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1. Introduction

ABSTRACT

The Sadat iron deposit in the west of the Siriz, in the southern section of the Kashmar-Kerman block
(KKB), Central Iran structural zone, is closely associated with a syenitic-monzonitic pluton, here
referred to as Siriz intrusive body, intruded into the Cambrian sedimentary rocks. Calc-silicate minerals
typical of skarns including anhydrous garnet-pyroxene- wollastonite, and hydrous phlogopite-
epidote-tremolite-actinolite are developed in Sadat, the former minerals being of limited extent.
The intrusive body is variably albitized to a distance from the ore deposit. Ore formation occurred
with the retrograde skarn. Magnetite is the main ore mineral, commonly containing minor late pyrite
and locally chalcopyrite. The iron ore occurs in massive, banded, and locally breccia textures, and
distinguished by relatively low contents of the magnetite-compatible metals, Ni-Cr-V-Ti-Co. The
spatial relations between the intrusive body and surrounding rocks suggest a post-Cambrian—pre-
Triassic timing for emplacement of the intrusion and ore formation. The Sadat deposit is comparable
in some respects, including albitic alteration, late pyrite, and low Ti contents, to iron oxide-apatite
deposits of the Bafg-Saghand district in the central KKB. Significant differences, however, exist in
host rocks (Middle-Upper Cambrian sediments and post-Cambrian intrusive body in Siriz, Early

Cambrian, dominantly volcanic-subvolcanic rocks in Bafq-Saghand), and scarcity of apatite.

The Sadat iron deposit is located ~11km west of the Siriz in southern
part of the Basab (Siriz) 1:100000 quadrangle (Zia, 2004) in the
southern section of the Kashmar-Kerman belt (KKB) or Posht-
Badam block in the central Iran structural zone (Fig. 1- B). The
KKB is characterized by abundant Kiruna-type iron oxide-apatite

(IOA) deposits in the Bafq, or Bafg-Saghand, metallogenic district

in its central section, represented by the world-class Choghart
and Chadormalu deposits (Fig. 1- B). The deposits occur mostly
in a Cambrian volcanic-sedimentary unit (CVSU) and associated
shallow intrusions (Ramezani and Tucker, 2003; Heidarian et al.,
2017). The CVSU was formerly known as Rizu series (Huckriede
et al., 1962) and Esfordi series (Borumandi, 1973).
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The ore bodies in the Sadat deposit occur mainly in the Middle-
Upper Cambrian limestone, dolomite, sandstone, and shale of
the Kuhbanan Formation that is intruded by a large syenitic to
monzonitic intrusive body, here referred to as the Siriz intrusion.
Similar, but smaller ore bodies occur in the intrusion. Zia (2004)
proposed a post-Jurassic age for the Siriz intrusion based on the
assumption that metamorphic rocks to the west of the intrusive body
(Fig. 2) were the products of contact metamorphism of Jurassic
shales and sandstones. Moghaddasi et al. (2017) and Shaker et al.
(2018) reported a skarn affinity for the iron ores related to a post-
Jurassic alkaline intrusive body in the area.

Given the geological setting of the Sadat deposit, one question
of interest would be the possible relation between the Sadat deposit
and the IOA deposits in the Bafq-Saghand district in terms of the
timing of ore formation and the ore-forming processes. This study
investigates the genesis of the Sadat deposit by examining field
relations between the intrusive body and various host rocks and the
ores, hydrothermal alteration, and ore/gangue mineralogy and ore
chemistry, and compares the Sadat deposit with the IOA deposits in
the Bafg-Saghand district.

2. Research methodology

Some 40 samples were selected for detailed petrography and
ore microscopy following inspection of a large set of samples
collected from various rock units, iron ores, and the altered wall
rocks from natural exposures, the pit walls, and the drill cores. A
processed magnetite concentrate, <200 mesh, from the main pit in
the exoskarn, provided by the mine authorities, was analyzed by
the Zar Azma Labs, Tehran, using a combination of alkaline fusion
and ICP-OES techniques for major oxides, and ICP-MS (4-acid

digestion) for the minor and trace elements.

3. Results

3.1. Geology background

The Central Iran, or the Central Iran Microcontinent, is bordered by
ophiolitic complexes, and divided into four major tectonic blocks,
known as Lut, Tabas, Kashmar—Kerman, and Yazd, by major strike-
slip faults (Fig. 1-B). The Sadat iron deposit lies in the Siriz (Basab)
quadrangle (Zia, 2004) in the southern part of the Kashmar—Kerman
block (KKB). The KKB is characterized by extensive exposures
of Late Precambrian metamorphic—igneous basement rocks,
mostly distributed in its central section, Paleozoic sedimentary and
volcanic-sedimentary units, and Mesozoic carbonate and clastic
sequences (Haghipour and Pelissier, 1977; Sahandi, 1992). The
Bafq—Saghand district in the central section of the KKB embraces
several iron oxide—apatite (IOA) deposits hosted mainly in a
Lower Cambrian volcanic-sedimentary sequence and subvolcanic

intrusions (Ramezani and Tucker, 2003).

The Siriz area in the southern part of the KKB shares
geologic features comparable to those known in the central part
of the block, including outcrops of the Precambrian basement
rocks overlain by late Precambrian clastic sediments, dolomite,
limestone, and volcanic materials (Zia, 2004). Exposures of the
basement rocks occur to the west of the Sadat mine area (Fig.
2). The Lower Cambrian is represented by the cherty dolomite,
sandstone, gypsum, and andesitic-basaltic lava flows of the Dezu
series and the clastic red beds of the Dahu, Zaigoon, and Lalun
formations (Zia, 2004). Outcrops of the Lower Cambrian clastic
sediments occur to the southeast of the Sadat area (Fig. 2). The
Middle Cambrian-Early Ordovician stratigraphic record consists
of a thick sequence of dolomite, dolomitic limestone, sandstone,
calcareous sandstone, and shale, equivalent to comparable to the
Derenjal formation in the neighboring Tabas block (Zia, 2004) with
extensive outcrops to the west of the Siriz intrusive body and in the
mine area (Fig. 2). Similar middle-upper Cambrian sediments in
the KKB are also known as Kuhbanan formation (Huckriede et al.,
1962). Local exposures of dolomite, dolomitic limestone, shale and
volcanic rocks of the Silurian Niur formation disconformably cover
the Derenjal formation.

A notable distinction between the Siriz area and the Saghand—
Bafq district is the scarcity of Cambrian volcanic/subvolcanic rocks
and intrusive bodies in Siriz. The Rizu Series or its equivalent, the
Cambrian volcanic-sedimentary unit, that are the main host to the
Bafg-Saghand iron oxide- apatite deposits are not reported from the
Siriz quadrangle. Outcrops of the Rizu series are, however, reported
from the Davaran quadrangle (Vahdati- Daneshmand et al., 1995) to
the southeast of Siriz implying that the Rizu series locally extends
into the southern section of the KKB.

The Upper Paleozoic rocks in the Siriz quadrangle are limited
to local exposures of the Upper Devonian crystalline dolomitic
limestone of the Bahram formation (Zia, 2004). The Lower—Middle
Triassic is represented by red shales and thick-bedded sandstones of
the Sorkh Shale formation, thick-bedded dolomites of the Shotori
formation, and the Espahk limestones (Fig. 2). Following a period
of epeirogeny and erosion, late Triassic marine transgression led to
deposition of alternating dolomitic limestone, dolomite, and shale
of the Nayband formation, followed by coal-bearing sandstone
and shale of the Shemshak formation (Fig. 2). The Cretaceous
is represented by a thick sequence of conglomerate, marl,
gypsum, and cliff-forming limestone widely distributed across
the Siriz quadrangle. The rocks are locally overlain by Paleocene
conglomerates. The youngest rock units are Neogene colored marls
with extensively exposures in the west part of the quadrangle.
Large parts of the Siriz area are covered by Quaternary deposits
(Zia, 2004).

A salient feature in the southern part of the Siriz quadrangle is
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a large intrusive body with rugged topography, intruded into the
Cambrian Kuhbanan (Derenjal) formations (Fig. 2). Outcrops of
metamorphic rocks, consisting of various schists, metasandstone,
and recrystallized limestone, occur to the west of the Siriz intrusive
body (Fig. 2). Assuming a Jurassic age for the protoliths and a
contact metamorphism origin for the rocks, Zia (2004) suggested
a post-Jurassic age for emplacement of the intrusion. The field
relations, however, indicate that the metamorphic rocks are in
fault contact against the surrounding Paleozoic-Mesozoic rocks.
The regional NW-SE foliation, well developed in the metamorphic
rocks, cannot be distinguished in the widespread lower Paleozoic
and Triassic-Jurassic rocks in the Sadat deposit area. The Cambrian
rocks are recrystallized and skarnified at contact with the intrusive
body, no thermal metamorphism, however, can be established in the
Mesozoic rocks. We consider the metamorphic rocks as exposures
of the Precambrian basement rocks, and a post-Cambrian —pre-
Triassic-Jurassic age for the Siriz pluton. Similar Precambrian
metamorphic assemblages occur to the west and northwest of the

Siriz pluton (Fig. 4).

3.2. Local geology
The mine area is mostly covered by the Siriz intrusive body and
the Kuhbanan formation consisting of dolomite, cherty dolomite,
shale-dolomite interbeds, dolomite and quartz-arenite interlayers,
and thick-bedded dolomite (Figs. 3 and 7). In the northwest, the
formation is covered by Ordovician-Silurian andesitic to basaltic
lava flows. A suite of basal conglomerate, shale, carbonaceous
shale, sandstone, and lesser limestone and dolomite of the Shemshak
formation covers large areas to the south and west of the mine (Fig. 3).
The rocks are overlain by Cretaceous strata consisting of a basal
conglomerate, orbitolina limestone, and marl (Fig. 5). Quaternary
alluvial deposits cover large areas to the northwest of the mine area.
The Siriz intrusion appears in pinkish to greyish colour in
natural exposures (Fig. 6), and displays a sheeted structure due to
the development of sub-parallel fractures. A close spatial relation
exists between the intrusion and the ore bodies in the Sadat mine
(Fig. 7). The intrusion is medium- to coarse-grained and consists
of equigranular plagioclase and alkali-feldspars in broadly similar
proportions, and lesser biotite, hornblende, and quartz (Figs. 8-A
and 8-B). Minor magnetite, apatite, titanite, and zircon occur as
accessory minerals. The mafic minerals are variably chloritized,
and the feldspars are weakly altered to clay minerals and locally
to calcite (Fig. 8-C). From the mineralogy and abundances of the
major minerals in the least altered rocks, the composition of the Siriz
intrusion varies from syenite to monzonite and quartz monzonite.
A distinct feature in the intrusive body in the deposit area is albitic
alteration where plagioclase and K-feldspars are variably replaced

by albite (Fig. 8-D). A mafic intrusive body and associated dykes

occur in the eastern part of the Sadat deposit (Figs. 9 and 10).
The intrusions consist mostly of plagioclase, clinopyroxene, and
subordinate orthoclase in subophitic to granular texture (Fig. 10).
The pyroxene is variably uralitized. Magnetite and lesser apatite

occur as accessory minerals.

3.3. Calc-silicate alteration

Calc-silicate alteration, distinguished by the occurrence of
Ca-Mg + Fe-rich silicates developed through fluid-rock interaction
or isochemical reactions with increasing heat from intrusions,
is characteristic of many skarns (Meinert, 1992). Prograde and
retrograde calc-silicates typical of many skarns are developed in
Sadat, represented by anhydrous wollastonite, garnet, and pyroxene,
and hydrous phlogopite, tremolite-actinolite, epidote, chlorite, and
sericite, respectively. The minerals are developed both as endoskarn
within the intrusive body (Figs. 11 and 12) and as exoskarn in the
host sedimentary rocks (Fig. 15). Exoskarn extends for several
hundred meters from the intrusive contact into the host Kuhbanan
formation (Figs. 13 and 14). Two stages of skarn formation and
associated mineralization were identified in the Sadat iron deposit
(Fig. 18).

-Prograde skarn: With the emplacement of Siriz intrusion in the
Cambrian sedimentary rocks, the elevated heat flow led to thermal
metamorphism and isochemical reactions in the host rocks and
the formation of anhydrous calc-silicate minerals, represented
by garnet, pyroxene, and wollastonite. The prograde skarn is not
widespread, but only locally developed/preserved in Sadat. No

specific mineral zoning can be established (Fig. 12).

-Retrograde skarn: Hydrous calc-silicate minerals, including
phlogopite, tremolite-actinolite, epidote, chlorite, and locally
sericite, are the main minerals formed during this stage. Minor
calcite occurs in textural equilibrium with the silicates, as well as in
late veinlets. Phlogopite is locally replaced by late chlorite across
grain boundaries and cleavages. Mineralization occurred at this

stage of the skarn system evolution (Fig. 15).

3.4. Iron ore

Iron ore occurs in three main ore bodies oriented in north-south to
northwest-southeast directions as well as scattered pods, lenses, and
veins in the intrusive body (Fig. 16-A) and in the host sedimentary
rocks (Fig. 7). Mineralization occurs predominantly in the ex-skarn.
The ore texture varies from massive to banded, the latter being the
product of selective replacement of carbonate strata in carbonate-
sandstone interlayers in the host Kuhbanan formation (Fig. 16-B).
Scattered accumulations of massive-textured ore occur within the

intrusive body
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The iron ore in the Sadat mine has a simple mineralogy.
Magnetite is the main ore mineral, partially to totally replaced
by hematite at surface exposures and shallow depths. Minor
pyrite and trace chalcopyrite occur as replacement of magnetite
across fractures as well as scattered grains and grain aggregates in
magnetite (Fig. 17-A). Associated non-metallic minerals include
phlogopite, calcite, and quartz. Where present, phlogopite is often
found in textural equilibrium with calcite and magnetite (Fig. 17-B).
At the microscopic scale, phlogopite was found to be locally cut
by magnetite, implying that iron mineralization continued after the

development of phlogopite (Fig. 17-C).

3.5. Iron ore geochemistry

Chemical analysis of the iron ore concentrate from the Sadat
mine is presented in Table 1. As discussed earlier, the iron ore is
commonly associated with minor quartz, phlogopite, calcite, and

pyrite. The minerals account for most SiOz, Ca0, AL O,, MgO, and

205
S in the ore concentrate analysis (Table 1). A comparison with the
high-temperature (700-500 °C) hydrothermal magnetite (Dare et
al., 2014) shows that the Sadat ore sample is relatively depleted in
the more compatible metals, Ti, Co, Ni, Zn, and V, but enriched in
the more incompatible elements, Si, Al, P, Ca, Zr, and W (Fig. 19).

The rare earth element (REE) contents of the Sadat iron
ore, normalized to chondritic values, is shown in (Fig. 20). A
comparison is also made with magnetite from selected I0OA
deposits in the Bafq district. The Sadat ore is enriched in all REE.
The enrichment can partly be attributed to the presence of minor
calcite and phlogopite in the Sadat ore. The two minerals are known
to be able to accommodate minor REE, in particular LREE, in
their crystal structures (Henderson, 1984; Lieftink et al., 1994). In
discrimination diagrams using Ti and V, the Sadat magnetite plots
in the hydrothermal and skarn fields, away from IOA, Kiruna, and
El Laco (Fig. 21-A) and magmatic iron ores (Fig. 21-B).

4. Discussions

The metamorphic assemblage, consisting of various schists,
quartzite, and marbles, to the west of the Siriz pluton and the Sadat
mine, is not the product of thermal metamorphism of Triassic-
Jurassic rocks, as shown in the Siriz quadrangle (Zia, 2004). The
post-Jurassic age, thus considered for the emplacement of the
pluton, is not supported by field relations. The northwest-southeast
regional foliation, well developed in the metamorphic rocks, is
absent in the Paleozoic and Mesozoic country rocks in the area. The
emplacement of the Siriz pluton led to thermal metamorphism and
skarnification of the immediate Cambrian host rocks. We consider
the metamorphic rocks to the west of the Siriz intrusion as a tectonic
window of Precambrian basement rocks, and propose a post-

Cambrian, pre-Triassic age for the intrusion. Similar Precambrian

metamorphic rocks occur with distance to the west and northwest
of the Siriz pluton.

The Siriz pluton varies in composition from syenite to monzonite
and quartz-monzonite; the associated mafic rocks are monzodiorite
to monzogabbro. Anhydrous and hydrous calc-silicate minerals
typical of skarns are developed in Sadat. Ore formation is closely
associated with the hydrous skarn marked by the occurrence
of phlogopite, tremolite-actinolite, and epidote. The ore bodies
occur mostly in the Cambrian sedimentary rocks of the Kuhbanan
formation. The common occurrence of phlogopite allows the Sadat
deposit to be classified as a magnesium skarn.

The processed ore concentrate in the Sadat mine contains
66.23%wt iron (Fet). The main impurities, Si, Al, Ca, Mg, and
S, in the chemical composition of the ore can be explained by
the presence of minor quartz, calcite, phlogopite, and pyrite in
the concentrate. The low contents of the more compatible metals
in magnetite, Ni, Cr, V, Ti, Co, and Zn in the Sadat ore suggest a
formation temperature below 500°C for the iron ores (c.f. Dare et
al., 2014; Nadoll et al., 2012, 2014).

The Sadat iron deposit shares similarities with the IOA (iron
oxide-apatite) deposits of the Bafq district; notable differences,
however, exist. The main similarities include:

- Geological setting. The Sadat iron deposit occurs in the south-
central section of the Kashmar-Kerman block that embraces the
Bafq district IOA deposits. The block is distinguished by extensive

outcrops of the Precambrian basement rocks.

- Sodic (albitic) alteration. As in the Bafq district, sodic (albitic)

alteration is widespread in and around the Sadat deposit.

- Occurrence of late pyrite. As in the Bafq district deposits, the
Sadat iron ore contains abundant late pyrite, locally with minor
chalcopyrite, as replacement of magnetite.

The main differences are:

- Host rocks. Mineralization in the Bafq deposits occurs mostly
in the Early Cambrian volcanic and subvolcanic rocks (Daliran,
2002; Jami, 2005; Sepehrirad and Alirezaei, 2020; Heidarian et al.,
2017). The Jalalabad deposit is an exception where the ore bodies
are mostly hosted in sedimentary rocks. In Sadat, however, the ore
bodies occur in the Cambrian sedimentary rocks and in a rather
deep-seated alkaline intrusive body. A close spatial and genetic link

can be established between the intrusion and ore formation in Siriz.

- Scarcity of apatite. Unlike the Bafq iron deposits, where apatite
is a common associate mineral (e.g., Heidarian et al., 2017; Nayebi
et al., 2021), the Sadat deposit is poor in apatite. Apatite, however,
occurs as a common accessory mineral in the associated intrusive

body.
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- Calcic or calcic-ferroan alteration. Unlike the Bafq deposits
with extensive Ca-Fe alteration, marked by tremolite-actinolite and
locally pyroxene, the alteration is missing or only locally developed

in Sadat.

- Phlogopite occurrence. Phlogopite is a common calc-silicate
mineral in the Sadat deposit, found in both ore and the host rocks.

The mineral is rarely reported from the Bafq district.

5. Conclusion

The Sadat iron deposit is spatially and genetically related to a syenitic
to monzonitic intrusive body, intruded into the Cambrian sediments.
Field relations suggest a post-Cambrian and pre-Mesozoic age for
the emplacement and crystallization of the intrusion.

A skarn affinity for the Sadat iron deposit is supported by the
occurrence of anhydrous calc-silicate minerals garnet, pyroxene,
and wollastonite, and hydrous minerals phlogopite, epidote,
tremolite-actinolite, and chlorite.

Ore formation is closely associated with the hydrous skarn.

The common occurrence of phlogopite in both exoskarn and
endoskarn, as well as an associate mineral in the ore, allows the

Sadat iron deposit to be classified as a magnesian skarn.

A sodic (albitic) alteration has affected the Siriz intrusion in the
mine area and surroundings.

The Sadat iron ore is depleted in magnetite-compatible metals, Cr,
Ni, Co, Ti, V, Mn, and plots in the skarn domain on discrimination
diagrams.

Pyrite, a minor constituent of the iron ore in the Sadat mine,
occurs as a late mineral phase replacing magnetite.

The Sadat iron deposit shares similarities with the iron oxide-
apatite (IOA) deposits in the Bafg-Saghand district in the central
section of the KKB, including albitic alteration, late pyrite, and
low Ti contents, but differs in terms of host rocks (sedimentary
and plutonic vs volcanic-subvolcanic-sedimentary), timing of ore
formation (post-Cambrian vs Early Cambrian), and scarcity of

apatite.
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ABB: Alborz-Binaloud belt

CEIM: Central East [ran microcontinent
CD: Central domain

EI: East Iran

IM: Jazmurian depression

KDF: Kopeh Dagh folded belt

MAP: Makran accretionary prism

SSB: Sanandaj-Sitjan belt
ZFTB: Zagros fold-thrust belt
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Figure 1-A) Simplified geological map of Iran, showing the main
structural zones (taken from Stocklin, 1968 and Sahandi, 2002).
B) East-central Iranian microcontinent with tectonic blocks
(Sahandi, 2002) and major faults. The locations of several IOA

deposits and the Sadat iron deposit are shown.
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Figure 2. Geological map of the Sadat deposit area and surroundings
(modified after Zia, 2004). The square shows the area of the
geological map in Figure 3.
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Figure 3. Geological map of the Sadat mine area (modified

after Southeast Iranian Iron and Steel Industries and Mining

Complex Co., 2012).
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Figure 4. Outcrop view of the metamorphic unit, consisting of schists (gray)

and marble (creamy, NE corner). Foliation is well developed in the schist.
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Figure 5. A panoramic view of the rock units in the Sadat mine area. To the south and west, the Kuhbanan Formation is in

faulted contact against the Late Triassic-Jurassic Shemshak Formation, consisting of sandstone and shale, that is in turn

covered by Cretaceous limestone.
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Figure 6. Outcrops of the Sadat intrusive body: A) to the northeast of the main (central) pit.

B) to the east of the main pit, showing a set of systematic joints and fractures.
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Figure 7. A view of the main mining pit in the Sadat iron deposit, with outcrops of
the intrusive body in contact with the Kuhbanan Formation (KBF). To the west, the
Upper Triassic-Lower Jurassic sedimentary rocks are in faulted contact against the

intrusive body.
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Figure 8. Microphotographs of samples representing the intrusive body in the Sadat deposit area; A, B, D in XPL; C in PPL. A) Coarse crystals
of orthoclase and plagioclase with argillic alteration. B) Microcline with tartan texture, plagioclase with polysynthetic twinning, and orthoclase
with carlsbad twinning. Minor magnetite occurs in the rock. C) Titanite, containing apatite inclusions, interstitial to the main rock-forming
minerals; chlorite is a product of alteration of the mafic minerals. D) Plagioclase with polysynthetic twinning, and orthoclase partially replaced

by albite. Minor argillic, carbonate, and silicic alterations can be distinguished. Mineral abbreviation from (Whitney and Evans, 2010).

PPL: Plane polarized light; XPL: cross polarized light
Afs: Alkali feldspar, Ap: Apatite, Cal: Calcite, Chl: Chlorite, Pl: Plagioclase, Qtz: Quartz, Ser: Sericite, Ttn: Titanite
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Figure 9. Outcrop of the mafic intrusive body in the eastern part of the mining area.
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Figure 10. Microphotographs of the Sadat mafic intrusive rocks in XPL. A)
Clinopyroxene and plagioclase in ophitic texture. B) Association of plagioclase and

clinopyroxene crystals, partially altered to clay minerals and uralite, respectively.
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Figure 11-A) An iron ore body hosted in the intrusive body and associated

endoskarn in the northern section of the Sadat deposit. B) Close-up of the

endoskarn in the intrusive body, distinguished by abundant phlogopite. A

set of parallel fractures renders a layered structure to the intrusive rock.
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Figure 12. Microphotographs from rocks representing the Sadat deposit endoskarn. A, C, D, E, F in XPL; B in PPL. A) Association

of clinopyroxene, wollastonite, phlogopite, calcite, magnetite and titanite. B) Garnet crystals enclosed in clay-altered plagioclase

crystals. C) Albite, pyroxene, orthoclase, and calcite. D) Orthoclase, microcline, titanite, and clinopyroxene. Titanite has replaced

microcline. E) A coarse chloritized hornblende crystal in quartz-feldspathic matrix. F) Coarse calcite replacing feldspars.
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Figure 13. A view of the Kuhbanan Formation at contact with the intrusive body to the east of the central pit of the Sadat

deposit. Here, the endoskarn and exoskarn are well developed. An iron ore body occurs in the exoskarn.
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Figure 14. A view of banded texture in a boulder from the exoskarn in
the Sadat deposit, consisting of magnetite-rich bands and magnetite-poor,

calcite, epidote, and phlogopite bands.
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Figure 15. Microphotographs of samples representing the exoskarn in the Sadat deposit in
XPL. A) Wollastonite, clinopyroxene, phlogopite, calcite, and magnetite. B) Phlogopite,
epidote, and tremolite-actinolite in calcite matrix. C) Phlogopite, epidote, and titanite in

calcite matrix.
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Figure 16- A) An iron ore body hosted in the intrusive body in the eastern part of the Sadat mine.

B) Outcrop of banded ore to the east of the main ore body in the Sadat deposit, developed by selective

replacement of the carbonate layers interbedded with siliciclastic rocks in the Kuhbanan Formation.
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Figure 17. Reflected light microphotographs and
a drill core sample showing the mineralogy and
textural relationships in the ore. A) Pyrite occurring as
disseminated grains and in veinlets replacing magnetite.
B) Magnetite, phlogopite, and calcite in textural
equilibrium. Sample from endoskarn. C) Magnetite

veinlets developed in phlogopite.
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Figure 18. Paragenesis and paragenetic sequence in the Sadat iron

skarn deposit.
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Table 1. Chemical analysis of magnetite concentrate from the Sadat iron ore deposit (oxides in %wt, elements in ppm).

sample | SiO, | ALO, | CaO | Fet | FeO | K,O | MgO | MnO | Na,O | PO, SO, Tio, LOI
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Tl Tm U v w Y Yb Zn Zr | LREE | HREE | LREE/HREE | Sum_REE
<0.1 0.2 0.7 252 5.1 <0.5 | 6.1 275 25 7.66 8.81 0.87 16.47
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Figure 19. Chemical composition of the iron ore concentrates
from the Sadat deposit. The composition of high-temperature

hydrothermal magnetite (Dare et al., 2014) is shown for comparison.
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Figure 20. Chondrite-normalized diagram of rare earth elements in
the iron ore concentrate from the Sadat deposit. The composition
of magnetite from Se Chahoun, Chadormalu, and Choghart iron
oxide-apatite (IOA) deposits in the Bafq district (Ghazi et al., 2019)
is shown for comparison. Normalization values after Boynton

(1984).
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Figure 21 -A) Plot of the Sadat iron ore concentrate on the V,0, vs TiO, diagram. Domains for the

deposit types after Hu et al. (2019). B) Plot of the iron ore concentrate from the Sadat deposit on the

Ti vs. V diagram. The composition of magnetite from the Seh Chahoun, Chadormalu, and Choghart

IOA deposits in the Bafq district (Ghazi et al., 2019) is shown for comparison. Fields for igneous and

hydrothermal magnetite after (Knipping et al. 2015). The composition of magnetite from Se Chahoun,

Chadormalu, and Choghart IOA deposits, Bafq district, is shown for comparison.
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