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Fig . 1. The map of ophiolites in Iran, Neyriz ophiolite is shown in the box (after Monsef et al., 2018). 
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Fig . 2. Simplified geological map of the studied area based on the 1:250,000 Eghlid geological map (modified from 

Hoshmandzade and Sohili, 1990) 
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Fig. 3. A) A view of serpentinites in the northeast of Korehei; B) The field relation of laterites with serpentinites in the 

northeast of Koopan; C) A close-up view of serpentinites in the northeast of Korehei; D) A close-up view of serpentinites 
in the northeast of Koopan.  
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Table 1. The results of chemical analysis of major elements (by XRF method) and minor and rare elements (by ICP-
MS method) of serpentinites in the south of Bavanat 

Sample Kr-2 Kr-3 Kr-5 Kr-6 Kp-10 Kr-13 Kr-14 Kr-15 KP-21 

(Wt%) 2SiO 38.14 37.58 38.61 38.66 37.87 38.12 38.47 36.98 38.39 

2TiO <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

3O2Al 0.76 0.99 0.66 0.68 0.77 0.57 0.55 1.04 0.95 

3O2Fe 8.63 8.62 7.82 8 8.66 8.06 8.38 7.86 8.4 

MgO 37.13 36.87 38.01 37.26 37.24 38.27 37.49 38.71 35.76 

MnO 0.16 0.09 0.09 0.1 0.08 0.07 0.08 0.07 0.13 

CaO 0.28 0.52 0.21 0.2 0.18 0.07 0.32 0.13 0.31 

O2Na 0.36 0.4 0.3 0.29 0.37 0.29 0.3 0.25 0.17 

O2K <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

5O2P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

LOI 13.61 14 13.56 14.11 14.04 13.68 13.59 13.89 14.98 

Total 99.07 99.07 99.26 99.3 99.21 99.13 99.18 98.93 99.09 

Cs(ppm) 0.5 0.4 0.45 0.3 0.38 0.4 0.3 0.5 0.2 

Ba 89 12 11 11 18 6 10 3 14 

Rb 0.9 0.7 0.8 0.5 1 0.9 0.6 0.4 0.3 

Sr 13.8 12 15.9 21.9 15.7 7.4 13.4 11.6 9.9 

Th 0.21 0.18 0.13 0.12 0.09 0.08 0.06 0.05 0.07 

U 0.1 0.08 0.1 0.1 0.1 0.1 0.07 0.06 0.1 

Pb 0.09 0.06 0.07 0.05 2 0.04 0.03 1 10 

V 29 32 28 29 35 33 33 42 55 

Cr 1382 1401 1350 1206 1608 1454 1647 2562 2504 

Co 87.7 91.1 89.5 86.2 93.7 94.9 91 93.2 97.2 

Ni 1846 2042 1977 2011 2048 2129 1995 2081 2065 

Hf 1.27 1.3 1.28 1.26 1.24 1.26 1.29 1.26 1.28 

Ta 0.24 0.14 0.21 0.15 0.18 0.28 0.17 0.18 0.2 

Zr 5 4.5 4 4.3 3 2.5 3.8 2.9 4.8 

Nb 0.9 1 0.7 0.8 0.5 0.6 0.4 0.3 0.8 

La 1 1 1 1 0.9 0.7 0.6 0.8 1 

Ce 0.6 0.8 0.4 0.5 0.7 0.9 1 0.3 0.8 

Pr 0.16 0.08 0.04 0.08 0.06 0.03 0.06 0.02 0.06 

Nd 0.5 0.4 0.2 0.3 0.1 0.4 0.3 0.5 0.2 

Sm 0.01 0.012 0.014 0.016 0.018 0.019 0.015 0.017 0.013 

Eu 0.09 0.07 0.05 0.03 0.01 0.08 0.06 0.04 0.02 

Gd 0.32 0.31 0.29 0.3 0.28 0.31 0.29 0.3 0.29 

Tb 0.07 0.09 0.05 0.03 0.04 0.06 0.08 0.02 0.1 

Dy 0.19 0.24 0.19 0.21 0.14 0.15 0.18 0.18 0.16 

Y 0.4 0.3 0.45 0.39 0.5 0.28 0.46 0.35 0.43 

Er 0.05 0.1 0.04 0.03 0.08 0.02 0.05 0.04 0.03 

Tm 0.04 0.05 0.09 0.06 0.07 0.08 0.03 0.02 0.1 

Yb 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.3 

Lu 0.09 0.05 0.06 0.07 0.08 0.04 0.03 0.1 0.08 
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Figure 4. Microphotographs  of the serpentinites in the south of Bavanat: A) Pyroxene, amphibole and spinel in the 

serpentinites of the northeast of Koopan; B) Remnants of pyroxene altereted to bestite in serpentinites of the northeast 
of Koopan; C) Anhedral spinel with serpentine group minerals in the serpentinites of the northeast of Korehei; D) 
Pyroxene altereted to bestite in the serpentinites of the northeast of Korehei; E, F) The serpentine group minerals in 

the serpentinites of the northeast of Korehei. Abbreviations from Whitney and Evans (2010). Sep:  serpentine, Spl: 
Spinel, Px: Pyroxene, Bas: Bastite.   
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Fig. 5. XRD diagrams of serpentinites in the south of Bavanat 
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Fig. 6. A and B) Al2O3-MgO- CaO diagrams to determine the protolith (Li and Bucher, 2004) where the studied samples 

are in the range of harzburgite-donite and in the field of metamorphic peridotites (Coleman and Keith, 1971). C) CaO- 
Al2O3-MgO  ternary diagram (Coleman, 1977) to separate ultramafic tectonites from ultramafic cumulates where the 
studied samples are in the ultramafic tectonites range, D) AFM diagram, where the studied samples are in the 

metamorphic peridotites range. MAR: average composition of mid-ocean ridge basalt from Dana (1985). 
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Fig . 7. A) SiO2 vs LOI diagram, B) MgO/SiO2   vs  Al2O3/SiO2 diagram. In these diagrams, serpentinites with antigorite 

are distinguished from serpentinites with lizardite and chrysotile (Deschamps et al., 2013). Lz: lizardite, Ctl: chrysotile, 

Atg: antigorite. 
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Fig. 8. CaO vs MgO diagram (Deschamps et al., 2013), A) The different environments of formation of serpentinites, B) 

The protolith of serpentinites. Depleted mantle (Salters and Stracke, 2004). 
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Fig. 9. A) MgO/SiO2 vs Al2O3/SiO2 diagram (Jagoutz et al., 1979, Hart and Zindler, 1986) where the studied samples 

are below the mantle peridotite array and in fore arc or suprasubduction (SSZ). Primary mantle (Palme and O'Neill, 
2004), Depleted mantle (Salters and Stracke, 2004), Abyssal peridotites (Niu, 1997; Niu, 2004) and fore arc (SSZ) 
peridotites (Parkinson and Pearce, 1998) are given for comparison. 
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Fig . 10. Comparison of MgO/SiO2- Al2O3/SiO2 ratios of the studied samples with Alps, Himalaya and Cuba samples 
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Fig. 11. A) Chondrite-normalised REE pattern (values from Nakamura, 1974)., B) NMORB-normalised, trace element 
abundance diagram (spider diagram) for representative samples of the studied area (normalizing values after Sun and 

McDonough, 1989).  
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Fig. 12. Sr and Ba vs Yb diagrams. Sediments (Li and Schoonmaker, 2003) 
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Abstract 

The south of Bavanat area is located in the high Zagros zone and it is considered a part of the Neyriz 

ophiolite. In this area, the ophiolitic complex is small coloured melanges include radiolarite cherts and 

serpentinites. The serpentinites composed of serpentine, spinel, opaque (as residual minerals from 

protholith), amphibole, rarely olivine and pyroxene. Olivines have been highly altered to serpentine and 

pyroxenes to bastite. Low values of Al2O3 and very low TiO2 against high values MgO, Cr, Ni and V in 

these serpentinites indicate the protholith of harzburgite- dunite tectonites. Also, very low values of CaO 

in these serpentinites indicate the low amount of clinopyroxene in the protholith and its harzburgite-

dunite type. Based on the chemistry of the major, minor and rare elements, the primary peridotites that 
make up these rocks are formed in the suprasubduction-fore arc zone from a mantle affected by the 

reaction with the melt (melt-rock reaction) resulting from the subducted plate. 
 

Keywords: High Zagros, Bavanat, Ophiolite, Serpentinite, Suprasubduction (SSZ) 
 
Introduction 

The south of Bavanat area is located in the high 

Zagros zone and it is considered a part of the 

Neyriz ophiolite. Late Cretaceous Neyriz 

ophiolite  represents  a remnant of the southern 

Neo-Tethyan oceanic lithosphere exposed in 

the south of Iran. Intrusive rocks contain 

peridotite, layered gabbros, isotropic gabbros 
and plagiogranites. Peridotites are 

volumetrically predominant and Harzburgite 

tectonites are the dominant peridotites. 

Volcanic rocks consist mainly of basaltic to 

andesitic pillow and sheet lava flows. Volcanic 

lavas and dyke intrusions are dominated by 

basalt, andesite, and diabase. In the south of 

Bavanat, the ophiolitic complex is small 

coloured melanges include radiolarite cherts 

and serpentinites. The main lithological unit of 

this area consists of serpentinites that in this 

article, the lithology, mineralogy and 

geochemical nature of these rocks are 
investigated to identify the protolith and their 

tectonic setting 
 

Materials and methods 

During the field studies, 40 samples were taken 

from serpentinites. In the laboratory studies, 

first, thin sections were prepared from these 

rock samples and after studding the thin 

sections, nine samples were studied by XRD 

method in the central laboratory of Lorestan 

University. Also, these 9 samples were 

analyzed by XRF and ICP-MS methods in 

Zarazma laboratory in Tehran. 
 

Discussion and results 

The main lithological unit of this area consists 

of serpentinites. The results of XRD analysis 

indicate the presence of serpentine (lizardite 

and antigorite), spinel, chromite, olivine and 

pyroxene (enstatite, diopside and pigeonite) in 

these rocks. Low values of Al2O3 and very low 

TiO2 against high values MgO, Cr, Ni and V in 

these rocks indicate the protholith of 

harzburgite- dunite tectonites. Also, very low 

values of CaO (0.07 to 0.52wt %) in these 

rocks indicate the low amount of 

clinopyroxene in the protholith and its 

harzburgite-dunite type. The changes of the 

major elements show that these rocks are 

metamorphic peridotites with the protholith of 

harzburgite-dunite tectonites. The studied 

samples show depletion of Al2O3 and CaO, 

which are similar to peridotites that originated 
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from the fore arc zone. Based on the 

MgO/SiO2- Al2O3/SiO2 ratios, the studied 

samples show Al2O3/SiO2 lower than the 

primary mantle and were formed in the 

suprasubduction- fore arc zone. On the other 

hand, the studied samples show depletion of 

alkalis, which confirm the formation of these 

rocks in the suprasubduction- fore arc zone.  

The studied rocks show enrichment of REE 

elements compared to chondrite, which 
indicates these rocks are serpentinites derived 

from harzburgites. Also, the studied rocks are 

depleted in incompatible elements compared to 

the N-MORB and have a negative slope from 

LILE to HFSE and have a positive anomaly of 

LILE elements such as Cs, Pb, and Ba which 

can be attributed to the effect of molten 

materials or fluids released from the subducted 

plate. 

 

Conclusion 

The rock units of south of Bavanat include 

serpentinites and radiolarite cherts. The 

serpentinites constitute the most rocks of this 

area. These rocks composed of serpentine, 

spinel, opaque (as residual minerals from 

protholith), amphibole, rarely olivine and 

pyroxene. The geochemistry of these rocks 

shows the characteristics of subducted 

serpentinites. The high values of compatible 
rare elements such as Cr, Ni and V indicate the 

protholith of harzburgite-dunite  for these 

serpentinites. Also, the investigations carried 

out during this study show that the primary 

peridotites that make up these serpentinites are 

formed in the suprasubduction-fore arc zone 

from a mantle affected by the reaction with the 

melt (melt-rock reaction) resulting from the 

subducted plate. 
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