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1. Introduction

ABSTRACT

The petrographical examination of peridotites of the Nehbandan ophiolitic complex revealed that the
peridotites of Kalateh Shahpouri, Qadamgah, Lah-Kouh, Cheshmeh anjir, Bandan, and Zolfaghari
were of harzburgite type and Sefid-Kouh and Nasfandeh-Kouh were of lherzolite type. Generally,
the types of clinopyroxenes in the peridotites of this complex were diopside. The geochemical
investigation of clinopyroxenes in Mg# vs. AL, O,, Cr,0,, and TiO, graphs and Ti vs. Nd, Zr, and Sr
graphs shows that the peridotites of Nasfandeh-Kouh, Bandan, Zolfaghari, and Sefid-Kouh with a
low degree of partial melting belong to the Abyssal tectonic setting and back-arc basin.on the other
side, the harzburgites of Kalateh Shahpouri and Cheshmeh anjir were formed in the Supra-subduction
zone tectonic setting and fore-arc basin and have a high degree of partial melting. The study of
incompatible elements, LILE and HFSE in spider diagrams normalized to the primary mantle and as
well as the study of REEs in spider diagrams normalized to the chondrite for clinopyroxenes confirm
this issue. Therefore, Nasfandeh-Kouh and Sefid-Kouh lherzolites as well as Qadamgah, Lah-Kouh,
Bandan, and Zolfaghari harzburgites with a low degree of depletion were more consistent with the
Mid-oceanic ridgestectonic setting, and the harzburgites of Kalateh Shahpouri and Cheshmeh anjir

were close to the Supra-subduction zone tectonic setting with a high degree of depletion.

Ophiolites are a set of oceanic rocks with different appearances
and mineralogy in the world’s largest orogenic belt, from the
Alpine to the Himalayas. The ophiolites of Iran are also located
in this belt. The Nehbandan Ophiolitic Complex in eastern Iran is
of great importance, among ophiolites of Iran. The investigated
areas are located near the city of Nehbandan. The peridotites of the

Nehbandan ophiolitic complex include the peridotites of Kalateh

Shahpouri, and Qadamgah, which are located in the northeast,
Nasfandeh-Kouh, Lah-Kouh in the west, Sefid-Kouh in the
northeast, and Cheshmeh anjir, Bandan and Zolfaghari are located

in the southwest of Nehbandan city.

2. Research methodology

Inthisresearch for lithological and mineralogical studies, the thinand
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polished sections were prepared from peridotites. The thin sections
were analyzed by polarizing OLYMPUS microscope BH-2 and
polished sections by the OLYMPUS BX-60 reflecting microscope.
To determine the chemical composition of the minerals in peridotites,
we used a CAMECA SX100 Electron Probe Micro Analyzer,
the analytical condition include the voltage of 15 kV and 20 nA
rays with counting times of 10 to 30 seconds at peaks for different
minerals that are analyzed at the University of Hong Kong, and
REESs concentrations of clinopyroxene in peridotites were obtained
by laser ablation inductively coupled plasma mass spectrometry
(LA-ICPMS) at the Guangzhou Institute of Geochemistry, Chinese
Academy of Sciences, China. The instrument consists of an Agilent
7500a ICP-MS coupled with a Resonetics Resolution M-50
laser-ablation system. Ablated materials were transferred by helium
gas. The output energy was approximately 80 mJ, and the spot size
was 70 pm. Counting times for the background and analysis were
30 s and 40 s, respectively. External reference materials included
two glass standards, SRM-612 and BHVO-2, and the analytical

precision for their measurement was acceptable.

3. Results

In Nehbandan ophiolite complex, ultramafic rocks include
peridotites of harzburgite and lherzolite type (Karimzadeh et al.,
2020). The modal analysis of microscopic samples based on the
method (Streckeisen, 1979; Le Bas, 2000) in the studied area shows
that the peridotites of Kalateh Shahpouri, Gadamghah, Lah-Kouh,
Cheshmeh anjir, Bandan, and Zolfaghari were of harzburgite type
and Sefid-Kouh and Nasfendeh-Kouh areas were of lherzolite type.
Generally, in peridotites, the amount of olivine ranges from 70 to
89%, orthopyroxene from 10 to 30%, and clinopyroxene from less
than 1% in the harzburgites of the Kalateh Shahpouri to 8% in the
Sefid-Kouh lherzolites. Chrome-spinel is subphase that was present
in most of the samples and its volume amount is usually less than
2% of the whole rock volume. In this research, the main focus is on
the clinopyroxene mineral.

Based on the chemical analysis of the major elements and
calculation of the formula of the clinopyroxenes in the peridotites
of the Nehbandan ophiolitic complex by the method (Deer et al.,
2013), the type of clinopyroxenes of this complex is diopside
(En46-51 Fs3-8 Wo45-50), although the clinopyroxenes of Bandan
and Nasfandeh-Kouh are located on the border between diopside
and augite.

From transferring the results of the chemical analysis of the major
elements of clinopyroxenes in the graphs of Mg# vs AL,O,, Cr,0,,
and TiO, and transferring the results of the chemical analysis of
the trace elements of clinopyroxenes in the graphs of Ti vs Nd, Zr
and Sr as Separately, determined that the peridotites of Qadamgah,
Nasfandeh-Kouh, Lah-Kouh, Bandan, Zolfaghari, and Sefid-Kouh

were of the type of the Abyssal peridotites that located in a back-arc
basin.However, the peridotites of Kalateh Shahpouri and Cheshmeh
anjir were the type of peridotites supra-subduction zone that formed
in a fore-arc basin.

The incompatible elements of clinopyroxenes of the Nehbandan
ophiolitic complex in spider diagrams normalized to the primary
mantle show that Pb enrichment and Ba depletion occurred in all
areas. Ta element is associated with a large drop in Sefid-Kouh and
Zolfaghari areas. Zr, Nb, and Sr show negative anomalies. It should
be noted that the decoupling of U from Th, Nb from Ta, and Zr from
Hf is visible.

In clinopyroxenes of Nasafandeh-Kouh, Sefid-Kouh, Qadamgah,
Lah-Kouh, Bandan, and Zolfaghari areas, LREEs were depleted and
HREEs were enriched. However, in the areas of Kalateh Shahpouri
and Cheshmeh anjir, HREEs were as well as depleted. This state

is also seen in the REEs spider diagrams normalized to chondrite.

4. Discussion

Ophiolites can originate from different tectonic settings such
as Mid-oceanic ridges or back-arc extension centers, as well as
areas in the Supra-subduction zone or back-arc basins (Pearce et
al., 1984). Therefore, in the Mid-oceanic ridges, the degrees of
partial melting and depletion are generally low. In contrast, the
supra-subduction zone peridotites have a high degree of partial
melting and depletion (Niu and Hekinian, 1997). Naturally, the high
degree of depletion of peridotites is the result of subduction zone
processes (Pearce et al., 1984).

The amounts of Mg#, AL O,, Cr,0,, and TiO, in clinopyroxenes

» L0,
represent the tectonic setting of their host-peridotites. High values
of Mg# in clinopyroxene represent the peridotites of the Supra-
subduction zone tectonic setting, and high values of ALO,, Cr,O,,
and TiO, in clinopyroxenes as well as represent the peridotites of
the Mid-oceanic ridges or abyssal tectonic setting (Xiong et al.,
2019).

A positive correlation between Cr,0, and AL O, can be seen
in clinopyroxenes in peridotites of the Nehbandan ophiolitic
complex. From this point of view, these clinopyroxenes are similar
to diopsides obtained from the hydrothermal ophiolite of North
Oman (Akizawa et al., 2011). These clinopyroxenes are produced
by calcium-rich fluids under high-temperature conditions, over
900 °C (Python et al., 2007).

Mantle clinopyroxenes of Oman ophiolites show a very prominent
positive anomaly in Sr and Eu (Akizawa et al., 2011). This is not
the case with the negative Sr anomaly in the clinopyroxenes of this
study. Clinopyroxenes in the subduction zone or subcontinental
lithospheric mantle are enriched in LILE and depleted in HFSE
(Xu et al., 2000; Bodinier and Godard, 2007). In contrast, abyssal

or Mid-oceanic ridges clinopyroxenes show a smooth linear
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distribution in these elements (Bodinier and Godard, 2007).
According to the geodynamic pattern of the Nehbandan ophiolitic
complex, the characteristics of the abyssal zone are evident in most
of the studied areas. However, in some areas, the characteristics
of the Supra-subduction zone prevail. In spider diagrams, the
decoupling of U from Th is done in oxidized conditions (Bali et al.,
2011). As well as, the decoupling of Nb from Ta and Zr from Hf
occurs during degassing (Danyushevsky et al., 1995).

The high degree of emission and high activation energy of Pb
occur in anhydrous and oxygen-buffered conditions in diopside-
type clinopyroxenes (Cherniak, 2001). Therefore, the enrichment
of Pb in the clinopyroxenes of the Nehbandan ophiolitic complex,
which are typically diopside, is a natural thing. Ba depletion
is also indicated in abyssal regions (Xu et al., 2000). REEs in
abyssal clinopyroxenes show a linear distribution normalized to
the primary mantle (Bodinier and Godard, 2007). In Mid-oceanic
ridges clinopyroxene, LREEs such as La, Ce, Pr, Nd, Sm, Eu, and
Gd are somewhat depleted, and HREEs such as Tb, Dy, Ho, Er,
Tm, Yb, and Lu also show enrichment (Seyler et al., 2001)which is
evident in clinopyroxene spider diagrams normalized to the primary
mantle for the Nasfandeh-Kouh and Sefid-Kouh areas and also to
some extent in Qadamgah, Bandan, and Zolfaghari areas, and in the
Supra-subduction zone type, REEs show depletion (Seyler et al.,
2001) which is like this case in Kalateh Shahpouri and Cheshmeh
anjir areas.

In the study of the spider diagrams of REEs for clinopyroxenes
normalized to chondrite (Seyler et al., 2001; Sano and Kimura,
2007) was found that the degree of partial melting for the lherzolites
of Nasfandeh-Kouh and Sefid-Kouh and the harzburgites of
Qadamgah, Bandan, and Zolfaghari is approximately between 5
and 10% and It is 15% for harzburgites from areas such as Kalateh
Shahpouri and Cheshmeh anjir. This is in agreement with the
results obtained in the graphs of Ti versus Nd, Zr, and Sr (Bizimis
et al., 2000; Gornova et al., 2020). The high amount of Nd element

in clinopyroxenes indicates the low partial melting and depletion
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degrees in their host peridotites (Bizimis et al., 2000). The same
issue is true for Zr and, Sr (Gornova et al., 2020). REEs are immobile
at low temperatures (Hulme et al., 2010) and show almost no
relationship with serpentinization (Zhou et al., 2005). Enrichment
of REEs in abyssal-type clinopyroxenes normalized to chondrites
is natural (Bodinier and Godard, 2007). This issue is in complete
agreement with the clinopyroxenes found in all the peridotites of
Nehbandan, except for Kalateh Shahpouri and Cheshmeh anjir
areas. The depletion of REEs in the clinopyroxenes of these areas
normalized to chondrites as well as suggests the Supra-subduction

zone tectonic setting (Bodinier and Godard, 2007).

5. Conclusion

According to the petrographic and mineralogical studies of
clinopyroxenes in the peridotites of the Nehbandan ophiolitic
complex and their geochemical, and mineralogical analysis
concluded that the peridotites of Kalateh Shahpouri, Qadamgah,
Lah-Kouh, Cheshmeh anjir, Bandan, and Zolfaghari were of
harzburgite type and Sefid-Kouh and Nasfandeh-Kouh areas were
of lherzolite type. Generally, the types of clinopyroxenes of this
complex were diopside. From the geochemical study of the major
and trace elements and the normalized spider diagrams normalized
to the primary mantle and chondrite for the clinopyroxenes of
the peridotites in this complex determined that the peridotites
of Nasfandeh-Kouh, Bandan, Zolfaghari and Sefid-Kouh with
low partial melting and depletion degrees were related to the
Mid-oceanic ridges tectonic setting or abyssal that formed in the
back-arc basins. On the other side, the Harzburgites of Kalateh
Shahpouri and Cheshmeh anjir were Supra-subduction zone
peridotites and originated from fore-arc basins and have a high

degree of partial melting and depletion.
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Figure 3. Classification diagram of clinopyroxenes in Kalateh Shahpouri, Qadamgah,

Nasfandeh- Kouh, Lah-Kouh, Sefid- Kouh, Cheshmeh anjir, Bandan and Zolfaghari

peridotites (Deer et al., 2013).
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Figure 4. Microscopic images of clinopyroxenes in the peridotites of all areas of the Nehbandan ophiolite complex, respectively,
prepared by the laser ablation analysis device, and the analyzed points are also clear in the images: A) Clinopyroxenes in the
peridotites of the Kalateh Shahpouri area with a length of more than 3 mm (sample K-2-57). B) Clinopyroxene in the peridotite
of the Qadamgah area with a length of less than 1 mm (sample Q-7-41). C) Irregular rims of clinopyroxene found in the peridotite
of Nasfandeh- Kouh area (sample N-10-4). D) Irregular rims of clinopyroxene in peridotite of Lah-Kouh area (sample La-24-53).
E) Clinopyroxene in the peridotite of Sefid- Kouh area where the center is healthier than the periphery (Sample S-10-1).

F) Clinopyroxene in peridotite from the Cheshmeh anjir area, which contains olivine inclusions (sample J-17-64).
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Continued from Figure 4-G) Evidence of pressure in clinopyroxene from Bandan area peridotite (sample B-4-62). H) clinopyroxene

surrounded by olivine (sample B-4-62). I) Cleavage bending of clinopyroxene in peridotite of Zolfaghari area (sample Zf-1-3).

Abbreviations are adapted from Whitney and Evans (2010). (Ol= olivine, Opx= orthopyroxene, Cpx= clinopyroxene).
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Figure 5-A) Diagram of Al,O,vs. Mg# and tectonic setting of clinopyroxenes in peridotites of Nehbandan ophiolitic complex.

B) Diagram of Cr,O, vs. Mg# and tectonic setting of clinopyroxenes in peridotites. C) Diagram of TiO, vs. Mg# and tectonic setting of

clinopyroxenes in peridotites (Xiong et al., 2019).
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Table 1. Analysis results of major and incompatible elements of clinopyroxenes in peridotites of Nehbandan ophiolitic complex.(K= Kalateh Shahpouri,

Q= Qadamgah, N= Nasfandeh- Kouh, La= Lah-Kouh, S= Safid- Kouh, J= Cheshmeh anjir, B=Bandan, Zf= Zolfaghari, Cpx= Clinopyroxene).

No. K-55-1 K-55-2 K-57-1 K-57-2 K-57-3 Q-41-1 Q-41-2 Q-41-3 Q-43-1 N-47-1
Mineral Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx
SiO0, .0, 53.0 52.7 52.3 53.8 52.4 53.5 53.1 534 52.5 51.6

TiO, 0.05 0.056 0.053 0.041 0.054 0.10 0.098 0.089 0.094 0.099

ALO, 2.69 2.34 2.54 1.68 2.87 3.54 4.05 3.20 3.61 6.23
FeO 2.39 2.29 3.13 2.07 2.54 2.10 2.16 2.15 2.27 2.79
MnO 0.10 0.086 0.091 0.14 0.094 0.089 0.089 0.087 0.089 0.11
MgO 17.2 17.4 16.9 17.4 16.5 16.0 15.8 16.3 16.2 16.7
CaO 233 23.9 23.9 24.1 243 23.5 234 23.8 242 20.8
Na,O 0.09 0.086 0.092 0.076 0.093 0.047 0.044 0.042 0.042 0.42
K,0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
PO, 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.00
Total 98.83 98.74 98.76 98.67 98.79 98.68 98.91 98.56 98.67 98.67
Ni . 399 334 370 326 368 368 371 365 362 397
Sc 53.9 59.82 51.87 52.40 54.72 59.69 58.99 57.97 60.29 50.50
A\ 188 188 178 141 189 247 258 229 246 246

Rb 0.09 0.20 0.00 0.01 0.07 0.00 0.04 0.14 0.11 0.41

Cs 0.02 0.06 0.06 0.00 0.23 0.00 0.03 0.00 0.01 0.35

Ba 0.05 0.74 0.03 0.10 0.20 0.09 0.11 0.00 0.03 0.04

Sr 0.12 0.20 0.17 0.19 0.16 0.05 0.03 0.08 0.05 0.45

Nb 0.00 0.01 0.02 0.01 0.00 0.00 0.00 0.00 0.01 0.01

Hf 0.01 0.00 0.03 0.03 0.03 0.01 0.04 0.02 0.03 0.29

Zr 0.33 0.35 0.24 0.34 0.36 0.15 0.16 0.12 0.14 1.65

Ti 500 560 530 410 540 1000 980 890 940 990

Y 3.42 3.47 3.57 2.33 3.79 4.96 5.58 4.83 4.92 12.08

Th 0.01 0.00 0.01 0.02 0.02 0.01 0.02 0.02 0.03 0.00

U 0.01 0.00 0.02 0.00 0.01 0.03 0.02 0.03 0.04 0.04

La 0.04 0.04 0.04 0.05 0.06 0.06 0.06 0.04 0.04 0.05

Ce 0.03 0.00 0.01 0.00 0.03 0.00 0.00 0.01 0.00 0.04

Pr 0.01 0.02 0.01 0.01 0.01 0.03 0.02 0.01 0.05 0.05

Nd 0.05 0.04 0.02 0.02 0.00 0.02 0.00 0.00 0.04 0.62

Sm 0.04 0.06 0.02 0.04 0.09 0.05 0.05 0.00 0.02 0.85

Eu 0.03 0.03 0.04 0.02 0.04 0.01 0.06 0.04 0.06 0.33

Gd 0.09 0.22 0.26 0.15 0.11 0.30 0.39 0.34 0.29 1.75

Tb 0.05 0.04 0.04 0.05 0.05 0.08 0.09 0.08 0.10 0.29

Dy 0.52 0.57 0.57 0.40 0.60 0.89 0.94 0.82 0.61 2.37

Ho 0.13 0.14 0.14 0.08 0.14 0.22 0.22 0.18 0.22 0.57

Er 0.40 0.46 0.38 0.21 0.39 0.63 0.77 0.79 0.80 1.31

Tm 0.07 0.09 0.07 0.06 0.05 0.06 0.12 0.10 0.11 0.21

Yb 0.49 0.33 0.44 0.24 0.45 0.65 0.81 0.56 0.73 1.41

Lu 0.04 0.09 0.04 0.02 0.09 0.08 0.15 0.10 0.14 0.17

Pb 0.11 0.00 0.17 0.09 0.00 0.00 0.00 0.12 0.11 0.07
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Continued from Table 1

No. N-47-2 N-47-3 N-50-1 N-50-2 N-50-3 N-4-1 La191  La-192  La-194  La-20-1
Mineral Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx
Si0, .., 514 51.2 51.0 514 50.7 53.2 51.9 51.7 50.7 50.5
TiO, 0.15 0.16 0.15 0.18 0.14 0.17 0.18 0.19 0.19 0.18
ALO, 6.30 6.38 5.96 5.54 6.57 6.10 5.18 5.10 5.99 5.11
FeO 2.96 2.79 2.81 2.59 2.70 2.27 2.24 2.27 2.48 3.54
MnO 0.11 0.11 0.11 0.099 0.11 0.092 0.10 0.10 0.09 0.14
MgO 16.4 16.6 17.3 15.7 16.9 14.9 15.4 16.2 19.1 19.0
CaO 21.1 21.1 21.1 23.0 21.2 21.0 23.5 23.0 19.8 20.3
Na,O 0.38 0.40 0.40 0.39 0.40 0.83 0.32 0.32 0.32 0.23
K,0 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.01
P,0, 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.01
Total 98.71 98.66 99.88 98.73 98.76 98.68 98.87 98.74 98.68 98.97
A} F 386 380 392 375 376 357 385 370 345 355
Sc 52.51 52.54 50.73 56.37 48.89 55.97 56.70 53.76 42.63 50.36
A% 248 249 241 258 246 249 251 240 236 230
Rb 0.00 0.43 0.20 0.09 0.20 0.07 0.20 0.00 2.12 0.26
Cs 0.00 0.32 0.05 0.00 0.08 0.00 0.10 0.13 1.49 0.61
Ba 0.04 0.05 0.04 0.00 0.07 0.08 0.00 0.19 0.51 0.45
Sr 0.49 0.59 0.50 0.59 0.52 0.53 0.23 0.20 0.31 0.28
Nb 0.01 0.00 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.00
Hf 0.35 0.21 0.13 0.24 0.25 0.60 0.17 0.21 0.17 0.06
Zr 1.77 241 2.04 2.15 2.62 2.48 1.25 0.89 0.27 0.60
Ti 1500 1600 1500 1800 1400 1700 1800 1900 1900 1800
Y 13.56 12.20 12.74 12.44 12.87 14.10 12.62 12.16 10.89 9.14
Th 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
U 0.05 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.03
La 0.02 0.01 0.00 0.00 0.00 0.04 0.00 0.01 0.02 0.00
Ce 0.04 0.06 0.07 0.05 0.06 0.56 0.01 0.01 0.03 0.02
Pr 0.05 0.06 0.06 0.05 0.05 0.20 0.02 0.02 0.02 0.00
Nd 0.79 0.56 0.60 0.65 0.78 1.70 0.25 0.29 0.36 0.48
Sm 0.79 0.61 0.65 0.71 0.80 0.96 0.42 0.43 0.39 0.39
Eu 0.39 0.34 0.29 0.40 0.33 0.40 0.20 0.22 0.22 0.15
Gd 1.48 1.59 1.66 1.42 1.81 2.05 1.35 1.36 0.96 1.17
Tb 0.28 0.30 0.35 0.30 0.25 0.31 0.30 0.21 0.32 0.16
Dy 2.21 1.86 2.09 2.13 2.44 2.27 2.03 1.79 1.69 1.56
Ho 0.49 0.43 0.49 0.47 0.54 0.58 0.42 0.47 0.43 0.39
Er 1.51 1.34 1.45 1.42 1.42 1.37 1.39 1.37 1.10 1.10
Tm 0.25 0.15 0.21 0.20 0.23 0.21 0.22 0.16 0.23 0.18
Yb 1.63 1.51 1.67 1.10 1.25 1.44 1.35 1.22 1.08 0.97
Lu 0.26 0.20 0.18 0.21 0.16 0.21 0.18 0.21 0.18 0.14
Pb 0.06 0.03 0.09 0.09 0.09 0.07 0.00 0.00 0.15 0.04
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Continued from Table 1

No. La-2-5 La-2-6 La-2-1 La-2-2 La-3-1 La-3-2 La-3-3  S-1-1 S-1-2 S-1-3
Mineral Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx

SiO, s 50.7 51.5 52.5 52.0 51.6 51.0 49.6 535 534 53.8
TiO, 0.20 0.21 0.22 0.18 0.17 0.18 0.15 0.44 0.32 0.38
ALO, 5.96 5.49 3.82 4.50 4.59 4.99 4.78 2.47 2.33 241
FeO 2.39 2.18 2.22 2.19 2.18 2.13 4.48 5.39 6.34 5.46
MnO 0.10 0.09 0.08 0.08 0.08 0.08 0.08 0.18 0.18 0.18
MgO 20.2 16.2 15.6 16.1 17.8 16.3 19.6 16.1 15.8 16.5
CaO 18.7 22.9 24.4 23.7 224 239 19.9 21.0 20.6 20.3
Na,O 0.29 0.33 0.10 0.14 0.10 0.15 0.12 0.27 0.42 0.37
K,0 0.27 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.02 0.01
P,0, 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Total 98.98 98.96 98.79 98.81 98.76 98.76 98.86 98.36 98.40 98.70
Ni_ .. 396 335 300 323 301 327 304 201 334 236

Sc 44.75 49.78 73.27 63.21 61.93 58.30 50.47 102.4 94.65 99.99
v 44.75 49.78 73.27 63.21 61.93 58.30 50.47 102.4 94.65 99.99
Rb 232 246 274 267 261 267 244 368 338 363
Cs 4.30 0.25 0.04 0.03 0.40 0.07 0.64 0.00 0.05 0.06
Ba 1.23 0.21 0.00 0.00 0.16 0.08 0.29 0.06 3.37 3.66
Sr 0.22 0.26 0.29 0.22 0.48 0.48 0.49 9.15 9.92 8.86
Nb 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.02 0.00
Hf 0.15 0.11 0.12 0.08 0.05 0.07 0.05 0.43 0.24 0.42
Zr 0.98 0.84 0.72 0.58 0.35 0.31 0.36 9.27 5.75 5.73
Ti 2000 2100 2200 1800 1700 1800 1500 4400 3200 3800
Y 11.32 12.68 10.23 9.10 9.50 10.33 8.36 16.14 13.69 14.04
Th 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.15 0.11
U 0.03 0.04 0.00 0.04 0.05 0.04 0.00 0.00 0.05 0.05
La 0.00 0.05 0.00 0.00 0.04 0.00 0.01 0.37 0.36 0.30
Ce 0.04 0.03 0.01 0.04 0.04 0.00 0.00 1.55 1.20 1.26
Pr 0.02 0.03 0.01 0.00 0.00 0.00 0.00 0.38 0.31 0.27
Nd 0.39 0.37 0.02 0.08 0.02 0.10 0.04 0.83 1.00 1.20
Sm 0.47 0.64 0.07 0.25 0.11 0.29 0.16 1.45 0.82 1.33
Eu 0.25 0.27 0.13 0.08 0.17 0.17 0.21 0.38 0.40 0.48
Gd 1.18 1.44 0.91 0.61 0.88 0.96 0.45 2.72 2.01 1.82
Tb 0.24 0.27 0.20 0.22 0.21 0.18 0.16 0.51 0.35 0.43
Dy 1.62 2.06 1.77 1.65 1.49 2.01 1.62 3.37 2.84 2.86
Ho 0.47 0.56 0.38 0.40 0.33 0.40 0.35 0.70 0.54 0.56
Er 1.20 1.41 1.13 1.11 0.95 1.20 0.92 1.71 1.45 1.70
Tm 0.24 0.23 0.15 0.22 0.20 0.18 0.18 0.28 0.20 0.25
Yb 1.19 1.59 1.33 1.05 1.18 1.41 0.93 1.79 1.45 1.17
Lu 0.18 0.16 0.21 0.15 0.22 0.22 0.13 0.19 0.21 0.21
Pb 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.16 0.32 0.13
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No. S-3-1 S-3-2 B-61-1 B-61-2 B-62-1 B-62-2 B-62-3 J-4-1 J-4-2 J-4-3
Mineral Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx
Si0, v 53.2 53.5 50.6 51.1 52.1 52.0 51.3 54.0 54.1 53.9
TiO, 0.33 0.27 0.14 0.14 0.15 0.14 0.14 0.032 0.030 0.032
ALO, 2.81 2.83 6.06 5.90 5.78 6.19 6.16 2.53 242 2.51
FeO 4.83 4.95 2.78 2.86 2.66 3.28 3.19 2.16 242 2.13
MnO 0.16 0.16 0.11 0.11 0.11 0.12 0.12 0.084 0.085 0.086
MgO 16.3 16.0 18.4 18.3 16.8 18.0 17.6 16.6 17.5 16.6
CaO 21.4 21.1 20.2 20.0 21.0 18.7 19.8 23.6 22.5 23.7
Na,O 0.23 0.24 0.18 0.17 0.17 0.16 0.16 0.044 0.040 0.044
K,0 0.00 0.00 0.13 0.06 0.01 0.00 0.04 0.00 0.00 0.00
P,0, 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
Total 98.50 98.66 98.67 98.78 99.14 98.37 98.63 98.86 98.41 98.78
Ni_ . 220 202 435 431 395 480 475 384 362 377
Sc 91.59 87.12 41.85 41.39 47.69 38.86 39.23 59.09 56.44 56.88
\4 326 300 225 230 240 230 225 201 193 203
Rb 0.24 0.01 6.57 3.16 0.43 0.00 2.63 0.05 0.09 0.06
Cs 0.02 0.00 3.01 2.07 0.11 0.27 1.93 0.00 0.00 0.00
Ba 0.84 0.00 1.14 1.07 0.07 0.27 1.56 0.00 0.00 0.04
Sr 8.83 9.27 0.54 0.64 0.69 0.45 0.81 0.15 0.41 0.25
Nb 0.01 0.00 0.02 0.00 0.00 0.01 0.00 0.02 0.01 0.00
Hf 0.30 0.19 0.05 0.10 0.09 0.08 0.05 0.01 0.00 0.00
Zr 4.53 2.92 0.17 0.19 0.22 0.18 0.18 0.18 0.19 0.17
Ti 3300 2700 1400 1400 1500 1400 1400 320 300 320
Y 9.77 7.55 7.78 8.39 9.31 7.99 7.90 1.61 1.53 1.59
Th 0.00 0.03 0.01 0.06 0.15 0.02 0.06 0.15 0.01 0.06
U 0.00 0.02 0.00 0.01 0.03 0.03 0.03 0.04 0.05 0.06
La 0.13 0.14 0.05 0.04 0.02 0.03 0.02 0.01 0.03 0.01
Ce 0.57 0.55 0.03 0.02 0.02 0.01 0.01 0.01 0.03 0.00
Pr 0.15 0.13 0.02 0.01 0.01 0.00 0.01 0.00 0.05 0.05
Nd 1.26 1.06 0.17 0.26 0.19 0.11 0.31 0.00 0.02 0.03
Sm 0.75 0.47 0.32 0.19 0.28 0.40 0.12 0.00 0.00 0.00
Eu 0.33 0.22 0.25 0.11 0.10 0.10 0.11 0.00 0.03 0.03
Gd 1.36 0.96 0.67 0.73 0.91 0.75 0.89 0.02 0.00 0.03
Thb 0.26 0.20 0.17 0.21 0.22 0.15 0.20 0.01 0.03 0.01
Dy 2.01 1.31 1.10 1.40 1.27 1.37 1.17 0.16 0.17 0.19
Ho 0.39 0.31 0.38 0.37 0.42 0.32 0.31 0.07 0.06 0.06
Er 1.18 0.90 1.20 0.96 1.08 0.92 0.84 0.22 0.18 0.16
Tm 0.16 0.09 0.16 0.13 0.17 0.13 0.18 0.07 0.04 0.06
Yb 0.93 0.82 0.92 1.13 1.03 0.79 0.79 0.38 0.21 0.42
Lu 0.15 0.11 0.16 0.17 0.13 0.14 0.13 0.05 0.06 0.06
Pb 0.16 0.00 0.00 0.00 0.04 0.21 0.10 0.09 0.09 0.16
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Continued from Table 1
No. J-7-1 J-1-2 J-1-3 J-3-1 J-3-2 7f-1-1 7112 7Zf-1-3 Zf-3-1 Zf1-3-2
Mineral Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx
SiO 533 53.5 53.4 52.9 53.6 53.5 534 53.9 53.2 534

2(Wt.%)

TiO, 0.030 0.039 0.038 0.037 0.036 0.44 0.32 0.38 0.33 0.28
ALO, 2.72 2.66 2.92 2.93 2.62 2.47 2.33 2.41 2.81 2.84

FeO 2.36 2.35 2.45 2.59 2.39 5.39 6.34 5.46 4.83 4.96
MnO 0.090 0.085 0.086 0.091 0.080 0.18 0.18 0.18 0.16 0.16
MgO 17.1 16.5 16.5 17.2 16.6 16.1 15.8 16.6 16.3 16.1
CaO 23.4 23.6 233 22.8 233 21.0 20.6 20.3 21.5 21.1
Na,O 0.036 0.30 0.29 0.31 0.31 0.27 0.42 0.38 0.23 0.24
K,0 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.00
P,0, 0.00 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01
Total 99.09 98.76 98.52 98.65 98.97 98.68 98.61 98.71 98.51 98.57
Ni_ . 401 391 391 382 366 201 334 236 220 202
Sc 56.95 68.34 69.36 62.31 69.62 102.4 94.65 99.99 91.59 87.12
A% 200 219 230 218 218 368 338 363 326 300
Rb 0.00 0.03 0.00 0.06 0.00 0.01 0.41 0.07 0.24 0.01
Cs 0.02 0.04 0.00 0.05 0.00 0.00 0.05 0.06 0.02 0.00
Ba 0.05 0.06 0.06 0.00 0.14 0.06 3.37 3.66 0.84 0.00
Sr 0.13 4.44 4.63 4.19 3.84 9.15 9.92 8.86 8.83 9.27
Nb 0.00 0.04 0.03 0.04 0.03 0.00 0.02 0.00 0.01 0.00
Hf 0.00 0.00 0.02 0.01 0.00 0.43 0.24 0.42 0.30 0.19
Zr 0.18 0.19 0.17 1.33 0.00 9.27 5.75 5.73 4.53 5.92
Ti 300 390 380 370 360 4400 3200 3800 3300 2800
Y 1.60 1.81 1.86 1.50 1.61 16.14 13.69 14.04 9.77 7.55
Th 0.15 0.01 0.06 0.02 0.01 0.06 0.15 0.11 0.00 0.03
U 0.05 0.03 0.03 0.02 0.00 0.00 0.05 0.05 0.00 0.02
La 0.00 0.16 0.13 0.08 0.11 0.37 0.36 0.30 0.13 0.14
Ce 0.00 0.33 0.28 0.21 0.19 1.55 1.20 1.26 0.57 0.55
Pr 0.00 0.06 0.02 0.03 0.03 0.38 0.31 0.27 0.15 0.13
Nd 0.00 0.16 0.14 0.10 0.10 1.03 1.07 1.20 1.06 1.01
Sm 0.00 0.08 0.06 0.02 0.05 1.45 0.82 1.33 0.75 0.47
Eu 0.02 0.05 0.02 0.01 0.02 0.38 0.40 0.48 0.33 0.22
Gd 0.00 0.02 0.10 0.11 0.00 2.72 2.01 1.82 1.36 0.96
Tb 0.01 0.02 0.02 0.02 0.01 0.51 0.35 0.43 0.26 0.20
Dy 0.11 0.21 0.16 0.08 0.22 3.37 2.84 2.86 2.01 1.31
Ho 0.05 0.06 0.09 0.08 0.07 0.70 0.54 0.56 0.39 0.31
Er 0.22 0.16 0.30 0.17 0.22 1.71 1.45 1.70 1.18 0.90
Tm 0.04 0.05 0.03 0.03 0.05 0.28 0.20 0.25 0.16 0.09
Yb 0.38 0.41 0.41 0.38 0.32 1.79 1.45 1.17 0.93 0.82
Lu 0.06 0.04 0.04 0.05 0.04 0.19 0.21 0.21 0.15 0.11
Pb 0.00 0.08 0.15 0.00 0.00 0.16 0.32 0.13 0.16 0.00
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Figure 6- A) Ti vs. Nd diagram and tectonic setting of clinopyroxenes in peridotites of Nehbandan ophiolitic complex (Bizimis et al.,

2000). B) T vs. Zr diagram and tectonic setting of clinopyroxenes in peridotites (Gornova et al., 2020). C) Ti vs. Sr diagram and tectonic

setting of clinopyroxenes in peridotites (Gornova et al., 2020).
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Figure 7. Spider diagram of the incompatible elements of clinopyroxenes normalized to the primary mantle in peridotites of the Nehbandan ophiolitic

complex (Sun and McDonough, 1989). A) Spider diagram of clinopyroxenes in Kalateh Shahpouri area. B) Spider diagram of clinopyroxenes in

Qadamgah area. C) Spider diagram of clinopyroxenes in Nasfandeh- Kouh area. D) Spider diagram of clinopyroxenes in Lah-Kouh area. E) Spider

diagram of clinopyroxenes in Sefid- Kouh area. F) Spider diagram of clinopyroxenes in Cheshmeh anjir area. G) Spider diagram of clinopyroxenes in

Bandan area. H) Spider diagram of clinopyroxenes in Zolfaghari area.
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Figure 8. Spider diagram of REE of clinopyroxenes normalized to chondrite in peridotites of Nehbandan ophiolitic complex (Sun and McDonough, 1989).

A) Spider diagram for Kalateh-Shahpouri peridotites. B) Spider diagram for Qadamgah peridotites. C) Spider diagram for Nasfandeh- Kouh peridotites.

D) Spider diagram for peridotites of Lah-Kouh area. E) Spider diagram for Sefid- Kouh peridotites. F) Spider diagram for Cheshmeh anjir peridotites. G) Spider

diagram for Bandan peridotites. H) Spider diagram for Zolfaghari peridotites.
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Figure 9. REE spider diagram of clinopyroxenes normalized to chondrite; Green ranges of

clinopyroxenes from abyssal or mid-ocean ridge peridotites (Seyler et al., 2001) and range

lines of 10%, 15%, 20%, and 25% partial melting (Sano and Kimura, 2007).
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