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Abstract : Zagros ophiolite belt in Iran, is a part of the Eastern Mediterranean belt ophiolite. This belt is divided into 
two groups: outer and inner Zagros ophiolites that ophiolites around central Iran are inner belt ophiolites and outer 
ophiolites include the Kermanshah, Neyriz and Hajiabad ophiolites. The Noorabad ophiolite is part of Kermanshah 
ophiolites. The rocks of this ophiolite are including peridotite, serpentinite, pegmatite gabbro, layered gabbro, 
isotropic gabbro, sheeted dike complexes, pillow basalts, andesite lavas and sedimentary rocks (radiolarite and late 
Cretaceous pelagic limestone). Based on geochemical studies the rocks of this ophiolitic complex have tholeiite and 
calcalalkine magmas signatures and formation in Suprasubduction zone environment. The Noorabad ophiolite 
represents the Neo- Tethyan oceanic lithosphere which originally existed between the Arabian-Iranian bloks that in 
Miocene emplaced.
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Introduction

Zagros ophiolite belt in Iran, is a part of the Eastern 
Mediterranean belt ophiolite, that have characteristics of 
ophiolites  that associated with Supra Subduction Zone 
(SSZ), which have been investigated by researchers (Fig. 1) 
(ShafaiiMoghadam and Stern, 2011; Dilek et al., 2007; 
Parlak et al., 2006; Malpas et al., 2003; Hassanipak and 
Ghazi,2000; Arvin, 1990; Robinson and Malpas, 1990; 
Hebert et al., 1989; Pearce et al., 1983 ; Kiani, 2011 ; Kiani 
et al., 2015 ; Tahmasebi et al., 2016; Shafaii Moghadam et 
al, 2012).

This belt is divided into two groups: outer and inner Zagros 
ophiolites. Ophiolites around central Iran are inner belt 
ophiolites. The outer ophiolites include the Kermanshah, 
Neyriz and Hajiabad ophiolites (Shafaii Moghadam and 
Stern, 2011) with NW- SE trend are part of the 3,000-
kilometer ophiolite   belt that distributed from Cyprus to 
Oman (Dilek and Delaloy, 1992). The Kermanshah 
ophiolite as part of this ophiolite belt with 230 km long and 
30-60 km wide (Fig. 2) in the west of Iran is part of the Neo-
Tethys oceanic crust, that has been obducted on the margin 
of the Iran plate (Kiani, 2011). The Noorabad ophiolite is 
part of Kermanshah ophiolites in NW of Lorestan province, 
west of Iran. In this study, we try to investigate field 
geology, Mineralogy and geodynamic evolution of 
Noorabad ophiolite as the southern part of Kermanshah 
ophiolite.  

2-Regional Geology 

The Noorabad ophiolite complex with NW-SE trending is 
located in the SSW of the main Zagros thrust fault within the 
high zagros zone. The lithological sequence of these 
ophiolites zone from west to east including: Kermanshah 

radiolarites, Bisotun limestone and late cretaceous 
Kermanshah ophiolites. The Noorabad ophiolites contain 
some components of complete ophiolitic sequence 
including  peridotite, serpentinite, pegmatite gabbro, 
layered gabbro, isotropic gabbro, sheeted dike complexes, 
pillow basalts, andesite lavas and sedimentary rocks 
(radiolarite and late cretaceous pelagic limestone) (Fig. 2 
and Fig. 3). This ophiolite complex covers ~ 2400 km2 
areas and is bounded to the north east by Sanandaj-Sirjan 
metamorphic rocks and to the SW by the Biston limestone, 
Kermanshah radiolarite and sedimentary rocks of folded 
and trusteed Zagros zone.  

Petrographic and Mineralogical Studies

1-Peridotite

The peridotite unit rocks are the most altered part of 
Noorabad ophiolite that are including dunite, harzburgite 
and lherzolite. These rocks be seen form many large and 
small mass of green to gray. The minerals of these rocks are 
consist olivine, clinopyroxene, orthopyroxene and chrome- 
spinel that have mesh and granular texture that altered to 
serpentine minerals and iron-oxid.

2-Gabbro

These rocks are located in 15 kilometers north-west of the 
Noorabad city and are as large and small masses which have 
space 40 square kilometers. The rocks this unit is consists of 
troctolite, olivine gabbro and layered gabbros. The minerals 
of  gabbros are including ol ivine,  plagioclase, 
clinopyroxene and opaque mineral that altered to 
serpentine, amphibole, sericite and iron oxides. The           
segabbros have granular, poikilitic and cumulative textures.
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Fig. 2. Simplified geological map of Kermanshah ophiolites in the Noorabad region.

Fig.1. Map showing locations of major Iranian ophiolites (modified after Stocklin, 1968).
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3-Plagiogranite 

Plagiogranite unit of the study area is located in the 
northwest of the city Noorabad that is as a small white mass 
that has boundary fault with layered gabbros.  The minerals 
in these rocks are consisted plagioclase, amphibole and 
quartz that have granular textures and their plagioclase 
altered to sericite and epidotiteþ.

4-Diabase dikes

Diabase dikes have been extensive but scattered and have 
green to brown colors that have plagioclase, clinopyroxene 
and opaque mineral. In these rocks, secondary mineral are 
included chlorite, zeolite, prehnite, iron oxides and sericite 
that rocks fractures and spaces are filled within minerals. These 
rocks have doleritic, intergranular and poikilitic texture.

5-Basaltic lava

The basaltic lava of this ophiolite divided into two types : 
(1) pillow lava (2) spilitic basalts. The pillow lavas have 
microvesicles that are filled with chlorite; carbonate and 
opaque minerals that located in a groundmass of plagioclase 
and clinopyroxene microlites. The spilitic basalts have 
plagioclase, clinopyroxene and minor opaque minerals 
(titaniferous minerals) that have intersertal texture. The 
clinopyroxenes of these rocks are uralitized and 
plagioclases altered into sericiteþ.

6-Andesite

The andesites of Noorabad ophiolite in hand specimen and 
thin section have phenocrysts of plagioclase in a 
groundmass of clinopyroxene and amphibole minerals. In 
these rocks, the primary minerals (plagioclase and 

Fig. 3.  Simplified stratigraphic column displaying 
idealized internal lithologic successions in the Noorabad 
ophiolite.

pyroxene) of rocks altered to secondary minerals (chlorite, 
sericite, quartz, zeolite, andþ Fe-Oxide).The micro vesicles 
of these rocks are filled with secondary minerals consist of 
sericite, quartz, zeolite, chlorite and opaque mineralsþ. The 
plagioclases are euhedral to subhedral that shows evidence 
o f  f r a c t u r e  a n d  b r e a k a g e .  T h e s e  r o c k s  h a v e 
glomeroporphyritic and porphyritic texture. The opaque 
minerals in these rocks are consist of chalcopyrite, bornite, 
malachite, azurite, and Fe-oxide.

7-Radiolarites

This radiolarite unit has the maximum volume of the rocks 
of the Noorabad ophiolitic complex and has expanded from 
east of Noorabad to Kermanshah that has green to reddish 
brown colors. In some places in the rocks occurs Mn 
mineralization as veins and masses.

Geochemistry

In order to nomenclature and classification of studied 
volcanic rock the Nb/Y versus Zr/TiO2 diagram 
(Winchester and Floyd, 1977) were used, and all samples 
fall in the andesite-basalt, andesite, and rhyodacite- dacite 
fields (Fig. 4). In the Th/Yb versus Ta/Yb binary diagram 
(Pearce, 1983) studied samples plot in the subduction zone 
basalts (Fig. 5). The Th/Yb ratio in this diagram is a good 
indicator for the separation of Samples associated with 
subduction zone, from other environments, because the 
increase in this ratio and higher location of the samples than 
mantel array, (N-MORB-OIB) is related to addition fluid 
phase, due subducted slab in generated magmas at 
subduction zone. Also, on the Th/Yb versus La/Yb 
discriminate diagram (Condie, 1989)þ is used to distinguish 
the different volcanic arc, Noorabad volcanic rocks plot in 
the fields for islands arc within ocean basalts (Fig. 6).

Fig. 4.  Nb/Y versus Zr/TiO2 binary diagram for classification 
studied volcanic rocks (the studied samples shown with triangle 
for andesite, square for dikes and circle for basalts).
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Fig. 5. The plotting of Th/Yb versus Ta/Yb diagram 

(Pearce, 1983) indicate a subduction zone tectonic setting 

which enriched by subducted fluids for studied samples. 

(Symbols as in Fig. 4).

Fig. 6. Plot of Th/Yb versus La/Yb binary diagram 
(Condie.,1989) for studied volcanic rocks. All samples fall 
in the field of island arc fields. (Samples as in Fig.  4).

Discussion

Based on geochemical studies the rocks of Noorabad 
ophiolite have tholeiite and calc-alkaline magmas 
signaturesþ and also the plotted rock samples in different 
geochemical discrimination diagrams occur in island arc 
basalt (IAB) field. These patterns suggest that these rocks 
formed in intra oceanic subduction zone.These 
geochemical characteristics along with a comparison with 
other ophiolitic volcanic rocks in the east of Mediterranean 
reveal a subduction zone environment for the genesis of the 
volcanic rocks of the Noorabad ophiolite (Kiani, 2011; 
Kiani et al., 2015; Tahmasebi et al., 2015).

Several tectonic events have been reported by researchers 

for Ocean Neotethys (Berberian and King, 1981; Desmons 
and Beccaluva, 1983; Dercourt et al., 1986; Lippard et al., 
1986; Glennie, 2000; Stampfli et al., 2001; Golonka, 2004; 
Agard et al., 2005; Robertson, 2007; Ghasemi and Talbot, 
2005; Mohajjel et al., 2003) Which are essentially similar, 
but has different times  (Allahyari et al., 2010) According to 
Mohajjel et al. (2003) evolution tectonic and genesis of 
Neo-Tethys Ocean was conducted in four stages:

1. Neo-Tethys formation in Triassic; 2. Neo-Tethyan 
oceanic crust subduction along the northeast margin during 
the Jurassic-Miocene; 3. ophioliteobduction along the 
northeast margin of the Arabian Plate; in the Cretaceous, 4. 
The collision Arabian Plate northeast margins with central 
Iran during the Miocene. 

According to Stampfli et al. (2001) and Ghasemi and 
Talbot, (2005) Neo-Tethys Ocean opening occurred 
Permian time but some investigators (Lippard et al., 1986; 
Mohajjel et al., 2003; Agard et al., 2005; Allahyari et al., 
2010) believe that this opening  has occurred during the 
Triassic (Fig. 7-a). According to some authors, Neotethys 
lithosphere in the early Jurassic (Dercourt et al., 1986) or 
the Middle Jurassic (Agard et al., 2005) has subduction 
beneath the Iran margin. According to the ages 
determination carried out on granitoid plutonsþوBoroujerd 
(Ahmadi Khalaji et al., 2007), Hamadan (Shabazi et al., 
2010) and Aligoudarz (Esna-Ashari et al., 2012) the 
formation of this plutons belongs to Middle Jurassic age, 
then can be said the Neo-Tethys oceanic crust has subducted 
beneath the Iran margin at late Triassic - early Jurassic 
(compression phase of early Cimmerian) (Fig. 7-b), And by 
melting the oceanic crust, mentioned granitoid plutons are 
formed and then emplacement in Sanandaj- Sirjan  Zone 
(Fig. 7-c). Dercourt et al. (1986) believe that in the time of 
subduction of oceanic crust under Iran, mid-oceanic ridge 
spreading zone is still present near the margin of the Arabian 
block.þ Agard et al. (2005) and Dercourt et al. (1986) 
suggested that Neo -Tethys ocean expansion like Iran and 
Oman ophiolite (Delaloye and Desmons, 1980; Knipper et 
al., 1986) have continued until late Cretaceous. Desmons 
and Beccaluva (1983) and Dercourt et al. (1986) believing 
that the subduction zone  within the Neo-Tethys Ocean at 
Late Cretaceous is located near the Arabian block margin 
but Ghasemi and Talbot (2005) know this subduction as 
belonging to the Cretaceous but Agard et al. (2005) suggest 
that subduction within oceanic occurred in the early 
Cretaceous. Due to the evidence of volcanic, availableþ 
unconformity and located of limestone units Albian –  
Cenomanian age (Shahidi and Nazari, 1997) on the south-
Noorabad Andesit, probably intraplate subduction occurred 
the late Jurassic (late Cimmerian) (Fig.7-d). Berberian and 
King (1981) suggest that Andes magmatism at Iran margin 
(Sanandaj - Sirjan zone) occurred at this time (Fig. 7-d).

There is a consensus about Arabian block margin collision 
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Fig.7. Tectono –  magmatic schematic model of Noorabad 
ophiolite and surrounding areas. a) Opening during the 
Triassic, b) The late Triassic to early Jurassic subduction , c) 
Subduction of oceanic crust under Iran  and mid-oceanic 
ridge extend areas, d) intra oceanic  Subduction in the Late 
Jurassic, e) Urmia –  daughter zone plutons as a result of 
Neo-Tethyan oceanic crust subducting under Iran, f) Peak 
magmatism activity (volcanic – plutonic) of  Urmia -
Dokhtar zone , g) Start time of collision between  Arabia 
and Iran in Oligocene.

with intra ocean arc, and all previous researchers have 
attributed this collision to the late Cretaceous (Laramide 
phase) (Fig. 7-e). At this time Urmia–  daughter zone 
plutons, are emplacement due to more subduction of Neo-
Tethyan oceanic crust beneath the Iran margin, but 
ShafaiiMoghadam et al. (2012) believed Magmatism 
(intrusive and volcanic rocks) in this zone belong to the 
Eocene –  Miocene, that occurred after the closure of Naein- 
Baft ocean, and occurred due to  Neo-Tethyan oceanic crust 
subducting under Iran (Fig. 7-e). Given that peridotite 
plutons at Aleshtar- Kermanshah axis ophiolites Covered 
by Oligo-Miocene pelagic limestones belong to warm and 
marginal sea (Kiani, 2011), can say that there has been no 
collision between Iran and Arabian block, during the 

Eocene –  Miocene.þ At this time magmatic activity 
(plutonic –  volcanic) reached its peak at Urmia- Dokhtar 
zone, and granitic pluton such as Marvak (north Doroud) 
been emplacement in Sanandaj –  Sirjan (Kiani, 2011) 
(Fig.7-f). Some researchers (Ghasemi and Talbot, 2005) 
considered that the collision between Iran and Arabian is 
belonging to the middle Eocene, but Agard et al (2005) 
attributed the beginning of the collision the Oligocene that 
continued to Pliocene. Mohajjel et al. (2003) believe that 
this collision is belonging to the Miocene, and Allahyari et 
al. (2010) suggest that collision started at Oligocene that 
continues to the present (Fig.7g).

In general determined, as the diagrams of the chondrite-
normalized REE and trace elements is normalized to the 
primitive mantle, volcanic rocks of Noorabad ophiolite, 
show Calc-alkaline characteristics by depletion of HFSE 
and enrichment of LREE and LILE. These characteristics 
are Similar to another Tethyan ophiolite that outcrops along 
the Bitlis- Zagros Suture Zone, and their formation is 
associated with subduction zones. Kermanshah ophiolite 
age (similar to another ophiolite East Mediterranean -
Zagros-Oman) is considered 86.3 ± 7.8 and 81.4 ± 3.8 Ma 
by the K-Ar method (Delaloye and Desmons, 1980; Braud, 
1970; Hassanipak and Ghazi, 1999). Geochemical 
characteristics of volcanic sequence in Kermanshah 
ophiolite complex is considered, similar to series ofþ  island 
arc tholeiites and oceanic islands  Basalt (OIB), with 
smaller amounts lava similar to MORB (Desmons and 
Beccaluva, 1983; Hassanipak and Ghazi, 1999 ). It seems 
that alkaline lavas type that mentioned by Ghazi and 
Hassanipak (1999) in Kermanshah ophiolite complex, not 
associated with the ophiolite complex, and related to the 
primary rift in the Permian, and has been sampled from 
basaltic sequence between Bisoton lime stones. This 
alkaline basalt type is also seen in  Neyriz of Iran and 
Havasina of  Oman series (Triassic to Cretaceous) and 
related to Gondwana rifting in the early stages of Neotethys 
ocean formation. ShafaiiMoghadam and Stern (2011) 
studies, suggests that pillow basalt and dikes in 
Kermanshah ophiolite complex sheeted dikes has 
Characteristics of island arc tholeitic and calc-alkaline, and 
confirmed the results of this study.

Conclusions

The rocks of peridotite, serpentinite, pegmatite gabbro, 
layered gabbro, isotropic gabbro, sheeted dike complexes, 
pillow basalts, andesite lavas and sedimentary rocks 
(radiolarite and late cretaceous pelagic limestone) have 
formed the Noorabad ophiolite, as part of Kermanshah 
ophiolites. Our studies showed that the rocks of Noorabad 
ophiolite have tholeiite and calc-alkaline magmas 
signaturesand also the plotted rock samples in different 
geochemical discrimination diagrams occur in island arc 
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