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Fig. 1. Distriboution of barren and productivie intrusions in the Urumieh-Dokhtar and Sanandaj-Sirjan zones (modified

after Berberian and King, 1981; Zarasvandi et al., 2005)
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Table 1. Important features of studied intrusions in Urumieh-Dokhtar and Sanandaj-Sirjan zones

Name of intrusion  Structural zone Marlrg;gztlc Petrology Age(Ma) Reference
Aligodarz Sanandaj- Sirjan I Type Granitoid 182-165 (Esna"g‘g}l‘g‘ ctal,
Granodiorite-
Boroujerd Sanandaj- Sirjan I Type quartzdiorite and 171-169 (Khalaji et al., 2007)
monzogranite
Granit, . )
Alvand Sanandaj- Sirjan Sandl leucogranite and 163-154 (Shah ba.lm etal, 2010;
Types Aliani et al., 2012)
gabbro
Granitoid
Astanch Sanandaj- Sirjan I Type (quartzdiorites to 170 (Tahmasbi et al., 2010)
monzogranites)

Hasan-Robat Sanandaj- Sirj AT Granit 288 (Alirezaci and
asan-Roba anandaj- Sirjan ype anite Hassanzadeh, 2012)
Siah-Kuh Sanandaj- Sirjan I Type Granitoids 199 (Arvin et al., 2007)

Dalli Urumich-Dokhtar I Type Diorite and 21 (Avati et al., 2013)
M qurtzdiorite y °
Darreh-Zerresk and monsodiaite (Zasasvandi et al
arreh-£CIresk a Urumieh-Dokhtar I Type N 17-12 2005; Zarasvandi et al.,
Ali-abad granodiorite and
. 2007)
granit
(Hassanzadeh, 1993;
. Qurtzdiorite and Taghipour and
Parkam(Sara) Urumieh-Dokhtar I Type diorite 13 Mohammadi Laghab,
2014)
. o i (Ghorashizadeh, 1978;
Sarcheshme Urumieh-Dokhtar I Type Granitoid 11-10 Meclnnes et al., 2005)
. . .y (Hassanzadeh, 1993;
Meiduk Urumieh-Dokhtar I Type Granodiorite 12.5 Taghipour, 2007)
Quartz ( . )
. . Hezarkhani, 2006;
Sungun Urumieh-Dokhtar I Type monzonite- 21-22 Simmonds et al., 2016)
Monzonite
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Table 2. Major and rare earth elements concentration (ppm) in granitoieds of Sanandaj-Sirjan zone, Symbols and
references: Aligodarz, (Esna-Ashari et al., 2012); Bourujerd, (Khalaji et al., 2007); Alvand, (Aliani et al., 2012);
Astaneh, (Tahmasbi et al., 2010); Hasan robat, (Alirezaei and Hassanzadeh, 2012); Siah kohe, (Arvin et al., 2007).
Abbreviations: qz-di: quartz diorite; gdr: granodiorite; gr: granite; mg: monzo granite; lugr: leucogranite; mes grt:
mesocratic granitoid; lumg: leucomonzo granite; alk-gr: alkali granite

Aligodarz Brojerd

Sal‘:)ple AL75 AL88 AL60 AL36 BO5  AL20 ALZZI' Gl4 Gl6 MA3a AS2 GMSa G22a AGI19
Lithology q(;li- q(;li- gdr gdr gdr gr gr gdr gdr gdr gdr mg mg Mg
La 133 137 378 359 349 103 7.4 138 683 523 487 286 7.3 42.7
Ce 26.1 276 758 71.8 727 204 142 329 1470 941 93.6 522 180 746
Pr 3.1 33 9.0 8.5 8.5 2.3 1.6 3.8 14.8 10.6 10.0 6.0 24 7.2
Nd 1.7 12,6 33.1 31.1 305 7.7 5.4 148 494 358 331 21.2 9.8 23.0
Sm 2.5 2.6 6.7 6.4 6.1 1.9 1.4 3.9 83 6.3 6.6 3.9 4.0 4.5
Eu 0.7 0.8 1.0 1.1 1.0 0.3 0.2 0.1 1.1 0.6 1.2 0.2 0.1 0.9
Gd 2.5 2.6 6.4 5.9 5.8 2.1 1.5 3.8 7.8 5.7 6.6 3.7 5.7 4.6
Tb 0.4 0.4 0.9 0.8 0.9 0.5 0.3 0.6 1.0 0.8 0.8 0.5 1.2 0.7
Dy 2.5 24 4.8 4.5 4.7 3.0 1.8 3.7 5.7 4.5 5.1 2.7 8.8 4.2
Ho 0.5 0.5 0.9 0.9 0.9 0.7 0.4 0.7 1.1 0.9 1.0 0.6 2.0 0.8
Er 1.6 1.5 2.6 2.6 2.9 2.0 1.1 2.1 3.4 2.8 3.1 1.6 6.0 2.5
Tm 0.3 0.2 0.4 0.4 0.4 0.3 0.2 0.3 0.5 0.4 0.4 0.2 1.0 0.4
Yb 1.6 1.5 2.3 2.5 2.5 24 1.3 1.9 3.4 2.7 2.9 1.5 6.6 2.9
Lu 0.2 0.2 0.4 0.4 0.4 0.4 0.2 0.3 0.5 0.4 0.4 0.2 0.9 0.4
Rb 70.0 450 167.0 140.0 1490 138.0 1740 103.0 128.0 40.8 1430 293 189.0 129.0
Ba 184.0 121.0 356.0 329.0 389.0 103.0 67.0 2420 5960 802 441.0 173.0 385 320.0

Y 135 126 237 232 254 187 104 204 307 278 272 152 595 228
Sr 99.0 153.0 121.0 140.0 1530 420 350 2990 263.0 269 2000 659 278 1220
Na,O 0.9 1.3 24 2.5 24 3.0 3.0 1.4 22 4.8 3.0 4.2 3.7 3.8
KO 1.5 1.0 3.5 3.1 3.4 4.7 5.2 2.3 3.5 1.3 4.1 1.4 4.6 3.8
SiO; 552 532 665 654 679 756 735 634 607 714 706 672 751 737
Dy/Yb)n 1.0 1.0 1.3 1.2 1.2 0.8 0.9 1.3 1.1 1.1 1.1 1.2 0.9 0.9
(La/Yb)n 5.5 6.1 11.0 9.8 9.4 3.0 3.8 4.9 13.6  13.1 11.3 12.9 0.8 9.9
(La/Sm)n 3.4 3.3 3.6 3.5 3.6 3.4 33 22 5.2 5.2 4.7 4.6 1.2 6.0
Eu/Eu* 0.9 0.9 0.5 0.6 0.5 0.5 0.4 0.1 0.4 0.3 0.6 0.2 0.1 0.6
Sr/’Y 7.3 12.1 5.1 6.0 6.0 2.3 3.4 14.7 8.6 1.0 7.4 4.3 0.5 5.3
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Table 2 (Continued). Major and rare earth elements concentration (ppm) in granitoieds of Sanandaj-Sirjan zone,
Symbols and references: Aligodarz, (Esna-Ashari et al., 2012); Bourujerd, (Khalaji et al., 2007); Alvand, (Aliani et al.,
2012); Astaneh, (Tahmasbi et al., 2010); Hasan robat, (Alirezaei and Hassanzadeh, 2012); Siah kohe, (Arvin et al.,
2007). Abbreviations: qz-di: quartz diorite; gdr: granodiorite; gr: granite; mg: monzo granite; lugr: leucogranite; mes
grt: mesocratic granitoid; lumg: leucomonzo granite; alk-gr: alkali granite

Alvand | Astaneh
Sample A.S7 AS12. A.S8. A.S. A.S6. A.S.G A.S9. Sal CSa
o .GI0 GII G4 G5 G 11 Ge a2 20 14 AsS 24 g
. mes mes qu- qu-
Lithology gr mes grt grt grt lugr lugr gr mg gdr gdr gdr di di Mg
La 9.3 67.8 3.8 254 8.5 62.5 34 26.3 273' 3;" 197' Zg' 112' 23.0
Ce 19.1 128.0 7.5 57.7 15.8 132.0 7.6 50.0 456' 663' 396' 451' Zg' 46.6
Pr 2.2 14.3 0.8 8.7 1.8 15.9 1.0 6.3 58 83 48 5.1 32 5.5
18.  25. 16. 18. 11.

Nd 7.9 5.0 2.9 41.1 6.2 58.8 34 19.6 ] - 1 7 6 19.4
Sm 2.0 8.6 0.6 15.9 3.5 11.9 1.1 4.0 38 50 35 38 25 3.5
Eu 0.4 1.8 0.2 3.6 0.8 4.4 0.1 0.7 0.9 1.0 0.7 09 0.5 0.5
Gd 2.2 8.4 0.7 18.8 32 12.0 1.2 3.7 35 48 36 36 23 3.0
Tb 0.4 1.2 0.1 3.6 0.2 1.8 0.3 0.8 07 09 07 06 04 0.5
Dy 2.6 6.1 0.6 24.0 0.9 9.7 2.4 3.6 35 47 35 38 25 2.5
Ho 0.4 1.3 0.1 4.6 0.2 1.7 0.4 0.8 0.8 1.1 09 08 05 0.5
Er 1.2 3.6 0.3 14.2 0.7 5.0 1.6 2.0 2.1 29 22 20 13 1.2
Tm 0.2 0.5 0.0 1.9 0.1 0.6 0.3 0.3 04 05 04 03 02 0.2
Yb 0.9 3.5 0.3 12.5 0.8 3.8 2.1 1.8 20 26 1.9 1.9 1.3 1.2
Lu 0.1 0.5 0.0 1.7 0.1 0.5 0.3 0.3 03 05 03 03 02 0.2
201. 137. 80. 108 70. 95. 74. 118.

Rb 0 161.0 3.5 6.4 7.8 20.3 215.0 0 5 0 4 - - 0

234, 262 284 206 292 204  200.
o 0 0 0 0 0 0
8. 24, 17. 17. 11
% 120 327 27 1190 48 434 126 180 20 U0 Uik

107. 147 151 124 160 123

Ba 99.0 756.0 28.9 33.6 50.3 53.0 36.1

Sr 444 4180 5190 3360 7050 6330 g6 o N7 LRI I g5,
Na,0 21 45 60 47 69 47 28 27 27 24 25 26 27 28
KO 69 36 02 03 03 03 61 42 25 28 26 24 25 32
Si0, 740 520 738 710 640 710 743 692 6; : 633 : 63 : 63' 651' 70.1

OyYbn 18 11 13 13 07 16 08 13 12 12 12 13 12 14

(La/Ybn 68 130 88 14 75 110 11 100 82 89 63 74 62 135

(La/Smn 30 50 37 10 15 33 20 42 39 43 32 34 31 41

EwEw* 05 06 09 06 07 11 03 05 07 06 06 08 06 05
Sr’Y 37 128 1920 28 1470 146 15 59 82 61 70 90 % g
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Table 2 (Continued). Major and rare earth elements concentration (ppm) in granitoieds of Sanandaj-Sirjan zone,
Symbols and references: Aligodarz, (Esna-Ashari et al., 2012); Bourujerd, (Khalaji et al., 2007); Alvand, (Aliani et al.,
2012); Astaneh, (Tahmasbi et al., 2010); Hasan robat, (Alirezaei and Hassanzadeh, 2012); Siah kohe, (Arvin et al.,
2007). Abbreviations: qz-di: quartz diorite; gdr: granodiorite; gr: granite; mg: monzo granite; lugr: leucogranite; mes
grt: mesocratic granitoid; lumg: leucomonzo granite; alk-gr: alkali granite

Hasan robat Siah kohe
Biot- Biot-
Lithology rich rich Gr gr gr gr gr alk-gr  alk-gr lumg lumg Lgdr lugdr  Lugdr
encl. encl.
La 65.0 69.0 79.0 86.0 82.0 71.0 62.0 17.0 20.0 10.0 123 7.0 7.4 83
Ce 140.0 152.0 154.0 178.0 172.0 160.0 131.0 33.0 43.0 21.0 27.0 15.0 13.8 17.0
Pr 18.6 14.8 18.3 203 18.9 17.3 13.9 4.5 5.8 32 33 2.0 1.5 2.1
Nd 71.6 57.8 70.8 69.8 71.2 61.8 48.7 17.0 22.0 14.0 12.9 9.0 53 8.7
Sm 19.2 12.4 13.2 14.9 15.5 13.1 11.0 4.6 6.0 4.6 34 3.0 1.1 2.5
Eu 33 1.4 1.9 2.7 2.4 1.8 1.2 0.4 0.4 1.0 0.5 1.0 0.9 0.8
Gd 28.5 11.2 12.7 12.9 13.2 12.7 10.9 4.0 5.4 4.9 43 29 1.2 3.6
Tb 59 2.1 2.2 23 2.4 2.1 2.0 0.9 1.2 1.1 0.8 0.6 0.2 0.6
Dy 37.6 11.8 123 13.2 12.5 11.9 11.1 5.7 8.0 7.1 53 39 1.5 4.2
Ho 8.2 2.3 2.5 2.8 2.6 2.5 2.4 1.7 2.5 2.4 1.2 1.2 0.3 0.9
Er 21.1 7.4 72 8.1 7.5 73 7.5 4.9 6.8 59 39 32 1.1 2.6
Tm 2.7 1.1 1.1 1.2 1.2 1.1 1.1 1.1 1.4 1.2 0.6 0.6 0.2 0.5
Yb 14.8 7.1 6.6 73 6.9 7.0 73 5.5 73 5.5 4.4 3.0 1.1 2.6
Lu 2.2 1.2 1.0 1.1 1.1 1.1 1.1 0.9 1.2 0.8 0.6 0.5 0.2 0.4
Rb 294.0 235.0 218.0 166.0 196.0 182.0 222.0 22.0 62.0 30.0 32.0 10.0 15.0 20.0
Ba 782.0 718.0 850.0 11650 1117.0  1006.0 615.0 2350  695.0 275.0 3350 920 172.0 140.0
Y 148.0 69.0 74.0 82.0 75.0 73.0 74.0 35.0 52.0 49.0 58.0 26.0 13.8 29.0
Sr 75.0 53.0 66.0 112.0 97.0 66.0 44.0 35.0 35.0 167.0 53.0 80.0 211.0 211.0
Na;0O 3.1 3.8 3.7 37 35 3.8 35 4.0 5.0 4.4 4.2 4.0 4.0 3.6
K-O 52 53 5.4 4.7 5.0 5.4 5.4 4.4 4.7 1.7 1.4 0.5 1.0 0.8
SiO2 65.1 73.1 71.7 68.2 69.4 71.1 73.6 76.0 71.5 723 76.5 69.4 72.1 70.1
(Dy/Yb)n 1.7 1.1 1.2 1.2 1.2 1.1 1.0 0.7 0.7 0.8 0.8 0.8 0.8 1.1
(La/Yb)n 3.0 6.6 8.1 8.0 8.0 7.4 5.7 1.5 1.5 1.0 1.7 1.3 3.1 1.9
(La/Sm)n 2.1 35 3.8 3.6 33 3.7 35 73 9.5 1.9 4.6 1.4 1.5 2.0
EwEu" 0.4 0.4 0.4 0.6 0.5 0.4 0.3 0.3 0.2 0.6 0.4 1.0 22 0.8

Sr/'Y 0.5 0.8 0.9 1.4 1.3 0.9 0.6 1.0 0.7 34 0.9 3.1 153 7.3
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Fig. 4. Chondrite-normalized rare earth element pattern for intrusions of Sanandaj-Sirjan zone
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Table 3. Major and rare earth elements concentration (ppm) in granitoieds of Urumieh — Dokhtar zone, Symbols and
references: Dalli (Daneshjou, 2014); Ali-Abad and Darreh-Zerreshk (Zarasvandi et al., 2005); Parkam (Taghipour and

Mohammadi Laghab, 2014); Sarcheshmeh (Barzegar, 2007); Meiduk (Taghipour, 2007); Sungun (Hezarkhani, 2006):
Abbreviations: gr: granite; alk-gr: alkali granite; di: diorite; qz-di: quartz diorite; monz: monzonit; gdr: granodiorite

Dalli Parkam
Sample no DS20 DS18 DS16 DS4 DS1 DN9 DNS8 P-4 P-3 P-1 P-13 P-15 P-8 P-2
LithOlOgy DS8 DS7 DN9 DN12 DNI10 DN4 DNI1 q.d q.d q.d Dio dio dio Dio

La 74 191 31.6 476 119 380 250 284 286 3;)' 205 299 265 25.0

Ce 13.7 320 631 940 228 700 538 530 55.1 597 563 583 494 482

Pr 14 33 68 99 25 71 60 55 59 62 60 62 51 52

Nd 53 132 266 370 99 260 243 177 19.6 169' 195 199 167 173

Sm 10 29 47 63 20 44 50 28 34 34 33 35 29 31

Eu 03 09 12 16 05 12 12 10 12 11 11 11 10 10

Gd 07 26 33 48 19 36 43 31 35 34 34 37 31 3.1

Th 01 04 04 06 03 05 06 04 04 04 04 05 04 04

Dy 06 28 28 35 17 33 40 16 21 19 19 21 19 18

Ho 01 05 06 07 04 06 08 03 04 04 04 04 04 03

Er 04 16 15 18 10 18 23 09 11 10 10 11 10 10

Tm 01 02 02 03 02 03 04 01 01 01 01 01 01 oI

Yb 04 17 16 18 11 19 24 08 09 09 09 10 08 08

Lu 01 03 02 03 02 03 03 01 01 01 01 02 01 oI

Rb 7'567 81.1 797'0 853 273 656 694 868 56.1 665' 701 628 821 8I.I

104. 431, 768. 776.  786. 718 348.
Ba ooas sse a9 BT gy 710 TR0 TS 9040 7160 P 8140
342 154 141 17.8 175 22.6
Y 1 1 VTS gay 1T 20 g w01 97 99 107 95 92
616. 477. 136. 534, 990.  860. 795 199.

Sr 128 674 OO0 AT 130 % ygy 900 80T 9sg0 700 1 7480
Na220 399 319 294 3.06 204 324 295 34 44 37 42 40 32 40
K:0 115 271 2 18 329 187 194 38 23 27 29 25 28 3.0

. 540 598 525 529 700 559 53.5 62.

Si0; . 1 0 %7 00 Y s eis % 607 6ls 594 596
OyYbn 09 10 L1 13 11 11 11 14 14 14 13 14 15 14
(La/Yb)n 116 74 135 181 7.6 133 72 250 203 213' 210 210 219 199
(La/Smn 49 42 42 48 37 54 32 64 52 58 56 54 57 52

EwEw 11 10 10 09 08 09 08 10 11 11 11 12 10 10

St’Y 374 437 436 268 147 304 213 W g5y 82 g6e 813 210 813
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Table 3 (Continued). Major and rare earth elements concentration (ppm) in granitoieds of Urumieh — Dokhtar zone,
Symbols and references: Dalli (Daneshjou, 2014); Ali-Abad and Darreh-Zerreshk (Zarasvandi et al., 2005); Parkam
(Taghipour and Mohammadi Laghab, 2014); Sarcheshmeh (Barzegar, 2007); Meiduk (Taghipour, 2007); Sungun
(Hezarkhani, 2006): Abbreviations: gr: granite; alk-gr: alkali granite; di: diorite; qz-di: quartz diorite; monz: monzonit;
gdr: granodiorite

Dareeh Zereshk and Ali abad

Sample no DZ-38 DH-8 AY-2 AY-1 MN34-1
Lithology gr alk-gr alk-gr alk-gr gr
La 14.3 16.5 12.3 6.7 11.0
Ce 24.8 34.2 26.4 14.3 194
Pr 2.9 5.1 3.5 2.1 23
Nd 10.7 19.1 14.4 8.9 8.5
Sm 1.9 5.1 33 2.1 1.6
Eu 0.7 0.6 0.3 0.5 0.6
Gd 0.9 3.2 1.6 1.0 0.8
Tb 0.2 0.8 0.3 0.2 0.1
Dy 0.8 3.6 1.2 0.7 0.6
Ho 0.2 0.8 0.2 0.2 0.1
Er 0.5 2.1 0.6 0.4 0.4
Tm 0.1 0.3 0.1 0.0 0.1
Yb 0.5 1.6 0.4 0.3 0.4
Lu 0.1 0.2 0.1 0.0 0.1
Rb 47.0 161.0 59.0 51.0 59.0
Ba 908.0 295.0 213.0 145.0 1023.0
Y 12.0 38.0 19.0 15.0 12.0
Sr 746.0 696.0 89.0 144.0 611.0
Na.O 2.9 2.7 3.9 43 1.7
KO 3.4 4.7 2.0 1.5 3.6
SiO: 71.6 74.8 76.2 76.7 74.8
(Dy/Yb)n 1.0 1.5 1.8 1.7 1.0
(La/Yb)n 19.3 7.1 19.8 17.4 19.5
(La/Sm)n 4.8 2.1 24 2.0 43
EwEu* 1.6 0.4 0.4 1.0 1.7

Sr/’Y 62.2 18.3 4.7 9.6 50.9
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Table 3 (Continued). Major and rare earth elements concentration (ppm) in granitoieds of Urumieh — Dokhtar zone,
Symbols and references: Dalli (Daneshjou, 2014); Ali-Abad and Darreh-Zerreshk (Zarasvandi et al., 2005); Parkam
(Taghipour and Mohammadi Laghab, 2014); Sarcheshmeh (Barzegar, 2007); Meiduk (Taghipour, 2007); Sungun
(Hezarkhani, 2006): Abbreviations: gr: granite; alk-gr: alkali granite; di: diorite; qz-di: quartz diorite; monz: monzonit;
gdr: granodiorite

Saecheshmeh
Sample no SA1l SA9 SA8 SA7 SA6 SA4 SA12b  SAl2a SA11 SA10
Lithology = Monz grd grd grd grd grd grd grd grd Grd
La 28.3 27.2 30.9 35.5 40.4 23.9 26.2 25.5 26.3 36.5
Ce 52.8 50.9 55.6 55.0 75.9 50.8 bd 46.4 bd 60.6
Pr na na 5.6 4.4 8.4 6.0 na 4.9 na Na
Nd na na 20.0 14.1 31.9 21.8 na 17.0 na Na
Sm na na 34 2.1 7.1 3.5 na 2.7 na Na
Eu na na 0.9 0.6 2.2 0.9 na 0.7 na Na
Gd na na 3.1 2.3 7.6 3.1 na 2.5 na Na
Tb na na 0.4 0.2 1.2 0.3 na 0.3 na Na
Dy na na 1.7 1.4 6.8 1.4 na 1.4 na Na
Ho na na 0.3 0.2 1.2 0.2 na 0.2 na Na
Er na na 0.9 0.8 33 0.7 na 0.8 na Na
Tm na na na na Na na na na na Na
Yb na na 0.9 0.7 3.0 0.6 na 0.7 na Na
Lu na na na na Na na na na na Na
Rb 110.6 142.2 82.2 105.4 65.8 85.1 143.2 93.0 125.7 160.4
Ba 544.0 513.1 294.7 294.0 745.0 785.0 895.7 836.0 190.8 550.9
Y bd bd 9.8 8.0 66.6 8.9 bd 8.2 32.7 bd
Sr 198.5 45.0 493.1 46.5 572.4 583.5 300.5 556.5 182.7 363.7
Na:0 1.8 0.1 4.8 0.1 4.3 4.2 3.2 4.3 2.4 0.2
| (€10 4.5 5.6 2.0 3.6 2.5 2.9 4.1 3.1 2.3 4.3
SiO2 71.4 61.6 63.2 74.3 63.6 62.6 66.6 65.7 59.0 60.5
(Dy/Yb)n 1.5 na 1.3 1.2 1.3 1.5 Na na na na
(La/Yb)n 26.9 na 24.6 23.2 34.2 9.1 Na na na na
(La/Sm)n 4.3 na 5.9 5.7 10.6 3.6 Na na na na
EwEu* na 0.8 0.8 0.9 0.8 0.8 na Na na

Sr/Y bd bd 50.3 5.8 8.6 65.6 Bd 67.9 5.6 bd
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Table 3 (Continued). Major and rare earth elements concentration (ppm) in granitoieds of Urumieh — Dokhtar zone,
Symbols and references: Dalli (Daneshjou, 2014); Ali-Abad and Darreh-Zerreshk (Zarasvandi et al., 2005); Parkam
(Taghipour and Mohammadi Laghab, 2014); Sarcheshmeh (Barzegar, 2007); Meiduk (Taghipour, 2007); Sungun
(Hezarkhani, 2006): Abbreviations: gr: granite; alk-gr: alkali granite; di: diorite; qz-di: quartz diorite; monz: monzonit;
gdr: granodiorite

Miduk Sungun
Sample MGY9- MGY9- MP- MP- MP- 34- 44- 21-32 30- 33- 25-
no 1 6 3 2 1 163 409 168 281 522
Lithology qd qd qd qd qd gdr gdr gdr gdr gdr gdr
La 20.5 120 272 304 299 645 274 139.0 40.2 51.0 46.7
Ce 38.8 252 503 546 529 1060 50.0 228.0 67.2 81.0 76.6
Pr 4.1 2.8 5.4 6.1 5.6 na na Na na na Na
Nd 16.4 11.2 185 21.6 20.0 340 23.0 72.0 23.8 25.4 24.9
Sm 3.4 2.0 3.2 3.2 2.9 4.4 3.1 9.3 3.8 3.5 3.6
Eu 1.1 0.5 0.7 1.0 0.9 1.2 1.0 2.2 1.0 0.9 0.9
Gd 3.1 1.5 2.5 2.2 2.1 1.9 1.7 4.4 2.8 2.5 2.4
Th 0.5 0.2 0.4 0.3 0.3 0.3 0.3 0.6 0.4 0.3 0.3
Dy 2.4 1.0 2.3 1.4 1.4 1.6 1.6 3.1 2.1 1.7 1.6
Ho 0.4 0.1 0.5 0.3 0.2 na na Na na na Na
Er 1.2 0.5 1.3 0.6 0.7 na na Na na na Na
Tm 1.1 0.0 0.2 0.1 0.1 na na Na na na Na
Yb 1.0 0.5 1.1 0.7 0.6 0.9 1.3 1.0 1.2 0.9 0.9
Lu 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1
Rb 85.1 0.1 121.0 950 140.0 61.0 81.0 1180 98.0 111.0 98.0
Ba 408.0 1.0 804.0 873.0 836.0 667.0 558.0 2044.0 175.0 1105.0 1203.0
Y 5.0 0.1 14.2 7.1 7.1 15.0 15.0 18.0 16.0 13.0 13.0
Sr 158.0 0.5 792.0 828.0 916.0 296.0 326.0 418.0 283.0 292.0 732.0
Na;O 1.6 1.8 4.6 4.8 6.3 4.6 3.4 1.7 1.0 1.1 3.5
KO 6.7 5.8 3.4 1.7 1.8 4.5 2.9 6.3 3.8 4.0 3.9

SiO: 66.2 569 697 638 645 633 59.1 57.8 61.9 573 62.0
(Dy/Yb)n 1.5 1.4 1.3 1.4 1.4 1.2 0.8 2.0 1.1 1.2 1.2
(La/Yb)n 133 18.0 163 302 321 484 142 93.8  22.6 38.2 35.0
(La/Sm)n 3.8 3.7 53 5.9 6.5 9.2 5.6 9.4 6.7 9.2 8.2

EwEu* 1.0 0.8 0.8 1.1 1.1 1.3 1.3 1.1 0.9 0.9 0.9

Sr/’Y 31.6 5.0 55.8 116.6 129.0 19.7 21.7 23.2 177 225 56.3
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Introduction

The formation of the Zagros orogenic belt is
attributed to northeastward oblique subduction of
the Neotethys beneath the western border of
central Iran. This was followed by continental
collision between the Afro-Arabian plate and the
central Iran microcontinet (Zarasvandi et al.,
2015). The Zagros orogen is characterized by
three main parallel structural zones consisting of
Zagros fold and thrust belt, the Sanandaj—Sirjan
metamorphic zone, and the Urumieh—Dokhtar
magmatic arc (Mohajjel et al., 2003). The
Urumieh—Dokhtar magmatic arc is dominated by
the widespread occurrence of Eocene to
Quaternary intrusive and extrusive rocks. It is
considered as being one of the main Cu bearing
regions in the world, where world class giant
porphyry deposits, as well as large and small sub-
economic porphyry Cu £ Mo + Au systems have
been reported and investigated by many authors
(Shafiei et al., 2009; Zarasvandi et al., 2005). In
addition to UDMA, the Sanandaj-Sirjan zone
(SSZ) hosts several Jurassic-Cretaceous intrusive
complexes extending from the northwest to
southeast SSZ. It should be noted that these
granitoids are barren and porphyry mineralization
has not been accompanied with these intrusions.
This paper tried to compare the available
geochemical data of productive granitoids in the
Urumieh-Dokhtar (i.e., Dalli, Ali-Abad and
Darreh-Zerreshk, Parkam, Sarcheshmeh, Meiduk
and Sungun), and those of barren intrusions in the
Sanandaj-Sirjan zone (i.e., Aligodarz, Bourujerd,
Alvand, Astaneh, Hasan Robat, and Siah Koh).

Materials and methods
This investigation is based on the available

geochemical data on the six barren intrusions in
the SSZ (i.e., Aligodarz, Bourujerd, Alvand,
Astaneh, Hasan Robat and Siah Kohe), and
productive intrusive rocks (porphyry associated
intrusions) in the UDMA (i.e., Dalli, Ali-Abad
and Darreh-Zerreshk, Parkam, Sarcheshmeh,
Meiduk and Sungun). Data for the UDMA
porphyry intrusions (41 samples) were adopted
from studies of Daneshjou (2014), Zarasvandi et
al. (2005), Taghipour and Mohammadi Laghab
(2014), Barzegar (2007), Taghipour (2007), and
Hezarkhani (2006). Furthermore, the data of the
SSZ barren intrusions (42 samples) comes from
Esna Ashari et al. (2012), Khalaji et al. (2007),
Aliani et al. (2012), Tahmasbiet al. (2010),
Alirezaei and Hassanzadeh (2001), and Arvin et
al. (2007). Two criteria were used for selection of
83 representative samples: (1) samples with a
relatively similar mineralogical and compositional
range (quartz diorite, quartz  monzonite,
granodiorite and granite), and (2) samples with the
least amount of alteration (minimal amounts of
Loss On Ignition; LOT wt.% = H,O + COy).

Results

Productive intrusions in UDMA have positive Eu
anomalies, LREE enrichment relative to HREE,
and high Lay/Yby¢ St/Y¢ Dyn/Yby¢ Lan/Sm, ratios.
In comparison, barren granitoids in the SSZ are
characterized by steep downward LREE to HREE,
negative Eu anomalies and low La,/Yby, ¢ Sr/Y ¢
Dyw/Yb, <Lan/Sm, ratios.

Discussion

Based on the presented results, it is proved that
due to the lack of considerable crustal thickness in
SSZ (during the subduction of the Neotethyan
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oceanic lithosphere under the SSZ zone), and the
presence of dry magma (low H>O contents), the
SSZ granitoids exhibit barren characteristics. In
contrast, during the ongoing processes of closure
of Neo-Tethys and during compression and crustal
shortening, magma mixing and evolution toward
high magmatic water content lead to the
increasing of metal endowment in the porphyry
associated granitoids of (UDMA) It seems that
magma generation from the melting of thickened
lower crust (garnet amphibolite source) could be
considered as one important key factors for the
generation of metal-rich magmas with high
oxidation state and high H>O contents has led to
the development of porphyry Cu systems in the
UDMA compared to those of SSZ granitoids.
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