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1-Introduction

The Sirzar antimony deposit is located approximately 35 km northwest of Torbat Jam city in Razavi
Khorasan Province, north of Mahmoudabad village. Geographically, it falls within the 1:250,000-scale
Torbat Jam topographic map and the 1:100,000-scale Sefid Seng geological map sheet. Tectonically, the
area occupies a transitional position between the Central Iran and Binalud zones, though it shows stronger
affinities to the Binalud Zone (Eftekharnejad, 1980). As a subduction-related tectonic domain, the Binalud
Zone is particularly favorable for metallogenic processes (Shabanian et al., 2009; Karimpour et al., 2011).

The geological landscape of this region features a suite of Paleozoic ophiolites and associated
metamorphic rocks, aligned along a northwest-southeast trend, which represent remnants of the Paleotethys
oceanic crust incorporated into an accretionary prism. Additionally, the region records the significant
overthrusting of the Turan lithospheric fragment onto the Iranian continental margin, as documented by
Ghaem and Hosseini (2007), highlighting the complex tectonic history of the area.

Antimony (Sb) is a lustrous, brittle, gray metalloid that has a long history of use in human societies
(Anderson, 2021). Its average abundance in the earth's crust is 0.2 ppm (Mason and Moore, 1982), and it
commonly occurs in association with gold, arsenic, and mercury (Wilson et al., 2004). China dominates
antimony production, accounting for approximately 70% of the world's reserves (Peng and Hu, 2001). The
major Sb deposits in Iran are located in the east and mostly in Zahedan.

Since no comprehensive study has been conducted on the Sirzar antimony deposit, this research aims to
characterize the PTVX ore-forming conditions and reconstruct the fluid evolution processes

2-Material and methods
For this study, 15 thin sections, 12 polished sections, and 25 thin-polished sections of host rocks were
prepared to investigate textural relationships, mineralogy, and petrology. Additionally, 20 calcite samples
were selected for fluid inclusion analysis. To determine isotopic compositions, the following samples were
sent to the Stable Isotope Research Laboratory at Arak University:

6 stibnite and 2 galena samples for sulfur isotope analysis,6 calcite and 1 dolomite sample for carbon
and oxygen isotope analysis.

3-Results and discussions

Lithological and petrographic investigations of the Sirzar antimony deposit revealed that the mineralization
occurs predominantly within metamorphic and sedimentary rock units, with only minor occurrence in
igneous host rocks.

Petrographic studies of fluid inclusions in calcite minerals identified eight distinct fluid types based on
phase characteristics: (1) single-phase liquid (L), (2) single-phase vapor (V), (3) two-phase liquid-rich
(L+V), (4) two-phase vapor-rich (V+L), (5) two immiscible phases (LH.O+LCO:+V), (6) three-phase with
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solid inclusion (L+V+S), (7) three-phase saline (L+V+H), and (8) multi-phase saline (L+V+S+H).
Microthermometric analysis of 145 carefully selected primary fluid inclusions in calcite (showing minimal
fractures or necking-down features) revealed final ice melting temperatures ranging from -12 to -1°C,
corresponding to salinities of 1.3-15 wt.% NaCl equivalent, with hypersaline fluids exhibiting higher
salinities of 32-33 wt.% NaCl equivalent. Homogenization temperatures (Th) for these inclusions ranged
from 66 to 266°C, indicating moderate-temperature hydrothermal conditions for the mineralizing fluids.

The sulfur isotope composition of stibnite samples (6**S =-10.5 to -5.9%o) and galena samples (&*S = -7.7
to -6.6%o) indicates a sedimentary source for the sulfur. Carbon and oxygen isotope analyses of carbonate
minerals revealed 6'*C values ranging from +1.2 to +4.07%0 and 3'%0 values between +17.5 to +20.5%o.
These isotopic signatures collectively demonstrate: (1) the involvement of sedimentary-derived sulfur in
the mineralization process, and (2) a clear hydrothermal origin for the carbonate minerals associated with
the antimony mineralization. The relatively narrow ranges of both carbon and oxygen isotope values
suggest consistent fluid sources and depositional conditions during carbonate formation.

4-Conclusion

The lithological units hosting the antimony mineralization at Sirzar comprise a complex assemblage of
sedimentary, metamorphic, and igneous rocks. The sedimentary sequence consists predominantly of
limestone and dolomite formations, while the metamorphic rocks include chlorite schist, epidote schist, and
graphite schist. The intrusive bodies are represented by granitic rocks, accompanied by volcanic units such
as silicic tuff, vitreous tuff, and trachyte.

The antimony mineralization exhibits an epigenetic character, primarily occurring as fracture fillings
along fault zones and joint systems. Vein-type mineralization is also well developed within the sedimentary
host rocks. Fluid inclusion studies indicate that the ore-forming fluids originated from a mixture of
metamorphic, marine, and meteoric water sources.

Sulfur isotope analyses demonstrate that the sulfur component was derived from local sedimentary
sources. Furthermore, carbon and oxygen isotope investigations of carbonate minerals confirm their
hydrothermal origin. Based on comprehensive evidence obtained through this research, the Sirzar deposit
is classified as a metamorphism-related antimony deposit.
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Fig. 5. (a) Granite, (b) Siliceous tuff, (c) Wittrik Tuff, (d) Trachyte, (e) saddle dolomite, (f) chlorite schist, (g)
epidote schist, (h) graphite schist.

Abbreviations: Kf potassium feldspar; Q quartz, P1 Plagioclase, Carb carbonate, Dol dolomite, Chl chlorite, Ep
Epidote, Op Opac
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Fig. 6. (a) Stibnite vein texture in limestone bedrock, (b) Stibnite mineralization as fissure filler in limestone, (c)
Stibnite mineralization radially within calcite mineral, (d) Stibnite mass texture inside limestone, (e) Stibnite with
lamellar texture in shale.
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Fig. 7. (a) Stibnite mineral with carbonate background and transformation of Stibnite into Bindhemite
secondary mineral (antimony oxide), (b) Galena in calcite background, (d) Chalcocite that has transformed
from the margin to Choline, () Microscopic image of fine-grained pyrite and semi-formed Goethite minerals,
(f) Close-up view of Azurite and Malachite mineralization.

Abbreviations: Sb Stibnite, Bin Bindhemite, Gn galena, Sph sphalerite, Brt Barite, Cv Choline, Cc Chalcocite,
Gt Gothite, Py pyrite, Mal Malachite, Az Azurite (Whitney and Evans, 2010).
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Fig. 8. Paragenesis of mineral association in the Sirzar area
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Fig. 10. (a) Liquid single-phase fluid inclusion with Vapor-rich two-phase fluid inclusion, (b) Vapor single-
phase fluid inclusion, (c) Liquid -rich two-phase fluid inclusion, (d) The coexistence of the fluid inclusion in
two phases rich in Vapor along with the single phase of Vapor which indicates boiling, (¢) Two-phase liquid-
liquid- Vapor (LH20+LCO2+V), (f) Fluid inclusion in saline three-phase, (g) Fluid inclusion in three-phase,

(h) polyphasic salty.
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Fig. 11. (a) Estimation of the trapping depth of fluid inclusion in the Sirzar antimony (Hass, 1971).

(b), Estimation of the trapping Pressure of fluid inclusion in the Sirzar antimony (Bouzari and
Clark, 20006).
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Table. 1. sulfur isotope compositions of the Sirzar antimony
NO  Sample Mineral 3*S CDT (%o) T(CC)  8*Smos fluid (%o)

1 SZ-5 Stibnite -3.1 180 -7
2 SZ-20 Stibnite -3.0 180 -5.9
3 SZ-23 Stibnite -3.3 180 -7.2
4 SZ-25 Stibnite -6.6 180 -10.5
5 SZ-34 Stibnite -5.0 180 -8.9
6 SZ-36 Stibnite -6.4 180 -10.3
1 SZ-17 Galena -4.5 180 -6.6
2 SZ-17-1 Galena -5 180 -7.7
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Fig. 12. 834S values in Sirzar antimony deposit in comparison with different geological environments, taken

from (Hoefs, 2004).
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Table. 1. Carbon isotope and Oxygen isotope compositions of the Sirzar antimony

No Sample. Mineral
! S7-2 Dolomite 3.38
1 S7-8 Calcite 2.1
2 S7-12 Calcite 2.64
3 S7-13 Calcite 1.2
4 S7-25-Ca Calcite 4.07
5 $7-36-Ca Calcite 341
6 Sz-28 Calcite 1.8

33C (%o) vs VPDB + 1o

30 (%o) vs VPDB = 16 5°0 (%0) vs VSMOW = 1o

-12.83 17.63
-12.92 17.52
-11.24 19.26
-10.81 19.71
-11.40 19.1
-11.20 19.31

-10 20.55
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Table 4. Comparison of main characteristics of the Sirzar deposit with some epithermal Sb deposits
in Iran and the world

The name  Sirzar (torbate Moghanlou Baoot Rizana Lyhamyar
of the jam in iran) L (Zahedan
deposit (Zanjan in Iran) Tran) (Eastern (Northern
Myanmar.) Greece)
Host rock limestone, Amphibolite, Listvenite = granites and Limestone,
dolomite, tuff granite satellite metasediments
amphibolite .
pegmatites
boundary and aplites
Ore Stb, Py, Cpy, Stb, Py, Stc Stb, Stb Stb, Ber, Sph, Stb, Py, Sph.
) Bin Gu.Sph. oxcide Py, Cpy,
Minerals mal. Az
Gangue Qz, Cal.Brt Qz, Cal, Tlc, Qz Quartz, minor Qz, Cal.
) Act. Chl barite
minerals

and ankerite




\ o)Lo.i: N0 0)5d AF-¥ )Le)’

a

“n - R . . “.
A8 e Lgdﬁ)ls stl-w O+ ],‘;"'Iorf/:“-:a¢b

Ore Vein-veinlet, Vein-veinlet, Vein- veins, Vein-veinlet,
texture brecciated, comb, veinlet. discordant brecciated
Filler of empty _ _ mass lodes and
space, splash disseminated, disseminations
cockade,
brecciated,
crustiform,
colloform,
plomuse, vug
infill
Alteration carbonatization, Feldspathic, Philic, Sericitization  carbonatization,
N e propylitic and o
dollc.)n.ntlza.tlon. silicification, silicification do.l(?rr-utlza‘-uon.
silicification, o silicification
carbonatization,
propylitic
Fluid 60-260 °C, 1.7- 143-295 °C, 143-152 217-254 ,C, 143.8-260.4 °C
. . 15.2 7.9-19.7 °C,
inclusion 6.6-8.1 2.9-20.9 wt. %
wt% NaCl wt% NaCl 4.6-15 . NaCl equiv
data equiv equiv. wt% NaCl
wt% NaCl equiv
equiv
sulfur -10.5--59 -—- 12.12 - -—- 4-10
isotope 7.9
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