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The ophiolite sequence of Nain, located in the eastern microplate of
central Iran, consists of harzburgite, dunite, chromitite layers, and
lherzolite, with the primary minerals being olivine, orthopyroxene,
clinopyroxene, and chromite. The studied chromites are classified into
two groups: high chromium (Cr# > 0.6) and high aluminum (Cr# < 0.6,
Al203 = 17.5 wt%). Binary and ternary diagrams indicate that high-
chromium chromites are located in the boninitic field, while high-
aluminum chromites are more commonly associated with abyssal
peridotites and mid-ocean ridge regions. The high Cr# content of the
dunite and chromitite suggests that boninitic magmatism with a high
magnesium content plays a key role in the formation of these rocks. It
appears that high-aluminum harzburgites are derived from a mixture
of boninitic and MORB (mid-ocean ridge basalt) melts. The studied
chromites occupy the peridotite range of the supra-subduction zone
(8SZ), with a tendency toward subduction-zone environments. Based
on the supra-subduction characteristics of the ophiolite, it can be
concluded that aqueous fluids with high oxygen fugacity, derived from
a subducting slab, play a significant role in the evolutionary processes
of the Nain ophiolite. The results of this study indicate that two types
of melts play a role in the formation of the chromite-bearing ophiolitic
assemblage in this region: one is derived from a subduction-zone
origin, and the other from the supra-subduction zone.
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Extended Abstract

Introduction

The ophiolites of Iran represent remnants of
the Tethyan ophiolite belt within the
Anatolian segment of the Alpine-Himalayan
orogenic system. The region under
investigation is located to the north of Nain
and to the west of the Central East Iran
Microplate. Petrographic investigations have
been conducted on peridotites and associated
lithologies from these ophiolitic mélanges
(Rahmani et al., 2007; Pirnia et al., 2010;
Ghazi et al., 2010). Torabi et al. (2017)
examined the hornblendites within the
ophiolitic mélange. Chromite, a refractory
mineral is predominantly found in mantle
peridotites, as well as in ultramafic intrusive
rocks and metamorphic rocks like
serpentinites (Farkas et al., 2013). Chromite is
a useful tool in petrogenetic modeling,
especially for ophiolites that have undergone
extensive alteration, offering insight into the
characteristics of their original magmatic
source (e.g., Mondal et al., 2006; Proenza et
al.,2007; Pal, 2011). The study area is situated
approximately 120 km east of Isfahan, north
of Nain. The dominant geological units in this
region include igneous rocks to the west,
Tertiary sedimentary sequences to the east,
and an ophiolitic mélange in the central zone.
Iranian ophiolites can be categorized into
Paleozoic, Mesozoic, and minor Paleocene
ophiolites. Mesozoic Iranian ophiolites are
further subdivided into five distinct belts
based on geographic distribution and age. Late
Cretaceous ophiolites, such as those in Nain,
Shahr-e-Babak, and Dehshir form the inner
belt of the Zagros ophiolite complex along the
southern margin of the Central Iranian block.
This paper aims to explore the textural,
mineralogical, and geochemical
characteristics of chromite occurrences within
the Nain ophiolite complex, highlighting the
significance of chromite as an indicator in
petrogenetic studies.

Materials and Methods

A total of twenty samples were collected
during a field survey for petrographic analysis
and to assess the mineral chemistry of
chromites within chromitites, dunite, and
harzburgite. Mineralogical examinations were
conducted using an Olympus polarized
transmitted-reflected microscope. For the
mineral chemistry analysis of the chromites,

samples were sent to the Kansaran Binalood
Company Laboratory in Tehran, Iran.
Representative data from these analyses are
presented in Table 1.

Discussion and Results

The mantle section of the Nain ophiolite is
predominantly composed of depleted
harzburgite, dunite, and chromitite, with
minor occurrences of plagioclase lherzolite.
Some peridotites exhibit varying degrees of
serpentinization. Two main serpentinization
stages are identified: static and dynamic. In
microstructural analyses, the transition from
porphyroblasts to mesh textures is commonly
observed, particularly in harzburgite and
dunite. Hydration processes have led to the
formation of lizardite and chrysotile. Lizardite
typically replaces olivine grains in dunite and
harzburgite, often manifesting as mesh or
ghost textures, a characteristic of static
serpentinization. Conversely, chrysotile forms
as veinlets or veins during dynamic
serpentinization. Petrographic studies
indicates that the chromites in the Nain
ophiolite can be divided into two distinct types
based on their occurrence and composition:
magmatic chromites and hydrothermal
coarse-grained chromites. Magmatic
chromites are associated with mineral
assemblages such as chromite, serpentine,
relict olivine and bastite. The second group
consists of chromite, clinopyroxene, garnet +
chlorite  occurring  primarily  within
pyroxenite. The mineral chemistry of
chromites provides significant insights into
mantle-crust interactions, source melting
processes,  crystallization 1in  ophiolitic
environments, and the oxygen fugacity of
magmas (e.g., Arai et al., 2011; Voigt and
Vonder Handt, 2011). The MgO content of
these chromites ranges from 7.93 to 24.50
wt.%, with Cr# and Mg# values generally
exceeding 0.5. These chromites are classified
as Mg-chromite. The chromite samples can be
further categorized into two groups: high-Al
chromites (Cr# <0.6) and high-Cr chromites
(Cr# >0.6). All chromites are situated within
the alpine-type peridotite field. Chromites
from chromitite and dunite bodies show a
distinct composition from those in
harzburgite, suggesting their formation in a
supra-subduction zone environment, likely
influenced by boninitic magmas. The lower
Cr# values observed in harzburgite chromites
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are indicative of a magmatic origin consistent
with mid-ocean ridge basalt processes. The
Cr# versus TiO2 plot further distinguishes
chromites in dunite and chromitite, which
reside in the depleted residual mantle
peridotite field, compared to those in
harzburgite. This supports the hypothesis that
boninitic magmatism played a significant role
in the formation of these rocks. Additionally,
the TiO2 versus Cr203 plot confirms that all
samples fall within the podiform chromitite
field, with the highest Cr# values found in
dunite, chromitite, and harzburgite. This
indicates that melts, which underwent varying
degrees of partial melting, could have passed
through the upper mantle simultaneously or
during different melting intervals. Using the
formula by Hellebrand et al. (2001), the
estimated degree of partial melting in the Nain
ophiolite ranges between approximately 17%
to 22%. High-Cr chromites are attributed to
boninitic magmas, whereas low-Cr chromites
likely originated from a mixture of boninitic
and MORB-like melts.

Conclusions

The chromites in the Nain ophiolite can be
categorized into two distinct groups. The first
group consists of podiform chromites with a
mineral assemblage such as chromite, olivine,
and serpentine, while the second group is
metasomatic in origin, associated with
pyroxenite and  comprising  chromite,
clinopyroxene, and garnet. Mineralogical
analysis indicates that the chromites from the
study area are primarily of high-Cr and high-

Al types. All samples are located within the
alpine-type peridotite field. The elevated Cr#
and low TiO: content in chromites from dunite
and chromitite, along with other geochemical
signatures, support their formation from
boninitic magmas. The composition of the
boninitic parental melt, characterized by high
Cr# values, suggests that these chromites were
generated in an arc setting. Their formation is
attributed to the extensive release of fluids
during partial melting of the lithospheric
mantle. In contrast, chromites from Nain
harzburgites exhibit lower Cr# values and are
plotted within the supra-subduction zone
fields, with a tendency toward a mid-ocean
ridge environment. These chromites are
confined to the depleted residual mantle
peridotite field, implying that they may have
formed from a mixture of boninitic and
MORB-like melts. There are also Al-rich
harzburgite bodies present in the upper
mantle, extending into the crust-mantle
transition zone. The formation of these bodies
likely involved fractional crystallization of
basaltic magma resulting from lherzolite
partial melting. It is proposed that the
concentration of chromite could have been
influenced by the mixing of two distinct
magmas or through water-rock interactions.
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Fig. 1. A) The distribution of various ophiolite units and significant structural units in Iran (Torabi et al., 2017); B) a simplified
geological map of the northern region of Nain (Naderi et al., 2024; adapted from Davoudzadeh, 1972).
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Fig. 2. A) Chromite occurring as inclusions and in contact with pyroxenite; B) Chromite exhibiting a breccia texture within
rhodingitized gabbro; C) A schematic model illustrating typical chromite mineralization associated with a pyroxenite dyke.
Additionally, there are chromite disseminations within dunite envelopes (scale not provided).
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Fig. 3. A) Field photographs of dunite (in bright colors) occurring in a sequence of serpentinized harzburgites associated with
lherzolite; B) Dunite contains chromite in Nain ophiolite.
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Fig. 4. Microscopic photomicrographs: A, B) Replacement of iron oxide in lizardite (pseudomorph), XPL (cross polarized
light), PPL (plane polarized light); C) Elongated and schistose olivine-mesh texture, XPL; D) fresh orthopyroxene with
parallel extinction, XPL; E) bastite (serpentine) with a clinopyroxene hallo around it, XPL;F) Cpx inclusion lamelles as
exsolution texture in orthopyroxene, XPL.
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Fig. 4. G) diallage surrounded by orthopyroxene, XPL; H) Unaltered anhedral chromite in harzburgite, PPL., I)
Schistose pyroxene arrangements in pyroxenite, XPL; J) Chrome Spinels occurs in the interstitial spaces between
pyroxene crystals, PPL; K,L.) chromites within a matrix of deformed pyroxenes, XPL,PPL; M,N) Chromite associated
with garnets along with the breccia texture in chromite, XPL,PPL. (Lz: lizardite, Ol: olivine, Opx: orthopyroxene, Ser:
serpentine, Cpx: clinopyroxene, Chr: chromite, Spl: spinel, Grt: garnet. Abbreviations for names of rock-forming
minerals after Whitney and Evans, 2010).
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Fig. 5. A-C: The compositions of Chromite in ultrabasic rocks plotted on the Xu [100 Mg/(Mg+Fe?*)] versus Xcr [100

Cr/(Cr+Al)] diagram. In panel A, the Alpine-type field is adapted from Irvin (1967), while the high Cr and high Al
regions are based on Zhou and Bai (1992). In panel B, the boninitic field is sourced from Roeder and Reynolds (1991),

and the Alpine-type peridotite field is derived from Dick and Bullen (1984).
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Table 1. Composition of chromite in Nain ultrabasic rocks and Structural formula based on 32 oxygen
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Fig. 6. Tectonic discrimination diagram: A) Variations of TiO2 (Wt%) versus AL2O3 (wt%) for the studied chromites,
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ALO3 (wt. %), where most samples also occupy the supra-subduction zone field. Fields are based on Kamenetsky et al.,

2001. C) Plot of Cr# versus TiO2 (wt%) (Jan and Windley, 1990) for the analyzed chromites, indicating that chromites
from harzburgites formed in a depleted mantle source, while others fall within the boninitic field. Symbols are as shown

in Figure 5.
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Fig. 7. TiO2/ Cr203 content of Nain chromite, highlighting the distinct fields associated with ophiolitic and stratiform

chromitites (Ferrario and Garuti, 1988).
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can be inferred based on the composition of Cr-spinel, as outlined in the study by Arai et al. (2011). The chromites
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field. The labels "'m," "i," and "b'" correspond to MORB chemistries, island arc tholeiite, and boninite chemistries,
respectively. The IBM designation refers to the Izu-Bonin-Mariana system. This information is based on studies by
Pearce et al. (2000) and Arai et al. (2011).
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