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Abstract

Ophiolitic rocks in the southeastern part of the Zagros Orogenic Belt can be separated from southwest to northeast, into two groups:
the Neyriz ophiolites and the Naien—Shahrebabak—Baft ophiolites. The southeast sector of Sanandaj-Sirjan was delimited by the two
nearly synchronous ophiolitic belts in its southwestern and northeastern margins. In this study, new ophiolitic formation models were
used to explain a viable geodynamic hypothesis on the development of the southeastern Zagros Orogenic Belt. Supra-subduction
zone ophiolites have been of particular importance in the reconstruction of regional tectonic evolution and formed near a main
subducting oceanic plate. The history of the southeastern Zagros Orogenic Belt is composed of development of two oceanic crusts,
referred to as the Neo-Tethys 1 and Neo-Tethys 2. The process of reconstructing of the plate tectonic evolution of the southeastern
Zagros Orogenic Belt was proposed on the basis of "Latest Cretaceous-Neogene collision" hypothesis. The supra-subduction zone
ophiolites in the southeastern part of the Zagros Orogenic Belt can be classified into "pull related fore-arc Neyriz ophiolites" and

"back-arc Naien-Baft ophiolites".
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1. Introduction

The Zagros Mountains is located within the Alpine-
Himalaya Orogenic System and stretch in NW-SE
direction for ca. 2000 km from the southeastern Turkey
to the Bandar-Abas syntax in the south of Iran.
Neotethyan ophiolites have an important role in the
Alpine-Himalaya Orogenic System and indicate the
exact location of sutures between continental blocks
rifted from Gondwana, such as Arabian and Indian
plates as well as the Iranian terranes. These ophiolites
have been reviewed by multiple authors (e.g., Dilek and
Furnes 2009; Topuz et al. 2013). The southeast of this
orogenic belt was built by several stages of subduction,
obduction and finally collision of the Arabian
continental plate with the Iranian terranes specified as:
Sanandaj-Sirjan and Central Iran - Micro-Continent
(Golonka 2007; Ruban et al. 2007) (Fig la). The
southeast sector of Sanandaj-Sirjan is the suspecting
terrane that lying between the northeast margin of the
Arabian Plate and the Central Iran Micro-Continent. It
was delimited by two nearly synchronous ophiolitic
belts in its southwestern and northeastern margins,
named as Neyriz and Naien- Baft ophiolites respectively
(Fig 1c). The hypotheses on the development of the
southeastern Zagros Orogenic Belt and Iranian
Neotethyan ophiolites (e.g., Nouri et al. 2016; Shafaii-
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Moghadam and Stern 2015) tried to explain how the
ophiolitic belts formed approximately at the same time
in southwest and northeast of the Sanandaj-Sirjan Zone,
but any of them don’t discuss geodynamic relationship
between these. Here, we give answers to this query and
reconstruct the plate tectonic evolution of the
southeastern Zagros Orogenic Belt based on new
ophiolitic models including formation of the oceanic
lithospheres in forearc and back-arc basin settings and
development of supra-subduction zone ophiolites.

2. Geological background

The southeastern Zagros Orogenic Belt consists of three
parallel tectonic subdivisions, from northeast to
soutwest (Alavi 1994): (1) Urumieh-Dokhtar Magmatic
Assemblage; (2) Sanandaj—Sirjan Zone; (3) Zagros
Fold-Thrust Belt (Fig 2).

The Urumieh-Dokhtar Magmatic Assemblage is an
ensialic intrusive-extrusive complex, constructed by
subduction of the Neo-Tethyan oceanic lithosphere
underneath the Iranian terranes in a continental island-
arc setting (Berberian et al. 1982; Shahabpour 2007).
Although the magmatic activity has continued from
Cretaceous to Recent, its highest activity peak occurred
in Eocene time (Dimitrijevic 1973; Farhoudi 1978;
Amidi et al. 1984). This magmatism was generally
subduction-related calc-alkaline (Forster et al. 1972;
Jung et al. 1976; Berberian et al. 1982; Ahmad and
Posht-Kuhi 1993; Shahabpour 2007).


mailto:%20test.test@yahoo.com
mailto:%20test.test@yahoo.com

32

Arfania / Iranian Journal of Earth Sciences 10 (2018) / 31-38

TOE

HELMAND

KARAKUM-TURAN TERRANE . ;.

FARAH TERRANE :

NOE

TERRANE T

INDIAN:
PLATE

Southeastern Zagros Orogenic Belt 0
— Terrane boundary

%

Zagrﬁl Fold - Thrust,‘B’Qlt

Urumieh-Dokhtar

s :
} [ momatic

Assemblage

[ | Naien-Baft
] ophiolites

- m Neyriz ophiolites

Main fault

Fig 1. (a) The configuration of the present-day Iranian terranes including North-West Iran, Central Iran Micro-Continent, and
Sanandaj-Sirjan. (Modified after Ruban et al. 2007). (b) Landsat TM view and major lithospheric faults across the southeastern
Zagros Orogenic Belt. (c¢) Simplified structural map of the southeastern Zagros Orogenic Belt (Compiled from Shahabpour 2005;
Taraz 1974). MZT, Main Zagros Thrust; MDF, Main Deep Fault; NDBF, Naien-Dehshir-Baft Fault. (Arfania and Shahriari 2009).

The southeastern Sanandaj—Sirjan is a sedimentary-
metamorphic zone that is positioned between the
Urumieh-Dokhtar Magmatic Assemblage and the
Zagros Fold-Thrust Belt (Stocklin, 1968; Ricou 1971).
Taraz (1974) subdivided the southeastern Sanandaj—
Sirjan zone into separate regions (Fig 1c): (1) a
northeastern region (Esfahan-Sirjan Block) consisting of
Paleozoic, Mesozoic and Cenozoic sedimentary rocks
with typical Central Iranian stratigraphic features and
(2) a southwestern region (Shahrekord-Dehsard
Terrane), which is an intensively faulted zone consisting
of high to medium-grade metamorphic rocks and
Mesozoic metasedimentary layers with intercalations of
intermediate volcanics. The boundary between the
southwestern and the northeastern regions is a major
fault that Taraz (1974) was first to name it as the Main
Deep Fault (Fig 1b, c).

The Zagros Fold-Thrust Belt is resulted by total
shortening of 65-78 km over the Zagros basin (Fig 2).
The basin itself is characterized by a sequence of
sedimentary rocks up to 12 km thick (Stocklin 1968;
Falcon 1974; Colman-Sadd 1978) including Paleozoic
and Mesozoic passive margin sediments and Cenozoic

synorogenic foreland strata that were deposited on the
northeastern subsiding continental margin of the
Arabian Plate. The Plio-Pleistocene conglomerates have
unconformably been deposited on older formations
throughout the Zagros Fold-Thrust Belt, implying that
the main orogenic event occurred in the lower Pliocene
(Stocklin 1968, 1974; Berberian and King 1981; Sengor
1990; Hessami et al. 2001). The Plio-Pleistocene
conglomerates filled the synclinal valleys of folds or
larger-scale depressions caused by sever basement-
involved deformation (Mouthereau et al. 2007). The
Zagros Fold-Thrust Belt is bounded on the northeast by
the Main Zagros Thrust.

3. Ophiolite concept

It is very important that the synchronous neighboring
ophiolites consider as consequences of sinking of a cold,
old and dense oceanic lithosphere which we name here
as "main subducting plate". Mesozoic and Paleogene
ophiolitic belt of the Zagros Orogenic Belt can be
grouped by age and geological location into; Late
Cretaceous Zagros outer belt ophiolites along the Main
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Fig 2. Simplified structural map of Iran (Compiled from Berberian 1976; Eftekharnejad 1981; Jackson and McKenzie 1984).
Abbreviations: ZDF — Zagros Deformation Front; MZT — Main Zagros Thrust; MDF — Main Deep Fault; DRF - Darouneh Fault.

Zagros Thrust including Neyriz and Esfandagheh (Haji
Abad) ophiolites; b) Late Cretaceous Zagros inner belt
ophiolites including Naien, Dehshir, Shahr-e-Babak
ophiolites along the southern periphery of the Central
Iranian block (Shafaii-Moghadam and Stern 2015). As a
geodynamic  overview, "supra-subduction  zone"
ophiolites construct near the main subducting plate (Fig
3) and can be classified into two main groups:

- The back-arc ophiolites that form by tension over the
margin of continent because of mantle dragging, trench
suction and rapid extension of upper plate toward the
inside the gap.

- The fore-arc basin ophiolites that can be classified into
two subgroups according to the motion of the main
subducting plate: (1) "Rollback related fore-arc
ophiolites" that form owing to sinking of the main
subducting plate beneath main subduction zone and
influx of the asthenosphere into existing gap resulting
from rollback of the oceanic lithosphere, (2) "Pull
related fore-arc ophiolites" that form due to pull of the

main subducting plate and influx of the asthenosphere
into existing gap resulting from the extensional setting.

4. Zagros ophiolitic belts

Ophiolitic rocks in the southeastern Zagros Orogenic
Belt can be separated, from the southwest to the
northeast, into the Neyriz ophiolites and the Naien-Baft
ophiolites (Fig 1c). Each of these is briefly described
here below.

4.1. Neyriz ophiolites

The Neyriz ophiolitic rocks is a part of a 3000 km long
belt, known as the Bitlis-Zagros-Oman Ophiolitic Belt
(Ricou 1971; Gansser 1974; Stocklin 1977; Coleman
1981; Stoneley 1990; Hassanipak et al. 2003). The
mantle sequence contains depleted to impregnated
harzburgites, layered leucogabbro, olivine-bearing
melanogabbro and pyroxenite cumulate sills and lenses
with screens of residual dunite, podiform chromitite,
pyroxenitic sills and dikes, pegmatite gabbros, gabbroic
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dikes/sills, isotropic melano- to leuco-gabbros and
diabasic—basaltic—andesitic dikes (Shafaii-Moghadam
and Stern 2015). The ophiolitic complex was obducted
along the northeast margin of Afro-Arabian Plate in the
Late Cretaceous (Stocklin 1974; Ghasemi and Talbot
2006). The isotopic  compositions, ophiolite
tectonostratigraphy, and correlation of the *°Ar/*Ar
cooling (plagiogranite) and deformation (amphibolite)
ages, all suggest that the Neyriz ophiolites were formed
in a supra-subduction zone and emplaced into an
accretionary prism around 82-96 Ma (Babaie et al.
2006).

Chemical analysis on the volcanic-volcaniclastic
sequence indicated that the magmatic rocks were related
to marginal subduction zone. Sedimentological studies
suggested that the overlying sedimentary sequence was
deposited in a fore-arc marginal basin, over a NE-
dipping subduction zone (Babaie et al. 2001, 2003,
2006). Extensive Late Jurassic and Cretaceous volcanic
rocks (diabase and andesitic lavas) documented from the
southern Eqlid (Fig 1c) (Berberian and King 1981) can
be related to the fore-arc basin. The Neyriz ophiolites
are clearly of supra-subduction zone “Fore-arc type”
(Stern 2004). It is relatively easy to emplace the oceanic
lithosphere of fore-arcs in this manner, because
subduction of buoyant material leads to failure of the
subduction zone and isostatic rebound of the buoyant
material follows, with the ophiolites on top (Stern
2004).

4.2. Naien- Baft ophiolites

The Naien-Baft ophiolites (Fig 1c) are located along the
Naien-Dehshir-Baft fault in the northern margin of the
Esfahan-Sirjan Block. These have been dated as Late
Cretaceous-Paleocene (Babaie et al. 2001). The
crystallization age of the amphibole-bearing gabbros
have been dated as Turonian (93 Ma), using K-Ar
method (Shafaii-Moghadam et al. 2007); they are

therefore just about the same age as ophiolites of the
Neyriz ophiolites.

These ophiolites were emplaced during the end
Cretaceous (Desmon and Beccaluva 1983) to Paleocene
time (Lippard et al. 1986).

The Naien ophiolite includes a mafic and felsic sheeted
dike complex with lava flows, Globotruncana-bearing
Late Cretaceous pelagic limestones and unconformably
a basal conglomerate over them (Shafaii-Moghadam and
Stern 2015). Basaltic rocks from the Baft ophiolite
mélange (Fig 1c) are transitional between island-arc
tholeiite, mid-ocean ridge basalt, and within-plate
basalts on a MnO-TiO,—P,0s discrimination diagram,
suggesting a back-arc basin affinity (Shahabpour 2005).
Furthermore, new geochemical facts show that mafic
and more-evolved rocks in this belt tend towards island
arc tholeiites, mid-oceanic ridge tholeiites and calc-
alkaline magmatic rocks, indicating a supra-subduction
setting for their formation (Shafaii-Moghadam et al.
2007). The Baft ophiolite is in fault or unconformable
contact with Middle to Late Eocene sedimentary-
volcanic sequences related to the Urumieh—Dokhtar arc
(Shafaii-Moghadam and Stern 2015).

The Shahrebabak ophiolitic complex (Fig 1c) lies
northeast of the Baft ophiolitic complex along the
Naien-Baft ophiolites. The igneous rocks from the
ophiolite mélange consist of lherzolite, harzburgite,
dunite, serpentinite, pyroxenite, gabbro, diorite, and a
volcanic sequence ranging from basaltic andesite to
rhyodacite-rhyolite and trachyandesite. The extrusive
rocks comprised from two discrete magmatic sources:
the melt that produced the basaltic andesite and
rhyodacite was generated in an island-arc environment,
and the melt that initiated the trachyandesite was created
in a within-plate setting (Ghazi and Hassanipak 1999;
Hassanipak and Ghazi 2000).

As a result, The Naien-Baft ophiolitic rocks are seen to
be of “back-arc type” of supra-subduction zone
ophiolites.

5. Tectonic history of southeastern part of
Zagros Orogenic Belt

Different hypotheses for the mechanisms of continental
rifting, the starting of oceanic vs. continental
subduction, and the initiation of continental collision in
the southeastern part of Zagros Orogenic Belt have been
suggested. Some of these are not fully consistent with
new ophiolite concept (e.g. Alavi 1994, 2004).

The Zagros geodynamic hypotheses which are
compatible with the new ophiolite concept can be
categorized into two main groups in accordance with
time of continental collision between the Arabian Plate
and the Iranian terranes. In the first hypothesis, the
continental collision considered to be occurred in the
latest Cretaceous (e.g. Sheikholeslami 2008), whereas in
the latter, it was proposed within the Neogene (e.g.
Berberian 1983). There are some disharmonies between
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Fig 4. The series of sketches illustrating the tectonic evolution of the southeastern Zagros orogenic belt. (a) "Latest Cretaceous
collision" hypothesis considers one subduction zone is located to the southwest of the Sanandaj—Sirjan Zone. (b) "Neogene collision"
hypothesis considers two subduction zones are located to the southwest of the Sanandaj—Sirjan Zone. (c) "Latest Cretaceous-Neogene
collision" hypothesis considers two belts of spreading oceanic crust as Neo-Tethys 1 and Neo-Tethys 2. AAP, Afro-Arabian Plate;
NT1, Neo-Tethys 1; NT2, Neo-Tethys 2; CIMC, Central Iran Micro-Continent; NO, Neyriz ophiolites; NBO, Naien-Baft ophiolites;
AP, Arabian Plate; SSZ, Sanandaj—Sirjan Zone; UDMA, Urumieh-Dokhtar Magmatic Assemblage.

the hypotheses and the Zagros geology that are briefly
described here below. The "Latest Cretaceous collision"
hypothesis (Fig 4a) indicates that the back-arc Naien-
Baft ophiolites and the Rollback related fore-arc Neyriz
ophiolites, both are supra-subduction zone ophiolites.
The hypothesis although can explain Zagros
synchronous neighboring ophiolites but isn’t able to
justify the subduction related Urumieh-Dokhtar volcanic
activity on the southwestern edge of the Central Iran
Micro-Continent in Eocene time. The hypothesis
proposed that the peak magmatic activity along the
Urumieh-Dokhtar Magmatic Assemblage can be
attributed to the post suturing slab break-off and rising
of hot asthenosphere in the Middle Eocene. The main

orogenic events, developed in the Early Pliocene are
also remained without any reliable explanation.
According to Shahabpour (2007), origination of the
Urumieh-DokhtarMagmatic =~ Assemblage in a
continental island-arc setting and its sedimentary basins
is related with changes in subduction angle of the Neo-
Tethys oceanic plate underneath the Iranian terranes.
According to Mouthereau et al. (2007) the first stage of
deformation

in the Zagros foreland basin take placed in the early
Miocene refers to the inversion tectonics of the Arabian
margin. The structural and stratigraphic studies on the
synorogenic deposits by Fakhari et al. (2008) indicate
also that shortening and foreland basin sedimentation
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Fig 4. Continued

had commenced in the hinterland by the early Miocene.
It can be deduced that the subduction of Neo-Tethys
plate continued up to Miocene time. The "Neogene
collision" hypothesis (Fig 4b) considers an intra-oceanic
subduction zone in north of the Neo-Tethys mid-ocean
ridge, in which the Neyriz ophiolites formed as rollback
related fore-arc type and the Naien-Baft ophiolites takes
as back-arc type, similar to former model. This
hypothesis can explain Zagros synchronous neighboring
ophiolitic rocks but some difficulties are also revealed
as the followings:

- Spontaneous Sinking of young and hot oceanic
lithosphere, near the mid-ocean ridge is not suitable.

- There is not any convincing reason for occurrence of
the main orogenic event that developed at the ending of
Cretaceous in Iranian terranes and closing the Naien-
Baft back-arc basin.

Arfania and Shahriari (2009) reconstruct the tectonic
evolution of the southeastern Zagros Orogn on the basis
of "Latest Cretaceous-Neogene collision" hypothesis.
According to Glennie (2000), Ghasemi and Talbot
(2006) and Golonka (2007), the tectonic history of the
southeastern part of Zagros Orogenic Belt involved the
successive development of two belts of spreading
oceanic crust that we refer to as Neo-Tethys 1 and Neo-
Tethys 2 (Fig 4c). The "Latest Cretaceous-Neogene
collision" hypothesis (Fig 4c) indicates; lithospheric
compression was relieved when an induced subduction
zone formed within Neo- Tethys 1, to the southwest of
the central Iran Micro-Continent. Most of the Neo-

Tethys 1 lithosphere was subducted by Late Cretaceous
time, therefore increasing slab-pull leading to fast retreat
(roll-back) of the subducting slab, trench suction and
tension across the southwestern margin of the central
Iran Micro-Continent. The northeastern Sanandaj-Sirjan
(Esfahan-Sirjan Block) was pulled southwest and the
Naien-Baft ophiolites formed in the back-arc setting.
The sinking lithosphere additionally originated a down-
dip component of movement that pulled the
southwestern  Sanandaj-Sirjan  (Shahrekord-Dehsard
Terrane) towards the Neo-Tethys 1 subduction zone and
accelerated the northeastward movement of the terrane.
This process led to creation of extensional setting in the
Neo-Tethys 2 lithosphere that caused an unknown intra-
oceanic weak zone rupturedand new oceanic lithosphere
originated in the gap resulting from the extensional
setting. The ruptured lithosphere then collapsed and a
new intra-oceanic subduction zone initiated. The pull
related Neyriz ophiolites formed in the fore-arc
setting.The first obduction event stacked the Neyriz
ophiolites in the Late Cretaceous (Santonian-
Campanian), when the northeast margin of Arabian
buoyant crust reached the trench. The Shahrekord-
Dehsard Terrane come to the Neo-Tethys 1 trench at the
ending of the Cretaceous and oceanic plate subduction
was replaced by collision with the Central Iran Micro-
Continent. The onset of collision coincided with the
onset of surface shortening and the second obduction
event stacked the Naien-Baft ophiolites.
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6. Conclusions

The purpose of this paper was to reconstruct the tectonic
evolution of the southeastern Zagros orogenic belts on
the basis of new geological evidences about ophiolitic
settings. The history of the southeastern Zagros
Orogenic Belt is composed of development of two
oceanic crusts, referred to as the Neo-Tethys 1 (between
the Sharekord-Dehsard Terrane and the Central Iran
Micro-Continent) and Neo-Tethys 2 (between the
Arabian Plate and the Sharekord-Dehsard Terrane. The
ophiolites from the supra-subduction zones in the
southeastern Zagros Orogenic Belt can be divided into
"pull related fore-arc Neyriz ophiolites" and "back-arc
Naien-Baft ophiolites".
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