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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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Introduction 
Various studies show that ophiolite complexes form 

in different geo-tectonic settings [1]. Mineralogical and 

petrological data of upper mantle peridotites in  these 
complexes are of particular importance to evaluate 
processes affecting their formation and determining the 
geo-tectonic setting of ophiolite complexes [2, 3, 4]. 
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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 elongation 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 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 

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 1cm 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, Ol2) and sometimes show a 
stretching and undulatory extinction.  Undeformed fine-
grained olivine (Ol2) 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 (Ol3) 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 (Opx1) 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 (Sp1) 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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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 

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 TiO2 content vary from 0.01 to 
0.1. The content of Al2O3 in these chromium spinels is 
relatively low and varies from 19.12 to 32.15 wt%. In 
these minerals, Mg#=[100×(Mg /(Mg+Fe2+))] 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 
Al2O3 and depleted in TiO2, Mg# and Cr#. In the cr-
spinels from lherzolites, there are some variations from 
core-to-rim, so that the amounts of Al2O3, TiO2 and 

 
Table 1. Representative analyses of different spinel shapes from Hadji-Abad ultramafic complex. (Hz: 
Harzburgite, Lz: Lherzolite, Du: Dunite, Chr: Chromitite) 

Sample C-11 C-11 C-6 C-33 C-33 C-1 C-1 C-51 C-51 C-15 C-15 A-3 C-45 C-45 C-45 C-7 
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           
SiO2 0.67 0.00 0.00 0.00 0.00 0.00 0.41 0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.00 
TiO2 0.02 0.08 0.02 0.06 0.07 0.04 0.02 0.03 0.07 0.13 0.12 0.12 0.13 0.06 0.13 0.23 
Al2O3 31.37 30.99 19.83 23.55 22.87 31.79 30.10 26.63 28.36 20.14 19.34 6.48 7.85 8.12 8.55 9.61 
Cr2O3 36.67 38.00 49.02 44.67 45.20 39.16 39.75 42.21 40.86 52.24 52.31 58.48 62.03 61.65 62.07 61.45 
FeO 15.83 16.42 18.20 17.69 16.40 14.02 15.17 18.79 17.97 15.21 18.11 28.49 17.26 19.78 17.28 17.70 
MnO 0.27 0.19 0.35 0.25 0.26 0.20 0.30 0.24 0.34 0.26 0.38 0.52 0.34 0.39 0.35 0.29 
MgO 14.99 14.30 12.00 13.69 13.88 15.51 15.66 13.78 13.90 14.06 12.78 6.54 11.99 10.67 12.30 12.57 
CaO 0.06 0.03 0.02 0.01 0.00 0.01 0.05 0.01 0.02 0.00 0.02 0.00 0.00 0.02 0.02 0.02 
NiO 0.04 0.09 0.01 0.08 0.12 0.12 0.14 0.08 0.13 0.06 0.36 0.02 0.07 0.02 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 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 
Ti 0.00 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.02 0.02 0.03 0.03 0.01 0.03 0.04 
Al 8.65 8.60 5.87 6.76 6.64 8.68 8.21 7.44 7.87 5.75 5.52 2.08 2.43 2.52 2.62 2.89 
Cr 6.79 7.07 9.73 8.60 8.80 7.17 7.27 7.91 7.61 10.00 10.02 12.61 12.86 12.83 12.75 12.41 
Fe(iii) 0.24 0.30 0.39 0.63 0.54 0.13 0.33 0.65 0.50 0.20 0.41 1.26 0.40 0.63 0.59 0.60 
Fe(ii) 2.86 2.93 3.43 2.98 2.84 2.59 2.60 3.07 3.04 2.88 3.26 5.24 3.38 3.73 3.17 3.18 
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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 Al2O3 and Cr2O3 
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 Al2O3 and Cr2O3 of the 
studied cr-spinels were 14-34 w% and 36-42 w% 

respectively. These values for cr-spinels of the Hadji-
Abad harzburgites are 22-31 and 36-42 respectively. In 
the log (TiO2)-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#-TiO2 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 

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 C-1 C-1 C-1 C-1 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 
SiO2 53.4 53.6 53.4 54.5 54.8 53.4 54.5 54 53.39 53.89 53.72 53.5 53.5 53.6 53.5 55.2 
TiO2 0.05 0.08 0.07 0.07 0.06 0.05 0.06 0.03 0.02 0.03 0.06 0.02 0.02 0.09 0 0.02 
Al2O3 3.18 3 3.01 2.99 1.61 2.99 2.09 2.21 3.05 2.92 3.10 2.94 2.8 2.81 2.92 2.1 
Cr2O3 1.17 1.07 1.21 1.12 0.59 1.07 0.86 0.98 1.06 1.02 1.09 1.03 0.91 1.03 0.99 0.76 
FeO 2.14 1.94 2.21 1.93 1.48 1.79 1.53 1.93 1.90 2.14 2.31 2.31 2.08 2.25 2.16 2.12 
MnO 0.06 0.18 0.09 0.03 0.07 0.08 0.04 0.11 0.14 0.10 0.05 0.12 0.11 0.11 0.14 0.05 
MgO 17.2 17.3 18.5 18.7 18 17.1 17.5 17.7 17.90 19.04 18.93 18.2 18.1 18.2 18.3 18.6 
CaO 24 24 22.8 21.5 24.5 24.6 24.7 24.6 23.40 21.91 21.65 22.8 23 22.6 22.3 23.7 
Na2O 0.05 0.06 0.08 0.07 0.04 0.1 0.01 0.04 0.06 0.08 0.05 0.04 0.05 0.14 0.07 0.01 
K2O 0 0.02 0 0.02 0 0 0 0 0.00 0.01 0.02 0 0 0.03 0 0 
Total 101 101 101 101 101 101 101 102 100.91 101.14 100.98 101 101 101 100 103 
 
Cation (Structural Formula on the basis of 6 Oxygen)          
Si 1.92 1.92 1.91 1.95 1.96 1.92 1.96 1.93 1.917 1.924 1.922 1.92 1.93 1.93 1.93 1.95 
Ti 0 0 0 0 0 0 0 0 0.001 0.001 0.002 0 0 0 0 0 
Al 0.14 0.13 0.13 0.13 0.07 0.13 0.09 0.09 0.129 0.123 0.131 0.12 0.12 0.12 0.12 0.09 
Cr 0.03 0.03 0.03 0.03 0.02 0.03 0.02 0.03 0.03 0.029 0.031 0.03 0.03 0.03 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 0.06 0.04 0.12 0.06 0.04 0.07 0.04 0.047 0.058 0.074 0.06 0.05 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 0.92 0.93 0.98 1 0.96 0.92 0.94 0.94 0.958 1.013 1.01 0.97 0.97 0.97 0.98 0.98 
Ca 0.92 0.92 0.87 0.83 0.94 0.95 0.95 0.94 0.9 0.838 0.83 0.88 0.89 0.87 0.86 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 48.6 51.9 51.4 49.1 48.1 47.8 49 50.3 53.1 52.8 50.9 50.8 51.2 51.3 50.3 
Fs 3.7 3.1 2.1 6 2.9 2.2 3.6 2.1 2.4 3.1 3.9 3.2 2.8 3.1 3.7 3.7 
Wo 48.2 48.4 46 42.5 47.9 49.7 48.6 48.9 47.3 43.9 43.4 45.9 46.4 45.7 45.1 46 
Mg# 92.9 94.1 96.1 89.5 94.3 95.7 93 95.9 95.4 94.6 93.2 94 94.7 94.3 93.3 93.1 
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