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EXTENDED ABSTRACT

Introduction

The Sanandaj-Sirjanzone in western Iran contains
many iron ore deposits. The Baba-Ali, Galali,
Tekyeh-Bala, Chenar, and Khosrow-Abad iron ore
deposits are located in the NW Hamedan and SE
Songhor provinces (Fig. 1). In the present study
mineralography, paragenetic sequence, and field
relation of the Baba-Ali and Galali ore deposits are
compared and investigated to identify the type of
mineralization system. Subsequently, sulfur isotope
data for the Baba-Ali and Galali ore deposits are
presented and compared to understand the source of
sulfur and their probable genetic relationship.

Materials and methods

Forty-five thin, thin-polished, and polished sections
from the ore deposits were studied. Sixpyrite
samples from the Baba-Ali and six pyrite samples
from the Galali iron ore deposits were analyzed for
their sulfur isotope contents using an isotope ratio
mass spectrometer (IRMS, IsoPrime100) at Tsukuba
University, Japan. The CDT (Canyon Diablo
Troilite) standard sample was used to measure sulfur
isotopes.

Results

Petrography

The Baba-Ali iron ore deposit is mainly composed of
magnetite (two generations). The first-generation
magnetite is formed massively and the second-
generation is formed as vein. Pyrite is the most
abundant sulfide mineral in the Baba-Ali ore deposit
which is formed in one generation. Pyrite crystals are
often anhedral to subhedral in shape and are usually
formed together with magnetite. In some samples,
large crystals of pyrite show evidence of crushing
resembling the cataclastic fabric. Other sulfide
minerals such as pyrrhotite and chalcopyrite are
present as anhedral crystals and sometimes have
magnetite patches. The mineralography of the Galali
ore deposit is similar to the Baba-Ali ore deposit.
Magnetite as the main ore mineral occurs in one
generation including massively anhedral crystals.
There is also one generation of pyrite which mainly
includes euhedral and large crystals (up to 2 cm in
diameter). Goethite, limonite, and hematite have
been formed as a result of supergene processes.

Discussion

Paragenetic sequence

The paragenetic sequences of the studied ore
deposits are similar (Fig. 8). Field, mineralographic,
and paragenetic similarities of the studied ore
deposits may indicate their probably similar genesis.
The difference is because of the size of the ore
deposits; the Baba Ali is the largest one and has the
most diverse mineral assemblage.

Sulfur isotopes

The 5**Svalues of the pyrite from the Baba-Ali and
Galali iron ore deposits are presented in Table 2.
Except for two samples (BS-304, BS-303), the §3'S
values have a limited range and are similar. The §*S
values of the Baba-Ali and Galali ore deposits range
from +6.8 to +13.3%, and +6.1 to +7.3%o,
respectively. According to Ohmoto and Rye (1979),
the main composition of sulfur in ore-forming fluids
is often in the form of H,S. Therefore, to measure the
A*Spps of the fluid in equilibrium with the pyrite, the
formula proposed by Ohmoto and Rye (1979) was
used. The calculated &*Syps values of the ore-
forming fluid (T=375 °C) in the studied deposits
(Baba-Ali and Galali) range from+7.8 to +14.3%.and
+7.1 to +8.3%o, respectively. The T=375 °C is
considered based on the average temperature values
of the Baba-Ali formation (Zamanian et al., 2007;
Sarjoughian et al., 2020). In the same way, similar
temperature conditions (T=375 °C) have been
assumed for the Galali ore deposit.

The sulfur isotopic values compared to the isotopic
ranges in the geological systems (Rollinson, 1993)
are shown in Fig. 9. Based on the petrographic
evidence and the paragenesis sequence, the pyrites
formed in the retrograde stage and at a T<400 °C. In
such conditions, sulfur should exist as H,S which is
also reported from the Korkora-1 skarn deposit of the
Shahrak region (Sepahi et al., 2020). The positive
534S values indicate the contribution of sulfur from a
source richer in §*S than the magmatic origin. This
feature has been reported in many skarn deposits
(Ishihara et al., 2002; Peng et al., 2016; Zhang et al.,
2017). Mixing of meteoric waters with ore-forming
fluids can change the physico-chemical conditions of
the fluids. However, this process can affect the
formation of ore deposits and their accompanying
sulfides. Therefore, it can be concluded that the main
source of sulfur in the Baba-Ali and Galali ore
deposits was possibly from magma that later
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increased due to the interaction with sedimentary and
metamorphic host/wall rocks.

Conclusions

1. the Baba-Ali iron ore deposit is comprised of two
magnetite and one pyrite generation. The Galali ore
deposit contains one generation of magnetite and
pyrite. Supergene processes have formed hematite,
limonite, and goethite.

2. The enriched *S values in the Baba-Ali and
Galaliore deposits indicate that the main source of
sulfur was from magma. However, interaction with

the host (or wall) carbonate or metasedimentary
rocks and probably meteoric waters caused the
enrichment compared to a purely magmatic origin.
3. The studied iron ore deposits are of skarn type
probably formed by a series of processes including
injection of dioritic magma, interaction with the host
rocks, change of physicochemical condition of ore-
forming fluids, and mixing of the fluids with
meteoric waters. Nevertheless, more isotopic data
(i.e., Oxygen isotope) are required for confirmation
of these issues.
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Fig. 3. A: geological map of the Almogholagh (Baba-Ali ore deposit) intrusive body (after Eshraghi and Mahmoudi,
2003), and B: geological map of the Galali ore deposits,modified after Eshraghi et al., 1996
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Fig. 4. A:epidotic & chloritic alteration (green), and silicification (white) in the host dioritic rocks of the Babab-Ali ore
deposit, B:trace of the fault surface with a northeast-southwest trend in the Baba Ali deposit which has cut the host rock
(metasedimentary), and around it, the crushing of the host rock and ore body is observed, C:outcrop of the ore body
adjacent to highly altered dioritic rocks of the Baba-Ali ore deposit; the dioritic rocks have been completely altered and
their original texture has been lost, D and E:outcrop of the ore body (magnetite) in the host rocks (volcano-sedimentary
and metadiorite) of the Galali ore deposit ;in the surface parts of the ore deposit, limonite and goethite are formed as a
result of supergene processes.
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Fig. 5. Microscopic photographs of the samples from the Baba-Ali ore deposit, A: the first-generation magnetite is present
in a massive form (reflected light, PPL), B: due to the recrystallization of the first-generation magnetitesa texture similar
to mosaic (texture) has been occurred (reflected light, PPL), C: the Second-generationmagnetite as a vein along with
calcite in an altered diorite host rock consisting of hornblende and plagioclase (transmitted light, XPL), D: pyrite along
with the first-generation magnetite (reflected light, PPL), E: a large crystal of pyrite has been severely crushed and shows
a texture similar to a cataclastic texture (reflected light, PPL), F: pyrrhotite along with the first-generation magnetite
(reflected light, PPL), G: gangue minerals including garnet, epidote and calcite in the Baba-Ali iron ore deposit
(transimitted light, XPL), H: clinopyroxene along with calcite and pyrite (transmitted light, XPL), and I: Mineral
aggregates of actinolite and biotite along with calcite in the Baba-Ali ore deposit (transmitted light, XPL). Abbreviations
after Whitney and Evans (2010) (Act: Actinolite, Bt: Biotite, Ep:Epidote, Calc: Calcite, Cpx: Clinopyroxene, Grt:
Garnet,Hbl: Hornblende,Mag: Magnetite, PI: Plagioclase, Po: Pyrrhotite, Py: Pyrite).
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Fig. 6. Microscopic photographs (reflected & transmitted light) from the Galali iron ore deposit, A: magnetite is mainly
formed as massive microcrystals in one generation (reflected light, PPL), B: massive magnetite and pyrrhotite in the
Galali ore deposit (reflected light, PPL), C: in some samples, as a result of substitution processes, microcrystalline
hematite is formed on the margin of magnetite. D and E: Pyrite in the Galali ore deposit is formed as euhedral crystals
(sometimes containing patches of magnetite) in a groundmass of calcite (reflected light, PPL), F: large-crystal pyrrhotite
that contains patches of magnetite and calcite (reflected light, PPL), G, H, and I: gangue minerals in the Galali iron ore
deposit include garnet, clinopyroxene, actinolite, chlorite, calcite, etc. Abbreviations after Whitney and Evans (2010)
(Act: Actinolite, Calc: Calcite, Chl: Chlorite, Cpx: Clinopyroxene, Grt: Garnet, Hem: Hematite, Mag: Magnetite, Po:
Pyrrhotite, Py: Pyrite).
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Fig. 7. Comparison of paragenetic sequence in the Baba-Ali and Galali iron deposits
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Table 1. Characteristics of the Baba-Ali and Galali iron ore deposits compared to skarn iron ores from Iran and China

ore deposit Mengku Gol-Gohar Sangan Baba-Ali Galali
geographic NW China SW Sirjan SE Mashhad NW Hamedan NW Hamedan
location
structural Xinjiang Sanandaj- Eastern Iran Sanandaj-Sirjan Sanandaj-Sirjan
s0ne Altai Sirjan
e e el Early Paleozoic Eocene- Late Jurassic Late Jurassic
age Devonian Oligomiocene
carbonate gneiss, limestone, carbonate and carbonate and
and volcanic schist, and dolomite, volcano- volcano-
host rock o . ) )
rocks amphibolite  and volcanic rocks  sedimentary rocks sedimentary
rocks
ore body massive layered and lense, scattered, massive and vein  massive and vein
geometry massive vein, and streak
Mag, Py, Mag, Po, Py, Mag, Hem, Py, Mag, Hem, Gth, ~ Mag, Hem, Gth,
Ccp, Po, Qz, Ccp, Act, Ccp, Amp, Grt Lm, Py, Po, Ccp, Lm, Py, Po, Ccp,
paragenesis Amp, Grt, Phl, Fo Grt, Cpx, Act, Phl,  Grt, Cpx, Act,
Ep, Calc, Bt, Ep, Chl, Calc,  Phl, Bt Ep, Chl,
Ab, Ap, Chl Qz Calc, Qz
propylitic propylitic propylitic,argillic, propylitic and propylitic and
alteration and silicic and sericitic silicic silicic
granite and granite and diorite, granite, diorite, diorite,
intrusive body tonalite granodiorite and syenogranite  quartzsyenite, and  monzonite, and
syenogranite granite
Lingang et Mirzaei et Sepidar et al., this study this study
reference al., 2010 al., 2018 2017

Abbreviations after Whitney and Evans (2010). Ab: Albite, Act: Actinolite, Amp: Amphibole, Ap: Apatite, Bt: Biotite,
Calc: Calcite, Ccp: Chalcopyrite, Chl: Chlorite, Cpx: Clinopyroxene, Di: Diopside, Ep: Epidote, Fo: Forsterite, Grt:
Garnet, Gth: Goethite, Hem: Hematite, Lm: Limonite, Mag: Magnetite, Po: Pyrrhotite, Phl: Phlogopite, Qz: Quartz
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Table 2. Sulfur isotope values of pyrite in the Baba-Ali and Galali iron ore deposits

Sample no. Ore Deposit Mineral S (Wt.%) 8*S (%) T °C  8*Shas (%o) *
BS-304 Baba Ali Pyrite 51.8 12.0 375 13.0
BS-303 Baba Ali Pyrite 52.5 13.3 375 14.3
BS-162 Baba Ali Pyrite 52.0 6.8 375 7.8
BS-321 Baba Ali Pyrite 43.6 9.5 375 10.5
BS-302 Baba Ali Pyrite 41.2 8.6 375 9.6
BS-318 Baba Ali Pyrite 39.3 8.3 375 9.3
GS-090 Galali Pyrite 30.4 6.3 375 7.3
GS-161 Galali Pyrite 50.5 6.4 375 7.4
GS-164 Galali Pyrite 52.1 7.0 375 8.0
GS-400 Galali Pyrite 48.0 6.1 375 7.1
GS-126 Galali Pyrite 52.3 7.2 375 8.2
GS-082 Galali Pyrite 48.6 7.3 375 8.3

* The values of 8%Sus of the ore-forming fluid in equilibrium with pyrite is calculated from the relation

%S 1125=0%Spy+0.4(1000000/T?).
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