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Introduction

Economic chromite deposits are very common in ophiolite belts. These
deposits usually occur in the uppermost horizons of the ophiolite mantle
sequence or within the ultramafic cumulitic rocks at the base of the crustal
sequence (Gonzalez-Jiménez et al., 2014a; Gonzalez-Jiménez et al., 2014b;
Uysal et al., 2018; Arai, 2021).

The largest chromite deposit in Iran lies within the Sorkhband
Ultramafic Complex (Faryab chromite mine). In addition, numerous
peridotite masses are exposed within the Bajgan Complex and the Colored-
mélange Complex, as well as around Rudan, which are host for minor
chromite deposits. In this study, chromite masses from different areas of
the Bajgan Complex and the Colored-mélange Complex in western
Makran were sampled and their field characteristics, petrography and
chemical composition were studied. These data were applied to identify the
nature of the rocks, the petrological changes and the tectono-magmatic
setting as well.

Field Evidence and Petrography

with metamorphic units of the Bajgan Complex. The

The study area located in the south of Kerman southwestern Kahnuj peridotite outcrop with a dunite
Province and the western part of the Makran Zone. The composition covers an area of ov 10 square kilometers.
peridotite outcrops occurred  within the Bajgan The Kuhshah peridotite masses cover an area of over 50
metamorphic complex and around Kahnuj, Kuhshah, square kilometers consisting mainly of dunite and to a
Kuh-e-Sefid, and Rudan. These rocks mainly contain lesser extent harzburgite, pyroxenite and wefrlite.
minor chromite reserves. These peridotite masses occur Dunites exhibit a variety of textures, including
as relatively small to large blocks ranging in size from a porphyroclastic, granoblastic, and mylonitic, reflecting
few meters to several kilometers, often in fault contact varying degrees of deformation and recrystallization.
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Harzburgites consist mainly of olivine (80-85 %Vol),
orthopyroxene (10-15 %Vol), clinopyroxene (less than
2-3 %Vol) and spinel (1-3 %Vol). Harzburgites often
have a porphyroclastic texture, and the effects of plastic
deformation in olivine and orthopyroxene crystals are
visible as wave extinction and kink bands. Chromitites
often occur as irregular lenses or masses within dunite
units. These rocks are mostly massive to semi-massive
and disseminated in texture.

Analytical Methods

Following the mineralogical studies using Polarized
light microscopy, polished thin sections were prepared
from a number of mantle peridotite and chromitite
samples. In order to determine the chemical composition
of chromite minerals, point analysis of minerals was
carried out in the Experimental Laboratory of
Geophysics and  Volcanology, Department of
Seismology and Tectonophysics, INGV, Rome (ltaly).
In this method, the main elemental composition of the
minerals was obtained by Jeol JXA 8200 electron
microprobe (EMP). The analysis conditions included an
accelerating voltage of 15 keV, a sample current of
about 7.5 nA, a counting time of 10s and 5s on the peaks
and background, respectively, and a beam size of 2-3
mm.

Geochemistry

In the dunites, the Al,Os; content of the chromian
spinels varies from 21.89 to 25.26 wt.% and Mg# [Mg/
(Mg + Fe?*)] varies from 0.19 to 0.63 (Table 1), while in
the harzburgite chromian spinels, the Al,Os; and Mg#
contents are higher (AlOs: 43.01 to 48.28 wt.%;
Mg#:0.71 to 0.76). The value of Cr# [Cr/ (Cr + Al)] in
the dunites and harzburgites, varies from 0.50 to 0.75
and 0.24 to 0.30, respectively. In chromitites, the Cr#
content has a relatively wide range, based on which they
are classified into two groups: high-Cr and high-Al
chromitites. The Kutak chromitite has relatively high
amounts of Al,O3 (20.52 to 23.63 wt%), while the Al,O3
content in the Kuhshah, Faryab and colored-mélange
chromitites varies between 245 and 1047 wt%.
Similarly, the Cr,Os content in the Kutak chromitites
varies between 45.96 and 52.26, while it is higher in
other chromitites in the region, it has a higher value and
varies between 60 and 70.93 wt.%. Therefore, Kutak
chromitite with Cr# between 0.57 and 0.63 are in the
high-Al chromitites range, and Kuhshah, Faryab and
colored-mélange chromitites (Cr# between 0.80 and
0.95) are in the high-Cr chromitites group.

Discussion

The chemical composition of chromian spinel is
widely used to determine the origin of magma and also

to determine the tectonic setting of peridotites (Dick and
Bullen, 1984; Kamenetsky et al., 2001). The chromian
spinel in the ophiolitic peridotites and chromitites
studied in the western Makran region shows a relatively
wide range in terms of Cr# content. The high Mg# and
low Cr# content in the chromian spinels of harzburgite
rocks indicate the remnants of a relatively depleted
mantle melt. The Cr# content of the chromian spinels in
dunites and high-Al chromitites can often be explained
by melt-rock reaction and chemical equilibrium with
similar MORB melts, while the Cr# content in high-Cr
chromitites points to the effective role of Mg-rich
magmas or boninitic melts in the melt-rock reaction. The
chemical compositions of chromite as well as the
chemistry of the parental magma calculated using the
Al;Os content and the FeO/MgO ratio indicate that the
genesis of the mantle peridotites of the Bajgan complex
evolved in a supra-subduction environment (SSZ). As
the obtained data of this study display the chemical
diversity of chromites indicates a complex history of
chemical and tectonic evolution, which is related to the
heterogeneity of the mantle origin, different degrees of
partial melting of the host rock, the compositional
diversity of the reacting melts (MORB-like melts to
boninitic melts), the evolution of the tectonic setting
during the initial stages of subduction, and the
development of the fore-arc tectonic environment.

Conclusion

The study of chromite deposits in the Bajgan
complex and colored-mélange complex in western
Makran reveals significant variations in chromian spinel
chemistry, reflecting diverse magmatic and tectonic
processes. High-Al chromitites (e.g., Kutak) suggest
melt-rock reactions with MORB-like melts, while high-
Cr chromitites (e.g., Kuhshah, Faryab) indicate
interaction with boninitic melts in a supra-subduction
zone (SSZ) setting. The chemical diversity of chromites
points to a complex mantle evolution involving
heterogeneous sources, varying degrees of partial
melting, and changing tectonic conditions during
subduction initiation and fore-arc development. These
findings enhance understanding of ophiolite formation
and chromite genesis in the Makran zone.
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Figure 1. A) Distribution map of the ophiolitic massifs in Iran. The location of the study area is shown with a red
box; B) Geological map of the study area, modified from the 1:250,000 scale maps of Minab (Samimi Namin,
1983) and Sabzevaran (Babakhani et al., 1992) and the locations of sampling.
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Figure 3. Microscopic characteristics of peridotites and chromitites from the Bajgan region. A) Vermicular
intergrowth of chromian-spinel and orthopyroxene; B) Anhedral holly-leaf shaped residual chromian-spinel in
mantle harzburgite; C) subhedral chromite grains with rounded shapes and cataclastic fractures in serpentinized
intergranular spaces; D, E) Subhedral to anhedral chromite crystals with semi-massive to disseminated texture in
the context of serpentine crystals; F) Microscopic juxtaposition of chromitite band and fully serpentinized dunite;
G, H) Brecciated fractures and pull-apart texture in a highly deformed massive chromitite (All images are in PPL
except for image G (XPL)).
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Table 1. Microprobe analytical data (in wt.%) and the calculated structural formula (based on 4 oxygens) for the
spinels from dunite (Du), harzburgite (Hz), and chromitite (Chr) in the Kutak (KU), Kuhshah (KSH), Faryab (FB),

and Colored-mélange Complex (CM).

Rock type Du Du Du Du Du Du Hz Hz
Locality KU KU KU KSH KSH KSH FB FB
Sample MKM73 MKM73 MKM73 MKM99 MKM99 MKM99 MKM124 MKM124
Points 105 106 114 67 68 69 226 232

SiO, 0.06 0.00 0.05 0.00 0.00 0.08 0.09 0.00
TiO, 0.12 0.00 0.13 0.18 0.23 0.18 0.04 0.00
Al,O3 23.46 23.03 24.56 24.60 25.26 24.61 46.89 43.01
Cr,04 50.03 49.95 49.07 38.36 37.85 37.94 23.42 27.75
FeO 13.17 14.66 12.82 29.34 28.07 29.56 10.29 12.15
MnO 0.11 0.08 0.18 0.09 0.14 0.01 0.01 0.09
MgO 12.33 11.17 12.51 6.62 8.08 7.28 17.96 16.62
Cao 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NiO 0.00 0.22 0.25 0.00 0.06 0.28 0.31 0.00
Total 99.27 99.11 99.57 99.19 99.70 99.94 99.01 99.62
Si 0.002 0.000 0.001 0.000 0.000 0.003 0.003 0.000
Ti 0.003 0.000 0.003 0.004 0.006 0.004 0.001 0.000
Al 0.847 0.841 0.880 0.926 0.935 0.916 1.508 1.408
Cr 1.212 1.224 1.179 0.969 0.939 0.947 0.505 0.610
Fe®* 0.000 0.000 0.000 0.097 0.115 0.124 0.000 0.000
Fe?* 0.337 0.380 0.326 0.687 0.622 0.657 0.235 0.282
Mn 0.003 0.002 0.005 0.002 0.004 0.000 0.000 0.002
Mg 0.563 0.516 0.567 0.315 0.378 0.343 0.731 0.688
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ni 0.000 0.006 0.006 0.000 0.001 0.007 0.007 0.000
Total 2.966 2.968 2.966 3.000 3.000 3.000 2.990 2.991
Cr# 59 59 57 51 50 51 25 30
Mg# 63 58 63 31 38 34 76 71
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Table 1. Continued.

Rock type Hz Hz Chr Chr Chr Chr Chr Chr
Locality FB FB KU KU KU KSH KSH KSH
Sample MKM124 MKM124 MKMB80 MKM80 MKM80 MKM94 MKM94 MKM94
Points 233 233 6 7 10 152 157 158
SiO, 0.06 0.06 0.08 0.04 0.03 0.02 0.03 0.07
TiO, 0.00 0.00 0.23 0.10 0.21 0.16 0.14 0.19
Al,O, 44.60 44.60 23.47 21.13 22.76 9.21 9.57 10.47
Cr,0; 25.24 25.24 47.33 52.26 47.87 61.82 60.68 61.04
FeO 11.95 11.95 12.55 10.28 12.74 18.96 18.90 17.27
MnO 0.09 0.09 0.13 0.11 0.08 0.08 0.24 0.17
MgO 17.16 17.16 15.20 15.55 16.30 9.50 9.39 9.53
cao 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NiO 0.31 0.31 0.17 0.08 0.00 0.00 0.14 0.30
Total 99.41 99.41 99.16 99.54 99.99 99.75 99.08 99.05
Si 0.002 0.002 0.002 0.001 0.001 0.001 0.001 0.002
Ti 0.000 0.000 0.005 0.002 0.005 0.004 0.003 0.005
Al 1.452 1.452 0.840 0.758 0.806 0.362 0.378 0.410
Cr 0.551 0.551 1.137 1.257 1.137 1.630 1.608 1.604
Fed* 0.000 0.000 0.007 0.000 0.046 0.000 0.005 0.000
Fe?* 0.276 0.276 0.312 0.262 0.274 0.529 0.525 0.480
Mn 0.002 0.002 0.003 0.003 0.002 0.002 0.007 0.005
Mg 0.707 0.707 0.688 0.705 0.730 0.472 0.469 0.472
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ni 0.007 0.007 0.004 0.002 0.000 0.000 0.004 0.008
Total 2.997 2.997 3.000 2.989 3.000 3.000 3.000 2.986
Cr# 28 28 57 62 59 82 81 80
Mg# 72 72 69 73 73 47 47 50
Aalol ) Jgo

Table 1. Continued.

Rock type Chr Chr Chr Chr Chr Chr
Locality FB FB FB CM CM CM
Sample MKM127 MKM127 MKM127 MKM148 MKM148 MKM148
Points 18 19 20 30 31 33

Sio, 0.00 0.01 0.03 0.00 0.01 0.02
TiO, 0.15 0.16 0.08 0.10 0.08 0.10
AlL,O, 10.08 9.83 9.71 8.96 9.30 9.27
Cr,0; 61.68 62.13 62.78 63.73 63.66 62.49
FeO 12.41 11.89 12.35 11.71 12.17 12.97
MnO 0.13 0.05 0.09 0.17 0.17 0.11
MgO 14.83 14.94 14.65 14.33 14.32 14.45
cao 0.00 0.00 0.00 0.00 0.00 0.00
NiO 0.00 0.00 0.08 0.17 0.00 0.00
Total 99.28 99.01 99.77 99.17 99.71 99.42
Si 0.000 0.000 0.001 0.000 0.000 0.001
Ti 0.004 0.004 0.002 0.002 0.002 0.002
Al 0.382 0.373 0.367 0.343 0.353 0.353
Cr 1.567 1.583 1.593 1.635 1.623 1.595
Fe3* 0.044 0.035 0.034 0.017 0.019 0.046
Fe2t 0.290 0.285 0.297 0.300 0.309 0.305
Mn 0.004 0.001 0.003 0.005 0.005 0.003
Mg 0.710 0.718 0.701 0.693 0.688 0.696
Ca 0.000 0.000 0.000 0.000 0.000 0.000
Ni 0.000 0.000 0.002 0.004 0.000 0.000
Total 3.000 3.000 3.000 3.000 3.000 3.000
Cr# 80 81 81 83 82 82

Mg# 71 72 70 70 69 70
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complex (Zhu and Zhu, 2020).
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