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1. Introduction

ABSTRACT

The mantle sequence of the Kuh-Siah ophiolitic suite is located in N Sabzevar, Central Iran structural
zone and consists mainly of harzburgite, dunite, lherzolite, pyroxenite, and chromitite lenses. The
Fo% of olivines in peridotites ranges between 91-96%, and plotting them in the Ezubonin-Mariana
peridotites. The AL O, content of orthopyroxene in harzburgites and lherzolites is relatively low,
showing a tendency towards orthopyroxenes of forearc-abyssal peridotites. The clinopyroxene in the
pyroxenites also has low Al,O, and TiO, content and placing it in the forearc peridotite field. While
this mineral in harzburgite and lherzolites has a higher content of A1,O, and TiO, and is plotted in the
abyssal peridotites field. The spinel in lherzolites resemble oceanic peridotites, while in harzburgites,
it shows a tendency towards forearc and oceanic peridotites. The spinels in dunites exhibit high Cr#
and appear to be derived from a boninitic melt in high degrees of partial melting from a depleted
mantle source under hydrous conditions. Based on minerals chemistry characteristics (indicating
the dual nature of the MORB_IAT BONINITIC), the evolution of this mantle sequence has been
involved in a supra-subduction zone, resulting from the northward subduction of the sub-branch of

Neotethys Ocean (Sabzevar suture) beneath the Alborz during the Cretaceous.

In general, the Upper Cretaceous ophiolites of the Peri-
Arabic belt represent the Neotethys oceanic lithosphere that
existed between Gondwana and Eurasia. These ophiolites
start from Troodos (Cyprus) and after passing through the
eastern Mediterranean and Syria, they enter Iran and then
Oman. Ophiolites are remnants of the oceanic lithosphere

generally seen on the margins of continental plates and

representing ancient sutures. Most of the Iran’s ophiolites
are remnants of the Neotethys oceanic crust, which connect
the ophiolites of the eastern Mediterranean to the ophiolites
of northern India and the Himalayas. The Sabzevar ophiolite
complex is the largest and most complete ophiolite complex
in the northeastern Iran. According to some authors, in the

Upper Cretaceous period, the Sabzevar basin in the Binalud
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area was closed due to the convergence of the Lut block with
the eastern Alborz, resulting in the subduction of the oceanic
crust to the north, and exposing the remains of the Sabzevar
ophiolite (Berberian and King, 1981; Shojaat et al., 2003).
This article attempts to discuss and determine their formation
conditions and geodynamic setting by using chemical data
from chromium spinel and other minerals found in various

rocks in this area.

2. Research methodology

During this study, about 100 samples from different mantle
units of the study area including types of peridotites along
with dykes and chromite lenses with minimal alteration were
selected for microscopic studies. Electron microprobe studies
have also been carried out using the JXA8800R device, with
an accelerating voltage of 20 kV and a current of 20 nA at
the Université Blaise Pascal in France. The analyzed rocks
include lherzolite (olivine, clinopyroxene, orthopyroxene
and spinel minerals), harzburgite (olivine, orthopyroxene,
clinopyroxene and spinel minerals), dunite (olivine
and spinel minerals), clinopyroxenite (clinopyroxene,
orthopyroxene and spinel minerals) and chromitite (olivine

and spinel minerals).

3. Results

3.1. Geological setting

Sabzevar ophiolitic zone is a part of ring ophiolites of
central Iran, located in the north-northeastern margin of
the Central- east Iranian microcontinent. This ophiolitic
complex spans approximately about 150 km in length and
10-30 km width (Fig. 1). it represents an almost complete
ophiolitic sequence, comprising all the units of an ideal
ophiolitic complex. In general, the Sabzevar ophiolitic
sequence can be divided into a series of mantle sequences,
including harzburgites, lherzolites, dunites (Fig. 2) and
chromitites along with serpentinites, as well as crustal
sequences consisting of ultramafic cumulus, pegmatites-
gabbros, gabbros, gabbronorites, diorites, sheeted dykes,
pillow lavas and lava flows, alongside Upper Cretaceous-
Lower Paleocene sediments (Shafaii-Moghadam ef al,
2014; Shafaii-Moghadam ef al., 2015). The peridotite
rocks exposed in the mantle part of the studied area mainly
include harzburgite and lenses of dunite, which are usually
transformed into serpentinite due to alteration and are green
gray to dark green in color. In some areas, harzburgites
have coarse and shiny orthopyroxenes (enstatite-bronzite
composition) and elongated (with kink bands and cleavage

bending) (Fig. 2-a to d). Dunitic rocks can be seen as massed

to irregular lenses around chromitites and inside harzburgite
host rocks (Fig. 2-a to c).

3.2. Petrography

The peridotites of the studied area include harzburgites,
dunites, pyroxenites and lherzolites, among which
harzburgites are more widespread in the region. The texture
of these rocks is mostly mesh, poikilitic and in some cases

granoblastic.

-Olivine: The olivine porphyroclasts in harzburgites and
lherzolites are typically coarse-grained, sometimes fine-
grained, and have been partially transformed into serpentine.
On the other hand, olivines in dunites are coarser-grained and
occasionally more intensely altered to serpentine, indicating
a mesh texture (Fig. 3-A).

-Orthopyroxenes: Orthopyroxene porphyroclasts can be
classified into two generations: 1) Large orthopyroxenes
(approximately 4 millimeters), which have rounded margins
and are mostly shapeless. They contain thin exsolution
lamellae of clinopyroxene (Fig. 3-B). 2) Orthopyroxene
porphyroclasts with dimensions of approximately 1-3
millimeters are surrounded by spinel droplet-shaped
minerals, fine-grained olivine, and clinopyroxene. In some
cases, orthopyroxenes exhibit exsolution, and their external
shape appears as pseudomorphs after bastite. On the surface
of some field samples, orthopyroxenes are prominent,
showing preferred orientation and stretching, indicative of
plastic deformation (Fig. 3-B).

-Spinel: Spinel grains in the studied samples exhibit three
forms: 1) Small, worm-shaped spinels around orthopyroxene
porphyroclasts, 2) Coarse-grained spinels with dimensions of
approximately 1 millimeter, which are dark black to brown
(rich in chromium) and have euhedral to andedral shapes
(Fig. 3-C), and 3) Smaller grains with dimensions less than
0.5 millimeters, light brown in color (rich in aluminum),

scattered in the rock matrix.

-Clinopyroxene: This mineral is present in small
dimensions (1-0.5 millimeters) in lherzolites (Fig. 3-D).
It can also occur as inclusions within orthopyroxene
grains of harzburgite or even around large orthopyroxene
porphyroclasts. In addition to the mentioned minerals,
altered plagioclases are observed within some harzburgites
that contain abundant droplet-shaped spinels (not shown).

The formation of these plagioclases is attributed to rock/
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melt reactions during the passage of basaltic melts through
the host peridotites.

3.3. Minerals Chemistry

-Olivine: On average, olivines found in the studied
peridotites have a forsterite content ranging from 91%
to 96%. The forsterite content of olivine in harzburgites
(91% to 94.5%), dunites (93% to 96%), and chromitites
(94% to 95%) is higher than that in lherzolites (92% to
93%). The weight percentage of nickel oxide also varies: in
harzburgites, it ranges from 17.0% to 44.0%, in lherzolites
from 23.0% to 36.0%, and in chromitites from 45.0% to
74.0%. Fig. 4 illustrates the forsterite content plotted against
nickel oxide for the olivines in the studied peridotites. Table
1 show electron probe analysis of olivines from the Kuh-
Siah peridotites.

-Orthopyroxenes: The orthopyroxenes present in
harzburgites (Wo, ., En, Fs . to Wo

0.97 93.32 1.09 1.90

lherzolites (Wo_ ,, Eng, . Fs, . to W_ . En

1.23 93.18 02.14 94.82

Fs . toWo _En__F

87.01 11.91 0.87 87.58 s12.12)

En,, , Fsgy),
Fs, ), and
clinopyroxenites (Wo, ., En,
exhibit compositions ranging from enstatite to bronzite (not
shown). As observed in Fig. 5, orthopyroxenes in lherzolites
(2.65 to 4.02) and harzburgites (2.28 to 5.06) have higher
aluminum oxide content compared to clinopyroxenites
(0.88 to 1.02). Generally, the aluminum oxide content in
orthopyroxenes from peridotite samples is relatively low
and falls within the overlapping range of forearc and abyssal
plain peridotites. Table 2 show electron probe analysis of
orthopyroxenes from the Kuh-Siah peridotites.

Clinopyroxenes  in  harzburgites

-Clinopyroxenes:

(Wo46.77 En44.67 FS3.23 to W051.13 En48.85 Fs4.52)’ lherzolites (W046.33
En, ., Fs,, to Wo,, En, Fs ), and clinopyroxenites
(Wo,.,, En_ .. Fs  to Wo, - En, . Fs, ) exhibit diopside

compositions. In Fig. 6-A, the TiO, content is plotted versus
Al O, for the clinopyroxenes. As observed in this diagram,
the aluminum oxide content (along with titanium oxide) in
clinopyroxenes from pyroxenites is at its lowest, and they
also follow the trend of melt percolation. This indicates that
clinopyroxenites have a magmatic origin and crystallized
from a basaltic melt (Ishii et al., 1992). On the other hand,
harzburgites and lherzolites have clinopyroxenes with
higher aluminum and titanium content, indicating an affinity
for clinopyroxenes in the harzburgites of the abyssal zone.
In the Na vs. Cr diagram for clinopyroxenes (Kornprobst
et al., 1981), the peridotite formation environment of the
Kuh-Siah region is oceanic (Fig. 6-B). Similarly, in the Ti
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vs. Cr diagram for clinopyroxenes (Kornprobst et al., 1981),
they also fall within the oceanic tectonites setting (Figure
6-C). The studied samples in the Cr oxide vs. magnesium
number (Mg/(Mg+Fe*") diagrams (Fig. 7-A), Mg/(Mg+Fe*
vs. AL O, (Fig. 7-B), Na,O vs. Al,O, (Fig. 7-C), and Cr,0O,
vs. AL O, oxide (Figure 7-D) for clinopyroxenes are mostly
situated within the overlapping range of forearc and
abyssal peridotites. Table 3 show electron probe analysis of

clinopyroxenes from the Kuh-Siah peridotites.

-Spinel: Spinel is an important accessory mineral in
ophiolitic complex peridotites and exhibits a wide range
of compositions. Spinel minerals are stable and resistant
to alteration, making them reliable indicators (Barnes
etal.,2001). Consequently, they can be used for petrogenesis
and tectonic environment determination in the studied
region. Spinel is the most significant mineral in terms of
compositional variations and serves as an indicator for
understanding processes affecting peridotite rocks. The
composition of spinels in the studied lherzolites, harzburgites,
and dunites is plotted in the diagram of chromium number
vs. magnesium number (Dick and Bullen, 1984) in Fig. 8-A.
As shown in this diagram, the composition of spinels in
lherzolites and harzburgites tends toward oceanic peridotites
and overlaps with forearc peridotites, while the spinels in
dunites and chromitites fall within the boninitic range. It
appears that these spinels crystallized from a boninitic melt.
In Figure 8B, the weight percentage of TiO, is plotted versus
the chromium number (Tamura and Arai, 2006). Similar
to Figure 8-A, the composition of spinels in lherzolites
and harzburgites aligns with abyssal peridotites, while the
spinels in dunites and chromitites are characterized by higher
chromium numbers and fall within the boninitic range. In
Figures 9-A and 9-B, titanium oxide vs. aluminum oxide
and the Fe?'/Fe*" ratio vs. aluminum oxide are plotted for the
studied spinels. According to studies by Kamenetsky et al.
(2001), the AL,O, and TiO, values in spinels are related to the
abundance of these oxides in the parental magma, making
them useful indicators for parental magma composition and
environment. In these diagrams, lherzolites and harzburgites
predominantly fall within the overlapping field between
abyssal peridotites and supra-subduction zone peridotites,
while dunites and chromitites exhibit an affinity for supra-
subduction zone peridotites. Furthermore, the AL,O, content
versus Cr,O, of spinel minerals (Fig.10-A) in the peridotites
of the Kuh-Siah region indicates that these ophiolitic
peridotites are within the range of mantle array peridotites.

This observation is further supported by the placement of



Mineral characteristics and geodynamic setting of Kuh-Siah peridotites, ...../ Hanieh Dadgar et al./ G.S.J. 2024, 34 (2): 131-150

the studied samples within the residual peridotites field in
the Al-Cr-Fe** ternary diagram (Jan and Windley, 1990)
(Figs. 10-B and C). Table 4 show electron probe analysis of
spinels from the Kuh-Siah peridotites.

4. Discussions
The peridotites of the studied area include harzburgites,
dunites, pyroxenites and lherzolites, among which
harzburgites are more widespread in the region. The texture
of these rocks is mainly porphyroclastic, mesh, poikilitic and
in some cases granoblastic. Olivine and orthopyroxene are
among the main minerals of peridotites in the region, while
clinopyroxene and spinel account for a smaller percentage.
On average, the olivines in the studied peridotites have a
forsterite content ranging from 90 to 97%. The olivines in
harzburgites, lherzolites, and chromitites are plotted in and
near the region where the Iso-Bonin-Mariana peridotites
are located, (Figure 4-a) following the process of fractional
crystallization of olivine (Figure 4-b). Orthopyroxene in
lherzolites and harzburgites have relatively higher aluminum
oxide content compared to clinopyroxenites. In general, the
amount of aluminum oxide in orthopyroxene for the peridotite
samples is relatively low and falls within the common range
for forearc and Abyssal peridotites. The amount of aluminum
oxide (along with titanium oxide) in clinopyroxene for
pyroxenites is at its lowest level, while harzburgites and
lherzolites have clinopyroxenes with higher amounts of
aluminum and titanium indicating a tendency towards
clinopyroxenes found in harzburgites in the abyssal region.
Spinel is an important secondary mineral in peridotites
of ophiolitic complexes and exhibits a wide compositional
range. The composition of spinels in lherzolites and
harzburgites is similar to oceanic peridotites and also
overlaps with fore-arc peridotites, whereas the spinels in
dunites and chromitites fall within the boninitic range. These
spinels appear to have crystallized from a boninitic melt.
According to the studies by Kamenetsky et al. (2001), the
amounts of Al,O, and TiO, in spinels are indicative of their
parent magma’s composition and environment, making them
useful as indicators. In the presented diagrams, lherzolites
and harzburgites are mostly plotted within the MORB and
supra-subduction zone peridotites fields, while dunites and
chromitites tend to cluster around supra-subduction zone
peridotites field. Moreover, comparing the Al,O, content of
spinel minerals to their Cr,O, content in the peridotites of
Kuh-Siah (Fig. 10-a) reveals that they fall within the range of
mantle peridotites. This observation is further supported by

locating the samples in the region corresponding to residual

mantle peridotites on the Al-Cr-Fe** ternary diagram (Jan
and Windley, 1990) (Fig. 10-b). Ophiolites can generally be
classified into two groups based on their formation location:
one group forms at mid-ocean ridges (MOR), while the
other group forms at supra-subduction zones (SSZ) (Pearce
et al., 1984; Shervais, 2001). The mantle peridotites of
supra-subduction ophiolites mainly have the composition
of harzburgite (HOT), while the mantle peridotites of the
mid-ocean ridge primarily consist of lherzolite (LOT). As
mentioned above, the dominant rock composition in the
studied peridotites of Kuh-Siah is harzburgite. Additionally,
chromite is commonly found within the harzburgite-dunite
mantle sections (Figure 2-c) and the mantle-crust transition
zone (Moho transition zone), especially in ophiolites of supra-
subduction zones. Chromite is not observed in MOR types
(Arai, 1997). In the studied area, the presence of numerous
chromite mines serves as evidence for the environment of the
Kuh-Siah ophiolites in the supra-subduction zones. Boninite
and adakite are typically considered as subduction-related
magmatism (Pearce et al., 1984; Defant and Drummond,
1990). As can be seen in Figure 8, the studied dunites and
chromitites have a boninite nature, and it indicates that the
Kuh-Siah ophiolites originated from a relatively depleted
mantle in hydrous conditions or as a result of high partial
melting (Dick and Bullen, 1984). Adakites are also widely
spread and exposed in the ophiolitic belt of north Sabzevar
in the Kuh-Siah area. spinel in lherzolites and harzburgites
has a low to medium chromium number and they are plot
in abyssal peridotite environments and on the border with
the forearc field (Fig. 8). Spinels of dunitic-chromitite-
pyroxenitic rocks have a higher chromium number (boninite
range) and are similar to Alpine and arc-type peridotites. The
presence of boninite series in this belt indicates the presence
of a refractory mantle origin such as harzburgite, and this
issue is consistent with having high magnesium oxide
(MgO= 35-41%wt and FeO= 7-8%wt) in the studied
peridotite rocks. Therefore, based on these evidences, it can
be concluded that the North Sabzevar ophiolite was formed
above the supra-subduction zones. Therefore, the geological
position of the peridotitic rocks of the study area has similar
characteristics to the forearc setting and has been formed
during the initial stages of the subduction of the Sabzevar
sea/ocean with a northward slope and the convergence
between the Central Eastern Iranian Microcontinent (CEIM)

and Alborz (Turan) plate during the Cretaceous.

5. Conclusion

The peridotite sequence in the northern part of Sabzevar
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mainly consists of harzburgites, dunites, lherzolites, and
clinopyroxenites. Based on the field evidence, including
petrological observations and the predominance of
harzburgite rocks, the presence of chromitites, and the
existence of the boninite series, it suggests that the
Sabzevar peridotites have suffered a relatively high partial
melting condition of mantle. The chemistry of minerals
especially spinels, clinopyroxenes, orhtopyroxenes and
olivines show that this ophiolitic complex has MORB-

135

IAT-Boninitic geochemical characteristics and probably
their evolution likely occurred in a supra-subduction zone

environment.
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Figure 1. Display oflithological units forming the ophiolitic belt in northern Sabzevar (with modifications

from the geological map 1:100,000 Sabzevar (Majidi, 1999), along with the study area location.
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Figure 2- A and B) Distant and close views of harzburgite and dunite rocks in the

Dakal region. These rocks are distinguishable by their dark and light brown or cream

colors on the altered surface, respectively, view toward the northwest. The dunites

appear as lens-shaped or layered structures within the harzburgites; C) Association

of chromitite bands with dunites; D) Orientation of orthopyroxene in the peridotites.
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Figure 3- A) Relicts of olivine present in the studied dunites; B) Olivine

and orthopyroxene (with clinopyroxene exsolution lamellaes) in the

studied harzburgites; C) Serpentinized olivines along with coarse and

irregular-shaped spinels in the harzburgites; D) Olivine accompanied by

orthopyroxene, spinel, and clinopyroxene in the studied lherzolites.
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Table 1. Electron probe analysis of olivines from the Kuh-Siah peridotite (Ha: Harzburgite, Lz: Lherzolite,

Ch: Clinopyroxenite, Du: Dunite).

Sample SZ-126 SZ-126 SZ-126 SZ-143 SZ-143 Sz-125 Sz-125 Sz-124 Sz-124
Lithology Ha Ha Ha Lz Lz Ch Ch Du Du
Mineral Ol Ol Ol Ol Ol Ol Ol Ol Ol
Sio, 40.88 41.16 40.36 40.71 40.85 41.70 41.98 42.09 41.96
Tio, 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.06 0.00
ALO, 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00
Cr,0, 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.92 0.73
FeO 7.32 8.03 6.45 6.84 7.29 451 4.29 3.75 3.90
MnO 0.10 0.07 0.14 0.22 0.12 0.18 0.00 0.00 0.18
MgO 51.20 51.06 51.44 51.53 51.27 53.44 53.53 54.53 53.96
NiO 0.35 0.30 0.17 0.36 0.23 0.66 0.69 - -
CaO 0.03 0.02 0.01 0.02 0.01 0.02 0.00 0.00 0.01
Total 99.89 100.65 98.58 99.69 99.78 100.52 100.51 101.35 100.73
Si 0.974 0.980 0.961 0.962 0.973 0.996 1.000 0.992 0.995
Al 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe** 0.146 0.160 0.129 0.135 0.145 0.090 0.086 0.074 0.077
Fe’* 0.051 0.0396 0.0766 0.0761 0.0531 - - - -
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000
Mn 0.002 0.001 0.003 0.004 0.002 0.004 0.000 0.000 0.004
Mg 1.819 1.813 1.827 1.815 1.821 1.902 1.901 1.915 1.908
Ni 0.007 0.006 0.003 0.007 0.004 0.013 0.013 0.000 0.000
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.017 0.014
Ca 0.001 0.001 0.000 0.001 0.000 0.001 0.000 0.000 0.000
Total 2.99 2.99 2.99 2.92 2.95 3.01 3.00 3.00 3.00
Fo 92.57 91.89 93.43 93.07 92.61 95.26 95.69 96.27 95.39
Fa 7.43 8.11 6.57 6.93 7.39 4.52 433 3.72 3.88
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Figure 4- A and B) The relationship between nickel oxide content and the percentage of forsterite

in peridotites from the ophiolitic sequence of the Kuh-Siah region. The Nickel content has not

been calculated for dunites. The compositional range of olivine in mantle xenoliths is based on

Takahashi et al. (1987), and the trend of olivine crystal fractionation from primary magmas is

after Niida (1997).
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Figure 5. Chromium oxide (Cr,0,) versus aluminum oxide (Al-Os), along with the aluminum-chromium oxide

versus magnesium number (100¥Mg/(Mg+Fe)) diagrams, are plotted for orthopyroxenes of mantle sequence

peridotites of Kuh-Siah ophiolites. The abyssal peridotite region data is after Johnson ez al. (1990), and the forearc

peridotite region data is from Ishii e al. (1992).
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Table 2. Electron probe analysis of orthopyroxenes from the Kuh-Siah peridotite (Ha: Harzburgite, Lz: Lherzolite,

Ch: Clinopyroxenite, Du: Dunite).

(s Du

Sample SZ-135 SZ-135 SZ-143 SZ-143 SZ-143 SZ-123 SZ-123
Lithology Ha Ha Lz Lz Lz Ch Ch
Mineral Opx Opx Opx Opx Opx Opx Opx
Sio, 54.44 54.270 53.93 55.000 55.09 56.08 56.34
TiO, 0.04 0.010 0.12 0.130 0.11 0.00 0.05
ALO, 4.59 4.270 4.02 3.740 3.97 1.02 0.88
Cr,0, 0.67 0.610 0.73 0.810 0.90 0.33 0.33
FeO 2.60 2.196 2.47 3.543 3.18 8.07 7.98
Fe203 4.26 4.749 4.50 3.364 4.18 1.32 1.47
MnO 0.18 0.040 0.22 0.140 0.12 0.21 0.24
MgO 34.62 34.680 34.24 34.320 34.70 32.60 33.01
NiO 0.01 0.000 0.00 0.040 0.01 0.00 0.00
CaO 0.49 0.660 0.68 0.730 0.63 0.27 0.27
Na20 0.00 0.000 0.00 0.010 0.00 0.00 0.00
Total 101.89 101.486 100.90 101.827 102.89 100.56 100.56
Si 1.844 1.8452 1.848 1.8683 1.854 1.958 1.957
Al 0.1559 0.1548 0.1521 0.1317 0.1464 0.024 0.022
Al 0.027 0.0163 0.010 0.0180 0.011 0.042 0.036
Ti 0.001 0.0003 0.003 0.0033 0.003 0.000 0.001
Cr 0.018 0.0164 0.020 0.0218 0.024 0.009 0.009
Fe3 0.108 0.1215 0.116 0.0860 0.106 0.034 0.038
Fe2 0.074 0.0625 0.071 0.1007 0.089 0.236 0.233
Mn 0.005 0.0012 0.006 0.0040 0.003 0.006 0.007
Mg 1.748 1.7578 1.749 1.7379 1.741 1.696 1.709
Ni 0.000 0.0000 0.000 0.0011 0.000 0.000 0.000
Ca 0.018 0.0240 0.025 0.0266 0.023 0.017 0.010
Total 3.996 4.00 4.00 4.00 3.996 4.02 4.02
Wo 0.97 1.30 1.35 1.42 1.23 0.87 0.51
En 95.03 95.31 94.82 93.17 93.95 87.01 87.58
Fs 4.00 3.38 3.83 5.39 4.83 12.12 11.91
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Figure 6- A) The relationship between titanium oxide (TiO2) versus aluminum oxide (Al20s) for clinopyroxenes of mantle
sequence peridotites of Kuh-Siah ophiolites; B) The sodium (Na) versus chromium (Cr) diagram for clinopyroxenes
confirms the oceanic nature of the studied peridotites (Kornprobst et al., 1981); C) In the titanium (Ti) versus chromium
(Cr) diagram for clinopyroxenes, the studied samples fall within the oceanic tectonites field. Abyssal peridotites 1 are from

Hebert et al. (1990), abyssal peridotites 2 are from Johnson ez al. (1990), and forearc peridotites are from Ishii et al. (1992).
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Figure 7- A) The Cr,O, versus Mg/(Mg+Fe); B) The . ing tre ~

Mg/(Mg+tFe) versus 12%12303; C) Naf) Vefsus AlLOs and % 96 i . ll: -D mAnES o ‘:

D) Cr,0, versus ALO; for the clinopyroxenes of Kuh- LEQ el & :: : - i J(a) :

Siah peridotites. In Figure D, the abyssal peridotite E ﬁ' FAP E I:U L i !

region data is after Hamlyn and Bonatti (1980), Johnson *ED 9% = A § 0.8 [FAP L / M\A\??}

et al. (1990), and Juteau et al. (1990), while the forearc % ok — N \% S gg ﬁ

peridotite data is after Ishii et al. (1992). The trend of ABP \ \ 0.2

melting and the ABP (Abyssal peridotites) and FAP (Fore- 0 ]I 2| : :: 4 0‘00 : :2 I3 :; _|5 ;; 7

arc peridotites) boundaries are based on Page et al. (2009). Al203(wt%) Al203(wt%)
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Table 3. Electron probe analysis of clinopyroxenes from the Kuh-Siah peridotite (Ha: Harzburgite,

Lz: Lherzolite, Ch: Clinopyroxenite, Du: Dunite).

Sample SZ-135 SZ-135 SZ-135 SZ-143 SZ-143 Sz-121 Sz-121 Sz-121
Lithology Ha Ha Ha Lz Lz Ch Ch Ch
Mineral Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx
SiO, 50.50 51.74 51.59 50.95 52.13 53.45 53.73 54.12
TiO, 0.29 0.14 0.18 0.37 0.30 0.00 0.08 0.02
ALO, 5.13 3.58 451 4.57 3.40 0.68 0.93 1.02
Cr,0, 0.94 0.78 0.73 1.18 1.17 0.25 0.43 0.50
Fe,O, 2.97 232 3.10 2.72 2.54 2.67 0.00 0.00
FeO 0.00 0.00 0.00 0.00 0.00 0.81 3.07 2.80
MnO 0.00 0.02 0.00 0.04 0.00 0.09 0.16 0.10
MgO 16.66 17.51 17.44 16.93 17.60 17.92 16.84 17.28
NiO 0.04 0.00 0.09 0.00 0.04 0.00 0.00 0.08
CaO 23.51 24.48 23.23 23.37 23.74 23.95 23.77 23.74
Na,O 0.26 0.17 0.21 0.40 0.43 0.08 0.07 0.07
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02
Total 100.34 100.80 101.13 100.61 101.40 99.91 99.08 99.76
Si 1.831 1.862 1.853 1.840 1.865 1.984 1.977 1.975
Al 0.1692 0.1381 0.1469 0.1598 0.1346 0.029 0.023 0.025
Al* 0.050 0.014 0.044 0.035 0.009 0.029 0.023 0.025
Ti 0.008 0.004 0.005 0.010 0.008 0.000 0.002 0.001
Cr 0.027 0.022 0.021 0.034 0.033 0.007 0.013 0.014
Fe** 0.081 0.063 0.084 0.074 0.069 0.073 0.000 0.000
Fe** 0.000 0.000 0.000 0.000 0.000 0.025 0.094 0.085
Mn 0.000 0.001 0.000 0.001 0.000 0.003 0.005 0.003
Mg 0.900 0.939 0.934 0.912 0.939 0.973 0.924 0.940
Ni 0.001 0.000 0.003 0.000 0.001 0.000 0.000 0.002
Ca 0.913 0.944 0.894 0.904 0.910 0.935 0.937 0.928
Na 0.018 0.012 0.015 0.028 0.030 0.006 0.005 0.005
Total 3.998 4.00 4.00 3.997 3.998 4.069 4.00 4.00
Mg# 0.92 0.94 0.92 0.92 0.93 0.93 1.00 1.00
Wo 48.20 48.50 46.77 47.85 47.47 47.20 50.35 49.68
En 47.53 48.27 48.85 48.23 48.96 49.12 49.65 50.32
Fs 4.27 3.23 438 3.92 3.57 3.69 0.00 0.00

(e 348l 53 05,5 2de 1o sad 53 adlllas 3550 S5 5 S, sl
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Figure 8- A) The chrome number (Cr/(Cr+Al)) versus Mg/(Mg+Fe)
(with modifications from Dick and Bullen, 1984) and B) The TiO:

versus Cr/(Cr+Al) for the studied spinels (Tamura and Arai, 2006).

The abyssal peridotite field is from Tamura and Arai (2006), and
the forearc peridotite field is from Monnier et al. (1995).
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Figure 9- A) The TiO: versus Al:Os and B) The ratio of Fe*"/Fe*" versus
AL, for the studied spinels. The compositional range of peridotites in the
Supra-Subduction Zone (SSZ) and Mid Ocean Ridge Basalts (MORB) is
after Kamenetsky et al. (2001). Harzburgites and lherzolites fall within both
the SSZ and MORB compositional ranges, while dunites and chromitites

are ploted in the SSZ domain.
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Figure 10- A) The AlOs versus Cr20s for the studied spinels. The specified compositional ranges are after Conrad and Kay

(1984), Haggerty (1988), and Kepezhinskas et al. (1995); B) The correlation between Cr, Al, and Fe** in the spinels present

in the Sabzevar peridotites. The specified compositional ranges are from Jan and Windley (1990). All samples fall within the

residual ophiolitic peridotite domain; C) The relationship between Cr, Al, Fe**, and Ti (after Irvine, 1967).
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Table 4. Electron probe analysis of spinels from the Kuh-Siah peridotite (Ha: Harzburgite, Lz: Lherzolite, Ch:

Clinopyroxenite, Du: Dunite).

Sample SZ-135 SZ-135 SZ-135 Sz-125 Sz-125 Sz-124 | Sz-124 Sz-143 Sz-143
Lithology Ha Ha Ha Ch Ch Du Du Lz Lz
Mineral Spl Spl Spl Spl Spl Spl Spl Spl Spl
Sio, 0.04 0.00 0.00 0.00 0.01 0.00 0.02 0.00 0.58
TiO, 0.02 0.05 0.02 0.14 0.00 0.14 0.13 0.11 0.09
ALO, 52.05 50.18 51.85 13.86 13.62 8.44 9.77 36.82 40.25
Cr,0, 16.86 17.42 15.49 57.00 57.95 57.63 60.06 30.37 26.22
Fe,O, 2.37 3.55 2.89 2.31 1.81 4.43 2.90 3.16 2.45
FeO 11.00 11.22 10.96 13.48 13.21 21.01 15.41 15.95 16.31
MnO 0.13 0.15 0.12 0.25 0.22 0.36 0.14 0.19 0.21
MgO 19.34 18.79 19.03 13.48 13.21 7.65 11.84 14.27 14.98
NiO 0.24 0.19 0.25 0.07 0.06 - - 0.08 0.03
ZnO 0.06 0.33 0.00 0.10 0.02 - - 0.38 0.26
Total 102.21 101.88 100.61 100.64 100.82 99.65 100.27 101.57 101.59
Si 0.001 0.000 0.00 0.000 0.000 0.000 0.001 0.000 0.016
Al 1.601 1.561 1.615 0.516 0.508 0.338 0.376 1.238 1.328
Fe* 0.240 0.248 0.2424 0.358 0.370 0.606 0.424 0.381 0.382
Fe** 0.046 0.071 0.0576 0.053 0.041 0.105 0.068 0.068 0.052
Ti 0.000 0.001 0.0004 0.003 0.000 0.003 0.003 0.002 0.002
Mn 0.003 0.003 0.0027 0.007 0.006 0.010 0.004 0.005 0.005
Mg 0.752 0.740 0.7498 0.635 0.623 0.388 0.576 0.607 0.625
Ni 0.005 0.004 0.0053 0.002 0.001 0.000 0.000 0.002 0.001
Zn 0.001 0.006 0.000 0.002 0.001 0.000 0.000 0.008 0.005
Cr 0.348 0.364 0.3237 1.425 1.450 1.550 1.549 0.685 0.580
Total 2.998 2.997 2.996 3.001 3.000 3.000 3.001 2.995 2.995
Mg# 0.758 0.749 0.760 0.639 0.627 0.390 0.576 0.615 0.621
Cr# 0.179 0.189 0.170 0.734 0.741 0.821 0.805 0.356 0.304
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