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1. SaSZ or Sanandaj-Sirjan Zone
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Fig. 1. Simplified geological map of Iran and Zagros Orogen (modified after Le Garzic et al. (2019))
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Table 1. Geochronological and isotopic data from Jurassic (178-160 Ma) granitoids of SaSZ

Location  Rock Type U-Pb Age (Ma) (¥’Sr/*Sr); (*Nd/'*Nd)i &€Ndi Tom Reference
) 171 N.A. N.A. N.A.  NA.
W Hamadan Granite
168 N.A. N.A. N.A. N.A. Zhangetal. (2018)
S Hamadan Granite 167 N.A. N.A. N.A.  NA.
. 165 N.A. N.A. N.A. N.A. .
Leucogranite Chiu et al. (2013)
164 N.A. N.A. N.A.  NA.
. 163-161 0.719380 0.512257 -3.3 1200
Granite
163 161 0.709240 0.512312 -2.3 1130
Alvand O
Granite 164 0.708830 0.512252 -34 1220
(Hamadan) —
Granite 161 0.706990 0.512375 -1.1 1030  Shahbazi et al. (2010)
154 0.713010 0.512260 -3.5 1230
Granite 154 0.713770 0.512210 -4.5 1310
154 0.712730 0.512259 -3.5 1230
. 184 0.709440 0.512230 34 1132
Syenogranite
184 0.710870 0.512190 -4.3 1269
Diorite 174 0.708560 0.512280 -2.7 955
. 170 0.709210 0.512260 2.6 1124 .
Malayer  Granodiorite Ahadnejad et al. (2011)
170 0.708550 0.512230 -3.7 1152
Tonalite 169 0.708770 0.512300 -2.3 1092
. 162 0.707970 0.512160 -4.9 1330
Monzogranite
162 0.708580 0.512190 -4.6 1252
Granodiorite 171 0.708240 0.512124 58 1370
Astanch o 171 0.708420  0.512143 54 1350 Tahmasbi et al. (2010)
(Shazand) Qtz-diorite
171 0.708040 0.512110 6.0 1390
Monzogranites 172 0.706300 0.512260 -3.0 1006
Granodiorit 172 0.706600 0.512250 -33 869
ranodiorite
Nezam Abad 171 0706600  0.512240  -3.5 867  Khalaji et al. (2007)
(Boroujerd)
. 171 0.706200 0.512230 -3.6 1135
Quartz diorite
170 0.707400 0.512260 -3.1 1269
170 N.A. N.A. N.A. NA.
Zhang et al. (2018)
167 N.A. N.A. N.A.  NA.
. Granodiorite 165 0.710100 0.512140 -5.5 1450
Aligoodarz
165 0.710100 0.512150 -54 1410

Esna-Ashari et al. (2012)
165 0.709700 0.512180 -4.8 1530

Granite 165 0.711000 0.512160 -5.3 2420
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Table 1 (Continued). Geochronological and isotopic data from Jurassic (178-160 Ma) granitoids of SaSZ

Location Rock Type U-Pb Age (Ma)  (¥Sr/%Sr)i  (*Nd/'“Nd); &Ndi  Tom Reference
. Monzogranite 167-175 N.A. N.A. N.A. N.A. Bayati et al. (2017)
Kolah-Ghazi ———— .
Granite 165 N.A. N.A. N.A. N.A. Chiuetal. (2013)
175 N.A. N.A. N.A. NA.
Qhory (Neyriz) Granite 173 N.A. N.A. N.A.  N.A. Yangetal. (2018)
170 N.A. N.A. N.A. NA.
Jiroft-Sargaz Granite 175 N.A. N.A. N.A.  N.A. Chiuetal. (2013)
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Table 2. Representative geochemical data of Jurassic (178-160 Ma) granitoids of SaSZ and some source granitoids of
porphyry Sn deposits in the world

Location Age (Ma) (¥’Sr/%Sr)i &ENdi Rb Sr Y Ba (Eu/Eu)N References
114 0.711 -5 685 21 979 87 0.037
Yanbei 710 32 93 89 0.036
anbei .
(S. China) 690 31 95 93 0.038 Liu et al. (1999)

712 26 98 78 0.047
821 20 1009 87  0.050
77 0.719 -6 670 13 90.7 14.8 0.003
689 14 90 12 0.007  Zhengshu et al. (1989);

(glélﬁ?ﬁa) 650 12 154 8 0.003 Zhengetal. (2016); Hu et
’ 590 13 120 7 0.005 al. (2020)
750 19 108 12.1 0.006
79 0.718 5 772 4 174 57 0.003
776 42 130 5.7 0.004
Xishan 1065 7.1 220 13.5  0.004
China) 924 7 161 103 ooo4  Zrangetal G017
1015 48 181 112 0.005
1005 4.5 135 7.5 0.004
75 588 19 693 90  0.092
Wagone 590 22 67 89  0.088 '
340 21 335 71 0.075 Lietal. (2018)

(Myanmar, Thailand) 630 26 633 78 0.137

583 21 1585 89  0.037
42 91 17 152 11 0.026
870 18 147 14 0.022
850 16 149 13 0.025
902 18 145 12 0.024
685 17 147 24 0.022

Mawchi

(Myanmar, Thailand) Myint et al. (2017)

280 0.713 -7 657 51 68  0.075

Cornubian 689 46 80  0.079 Darbyshire and Shep

(En ?an @) 676 42 78  0.090 (1994); Simons et al.
g 64 732 32 63  0.157 (2016)

712 38 78  0.089
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Table 2 (Continued). Representative geochemical data of Jurassic (178-160 Ma) granitoids of SaSZ and some source
granitoids of porphyry Sn deposits in the world

Location Age (Ma) (¥Sr/*Sr)i €Ndi Rb  Sr Y Ba (Eu/Eu)x References
327 0.7158 598 27 46 89  0.155
589 25 86  0.192
(Iifovrfg;:i‘) 545 26 43 90 0.187 Gomes and Neiva (2000)
0.7157 578 27 42 89  0.180
500 29 46 66  0.170
168 194 245 30 729 0.582
161 418 327 765 0.631
167 294 335 129 0573
W'I({Ii‘;f)‘dan 180 91 208 212 0375 Zhang et al. (2018)
163 167 262 469  0.406
166 170 19.8 460  0.341
175 168 21.1 480 0.582
170 0.709 3 134 320 15 1150 0.391
88 347 234 355  0.447
Malayer 77 231 302 361 0.457 .
(Iraz) 87 142 42 162 0339 ‘hadnejadetal (2011)
96 160 17.7 292  0.774
8 141 169 28 0.719
165 0.71 5 137 113 209 345 0.494
104 192 374 348 0257
141 124 271 347 0370
Aligoodarz 130138 23.1 291 0.556 Esna-Ashari et al. (2012);
(Iran) 166146 22 406 0.517 Zhang et al. (2018)
151 107 293 401  0.546
137 113 209 345  0.494
104 192 374 348 0323
82 206 23.6 259  0.487
167-171  0.709-0.710 -3 163 134 44 387 0.287
Alvand 148 151 109 667 0.473 Shahbazietal. (2010) ;
(Iran) 248 140 544 178  0.534 Chiuetal. (2013); Zhang et
190 160 17 130 0.616 al. (2018)
198 160 27.3 800 0.252
169.6 0.708 35 79 197 184 236  0.671
101 388 19.8 454  0.648
88 347 234 355 0.484
143 330 374 853 0277
Boraujerd %l 147 306 ooy Khalaictal Q007
(Iran)
72 355 148 318 0971
105 424 166 518  0.828
100 433  19.1 588  0.883
120 438 187 628  0.924
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Table 3. Geophysical, geochemical, field relation, and tectonomagmatic setting of Jurassic (178-160 Ma) granitoids of

SaSZ compared to type I and S granitoids

Granitoids

Tectonic Setting

Volcanic Arc Yes
Volcanic Rock Yes
Orogeny -
Regional Metamorphic Rocks No
Depth of Emplacement Volcanic & Sub-volcanic
Shape & Geometry Stock
(*"Sr/%Sr); Less than 0.706

Magnetic Susceptibility (SI)

Total Magnetic Intensity High

Subduction Zone

>100 x107 (SI)
Magnetite Series

Continental Collision Continental Collision

No No
No No
Yes Cimmerian
Yes Yes .
Slate & Schist
Depth >4 Km Depth >4 Km
Deep Pluton Deep Pluton
Big Batholite Big Batholite
Higher than 0.707 Higher than 0.707
<100 =107 (SI) <100 %107 (SI)
Ilmenite Series Ilmenite Series

Low Low
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Table 4. Representative trace elements content (in ppm) of Jurassic (178-160 Ma) granitoids of SaSZ

Region Sn Cu Pb Zn Reference
2 14 9 12
Hamadan § }S 182 i? Zhang et al. (2018)
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Malayer g g ;g gg Ahadnejad et al. (2011)
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Aligoodarz 3 13 15 28 Esna-Ashari et al. (2012)
2 25 12 25
3 12 20 41
Boroujerd 2 17 11 55 Khalaji et al. (2007); Zhang et al. (2018)
2 20 16 28
N.A. 30 24 63
Kolah-Ghazi N.A. 28 15 45 Bayati et al. (2017)
N.A. 18 30 52

N.A.: not analyzed
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Introduction

The granitic rocks are divided into magnetite and
ilmenite series (Ishihara 1977), coinciding spatially
with the I-type (eNd0; (*’St/**Sr)i~0.704-0.706)
and S-type granites (eNdi<0; (*¥’Sr/**Sr)~0.708-
0.765), respectively (Takahashi et al., 1980). Most
porphyry Sn deposits are associated with ilmenite
(S-type) granitoids (Ishihara, 1977; Neiva, 2002).
The published concepts on the origin and
tectonomagmatic setting of Sanandaj-Sirjan Zone
(SaSZ) Jurassic granitoids of 178-160 Ma are (1)
metaluminous I-type granites formed in a
magmatic arc of an Andean subduction system
(Khalaji et al., 2007, Tahmasbi et al., 2010;
Ahadnejad et al., 2011; Esna-Ashari et al., 2012),
(2) subduction-related extensional basin (Shahbazi
et al., 2010), (3) continental crust melting by roll-
back of Neo-Tethys oceanic crust (Zhang et al.,
2018), and (4) subduction-related S-type granites
(Bayati et al., 2017). In this research, the origin and
tectonomagmatic setting of Jurassic granitoids
(from 178 to 160 Ma) in Sanandaj-Sirjan Zone and
the tin mineralization potential are investigated
based on the available geological, geophysical and
isotopic geochemical data.

Materials and methods
We used an integrated collection of published
geochemical data (major, trace and rare earth

elements of 102 samples), isotopic (e.g., (¥'Sr/*Sr);
of 50 samples, &Nd; of 64 samples),
geochronological (U-Pb dating of zircons), and
geophysical data (airborne magnetic intensity) for
the SaSZ granitoids of 178-160 Ma.

Result

The SaSz Jurassic granitoids include granite,
monzonite, diorite, Syenogranite, tonalite
batholiths. The (¥’St/**Sr)>0.707, N-MORB

normalized patterns with enrichment in Low- and
High Field Strength Elements (LFSE and HFSE)
and depletion in P and Ti contents, chondrite-
normalized patterns with flat heavy rare earth
elements (HREE) patterns, magnetic susceptibility
<107x100 (ilmenite series), no alteration, and no
Sn, Cu, Pb, and Zn anomalies in whole rock
composition of granitoids nor in the associated
river sediments, absence of volcanic rocks, and
occurrence of metamorphic rocks (slate and schist)
during Cimmerian orogeny indicate the SaSZ
granitoids are S-type granitoids formed in a
continental collision zone.

Discussion

Geological, geophysical and geochemical
characteristics of granitoids in Sanandaj-Sirjan
Zone (such as the absence of volcanic arc and
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volcanic rocks, continental crust thickening (56-52
km) and the formation of large-scale (batholith)
granitoids at depths >4 km, regional
metamorphism at green schist facies (and
amphibolite) following Cimmerian orogeny, low
(Ew/Eu)y  (reducing conditions), magnetic
susceptibility <100x107 (ilmenite series), negative
eNdi and (*’Sr/*Sr); >0.707) show that, unlike
previous studies, these granitoids are S-type
granitoids formed by melting the continental crust
in a collisional zone. Therefore, tin mineralization
might probably occurred in connection with them.
However, there is ample evidence of the absence of
tin mineralization by the magma that forms these
S-type granitoids, that are including the lack of
hydrothermal fluids and consequently
mineralization potential (due to the absence of
alteration minerals in ASTER satellite images),
low content of tin, copper, lead and zinc elements
in these granitoids Sanandaj-Sirjan Zone and
associated river sediments, (Eu/Eu)x value > 0.2,
Rb/Sr <3, low Y (10-75 ppm), Ba > 200 ppm, as
well as the geological, geophysical and
geochemical similarities to barren S-type (ilmenite
series) granitoids in Lut block (in Najmabad, Sorkh
kuh to Shah kuh areas) which have formed in a
continental collision system during the Cimmerian
orogeny.
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