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Iron mineralization has occurred in Larak Island, located 30 km south of
Bandar Abbas, within the Persian Gulf, in the Zagros structural zone.
Stratigraphically, Larak Island dominantly consists of the Late
Proterozoic Hormuz volcanic-sedimentary series, including rhyolitic
lava and tuff, shale, and evaporative sediments. Iron mineralization has
occurred in a specific stratigraphic horizon within the volcanic-
sedimentary sequence. The orebodies involve four ore facies from
bottom to top: vein-veinlets, brecciated, massive, and banded. The ore
minerals are dominated by magnetite, oligiste, and secondary hematite,
goethite and limonite, associated with gangue minerals such as apatite,
calcite, quartz, and anhydrite. Wall rock alterations in this area include
silicic-sericitic, carbonatic, chloritic, and secondary argillic. The
samples obtained from iron ores in the geochemical diagrams including
the Fe/Ti versus Al/(Al+Fe+Mn+Na+K+Ca) diagram and Mg versus
V/Ti diagram, were plotted in the range of Banded Iron Formation (BIF)
deposits. Due to the volcanic-sedimentary nature of the host sequence,
lack of observation of glacial sediments, ore facies, ore textures,
structures and mineralogy, alteration and geochemical features, the iron
mineralization in Larak Island shows the most similarities with the
Algoma-type BIF deposits.
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EXTENDED ABSTRACT

Introduction

The study area is located in Hormozgan province and
southeast of Qeshm Island, on Larak Island. Based
on structural-geological divisions of Iran, Larak
Island is located in the southeastern part of the
Zagros zone (Figure 1). The major rock outcrops of
the region are part of the Hormuz Formation (HF),
which is a collection of evaporites, volcanic,
pyroclastic, and sedimentary units related to the
Precambrian. According to Aghanabati (2004), at the
southeastern part of the Zagros, especially in the area
between Kazeroon and Minab faults, following the
extensional phases of Katanga orogeny, evaporitic
basins have been formed accompanied by igneous
activities related to Katangan orogenic phase. Age
measurements done by Ramezani and Tucker (2003)
show that the igneous rocks of HF dates back to Early
Cambrian. The HF rock units were exhumed as salt
domes in southern lran. The distribution of salt
domes in the south of Iran is not uniform. They are
gathered in two areas: One is Bandar Abbas-
Sarvestan, including 101 domes and diapers, and the
other is the southern part of Kazeroon, including only
14 domes and diapers. The total of 115 salt domes
host reserves of salt, gypsum, potash, uranium,
phosphate and iron (often hematite and in the form
of red soil). Larak Island is one of the salt domes in
southern Iran that has been less studied in terms of
mineralization. The type and manner of formation of
Larak Island rocks are very similar to those of
Hormuz Island. Acidic magmatic activities in Larak
Island and other salt domes in southern Iran are the
result of melting of the upper crust by a magma
derived from the upper mantle. Based on recent
research, the iron mineralization in the Hormuz
Formation is introduced as Rapitan-type Banded Iron
Formation (Atapour and Aftabi, 2017). Moreover,
the origin of iron and copper ores within the Hormuz
volcano-sedimentary sequence in the Zendan salt
dome located in Bandar Lengeh is inferred to be
related to VMS type mineralization (see Biabangard
et al., 2018). The Tang-e-Zagh Fe deposit in Bandar
Abbas has been introduced as sedimentary-type
(Tavakoli et al., 2014), and a sedimentary and
magmatic-hydrothermal origin has been proposed
for the genesis of iron and iron-apatite ores of
Hormuz Island (Fakhri Dodoei and Alipour Asl,
2020). This study tries to introduce the evidence for

genesis of iron-apatite mineralization in Larak Island
of Persian Gulf.

Materials and methods

Various sedimentary and igneous rock samples were
taken from Larak Island. About 10 thin sections were
prepared and petrographic examinations were
performed on them. Moreover, 3 polished sections
and 10 thin-polished sections were prepared and
studied for mineralization, mineral structures and
textures, paragenesis sequence of minerals, and
distribution of ore minerals by reflecting microscope.
Four samples from alteration zones were selected
and studied by X-ray diffraction (XRD) method, and
10 samples of ores were analyzed to determine the
amount of major and trace elements by ICP-OES/MS
methods in the laboratory of Iran's Minerals
Procurement and Production Company (IMPASCO).

Results and discussion

The Hormuz series is the major host of iron
mineralization in Larak Island. The main rock
outcrops of the study area belong to the Late
Precambrian-Lower Paleozoic Hormuz Formation,
involving rhyolite and rhyodacite lavas, rhyolite tuff,
tuffaceous shale, sandstone, marl, sandy limestone,
and evaporitic layers. The HF rock units are covered
by Cenozoic sequences consisting of sandstone,
marl, and fossiliferous limestone. From bottom to top
the HF sequence involves four major rock units
(Faramarzi et al., 2015): H1 includes marl and
limestone, H2 includes tuff, rhyolite, trachyte,
diabase, anhydrite, and limestone, H3 includes algal
black limestone, and H4 includes sandstone and tuff.
The stratabound and stratiform iron mineralization
occurred within specific stratigraphic horizons in the
H2 unit, as lenticular and layered orebodies underlain
by vein-veinlet and brecciated ores hosted by tuff and
lavas. The major ore facies involve vein-veinlets
(stringer), brecciated, massive, and banded. The ore
minerals are dominated by oligiste (hematite),
magnetite, and secondary goethite, and limonite. The
main gangue minerals are calcite, quartz, and clay
minerals. Wall rock alterations in this area generally
include sericitic, chloritic, carbonatic, and secondary
argillic. The geochemical nature of the volcanic
rocks of the region varies from calc-alkaline series to
high-grade calc-alkaline and shoshonitic. To classify
the ores, in addition to geological and mineralogical
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studies, geochemical behavior of major and trace
elements can be used (Dill, 2010). For this purpose,
geochemical charts based on the elements of iron,
titanium, aluminum, manganese, sodium, potassium,
calcium, magnesium, and vanadium were used. The
samples obtained from iron ores in the geochemical
diagrams including the Fe/Ti Versus
Al/(Al+Fe+Mn+Na+K+Ca) diagram (Bostrém,
1975) and Mg versus V/Ti diagram (Nystrom and
Henriquez, 1994), were plotted in the range of
Banded Iron Formation deposits. Various features of
the iron mineralization in Larak Island, including
tectonic setting, volcanic host and associated rock-
types, geometry of orebodies, different ore facies
(from Dbottom to top including vein-veinlets,
brecciated, massive and banded-laminated), ore
mineralogy, alteration zones and geochemistry of
ores showed that the mineralization is very similar to

the Algoma-type BIF deposits (e.g., Gross, 1996;
Taner and Chemam, 2015).

Conclusion

The features of iron mineralization in Larak Island,
involving tectonic setting, host and associated rock-
types, geometry of orebodies, different ore facies
(from bottom to top including vein-veinlets,
brecciated, massive, and banded-laminated), ore
mineralogy, alteration zones, and geochemistry of
ores show that the mineralization is very similar to
the Algoma-type Banded Iron Formation deposits,
formed due to seafloor exhalations and subsea-floor
replacement of the host rocks at Late Proterozoic-
Early Paleozoic time. Due to diagenesis, rare
amounts of iron oxides were remobilized and
deposited within the overlaying young Asmari-
Jahrom limestone units.
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View of marl and limestone units of Mishan Formation in Larak Island
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Fig. 5. A: image of a hand sample of a diabase unit undergoing chlorite alteration with oligiste veins on Lark Island, B:
XPL image of the diabase unit, which plagioclase and pyroxene minerals have altered to chlorite, C: Hand specimen of
the sericitic altered rhyolite, and D: Microscopic image of the rhyolite unit in which plagioclase has undergone sericitic
alteration. Abbreviations after Whitney and Evans (2010) (Chl: Chlorite, Px: Pyroxene, Pl Plagioclase, Ser: Sericite).
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Fig. 6. A: Field image of rhyolite tuff unit and its above iron oxides part on Lark Island, B: Microscopic image of the tuff
unit dominantly composed of quartz crystals, C: Hand specimen sample of the Fossiliferous Asmari-Jahrom limestone
unit, and D: Microscopic image of limestone from the Asmari-Jahrom Formation containing Numulite fossils.
Abbreviations after Whitney and Evans (2010) (Qz: quartz).
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Fig. 7. A: Field image of stringer and breccia ore in the footwall rhyolite unit with sericite alteration on Lark Island, B
and C: image of iron oxide vein in footwall rhyolitic tuff unit, D: microscopic image of magnetite vein in rhyolite unit,
E: Microscopic image of bladed magnetite and secondary goethite with colloform texture in stringer ore, F: Hand
specimen image of brecciated ore, G: Microscopic image of the brecciated ore in which magnetite and apatite minerals
are observed, H: Microscopic (crossed light) image showing accompanying magnetite and apatite with quartz crystals
within the stringer ore, and I: inclusions of pyrite within apatite. Abbreviations after Whitney and Evans (2010) (Qz:
Quartz, Ap: Apatite, Mag: Magnetite, Py: Pyrite).
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Fig. 8. A: Field image of massive iron facies in the footwall dacite and rhyolite units on Lark Island, B: Hand specimen
of massive facies dominated by oligiste, C: Microscopic image of the oligiste minerals with stockwork microtexture in
massive part, D: Field image of banded facies, E: Hand specimen of banded ore, iron were remobilized due to diagenesis,
F: Diagenetic iron mineralization hosted by Asmari-Jahrom limestone unit above the banded and massive facies of the
Hormuz series, G: The magnetite mineral in the banded iron facies converted to hematite and martite with bird's eye

texture, H and I: Microphotograph of oligiste in the laminae texture within the rhyolitic tuff unit. Abbreviations after
Whitney and Evans (2010) (Oli: Oligiste, Hem: Hematite, Mag: Magnetite).
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Zn(ppm)

@"}

(

\“’ & w“'}

Mn(ppm)

12000
10000
8000
6000
4000
2000

&
&°
S

& &
4“‘ &
ES XF

&
2

Cu(ppm)

&

&
Q &

,e

\s&

&
& o
& & \\

ﬁ\lb \&95 $\o‘1

(g $

bo
Q»“b&

<
X
&

& &
§ S
O &

\

é‘ w\@

V(ppm)
70
60
50
40
30
20
o i l
0
&5 e} \z,b s & .~:° ~~\° 4-'74 \‘- b@ % s
& &7 & “‘ Ca & & i~ X
&8 r__;~° &45, & ®§ @fb <F <F
Pb(ppm)
920
75
60
as
; l -I
15
, B ® s ' [
& < & o & &
& & N & R o & S
o 7 D & & ‘c ) o) S N
'<‘°é > é“b\y ra‘"’\ @‘5§\ ‘b*é &9“ ‘ﬁ’\ﬂ r.bb cbg‘
E S G G SR
Fe(%)
8
7
6
5
4
3
2
1
0
&
c.‘ e} e,b ».\“ -.\° ° -3‘ -~\° & e
& ¥ 0@‘ F & & & & szb abb
aeéo@\@@\b\b@@

éf)yaj._"j'g-):L;)‘}J}Lg‘aéjcu’.ﬁaﬁLjilij‘l.mlsha‘)lmﬁ-)):ﬂt&Q‘miu'.“ ‘p
Fig. 11. Elements variations in stringer, brecciated, massive and banded ore facies in Larak Island
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Fig. 12. Elements variations in stringer, brecciated, massive and banded ore facies in Larak Island
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Fig. 13. Genetic model of iron mineralization in the Larak Island: intruding subvolcanic intrusions into the subsea floor
volcano-sedimentary rocks through synvolcanism-synsedimentary normal faults, caused activation of submarine
hydrothermal systems, in which saline seawater was heated by going into the footwall rocks close to diabase sill, in the
form of convective currents, then leached Cu, Zn, Mn, Pb, Ni, Fe and other elements from the footwall rocks, and entered

them into the oxic basin through the faults, which resulted in mineral deposition simultaneously with volcanic/pyroclastic
sedimentation, as massive and banded in the seafloor and vein-veinlets and brecciated in the sub-seafloor rocks.
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Table 1. Comparison of characteristics of iron mineralization in the Larak Island with features of the different types of

Banded Iron Formations

speciﬁ::’;tions Rapitan Superior Algoma Larak Island (lran)
Rift basins located on
Intercontinental rift the active margin of the
basins in the early Active continental continent of
Archean

margins or within the

stages of rifting and
forland basin

under glacial
conditions

Tectonic setting

Gondwana,
extensional back-arc or
retroarc setting
(Faramarzi et al., 2015)

Greenstone belts

Sequences related to
shallow marine
environments on the
continental margin,

Stable continental
conditions at the

Shallow
continental shelf

waters, shallow Shallow marine

Environment of . . .
o time of the . . and isolated environment,
deposition . active continental . . .
expansion of global marains. foreland basins evaporative evaporative basin
glaciers gIns, . basins, intra-
adjacent to continental craton basins
collision environments
Magmatic Basalt Absence /or rare igneous Basalt and Rhyolite, dacite and
activity rock rhyolite gabbro
Collection of
volcanic,
Glacial rocks . . _volcanlc- Rhyolite, dacitic tuff,
o Quartzite, marine shale,  sedimentary rocks .
Country rock (diamictite), carbonate rocks, maficto  including basalt rhyolite, tuffaceous
y dolomite, ’ INg basall, - hale, marl, sandstone
andesite, dacite,

. felsic volcanic rocks
limestone, chart

rhyolite, and evaporites

greywacke and
graphite shale

Neoproterozoic and

Late Proterozoic Archean

Age

Archean, Early
Proterozoic to
present

Late Proterozoic (558 £
7 Ma.)

Layered, banded,

Massive, banded,

Ore textures and vein- veinlet, Layered, banded Layered, banded brecciated, vein -
structures .
replacement veinlet
Magnetite, Magnetite, Hematite. oligiste
. hematite, pyrite, Hematite, magnetite and hematite and [1te, OIGISTE,
Ore minerals . . magnetite, pyrite and
chalcopyrite and pyrite small amounts of -
. A . apatite
pyrrhotite siderite, apatite
. Quiartz, calcite, sericite,
Gangue minerals Quartz_, ch_Iorlte, Quartz Quartz chlorite, anhydrite,
actinolite .
gypsum and halite
. Early Proterozoic
Northwest Brazil: Wabush Lake example: Wadi
Examples Lo area, - .
Territories, Canada ] . Sawawin, Saudi
Canada: Lake Superior .
Arabia
References Young, 1976, Hou et al., 2019 Gourcze(;%et al., Present research

Bekker et al., 2010
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Table 2. Comparison of the main features of iron mineralization in the Larak Island with some Algoma-type Banded Iron
Formations in the world

Ore
specifications

Abitibi (Canada)

Tianhu (China)

Yishui County
(China)

Larak Island (Iran)

Tectonic setting

Continental rift
environments,
continental margin

Continental rift
environments,
continental margin arcs

Continental rift
environments,
continental margin

Rift basins located on
the active margin of
the continent of

arcs arcs Gondwana
) Submarine Submarine volcanism Submarine Submarine
Environment of volcanism- - volcanism- volcanism-

deposition

hydrothermal systems

hydrothermal systems

hydrothermal systems

hydrothermal systems

Country rock

Metasedimentary
rocks and
intermediate -to
mafic volcanic rocks,
including floods and
dykes with a
combination of
porphyry andesite
and greywacke

Gneiss, amphibolite,
schist and quartz schist

Amphibolite,
migmatites, granite,
gneiss and schist

Rhyolite, dacitic tuff,
rhyolite, tuffaceous
shale, marl, sandstone
and evaporites

Age

Archean

Neoproterozoic

Archean

Neoproterozoic (558
+7Ma)

Ore textures and

Banded, disseminated

Banded, massive,

Layered, banded,

Banded, massive
brecciated, vein-

structures disseminated vein-veinlets -
veinlets
Vet e M PTE emate ol
Ore minerals Magnetite, hematite pynte, pyrte, magnetite, pyrite and

arsenopyrite, pyrhotite,
sphalerite, ilmenite

arsenopyrite,
pyhrotite, hematite

apatite

Gangue minerals

Quartz, jasper,
feldspar, biotite,
albite, epidote

Amphibole, talc,
serpentine, forsterite,
garnet, apatite, quartz,

Quartz, amphibole,
plagioclase, biotite,

Quiartz, calcite,
muscovite, anhydrite,

chlorite, apatite dolomite, chlorlte, apatite gypsum and halite
tremolite
References Taner and Cheman, Yuetal., 2018 Moon et al., 2017 Present research

2015
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1. Banded Iron Formation (BIF)
2. Volcanogenic massive sulfide (VMS)
3. X-ray diffraction (XRD)

4. Inductivity coupled plasma- mass spectrometry (ICP-MS)
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5. Inductivity coupled plasma- optical emission spectrometry (ICP-OES)
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