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Abstract

The mantle peridotites of the Hadji-Abad ultramafic complex in Hormozgan province, show some
petrological evolutions of the upper mantle of southern Iran. The complex includes harzburgite,
lherzolite, dunite and chromitite. Evidences such as different generations of minerals, lobate
boundaries between grains, elongation of cr-spinels and pyroxenes, incongruent melting related
textures and exsolution lamellae of clinopyroxene in orthopyroxene show that the rocks in this
peridotites have past a complex petrological history. The chemical composition of chromites in the
Hadji Abad dunites and chromitites is similar to that of boninite melts, while, the mineral chemistry of
the harzburgitic and lherzolitic show that the host peridotites belong to the upper mantle and have been
depleted from incompatible elements due to 15 to 20 percent partial melting. Geo-thermometric
calculations reveal that the studied peridotites equilibriated in upper mantle and spinel-peridotite
stability field. Using tectonomagmatic discrimination diagrams shows that the Hadji-Abad ultramafic
complex is part of an oceanic lithosphere above suprasubduction zone which has undegone partial
melting, high temperature deformations and mantle metasomatism processes associated with this
environment. These evidences along with the geological and tectonic setting of the Hadji Abad
complex adjacent to the Zagros thrust indicate that the complex probably was created in a
suprasubduction zone oceanic mantle section and then tectonically emplaced as part of Esfandagheh-
Hadji-Abad mélange in the current situation during the upper Cretaceous. This information confirm
the dependence of the Esfandagheh-Hadji-Abad ophiolite mélange on the Neotethyan oceanic
lithosphere in southern Iran.
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petrological data of upper mantle peridotites in these

Introduction complexes are of particular importance to evaluate
Various studies show that ophiolite complexes form processes affecting their formation and determining the
in different geo-tectonic settings [1]. Mineralogical and geo-tectonic setting of ophiolite complexes [2, 3, 4].
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Besides, different studies demonstrated that the
formation of chromite deposits and related ultramafics
are strongly controlled by tectonic setting [5]. Recently,
several petrological investigations of ophiolitic
complexes (Sikhoran, Soghan, Abdasht, Dehshikh) on
the South-eastern Zagros ophiolites and associated
Esfandagheh-Hadji-Abad coloured mélange which is
also included in this study have been done and show
that they belong to the suprasubduction zone setting [6,
7, 8,9, 10], however, no detailed petrological study has
been performed on the Hadji-Abad complex. So, in the
present work, we have studied this complex in order to
complement petrological studies on Esfandagheh-Hadji-
Abad coloured mélange ultramafic complexes. The aims
of this paper are, 1) description of field and
petrographical characteristics of the Hadji-Abad
peridotites. 2) presentation of chemical characteristics
of minerals and the host rocks and 3) using these tools
for understanding petrological evolutions of the
complex.

Materials and Methods

Although systematic sampling of ultramafic units
was difficult due to the effect of tectonic phases in the
region and advanced alterations affecting these rocks,
but attempts were done to select the appropriate samples
of peridotitic rock types with the least alteration effects
and close genetic linkages. After preparing microscopic
thin sections and performing petrographic studies, in
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order to determine the chemical composition of
minerals and to calculate their structural formula,
several polish-thin sections from the Hadji-Abad
harzburgites, lherzolites, dunites and chromitites
prepared and then, 227 point analyses were performed
on olivine, orthopyroxene, clinopyroxene and chromium
spinels of the studied rocks. The sample names and their
locations are shown in the Figure 1. The JEOL-JXA-
8600M electron microprobe analyzer with 15-KV
accelerator voltage and 2x10 ® Amp rays was used in
the Department of Earth and Environmental Sciences at
the University of Yamagata, Japan for analytical
purposes. Then, the construction formula of minerals
was calculated by using the obtained results. According
to the results of microprocessor-based and oxygen-
based analyses, the ideal minerals formula was obtained
by specialized software. Despite the fact that ultramafic
rock samples of the region were depleted of
incompatible elements, the amount of these elements in
rocks is mostly lower than the detection limit of the
device.

Results

Geological setting

Iranian ophiolitic complexes comprise parts of the
Middle East ophiolite belt that is connected to the other
Asian ophiolites, such as Pakistan in the east, and
Mediterranean ophiolites, including those located in
Turkey, Greece and eastern Europe in the west [11].
The Hadji Abad complex is a part of Zagros thrust
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Figure 1. (a) Position of the Hadji-Abad ultramafic complex among other Iranian ophiolites. (b) Geological map of Hadji-Abad

region adapted from the map of the 1: 100000 Orzueiyeh [16].
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ophiolite belt and is located at the northern edge of the
Zagros thrust adjacent to the south-eastern part of the
Sanandaj-Sirjan zone (south of Iran). In this area,
several ophiolitic complexes such as Abdasht, Soghan,
Deh Sheikh and Sheikh Ali form an ophiolitic belt
called Esfandagheh-Hadji Abad coloured melange belt
[12]. The Zagros thrust ophiolite belt itself forms the
central part of the Tethyan ophiolite belt with a length
of more than 3000 km, extending from Cyprus to Oman.
It connects the alpine ophiolites to the Himalayas [13].
According to McCall, [14], this area is part of the
southern margin of the Sanandaj-Sirjan/ Bajgan-Durkan
section, separated from the Neyriz Ophiolites(Fig. 1. a).
Shahabpour [15] regards this ophiolitic melange as a
part of the Neyriz ophiolitic melange which is located
on the south-east edge of the Zagros thrust zone.

The Hadji-Abad Ultramafic Complex covers an
approximate area of 8 km” as a massive block with a
northeast-southwest extension and forms part of the
Esfandagheh-Hadji-Abad ophiolitic melange with the
Triassic age [16]. The studied area has an imbricated
structure in which the thrust faults are totally extended
from the northeast and north to southwest and south. In
the studied area, there are different rock units. In the
south and southwestern part, salt Hormoz Formation

Peridotites|

(Precambrian-Cambrian), Jahrom Formation dolomitic
limestones (Mid-Eocene), fossilized limestone-marl
layers of Mishan Formation (Lower-Middle Miocene)
and Bakhtiari conglomerate (Pliocene) occur. As
illustrated in Figure 1, the major parts of the study area
covered by ophiolitic units. Triassic ultramafics which
are investigated in the present work, occur in the central
parts, small outcrops of middle Jurassic plagiogranites
are located in the east, basalts and basaltic-andesite lava
flows along with the limestones are found in the north-
west, the Cretaceous orbitolina bearing limestones and
sandstones occur in the northwest, fleysch type
sediments in the northeast and the Upper Cretaceous
acidic volcanic rocks are seen in the north. Besides,
there are some outcrops of Lower Cretaceous undivided
coloured melange parts (CM) in the cental and northern
parts of the area [16], (Fig. 1. b).

The lithological units and Field relations

In general, in the Hadji-Abad region, ophiolitic rocks
include mantle and crustal units. In the mantle part, a
variety of ultramafic rocks (such as dunite, harzburgites
and lherzolites) could be found; while in the crustal part,
pillow lavas, pelagic limestone and a small portion of
acidic volcanic rocks occur (Fig. 2. a). Since this paper
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Figure 2. (a) General view of the Hadji-Abad Ophiolite.(b) Coarse-grainsed shiny orthopyroxenes on the surface of the
harzburgites.(c) Sharp contact of dunites and lherzolites in Hadji Abad complex.(d) Lentiform dunites hosted by the
harzburgites the studied complex.(e) Chromitite layer with a massive to dessimanted texture in the dunites.(f) Displacement of

chromitite layer by faulting.
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focuses on the mineral chemistry of the ultramafics
(dunite, harzburgites and lherzolites), only these rocks
are studied. According to field studies, the ultramafic
part of the Hadji-Abad complex includes the
harzburgite, lherzolite, dunite and chromitite. Reddish-
brown coloured harzburgites, make up the large part of
the complex and form a discontinuous and irregular
layering with the dunites and lherzolites. The
harzburgites mainly composed of olivine which is not
recognizable in the field, but the pyroxene grains are
more prominent because of their higher resistance and
their shiny appearance. The orthopyroxene crystals with
up to 1 cm in diameter show smooth and brilliant
surface ([Fig. 2. b) and sometimes reveal a clear
preferential orientation. Spinels in these rocks are
observed as small and scattered crystals that sometimes
show stretch eclongation and lineation. Field
characteristics of yellow to orange-coloured lherzolites
are similar to those of the harzburgites, but they are
more fine-grained. This unit is invaded by magnesite
veins and shows a weak layering in which the
lherzolites are alternatively placed alongside the dunites
with faulted contacts (Fig. 2. c¢). Hadji-Abad yellow
coloured dunites are found both in the form of
discontinuous layers (up to 10 meters in length and 2
meters in thickness) and in the form of irregular masses
up to 1 meter in diameter. These rocks host the
chromitites of the Hadji-Abad complex and a lot of
faults and fractures are developed in them in different
directions (Fig. 2 d). Chrome Spinel is found as very
small grains in most lithological units such as the
harzburgites, lherzolites and dunites, however, in
chromitites, chrome-spinel along with olivine, is
considered as the main mineral of the rock units. In the
Hadji-Abad complex, chromitites occur as two shapes:
the first one is fine-grained and disseminated (0.1 to 2
mm in diameters) crystal set in layers with up to 10 cm
in thickness (for example in the points: 28°21'34.03"N-
\56°4'50.06"E,  28°21'97.03"N-56°4'50.98"E).  The
second one is found as thin layers with a maximum
thickness of 8 c¢cm containing coarse-grained chromite
(more than 5 mm in diameters). This shape of chromitite
occurs as alternative layers with the dunites and in some
places, (for example points: 28°20'39.81"N-
56°1'36.92"E. 28°21'56.98"N-56°4'40.04"E) chromite-
rich layers and olivine bearing chromitite layers with
sharp to gradual contacts (Fig. 2 e-f) occur.

Petrography

Harzburgite: More than 90 vol% of Hadji-Abad
complex is made by the harzburgites and their average
modal compositions are 70-80 vol% olivine, 20-30
vol% orthopyroxene and minor minerals including 1-3
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vol% of clinopyroxene and up to 2 vol% spinel. The
main texture of these rocks is proto-granular to
porphyroclastic and there are different generations of
minerals in them. First generation olivine (Ol1) mainly
shows porphyroclastic texture and mechanical twining.
Moreover, evidence of grain boundary migration can be
observed in these rocks. In this case, boundaries
between these large crystals (up to lcm in diameter) are
curved and irregular due to the dynamic
recrystallization (Fig. 3 a and g). In some cases, these
olivines have been converted into smaller olivine
crystals (second generation, O12) and sometimes show a
stretching and undulatory extinction. Undeformed fine-
grained olivine (OI2) crystals occur around or among
orthopyroxene porphyroclasts. These olivines are found
as fine-grained rocks and penetrate into coarse-grained
orthopyroxene crystals and have created sinusoidal and
irregular boundary around the hosted orthopyroxene
crystals. Third generation fine-grained olivine (OI3) is
located between the large olivines and orthopyroxenes.
They have polygonal shapes with triple junction
boundaries and lack of any deformation features. The
first-generation orthopyroxenes (Opxl) are large
porphyroclasts with up to 1 cm in size and contain
deformational features such as slightly folded, kink
bond, undulatory extinction, clinopyroxene exsolution
lamellae and elongation (Fig. 3. b). Second generation
orthopyroxene (Opx2) crystallized as mosaic textured
crystals with an approximate of 120° triple junctions
without any deformation evidences (Fig. 3. c).
Clinopyroxenes occur as smaller grains and fill the
spaces between orthopyroxene and/or olivine grains,
and as fine exsolution lamellae within the
orthopyroxenes. Spinel is seen in two shapes in the
harzburgites: The first one (Spl) occurs as subhedral to
euhedral coarse- grained grains which have been
crystallized around olivines and orthopyroxenes. This
group contains small olivine and orthopyroxene
inclusions. The second one is found as anhedral crystals
and fill between orthopyroxene and olivine grains.
Lherzolite: The Hadji-Abad mantle lherzolites
contain 65-70 vol% olivine, 15-20 vol% orthopyroxene,
10-14 vol% clinopyroxene and about 1-2 vol% spinel.
Petrographically, the lherzolites are very similar to the
harzburgites and also contain various generations of
olivine, orthopyroxene, clinopyroxene and spinel. The
only difference is that the clinopyroxenes in these
lherzolites, like orthopyroxenes, are seen in two shapes:
The first one (Cpx1) is coarse-grained crystals with up
to 3 mm in size. They exhibit deformation evidences
and show curved boundaries filled by olivine, spinel or
orthopyroxene (Fig. 3. e). The second group (Cpx2) is
anhedral and intergranular grains found around the
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Figure 3. (a) The first-generation olivine of of Hadj-abad harzburgites with mechanical twin (b) The first-generation
orthopyroxenes contain kink band. (¢) Second-generation harzburgitic orthopyroxenes. (d) Second-generation olivines among the
pyroxenses in the studied lherzolites. (e)lherzolitic clinopyroxenes, which crystallized among the other crystals.(f) Two
generations of cr-spinels in the Hadji-Abad lherzolites. (g) Olivine neoblasts within the deformed olivines. (h) Cr-spinel array in

disseminated chromitites.

orthopyroxene crystals without any deformation effects.
In the lherzolites, spinels also occur as two shapes: the
first shape is independent euhedral crystals with up to 1
mm in size which crystallized within the olivines. It
seems that these crystals have not undergone severe
deformation, because they have retained their original
crystalline form. These spinels are dark brown in color
and rarely contain olivine inclusions. The second group
spinels (Sp2) are seen as anhedral grains with up to 3
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mm in size and crystallized between olivine and
clinopyroxene grains (Fig. 3. f). These spinels are light
brown in color and have olivine inclusions.

Dunite: The Hadji-Abad dunites contain more than
97 vol% olivine about 3 wvol% spinel. The original
texture is granular, but mesh texture is also seen in
strongly serpentinized dunites. Olivine can be seen in
two forms; one occurs as large crystal with a maximum
size of 4 mm as anhedral irregular shaped grains which
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are strongly serpentinized in most cases. They represent
a granular texture in dunites. These olivines show
remarkable re-crystallization evidence and grain
boundary migration recrystallization features, so that
their boundaries are irregular and curve and
interdigitated. They display the high-temperature
deformation features. The second type of olivines are
found as fine-grained crystals without any undulatory
extinctions. These could be the result of recrystallization
of deformed olivines in which the boundaries between
the olivines show triple junction with a 120-degree with
a mosaic texture. These crystals are smaller (with a size
of 1 mm) and show no evidence of high-pressure and
temperature deformation and they may have been
formed due to recrystallization of the first olivines in
crustal conditions (Fig. 3. g). The spinel is found as
euhedral to subhedral grains. Their sizes reach up to 0.5
millimeter and is disseminated between the olivines or
at their boundaries. In some dunites, cr-spinel crystals
contain a pull apart cracks and weak lineation. Cr-
spinels in the dunites are darker than the those in the
lherzolites and harzburgites.

Chromitite: Hadji-Abad chromitites contain more
than 75 vol% anhedral to subhedral chromite grains
(with 2 to 4 mm in size) and represent disseminated to
massive texture in which the chromites set in an
serpentinized matrix. Chromite crystals are found at the
boundaries between olivine grains and inside them and

Table 1. Representative analyses of different spinel shapes
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sometimes contain olivine and serpentine inclusions.
They sometimes form massive textures chromitite layers
between the dunites and sometimes as disseminated
crystals in olivines. These types of chromitites do not
display high-temperature deformation evidence; their
grains are relatively undeformed and have not been
stretched (Fig. 3. h). In other word, the textures in these
chromitites are the same as cumulates from the magma,
textures such as disseminated and massive textures
which could have been formed as a result of
crystallization and accumulation of chromite from a
crystallized magma.

Mineral Chemistry

Spinel: Representative chemical analyses of chrome-
spinels from different units of the Hadji-Abad complex
are given in Table 1. In cr-spinels of the Hadji-Abad
harzburgites, Cr# content [100%(Cr/(Cr+Al))] varies
from 44 to 64 and the TiO, content vary from 0.01 to
0.1. The content of AL,O5 in these chromium spinels is
relatively low and varies from 19.12 to 32.15 wt%. In
these minerals, Mg#=[100x(Mg /(Mg+Fe*"))] varies
between 56.70 and 66.15. According to the results of the
microprobe, some variations are observed from the core
to the rim in the cr-spinels. Their centers are richer in
AL O3 and depleted in TiO,, Mg# and Cr#. In the cr-
spinels from lherzolites, there are some variations from
core-to-rim, so that the amounts of AlL,O;, TiO, and

from Hadji-Abad ultramafic complex. (Hz:

Harzburgite, Lz: Lherzolite, Du: Dunite, Chr: Chromitite)
Sampl C-11 C-11  C6 C33 C33 C-1 C-1 C51 C-51 C-15 C-15 A3 C45 C45 C45 cCT
Rock Hz Hz Hz Hz Hz Lz Lz Lz Lz Du Du Du Chr Chr Chr Chr
Mineral sp sp sp sp sp sp sp sp sp Sp Sp Sp Sp Sp Sp Sp

Core Rim Core  Rim Core Rim Core Rim

SiO, 0.67 0.00 000 000 000 000 041 0.00 000 0.00 0.00 0.00 0.50 0.00 0.00 0.00
TiO, 002 0.08 002 006 007 004 002 0.03 007 0.3 0.12 0.12  0.13 006 013 0.23
AL O; 31.37 3099 19.83 2355 2287 31.79 30.10 26.63 2836 20.14 1934 648 785 812 855 9.6l
Cr,0; 36.67 38.00 49.02 4467 4520 39.16 39.75 4221 4086 5224 5231 5848 62.03 61.65 62.07 6145
FeO 1583 1642 1820 17.69 1640 14.02 1517 18.79 1797 1521 18.11 2849 1726 19.78 1728 17.70
MnO 027 0.19 035 025 026 020 030 024 034 026 038 052 034 039 035 029
MgO 1499 1430 12.00 13.69 1388 1551 1566 13.78 1390 14.06 12.78 6.54 11.99 10.67 1230 12.57
CaO 0.06 0.03 0.02 0.01 0.00 0.01 0.05 0.0l 002 0.00 0.02 0.00 0.00 0.02 0.02 0.02
NiO 0.04 0.09 0.01 008 012 0.12 014 008 013 0.06 036 0.02 0.07 002 0.07 0.08
TOTAL 99.92 100.10 99.45 100.00 98.80 100.85 101.60 101.77 101.65 102.10 103.42 100.65 100.17 100.71 100.77 101.94
Cation (Structural Formula on the basis of 32 Oxygen)
Si 0.16 0.00 000 000 0.00 000 010 0.00 000 0.00 0.00 0.00 0.13 000 0.00 0.00
Ti 0.00 0.01 0.00 0.01 0.01  0.01 0.00 0.0l 001 0.02 0.02 0.03 0.03 001 0.03 0.04
Al 8.65 860 587 676 664 8.68 821 744 787 575 5.52 208 243 252 262 289
Cr 6.79 7.07 9.3 860 880 7.17 727 791 7.61 10.00 10.02 12.61 12.86 12.83 12.75 1241
Fe(iii) 024 030 039 063 054 013 033 065 050 020 041 126 040 063 059 0.60
Fe(ii) 286 293 343 298 284 259 260 3.07 304 2.88 3.26 524 338 373 317 318
Mn 005 0.04 007 005 005 004 006 0.05 007 0.05 0.08 0.12 0.08 0.09 0.08 0.06
Mg 523 502 449 497 510 536 540 487 488 5.08 4.62 266 469 419 476 479
Ca 0.02 0.01 0.01 0.00 0.00 0.00 001 0.00 001 0.00 0.01 0.00 0.00 0.01 0.01 0.01
Ni 0.01 0.02 0.00 0.01 0.02 0.02 0.02 001 0.02 001 0.06 0.00 0.01 0.00 0.01 0.01
TOTAL 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00
Fe/Fe+Mg 037 039 046 042 040 034 035 043 042 038 0.44 071 045 051 044 044
Cr# 44.00 45.00 62.00 56.00 57.00 4500 47.00 52.00 49.00 64.00 64.00 86.00 84.00 84.00 83.00 81.09
Mg# 64.69 63.11 56.70 62.55 6421 6745 6747 6129 61.63 63.79 58.64 33.66 58.09 5291 60.06 60.11
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Mg# increase from the cores to the rims, while Cr# is
decreased. In cr-spinels of the lherzolites, Cr# is about
45 to 52. They have lower Cr# values compared with
the harzburgites. The Mg# contents in these cr-spinels
vary from 58.85 to 68.34 which is higher than those in
the harzburgites. The amounts of TiO, in the cr-spinels
of lherzolites reach up to 0.08 and the Al,O; content
varies from 26.42 to 32.59. Compositionally, cr-spinels
from the dunites are more enriched in chromium and
their Cr# content varies from 63 to 86. In these crystals,
the content of Al,O;, Mg# and TiO, change 6.48 to
20.33, 33.66 to 63.79 and 0.08 to 0.25, respectively.
Some of the significant features of cr-spinels from
dunites are the high Cr# content and low Al,O; content.
Their amount of Cr# ranges from 80 to 84, while Al,O;
is lower than other cr-spinels and varies from 7.5 to
10.13%. The Mg# content in these crystals is high and
varies from 47.96 to 62.90. Chromites from chromitites
are more enriched in TiO, than the rest of the peridotites
and varies from 0.06 to 0.35 wt%. The chemical
composition of chromites in Hadji-Abad chromitites in
Cr,0;-TiO, diagram fall in podiform chromitite field
(Fig. 4. a). Besides, all types of chrome-spinels from
Hadji-Abad lithologies exhibit negative correlations in
Cr,0;-A1,0; diagram and plot in the mantle array
spinel field (Fig. 4. b).

Olivine: Olivines are the most abundant minerals in
Hadji-Abad peridotite rocks. The chemical composition
of these minerals is shown in Table 2. The relative
content of Fo [Fo =100x(Mg /(Mg+Fe*")] in the olivines
of harzburgites range from 85.88 to 93.22. In these
minerals, NiO varies from 0.22 to 0.46 and MnO
changes from 0.06 to 0.19, mostly in the range of
mantle arrays. The amount of Fo in olivines of the
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lherzolites range from 90.92 to 92.69, while their NiO
contents vary from 0.38 to 0.46 and MnO content in
these olivines varies from 0.05 to 0.18 which are
approximately the same as olivines of the harzburgites.
The olivines from dunites show a small variation in the
amount of Fo, (92.60 to 93.77). They have the lowest
content of NiO compared to other olivines, (0.02 to
0.46). The MnO content in these olivines also varies
from 0.05 to 0.20. Olivine composition of chromitites
changes with chromite percentages. In addition, the Fo
content in olivines from these rocks varies from 94.43 to
95.87. The more chromite content in the rock, the higher
the content of Fo in the olivines. The NiO content in
these rocks ranges from 0.37 to 0.57 and the olivines
from the chromitites have the highest content of Fo and
NiO compared with the other rocks. In Figure 5.a and b,
most of olivines from the harzburgites and dunites fall
in the field of mantle olivine array.

Orthopyroxene: The chemical compositions of the
studied orthopyroxenes are shown in Table 3. They can
be found in the harzburgites and lherzolites and entirely
fall in enstatite field (Fig. 6. a). The orthopyroxenes of
harzburgites have an En content of 87 to 91 and a Mg#
content of 91.70 to 93.05 and their Al,O; content varies
from 0.02 to 2.63; while the Cr,O; ranges from 0.02 to
2.34. The orthopyroxenes from lherzolites have less
than the En content (86.21 and 90.21); while, their Mg#
and AL,O; vary from 91.54 to 92.53 and from 2.08 to
2.83, respectively which is higher than the harzburgites.
The Cr,05 content in these orthopyroxenes ranges from
0.63 to 0.93 which is less than those of harzburgites. In
Mg-ALO; diagram (Fig. 6. b), most Hadji-Abad
orthopyroxenes are located within the range of high-
pressure pyroxenes.

T T

Harzburgites $3
Lherzolites  {)
Dunites (o]}
Chromitites Y

30 40 50 70

Cr,O4(Wt%)

Figure 4. (a) Variations of Cr,O; vs TiO, in the Hadji-Abad chromitite (quoted from Bonavia et al., [17]). The same symbols are
shown in the following diagrams.(b) Variations of Al,O3 vs Cr,O; in cr-spinels from the Hadji-Abad peridotites. (Fields from

Kepezhinskas, [18]).
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Table 2. Representative chemical analyses of olivines from Hadji-Abad complex

J. Sci. . R. Iran

Sample C11 C-6 C-33 C-1 C-1 C-1 A-3 A-3 A-3 A-3 C-1 C-7 C-45 C-45 C-45 C-45
Rock Hz Hz Hz Lz LZ LZ Du Du Du Du Ch Ch Ch Ch Ch Ch
Mineral Ol ()] Ol Ol Ol Ol Ol Ol Ol Ol ()] Ol Ol Ol Ol 0Ol
SiO, 42.76 42.17 41.63 41.27 41.38 41.46 41.72 41.73 42.00 42.13 42.05 41.95 41.97 42.18 41.30 41.15
TiO, 0.00 0.01 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
ALO; 0.00 0.00 0.00 0.00 0.01 0.00 0.04 0.00 0.01 0.00 0.02 0.00 0.01 0.00 0.00 0.00
Cr,0; 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.01 0.00 0.01 0.01 0.01 0.00 0.03 0.01 0.00
FeO 8.80 6.52 7.75 8.12 7.99 7.70 6.84 6.44 6.32 6.16 4.79 5.13 4.18 4.12 4.57 4.75
MnO 0.17 0.11 0.10 0.05 0.20 0.18 0.15 0.12 0.05 0.06 0.09 0.04 0.11 0.03 0.00 0.08
MgO 49.05 51.12 50.63 51.26 51.46 51.20 52.63 52.58 52.54 52.47 53.79 53.45 54.20 54.04 53.36 54.03
NIO 0.22 0.35 0.40 0.43 0.46 0.42 0.46 0.40 0.38 0.36 0.53 0.53 0.43 0.48 0.37 0.39
CaO 0.01 0.02 0.03 0.00 0.01 0.03 0.04 0.04 0.04 0.10 0.01 0.04 0.01 0.00 0.04 0.07
Total 101.01 10030  100.54 101.13 10151 101.02 10191 101.34 101.34 101.28 101.29 101.16 10091 100.88 99.65  100.47
Cation (Structural Formula on the basis of 4 Oxygen)
Si 1.02 1.01 1.01 0.99 0.99 1.00 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.98
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.25 0.13 0.16 0.16 0.16 0.16 0.14 0.13 0.13 0.12 0.10 0.10 0.08 0.08 0.09 0.10
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 1.74 1.83 1.82 1.84 1.84 1.84 1.87 1.87 1.87 1.86 1.90 1.89 1.92 1.91 1.91 1.93
Ni 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ca 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 3.02 2.99 3.00 3.01 3.01 3.00 3.01 3.01 3.01 3.00 3.00 3.00 3.01 3.00 3.01 3.02
Fo 88.85 93.22 92.00 91.79 91.80 92.05 93.07 93.46 93.64 93.77 95.16 94.85 95.75 9587 9542 9522
Fa 10.98 6.67 7.90 8.16 8.00 7.77 6.78 6.42 6.31 6.17 4.75 5.11 4.14 4.10 4.58 4.70
Clinopyroxene: The chemical compositions of the (0.02 to 0.07) contents are relatively low.

Hadji-Abad clinopyroxenes are presented in Table 4.
They are diopside-type (Fig. 6. a) and their En contents
change from 47.80 to 60.40 while, their Wo and Fs
contents vary from 38.90 to 48.90, and 2.10 to 6,
respectively. In these clinopyroxenes, the Mg# is
relatively high (91 to 98.8); while Al,O; ranges from
1.61 to 3.18. Additionally, Na,O varies from 0.01 to 0.1
and Cr,O; varies from 0.59 to 1.29. In these
clinopyroxenes, the FeO (from 1. 53 to 2.23) and TiO,

Clinopyroxenes from lherzolites have En content
ranging from 48.60 to 53.50, the Wo, Fs and Mg#
content vary from 34.30 to 48.50, 1 to 4.2 and 92.4 to
95.7, respectively. Their Al,O; Na,O and Cr,0;
contents vary from 1.49 to 3.10, 0 to 0 .14 and 0.51 to
1.1, respectively. Plotting of these clinopyroxenes on
the Mg#-Al,O: diagram shows the range of high
pressure clinopyroxenes (Fig. 6. b).
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Figure 5. (a) Variations of Fo vs NiO in the olivines present in different rocks of the study area compared to the mantle olivine
array [19]. Partial melting and fractionation trends (from Ozawa, [20]), ABP=Abyssal peridotites and FAP= Fore arc peridotites
(from Page et al., [21]). (b) Fo vs MnO diagram for the olivines present in different rocks of the study area compared to the

mantle olivine array [19]).
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Table 3. Representative analyses of orthopyroxenes from Hadji-Abad complex.

Sample C11 C-11 C-11  C-11 C-11 _ C-11 C-6 C6 C-33 C-33 C-1 C-1 C-1 C-1 C-1 C-51
Rock Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Lz Lz Lz Lz Lz Lz
Mineral Opx Opx Opx Opx Opx Opx Opx Opx Oox Oox Opx Opx Opx Opx Opx Opx
SiO, 5729 5718 57.02 57.18 5730 57.77 5851 5833 56.79 57776 5653 5681 56.85 5695 57.53 58.05
TiO, 0.03 0.02 2.34 2.18 0.06 0.02 0.03 0.00  0.02 0.00 2.83 239 241 0.03 0.00 212
AL O; 2.63 2.66 0.02 0.03 234 221 1.27 1.40 1.99 1.76 0.00  0.03 0.00  2.38 233 0.03
Cr,0; 0.77 0.72 0.70 0.71 0.65 0.60 0.45 0.61 0.73 0.50 0.84  0.69 10.63 0.64 0.62 0.67
FeO 5.17 5.41 5.00 5.40 5.37 5.34 4.66 5.19 5.06 5.10 5.40 5.23 5.68 5.25 5.14 5.04
MnO 0.13 0.11 0.18 0.15 0.11 0.13 0.16 0.08 0.16 0.18 0.15 0.14 0.15 0.11 0.09  0.12
MgO 3436 3461 3412 3452 33.88 3440 35.04 3511 3419 3477 3387 3395 3455 3458 3470 35.08
CaO 0.86 0.82 1.47 1.04 1.47 1.30 1.54 085 0.74 0.80 2.01 1.57 1.05 1.26 1.49 1.01
Na,O 0.01 0.00 0.00 0.01 0.00 0.00 0.00  0.01 0.00 0.01 0.00  0.00 0.00  0.00 0.00  0.00
K,O 0.00 0.00 0.00 0.00  0.00 0.00 0.00  0.00 0.00 0.00 0.00  0.00 0.00  0.00 0.00  0.00
Total 101.25 101.54 100.85 101.22 101.19 101.76 101.65 101.57 99.68 100.88 101.63 100.81 101.32 101.20 101.90 102.12
Cation (Structural Formula on the basis of 6 Oxygen)
Si 1.94 1.94 1.95 1.95 1.95 1.95 1.98 1.97 1.96 1.97 1.95 1.95 1.95 1.94 1.94 1.96
Ti 0.00 0.00 0.06 0.06  0.00 0.00 0.00  0.00 0.00 0.00 0.00  0.00 0.00  0.00 0.00  0.05
Al 0.11 0.11 0.00 0.00  0.09 0.09 0.05 0.06  0.08 0.07 0.08 0.08 10.08 0.10 0.09  0.00
Cr 0.02 0.02 0.02 0.02 0.02  0.02 0.01 0.02  0.02 0.01 0.02 0.02 10.02 0.02 0.02 0.02
Fet++ 0.15 0.15 0.14 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.14  0.16 0.15 0.15 0.15 0.14
Mn 0.00 0.00 0.01 0.00  0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 10.01 0.00 0.00  0.00
Mg 1.74 1.74 1.74 1.76 1.72 1.72 1.77 1.77 1.76 1.76 1.76 1.75 1.75 1.75 1.75 1.77
Ca 0.03 0.03 0.05 0.04  0.05 0.05 0.06  0.03 0.03 0.03 0.04  0.04 0.04  0.05 0.05 0.04
Na 0.00 0.00 0.00 0.00  0.00 0.00 0.00  0.00 0.00 0.00 0.00  0.00 0.00  0.00 0.00  0.00
K 0.00 0.00 0.00 0.00  0.00 0.00 0.00  0.00 0.00 0.00 0.00  0.00 0.00  0.00 0.00  0.00
Total 3.99 3.99 3.98 3.98 3.99 3.99 4.00 399 399 3.99 4.00 4.00 4.00 4.01 400 398
En 0.90 0.90 0.87 0.88 0.88 0.88 089 090  0.90 090 9021 90.17 89.78 90.60 90.00 87.80
Fs 0.09 0.08 0.11 0.10  0.09 0.09 0.08 0.09  0.09 0.08 792 792 8.14  7.00 720 1030
Wo 0.02 0.02 0.03 0.02 0.03 0.03 0.03 0.02  0.01 0.01 1.87 1.91 2.09 240 2.80 1.80
Mg# 9222 9222 9241 9194 91.83 91.83 92.05 9130 9120 9140 092 0.92 0.92  0.93 0.93 0.90
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Figure 6. (a). The position of a: orthopyroxene and b: clinopyroxenes in the Hadji-Abad peridotites on the EN-Fs-Wo
triangle [22]. (b). Mg# vs Al,O5 diagram for Hadji Abad (al) orthopyroxenes and (a2) clinopyroxenes (High pressure

range from Medaris, [23]).

Discussion

Field studies, petrography, mineralogy and chemical
characteristics of minerals and whole rocks from Hadji-
Abad peridotites revealed that they resemble to those
mantle derived rocks. In order to clarify this complex
history and tectonic setting in which the Hadji-Abad
complex originated, in the following sections we try to
estimate the degree of partial melting, calculate and
estimate temperatures and pressures and detect tectonic
settings as well as petrological evolutions of Hadji-
Abad peridotites.
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Partial melting

The modal composition and chemistry of minerals
found in the mantle peridotites can be an indicator for
the degree of partial melting or depletion of these rocks.
Especially, the chemical composition of clinopyroxene
in peridotites is a good indicator for evaluating partial
melting event. During the partial melting and in
anhydrated conditions, it rapidly melts and disappears.
Modal amounts of clinopyroxene in the Hadji-Abad
peridotites show that from the lherzolites toward the
dunites, the partial melting increases, the amount of
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Table 4. Representative analyses of clinopyroxenes from Hadji-Abad complex.

Sample C-11 C-11 C-11 C-11 C-11 _C-11 C-33 C-33 C-1 C-1 C-1 C1l1 C1 C1 C1 C-51
Rock Hz Hz Hz Hz Hz Hz Hz Hz Lz Lz Lz LZ LZ LZ LZ LZ
Mineral Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx
SiO, 534 536 534 545 548 534 545 54 5339 5389 5372 535 535 536 535 552
TiO, 0.05 008 007 007 006 005 0.06 0.03 0.02 0.03 0.06 002 002 0.09 0 0.02
ALO; 3.18 3 301 299 161 299 209 221 3.05 2.92 310 294 28 281 292 21
Cr,0; .17 1.07 121 112 059 107 08 098 1.06 1.02 1.09 1.03 091 1.03 099 0.76
FeO 214 194 221 193 148 179 153 193 190 2.14 2.31 231 208 225 216 212
MnO 0.06 0.18 0.09 0.03 0.07 008 004 0.11 0.14 0.10 0.05 0.12 011 0.11 0.14 0.05
MgO 172 173 185 187 18 171 175 177 1790 19.04 1893 182 181 182 183 18.6
Ca0O 24 24 228 215 245 246 247 246 2340 2191 2165 228 23 226 223 237
Na20 0.05 006 008 007 004 01 0.01 0.04 0.06 0.08 0.05 0.04 0.05 014 007 0.01
K20 0 0.02 0 0.02 0 0 0 0 0.00 0.01 0.02 0 0 0.03 0 0
Total 101 101 101 101 101 101 101 102 10091 101.14 100.98 101 101 101 100 103
Cation (Structural Formula on the basis of 6 Oxygen)

Si 1.92 192 191 192 196 193 1917 1924 1922 192 193 193 193 195
Ti 0 0 0 0 0 0 0 0 0.001  0.001  0.002 0 0 0 0 0
Al 0.14 013 013 0.13 0.07 013 009 0.09 0129 0.123 0.131 012 0.12 0.2 0.12 0.09
Cr 0.03 003 003 003 002 003 0.02 0.03 0.03 0029 0.031 003 003 003 0.03 0.02
Fe3+ -0 0 0.03  -0.1 -0 0.01 -0 0.02  0.01 0.006 -0.005 0.01 0.01 0.01 -0 -0
Fe2+ 0.07 006 004 0.12 006 0.04 0.07 0.04 0047 0058 0.074 006 005 0.06 0.07 0.07
Mn 0 0.01 0 0 0 0 0 0 0.004  0.003  0.002 0 0 0 0 0
Mg 092 093 098 1 096 092 094 094 0958 1.013 1.01 097 097 097 098 098
Ca 092 092 087 083 094 095 095 094 0.9 0.838  0.83 088 089 087 08 0.9
Na 0 0 0.01  0.01 0 0.01 0 0 0.004  0.006  0.003 0 0 0.01  0.01 0
K 0 0 0 0 0 0 0 0 0 0 0.001 0 0 0 0 0
Total 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
En 48.1 486 519 514 49.1 481 478 49 50.3 53.1 52.8 509 508 512 513 503
Fs 3.7 3.1 2.1 6 2.9 22 3.6 2.1 2.4 3.1 39 32 2.8 3.1 3.7 3.7
Wo 482 484 46 425 479 497 48,6 489 473 439 434 459 464 457 451 46
Mgt 929 941 961 895 943 957 93 959 954 94.6 93.2 94 947 943 933 93.1

clinopyroxene in the rocks is reduced and the amount of
modal olivine gradually increases. In the Hadji-Abad
peridotites, the following evidences also suggest that
these rocks have undergone a partial melting process:
The petrography evidence such as lobate boundaries
between olivine grains, the presence of fine-grained
olivine crystals on the periphery and between the coarse
crystals of orthopyroxene can indicative of incongruent
melting of orthopyroxene as suggested by Page et al.,
[21]. Harzburgitic olivines have high forsterite contents
(88.85 to 93.22) which are apparently seen in the
olivines of the residual mantle. In addition, high
amounts of NiO wt% in this mineral is a good indicator
of partial melting [24]. Clinopyroxenes found in the
Hadji-Abad peridotites are depleted in Al,O; and Cr,0;
with high Mg# values which is an evidence for partial
melting [21]. By comparing these available data with
experimental data from Hirose and Kawamoto, [25], we
found that the chemical composition of cr-spinel from
the Hadji-Abad peridotites represents about 20% partial
melting for the host harzburgites. Hirose and
Kawamoto, [25], by partial melting of a natural
lherzolite at 1 GPa and over the temperatures between
1100-1350 °C showed that in the partially melted
lherzolite, the contents of Al203 and Cr203 of the
studied cr-spinels were 14-34 w% and 36-42 w%
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respectively. These values for cr-spinels of the Hadji-
Abad harzburgites are 22-31 and 36-42 respectively. In
the log (TiO,)-Cr# diagram (Fig. 7 a), the studied
harzburgitic and lherzolitic cr-spinel fall in the field of
depleted peridotites; while the disseminated chromites
in the dunites along with the chromitites, fall in the field
of those chromites which crystallize from the boninitic
melts. In the Cr#-TiO, diagram (Fig. 7 b). the chemical
compositions of these cr-spinels represent the partial
melting of the host rocks. High contents of Cr# in the
Hadji-Abad  chromitites can be evidence of
crystallization from high Mg# boninite melts [28]. The
compositions of the cr-spinels of the dunites also
indicate that the dunites are likely to be formed by the
reaction of the boninite melts with a mantle which has
undergone 15 to 20% partial melting. Both of these
phenomena (15-20%  partial melting and the
performance of the boninite melts and the formation of
chromitite and dunite have been reported in the
suprasubduction zones [29]. Some evidences such as
high Fo contents of the olivines and high Cr# values of
spinels, besides textural features such as lobate
boundaries in the first-generation olivines and
pyroxenes of Hadji-Abad peridotites indicate that the
harzburgite and lherzolites are refractory mantle rocks.
These evidences indicate that at the very high T
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Figure 7. (a) TiO, vs Cr# diagram for cr-spinels from the study area; The boundaries presented by Dick and Bullen [26], (b) Cr#
vs TiO, diagram for cr-spinels of the Hadji-Abad peridotites; (fields from Pearce et al., [27]). (FMM = fertile mantle, IBM = Iso-

bonin Mariana, HZ = Harzburgite, Bon = Boninite).

conditions, first generation of olivines and cr-spinels
crystallized concurrently, then the first generation of
orthopyroxene and then -clinopyroxene have been
crystallized.

Geo-thermo-barometry

Subsolidus phase equilibria are the most common
consequences of deformational events. Hadji-Abad
peridotites have passed deformation phases and such
processes have caused the temperatures obtained for
different rocks of the Hadji-Abad peridotite complex
which are not primarily the initial crystallization
temperatures and, in some cases, the results refer to the
subsolidous phase equilibria temperatures. These
temperatures indicate that the studied rocks have been
re-equilibrated in the crustal conditions after formation
in the upper mantle. Petrographic evidence also
confirms the existence of exsolution lamella within
orthopyroxene and clinopyroxenes, the presence of the
second and third generation of minerals, mosaic
textures, the presence of a triple junction between them
and the presence of olivine neoblasts (012), all testify to
the re-equilibration of these rocks in the crust. The
presence of olivines, orthopyroxene, clinopyroxene and
spinel in the studied peridotites and the presence of
coexisting Orthopyroxene-clinopyroxene as well as
olivine-spinel based on petrographic evidence can be
used for geothemobarometric calculations. Using a
single-clinopyroxene  geo-thermometer [30], the
equilibrium temperature for clinopyroxenes in the
studied harzburgites and lherzolites varies from 750 to
1118 °C by the following equation:

T (°K) £30 = 23166 (x447) + 39.28 (+4.27). P (kbar)/
[13.25 (+0.32) + 15.32 (£2.90). Ti + 4.50 (+0.83). Fe —
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1.55 (£0.29). (Al + Cr — Na) + (Ina.,""™)*]

A ™ =(1-Ca—-Na-K).[l1-1/2 (Al+Cr+Na+
K)]

Using the geo-thermometer of orthopyroxene-
clinopyroxene ([31]; Ca in orthopyroxene) in the
harzburgites and lherzolites, it was found out that the
temperatures range from 936 to 1182 °C by the
following equation:

T 'C=[23664+(24.9+126.3  X™™).Pipar /
13.38+(Ink p)* +11.59 X*"*]-273.15

KD'= (1-Not™ /(1-Nna™))/ (1-Neo™ /(1-Ny™))

On the other hand, the temperature is estimated to be
1182 to 1292 °C using Fe-Mg contents in orthopyroxene
of harzburgites and lherzolites of the Hadji-Abad
complex and the equation [32]:

T'C=(7341/3.355+2.44 . X ™ — In k) -273.15

X Feopx: F62+ / F62+ + Mg2+-

This range of temperature reports by Ionov et al.,
[33] for the Siberain peridotites. The changes in
temperature  estimates seen in Geothermometric
calculations are due to the fact that microprobe electron
analyzes have been performed on different generations
of minerals.

Tectonic environment

Different tectonic settings are introduced for the
formation and emplacement of mantle peridotites. Some
of them are considered as deep peridotites in the ocean
floor basins [34]. This type is often composed of spinel
lherzolites formed by partial melting of 5-15% in
dehydrated conditions, but peridotites related to mantle
areas over the subduction zones are dominated by spinel
harzburgites and dunites which are the result of over
20% of the hydrous partial melting events [35, 5, 36].
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Since Ti content in clinopyroxene reflects the degree of
depletion and partial melting of the source rock and it
also indicates the activity of Ti in the parent magma of
the magmatic rocks [37], it can be concluded that these
types of ultramafic rocks in the ophiolites, have affected
by partial melting, and the Ti contained therein has been
entered into the magma. The main part of the Hadji-
Abad ultramafic is formed by spinel harzburgites and
dunites. Therefore, it is possible for them to form in a
suprasubduction zone. In order to testify this hypothesis,
we used tectonic and mineralogical evidences and
evaluated them for the studied peridotites.

The Zagros ophiolitic belt forms a part of the Tethys
ophiolite belt which extends from Cyprus to Oman. The
formation of these ophiolites is a result of the processes
related to the subduction zone [38, 39, 40, 2, 41]. The
Zagros thrust ophiolite belt divides into two groups of
outer and inner ophiolites. The Esfandagheh-Hadji-
Abad ophiolitic belt which hosts the studied Hadji-Abad
complex, is a part of the outer Zagros ophiolites [42, 15,
12, 43]. There are different views on the formation and
tectonics of the Esfandagheh-Hadji-Abad ophiolite belt:
Shafaii Moghaddam et al., [44] believe that the
ophiolites of this region are the remnants of the
Neothetys oceanic lithosphere in the central Iran which
is formed during the Neothetys subduction in the upper
Cretaceous in the central Iran. Shafahi Moghaddam et
al, [13] argue that the late Cretaceous ophiolites located
in central southern Iran, including the Peri-Arabian
ophiolites and the Zagros ophiolites are derived from
the southern Tethys subduction. Peyghambari et al., [9]
by using various geochemical evidences, believes that
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Deh Sheikh ophiolite complex is part of the oceanic
lithosphere located in the suprasubduction zone. This
complex also forms a part of the Esfandagheh-Hadji-
Abad ophiolite belt. Ahmadipour and shahabpour [45]
also attribute the ophiolites of the Esfandagheh region to
processes related to the Neotethys subduction zone
below the Sanandaj-Sirjan zone, as a result, a back arc is
formed between the Sanandaj-Sirjan zone and the
central Iranian micro-continent. During the Cretaceous
period, the Sanandaj-Sirjan region acted as an arc
island. This situation can be linked to petrological
processes which are commonly carried out in the upper
subduction zone. According to Mercier and Nicholas
[46], the Fo content of cumulate olivines varied between
86-88, while it ranged from 91 to 92 in the mantle
olivines. Therefore, given the high Fo content in the
olivines from the studied dunites, it can be inferred that
some of these rocks belong to the mantle. The chemical
compositions of coexisting olivines and spinels found in
the Hadji-Abad peridotites which are plotted on the Fo
olivine—Cr# spinel diagram (Fig. 8 a), demonstrate an
increasing melting trend which is consistent with a
suprasubduction zone setting. In AL,O3-TiO, diagram
(Fig. 8 b), the existing cr-spinels found in the
harzburgites and lherzolites plot within the common
range between the peridotites of the suprasubduction
zone and the MORBs. Additionally, chemical
compositions of Hadji-Abad clinopyroxenes confirm the
suprasubduction peridotite for Hadji-Abad peridotites
(Fig. 9). Since the mineral chemistry data of Hadji-Abad
complex fall in the MORB field in Figure 8 b, and in the
suprasubduction zone field in Figures 8 a and 9,

19 Harzburgites $3 iy @ J . . IHarzburgites 33|
Lherzolites 0 Lherzolites <>
Dunites (o] ST Dunites (o)
80 Chromitites ¥ Chromitites *
=
3 ¢ SN 3
S S T = VIORE T, E
= = j Arc v 7 :
= 60 41 = i high-Ti 3 .2 . i
% o) j = Trom back arc basin | .
4 Zay N -
H = C 7 'S, 3
= 09 ~ L =
U 40 3(‘],-0" - ; P .. Ol S / 2
Cpy, al ; WY K = —— o [y
sty 'iZap : / o =
\ : “n 0.1 P 2 -
20F  (ocean ridghe)\*.. £ N ) E // =
Ee s ] P?SS:‘:C t'Suprasubduction MORB-typ4
. EMM S . /| Zone peridotites peridotites -
| . [ ,  peridptites
0 882 001 ' '
96 94 92 90 88 86 0 10 20 30 40 50
F0 Olivine ALO{(Wt%)

Figure 8. (a). Relationship between Cr# in spinels and Fo in the coexisting olivines within the studied peridotites. The field of
oceanic SSZ and passive margin peridotites are from Pearce et al., [27]). OSMA and partial melting trend are from Arai, [35]).
8(b).TiO, vs ALOj; variations for cr-spinels of the Hadji-Abad peridotites (fields are from Kamenetsky et al., [47]).
(OSMA=0livine-Spinel Mantle Array )- (OIB= ocean-island basalt)- (LIP= large igneous province)
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Figure 9. TiO, vs Al,O; diagram for clinopyroxenes from
the Hadji-Abad peridotites; The range of MOR peridotites
and the peridotite range of the suprasubduction zone by Ishii
et al,. [48]).

according to Arai [29, 35], the suitable tectonic setting
which can have the characteristics of both of these
environments is a back arc basin relevant to
suprasubduction zone setting.

Conclusion

The petrographical evidences, including different
generations of olivine, pyroxene and spinel, as well as
the presence of high-temperature deformation textures
can indicate the performance of deformation phases in
the upper mantle conditions for peridotites of the Hadji-
Abad Ultramafic Complex. But low temperature
estimates by geo-thermometric studies can be attributed
to the subsolidous phase equilibria and emplacement of
these rocks in crustal conditions. Different evidences
along with mineral chemical data show that the host
peridotites from the Hadji-Abad complex have passed a
complex history in a suprasubduction zone under high
temperature and pressure conditions (the upper mantle)
and have undergone some degree of partial melting. The
magma involved in the formation of chromitites is
similar to those of the boninites which commonly exists
in the region above the subduction zones. According to
the geological setting of the studied complex and its
proximity to the Zagros thrust and its situation in the
Neyriz-Kermanshah ophiolites, this complex, like the
other complexes in the Esfandagheh region, can be
considered as a part of the oceanic lithosphere
belonging to Neothetys branches.
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