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Ten tectono-sedimentary basins have been identified around the Paleotethys suture zone in NE Iran.
These basins have been developed from the Lower Paleozoic to recent time in response to relative
movements of the of Eurasia and Gondwana supercontinents. The recognized basins from ancient to

modern are: 1) Paleozoic passive marginal basin of central Iran, 2) Devonian-Carboniferous platform

basin of Turan plate, 3) Active continental margin basin (trench and foreland), 4) Permo-Triassic
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arc-related basins, (5) Upper Triassic-Lower Jurassic peripheral foreland basin, 6) Lower to Middle

Tectonics

Jurassic intramontane basin, 7) Middle Jurassic rift basin, 8) Oligocene-Pliocene foreland basin and

Sedimentary basins
NE Iran
Paleotethys Ocean

10) Post orogenic molasses basin. Each basin has its own characteristics, and is formed in different

tectonic setting during the evolution of the Paleotethys Ocean in NE Iran.

1. Introduction

Formation of sedimentary basins is closely related to the large-scale
tectonic processes (Dickinson, 2006). The type of sediments and
sedimentary environments are determined by tectonic processes
(Ingersoll, 1988; Ingersoll and Busby, 1995; Balazs et al., 2016).
The effect of tectonics on sedimentation is more prominent in
orogenic belts at the margin of plates where various sedimentary
basins are developed.

The Kopeh-Dagh and Binalud regions are parts of the Alpine-
Himalayan orogenic belt in SW Asia, where several sedimentary
basins formed in relation to the tectonic processes during evolution
of'the Paleotethys Ocean. The western part of the Paleotethys Ocean

in Iran formed during the Silurian and was closed by the collision

of the Cimmerian blocks with the southern margin of the Eurasia
in Jurassic (Ruttner, 1991, 1993; Boulin, 1988; Stampfli, 2007,
Stampfli and Borel, 2002; Zanchi et al., 2009, 2016; Zanchetta et
al., 2013; Robert et al., 2014). Despite important role of this region
in geodynamic evolution of the SW of Asia, little attention has been
paid to the tectonic-controlled sedimentary basins formed during
Paleotethys evolution. New data in the past few years have made
it possible to identify such sedimentary basins. In this regard, the
present paper introduced and classified the sedimentary basins
related to the tectonic processes in the study area. The geodynamic
model of NE Iran which was previously presented by the author,

has been revised in this paper.
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2. Research and methodology

A tectono-stratigraphic column has been established based on
field observation and available paleontological, sedimentary and
stratigraphic data from the literatures. According to the structural
and sedimentary characteristics of each tectono-stratigraphic units,
their tectonic setting has been determined. Finally, the geodynamic
model and tectonic evolution have been reconstructed based on the

identified sedimentary basins.

3. Results

The main lithostratigraphic units of the NE Iran, including eastern

part of the Kopeh-Dagh and Binalud, are examined in terms of

various tectonic events. The resulted tectono-stratigraphic column
is composed of different units ranging from the Early Paleozoic

at the base, to the Quaternary deposits on the top (Figs. 1 and 2).

Each unit may include several formations or rock units formed in a

similar tectonic setting.

The sedimentary basins related to different tectonic setting have

been determined as follow:

- Passive marginal basins, including post-rift passive marginal
basin of Prototethys ocean, Middle Ordovician to Devonian
Paleotethys rift basin and Devonian-Carboniferous platform
sediments of Turan plate.

- Subduction related basins containing trench and forearc continental
shelf basin, remnant arc, arc intra-arc basin (Fariman-
Darreh-Anjir complex) and Permian?-Triassic backarc basin
(Aghdarband Group).

- Collisional basins and associated rocks, including collisional
magmatism; Late Triassic-Early Jurassic Peripheral foreland
basin and Middle Jurassic intramontane basin.

- Post collisional basins containing Kashafrud rift basin, Upper
Jurassic to Eocene Carbonate platform, Oligocene—Pliocene

foreland basin and post-orogenic molasses- type basin.

4. Discussions

4.1. Geodynamic interpretation

In Early to Middle Paleozoic time, rift-related sediments of
Prototethys and Paleotethys basins deposited in the northern part
of Gondowana in Central Iran and Alborz. Later in Devonian-
Carboniferous time, the platform sediments of the Turan plate
formed on the northern marginal side of the Paleotethys Ocean
(Fig. 13-a).

Passive marginal setting of Paleotethys ocean was lasted at least
up to Carboniferous time when the Karakum—Mangyshlak granitic
arc (Natal’in and Sengor, 2005) is formed in Turan plate (Zanchetta
et al, 2013). The remnant of this Upper Carboniferous age
I-type calc-alkaline arc can be found as magmatic pebbles within
Qara-Gheitan Formation (Ghaemi, 2009; Zanchetta et al., 2013).

This event inverted the passive margin of the Turan plate into an
active margin.

With progress of the subduction in Permian time, Fariman
and Darreh-Anjir arc-intra arc basin, oceanic trench and fore arc
continental shelf basin were formed on the edge of the Turan plate
(Alavi, 1991) (Fig. 13-b).The protoliths of the meta-sedimentary
rocks of the Mashhad metamorphic complex were deposited
in trench and forearc setting and later mixed with the oceanic
crust during entrance into the accretionary prism (Alavi 1991;
Sheikholeslami and Kouhpeyma, 2012). Pyroclastic layers in
the Mashhad metamorphic complex may originate from eruption
of the volcanic material of the Fariman and Darreh-Anjir arc on
forearc basin and on accretionary prism. Arc-intra arc Fariman and
Darreh-Anjir complex can be considered as a part of the North
Pamir-Mashhad arc which extended in southern part of the Turan
Plate (Kazmin et al., 1986; Alavi, 1991; Natal’in and Sengér, 2005).

In Late Permian to Middle Triassic time, the Aghdarband Group
was deposited in a back arc basin between Fariman-Dareh-Anjir
arc and northern granitic remnant arc (Fig. 13-c). The volcanic
materials of the Sina Formation (Fig. 9) may result from volcanic
eruption of the Fariman-Darreh-Anjir arc.

In Late Triassic, collision type orogeny caused an amphibolite
facies metamorphism and transpressional deformation of the
oceanic trench-forearc sediments and formation of the Mashhad
metamorphic complex (Boulin, 1990; Alavi, 1991; Karimpour et
al., 2006; Sheikholeslami and Kouhpeyma, 2012). Following the
collision, granitoid bodies were intruded into the metamorphic
rocks (Fig. 13-d). Collision-related uplift and subsequent erosion
of the metamorphic rocks and continental arc at the active Eurasian
margin provide provenance of the Mashhad Phyllite, deposited in a
peripheral foreland basin (Chu et al., 2021) (Fig. 13-d). In addition
to Binalud region, the erosional materials of this event provided
an important source of sediment, filling up the subsiding South
Caspian basin and the foreland basins of the Alborz Mountains
(Brunet et al., 2009; Fursich et al., 2009; Wilmsen et al., 2009;
Naeimi et al., 2022).

The continuation of the convergence between Turan and Central
Iran plates caused the deformation and low-grade metamorphism of
the peripheral foreland sediments and their transformation into the
Mashhad Phyllite (Sheikholeslasmi and Kouhpeyma, 2012).

In Middle Jurassic time, a subsiding rift basin, continuation
of South Caspian basin, occurred in the study area, forming the
Kopeh-Dagh basin by sedimentation of the Kashafrud Formation
(Taheri et al., 2009). At the inner part of the collisional zone, the
detrital sediments mainly derived from Mashhad metamorphic
complex and Mashhad Phyllite, deposited in an intramontane

basin in the present-day Binalud region (Fig. 13-¢). During Middle
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Jurassic to Eocene time, Carbonate platform of Kopeh-Dagh
basin, containing different succession of sediments from open sea
to fluvial material, was deposited on the southern margin of the
Turan Plate (Brunet et al., 2003) (Fig. 13-f). This basin was inverted
during the Cenozoic due to the NE oriented convergence between
Central Iran blocks and the Turan plate (Robert et al., 2014) (Fig.
13-g). The erosion and deposition of the complex of fluviatile and
lacustrine sediments caused the sedimentation of foreland basin
in front of the Binalud Mountains (Jafarian et al., 2014) and post
orogenic molasses sediments in foothill troughs in Kopeh-Dagh
and Binalud (Fig.13-g).

5. Conclusion

The geological data provided in this paper indicates close

relationship between tectonic events related to Paleotethys

23

evolution, and generation of different sedimentary basins in NE
Iran. Several tectonic-controlled sedimentary basins are recognized
during Paleotethys evolution from rifting, subduction and collision
stages between Central Iran and Turan Plates. Passive marginal
basin of Central Iran and Devonian-Carboniferous platform basin
of Turan plate are the basins which formed during rifting stage.
Mashhad trench-fore arc basin, Fariman-Darreh-Anjir arc-Intra
arc basin and Aghdarband back arc basin are developed during
subduction period. Mashhad granite, Late Triassic- Early Jurassic
peripheral foreland basin and Early to Middle Triassic intramontane
basins are formed at the inner part of Binalud region through
collision episode. Finally, the Kashafrud rift basin, Upper Jurassic
to Eocene carbonate platform, Oligocene —Pliocene foreland basin
and post orogonic molasses- type sediments developed as post

collisional basins.
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Figure 3. Outcrops of passive marginal basin in Binalud and Kopeh-Dagh. a) Devonian carbonates (Bahram Formation)

thrusting on Mashhad Phyllite in southern slope of the Binalud Mountains. b) Devonian-Carboniferous rocks of Turan

platform overlain unconformably by Kashafrud Formation in Aghdarband area, Kopeh-Dagh zone.
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Figure 4. Tectono-sedimentary model of the Paleotethys margin in NE Iran. Provenance of the
Mashhad metamorphic complex formed in trench and forearc basin and then evolved in an
accretionary prism. Eruption of a volcanic arc, probably Fariman-Darreh-Anjir arc, into the fore

arc basin form the pyroclastic material of the Mashhad metamorphic complex.
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Figure 5. Different types of rocks in Mashhad metamorphic complex showing trench and fore arc
sedimentary basins. a) Olistostromes contains different size exotic carbonate blocks in a foliated
matrix. b) Radiolarian chert in meta-carbonate rocks. ¢) Carbonate debris from shallow carbonate
environments in meta-conglomerate. d) Foliated tuff and lapilli tuff which supposed to be product

of eruptions in subaerial or shallow marine environment.
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Figure 6. Field photo of rock units formed in the back arc and the peripheral foreland basins of

Kopeh-Dagh and Binalud regions. a) Granitic pebbles of Carboniferous age in Qara-Gheitan

conglomerate, Aghdarband region; b) Upper part of Sina Formation constitute of steeply bedding

volcanoclastic sandstone and tuffaceous shales, Aghdarband region; ¢) Unconformity between Sina

Formation at the bottom and Miankuhi Formation at the top, Aghdarband region; d) Outcrops of

metasandstone of Mashhad Phyllite contain original sedimentary structures (ripple marks), southern

limb of Binalud Mountains.
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Figure 7. Schematic depositional model of Aghdarband group in a
backarc basin developed at the southern margin of Turan plate in NE Iran.
a) Deposition of Qara-Gheitan Formation at the early stage of the back
arc Formation. b) Deposition of shallow water to deep ramp limestones
of Sefid-Kuhi and Nazarkardeh Formations. ¢) Sina Formation consists
of volcanic material from Fariman and Dare-Anjir arc. d) Shallow ramp
sedimentation of Miankuhi Formation (Modified after Zanchi et al.,
2016; Mazaheri et al., 2022).
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Figure 8. Fariman complex contain mélange of mafic—ultramafic intrusive rocks, basalts, siliciclastic turbidites and

tectonic slices of crystallized limestones, north of Fariman.
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Figure 9. Lithostratigraphic column of the
Aghdarband Group deposited in a backarc setting
(after Ruttner, 1991, 1993; Zanchi et al., 2016;
Balini et al., 2019; Mazaheri et al., 2022).
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grade metamorphism of the infilling sediments and generation of Mashhad Phyllite. The Middle to Upper Jurassic

detrital basin was filled with eroded material of metamorphic rocks and of Mashhad Phyllite in an intramontane basin

(After Sheikholeslami and Kouhpeyma, 2012).
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Figure 11. Lower—Middle Jurassic intramontane succession
in Binalud region containing Arefi, Bazhowz and Aghong

Formations (redrawn after Wilmsen et al., 2009).
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Figure 12. Schematic deposition model of the
Kashafrud Formation on a fault-controlled
basin. The basin was later deepened and
platform sediments of Upper Jurassic to

Eocene were deposited (Modified after Taheri

et al., 2009).
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Table 1. Lithology, age and sedimentary environment of formations formed on the upper Jurassic
to Eocene Carbonate platform. (Data from Afshar-Harb, 1994; Lasemi, 1995; Akhlaghi et al.,
2006; Allameh and Ghaseminejad, 2008; Shahidi, 2008; Kavousi et al., 2009; Ghaseminejad and
Rezaei, 2009; Allameh and Moradian, 2010; Rivandi et al., 2013; Sharafi et al., 2012; Karimian-
Targhabeh et al., 2013; Tabatabai et al., 2013; Shokri et al. 2013; Robert et al., 2014).

Formation Age Lithology stiill“(l:::ltlae:l{
Chaman Bid Bajocian to Tithonian Shale and marly sandstone Shallow marine
Muzduran Callovian-Kimmeridgian Limestone and dolomite Tidal and costal
Shurijeh Late Tithonian Conglomerate, sandstone Fluvial, meander, and
-Hauterivian and shale Lacustrine
Tirgan Barremian Orbitolina limestone with Open sea, back bar,
shale lagoonal and tidal
Sarcheshmeh Bajocian-Aptian Limestone, shale and marl Tidal to open sea
Sanganeh Albian Shale, marl, sandstone, Coastal to open sea
siltstone and limestone
Aitamir Albian to Cenomanian Sandstone, shale, siltstone Open sea, coastal, bar and
and carbonate lagoonal
Abderaz Late Santonian Calcareous shale, marly Shallow marine to open
shale and limestone sea
Abtalkh Campanian Calcareous shale and Distal marginal to
limestone marginal basin
Kalat Late Campanian to Limestone, sandy limestone | Lagoonal, back bar, open
Maastrichtian sea
Neyzar Maastrichtian Sandstone and shale Shallow marine sea
Pestehligh Paleocene Sandstone, conglomerate Fluvial
and siltstone
Chehel Kaman Early to Middle Limestone, dolomite, Lagoonal, back bar, open
Paleocene conglomerate, sandstone sea
and shale
Khangiran Late Paleocene-Eocene Shale Open sea to shallow

marine basin
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