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Abstract 
 

Mantle peridotites exposed in south Jazmourian comprise of lherzolite and porphyroclastic Cpx-bearing harzburgite in the lower 
part with chromitite lenses in the upper parts. Petrography and microprobe studies shows evidence of melt-peridotite interactions; 
post melting processes and subsolidus interactions, which has been associated with appearance of two generations of deformed 
primary pyroxene-olivine and fine-grained pyroxene-olivine-amphibole neoblasts. Second generation of minerals formed as 
inclusion, interstitial and fine-grain. These two groups of minerals have different geochemical characteristics, So that, the first group 
are comparable with abyssal peridotites and second group are comparable to suprasubduction (SSZ) peridotites. Thus, the chemical 
compositions of different generations minerals show different petrogenesis for ultramafic rocks in south Jazmourian. Whole rock 
chemical data indicate south Jazmourian peridotites have a depleted MORB mantle source which undergoing 10-20% partial melting. 

Thus this peridotites have experienced multistage evolution and show characteristics of the abyssal environment to suprasubduction 
zone. We are belived that peridotites transition from the abyssal environment to suprasubduction and affected by fluids derived from 
the subducted slab. 
Keywords: Iran, Makran, Jazmourian, Peridotite, Supra-subduction zone (SSZ) 
 

 

1. Introduction 
Makran accretionary prism is one of the most extensive 
accretionary complexes in the word (Shahabpour 2010). 

The accretionay wedge grew seaward by accretion of 

trench fill sediments, and by slope, shelf and coastal 

plain progradation (Shahabpour 2010). At present, the 

accretionary complex has an along-strike extent of about 

1000 Km and is separated by two fault systems from 

regions of active continentï continent collision (the 

Zagros and Himalaya) (Kopp et al. 2000). 

Iranian ophiolites are a part of the Tethyan ophiolite belt 

of the Middle East. They link the Middle Eastern and 

Mediterranean and HellenidesïDinaride ophiolite (e.g. 

Turkish, Troodos, Greek and East European) to more 
easterly Asian ophiolites (e.g. Pakistani and Tibetan) 

(Shojaat et al. 2003) Geographically, the Iranian 

ophiolites have been divided into four groups (McCall 

1997; Stöcklin 1974; Takin 1972): (i) Ophiolites of 

northern Iran along the Alborz range; (ii) Ophiolites of 

the Zagros Suture Zone, including the Neyriz and 

Kermanshah ophiolites, which appear to be coeval with 

the Samail (Oman) ophiolite emplaced onto the Arabian 

continental margin; (iii) Unfragmented ophiolites of the 
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 Makran accretionary prism, which includes the 

complex of Fannuj-Maskutan; and (iv) Ophiolites and 

colored melanges that mark the boundaries of the 

Central Iranian Microcontinent (CIM), including Shahr-

e-Babak, Naien, Baft, Sabzevar and Tchehel Kureh 

ophiolites (Fig. 1). 

Ophiolites in Makran accretionary prism has divided in 
four groups (McCall 1985; McCall 1997; McCall 2003), 

Band-e-Zeyarat/Dar Anar, Ganj, Remeshk-Mokhtarabad 

and Fannuj-Maskutan ophiolitic complex. In later years 

were studied ophiolites of Band-e-Zeyarat/DarAnar by 

Ghazi et al. (2004) and Kananian (2000), Ganj by 

Shaker Ardakani (2009), Remeshk-¬Mokhtarabad by 

Rastin (1999), Fannuj-Maskutan by Desmons and 

Beccaluva (1983); Mohajeran (1998); Hunziker et al. 

(2010);  Moslempour et al. (2015); Moslempour et al. 

(2013) and Iranshahr ophiolites by Omrani et al. (2017). 

The ophiolites in Makran accretionary prism compared 

with other Iranian ophiolite, shows a more complete 
sequence of a classical ophiolite, and while these 

ophiolites need more studies.  

Desmons and Beccaluva (1983) and Mohajeran (1998) 

based on geochemical studies on extrusive sequence in 

Maskutan and Sarzeh areas, proposed mid oceanic ridge 

environment for the formation of Fannuj-Maskutan 

ophiolite. Desmons and Beccaluva (1983) also, have not 

ruled out the possibility of a back-arc basin for Fannuj-

Maskutan ophiolite. McCall (1985) according to studies  
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Fig 1. Locations of major Iranian ophiolites. Khoy (KH), Kermanshah (KR), Neyriz (NY), Naien (NA), Shahr-e-Babak (SHB), Baft 

(BF), Esphandagheh (ES), Band-e-Zeyarat (BZ), Fannuj-Maskutan (FM), Iranshahr (IR), Tchehel Kureh (TK), Mashad (MS), 
Sabzevar (SB), Rasht (RS). 

 
in the Makran region, proposed a back arc basin 

environment for the formation of Makran ophiolitic 

complexes. Kananian (2000) has believed Kahnuj 

ophiolitic complex to a marginal basin (back-arc) which 

was located between Bajgan and Lut continental blocks. 

Hunziker et al. (2010) based on geochemical studies, 

attributed the blue schists of South Jazmourian, with a 

subduction zone and Moslempour et al. (2015); 

Moslempour et al. (2013) proposed an SSZ environment 

for evolution of Fannuj-Maskutan ophiolite. In this 

article, we present the first result of gochemical studies 

on mantle section rocks in the south Jazmourian. 
 

2. Geological background 
Iranian Makran continental margin bordered by Oman 

Sea at the south and a folded and faulted accretionary 

sediment and colored mélange wedge which extends 

several hundred kilometers inland toward north (Fig. 2). 

There are three important geologic features in 

southeastern Iran: (i) the Makran accretionary prism, 

which formed as a result of the subduction of Tethyan 
crust beneath the Eurasian plate or the CIM; (ii) the 

Jazmourian depression, which is located at the southern 

end of the Lut Block (north the Makran accretionary 

prism) and has been considered as a back-arc basin 

related to the Makran subduction zone (Glennie et al. 

1990; Glennie 2000; McCall 1985; McCall 1997; 

McCall and Kidd 1982); and (iii) a zone of Cenozoic 

volcanic and plutonic rocks of andesitic to rhyolitic 

composition which are thought to represent the volcanic 

arc related to the Makran subduction zone (Farhoudi and 

Karig 1977). 

Mantle section rocks are exposed in the central part of 

the structural zone of Makran, the south-eastern Iran and 

southern margin of the Jazmourian depression and 

represents the remains of Neo-Tethys related branch 

oceanic crust with Mesozoic age (Desmons and 

Beccaluva 1983; McCall 1985; McCall 1997; McCall 

2002; Sengor et al. 1998). This ophiolitic complex with 

an area of more than 2800 Km2 is one of the largest and 

most complete ophiolitic complexes in Iran (Desmons 

and Beccaluva 1983; McCall 1985; McCall 1997) which 
is considered as part of the Alpine-Himalayan ophiolite 

belt (Desmons and Beccaluva 1983; McCall 1985; 

McCall 1997). Based on classification of  Knipper et al. 

(1986), the study area is located in Makran-Zahedan 

ophiolitic group, which has a tectonic boundary from 

the West with Peri-Arabic ophiolitic belt, that described 

by Ricou (1977). In this complex, there are many 

lenticular shaped masses with east-west trends located 

in south Jazmourian depression. In south Jazmourian, 

mantle sequence rocks are outcrop in western part and 

toward to east exposed crustal sequence rocks (Fig. 3). 
The south Jazmourian mantle sequence includes 

lherzolite and porphyroclastic clinopyroxene-bearing 

harzburgite, fine-grained lherzolite with neocrystals, and 

scattered lenses of dunite and chromitite. Despite 

serpentinization, these units display evidence for mantle 

and asthenosphere textures. 

 

 



Moslempour et al. / Iranian Journal of Earth Sciences 9 (2017) / 1-16 

 

 

 

3 

 
 

Fig 2. generalised geology map of the Iranian Makran, modified from Gregory et al. (1998). 

 
 

 
Fig 3. Geological map of studied area (modified from the geological map of Iran, Fannuj sheet; Series 1:100,000) 
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The peridotite in the south Jazmourian ophiolite can be 

divided into two groups. The first group lies at the base 

of the mantle sequence and extends from north of 

Fannuj to south of the village of Aparang (Fig. 4). This 

group includes porphyroclastic clinopyroxene-bearing 

harzburgite and porphyroclastic lherzolite and displays 

textural evidence for mantle deformation. These include 

high-temperature, plastic porphyroclastic texture and 

mantle foliation. The mantle deformation is evidenced 

by kinked porphyroclastic olivine, stretched porphyritic 

enstatite, and rotated clinopyroxene porphyroclasts that 

match those interpreted as evidence for mantle 
deformation in ophiolites (Juteau and Maury 2012; 

Nicolas 2012). The peridotite of the second group is 

exposed as small outcrops to the south, east, and west of 

the town of Fannuj (Fig. 4), and it displays cumulate 

textural characteristics with scarce evidence for mantle 

deformation. The second group of peridotite is cut by 

isolated gabbroic and diabase dikes and features that are 

common in asthenospheric peridotite, such as 

boudinaged pyroxenite sills and dikes with varying 

thicknesses (Dijkstra et al. 2009; Marchesi 2006; Suhr et 

al. 2008). Plagioclase, clinopyroxene, and occasionally 
olivine veins and veinlets also cut the peridotite. 

 

 

 
 

 
Fig 4. Schematic stratigraphic column showing the main units 

of the south Jazmourian mantle sequence. 

 

 

 

Crustal sequence rocks comprise a complete sequence 

of the plutonic, sub-volcanic and extrusive rocks. 

Plutonic rocks comprises layered gabbro with variety of 

olivine gabbro, troctolite, pyroxene gabbro and massive 

gabbro (Isotropic gabbro) that have been cut by 

wherlitic intrusions. Pegmatitic gabbro and 

plagiogranite are late phases which have cut crustal 

plutonic and sub-volcanic sequences. The sub-volcanic 

rocks comprises diabasic sheeted dikes complex which 

covered a wide range between Maskutan and Fannuj. 

Dikes and alteration zones have been exposed in 

anywhere of these range and are contain economically 
minerals such as sulfides. The diabasic sheeted dikes 

complex are covered with a gradual contact by extrusive 

sequences of pillow lavas. South Jazmourian ophiolitic 

area is one of the ophiolitic area in Iran that have a 

gratual contact between diadasic sheeted dikes and 

pillow lavas. The extrusive sequence, comprise of 

alternative pillow lava, sheet flow, interbeded pelagic 

limestone, chert and radiolarite which in somewhere 

have been cut by isolated diabasic dikes. These 

sequence in south Maskutan village covered by 

paleocene flysches with angular unconformity. 
 

3. Petrography 
The peridotite samples of study area have been 

serpentinized in variable rate and are mainly contains 

lherzolite and lesser Cpx-harzburgite with 

porphyroclastic texture. In these rocks are seen two 

generations of pyroxene including primary deformed 

and secondry neoblast pyroxenes. The first generation of 

pyroxenes are porphyroclast, deformed with high-
temperature plastic deformations (Undulose extinction) 

(Fig. 5a). But the second generation are neoblast, 

without plastic deformation and their crystal size is 

smaller than first generation and they are seen as 

different types in thin sections, such as exsolution, filled 

embayment, symplectite , inclusion, etc. The lherzolites 

are divided in two groups. The first group lherzolite 

containing porphyroclastic olivine, clinopyroxene and 

orthopyroxene with chrome spinel and accessory 

amphibole. The olivines sometimes show kink-band. 

Also in some cases clinopyroxene, orthopyroxene and 

spinel show Symplectite texture (Fig. 5b). Symplectit 
texture formed as reaction below: 
Olivine+GarnetŸClinopyroxene+Orthopyroxene+Spinel  

(Morishita and Arai 2003; Shimizu et al. 2008) 

 

 The two pyroxene generations in Cpx-harzburgite are 

seen also in this group of lherzolites. According to the 

mineral chemistry data, the first generation of pyroxene 

are mantle residue with chemical composition similar to 

abyssal peridotites but second generation pyroxenes 

formed in the later stage. Also, melt/peridotite 

interactions have caused the formation of clinopyroxene 

crystals within porphyroclastic orthopyroxenes (Fig. 

5c). The second group of lherzolites are fine-grained, 

which consist of fine-grained hydrous silicate minerals 
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such as amphiboles (Fig. 5d). Chromitites, which often 

are seen as some scattered lenses within peridotite, have 

been affected by hydrothermal alteration processes, 

uvarovite-grossular, andradite and chlorite minerals 

formed as irregular veins within chromitites (Fig. 6). 

This hydrothermal alteration processes and mineral 

formation caused as reaction below: 

Aluminian chromite+ferroan antigorite Ÿ ferrian 

chromite+chromian clinochlore 

(Proenza et al. 1999) 

 

 

 
 

Fig 5. Photomicrographs showing textures in south Jazmourian peridotites. (a) Primary deformed orthopyroxene with undolatory 
extinction accompanied by neoblast orthopyroxens (south Apareng). (b) Back-Scattered electron image of spinel-pyroxene-olivine 
symplectite-like intergrowth (south Apareng). (c) Orthopyroxene porphyroclast with exsolution lamellae partly replaced by olivine 
(Ol), It also contains clinopyroxene (Cpx) inclusions (north Fannuj). (d) secondary termolitic amphiboles in fine-grained lherzolite 

(south Apareng). 

 

4. Analytical methods 
60 samples were collected from south Jazmourian 

mantle rocks. Polished thin sections were prepared for 

all of these samples for petrographic examination. On 

the basis of petrographic observations, eight samples 

with minimal effects of serpentinization were analyzed 

for major and some trace elements (Ba, Sr, Y, Zr and 

Zn) on inductively coupled plasma atomic emission 

spectrometer (ICP-AES) and other trace elements 

(including rare-earth elements, REE) by inductively 
coupled plasma mass spectrometry (ICP-MS) at SGS 

Laboratories of Toronto (Ontario, Canada). ICP-AES 

analysis used approximately 0.1 g rock powder that was 

first mixed with 0.9 g lithium borate in a carbon crucible 

and then melted in a furnace at 1100 ºC for 30 min. The 

fused glass samples were dissolved (using a magnetic 

stirring device) in 100 ml of 1% HNO3 solution with Ge 

as an internal standard. ICP-MS analysis of trace 

elements used 0.1 g rock powders that were dissolved in 
a mixture of HF, HCl and HNO3 in screw-top teflon 

vials. An internal standard solution containing indium 

was then added and the spiked sample dissolution was 

diluted with 1% HNO3. The internal standard was used 

for monitoring drift in mass response during 

measurements. Representative major elements 

compositions of south Jazmourian peridotites are shown 

in Table 1. 

Major-element compositions of minerals were analyzed 

using an electron probe micro-analyzer (JEOL JXA-

8800 Superprobe) at Kanazawa University. The 

analyses were performed under an accelerating voltage 
of 15 kV and beam current of 20 nA, using a 3 

ɛmdiameter beam. Natural and synthetic mineral 

standards were employed for all minerals. JEOL 

software using ZAF corrections was employed. Details 

of EPMA were described in (Morishita et al. 2003). 



Moslempour et al. / Iranian Journal of Earth Sciences 9 (2017) / 1-16 

 

 

 

6 

 
 
Fig 6. Back-Scattered electron image of Chromitites, affected 

by hydrothermal alteration, uvarovite (Uv)-grossular, 
andradite (And) and chlorite (Chl) minerals formed as 

irregular veins within chromitites. 

 

5. Whole rock chemistry 
Variable degrees of serpentinization based on different 

LOI contents are observed throughout the rock units. 
The LOI values range from 3 to 12 wt% for south 

Jazmourian peridotites (Table. 1).  

Major elements of peridotite have been used to estimate 

the degree of mantle melting in different tectonic 

settings such as mid-ocean ridges and subduction zones 

(Barth et al. 2008; Niu 2004; Takazawa et al. 2000; 

Takazawa et al. 2003). In Fig. 7 we compare south 

Jazmourian peridotites with the model of near-fractional 

mantle melting of major elements calculated by Niu 

(1997) with a PM source and a pressure range of 2.5ï0.4 

GPa. The composition of global abyssal peridotites (Niu 

2004) and SSZ peridotites (Parkinson and Pearce 1998) 

are shown for comparison. Despite the loss of MgO, the 

correlations between the oxides and the degree of 

mantle melting are well preserved. The content of Al2O3 

(1.1ï5.99%) corresponds to a model melting range of 

13ï17% (Fig 7a). The CaO of south Jazmourian 

peridotites decreases from 1.64% to 0.84%, 

corresponding to a model melting range of 16ï20% 

(Fig. 7b). The degree of mantle melting in the model 

ranges from 12% to 16% when SiO2 (37.5ï41.8%) and 
FeOtot (7.66-8.37%) is considered (Figs. 7c, 7d). CaO 

and Al2O3 are the major constituents of the mantle 

mineral phases and have a constant rate of decrease 

before the cpx is melted out (F > 25%); therefore, they 

can be used as a more effective means of estimating the 

degree of melting. Finally, if the alteration effect is 

corrected, a rough degree of mantle melting can be 

estimated for comparison with other melting indicators 

although they cannot represent the exact melting degree. 

As it is known in fig. 7, south Jazmourian peridoties lies 

in range between abyssal and SSZ peridoties with 10 to 
20% degree of mantle melting. 

 

6. Mineral chemistry 
6.1.Olivine 

Olivine compositions from south Jazmourian peridotites 

are shown in Fig. 8. The average forsterite (Fo) and NiO 

contents of olivine increase from fine-grained lherzolite 

(0.90 & 0.37 wt. %) to Cpx-harzburgite (0.91 & 0.38 wt. 

%) and to porphyroclastic lherzolites from lower part of 
mantle sequence (0.91 & 0.40 wt. %), respectively. The 

data show that average values of Fo and NiO in olivines 

is approximately similar in all mantle sequence and are 

comparable with the amounts of olivines in forearc 

peridotites (Ishii et al. 1992) and abyssal peridotites.ô 

 

6.2. Orthopyroxene 

Orthopyroxene compositions from south Jazmourian 

peridotites are shown in Fig. 9. The average Mg# (= 100 

Mg/(Mg+Fe) atomic ratio) of orthopyroxene is in Cpx-

harzburgite 90.7 and in lherzolites 91 (Fig. 9a) that these 

values are considered as high Mg# values. The Al2O3 
content of orthopyroxene usually decreases from core to 

rim in both types of peridotite. The Al2O3 contents of 

the cores of orthopyroxene porphyroclasts decrease 

from lherzolite (3.3 wt. %) to Cpx-harzburgite (3 wt. %) 

(Fig. 10a). The TiO2 content same as Al 2O3 content 

decreases from core to rim of orthopyroxene 

porphyroclasts. The average content of this oxide is in 

orthopyroxene cores 0.3 wt. % and in rim 0.1 wt. %. 

 

 

 
 

 

 


