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The Arabshah Fe mineralization is the only known magnetite-apatite
mineralization at the Takab-Takht-e-Soleyman—Angouran subzone in
southeast of Takab. The oldest rock units in the mineralization area
include sedimentary succession of the Qom Formation that was intruded
by the Pliocene Ayoub Ansar volcanic dome. Magnetite- apatite
mineralization at the Arabshah occurs as vein-veinlets with E-W stright
within the Ayoub Ansar dacitic dome. Brecciated zones containing
narrow magnetite vein- veinlets occur at footwall and hanging wall of
the main vein. Hydrothermal alterations include sodic-calcic,
silicification and argillic. Magnetite is the only ore mineral in this
mineralization which is accompanied with apatite, clinopyroxene, albite
and guartz as gangue minerals. Mineralization textures in the Arabshah
deposit include vein-veinlet, brecciated, disseminated, and replacement.
REEs concentration within apatite crystals are more than 1%, and
demonstrate LREE enrichment with high LREE/HREE ratio and
distinctive negative Eu anomalies which is indicative for Kiruna- type
iron ores. The result of fluid inclusion studies indicates the presence of
two-phase and poly-phase inclusions include LV, VL, LVH, LVS and
LVHS fluid inclusions with homogenization between 230-550 °C. The
salinity of halite bearing poly-phase fluid vary between 35-60 wt.%
NaCl equiv. Fluid inclusion data indicates that Arabshah magnetite-
apatite mineralization originated from magmatic fluids. Evidences like
mineral assemblages, hydrothermal alteration, ore structure and
textures, geochemical characteristics and fluid inclusion data, indicate
that the Arabshah magnetite-apatite mineralization can be classified as
Kiruna-type iron ores.
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EXTENDED ABSTRACT

Introduction

Iron oxide-apatite deposits (IOA) are considered to
be Kiruna-type iron ores which have formed between
Protrozoic to Tertiary eras in different parts of the
world. Apatite occurs as a major constituent of these
deposits which is accompanied by magnetite and
some actinolite. Higher concentration of REEs is one
of the important features of these deposits (Frietsch
and Perdahl, 1995). The Arabshah Fe mineralization
is the only known magnetite-apatite mineralization at
the Takab—Takht-e-Soleyman—Angouran subzone
within the Sanandaj-Sirjan zone which is located
about 15 km southeast of Takab. During the past
years, some exploration works were done on the
Arabshah Fe mineralization, but its geological
characteristics, mineralogy, texture, geochemistry,
characteristics of mineralized fluids and genesis have
not been studied yet. Recognition of characteristics
of the Arabshah magnetite-apatite deposit as the first
explored deposit of the Kiruna type mineralization in
the Takab area is useful for exploration of this type
of mineralization in NW Iran.

Materials and methods

This research study can be divided into two parts
including field and laboratory studies. Field work
includes recognition of different lithological units
and ore veins along with sampling for laboratory
studies. During field work, 34 samples were selected
for petrographical, mineralogical and analytical
studies. 10 thin sections and 5 thin-polished sections
were used for petrographical and mineralogical
studies. For geochemical studies, 6 samples from ore
vein were analyzed by ICP-MS methods at the
Geological Research  Center, Karaj, Iran.
Microthermometric measurements were performed
on 2 samples using a Linkam THMS-600 heating—
freezing stage attached to a ZIESS microscope in the
fluid inclusion laboratory of the Iran Minerals
Processing Research Center.

Results

The oldest rock units in the Arabshah area include
Oligo-Miocene sedimentary succession of the Qom
Formation that was intruded by the E-W-trending
Pliocene Ayoub Ansar volcanic dome. Based on
petrographic studies, the Ayoub Ansar volcanic
dome has  porphyritic,  felsophyric  and

glomeroporphyritic textures and it is composed of
plagioclase, amphibole and some quartz and K-
feldspar phenocrysts set in a quartz-felspathic
groundmass, and it is compositionally classified as
dacite-rhyodacite. These rocks have medium-K calc-
alkaline affinity and are classified as metaluminous
I-type granitoids. They have been formed in an active
continental margin to post-collisional tectonic setting
and demonstrate geochemical characteristics similar
to high silica adakites (Sabzi et al., 2018).

Fe mineralization at the Arabshah mineralization
occurs as vein-veinlets of magnetite-apatite within
the Ayoub Ansar dacitic dome. Brecciated zones
occur at footwall and hanging wall of the main vein.
The ore vein has east- west trend and crops out in 50
m length and maximum 1 m width. Coarse-grained
euhedral apatite crystals are mainly present at the
margins of the main vein. Hydrothermal alterations
around the mineralized veins include sodic-calcic,
silicification and argillic alterations.
Mineralogically, the ore minerals include magnetite
along with apatite, clinopyroxene, albite and quartz
as gangue minerals. Goethite was formed during
supergene alteration. Mineralization textures in the
Arabshah deposit include vein-veinlet, brecciated,
disseminated, and replacement form. Apatite crystals
have high concentrations of REEs (about 1%).
Condrite-normalized REE patterns for apatite
crystals, magnetite-apatite ores and magnetite ore
without or with minor apatite demonstrate LREE
enrichment with high LREE/HREE ratio and
distinctive negative Eu anomalies.

Based on phase relationships at room temperature,
three types of fluid inclusion including two-phase
(LV and VL), three-phase (LVH and LVS) and
polyphase (LVHS) are present within the apatite
crystals at the Arabshah  mineralization.
Microthermometric measurements indicate that LV
and VL fluid inclusions have homogenized between
253-550 °C and 363-490 °C, respectively. Tree-
phase LVH fluid inclusions have been homogenized
between 278-508 °C and have salinities between 35-
59.8 wt.% NaCl equiv. Three-phase LVS fluid
inclusions have been homogenized between 240-520
°C. Polyphase LVHS fluid inclusions have been
homogenized between 230-520 °C and have
salinities between 36-59 wt.% NaCl equiv.

Discussion
Similar REE patterns of apatite crystals and
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mineralized samples with samples from host dacitic
dome demonstrate a genetic link between magnetite-
apatite mineralization and dacites. Furthermore, REE
patterns of the Arabshah mineralization is similar to
other iron oxide-apatite deposits from the Tarom—
Hashtjin metallogenic belt (Mokhtari et al., 2018),
and those of Central Iranian iron ores (Mokhtari et
al., 2013). Moreover, REE patterns of the Arabshah
deposit are similar to REE patterns of the Kiruna-
type iron ores (Frietsch and Perdahle, 1995).

Fluid inclusion data indicates that Arabshah
magnetite-apatite mineralization originated from
magmatic fluids. Positive correlations between
salinity and homogenization temperatures indicate
that mineralization at the Arabshah deposit involved

mixing of magmatic fluids and a dilute and cooler
meteoric fluid.

Totally, based on mineral assemblages,
hydrothermal alteration, textures, geochemical
characteristics and fluid inclusion data, the Arabshah
magnetite-apatite mineralization can be classified to
be of the Kiruna-type iron ores.
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Fig. 2. Geological map of the Arabshah Fe mineralization based on Takab 1:100000 geologic map. Modified after
Fonoudi and Hariri (2000)
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Fig. 3. Field photos from the geological units in the Arabshah magnetite- apatite mineralization area. A: View from the
Ayoub Ansar volcanic dome (looking to the northeast), B: A view from contact metamorphism of Oligo-Miocene

sedimentary alternation with yellowish colour in contact with Ayoub Ansar volcanic dome (looking to the noetheast), and
C: View from the Pliocene tuffs whith argillic alteration (looking to the northeast).
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Fig. 4. Photomicrographs (transmitted light, XPL) of Ayoub Ansar dacitic dome in the Arabshah magnetite- apatite
mineralization area. A: Prophiritic texture in Ayoub Ansar dacitic dome, B: Vesicular texture in Ayoub Ansar dacitic dome, C:
Plagioclase phenocryst with sieve texture in Ayoub Ansar dacitic dome, D: Rounded quartz phenocryst along with plagioclase
phenocrysts within fine grained matrix in Ayoub Ansar dacitic dome, E: Rounded quartz phenocryst within fine grained matrix
composed of prismatic hornbelvde and quartz in Ayoub Ansar dacitic dome, and F: Micro-granular enclave composed of
plagioclase, actinolite and biotite in Ayoub Ansar dacitic dome. Abbreviations after Whitney and Evans (2010) (Afs: alakli
feldspar, Bt: biotite, PI: plagioclase, Qz: quartz, Ves: vesicul).
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Fig. 5. Photos from the Arabshah magnetite- apatite mineralization. A: View from the magnetite-apatite vein (looking to
the west), B: Coarse-grained euhedral apatite crystals at the margin of magnetite atite vein, C: Magnetite vein-veinletsin
the brecciated hanging wall of magnetite-apatite vein, and D: Close view from the magnetite vein-veinlets in the hanging
wall of magnetite-apatite vein with brecciated texture. Abbreviations after Whitney and Evans (2010) (Ap: apatite, Mag:
magnetite).
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Fig. 6. Photomicrographs (transmitted light, XPL) from the hydrothermal alterations in the Arabshah magnetite-apatite
mineralization. A: Sodic-calcic alteration around the magnetite-apatite veinlet, B: Silicic and sodic-calcic alterations around the
magnetite-apatite veinlet, and C: Silicic and argillic alterations around the magnetite-apatite veinlet. Abbreviations after
Whitney and Evans (2010) (Ab: albite, Clay: clay minerals, Cpx: clinopyroxene, Opg: opaque minerals, Pl plagioclase,

Qz: quartz).
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Fig. 7. Photomicrographs from textures and minerals of the Arabshah magnetite-apatite mineralization. A: Magnetite
veinlet within host rock (PPL reflected light), B: Brecciated texture containing silicified host rock clasts and magnetite
veinlets (XPL transmited light), C: Disseminated magnetite crystals along the fracture of host rock (PPL reflected light),
D: Supergene alteration of magnetite to goethite along the fracture (PPL reflected light), E: Coarse-grained euhedral
apatite crystals within the magnetite (XPL transmited light), and F: Clinopyroxene and albite around the magnetite

veinlets (XPL transmited light). Abbreviations after Whitney and Evans (2010) (Ab: Albite, Ap: apatite, Cpx:
clinopyroxene, Gth: goethite, Mag: magnetite, Opg: opaque mineral, Qz: quartz).
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Fig. 8. Paragenetic sequence of ore and gangue minerals in the Arabshah magnetite-apatite mineralization
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Table 1. Geochemical data of trace and rare earth elements for ore samples of the Arabshah magnetite- apatite
mineralization. Data in ppm.

S.N. Ar.l Ar.2 Ar.3 Ar.4 Ar.5 Ar.6 Average
S.Type Mag-Ap Mag-Ap Mag+Ap Mag+Ap Ap Ap da
Ba 4 4.5 10 7 <1 <1 868.1
Co 24.3 23.7 26.2 23.7 3.7 3.5 3.6
Cr 14 14.1 16 15 17 13 47.9
Cu 18 19.4 14 24 42 16 34
Fe 622 (%) 613 (%) 673 (%)  64.6 (%) 5426 6512 14931.7
Hf 0.5 0.6 0.1 0.4 1.7 1.9 1.7
Nb 7.2 6.8 4.0 3.6 7.4 8.7 11.7
Ni 32 31 39 41 7 6 7.1
P 7862 8264 684 847 >3 (%)  >3(%) 5546
Pb 8 9 4 5 14 18 114
Sc 1.4 1.3 1.1 1.2 1.5 1.6 8.3
Sr 54.2 65.4 5.4 6.7 156.2 150.4 442.4
Ta 0.5 0.4 0.1 0.2 0.7 0.6 0.7
Th 30.5 28.4 6 8.4 36.7 24.3 4.7
Ti 4628 4432 8864 8407 12 26 2192.4
U 1.2 1.8 0.3 0.7 13.4 12.1 1.2
\Y% 1284 1178 2814 2346 46 92 30.5
Y 114.7 134.6 27.7 68.2 1423.2 1457.1 7.1
Zn 132 124 172 146 18 14 551.3
Zr 11.2 12.4 3.1 8.7 18 21 66.1
La 267.7 281.4 44.1 64 1468 1542 24.4
Ce 606.1 710.2 102.8 132 3594 3779 39.5
Pr 80 91.2 14.1 16.7 441.2 487.6 4.3
Nd 372.4 391.2 59 76.4 2118.2 2138.4 14.6
Sm 59.4 62.8 10.9 13.7 423.6 434.2 2.3
Eu 2.7 2.9 0.4 1.1 26.4 27.2 0.8
Gd 51.9 57.2 9.8 12.4 396.2 402.1 2.1
Tb 8.4 9.1 1.5 2.4 44.2 48.4 0.3
Dy 33.3 34.2 6.2 13.2 316.4 328.2 1.2
Ho 5.3 5.8 1 2.2 48.4 52.1 0.3
Er 11.2 12.1 2.1 5.6 176.4 182 0.6
Tm 1.3 1.5 0.3 0.6 21.2 20.4 0.1
Yb 5.9 6.4 1.2 3.6 76.4 82.7 0.4
Lu 0.7 0.8 0.2 0.4 18.2 18.6 0.1
REEt 1621.1 1801.4 281.3 412.5 10592.0 11000.0 97.9

Mag-Ap: Apatite-bearing magnetite ore, Mag+Ap: Magnetite ore without or with minore apatite, Ap: Apatite crystals
with minor magnetite accumulation, da: Ayoub Ansar dacitic dome.
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C: LVH three-phase fluid inclusion, D: LVS three-phase fluid inclusion, E and F: LVHS polyphase fluid inclusions (H:

halaite, L: liquid, S: opaque mineral, V: vapor)
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Table 2. Summury of microthermometric data of primary fluid inclusions within the apatite crystals in the Arabshah

magnetite-apatite mineralization

. o o o o Salinit Densit
Incl. type  Size (um) Te(°C) Tmice °C) Tm-h(°C)  Th (°C) (Wt. % NaCquuiv.) (g/cm33)/
LV (n=10)  7-15 - - - 2?;;15)510 ; ;
VL (n=5) 8-10 - - - 36(31;)9 0 - -
_ 255-500 278-508 35-59.8
LVH (n=10)  8-12 - (345) (395) (42.9) 0.87-1.2
LVS (n=17)  5-12 . : . 2‘8;)20 . .
_ 260-500 230-520 36-59
LVHS (n=8)  8-17 - (340) (375) (42.4) 0.89-1.2
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Fig. 11. Frequency histograms for primary fluid inclusions in the Arabshah magnetite-apatite mineralization. A:
homogenization temperature, B: halite melting temperature, and C: salinity
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Fig. 14. A: Chondrite-normalized REE patterns of the Arabshah magnetite-apatite mineralization samples, B: Chondrite-
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