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The Saheb skarn iron deposit is located about 16 km northwest of the Saheb district, in Sagez city,
Kurdistan Province. This area lies within the Sanandaj-Sirjan metamorphic-magmatic zone. The main
rock units in the study area include dolomitic rocks of the Soltanieh Formation, Permian and Cretaceous
limestones, shale and granitoid batholith. The Saheb batholith shows quartz monzodiorite, quartz
monzonite and granite in composition. This batholith has intruded into Permian and Cretaceous
sedimentary units during the Late Cretaceous-Early Palaeocene, causing contact metamorphism and
skarnification. The contact metamorphism zone in the area includes endoskarn and exoskarn zones and
garnet skarn, garnet pyroxene skarn, pyroxene skarn, epidote skarn, marble and mineralized
skarn subzones. The Saheb iron mineralization has vein and lenzoid-shape with a length of 20 to 100
m and a thickness of 3 to 10 m which formed within marble and hornfelsic units (exoskarn) and to
a lesser extent in the intrusive mass (endoskarn). The ore bodies occur as massive, brecciated, open
space filling, banded, vein-veinlet, disseminated and relict. Magnetite is the main ore mineral, which is
accompanied by pyrite, chalcopyrite, and secondary minerals such as hematite, goethite, azurite,
chalcocite, covellite and malachite. Garnet, pyroxene, epidote, actinolite, tremolite, calcite and quartz
are present as the gangue minerals. According to the field and microscopic studies, epidotization,
chloritization, sericitization, propylitization, and argillic alterations are the most extensive alterations in
the mineralized area, respectively. Based on remote sensing studies, it can be stated that carbonate,
sericitic and propylitic and gossan alterations are well developed in the region and in some cases, the
alteration zones in the study area overlap with together. Field studies, mineralogical and textural features
show that the Saheb iron mineralization is classified as a calcium-type skarn deposit.

Introduction

The Saheb iron deposit is located in northwest of Iran
(Kurdistan Province). This deposit is situated approximately

little studied and its accurate identification could help in the
exploration of further resources in the region. Thus, the
detailed investigation of geological, mineralization,

16 km northeast of Sagez city and is a part of the Sanandaj-
Sirjan zone (SSZ) (Aghanabati, 2005). The SSZ is one of the
most important zones of Iran , containing many of the main
important types of metallic mineralization such as copper,
lead, zinc, manganese, gold and iron (Ghorbani, 2013). There
are several Au and Fe deposits reported from the northern
part of the SSZ. The Saheb Fe deposit which occurs in the
carbonate rock units adjacent to the intrusive bodies has been

mineralogical , as well as the identification of different types
of alteration zones and line structures in the Saheb area by
remote sensing methods have the potential to facilitate
additional advancements in this field.

Material and Methods
During several field studies, more than 150 samples were
collected from granitoid intrusion, Permian and Cretaceous
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rock units, skarn rocks and iron ore body. A total of 53 thin-
polished, polished and thin sections were prepared to study
the host rock, ore body and skarn mineralogy, ore body
texture and paragenetic sequences of this deposit.
Furthermore, to identify alteration zones in the Saheb iron
deposit, we used the satellite images such as LANDSAT8
and ASTER imagery.

Geology of the study area

Based on geological map (Kholghi Khosragi, 2000), and
field studies in the Saheb deposit, the rock units at the Saheb
deposit consist of Soltaniyeh Formation, Permian limestone
(Ruteh Formation), Cretaceous limestones and shale units
and Late Cretaceous to Early Paleocene intrusive bodies with
composition of quartz monzonite to granite (Abdollahi et al.,
2019). During the Late Cretaceous to Early Paleocene these
intrusive bodies intruded within the Ruteh Formation and
Cretaceous limestones and shales, resulting in the
development of skarn haloes and mineralization within the
region. Mineralization in the Saheb iron deposit formed as
veins-veinlets and lenzoid within the Permian and
Cretaceous rocks. Magnetite is the most abundant iron ore
mineral in this deposit, which associated with pyrite,
chalcopyrite, hematite, goethite, malachite, azurite and
chalcocite.

Results and Discussion

According to field and zircon U-Pb data (Abdollahi et al.,
2019), the Saheb granitoid which crops out extensively over
an area of ¢. 200 km? intruded into the Permian and
Cretaceous sedimentary units during the Late Cretaceous-
Early Paleocene. The Saheb batholith ranges in composition
from quartz monzodiorite, quartz monzonite to granite.
Various contents of plagioclase, amphibole, quartz, biotite
and alkali-feldspar occurred in the igneous rocks of the Saheb
batholith. The accessory minerals include titanite, zircon,
apatite and opaque minerals. The intrusion of the Saheb
batholith into carbonate sequences led to contact
metamorphism and skarnification in the region, forming
skarn Fe-mineralization. The contact metamorphism in the
area is composed of endoskarn and exoskarn zones. Exoskarn
zone is the main skarn zone and consists of several subzones,

including garnet skarn, pyroxene skarn, garnet pyroxene
skarn, epidote skarn, hornfels and marble.

The Saheb iron mineralization exhibits both vein and
lenticular shapes, with lengths ranging from 20 to 100 meters
and thicknesses between 3 and 10 meters. The ore body is
characterized by various forms, including massive,
brecciated, open-space filling, banded, vein-veinlet
disseminated, and relict structures. Magnetite occurred as the
main ore mineral, typically found in association with pyrite,
chalcopyrite, and various secondary minerals, including
hematite, goethite, azurite, chalcocite, covellite, and
malachite. Additionally, the gangue minerals identified in
this context include garnet, pyroxene, epidote, actinolite,
tremolite, calcite, and quartz. The garnet crystal size is about
1to4 cm. In some cases, garnets are found within a magnetite
matrix and appear brecciated with the magnetite. Moreover,
magnetite is sometimes observed in association with garnet,
occurring in banded formations. The occurrence of malachite
and azurite in the region suggests the existence of copper
mineralization, predominantly found in locations
characterized by fractures. As a result of supergene and
weathering processes, magnetite has been transformed into
hematite and goethite along fractures and crystal margins.
Martitization is also visible in some magnetite crystals. The
additional supergene minerals include malachite, azurite,
chalcocite, covellite, and goethite resulted from pyrite and
chalcopyrite  weathering. Field and  microscopic
investigations indicate that epidotization, chloritization,
sericitization, propylitization, and argillic alteration represent
the most significant alteration observed in the mineralized
region, in that order. Generally, mineralization at the Saheb
Fe deposit has been carried out in several stages as follows:
a) contact metamorphism associated with formation of
garnet, pyroxene and marble in massive, banded and vein-
veinlets forms, b) prograde metasomatism occurred via
intrusion of magmatic fluids into the carbonate host fractures
resulting in the formation of tremolite, actinolite, epidote,
chlorite and magnetite, alongside garnet and pyroxene, in
associated with replacement, breccia, open-space filling,
banded, massive and vein-veinlets texture, ¢) retrograde
metasomatism accompanied with low-temperature fluids
activity and alteration of minerals formed in previous stage to
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the chlorite, epidote, calcite, quartz and clay minerals and
occurrence of main ore mineralization. This stage was
followed by sulfide mineralization and carbonate veins
cutting the Fe-ore minerals, d) Weathering and supergene
processes, as the final stage, occurred due to the infiltration
of meteoric fluids and formation of azurite, malachite,
chalcocite, covellite, hematite and goethite with replacement
and relict textures.

Remote sensing is considered as one of the emerging tools
in the geological studies where the development of spatial
imaging and its specific advantages has increased the usage
of these images in Earth studies. Based on remote sensing
studies, the carbonate, sericitic and propylitic and gossan
alterations are well developed in the region and in some cases
the alteration zones in the study area overlap with together.

Conclusions

Based on the mineralogic and textural studies it can be
state that the iron mineralization in the Saheb area occurred
during various stages including isochemical metamorphism,
prograde metasomatism, retrograde metasomatism and also
weathering. The current study shows that the Saheb deposit
was formed during the Late Cretaceous-Early Paleocene due
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to subduction of the Neotethys oceanic lithosphere beneath
the Sanandaj-Sirjan magmatic- metamorphic zone. Field
studies, mineralogical and textural features show that the
Saheb iron mineralization is classified as calcium-type skarn
deposit.
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Fig. 2. Field photographs of rock units in the Saheb iron deposit. a) Falut contact between the Permian and Cretaceous rocks units

(View direction to the south west) b) View of metamorphosed limestone in the Saheb iron ore deposit c) VVein-type iron mineralization
within the Cretaceous hornfelsic shales (View direction to the west) d) A close view of the Saheb granitoid.
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Fig. 3. Results of remote sensing studies on ASTER sensors of the Saheb Fe deposit. a) Results of spectral angle mapper b) Identifying
of iron oxids by using MTMF method c) Identifying of tremolite and actonlite by using MTMF method.
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The location of the study area is indicated by the red star.
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Fig. 5. Microphotograph of the Saheb batholith. a) Granular texture in the quartz-monzodiorite body which consists of amphibole,
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Amp, quartz: Qz). Minerals abbreviations are after Whitney and Evans (2010).
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Fig. 6. Field photos of the western part of the Saheb iron skarn deposit. a) Iron mineralization as vein-veinlets within the Permian
metamorphosed carbonate (marble) units. b) Iron mineralization in the Cretaceous hornfels. c, d) Bereciated garnet crystals within
the magnetite. e) Formation of supergene minerals such as malachite, azorite and iron oxides. g) Quartz vein that cuts off the magnetite
ore body. The chalcopyrite fragment is observed within the quartz vein. h) Banded texture of garnet and magnetite at the Saheb
deposit. (Magnetite: Mt, garnet: Grt, Quartz: Qz; malachite: Mic). Minerals abbreviations are after Whitney and Evans (2010).
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Fig. 8. Photomicrographs of minerals at the Saheb iron deposit. a) Xenomorph crystals of magnetite with massive texture. b)
Magnetite minerals which formed as vein texture. ¢) Martitization of magnetite. d) Vein-veinlets of pyrite that cut magnetite. e)
Coexisting of pyrite and chalcopyrite which cut the magnetite veins. f) The presence of chalcopyrite mineral as open space filling in
the magnetite mineral. g) Magnetite minerals are cut by chalcopyrite vein. h) Magnetite mineral which replaced by secondary hematite

due to the supergene and weathering processes. (Magnetite: Mt, martitization: Mar, pyrite: Py, chalcopyrite: Ccp, hematite: Hem).
Minerals abbreviations are after Whitney and Evans (2010).
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Fig. 9. Photomicrographs of secondry minerals at Saheb iron deposit. a) The chalcopyrite mineral which replaced by covellite and

goethite. b) Relict texture in the chalcopyrite which replaced by goethite and chalcocite. (Chalcopyrite: Ccp, covellite: Cv, goethite:
Get, Chalcocite: Cct). Minerals abbreviations are after Whitney and Evans (2010).
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Fig 10. Photomicrograghs of gangue minerals in the Saheb iron deposit. a, b) Garnet and pyroxene minerals replaced by late-stage
calcite. ¢) Formation of pyroxene crystals in the pyroxene skarn zone. d, €) Pyroxene minerals which replaced by the elongated

crystals of tremolite and actinolite. f) Mosaic crystals of epidote cut by calcite veinlets. g) Chlorite alteration formed beside of the
garnet. h) Late-stage calcite vein which cut epidote vein. (Garnet: Grt, pyroxene: Px, tremolite: Tr actinolite: Act, calcite: Cal, epidote:

Ep). Minerals abbreviations are after Whitney and Evans (2010).
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Fig. 12. Paragenetic sequence of minerals in the western anomaly of the Saheb iron deposit
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