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Fig. 1. Distribution map of the most important ophiolites in Iran (taken from Ghazi et al., 2011). The location of the 

studied area is indicated on the map . 

   

 
1 Central-East Iranian Microplate (CEIM) 
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Fig. 2. Geological map of the studied area (with modifications from Bahrambeigi et al., 2019) . 
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Fig. 3. General view of the studied area on the image obtained from the SPOT satellite (view from the south-west).  
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Table 1. Main element oxide contents in selected olivine from peridotite rocks of Shasatpich area by microprobe analysis in 

wt% along with the calculation data of the structural formula based on 3 cations and 4 anions (all in atoms per formula unit-

apfu). 
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*Mg#=[(100*Mg/(Mg+Fe)] 

* Fo = Mg/(Mg+Fe) 

*bdl: below detection limit 
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Table 2. Main element oxide content results from peridotite whole rocks of Shasatpich area by XRF in wt%. 

R-Type SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 Total LOI 

Hz 38.17 0.01 1.00 9.58 0.18 35.08 0.16 0.18 0.01 0.06 99.4 14.38 

Hz 40.00 0.03 1.59 10.34 0.16 33.02 0.27 0.12 0.01 bdl 99.34 13.68 

Hz 41.34 0.01 0.76 10.13 0.12 33.18 0.45 0.14 0.01 0.01 99.36 13.1 

Hz 38.32 0.02 1.41 8.49 0.14 35.53 1.01 0.13 bdl bdl 99.39 13.79 

Hz 39.06 0.02 0.97 8.71 0.11 35.67 1.13 0.14 0.01 bdl 99.41 13.15 

Hz 38.95 0.02 1.07 8.73 0.11 35.24 1.27 0.19 0.01 bdl 99.34 13.26 

Hz 39.13 0.02 0.99 8.59 0.13 35.65 1.2 0.17 0.01 0.01 99.89 13.51 

Hz 38.46 0.01 1.15 9.57 0.17 34.81 1.11 0.18 0.01 0.04 99.43 13.58 

Hz 39.62 0.01 1.12 10.04 0.15 34.24 0.82 0.14 0.01 0.03 100.66 13.96 

Hz 38.23 0.01 1.20 9.03 0.12 35.28 1.25 0.15 0.01 0.05 100.03 14.17 

Hz 38.61 0.02 1.28 10.02 0.11 33.85 0.26 0.17 0.01 0.02 97.98 13.11 

Du 36.52 bdl* 0.59 10.15 0.15 37.15 0.06 bdl 0.01 bdl 99.39 14.3 

Du 37.12 0.01 0.99 8.92 0.16 36.34 0.07 0.16 0.01 bdl 99.43 15.4 

Du 36.59 0.01 0.77 9.35 0.15 36.72 0.07 0.06 0.01 bdl 98.92 14.86 

Du 36.70 0.01 0.72 10.08 0.16 36.43 0.07 0.14 0.01 bdl 98.97 14.4 

Du 36.74 0.01 0.81 9.36 0.15 36.54 0.07 0.03 0.01 bdl 98.98 14.88 

Lz 39.20 0.02 0.92 8.71 0.11 35.49 1.43 bdl 0.02 bdl 99.48 13.16 

Lz 38.95 0.02 1.07 8.73 0.11 35.24 1.27 0.19 0.01 bdl 99.35 13.26 

Lz 38.84 0.07 2.00 9.65 0.15 35.09 2.03 0.25 0.03 0.01 99.46 10.93 

Lz 39.03 0.07 1.79 9.49 0.12 35.14 1.79 0.21 0.02 0.01 100.62 12.39 

Lz 38.88 0.07 1.88 8.82 0.13 35.29 1.38 0.19 0.01 0.01 99.96 12.81 

Lz 38.91 0.02 1.26 9.02 0.13 35.34 1.66 0.11 0.01 0.01 99.68 12.67 

Lz 38.84 0.06 1.84 9.57 0.13 35.3 1.45 0.13 0.01 0.01 100.81 13.04 

Lz 38.88 0.02 1.11 8.96 0.12 35.18 1.4 0.01 0.01 0.01 97.8 11.6 

Lz 38.87 0.06 1.63 8.94 0.11 35.4 1.58 0.17 0.03 0.01 99.15 11.8 

*bdl: below detection limit 
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Fig. 4. Outcrops of different types of rocks in the studied area separately, types of serpentinized peridotites next to the 

Cretaceous thrust limestones and basalts outcrops (view towards the south) . 
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Fig. 5. Ultramafic rocks in the studied area. a) Altered harzburgites in Shastapich region; b) Intensity of 

serpentinization and crushing in harzburgites outcrops . 
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Fig. 6. Primary coarse-grained olivine (Ol1) next to fine-grained neoblasts of metamorphic olivine (Ol2) and serpentine 
veins within primary olivines (Ol1) in harzburgite samples of the studied area (PPL). 
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Fig. 7. Lizardite networks between altered olivines in dunites of the studied area (PPl).  
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Fig. 8. Distribution quality of olivines and spinels among the serpentinization context of dunite rocks (XPL). 
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Fig. 9. Mineral chemistry of olivine based on Fe#=(Fe/(Fe+Mg)) against Mg#= diagram (Hovey et al., 1992). The olivine 

samples are in the range of forsterite tending to chrysolite in the ultramafic rocks of the studied area . 
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Fig. 10. a: Raman spectrum image of a first generation olivine sample  (Ol1) (BP3-44) from the harzburgite samples of 

the region; B: Olivines under Raman analysis in harzburgite rocks of the studied area . 
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Table 3. Comparison of the chemical metamorphic olivine (Ol2) with primary olivine (Ol1) compositions in lherzolite 

and metamorphosed harzburgites of the region. 
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Fig. 11. The compositional changes of olivines in the rock samples of the studied area. The situation of the studied 
olivines in a: Mg# vs. NiO diagram based on Hellbrand et al. (2002) and b: Mg# vs. MnO diagram. The range of olivine 

mantle is taken from Takahashi et al. (1986) and the range of abyssal and pre-arc peridotites from Lian et al. (2016). 
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Fig. 12. Comparison of the primary olivines (Ol1) with metamorphic olivines (Ol2) composition in the rock samples of 
the studied area on the CaO vs. Mg# diagram (Jackson, 1969). 
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Fig. 13. Plotting of the whole rock samples of the studied area on the MgO vs. CaO diagram (Hiros et al., 1995) 
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Fig. 14. Plotting of the studied olivines on the Raman peaks diagram that show the combined range of forsterite 82-92%. 
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Fig. 15. The relation between the 854 waves/cm peak vs. the saturation Man that shows a direct relation between these 
two factors. 
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Abstract 

The Shasatpich area hosts an ophiolitic complex located in the south of Kerman, southeast Iran. This 

ophiolitic complex is composed of lherzolite, harzburgite, and dunite. Olivine is one of the important 
minerals found in these rocks, which is observed along with pyroxene (orthopyroxene and 

clinopyroxene) and spinel. The combined range of olivines is forsterite to chrysolite, range of 84 to 92%. 

NiO with an average amount of about 0.38 wt% and MnO with an average of 0.14 wt% in olivines show 

the range has related to abyssal peridotites. In addition to serpentinization as a general alteration in the 

ultramafic rocks, petrographic studies show that evidence of metamorphism in the olivines of some 

harzburgites along with recrystallized antigorite crystals, which indicate a phase of thermal 

metamorphism in this harzburgite. These results have been confirmed in mineral chemistry studies too. 

Metamorphic olivines have an abnormality compared to magmatic olivines with a decrease in CaO. In 

chemical mineralogical studies, the amounts of forsterite and olivines show a regular increase from 

lherzolite to harzburgite and dunite. Raman spectroscopy studies on the studied olivines show the 

relationship between the peak shift of 854 waves/cm and forsterite values of olivine minerals in the 

study area. 
 

Keywords: Peridotite, Olivine, Mineral Chemistry, Raman Spectroscopy, Shasatpich, Kerman 
 
Introduction 

The Shasatpich Ophiolitic Complex is a part of 

the Baft-Esfandaghe ophiolitic Complex, 

located 110 km southwest of Kerman in central 

Iran. It belongs to the mixed ophiolitic belt of 

central Iran. The formation of this ophiolitic 

belt is attributed to the subduction of the 

Neotethys oceanic crust beneath the Central 

Iranian microcontinent towards the northeast, 

which has led to the formation of numerous 

ophiolitic complexes, including those 

surrounding the Central Iranian 

microcontinent. Olivine is an important 

mineral that plays a significant role in the 

formation of magmas, and its chemical 

composition can help clarify ambiguities 

regarding the petrogenesis and tectonic 

characteristics of the magmatic rocks. 

Therefore, this study focuses on studying 

olivine crystals in the metaperidotites of the 

Shasatpich area. Due to the intense alteration 

of the rocks in the area, studies on existing 

olivine crystals have been conducted using 

mineral chemistry analysis with the electron 

microprobe and Raman spectroscopy. 
 

Material and Methods 

In this study, the investigations include 

electron microprobe analysis, whole-rock 
geochemistry, and Raman spectroscopy, all of 

which were carried out in the Lithospheric 

Research Department laboratory of the 

University of Vienna, Austria. Electron 

microprobe analysis was performed on 108 

points of olivine minerals from 30 samples of 
peridotites in the Shasatpich area using the 

SXFive FE device at the University of Vienna. 

These analyses were carried out with an 

accelerating voltage of 30kV and a beam 

current intensity of 200nA. For the whole-rock 

studies, 25 samples from the region were 

analyzed using ICP-MS method. Raman 

spectroscopy studies were also conducted 

using a micro-Raman device (HORIBA Jobin 

Yvon, LabRAM HR800) equipped with a Nd: 

YAG laser with a diameter of 532 nanometers 

129 



��������	 ���� �� ������� ����� ����18����� � 35 ��!��" � ��#� �  1403    

 

 

(Ltd model, J100GS-16) and an optical 

microscope (Olympus, BX41 model). 

 

Results 

Geological surveis: In field observations, the 

metaperidotite outcrops of the area exhibit 

more intense tectonization and faulting with a 

darker background. The predominant lithology 

of the peridotites in this area includes 

lherzolite, harzburgite, and lesser amounts of 
dunite. The observations indicate that the 

peridotites in the region have been affected by 

the processes of serpentinization and 

tectonization, which are also observed in other 

peridotites of the CEIM ophiolitic belt. This 

phenomenon has even affected the units with 

greater intensity compared to neighboring 

areas. Consequently, many of the ultramafic 

rocks, especially the peridotites, have been 

transformed into serpentinites. The boundaries 

between lithological units are tectonic and are 

sometimes marked by schistosity in 

serpentinites. Lherzolite outcrops and gabbroic 

dykes that have cut through serpentinites are 

also seen in some parts of the central and 

western regions. 

Types of olivine: The olivine crystals in 

lherzolites are mostly seen as pseudomorphs 

due to intense serpentinization, where only the 

mesh texture of olivine is recognizable; 

however, in rare cases, some crystals are 

preserved. The serpentine bachground of 

lherzolites is also often composed of 

pseudomorphs of olivine, which have often 

been transformed into lizardite and antigorite. 

An important point regarding the lizarditized 

olivines is that despite the generally lower 

alteration of lherzolites compared to 

harzburgites and dunites; the olivines of these 

rocks show a higher degree of alteration. 

In the studied harzburgites of the region, 

petrographic observations on these rocks 

identify the presence of three types of olivine. 

Firstly, primary olivines (Ol1) whose traces 

remain in the layers of lizardite networks. 

Secondly, neoblastic fine-grained olivines 

(Ol2) which are likely crystallized due to 
serpentinization and often along fractures. 

These types of olivines have cut the rock into 

fine-grained aggregates, chrysotile veins, and 

lizardite veins. Thirdly, fine crystals of olivine 

(Olr) are observed as inclusions within 

orthopyroxenes, which could be considered as 

the third generation of olivines. The olivines 

present in dunites are no specific evidence of 

re-crystallization. On the other hand, the 

olivine crystals present in the matrix of dunites 

are often recognizable as pseudomorphs due to 

intense serpentinization. 

Olivine chemistry: According to the Mg# vs. 

Fe# diagram, most of the olivine samples are 

located in the range of chrysolite and forsterite. 

The positioning of samples on this diagram 

shows that the olivines present in harzburgites 

and donites contain values closer to forsterite, 
while the olivines in lherzolites contain values 

closer to chrysolite. 

Raman spectroscopy in olivine: The olivine 

spectrum is divided into three regions: <400 

cm-1, 400-800 cm-1, and 800-1100 cm-1. The 

region between 800 and 1100 cm-1 corresponds 

to internal vibrations of the SiO4 structure. The 

most important phenomena in this range occur 

near 820 and 850, which are related to the 

height as a function of mineral orientation. The 

region from 400 to 800 is also related to 

internal vibrations of silicate tetrahedral 

structures. Peaks below 400 mainly indicate 

rotation and structural changes in octahedral 

units. The observed positions for olivine are at 

820. Approximately 10 waves start from 815 

waves for pyroxene and continue up to 824 

waves for forsterite. 
 

Discussion 

Based on petrographic studies, the 

predominant mineral in peridotite is olivine, 

which has mostly granular textures and has 

been altered by serpentinization with different 

values in each of the three lithological groups. 

However, the investigations show that this 

mineral can be distinguished in the region's 

harzburgite into three primary types (Ol1), 

metamorphism (Ol2), and replacement (Olr). 

The primary olivines, created within the lattice 

networks of lizardite, have remained and are 

predominant. The secondary olivines are fine 

grains neoblasts whose formation is related to 

the metamorphism of serpentines. The 

concentration of NiO is predominantly 

controlled by forsteritic olivines and the types 

produced in the early stages of magma. The 

olivines in the region fall within the range 

associated with abyssal peridotites. According 

to the Mg# versus MnO diagram, the olivines 

studied not only fall within the range of abyssal 

peridotites but also exhibit a mantle array. 

The amount of CaO in the primary olivines 

(Ol1) present in harzburgites and lherzolites is 

lower compared to donites, which can be 
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considered as a function of the temperature of 

crystallization of the primary minerals. The 

amount of CaO in the primary olivines (Ol1) in 

harzburgites and lherzolites is quite similar, 

and MnO also shows a limited range of 

variations. However, the CaO content in the 

metamorphic olivines (Ol2) present in 

harzburgites shows the lowest value. 

Nevertheless, the olivine present in 

harzburgites has undergone considerable 
metamorphism, and serpentine is observed as 

both a background and vein in these rocks. 

Despite the lower degree of alteration in 

lherzolites, the extent of serpentinization of 

olivines in lherzolites is greater than that in 

adjacent harzburgites. Considering the 

chemical similarity and equal resistance of 

olivine in both rocks, this may indicate an 

earlier formation of olivine in lherzolites 

compared to harzburgites and a relatively 

delayed formation of harzburgites in the 

studied area.  

According to the MgO versus CaO diagram, 

the rock samples in the region fall within the 

range of melting above 15% (average melting), 

showing a differentiation from lherzolites 

towards harzburgites, and ultimately donites. 

This indicates variable degrees of partial 

melting on the source rock within this melting 

range. Additionally, a curvature is observed in 

the harzburgite samples on this diagram. This 

curvature is seen in harzburgite samples that 

have undergone metamorphic processes and 

affected their MgO content. The presence of 

non-primary olivine minerals and 

mineralogical and textural evidence in these 

rocks supports this claim. The presence of 

pyroxenes that have been partially replaced by 

secondary olivines or embayment of these 

crystals by secondary olivines are among the 

indications of subsequent processes such as 

metamorphism that have occurred in the 

harzburgite rock mass. The low amounts of 

CaO in donites and the higher amounts in 

lherzolites can also be justified by the presence 

of more clinopyroxenes in lherzolites and 

higher amounts of olivines in donites. 
 

Conclusion 

The Shasatpich area in southeastern of Iran is a 

part of the Nain-Baft ophiolitic complex, as a 

part of the internal ophiolitic belt related to the 

microcontinental ophiolites of central Iran. The 

intensely tectonized ophiolite melanges in this 

area represent a complete sequence of an 

ophiolitic complex. The peridotites in this area 

are composed of harzburgites, lherzolites, and 

donites, with harzburgites being the dominant 

rock type. Field observations indicate a high 

degree of serpentinization in these rocks. 

Petrographic studies identify olivine as the 
characteristic mineral, which has been 

influenced by serpentinization processes to 

varying degrees in these rocks. Microscopic 

observations reveal only magmatic olivine 

crystals (Ol1) in the lherzolites and donites of 

the studied area; however, in the harzburgites 

of the region, in addition to magmatic and 

primary olivines (Ol1), metamorphic olivines 

(Ol2) and replacement olivines (Olr) are also 

observable based on evidence. 

Investigating the chemistry of this mineral in 

the rocks of the region, the compositional range 

of olivines is in the range of 83-92% forsterite 

values (from forsterite to chrysolite), which 

shows the similarity of the composition of 

these crystals with mountainous peridotite 

olivines. The main difference between primary 

olivine crystals (Ol1) and types of metamorphic 

olivines (Ol2) is in the amount of CaO, which 

is much lower in metamorphic olivines (Ol2) 

than magmatic and primary olivines (Ol1). The 

lower amount of CaO is probably due to the 

metamorphism and dehydration process that 

leads to the formation of this type of olivine 

from serpentine with low CaO content. 

The use of Raman spectroscopy as a very 

precise tool for identifying chemical and 

structural bands in olivine crystals in the rock 

samples of the studied area, using the 

frequency range of 820 to 850 cm-1, shows 

compositional variations in olivine and 

confirms microscopic and mineralogical 

studies. 

The ophiolitic complex of Shasatpich is 

remnants of the Neotethys oceanic crust in 

central Iran. All microscopic and chemical 

studies of the peridotite rocks in the Shasatpich 
area have placed them in the range of abyssal 

peridotites. These peridotite rocks have formed 

as a result of partial melting of a source rock 

with a moderate degree. 
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