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Fig. 2. Geological map of the Simorgh prospect area (Scale 1:10000)
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Table 1. Comparison of different types of hydrothermal breccias in the Simorgh prospect area

Type of hydrothermal

porphyry, quartz, chert

clay minerals

breccia fragment Type of fragments Type of matrix Alteration
Green monomictic diorite porphyry and Quartz, carbonate,
hydrothermal breccia with 60 to 95 pyroxene diorite sercite and less Propylitic
dominantly fragment porphyry chlorite and iron oxide
MOHOI?]]CU.C hydro.thermal Rhyolite to hornblende Quartz, carbonate, Silicified +
breccia with dominantly 70 to 90 . sercite and less
rhyolite . carbonate
fragment chlorite
.. . . Carbonate, sercite,
Polymictic hydrothermal Rhyolite, diorite
L . . quartz and less QSP and
breccia with dominantly 551070 porphyry, andesite, . .
chlorite, epidote and CQSP
fragment tuff, quartz, chert .
clay minerals
Pl ot Koyl dirle - Catout i
breccia with dominantly 10 to 35 POTPIYLY, ] qu . QSP
matrix tuff, quartz monzonite chlorite, epidote and
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Fig. 4. Types of hydrothermal breccias in the Simorgh area. A: White monomictic hydrothermal breccia with
dominantly fragment and with mosaic texture and quartz, carbonate, sericite and chlorite matrix (Silicified + carbonate
alteration) and with 80% fragments, B: Green monomictic hydrothermal breccia (brecciated diorite) with propylitic
alteration and 95% fragments, C: Polymictic hydrothermal breccia with dominantly fragments with QSP alteration and
70% fragments, and D: Polymictic hydrothermal breccia with dominantly matrix with QSP alteration and 30%
fragments. Di: diorite porphyry. Ch: chert, Rhy: rhyolite. Abbreviations after Whitney and Evans (2010)
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Fig. 6. Type of rocks with veinlet mineralization in the Simorgh area. A: Granite porphyry with quartz and quartz-pyrite
vienlets. Quartz-pyrite veinlet is younger than quartz veinlet. Pyrite in the quartz-pyrite veinlets are oxidized. There is
also disseminated pyrite mineralization in background, B: Rhyolite with quartz-pyrite and galena-quartz-pyrite-
chalcopyrite veinlets. Quartz-pyrite veinlet is younger than galena-quartz-pyrite-chalcopyrite veinlet because interrupts
it. There is disseminated pyrite mineralization in background, C: Hydrothermal polymictic breccia with dominantly
matrix with quartz and gypsum veinlets. Pyrite mineralization is visible in matrix of this breccia. There is a rhyolite
fragment at the top of this image with disseminated pyrite mineralization and several quartz vienlets, and D:
Hydrothermal polymictic breccia with dominantly fragment with disseminated pyrite mineralization into matrix. Cpy:
chalcopyrite, Gn: galena, Gp: gypsum, Py: pyrite, Qtz: quartz. Abbreviations after Whitney and Evans (2010)
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Geological log borehole No.BH1 in Simorgh prospecting area

Project name: Simorgh prospecting erea  Location: X: 712820, Y: 3432142
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Fig. 8. Geology, alteration, and geochemistry in the first borehole (BH1) in Simorgh prospect area
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Geological log borehole No.BH2 in Simorgh prospecting area

Project name: Simorgh prospecting erea  Location: X: 713275, Y: 3432162 Inclination: -90 Scale: 1:2500 Lagger: Reza Borabadi
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Fig. 9. Geology, alteration and geochemistry in the second borehole (BH2) in Simorgh prospect area

Geological log borehole No.BH3 in Simorgh prospecting area
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Fig. 10. Geology, alteration and geochemistry in the third borehole (BH3) in Simorgh prospect area
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Geological log borehole No.BH4 in Simorgh prospecting area
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Fig. 11. Geology, alteration and geochemistry in the fourth borehole (BH4) in Simorgh prospect area

Geological log borehole No.BHS in Simorgh prospecting area

Project name: Simorgh prospecting erea  Location: X: 712841, Y: 3432246 Inclination: -90 Scale: 1:3000 Lagger: Reza Borabadi
Bore hole unmber: BH5 Elevation: 950 Orientation: N 0 Depth:177.80 Date: 2014
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Fig. 12. Geology, alteration and geochemistry in the fifth borehole (BHS) in Simorgh prospect area
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Fig. 16. Cathodoluminescence images of some of the selected zircons for analysis of U-Pb and Lu-Hf in sub-volcanic
rocks in the Simorgh area. Red circles show the location of the U-Pb analysis and yellow circles show the location of
the Lu-Hf analysis. A: Granite porphyry dike (sample D-5), B: Granite porphyry dike (sample D-12), and C: Pyroxene

diorite porphyry (sample S-P-35)
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Table 2. The results of zircon U-Pb dating in the intrusive units of Simorgh area

207Ph corrected

No. U Th 5075, 206 *  23817/206 + 206}, 238 + 206}, 238
spot (ppm) U Pb/"™Pb (%) U/*"Pb (%) Pb/**°U (%) Plzv[ aI)J age (Ma)
D-5
886 141 1.2 0.0610 9.9 265.28 8.35 24 1 23.8 0.8
890 122 1.4 0.0487 11.2 268.94 8.34 24 1 23.9 0.8
897 100 1.4 0.0496 12.3 264.84 8.65 24 1 24.2 0.8
883 133 1.1 0.0697 104 250.50 7.77 26 1 24.9 0.8
900 93 1.5 0.0473 19.9 257.00 10.83 25 1 25.0 1.1
889 488 0.49 0.0494 4.5 232.82 3.80 28 0 27.5 0.5
892+* 308 0.79 0.0444 5.4 184.97 3.38 35 1 34.8 0.6
887* 164 0.59 0.0580 6.8 159.45 3.54 40 1 39.7 0.9
888* 228 0.74 0.0440 6.5 159.86 3.53 40 1 40.2 0.9
895* 339 0.79 0.0451 5.1 145.56 2.29 44 1 44.1 0.7
893* 102 1.1 0.0528 7.7 142.28 3.75 45 1 44.8 1.2
894* 354 0.21 0.0568 2.2 40.97 0.53 155 2 154 2
891* 92 1.04 0.0970 0.9 3.57 0.03 1592 14 1592 13
884* 202 0.2 0.1161 0.7 2.91 0.02 1906 16 1906 16
885* 379 0.61 0.1635 0.5 2.12 0.02 2493 21 2493 23
366 128 1.2 0.0593 19.2 251.29 14.39 26 1 25.2 1.5
365 320 0.39 0.0572 10.1 235.86 7.48 27 1 26.9 0.9
364* 271 0.44 0.0640 8.1 163.05 4.72 39 1 38.6 1.1
367* 240 0.85 0.0465 7.3 165.22 3.58 39 1 38.9 0.9
363* 215 0.69 0.0943 13.6 122.91 5.88 52 2 49.1 2.5
344 114 0.85 0.0432 28.8 263.02 12.76 24 1 24.5 1.3
340 184 1.2 0.0512 13.3 253.49 9.58 25 1 25.2 1.0
338 102 0.82 0.0698 25.5 243.72 17.79 26 2 25.6 2.0
343 167 1.18 0.0534 13.7 247.94 9.38 26 1 25.7 1.0
336 163 1.24 0.0480 25.0 245.82 13.76 26 1 26.1 1.5
342 169 1.27 0.0581 12.5 241.77 8.27 27 1 26.2 0.9
341 81 1.17 0.0685 21.9 235.41 12.23 27 1 26.6 1.5
337 146 1.91 0.0446 15.0 241.60 9.01 27 1 26.6 1.0
339* 363 0.7 0.0473 15.6 177.53 6.13 36 1 36.2 1.3
D-12
361 217 1.05 0.0499 11.1 260.90 9.04 25 1 24.6 0.9
354 105 1.00 0.0504 26.0 258.99 11.64 25 1 24.7 1.2
359 112 0.95 0.0464 19.2 259.89 10.62 25 1 24.8 1.0
346 143 1.59 0.0579 14.8 254.43 8.84 25 1 24.9 0.9
360 203 1.47 0.0570 10.9 252.26 8.61 26 1 25.2 0.9
358 426 1.25 0.0452 7.1 255.18 5.71 25 1 25.2 0.6
350 141 1.31 0.0493 13.9 251.11 9.72 26 1 25.5 1.0
349 139 1.87 0.0850 12.1 235.88 10.15 27 1 25.9 1.2
362 202 1.49 0.0485 11.6 245.41 7.58 26 1 26.2 0.8
345 134 0.84 0.0417 17.6 242.49 10.05 27 1 26.5 1.1
355* 136 0.86 0.0524 10.3 164.95 4.90 39 1 38.7 1.2
356* 681 0.82 0.0492 4.0 162.79 2.39 39 1 394 0.6
348* 227 0.51 0.0544 8.9 155.28 4.27 41 1 41.0 1.2
347* 605 0.66 0.0458 4.9 156.39 2.56 41 1 41.1 0.7
357* 283 0.7 0.0480 6.0 141.46 2.98 45 1 45.3 1.0
S-P-35
907 174 1.59 0.0356 104 269.41 7.12 24 1 23.9 0.6
916 80 0.58 0.0562 15.8 263.48 10.44 24 1 24.1 1.0
910 220 0.8 0.0500 9.8 258.81 6.43 25 1 24.8 0.6

* Xenocryst zircon
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Table 2 (Continued). The results of zircon U-Pb dating in the intrusive units of Simorgh area
27pp corrected

slj)(()).t (pII)Jm) ;rlljl 207Pb/206Pb (;/‘;) 238U1206Pb (;/‘;) 206Pb/238U (;/‘;) 206PlZ ﬁ:I)J age i
S-P-35
911 76 0.91 0.0349 21.3 258.67 9.48 25 1 24.9 1.0
914 90 0.58 0.0502 19.7  243.25 10.41 26 1 26.3 1.2
903 355 0.65 0.0498 6.0 226.94 4.72 28 1 28.2 0.6
901* 659 0.71 0.0499 4.6 208.54 3.91 31 1 30.7 0.6
908* 150  1.01 0.0508 7.3 167.44 4.18 38 1 38.2 1.0
915* 168  0.68 0.0458 7.1 158.86 4.29 40 1 40.5 1.1
906* 119  0.75 0.0472 8.3 153.34 4.06 42 1 41.9 1.1
912* 305  0.66 0.0546 5.2 149.49 2.83 43 1 42.6 0.8
905* 482  0.72 0.0476 7.9 119.60 5.22 54 2 53.6 2.3
909* 130 1.33 0.0586 2.1 11.06 0.12 558 6 558 6
913* 48 1.1 0.0594 2.5 10.53 0.14 585 8 585 8
904+ 382 0.15 0.0616 0.9 9.36 0.08 654 6 654 5
378 80 0.88 0.0629 21.1 260.88  13.50 25 1 24.2 1.3
377 358 0.83 0.0438 7.9 265.94 7.28 24 1 24.2 0.7
384 231 0.84 0.0594 11.2  253.11 8.45 25 1 25.0 0.9
383 486 1.18 0.0469 8.6 256.99 7.38 25 1 25.0 0.7
385 131 0.63 0.0459 17.7  251.66  10.81 26 1 25.6 1.1
375 66 1 0.0367 37.1 242.67  13.73 27 2 26.5 1.6
373* 558  0.54 0.0439 53 206.98 3.96 31 1 31.1 0.6
382* 911 0.84 0.0510 3.5 177.10 2.54 36 1 36.1 0.5
380* 249  0.75 0.0982 6.3 151.75 4.29 42 1 39.6 1.2
376* 138 0.32 0.0505 9.8 145.65 4.46 44 1 43.9 1.4
368* 1770 04 0.0565 4.6 113.55 6.05 57 3 55.9 3.0
374* 450 0.63 0.0511 2.9 22.95 0.29 275 3 275 3
381* 521 0.45 0.0906 1.5 8.19 0.13 743 11 720 11
* Xenocryst zircon
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Fig. 17. U-Pb Tera-Wasserburg Concordia diagrams of the three intrusive rocks from the Simorgh area. A: Granite
porphyry dike (sample D-5), B: Granite porphyry dike (sample D-12), and C: Pyroxene diorite porphyry (sample S-P-
35)
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Table 3. The results of Lu-Hf isotope analysis for the intrusions of the Simorgh area

. 176 176 176

D-5

883 26 0.0019 0.070 0.282847 0.000024  0.282846 3.20 0.57 0.87
884 1906 0.0007 0.031 0.281628 0.000011  0.281602 2.42 2.18 2.38
885 2493 0.0010 0.038 0.281228 0.000011  0.281181 1.59 2.73 2.88
886 24 0.0026 0.109 0.282896 0.000009  0.282895 4.89 0.51 0.77
891 1592 0.0011 0.044 0.281960 0.000008  0.281927 6.19 1.76 1.89
894 155 0.0015 0.065 0.282638 0.000011  0.282633 -1.37 0.85 1.26
897 24 0.0027 0.113 0.282888 0.000015  0.282887 4.61 0.52 0.79
900 25 0.0021 0.087 0.282842 0.000016  0.282841 3.01 0.58 0.88
336 26 0.0017 0.068 0.282830 0.000010  0.282829 2.61 0.59 0.91
337 27 0.0024 0.080 0.282820 0.000010  0.282819 2.26 0.62 0.93
338 26 0.0032 0.103 0.282673 0.000021  0.282671 2.96 0.84 1.25
340 25 0.0028 0.111 0.282861 0.000008  0.282860 3.67 0.56 0.84
341 27 0.0027 0.118 0.282860 0.000015  0.282859 3.68 0.56 0.84
342 27 0.0037 0.125 0.282832 0.000015  0.282830 2.66 0.62 0.91
343 26 0.0031 0.123 0.282850 0.000012  0.282848 3.29 0.58 0.87
344 24 0.0027 0.112 0.282782 0.000008  0.282781 0.86 0.68 1.02
365 27 0.0017 0.064 0.282915 0.000010  0.282914 5.64 0.47 0.72
366 26 0.0025 0.097 0.282820 0.000011  0.282819 2.23 0.62 0.93
D-12

345 27 0.0024 0.101 0.282867 0.000010  0.282866 3.92 0.55 0.83
346 25 0.0026 0.093 0.282847 0.000014  0.282846 3.18 0.58 0.87
347 41 0.0025 0.099 0.282798 0.000009  0.282796 1.78 0.65 0.97
348 41 0.0009 0.034 0.282977 0.000009  0.282976 8.16 0.38 0.58
349 27 0.0019 0.076 0.282829 0.000010  0.282828 2.60 0.59 0.91
350 26 0.0025 0.098 0.282874 0.000012  0.282873 4.14 0.54 0.82
354 25 0.0009 0.038 0.282826 0.000010  0.282826 2.46 0.58 0.92
355 39 0.0008 0.032 0.282917 0.000008  0.282916 5.99 0.46 0.71
356 39 0.0020 0.071 0.283036 0.000010  0.283035 10.18 0.30 0.45
357 45 0.0016 0.063 0.282842 0.000008  0.282841 3.46 0.57 0.87
358 25 0.0025 0.106 0.282859 0.000011  0.282858 3.60 0.56 0.85
359 25 0.0021 0.087 0.282846 0.000008  0.282845 3.14 0.57 0.88
360 26 0.0017 0.069 0.282872 0.000008  0.282871 4.08 0.53 0.82
361 25 0.0029 0.114 0.282857 0.000019  0.282856 3.52 0.57 0.85
362 26 0.0017 0.067 0.282866 0.000010  0.282865 3.89 0.54 0.83
S-P-35

903 28 0.0020 0.056 0.282925 0.000022  0.282924 6.01 0.46 0.70
904 654 0.0010 0.031 0.282707 0.000025  0.282694 12.19 0.75 0.81
907 24 0.0025 0.080 0.282858 0.000012  0.282857 3.54 0.56 0.85
909 558 <0.0001 0.001 0.282410 0.000011  0.282410 -0.09 1.12 1.49
913 585 0.0013 0.039 0.282328 0.000016  0.282313 -2.89 1.27 1.68
914 26 0.0017 0.065 0.282794 0.000010  0.282793 1.35 0.64 0.99
374 275 0.0019 0.070 0.282631 0.000012  0.282621 0.90 0.87 1.21
375 27 0.0022 0.069 0.282838 0.000012  0.282837 2.89 0.59 0.89
377 24 0.0019 0.067 0.282865 0.000010  0.282864 3.81 0.54 0.83
378 25 0.0018 0.069 0.282869 0.000010  0.282868 3.96 0.54 0.83
381 720 0.0015 0.049 0.281906 0.000015 0.281884  -14.46 1.85 2.51
383 25 0.0088 0.363 0.282924 0.000010  0.282920 5.79 0.57 0.71
384 25 0.0056 0.201 0.282915 0.000011  0.282912 5.54 0.53 0.73

385 26 0.0041 0.151 0.282845 0.000009  0.282843 3.09 0.61 0.88
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Fig. 18. Plot of eHf vs. U-Pb ages for zircons from the three intrusive rocks in the Simorgh area
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Introduction

The Simorgh prospect area is located in 113 km
southwest of the Nehbandan in South Khorasan
province. This area is part of the Tertiary
volcanic-plutonic rocks in the center of the Lut
block. The Lut Block, which is located at the
eastern part of the Central Iranian Microcontinent
(CIM), is famous by its complex tectonic
evolution and extensive magmatic activities with a
range of interesting geochemistry. Extensive
magmatic activities in Lut Block have produced
several types of mineralization events (Karimpour
et al., 2012). Around the Simorgh prospect area,
various mineral deposits, including Cu-Mo
porphyry Dehsalm in 90 km southwest of
Nehbandan have been reported (Arjmandzadeh
and Santos 2013) and Mahoor copper (Miri
Beydokhti et al., 2015).

Until now there has not been a detailed studies on
the Simorgh prospect area especially on
granitoids. In this study, we present field
investigations, geology, alteration, mineralization,
geochemical exploration, Petrogenesis, zircon U-
Pb geochronology and Hf isotopes of sub-volcanic
rocks in the Simorgh prospect area.

Materials and methods

1- Preparation of 336 thin sections for the study of
petrography, alteration and mapping of geological
and alteration maps.

2- Preparation and study of twenty-five polished

thin sections and thirty-two polished blocks for
mineralization studies.

3- Analysis of forty-five chip composite samples
in the Zar Azma laboratory by using the fire assay
method for Au element and ICP-OES for thirty-
four elements. The solubilization method of 4-
Acid (1EX) was used.

4- Analysis of one hundred and sixty core samples
in the Zar Azma laboratory by using the fire assay
method for Au element and ICP-OES for 34
elements (method 1EX).

5- Chemical analysis of seventeen samples of syn-
mineralization sub-volvanic intrusive rocks with
at least alteration, by ICP-MS for thirty-one trace
and rare earth elements with LF100 method
(alkali fusion) at the AcmeLabs Laboratory.

6- Separation of three samples from syn-
mineralization sub-volcanic intrusive rocks for U-
Pb zircon geochronolg by Quadruple Laser-
Ablation ICP-MS at the CODES, the Tasmania
University of Australia.

7- Analysis of three samples of syn-mineralization
sub-volvanic intrusive rocks for Lu-Hf isotopes
with multi-collector ICP-MS at the CCFS of
Macquarie University of Sydney, Australia.

Discussion and results

Petrographic  studies  indicated  that the
composition of sub-volcanic rocks in the Simorgh
area are diorite porphyry and pyroxene diorite
porphyry stocks with granite porphyry and
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granodiorite porphyry dikes. Several alteration
zones such as: propylitic, argillic, silicified quartz-
sericite-pyrite  (QSP) and carbonate-quartz-
sericite-pyrite  (CQSP) based on field and
laboratory studies are identified Major oxides
analysis shows that intrusive units are
metaluminous to peraluminus, calc-alkaline to
high-K calc-alkaline. More of these rocks belong
to the I-type granitoid (Chappell and White,
2001), and they have been formed in a volcanic
arc granitoids (VAG) tectonic setting (Pearce et
al., 1984). Mantle-normalized, trace-element
spider diagrams display enrichment in large ion
lithophile elements, such as Rb, Sr, K, and Cs, and
depletion in high field strength elements, e.g., Nb,
Ti, P. Enrichment of LREE versus HREE and
enrichment of LILE and depletion in HFSE
indicate magma formation in the subduction zone.
In the subduction zones, high oxygen fugacity
leads to the depletion of Ti. All of the intrusive
rocks have a negative Eu anomaly. The amount of
EuwEu" in sub-volcanic units of the Simorgh area
varies from 0.49 to 0.91. Therefore, negative Eu
anomaly can be evidence of the partial presence of
plagioclase in the origin (Tepper et al., 1993).
Three types of mineralization occur in this area
such as: veinlet, disseminated and hydrothermal
breccia among which hydrothermal breccia is the
most important. Pyrite is the most sulfide
mineralization in  the  sub-volcanic  and
hydrothermal breccias.

Compositional variations of elements within the
Simorgh prospect are as follows: Cu = 2-240 ppm,
Mo = 0.5-49 ppm, Zn = 9-935 ppm, Pb = 7-582
ppm, ppm, As = 2-207 ppm and Au = 1-93 ppb.

In the Simorgh area, zircon U-Pb geochronology
was carried out on syn-mineralization sub-
volcanic intrusive rocks. The age of two granite
porphyry dikes are 25.37+0.56 Ma and
25.94+0.76 Ma and the age of pyroxene porphyry
diorite is 24.85+0.51 Ma (Chattian). Diorite
porphyry is pre-mineralization because it is cut by
granite porphyry dikes and pyroxene diorite
porphyry, so diorite porphyry is the oldest sub-
volcanic intrusive rock in this area. The low
positive values of eHfj;) indicate that the origin of
these sub-volcanic intrusive rocks is mantle,
which has low contamination with the crust.

According to the above evidence, the sub-volcanic
units of this area are related to porphyry systems,
and the hydrothermal breccias are the main host
rock mineralization in this system. This system
does not have any valuable mineralization expect
pyrite, from the surface to 180 m depth.
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