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Abstract

The Aregijeh and Emarat Pb-Zn deposits are hosted by clastic-carbonate sequences of the Early
Cretaceous in south Arak. These deposits formed in the northern Sanandaj-Sirjan zone within an
intracontinental rift setting. The main stratabound Pb-Zn mineralization horizon occurs in the upper part
of thick-bedded Orbitolina-bearing limestones (Aptian-Albian), underlying shales and marls with
intercalated thin-bedded limestones. Mineralization appears as banded, brecciated, laminated, veined,
and disseminated comprising sphalerite, galena, and pyrite, with minor chalcopyrite, and Ag-Sh-Cu
sulfosalts, accompanied by quartz, dolomite, calcite, barite, and siderite as gangue minerals. Silicification
and carbonatization represent the dominant alteration types. The unusual abundance of fine-grained
quartz, anhedral dolomite, and framboidal pyrite provides evidence of early diagenetic stages, while
mineralization was completed by the precipitation of coarse-grained quartz, euhedral dolomite, siderite,
and hydrothermal sulfides. Ore formation occurred in a submarine anoxic environment shortly after
sedimentation. Microthermometric results of fluid inclusions reveal similar homogenization temperature
ranges (125-207°C in Aregijeh vs. 130-217°C in Emarat) in both deposits. However, calculated
salinities (7.59-13.72 wt.% NaCl equiv. in Aregijeh vs. 7.59-19.84 wt.% NaCl equiv. in Emarat) are
higher in the Emarat deposit. Textural relationships, mineralogical properties, and fluid inclusion data
suggest mineralization formed from basinal brines during diagenesis in a reduced environment,
consistent with Irish-type deposits.
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Introduction

The Aregijeh Pb-zZn deposit, located in southern Arak,
Iran, lies within the Malayer-Isfahan lead-zinc
metallogenic belt and is hosted in a Lower Cretaceous
sedimentary sequence. The Malayer-Isfahan belt is a
significant carbonate-hosted metallogenic province,
containing major deposits such as Emarat in Arak,
Irankuh in Isfahan, and Ahangaran in Hamedan. Previous
research in southern Arak has primarily focused on the
Emarat deposit, which contains proven reserves of 1.5
million tons with an average grade of 5% Zn and 1% Pb,
situated on the northern limb of the overturned Mouchan
anticline. Although recent studies have investigated other

deposits in this belt, some areas remain insufficiently
studied. Existing work on the Aregijeh mineralization
has largely been exploratory in nature. Recent extensive
exploration efforts by private companies have targeted
lead and zinc resources in the Aregijeh area (Fig. 1c).
Additionally, Niroomand et al. (2019) conducted
detailed research on the nearby Rabat deposit.

This study presents a comprehensive characterization of
the Aregijeh deposit. Given the stratigraphic similarities
between the Aregijeh and Emarat mineralizations, along
with the extensive prior research on Emarat, we compare
the two deposits according to new classification of
Wilkinson  (2014) through field observations,
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petrographic analysis, and fluid inclusion studies. By
integrating new data from the Emarat deposit, this work
aims to elucidate the evolutionary history of ore-forming
fluids and provide insights into the genetic processes
responsible for mineralization.

Materials and Methods

To investigate the Pb-zZn mineralization characteristics
of the Aregijeh deposit and compare them with those of
the Emarat deposit, 39 surface samples from mineralized
veins, altered zones, and host rocks were collected from
Aregijeh, along with 25 samples from the Emarat
deposit.  Subsequently, 27  thin and  polished
sectionswere  prepared for  petrographic  and
mineralogical studies of both ore and host rocks. Field
investigations and microscopic analyses focused on
determining the stratigraphic position, structural features,
textural relationships, and the spatial association between
mineralization and host rocks.

For detailed microscopic examination, standard thin
sections (46x27 mm) were prepared from selected
samples and analyzed using a transmitted-reflected light
microscope. Following comprehensive petrographic
studies, scanning electron microscopy (SEM) was
employed to determine mineralogical composition and
semi-quantitative ~ chemical  analysis.  Samples
were carbon-coated for 20 minutes, and 31 points were
analyzed using a JEOL JSM 7100F SEM (Japan) at 15

kV accelerating voltage. Due to the repetitive and similar

phase compositions observed in SEM results, only
representative data are presented.

For fluid inclusion studies, five doubly polished
sections (100 um thick) were prepared from sphalerite,
quartz, and carbonate minerals associated with ore
samples. Additionally, twelve doubly polished sections
of quartz, dolomite, and sphalerite from both Aregijeh
and Emarat deposits were examined. Microthermometric
results were conducted at the Fluid Inclusion Laboratory,
University of Isfahan, using a Linkam THMG600 heating-
freezing stage equipped with a TMS-94 controller and
an LNP cooling system, mounted on aZEISS
microscope.
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Results and Discussion

Petrographic  observations confirm that the
widespread dolomitization, resulting from regional
diagenetic events, has enhanced the permeability and
porosity of the rock. Fine-grained and anhedral dolomites
have formed during the diagenesis of limestone deposits,
while coarser-hydrothermal dolomites associated with
mineralization (Fig. 7c). Dolomite is predominantly
found in the thick-bedded limestone unit, exhibiting both
fine-grained and coarse-grained silicification in the
mineralized sections of the rock. An unusual abundance
of quartz characterizes both deposits. Fine-grained quartz
predates the mineralization, whereas coarse-grained
quartz is associated with it. The ore minerals consist of
sphalerite and galena, with lesser amounts of pyrite and
chalcopyrite. Common textures include breccia,
replacement, vein-veinlet, disseminated, laminated,
colloform, recrystallization, and framboidal textures.

SEM results indicate that framboidal pyrite
laminations are observed within the context of dolomites,
which are replaced by coarser pyrite, galena, and
sphalerite (Fig. 7a, b). Petrographic observations indicate
that the size of the pyrite grains is less than 10
micrometers (Fig. 5a), which may suggest a completely
anoxic environment (Wilkinson, 2001; Bond and
Wignall, 2010). Zinc, lead, and iron sulfides were
relatively replaced during the initial diagenetic phase
(Figs. 5e and 7b). Siderite and Sb-Ag-bearing sulfosalts
are among the phases identified with mineralization in
Aregijeh (Fig. 7h).

Microthermometric results of fluid inclusions in
dolomite, quartz, and sphalerite minerals reveal similar
homogenization temperature ranges (125-207°C in
Aregijeh vs. 130-217°C in Emarat) in both deposits but
higher salinities in Emarat deposit (7.59-13.72 wt.%
NaCl equiv. in Aregijeh vs. 7.59-19.84 wt.% NaCl
equiv. in Emarat). These characteristics align with Irish-
type rather than classic MVT deposits associated with
orogeny (Fig. 11b), contradicting earlier classifications
based on sulfur isotopes (8**S from +5.8 to +14.4%o)
(Ehya et al., 2010).
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The formation of Pb-Zn deposits in the Malayer-
Isfahan metallogenic belt is mainly attributed to the
Zagros Orogen (Ehya et al., 2010) or the back-arc basin
of the Nain-Bafq region (Rajabi et al., 2012). We suggest
a relationship with continental rifting environments as
recent models in the northern Sanandaj-Sirjan zone
(Hunziker et al., 2015; Azizi et al., 2018; Azizi and Stern,
2019; Rahimzadeh et al., 2021).

Wangen and Munz (2004) argued that thick quartz
veins cannot originate from ascending hot brines of the
sedimentary basin, and the alteration of the host and
adjacent sediments could lead to the saturation of
diagenetic fluids that allow quartz veins to form. Recent
studies by Emmings et al. (2020) indicate that quartz can
form during early diagenesis under anoxic marine
conditions due to the decomposition of terrigenous
sediments. Quartz can precipitate from brines under low
pH conditions in the rock formation, with high aluminum
or iron oxide levels, or an abundance of organic material
in anoxic environments. These brines have a strong
potential for transporting sulfur and metals (Emmings et
al., 2020). Widespread dolomitization also refers to
regional diagenetic processes, and the presence of
framboidal pyrites and siderite indicates a reducing
marine environment during the Cretaceous, which is
consistent with earlier studies on the S isotopes in the
sulfides of the Emarat deposit (Fazli et al., 2012). Zinc,
lead, and iron sulfides have been partially replaced by
framboid pyrites during the initial diagenetic phase (Figs.
5e and 7b). Siderites (Fig. 7e, i) formed initially through
to the middle stages of diagenesis in a low-oxygen
marine environment. Potassium-rich brines, which
produced micas, predate hydrothermal sulfides and form
at low temperatures (below 50°C) in zinc deposits hosted
by fine-grained terrigenous materials (Davidson, 1998;
Magnall et al., 2023).

Conclusions

The findings of this study indicate that the main
mineralization of lead and zinc occurred shortly after
deposition. Basinal brines generated by the opening of
rift structures and subsidence of the basin during
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diagenetic processes, ascended along deep fault systems
and mixed with cold Cretaceous seawater, leading to the
sedimentation of stratabound mineralization. The
thermal source may be associated with the natural
gradient during the development of the basin. The metal
content of the fluids could be derived from the underlying
Cadomian magmatic basement or from Mesozoic
terrigenous sediments.

The tectonic setting, carbonate host rocks,
stratabound nature, and microthermometry
results collectively  support  an Irish-type  deposit

affinity for both Aregijeh and Emarat.
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Fig. 1. a) Structural-geological map of Iran including the location of the Malayer-Isfahan metallogenic belt (MIMB) and Aregijeh

deposit (Aghanabati, 2013). b) Pb-Zn and Iron deposits are shown on the simplified regional geologic map of the south Arak (Vaezi
and Kholghi, 2007). Aregijeh mining area is in SW of Emarat and Shamsabad mines. ¢) The location of study area on Google satellite

imagery. Geographic coordinates are reported as WGS84.
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Fig. 2. Simplified geologic map (from the 1:100000 Varcheh map) a) the Aregijeh area. b) the Emarat mine (Vaezi and Kholghi,
2007).
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Fig. 3. Field photos from study area, a) Differentiation of stratigraphic units of Aregijeh area on the field images. b) Orbitolina grey
limestone boundary with ore horizon of Aregijeh. c) Close-up of quartz veinlets in limestone unit. d) Close-up of ore horizon within
silicified limestone in Aregijeh area. e) Lithostratigraphic column of the Early Cretaceous and position of mineralization in Emarat
and Aregijeh ore deposits, f-h) Folded ore horizon in Emarat area. Abbreviations used: Gn: galena, Qz: quartz, Sp: sphalerite.
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Fig. 4. Satellite photograph of the around the Aregijeh and Emarat deposits (from Google Earth; image 2025), with the position of
syncline and anticline axis, and thrust and normal faults.
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Fig. 5. Photomicrograph from optical microscopy a-c from Aregijeh, a) Laminations of fine-grained pyrite framboids, b) Pyrite
occurring interstitially between sphalerite and galena. c) Peripheral growth of asymmetrical dolomite and quartz fibers at strain
shadow zone of pyrite porphyroclast with in a right-lateral shear zone. Photomicrograph from optical microscopy d-f from Emarat,

d) The common alteration is presented by silicification and dolomitization. ) Laminations of framboidal pyrites. f) Peripheral growth
of asymmetrical quartz fibers at strain shadow zone of pyrite porphyroclast with in a right-lateral shear zone.
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Fig. 6. Paragenetic sequence of mineral deposition of Aregijeh and Emarat deposits.
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Log full scale counts: 62396 Fig. a: Aregijeh C2 -point3

Log full scale counts: 47528

Fig. c: Aregijeh C2 -point1
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Fig. 7. SEM-BSE images of mineral assemblages within the Aregijeh (a-€) and Emarat (f) ore deposits. a) Pyrite framboids within
Fe-bearing dolomite. b) Two generation of pyrite (framboidal and euhedral) and galena formation between them, c¢) Close up of B,
framboid pyrites convert to euhedral coarse-grained pyrite. galena, sulfosalt and sphalerite in quartz and Fe-bearing dolomite
aggregate. d) Higher magnification of sulfosalt inclusion within sphalerite. ) Siderite and quartz association with mineralization. f)
pyrite crystal and galena in quartz, sericite and biotite minerals. h) Galena replaces pyrite, and during decomposition, in addition to

lead and sulfur, iron is also present. Abbreviations: Bi: biotite, Fe-Dol: iron-bearing dolomite, Gn: galena, Py: pyrite, Qz: quartz,
Ser: sericite, Sd: siderite, Sp: sphalerite.
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Fig. 8. Photomicrograph of fluid inclusions hosted in quartz, sphalerite, and dolomite minerals from Aregijeh and Emarat (PPL). a)
two-phase and single-phase P inclusions adjacent to a trail of a PS (pseudo secondary) inclusions plan entrapped within the quartz,
b) necking down phenomenon in a cluster of type LV fluid inclusions within the sphalerite. ¢) primary two-phase fluid inclusions in
dolomite.
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Fig. 9. Histograms of a) homogenization temperature and b) salinity of fluid inclusions in sphaletite (Sp), quartz (Qz), and dolomite
(Dol) from Aregijeh.
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Fig. 10. Histograms of a) homogenization temperatures and b) salinities of fluid inclusions in sphaletite (Sp), quartz (Qz), and
dolomite (Dol) from Emarat.
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Table 1. Microthermometric results of fluid inclusions from Aregijeh and Emarat deposits.
area sample host mineral type Th(-C) n TMice (°C) salinity (wt.%
NaCl eq)
Aregijen  SA-12 sphalerite L+V 142 to 207 6 -4.8t0-8.5 7.59t0 12.28
SA-8 dolomite L+V 125 to 166 6 -5.7t0-8.7 8.81to0 12.51
SA-7 quartz L+V 147 to 207 13 -6.7t0-9.8 10.11to0 13.72
Emarat SE-8 sphalerite L+V 133 to 166 7 -9.8t0-14.6 13.72 10 18.30
SE-11 sphalerite L+V 168 to 202 6 -6.3t0-11.8 9.61t015.76
SE-4 sphalerite L+V 155 to 208 12 -4.8t0-11.1 7.59 to 15.07
SE-7 dolomite L+V 131 to 202 11  -9.3t0-16.5 13.18 t0 19.84
SE-8 quartz L+V 130 to 165 7 -4.81t0 -10.1 7.59 to 14.04
SE-11 quartz L+V 193 to 217 3 -7.6t0-10.8 11.22 to 14.77
SE-4 quartz L+V 208 to 217 2 -8.2t0-9.2 11.93 to 13.07
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Fig. 11. a) Homogenization temperatures versus salinities equivalent % NaCl diagram of Wilkinson et al., 2009; compiled by Rajabi
et al., 2015 and Yarmohammadi et al., 2016 showing that fluid inclusions are plotted on the Irish-type area. b) Diagram of various
water fields proposed by Kesler, 2005.
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