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Extended Abstract

Introduction

The Bardeh-Rash iron mineralisation is located approximately 30 km northwest of Baneh and 7 km
north of Bardeh Rash village, within the Sanandaj—Sirjan tectonic zone. This NW—-SE trending belt is
one of the most significant metallogenic provinces in Iran, hosting a wide spectrum of iron deposits,
including volcanic-sedimentary, skarn-type, and IOCG (iron oxide—copper—gold) deposits (Nabatian et
al, 2015). Tectonic evolution associated with the opening and closure of the Neotethys Ocean and the
interplay of extensional and compressional regimes during the Triassic to Jurassic led to intense regional
metamorphism and deformation (Saki, 2010). Recent investigations in the northwestern segment of the
Sanandaj—Sirjan zone have led to the identification of several iron occurrences and deposits. Notable
examples include the Gurgur, Halab, Kosaj and Mianaj iron deposits (Pourmohammadi et al, 2019), as
well as the Ghaluzendan and Qaderabad iron deposits (Karimi et al, 2021), all hosted within
metamorphosed equivalents of the Kahar Formation. The Bardeh-Rash deposit, discovered by locals in
2016, represents one of the previously unstudied iron occurrences in this region. The mineralisation is
stratiform in nature, hosted within upper Precambrian metarhyolitic tuff units and exhibits concordant
layering and foliation with its metamorphosed volcanic host rocks. The primary objective of this study
is to provide a comprehensive geological, mineralogical, geochemical, and genetic framework for the
Bardeh Rash iron deposit, aiming to propose a viable exploration model for similar geological settings.

Materials and Methods

This research comprises both field-based and laboratory investigations. During fieldwork, a 5 km? area
was systematically mapped at a scale of 1:5000, wherein lithological units, structural features, and
mineralised horizons were carefully delineated. Over 100 rock samples, including both barren and ore-
bearing lithologies, were collected. Structural measurements of bedding, foliation, and geometry of ore
horizons were recorded to reconstruct the geometry of the mineralised system. In the laboratory, 12 thin
sections were prepared for petrographic analysis and 33 polished thin sections for ore microscopy. For
geochemical analysis, 31 representative samples were selected; 21 were analysed via XRF at Tarbiat
Modares University and 10 by ICP-MS at ZarAzma Analytical Laboratories.

Results and Discussion
Field and laboratory investigations reveal that iron mineralisation occurs in three distinct stratiform
horizons within metarhyolitic tuff units.
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Horizon I is hosted in dark grey metarhyolite and comprises banded hematite with an outcrop length of
\~20 m and thickness ranging from 10 to 40 cm. Horizon II, the main ore body, occurs in light grey
metarhyolite, is \~200 m long and 0.5 to 2.5 m thick, and hosts massive, banded, and disseminated
hematite textures. Horizon III is composed of magnetite and hematite lenses hosted in dark green
metarhyolite, with dimensions of \~30 m in length and 0.2 to 1.5 m in thickness. The metallic
assemblage, primarily hematite and magnetite with minor pyrite, occurs in banded, massive, and
disseminated textures, accompanied by gangue minerals such as quartz and barite within the altered
metavolcanic host rocks. Evidence of metamorphism and deformation—including foliation, folding,
boudinage, and S—C fabrics—is well developed in both ore bodies and host rocks. Geochemical
analyses indicate that the host rocks are metarhyolitic tuffs of calc-alkaline affinity, formed in a volcanic
arc setting on an active continental margin. Tectonomagmatic discrimination diagrams (e.g., Nb/YD vs.
Th/Yb) confirm a subduction-related magmatic source. Enrichment in large ion lithophile elements
(LILEs) such as K, Rb, and Ba, together with positive Ba anomalie, implies a significant role for crustal
contamination. REE patterns show light REE enrichment and positive Eu anomalies, indicative of
oxidising conditions during ore formation. Mineralogical and paragenetic data suggest four main stages
of deposit evolution: Syn-volcanic mineralisation with deposition of banded and disseminated hematite
and magnetite during tuff emplacement. Regional metamorphism under greenschist facies, resulting in
the formation of sericite, chlorite, and recrystallisation of pre-existing phases. Tectonic deformation,
leading to the development of boudinage structures, folding, faulting, and pressure shadow features.
Supergene alteration, during which surface weathering led to oxidation of primary sulfide and oxide
phases and the formation of iron hydroxides. These features are consistent with other volcanogenic—
sedimentary iron deposits in Iran, such as those in the Bukan and Takab districts, supporting a
sedimentary—hydrothermal origin.

Conclusion

The Bardeh-Rash iron deposit is interpreted as a deformed and metamorphosed volcanic-sedimentary
system that formed contemporaneously with late Precambrian rhyolitic volcanic activity. Subsequent
metamorphic overprint and deformation significantly modified the primary textures and structures.
Stratiform and lensoidal geometry of the ore horizons, coupled with enrichment in LILEs and anomalies
in Ta and Ba, support a sedimentary—hydrothermal genesis within a subduction-related volcanic arc
setting. REE patterns further confirm oxidising conditions and a genetic link between the host rocks
and mineralisation. The recognition of four distinct mineralisation stages provides a robust framework
for understanding the ore-forming processes. The results of this study contribute to the metallogenic
models of iron in the Sanandaj—Sirjan zone and offer valuable insights for exploration strategies in
analogous tectonic and geological settings.

Keywords: Bardeh-Rash, Iron ore mineralization, Precambrian, Sanandaj-Sirjan Zone, Volcanic-
sedimentary sequences.
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Sanandaj—Sirjan Zone, within the intensely deformed subzone (Mohajjel et al, 2003).
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Fig. 3: a: Overview of the iron mineralization outcrop in the second horizon (II), occurring as stratiform

mineralization within the metarhyolitic tuff unit (P€™") (view direction: north); b: Outcrop view of the phyllitic

section belonging to the slate—phyllite unit (P€?h); c: Outcrop of the metamorphosed sandstone unit (PE); d:

Outcrop showing the dark gray to purple metarhyolitic tuff unit (P€™) alongside the light gray metarhyolitic tuff
unit (PE€™1); e: Outcrop of the dark green metarhyolitic tuff unit (PE€™?2).
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Fig. 4: a: Hand specimen of the phyllitic section from the slate—phyllite unit (P€*'*") in the Bardeh-Rash deposit;
b: Photomicrograph of the slate—phyllite unit under cross-polarized light (XPL); c: Hand specimen of the
metamorphosed metasandstone unit (P€%); d: Photomicrograph of the metamorphosed metasandstone unit under
cross-polarized light (XPL); e: Hand specimen of the metarhyolitic tuff unit (PE€™), showing iron oxide-rich
(dark) bands; f: Photomicrograph of the metarhyolitic tuff unit under cross-polarized light (XPL), exhibiting
disseminated and banded iron mineralization textures; g: Hand specimen of the light gray metarhyolitic tuff unit
(PE€™1); h: Photomicrograph of the metarhyolitic tuff unit (P€™!) under cross-polarized light (XPL); i: Hand
specimen of the dark green metarhyolitic tuff unit (P€™?); j: Photomicrographs of the metarhyolitic tuff unit
(PE€™?2) under cross-polarized light (XPL). Abbreviations: Qz — Quartz; Pl — Plagioclase; Ser — Sericite; Chl —
Chlorite; Hem — Hematite. Mineral abbreviations are adopted from Whitney and Evans (2010).
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Fig. 5: a: Position of the iron ore horizons within the stratigraphic succession of the Bardeh-Rash iron deposit;
view toward the northeast; b: Close-up view of the outcrop of the first iron ore horizon (I) hosted in the dark gray
to purple metarhyolitic tuff unit (P€™); c: Close-up view of the outcrop of the second iron ore horizon (II) hosted
in the light gray metarhyolitic tuff unit (P€™?); d: Close-up view of the outcrop of the third iron ore horizon (I1I)

hosted in the dark green metarhyolitic tuff unit (P€™?),
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Fig. 6: Hand specimen images showing various textures and structures of iron mineralization from the first,
second, and third horizons: a: Banded texture in the iron ore of the first horizon, characterized by alternating black
hematite bands with white quartz and barite, as well as red jasperoid layers; b: Folding of hematite and jasperoid
bands due to compressive stress imposed on the metarhyolitic host rock, leading to deformation and deflection of
the hematite and jasperoid bands; c: Displacement of hematite and jasperoid bands (first iron ore horizon) as a
result of faulting; d, e, f: Banded texture in the second iron ore horizon, mainly composed of alternating layers of
hematite, red jasperoid, and barite; g: Massive texture of hematite and magnetite mineralization from the third
iron ore horizon; h: Disseminated texture of hematite and magnetite grains within a jasperoidal matrix from the
third ore horizon; i: Ductile deformation in hematite and jasperoid bands, resulting in cataclastic textures and the
formation of quartz veinlets. (Mineral abbreviations: Qz — Quartz; Brt — Barite; Jas — Jasperoid; Mag — Magnetite;
Hem — Hematite). Abbreviations follow Whitney and Evans (2010).
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Fig. 7: Photomicrographs illustrating primary textures and structures from ore-bearing samples of the first, second,
and third horizons: a: Banded texture of hematite, quartz, and barite from the second iron ore horizon under
transmitted light with crossed nicols (XPL); b: Banded hematite texture from the second iron ore horizon under
reflected light with parallel nicols (PPL); c: Disseminated hematite grains under transmitted light with crossed
nicols (XPL); d: Same field as c: under reflected light with parallel nicols (PPL); e: Disseminated hematite and
magnetite grains under reflected light with parallel nicols (PPL); f: Hematite and pyrite grains under reflected
light with parallel nicols (PPL); g: Photomicrograph of massive hematite texture under reflected light with parallel
nicols (PPL); h & i: Reflected light photomicrographs with parallel nicols (PPL) showing colloform (botryoidal)
textures from iron ores of the third horizon. In these images, magnetite forms the core, surrounded by delicate
concentric bands of hematite and magnetite. (Mineral abbreviations: Qz — Quartz; Brt — Barite; Chl — Chlorite;
Mag — Magnetite; Hem — Hematite). Abbreviations follow Whitney and Evans (2010).
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Fig. 8: Photomicrographs of deformation-related textures and structures in iron mineralization from the first,
second, and third horizons: a, b, c: Photomicrographs of first-generation hematite (Hem1) associated with quartz,
showing pressure shadow zones where quartz and barite have precipitated. Images are shown respectively under
transmitted light with crossed nicols (XPL) and reflected light with parallel nicols (PPL); d, e: Photomicrographs
(respectively in transmitted light with crossed nicols (XPL) and reflected light with parallel nicols (PPL))
illustrating cataclastic texture resulting from brittle deformation in hematite. Quartz and barite have crystallized
in the pressure shadows of first-generation hematite (Hem1), and second-generation acicular hematite (Hem?2),
formed during deformation, wraps around the earlier hematite grains; f: Boudinage and elongation structures in
quartz, barite, and hematite under transmitted light (XPL). (Mineral abbreviations: Qz — Quartz; Brt — Barite; Fe-
hydroxide — Iron oxides; Mag — Magnetite; Hem — Hematite; Ser — Sericite). Abbreviations follow Whitney and
Evans (2010).
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Fig. 9: Paragenetic sequence diagram illustrating the relative distribution and textural-structural characteristics of

minerals in the Bardeh-Rash iron deposit.
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Table 1: Geochemical analysis results of samples collected from metarhyolitic units in the Bardeh-Rash deposit,
obtained using XRF method. Major oxide concentrations are reported in weight percent (Wt%), while trace and

rare elements are reported in parts per million (ppm).

Sample Kz-01 Kz-04 Kz-08a Kz-11
Name pem!
ALO; 11.29 10.02 12.49 11.06
BaO 0.044 0.041 0.039 0.03
CaO 0 1.06 1.16 0
Fe:03 1.33 3.11 1.51 2.81

K0 4.86 1.21 4.15 3.40
Na,O 1.60 3.19 1.84 0.33
MgO 0.67 1.25 0.84 1.90
MnO 0 0.11 0.03 0.01
P20s 0.05 0.07 0.007 0.06
SiO: 78.73 77.88 75.73 77.81
SOs 0.02 0.03 0.06 0.01
TiO: 0.13 0.37 0.08 0.12
L.O.I 1.19 1.58 1.95 2.4
Total 99.91 99.92 99.98 99.94
Ce 0.03
Cl 0.01 0.008 0.004 0.008
Cr 0 0 0 0
Ga 0.002 0 0 0
Ni 0 0.005 0.005 0.004
Rb 0.01 0.004 0.01 0.009
Sr 0.006 0.006 0.003 0.001
Zn 0.002 0.004 0.004 0
Zr 0.008 0.01 0.01 0.007
Y 0 0 0 0

Kz-13b Kz-315 Kz-316 Kz-314 Kz-318
P€mr2
11.60 11.37 13.63 10.5 13.86
0.077 0.051 0.064 0.031 0.038
0 0.37 0.27 0.27 0.23
0.97 3.57 4.18 3.8 3.67
6.55 5.64 3.15 2.51 4.53
0.13 1.74 2.30 1.05 0.51
0.64 1.80 0.98 1.39 2.24
0 0.05 0.01 0 0.08
0.005 0.28 0.14 0.09 0.18
78.54 75.73 72.95 71.5 72.00
0.02 0.04 0.04 0.05 0.03
0.06 0.45 0.46 0.17 0.12
1.34 1.84 1.76 0.51 2.34
99.93 99.52 99.934 91.87 99.828
0 0 0 0
0 0 0 0.007 0.006
0 0.01 0.007 0 0
0 0 0 0 0.002
0 0.007 0.007 0 0
0.015 0.007 0.007 0.003 0.01
0.003 0.005 0.004 0 0
0.003 0.004 0.004 0.01 0.004
0.009 0.018 0.01 0.01 0.008
0 0 0 0.004 0
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Table 2: Geochemical analysis results of samples collected from ore-bearing horizons within the Bardeh Rash
deposit, obtained using XRF and ICP-MS methods. Major oxide contents are reported in weight percent (Wt%),

Sample

Ore
horizon

ALO3
BaO
CaO

Fe:03
K.O
MgO
MnO

Na20
P20s
SiO:
SOs
TiO:
L.O.I
Total

Ce
Cl
Cr
Cu
Ga
Ni
Pb
Rb

Sr

Kz-17

2.39

3.1

30.88

0.20

1.15

0.01

0.04

61.73

0.08

0.08

0.04

99.98

0.007

0.001

0.004

72

Kz-
103

0.49

17.13

0.1

34.00

0.07

0.12

0.18

0.02

20.11

27.19

0.1

99.51

0.43

30

2.3

Kz-
108

0.40

15.22

0.06

17.48

0.07

0.08

0.13

0.01

59.26

6.72

0.16

99.59

45

0

0.37

Kz-
109

5.02

9.07

0.04

15.62

0.76

0.01

61.62

0.8

99.71

0.007

34

0

41

0.002

0.25

Kz-
300

0.87

29.97

0.10

19.11

0.22

0.12

35.13

13.06

0.5

99.28

0.012

0

Kz-
301

0.77

21.08

0.05

48.34

0.13

0.09

0.25

0.03

17.46

10.88

0.23

99.31

Kz-
302a

1.32

22.20

33.48

0.23

30.31

10.58

0.24

99.37

Kz-
303

18.26

0.04

27.00

0.09

0.10

0.27

0.02

43.24

9.29

0.47

99.83

Kz-
304b

2.62

3.26

0.07

26.83

0.45

0.51

0.02

0.41

0.05

62.22

2.78

0.67

99.89

0.009

Kz-
309

0.26

22.00

0.08

2791

0.04

0.07

99.36

Kz-10

1.54

2.1

0.17

67.23

0.10

0.06

28.1

0.02

0.04

99.98

0

75

0.004

8.8

2.1

3.1

0.15

30.7

0.18

0.02

0.04

0.03

62.34

0.08

0.03

0.05

99.95

0.007

0.001

0

0.004
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Table 3: Results of ICP-MS chemical analyses for rare earth elements (REE) in samples collected from the
metarhyolitic tuff unit and iron ore horizons within the Bardeh-Rash deposit area. Element concentrations are

reported in parts per million (ppm).

Sample
Name

Element
Ce
Eu

LREE

La
Nd
Pr
Sm
Dy
Er
HREE Gd
Tb
Yb

Sample

Ore horizon

Element
Ce
Eu
LREE La
Nd
Pr
Sm
Dy
Er
HREE Gd
Tb

Yb

Kz-01(

27

1.47

11.4

3.04

1.57

2.49

0.49

1.9

Kz-10

I

0.66

7.5

3.1

0.88

12.0

1.48

0.66

1.67

0.28

Kz-04

29

1.46

20

14.1

0.6

Kz-17

11

36

3.29

22

18.1

4.45

6.3

0.7

Kz-08a Kz-11 Kz-13b
Pemrl
ppm
85 29 163
1.95 0.66 478
46 18 85
35 11.8 61.1
9.1 347 16.5
757 1.4 16.43
351 2.73 4.11
1.93 1.49 2.23
443 248 6.69
0.69 0.46 1.09
22 2.1 1.9
KZ-103 Kz-108 Kz-109
1l I Il
ppm
0.66 14 40
6.98 6.2 9.05
2 6 26
0.9 48 20.6
0.44 1.33 4.98
9.85 9.51 15.79
0.44 0.49 1.6
0.08 0.13 0.72
1.15 1.46 2.84
0.1 0.1 0.38
0.1 0.1 0.5
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Fig. 10: a: Geochemical classification and nomenclature of volcanic rocks based on the Total Alkali vs. Silica
(TAS) diagram (Le Bas et al, 1986); b: Position of metarhyolitic tuff samples on the A/CNK vs. A/NK diagram

(Shand, 1943).
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Fig. 11: a: Position of samples collected from volcanic units (metarhyolitic) plotted on the ternary diagram FeOT—
MgO-Al,O3 (Pearce et al, 1977); b: Sample distribution on the Nb/Yb vs. Th/Yb discrimination diagram (Pearce,

2008).
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Fig. 13: a: Chondrite-normalized trace element distribution diagram (Thompson, 1982) for samples collected from
the volcanic (metarhyolitic) units hosting mineralization in the Bardeh-Rash area; b: Chondrite-normalized rare
earth element (REE) patterns (Boynton, 1984) for samples from the volcanic (metarhyolitic) units in this area.
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Fig. 14: a: Chondrite-normalized rare earth element (REE) distribution patterns (Boynton, 1984) for iron ore
samples from the Bardeh Rash area; b: Chondrite-normalized REE distribution patterns for both iron ore samples
and the metarhyolitic host rocks of mineralization in this deposit.
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Fig. 15: Schematic illustration of the stages of formation and evolution of iron mineralization in the Bardeh Rash
deposit: a: In the initial stage, a volcano-sedimentary sequence developed in the area, during which stratiform and
lens-shaped iron mineralization formed contemporaneously with the host units; b: Subsequently, orogenic
processes led to folding and regional metamorphism of both the host rocks and the ore body, modifying the
primary texture of the mineralization; c: With increasing metamorphic intensity, deformation was intensified,

resulting in faulting and displacement of rock units; d: Weathering and oxidation of hematite and magnetite led
to the formation of iron hydroxide phases.
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