2 101.33 0.053564  0.012582  0.069518  0.015058 0.010148
Ch-7-10 4.73 116.84 116.89 0.055994  0.009935  0.067704  0.010746 0.010343
Ch-7-11 4.81 125.79 133.52 0.051339 0.008417  0.073292  0.009481 0.010678
Ch-7-12 7 180.81 192.91 0.05196 0.006084  0.070658  0.006231 0.010311
Ch-7-13 4.59 119.76 108.92 0.053018 0.007829 0.06725 0.006194  0.010486
Ch-7-14 3.06 62.86 89.15 0.055796 0.009684  0.072915 0.007647 0.010644
Ch-7-16 4.81 124.48 149.45 0.05354 0.00609 0.07492 0.00671 0.01097

Ch-7-17 3.81 96.3 108.92 0.0508 0.0083 0.0769 0.0082 0.0113

Ch-7-18 2.84 60.52 68.47 0.0622 0.0188 0.0753 0.0124 0.0115
Ch-7-19 5.72 132.21 155.75 0.049942 0.006308 0.06577 0.006366 0.010373
Ch-7-20 4.34 119.94 109.67 0.052265 0.012292  0.067282  0.013042 0.010611
206Pb[238u ZOSPb[ZSZTh ZOSP b/ZSZTh 238U/232Th 207Pb[206pb 207Pb[206pb 207Pb[235U 207Pb[235U

ot 1sigma Ratio 1sigma Ratio Age (Ma) lsigma  Age (Ma)  lsigma

Ch-7-01  0.000485  0.003155 0.000316 1.08475 542.63 518.485 66.99456  18.90874
Ch-7-02  0.000369  0.003418 0.000253 1.048405 653.72 416.625 71.15993  7.242016
Ch-7-03  0.000425  0.003565 0.000221 0.719006 83.425 436.985 65.26426  10.9036

Ch-7-04  0.000422  0.003496 0.000231 1.019977 275.99 462.905 66.62056  10.83959
Ch-7-06  0.000469  0.003241 0.000242 1.035919 575.96 360.9175  70.17104  7.887296
Ch-7-08  0.000451  0.003354 0.000251 1.196025 338.945 360.755 70.11444  8.746169

Ch-7-09  0.000495  0.003564 0.00028 0.990703 353.76 457.04 68.24214  14.29591
Ch-7-10  0.00032 0.003738 0.000193 1.052496 453.75 202.7525  66.51859  10.21922
Ch-7-11  0.000389  0.003339 0.000212 1.123274 257.47 337 71.81861 8.969133

Ch-7-12  0.000276 0.00331 0.000168 1.133802 283.395 248.125 69.32337  5.909832
Ch-7-13  0.00031 0.003252 0.000181 0.965732 327.835 307.365 66.08609  5.893106
Ch-7-14  0.000453  0.004067 0.000306 1.498356 442.64 195.345 71.46166  7.237226
Ch-7-16 0.0003 0.00325 0.0002 1.23305 350.055 259.228 73.3574 6.33832
Ch-7-17 0.0005 0.0031 0.0002 1.1693 231.55 340.71 75.23 7.7773

Ch-7-18 0.0005 0.0037 0.0003 1.1613 681.18 540.73 73.698 11.72

Ch-7-19  0.000291  0.003539 0.000179 1.201723 190.82 270.335 64.67693  6.065493
Ch-7-20  0.000538  0.003101 0.000267 0.925606 298.21 462.905 66.11726  12.40812
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Table 1 (Continued). Zircon U-Pb dating data from the Saheb batholith
SpOtS Pb 232 Th 238 U 207Pb[206pb 207Pb[206pb 207Pb/235U 207Pb/235U 206Pb/238U
ppm ppm ppm Ratio 1sigma Ratio 1sigma Ratio

Ch-15-02 13.38 368.58 522.17 0.048889 0.0033 0.0644 0.003974 0.009699
Ch-15-03 19.92 593.51 652.77 0.048067 0.003024 0.061962 0.003482 0.009515
Ch-15-04 20.82 552.57 741.15 0.049197 0.003301 0.064625 0.004249 0.009596
Ch-15-05 20.39 550.45 678.48 0.049307 0.002814 0.065616 0.003599 0.009729
Ch-15-06 15.92 441.46 538.6 0.047686 0.003454 0.062591 0.004273 0.009471
Ch-15-07 16.84 457.87 574.77 0.048442 0.003317 0.063233 0.004032 0.009497
Ch-15-08 25.77 777.3 804.69 0.049221 0.00297 0.063948 0.003719 0.009482
Ch-15-09 13.11 358.28 465.28 0.047372 0.003621 0.062434 0.004219 0.009626
Ch-15-10 12.84 353.77 589.79 0.048058 0.00347 0.062146 0.004355 0.009503
Ch-15-11 15.67 462.6 574.82 0.045768 0.002897 0.060048 0.003669 0.009502
Ch-15-12 15.22 406.76 600.12 0.047568 0.004323 0.062093 0.005422 0.009411
Ch-15-13 14.43 384.66 579.71 0.04817 0.003108 0.0639 0.003883 0.00974
Ch-15-14 15.6 417.46 592.69 0.046338 0.002899 0.061879 0.003572 0.009792
Ch-15-15 14.99 408.73 615.29 0.049688 0.003195 0.065909 0.003984 0.009658
Ch-15-16 25.24 793.09 806.23 0.049711 0.002937 0.063874 0.003629 0.009324
Ch-15-17 16.48 431.53 642.42 0.048612 0.003691 0.06438 0.004644 0.009613
Ch-15-18 39.82 1219.74 923.12 0.047346 0.002792 0.061373 0.00355 0.009369
Ch-15-19 46.09 1355.21 088.16 0.047774 0.002937 0.06476 0.003995 0.009789
Ch-15-20 14.55 394.12 618.38 0.049986 0.00341 0.064895 0.004093 0.009581

SpOtS 206Pb[238u 208Pb/232Th 208Pb/232Th 238U/232Th 207Pb[206pb 207Pb[206pb 207Pb/235U 207Pb/235U

1sigma Ratio 1sigma Ratio Age (Ma) 1sigma Age (Ma) 1sigma

Ch-15-02  0.000178 0.002808  0.000105 1.424578 142.68 151.825 63.37174 3.791682
Ch-15-03 0.000131  0.002753 9.48E-05 1.105581 101.94 153.68 61.04311 3.329481
Ch-15-04  0.000139 0.003025 0.000112 1.346326 166.75 138.865 63.58595 4.052416
Ch-15-05 0.000153 0.003071  0.000118 1.265862 161.195 133.315 64.53065 3.42924
Ch-15-06 0.000146 0.002962  0.000119 1.335592 83.425 172.195 61.6445 4.083791
Ch-15-07 0.000143 0.003119  0.000117 1.324869 120.46 155.53 62.25709 3.85077
Ch-15-08  0.000124  0.002932 8.95E-05 1.039727 166.75 142.5725 62.9405 3.549754
Ch-15-09 0.000165 0.003146  0.000111 1.306162 77.87 161.085 61.49418 4.032234
Ch-15-10 0.000177 0.002965  0.000109 1.754637 101.94 162.94 61.21885 4.163086
Ch-15-11 0.000153 0.002929  0.000103 1.250382 error 59.21084 3.514247
Ch-15-12 0.00016  0.003124  0.000108 1.4921 76.02 203.67 61.16865 5.183793
Ch-15-13  0.000167 0.003081  0.000119 1.544064 109.35 144.42 62.89429 3.705861
Ch-15-14 0.000165 0.003139 9.86E-05 1.467516 16.765 149.985 60.96392 3.415795
Ch-15-15 0.000143  0.002957 9.42E-05 1.566979 188.97 145.35 64.80954 3.795512
Ch-15-16  0.000136 0.002835 8.97E-05 1.074804 188.97 141.6475 62.86943 3.463666
Ch-15-17  0.000137  0.00316 0.000112 1.575277 127.865 170.345 63.35211 4.430708
Ch-15-18  0.000118 0.003045 8.07E-05 0.869884 64.91 146.275 60.47954 3.396227
Ch-15-19 0.000156  0.00323 9.05E-05 0.775926 87.13 140.715 63.71505 3.810137
Ch-15-20  0.000137 0.002959  0.000102 1.676728 194.525 159.2375 63.84343 3.903042
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Fig. 5. The zircon concordia and weighted mean age diagrams of the Saheb batholith. A, B, C, D: diagrams for quartz

monzonite samples, E, F: diagrams for quartz monzodiorite sample, and G, H: diagrams for the monzogranite sample
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Introduction

The Iranian plateau is part of the Alpine-
Himalayan orogenic belt, which consists of
several continental fragments separated from each
other by major boundary faults and/or ophiolitic
suture zones (Gansser, 1981). Generally, the
tectonic evolution of Iran has been controlled by
the opening and closure of the Proto-Tethys,
Paleo-Tethys and the Neo-Tethys during the
Precambrian-Cambrian, Paleozoic and Cenozoic,
respectively.

The study area is located in the northwest of Iran
(the Kurdistan province) and 20 km northeast of
the city of Sagez. This area is a part of the
northern Sanandaj-Sirjan  Zone (Aghanabati,
2005). This belt is response to opening and
subduction of Neo-Tethyan oceanic crust beneath
the Central Iran (Alavi, 1994). During
Cretaceous-Tertiary eras, numerous granitoid
bodies were formed in this belt. The Saheb
granitoid is one of these granitoid bodies which
mainly consists of monzogranite, quartz
monzonite and quartz monzodiorite. The aim of
this research study is to discuss the evolution of
the Late Cretaceous-Early Paleocene Saheb
granitoids in the Sanandaj-Sirjan zone based on
geology, petrography and geochronology results.

Material and methods

In this study, 70 rock samples were collected from
different types of intrusive rocks from which 30
thin sections were prepared for petrographic
studies. Furthermore, four samples from the
granitoid bodies (quartz monzonite, quartz
monzodiorite and monzogranite) were selected for
U-Pb dating. Approximately 100 to 150 zircon
grains were hand-picked by a binocular
microscope from each sample. Cathodo-
luminescence imaging and dating of zircon grains
were examined at the China University
Geosciences (Wuhan branch). Geochronological
analysis were performed by using the (LA)-ICP-
MS method at the China University Geosciences
(Wuhan branch). The detailed analytical method
is presented in Liu et al. (2010a, 2010b).

Geology of the study area

The Saheb granitoid body is located in the
Sanandaj-Sirjan zone. According to the geological
map of Chapan (scale: 1/100000, Kholghi
khosraghi, 1999), the Precambrian to Quaternary
units are exposed in the study area. The oldest
units are the Kahar, Bayandor and Soltanieh
Formations with Precambrian to Cambrian age.
The Permian sediments, the Ruteh and Doroud
Formations, include sandstone, shale and
carbonate. The Jurassic units are found in the
northwest of the region, and include sandstones
and shale. The Cretaceous sedimentary units are
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located in the south of the study area. These
sediments contain sandstone, limestone, silty-
limestone, shale and dolomitic limestone. During
Late Cretaceous-Early Paleocene era the Saheb
granitoid intruded within the oldest units and
caused Fe skarn type deposits in the Saheb area.
The Saheb granitoid have been cut by a series of
diabasic dikes.

Results

The Saheb granitoid consists of several intrusive
bodies containing quartz monzonite, quartz
monzodiorite and monzogranite. The major
minerals in the quartz monzodiorite consist of
plagioclase (35- 40%), quartz (15- 20%),
orthoclase (20- 25%), and mafic minerals such as
biotite and amphibole (10-15%) with granular
texture. The quartz monzonitic rocks show
granular and poikilitic textures. Plagioclase (25-
35%), quartz, orthoclase (30- 40%), biotite and
amphibole (10-15%) are the main important
minerals in the quartz monzonite. Plagioclase (20-
25%), quartz (20-30%), orthoclase (30-40%),
biotite and amphibole (15%) are the major
minerals in the monzogranite.

Zoning in zircon crystals from all four samples is
well developed representing their magmatic origin
(Hancar and Miller, 1993). Measurements of U-
Pb in the Saheb granitoid zircon grains of quartz
monzonite samples show their ages to be
62.03+0.56 Ma and 58.9+0.9 Ma. The age of
monzogranite is 67.9+1.3 Ma and the age of
quartz monzodiorite is 61.1+0.56 Ma. Generally,
the age of this granitoid body indicates that the
Saheb granitoid has occurred during the
Cretaceous- Paleocene time.

Discussion

Based on field and microscopic studies, the Saheb
granitoid bodies have been divided into three
types of quartz-monzonite, quartz-monzodiorite
and monzogranite. The field and mineralogical
studies suggest that the Saheb granitoid is an I-
type granitoid. The mineralogical variations in
this granitoid suggest that the fractional
crystallization has played an important role in
differentiation of different compositional phases
in the Saheb granitoid.

According to the geochronological results, during
Late Cretaceous to Early Paleocene, the Saheb
granitoid intruded within the Permian and
Cretaceous units in the magmatic-metamorphic
Sanandaj-Sirjan zone. These granitoids were
formed by subduction of Neo-Tethys Ocean
beneath the Iranian plateau. It should be
mentioned that the intrusion of these granitoids
into the Permian carbonates and Cretaceous
carbonate and shale caused formation of skarn
type iron oxide mineralization.
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