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1-Introduction

The Sirzar antimony deposit is situated north of Mahmoud Abad village in Torbat-e Jam County, Khorasan
Razavi, and is located within the Binalud zone. Some researchers believe that the subduction of the
Sabzevar oceanic lithosphere beneath the Binalud zone caused the occurrence of Late Cretaceous-Tertiary
magmatism (Ghasemi et al., 2010; Rossetti et al., 2010). On the northeastern edge of the Sabzevar ophiolite
zone and the southern edge of the Binalod zone, a 200 km long young magmatic arc consisting of volcanic-
internal rocks with mostly calc-alkaline to adakitic characteristics has emerged in a subduction zone
(Ghasemi et al., 2010; Spies et al., 1983).

To date, more than 22 antimony deposits and mineral indications with reserves of approximately
144,000 tons have been identified in Iran, accounting for about 8% of the world's antimony reserves
(Ghorbani, 2013). These reserves are located in five regions: 1. Qorveh-Bijar-Takab, 2. Central Iran, 3.
Ferdows-Kashmar-Torbat Jam, and 4. Sistan and Baluchestan. 5- South Khorasan. The antimony deposits
of Arabshah (et al., 2017; Najafzadeh et al., 2017), Shorab (Mehrabi et al., 2011, 2019), Choupan (Mehrabi
et. al., 2011), Lakhshak (Mazloum, 2018), Koh Shoro (Malekzadeh Shafaroudi et al., 2020), and Sefidsang
and Dargyaban (Boomeri et al., 2018). Mughanlu (Bawie et al., 2023), Hyderabad (Sabouri et al., 2018).

2-Materials and methods

Following field observations, cores and various rock units in the study area were sampled. To investigate
the mineralogy and alteration of the Sirzar antimony deposit, 30 rock samples containing mineralization
were transferred to the sectioning workshop at Damghan University and subsequently studied using a
polarizing optical microscope at Tarbiat Modares University. For geochemical studies of the study area, 13
samples of mineral and host rock were selected using the Lip-Perry method. An attempt was also made to
cover the entire area with the selected samples. Fifty-seven elements were sent to the ZarAzma laboratory
for ICP-MS analysis, and 10 samples were sent to Tarbiat Modares University for XRF analysis. Then,
various software programs were used to analyze the results and create graphs.

3-Results and discussions
According to lithological studies, microscopic examinations were conducted in the studied area, which
includes metamorphic rocks, sedimentary rocks, and igneous rocks within the antimony mineral range of
Sirzar.

Field and petrological studies of mineralization samples and their host rocks show various silicic,
chloritic, dolomitic, and carbonate alteration events associated with mineralization and bedrock.
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According to mineralogical studies, stibnite mineralization is accompanied by galena, chalcopyrite, iron
oxide and hydroxide minerals, malachite, azurite, and waste minerals such as quartz, barite, and calcite,
forming a mineral paragenesis. The presence of void-filling, veinlet, foliation, replacement, and blade
textures is evident in this area.

Geochemical data of igneous and metamorphic rocks of the region indicate a calc-alkaline origin related
to a subduction environment. The enrichment of LILE elements (e.g., Rb, Th) and depletion of HFSE (e.g.,
Nb, Ti) in the spider diagrams, together with a REE pattern similar to rocks of active continental margins,
support the formation of these rocks in a magmatic arc related to the subduction of oceanic crust beneath
the Binalud zone. Additionally, the positive correlation between antimony and barium, and lead and silver,
suggests the role of hydrothermal fluids of deep origin (possibly related to regional metamorphism or
magmatic activity) in the transport and concentration of these elements.

4-Conclusion.

Considering the lack of direct connection between mineralization and young intrusive masses, and the vein
nature of the ore, the proposed model for the Sirzar deposit is a mesothermal to epithermal hydrothermal
system with a metamorphic fluid origin. Trapped by faults and fractures associated with thrust structures.
This deposit is tectonically similar to other Iranian antimony deposits (such as Arabshah and Shurab), which
were formed in subduction environments with the pivotal role of fault structures. The results of this study
are the first comprehensive analysis of the geology, mineralogy, and geodynamics of the Sirzar deposit,
highlighting the importance of structural and alteration studies in the exploration of antimony deposits.
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(f) epidote shist
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Fig. 5. Microscopic images (a) Associated granite mineral or accessory mineral of zircon, (b) Altered trachyte, where
alkali feldspar microliths remain in parts of the intact rock, (c) Thick carbonate vein containing dispersed quartz grains,
(d) Formation of large calcite crystals within dolomite rock, (¢) Chlorite and carnate minerals with coarse quartz
crystals, on the edge of which a compression shadow has formed, (f) Quartz and epidote minerals cut through the
background of carbonate veins (composed of calcite crystals) and (g) Two layers rich in opaque minerals (including
clay minerals, graphite, iron hydroxides) and carbonate band.

Abbreviations: Q, quartz. Zrn, Zircon. Bt, Biotite. Carb, carbonate. Dol, dolomite. Cal, Calcite. Chl, chlorite. Ep,
Epidote. Op, opac (Whitney and Evans, 2010).
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Fig. 9. (a) Field image of carbonate alteration and dolomitic alteration with mineralization, (b) Calcite alteration of

siliceous tuff volcanic rock and (c) Silica alteration

VFY



a

Yoo,leds N0 oy50 NFF bl ad s 60 )l ot Cyae) J.Wwyk;‘g,’
L4

S (©) el JLol S 4 ey 00515 sloyshs I 48 ool a8 (B) o] l3alS s anS, 5l ois (@) -V IS
b adgl ComgSIS xS ) Lags a5 o Jlanl Cu s askal (€) 5 Cewl 0l Jrand SudysS 4 la (SS90 5 4Bl 5l a5 Ayl CusSIS
o Jlawl Sp . dsS LV oIS Lot g Py coinl Stb ol las] .l o Jlawl 5l g CamnsSIE LSis ailas a5 oals

(Whitney and Evans , 2010)

Fig. 6. (a) Part of the vein with stibnite mineralization, (b) Stibnite mineralization that has scattered pyrite crystals in the
form of inclusions, (c¢) Primary chalcocite mineral that has been transformed into covellite from the margins and within
fractures and (e) A large piece of sphalerite cut by a vein of primary chalcocite, indicating the formation of chalcocite
after sphalerite.. Abbreviations: Sbt, Stibnite. Py, Pyrite. Cct, Chalcocite. Cv, Coveline. Sp, Sphalerite (Whitney and
Evans, 2010).
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Fig. 8. Paragenesis of mineral association in the Sirzar area.
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Table 1. Results of geochemical analysis of internal and external samples of the Sirzar area using ICP-MS and
XRF methods

No SZ-1-A SZ-1-B SZ-1-AA SZ-1-BB SZ-11 SZ-10 SZ-16a
Name <ol S SlS <ol S <ls cuSTs B Sy e B3
Si02 66.467 66.207 66.467 66.207 26.246 52.397 7.445
Al203 14.013 14.254 14.013 14.254 11.943 13.309 2.748
CaO 2.939 1.481 2.939 1.481 21.546 7.579 37.398
Cr203 0.019 0.013 0.019 0.013 0.013 0.011 0.012
Fe203 4.63 4.541 4.63 4.541 9.29 4.811 4.684
K20 3.595 3.568 3.595 3.568 0.167 1.373 0.058
Na20 2.962 2.733 2.962 2.733 1.664 1.585 0.209
MgO 2.321 3.631 2.321 3.631 4.169 2.594 7.662
P205 0.251 0.317 0.251 0.317 0.584 0.076 0.019
SO3 0.014 0.017 0.014 0.017 0.03 0.049 0.089
TiO2 0.432 0.498 0.432 0.498 2.867 0.417 0.241
MnO 0.133 0.102 0.133 0.102 0.46 0.309 0.564
L.O.L 2.05 248 2.05 2.48 20.91 15.4 38.75
Sum 99.826 99.842 99.826 99.842 99.889 99.91 99.879
Ag 0.2 <0.1 0.5 0.2 0.2 0.4 0.4
Al 84300 75881 78893 74349 60876 64107 13356
As 23.6 16.7 19.6 15.2 10.6 15.5 3.8
Ba 548 635 547 605 27 123 148
Be 2.7 2.8 2.7 2.8 1.4 1.5 0.7
Bi <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ca 20689 10538 19965 10922 86307 55416 >10%
Cd 0.2 0.1 0.3 0.3 0.2 0.4 0.5
Co 11.4 9.5 11.1 9.2 232 13.8 10
Cr 115 81 102 74 87 82 44
Cs 3.8 6.4 35 6.4 0.9 4.2 0.6
Cu 27 9 26 9 94 124 10
Fe 35430 32617 34742 31530 52469 37582 24387
Hf 1.4 1.3 1.3 1.1 1.8 2.6 <0.5
In <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
K 26598 25892 26417 24574 3728 10909 3134
Li 29 36 29 35 38 32 22
Mg 14312 16943 14229 16103 19218 >2% >2%
Mn 1131 775 1115 756 2750 2557 3301
Mo 1.1 0.7 2 1.5 <0.5 0.7 <0.5
Na 22559 23991 22696 24032 16450 11535 1891
Nb 15.3 16.9 13.7 15.8 6 7.4 1.8
Nd 25 27.6 20.7 27.1 27.8 27.7 15.7
Ni 10 6 10 5 107 41 21
P 702 844 697 810 1855 328 118
Pb 26 17 16 11 32 56 15
Pr 7.07 7.88 5.69 7.93 7.09 7.61 3.1
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Rb 94 108 82 103 4 44 <1
S 848 301 192 119 320 647 1006
Sb >0.01% 72.1 29.4 20.2 6.9 39 >0.01%
Se <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Sn 1.7 2 13 1.9 1.2 12 <0.1
Sr 440 349 425 351 263 127 326
Ta 13 0.2 0.9 11 0.3 0.5 12
Te <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Th 13.4 11 10.2 13.9 3 10.3 12.4
Ti 3026 856 3089 2900 11470 2585 3097
U 2.8 0.2 1.7 2.6 12 22 1.9
\ 92 49 102 89 220 97 103
w 6.2 <1 6.7 5.5 <1 1 7.2
Zn 77 61 57 74 63 33 58
Zr 28 6 35 27 74 82 34
Cl 0.051 0.031 0.051 0.031 0.026 0.017 0.022
Zn 0.007 0.008 0.007 0.008 0.007 0.002 0.008
Rb 0.008 0.01 0.008 0.01 0 0.004 0
Sr 0.04 0.034 0.04 0.034 0.033 0.011 0.038
Nb 0 0.001 0 0.001 0.004 0 0
Ni 0 0 0 0 0.014 0.005 0
Cu 0 0 0 0 0.008 0.004 0
REE
Ce 54 59 48 61 45 47 15
Dy 3.8 35 3.6 3.2 5.8 5 9.2
Er 1.8 1.5 1.8 1.6 24 25 5.1
Eu 1.21 1.39 1.06 1.38 213 12 1.91
Gd 433 4.92 4.18 4.61 5.53 53 5.9
La 27 31 23 31 22 27 7
Lu 0.3 0.2 0.3 02 0.2 0.4 0.7
Sc 153 12.4 14.7 12.5 17.5 13.7 14.3
Sm 4.7 5.1 4 5.2 5.8 5.5 5.2
Tb 0.4 1.6 0.4 0.4 1 0.8 0.5
Tm 0.3 0.8 0.3 03 0.4 0.4 03
Y 10.4 48.4 14.1 10.6 22 21.8 14.6
Yb 1.07 3.59 1.56 1.03 2.19 225 1.56
sREE 124.61 173.4 117 133.02 131.95 132.85 81.27
sLILE 106.94 115.41 95.34 116.09 98.96 100.5 49.81
sHFSE 17.67 57.99 21.66 16.93 32.99 3235 31.46
Na2o+K20  6.557 6.301 6.557 6.301
Zr/TiO2 0.006 0.07 0.06
Y+NB 7 12 9
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Table 2. Results of geochemical analysis of metamorphic samples in the Sirzar region using ICP-MS and XRF
methods

No SZ-18 SZ-29 SZ-32 No SZ-18 SZ-29 SZ-32
Name ol S5 e Dol s 2815 Name e S T ST O e e
Ag 0.5 <0.1 0.4
Na20 1.364 2.339 0.108 Al 61617 69250 42484
MgO 8.316 9.083 2.007 As 10.7 1.9 40
Al1203 12.199 12.354 10.663 Ba 74 21 254
Si02 45.205 42.656 19.666 Be 0.8 0.8 1.4
P205 0.14 0.158 0.183 Bi <0.1 <0.1 <0.1
SO3 0.99 0.01 5.876 Ca 46053 64297 92712
Cl 0.02 0.021 0.031 Cd 0.2 0.7 0.5
K20 0.239 0.387 1.845 Co 42.4 42.7 26.3
CaO 8.458 11.971 25291 Cr 208 248 125
TiO2 1.185 1.308 1.167 Cs 33 0.8 3.8
Cr203 0.026 0.035 0 Cu 164 84 58
MnO 0.18 0.198 0.143 Fe 63881 74493 99656
Fe203 9.744 11.569 12.396 Hf <0.5 <0.5 1.9
L.O.L 11.88 7.84 2048 In <0.5 <0.5 <0.5
Sum 99.946 99.929 99.856 K 3869 5399 13620

XRF §ICP-MS g, jl ool b )15 s ddlaie 555 50 slodiges olaondsshy 50Ul gl : Jgaz anlsl =Y Jgax

Table 3. Table continued: Results of geochemical analysis of metamorphic samples of the Sirzar region using
ICP-MS and XRF methods

No SZ-18 SZ-29 SZ-32 No SZ-18 SZ-29 SZ-32
Name — Swed Sl Cand ol Cend CSIS Name  Semd ColS Cand Sgunl Cend SIS
Li 31 27 23 Ree
Mg >2% >2% 14239 Ce 14 5 43
Mn 1279 1309 1013 Dy 5.9 6.1 39
Mo 0.9 <0.5 4.6 Er 34 34 1.6
Na 16361 21056 507 Eu 1.21 1.11 1.3
Nb 23 1.5 25.4 Gd 4.26 4.24 4.35
Ni 78 113 77 La 5 4 26
P 418 481 624 Lu 0.5 0.5 0.2
Pb 143 67 18 Nd 12.4 10.7 213
Rb 5 1 40 Pr 2.79 2.05 6.24
S 12268 706 >3% Sc 313 33 13
Sb 76.5 >0.01% >0.01% Sm 34 33 4
Se 0.5 0.5 0.5 Tb 0.8 0.9 0.5
Sn 0.2 0.1 0.4 Tm 0.6 0.6 0.3
Sr 116 173 581 Yb 3.79 4.13 2.27
Ta 0.3 0.3 1.1 Y 0.002 0.003 0
Te 0.5 0.5 0.5 *REE 89.352 79.033 127.96
Th 1.4 1 3.7 sLILE 59.97 51.55 92.15
Ti 6828 5059 6299 *HFSE 29.382 27.483 35.81
Tl 0.1 0.1 0.9
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U 0.3 0.2 4.4
\ 231 285 116
w 1 1 23
Zn 133 96 39
Zr 14 9 89

ICP-MS s, 5l sslizal L 15 soes LS Kl slaaigas sloondsss bl s -F Jsor
Table 4. Results of geochemical analysis of ore samples from the Sirzar deposit using the ICP-MS method

No SZ-7 SZ-17 SZ-20 SZ-21 SZ-22 SZ-23 S7Z-24  SZ-25 SZ-34 SZ-36
Blew) Ul Ufom (lew) Ulewy 27 89 Dd9 e
Name SVl D-C D-C B (ks
Ag >200 21.6 0.6 0.6 0.3 0.5 0.6 <0.1 0.5 <0.1
Al 998 8221 3631 4637 11674 4474 2068 708 3981 3685
As 21.6 89.7 <0.5 <0.5 122 <0.5 <0.5 <0.5 <0.5 <0.5
Ba 79 1331 61 <l 39 <1 19 147 82 67
Be 0.5 0.8 0.6 0.6 0.7 0.6 0.7 0.5 0.6 0.6
Bi <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ca 1411 2380 8511 15313 39098 33077 >10% 21317 37609 45091
Cd 129 15.9 0.5 0.7 1.1 0.8 0.2 0.4 1.1 0.7
Co 3.8 133 <1 19 <1 <1 1.5 <1 1 <1
Cr 8 30 11 62 40 25 12 8 17 14
Cs <0.5 0.8 <0.5 <0.5 3.6 <05 <0.5 <0.5 <0.5 <0.5
Cu 5194 >5% 17 13 10 7 5 6 10 8
Fe 3277 6570 1061 8083 8385 3038 19192 3353 3361 2644
Hf <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
In 1.2 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
K 2719 3339 2651 3005 5431 2988 3334 2629 2973 2911
Li 18 26 17 17 17 17 17 17 17 17
Mg 316 646 219 644 1055 403 19574 2995 6459 7020
Mn 12 108 <5 50 63 <5 2702 34 157 108
Mo 2.3 33 <05 1.2 0.5 0.5 <0.5 <0.5 <0.5 <0.5
Na <100 <100 <100 <100 144 <100 <100 <100 <100 <100
Nb 1 <1 <1 <1 <1 <1 1 <1 1.8 <l
Ni 8 77 1 13 14 2 8 <1 3 2
P 115 667 82 78 106 68 88 75 96 98
Pb >3% 19049 28 31 37 10 12 6 1 1
Rb <1 <1 <1 <1 12 <1 <1 <1 <1 <1
S >3% 1665 >3% >3% 16740 >3% 714 >3% >3% >3%
Sb >0.01% >0.01% >0.01% >0.01% >0.01% >0.01% 121 >0.01% >0.01% >0.01%
Se <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Sn <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Sr 167 403 74.1 19.3 124 24.8 520 424 59.9 65.6
Ta 0.2 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.2
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Te <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Th 0.7 1 0.3 0.3 0.7 0.7 0.6 0.5 0.4 0.9
Ti <10 119 <10 <10 <10 <10 <10 <10 <10 <10
Tl 34 <0.1 0.7 3.9 1 0.3 <0.1 1.1 4.5 3.6
U 1.2 10.5 0.4 4.2 12.8 5.8 0.5 0.1 0.3 0.3
A% 1 13 2 13 5 1 4 1 2 1
W <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Zn 8089 12256 8 126 63 28 11 6 50 16
Zr <5 6 <5 <5 6 <5 5 <5 <5 <5
REE
Ce 15 57 4 5 22 11 12 5 7 8
Dy 1 4.5 0.9 1 2.3 1.9 1.9 0.7 1.2 1.2
Er 0.2 1.9 0.3 0.4 1 1 0.7 0.2 0.4 0.4
Eu 0.11 2.05 <0.1 <0.1 0.3 <0.1 0.26 <0.1 <0.1 <0.1
Gd 2.06 6.31 1.24 1.23 2.57 1.77 2.15 1.12 1.35 1.37
La 6 30 <1 1 11 3 7 <1 1 1
Lu <0.1 0.3 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nd 6.9 34 0.5 <0.5 10.2 33 5.8 <0.5 0.9 0.8
Pr 1.72 8.46 <0.05 <0.05 2.58 0.81 1.54 <0.05 0.18 0.13
Sc 0.8 8.2 0.7 0.5 1.7 0.9 1.3 0.5 0.6 0.5
Sm 1.2 8 <0.1 <0.1 1.9 0.5 1.1 <0.1 <0.1 0.1
Tb <0.1 0.9 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Tm <0.1 0.3 0.1 0.1 0.2 0.2 0.2 <0.1 0.1 0.1
Y <0.5 9.6 2.3 4.5 15.3 13.6 7.6 <0.5 2.5 2.6
Yb <0.05 1.03 <0.05 <0.05 0.15 <0.05 0.07 <0.05 <0.05 <0.05

*REE 3499 172.55 10.04 13.73 71.3 37.98  41.62 7.52 15.23 16.2
sLILE 29.89  120.92 5.94 7.73 42.05 17.98 2535 6.62 10.13 11.1

sHFSE 8.1 51.63 4.1 6 29.25 20 16.27 0.9 5.1 5.1
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Fig. 9. (a) Geochemical classification of the internal rocks of the TAS diagram (Middlemost, 1985) and (b)
External igneous rocks of the Sirzar region in the SiO2 versus Zr/Ti diagram (Winchester and Floyd, 1977).
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Sirzar region (Pecccerillo and Taylor, 1976), (b) Diagram of AFM magmatic series determination in intrusive igneous
rocks of the Sirzar region; (Irvine and Baragar, 1971), (c) Ta versus Th diagram in extrusive igneous rocks and (d)
Determination of the tectonic setting of volcanic rocks in the Sirzar (region. Pearce et al. 1984).
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Fig. 14. (a) Rare earth element spider diagram of inner igneous rocks normalized to the primary mantle (McDonough and
Sun, 1995) ,(b) Rare earth element abundance pattern of inner rocks normalized to chondrites (Boynton, 1984), (c) Rare
earth element spider diagram of normalized volcanic rocks normalized to the primary mantle, (d) Normalized rare earth

element abundance patterns of the studied volcanic rocks normalized to chondrites (Boynton, 1984), (e) Values of these
elements in the early mantle (McDonough and Sun, 1995) and (f) Chondrite values (Boynton, 1984).
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