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1. Introduction

ABSTRACT

Correlation of the orogenic and epeirogenic events in Iran with the events that have been identified
in different parts of the world and in different tectonic environments, has caused some confusion in
the Iranian geological literature. After a brief review of the nature of known orogenic processes in
the world, examining issues related to the abovementioned correlations, and considering the tectonic
history of various parts of Iran, we have tried to systematically describe and name the important
orogenic and epeirogenic events of the country. Most Precambrian orogenic events in Iran are
dubious due to unknown age and poorly constrained tectonic setting of the rock units attributed to
Precambrian. Paleozoic in Iran has been mostly associated with epeirogenic events, and the only
sign of a real orogenic event goes back to the Late Carboniferous in northern Iran. The important
Mesozoic and Cenozoic orogenic events have shaped the modern tectonic configuration of Iran. The
Paleotethys suture in northern and central Iran formed during the Gorgani orogeny, development
of the Central Iranian active margin (Sanandaj-Sirjan) occurred in the Ekbatani orogeny, ophiolite
obduction in Central Iran and Zagros developed during the Late Cretaceous events, and collision
of the Iranian plate with the Helmand block resulted in the Sistani orogeny. The creation of the
Zagros and Alborz Mountain ranges started from Oligocene and Miocene times, respectively, and the

deformation due to their shortening continues to this day.

The orogenic and epeirogenic events have been recorded in the
geological history of the Iranian structural zones, and are described
using different names and various characteristics. Geologists are
interested in knowing why the phenomena such as changes in
the sedimentary facies of the rock units, sedimentary gaps, types
of discontinuities, and metamorphic and magmatic events have
developed, what is their connection with each other, and their
connection with the global events, the regional tectonics or global

sea level changes.

The evolution of the Iranian Plateau is very complex due to the
multiplicity of its tectonic zones, and the long history of interaction
between different continental and oceanic plates; the complexity
has also been reflected in the evolution of the Iranian geologists’
contemplation on Earth sciences (Berberian, 2017). The geologists
and students still refer to the indigenous tectonic events of Iran using
the names of events that have been identified and named outside of
Iran, some of them thousands of miles away from Iran on another

continent, and have occurred due to completely different tectonic
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phenomena. As an example, the Laramide orogeny in western North
America occurred as a result of the shallowly-dipping subduction
of an oceanic plate under the North American plate, and it may be
linked to the deformation caused by the closure of Iran’s internal
oceans in Late Cretaceous. This article tries to partially solve the
abovementioned discrepancies through reviewing some of the most

important orogenic and epeirogenic events of Iran.

2. Tectonic and environmental phenomena affecting the
tectonostratigraphic records

Rifting events usually increase the sedimentation rate by increasing
the depth of the sedimentary basins, however normal faulting
accommodated by block faulting can cause local discontinuities
in the sedimentary sequence of the continental rifts. The crustal
thickening, which causes uplift and emergence of the sedimentary
basins, usually occurs in compressive or transpressive (convergent)
tectonic environments. Collisions can be divided into seven
categories depending on the type of the crusts involved in the
collision (oceanic or continental magmatic arc, active or passive
continental margin) and the collision vergence (Moores and Twiss,
1995); therefore, it may be imagined that how much difference
may occur in the resulting geological and stratigraphic records.
Some discontinuities and periods of erosion or sudden changes in
sedimentation, many of which may be known as epeirogenic or
even orogenic events in Iran, occurred only as a result of global

sea level changes dominantly linked to the global climate changes
(Fig. 1).

3. Global orogenic events

In his classic article Rutten (1949) has discusses Stille’s (1936)
concept of simultaneous short-term orogenetic stages on a global
scale, separated by long periods without orogeny (anorogenic),
and believes that the existing facts do not agree with such idea.
He suggests that orogenic periods occur irregularly at completely
different times in different areas. In addition to that, he suggests
that orogenic periods do not have a short duration. Table 1 shows
some orogenic events in Europe and other continents of the world.
Original locations of the orogenic events are summarized in
Table 2.

4. Orogenic and epeirogenic events in Iran

In this section, we will describe and interpret the most important
orogenic and epeirogenic events of Iran, from old to new. The
names given to these events refer to the geographical locations
in Iran where the manifestation of the respective events is best
observed. Please refer to Fig. 2 and Table 3 for the temporal and
tectonic setting of these events and their comparison with the global

events.

4.1. The Precambrian events

The Precambrian basement of Iran is not well explored due to its
scarce outcrops. Most of the data related to these rocks have been
obtained from limited parts of central Iran. On the other hand, due
to the continuity of the Iranian basement with the basement of
Arabia and northeastern Africa, it is believed that the Precambrian

events of Iran should be similar with these areas.

The Chapedony event

Haghipour (1974) classifies the oldest sequence (Late Archean and
Proterozoic) of central Iran into three major structural stages and
separates them by two main orogenic events. The first orogenic
event is called the Chapedony event, to which Haghipour attributes
the unconformity between the Chapedony complex above and the
“Earlier Series” below. Ramezani and Tucker (2003) found the
oldest detrital zircons in the Tashk Formation (1871 and 1864 Ma).
The Chapedony complex, which is placed on the unconformity
related to the Chapedony event, is composed of gneiss (Neybaz
gneiss), amphibolite, schist, quartzite, and marble. According to the
age Haghipour has given to the Chapedony Complex (Eoarchean),
the Chapedony orogeny occurred ca. 4000 Ma, thus he introduces
the oldest known orogenic event in Iran. The tectonic setting of the
Chapedony orogeny is not clear, however it is possible that this
orogeny is the result of the collision between the oceanic arcs and
the beginning of the formation of the continental crust of Iran. It
should be noted that Ramezani and Tucker (2003) suggest that the
oldest event in the Saghand range to have occurred between 547 to
525 Ma.

The Moradi event

According to Haghipour’s (1974) classification, the Moradi
orogeny coincides with the end of the second tectonic stage, and
is represented by a unconformity between the Tashk-2 Formation
below with the Pusht-Badam Complex, the Qaradash Formation,
and the Rizu Series above. According to the age attributed to
the Tashk-2 formation (Mesoproterozoic), the age of the Moradi
orogeny is estimated at about 1000 Ma. This orogeny may be
simultaneous and perhaps equivalent to the Assyrian tectonic
movements in Arabia (Berberian and Berberian, 1981) or Kibaran
event in Africa. Nabavi (1976) used the name “Iranian” for the
geological event about 600 to 1000 Ma, which has already named as
Assynitic, Baikal, Katangan, Pan-African, and sometimes Hijazian

in Iranian geological literature.

The Zarigani orogeny
According to Haghipour (1974), the Posht-Badam and Qaradash
Formations, the Rizu series, the Bayndor Formation, the lower

dolomite and lower shale members of the Soltanieh Formation and
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part of Hormuz Series, the Desu series and the Ravar Formation
all developed in the “third structural stage” in Neoproterozoic.
These rock units lay with a regional unconformity over the Tashk-2
Formation or its equivalents, which Haghipour attributes to the
Zarigani orogeny at the Precambrian-Cambrian transition (542
million years ago). At the same time period or before the Zarigani
orogenic event in the late Neoproterozoic (Ediacaran) (Hassanzadeh
et al., 2008), a very extensive granitic magmatism invaded the
Iranian craton, which here is called the Durani magmatic event.
Hassanzadeh et al. attribute this magmatic event to the subduction
of the oceanic crust to the south under the northern margin of the
Gondwana continent and the Andean orogeny (Cadomian magmatic

arc) about 545 million years ago.

4.2. The Paleozoic events

In major parts of Iran, Paleozoic was not associated with important
orogenic events, however some epeirogenic events may be traced
in the abovementioned sequence. The only evidence of Paleozoic

events is the Shandermani event in the northernmost parts of Iran.

The Shandermani event

In the Masuleh area of Gilan Province, the Gasht metamorphic
group is covered with Permo-Triassic unmetamorphosed sequence.
The radiometric age of the lower part of this complex is 375+12 to
382+48 (Devonian), which is placed under the pelitic schists via
an angular unconformity (Crawford, 1977). However Alavi (1991)
considers these metamorphic rocks to be the Hercynian basement
of the Turan plate, which were thrusted over the northern margin of
Alborz. Zanchetta et al., (2009, 2013) examined the metamorphic
rocks of the Shanderman range in western Alborz, and for the first
time they provided accurate evidence for an orogeny (Shandermani)

older than the former Cimmerian orogeny.

4.3. The Mesozoic events

Mesozoic in Iran has been associated with several important
tectonic events. The most important of these events are the opening
of the Neotethys Ocean since the end of the Paleozoic, the drift of
small and large Iranian microplates to the north, the closing of the
Paleotethyan ocean in the north, the collision of the microplates
with Eurasia, the inception of subduction under the Central Iranian
active margin (Sanandaj-Sirjan), opening of the Caspian backarc
basin, opening of the backarc basins in central Iran, and the

obduction of the Neotethyan oceanic crusts.

The Gorgani orogeny
The closure of the Paleotethyan Ocean in the Late Triassic caused
the Eurasian Margin (Turan) to be thrusted onto the Central Iranian

margin, and thus the Gorgani Orogeny was formed. In the south
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Gorgan area, the Gorgan metamorphic complex, composed of
Paleozoic low-grade sedimentary rocks, is observed under an
important unconformity at the base of the Shemshak Group.
Examining the detrital zircons ages from different parts of Iran,
Horton et al. (2008) have concluded by that the collision between
Iran and Eurasia occurred no later than Late Carnian-Early Norian.
Wilmsen et al. (2009) attribute the initial coupling between the

Iranian and Turan plates to the Ladinian-Carnian.

The Ekbatani orogeny

Subduction of the Neotethyan ocean beneath Central Iran started
almost immediately after the collision of Iran with Eurasia in the
Jurassic, and related metamorphism and magmatism took place on
the southern active margin of Iran, namely the Sanandaj-Sirjan belt.
In various parts of the Sanandaj-Sirjan area, especially in Alvand
area, sedimentary rocks of Late Triassic-Jurassic age (equivalent to
Shemshak Group) have undergone regional metamorphism. They
have been intruded by Middle Jurassic and younger granitoids.
Therefore, we consider the Ekbatani orogeny as an Andean type
orogeny that was active from the Jurassic to the Cretaceous times.
The Hamadan phyllites, whose primary rock age is estimated to
be Late Triassic-Jurassic (Fergusson et al., 2016), were formed as
a result of a regional metamorphism during the Ekbatani orogeny.
Wilmsen et al. (2009) believe that the main Cimmerian event
occurred following the slab break-off of the ancient Tethys between

the Rhaetian and Hettangian in northeastern Iran.

The Binaludi orogeny

In Binalud area and the northern parts of central Iran (Torud), the
equivalent rock units of the Shemshak Group have undergone a
mild metamorphism, which can be well distinguished from the
metamorphisms related to the Gorgani orogeny (Early Cimmerian)
in the pre-Triassic rock units. This phenomenon, which happened
in the Middle Jurassic, may be named as the the Binaludi orogenic
event. In the Binalud area, the equivalent rocks of the Shemshak
Group have undergone the Binaludi metamorphism (the Mashhad
phyllites) and are placed under the Kashafroud Formation (Late
Bajocian-Calovian) with a unconformity. Rahmati et al. (2009)
consider the metamorphic age of these rocks to be Middle Jurassic

(166 Ma), which is within the age range of the orogeny.

The Ravari orogeny

A very obvious angular unconformity between the Late Jurassic and
Cretaceous layers may be observed in the Ravar area of Kerman,
which indicates an event in the Late Jurassic. Aghanbati (2010)
called the Middle-Late Jurassic unconformity in the Tabas area the
“Tabasin event” and considers it equivalent to the Nevadan event

in North America. Sometimes the Late Cimmerian event in Iran,
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refers to an important unconformity at the base of the Cretaceous
sequence, however we believe that it is only the result of the
extensive advance of the Cretaceous sea around the world, which

culminated in Late Cretaceous.

The Naeini event

The angular unconformity between the Paleocene sedimentary
sequence and the older rocks in the areas of Naein, Yazd, Kerman
and the southern slopes of Alborz is evidence for an important
orogenic event, which is likely to follow the closure of the Central
Iranian oceanic basins. Due to the location of ophiolites near Naein
and since the effects of this event can be seen almost all over
Iran, we name this event as Naeini. This event may be considered
the time equivalent of the Sub-Hercynian event in Europe or the

Laramide event in North America.

4.4. The Cenozoic events

Cenozoic is when the Iranian Plateau begins to form after the
collision between the Iranian, Arabian and Helmand plates. Many
events creating the current geological configuration of Iran took

place during this period.

The Natanzi orogeny

In most parts of Iran, the Eocene was associated with a period of
crustal stretching and deposition in extensional basins, however
the subduction of the Neotethys oceanic crust under Central Iran
formed an Andean type of orogeny in the Urmia-Dokhtar range,
remnants of which may be seen in today’s topography of the

range.

The Sistani orogeny

One of the most important events of the Cenozoic era is the closing
of the Sistan Ocean in eastern Iran. The subduction of the Sistan
Ocean under the Helmand Block started in Early Cretaceous at ca.
125 Ma (Fotoohi-Rad et al., 2009). The Sistani event in the late
Eocene-Oligocene led to the final collision of the Iranian plate in
the east of the Lut Block with the Helmand Block. According to
Tirrul et al. (1983) the convergence and ophiolite obduction in the

region started in Late Cretaceous.

The Zagrosi orogeny

The most important orogenic event of the Cenozoic era of Iran
dates back to the closure of the Neotethys Ocean and the final
collision of the Arabian and Iranian plates, which started the Zagros
orogeny. We consider the spatial extent of the Zagros Mountain
range (and therefore the related Zagrosi orogeny) between the Main
Zagros Reverse Fault (Zagros suture) and the Mesopotamian basin.

Many different opinions have been presented about the timing of

the collision in Zagros, which vary from the Late Cretaceous to
the Pliocene, however, the sedimentary and stratigraphic evidences
indicate that inception of the collision and the resulting uplift have
occurred between the Late Eocene and Early Miocene (35-23 Ma)
(Hatzfeld and Molnar, 2010; Gholamizadeh et al., 2017; Pirouz et
al., 2017).

The Alborzi orogeny

The stratigraphic records indicate that the initial orogeny in Alborz
occurred in the latest Eocene and earliest Oligocene, however,
the extensive shortening of the mountain range accelerated since
early-middle Miocene (ca. 18 Ma) and lasted up to 10 Ma. We have
named this period of orogenic activity as Alborzi. This event is the
temporal equivalent of the Styrian event. The mountain ranges in
western Alborz and eastern Azarbaijan also grow between 15 and
12 Ma (Ballato et al., 2014).

The Bakhtyari event

Berberian and King (1981) believe that the whole Iranian plateau
underwent important orogenic movements in late Miocene, which
was associated with the beginning of the second stage of the
opening of the Red Sea and the Gulf of Aden. There is an angular
unconformity between the Miocene and Pliocene sequences in
some areas of Iran. This can be seen at the base of the Bakhtiari
Formation in Zagros and at the base of the Hezar-Darreh Formation

in some places on the southern slopes of Alborz.

The Tehrani event

The Hezar-Darreh Formation (A Fm.) in the Tehran area has been
extensively folded and faulted. The alluvial deposits of the B unit
in the north of Tehran rest over an unconformable contact resulted
from erosion of the A Formation. We introduce the aforementioned
deformation, which seems to have happened at the boundary
between the Pliocene and Quaternary, as the Tehrani event. Some
consider this event equivalent to the Pasadenian event, however
from a chronological point of view, this event is rather equivalent

to the Wallachian event.

5. Conclusion

Among the Precambrian orogenic events, defined for Central Iran,
only the Zarigani event in the Neoproterozoic may be discussed
with a reasonable certainty. The older orogenies of this era need
more detailed investigations to reveal their timing and tectonic
setting. Paleozoic in Iran was not associated with any major
orogenic event, and we can only trace the consequences of the Late
Carboniferous orogeny in a corner of the northern Iran. Closure of
the Paleotethys Ocean resulted in the Gorgani orogeny in northern

Iran. There are also evidences of sutures related to this orogeny in
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Central Iran. Subduction of the Neotethyan Ocean under Central
Iran caused the Ekbatani orogenic event along the active margin of
Central Iran (Sanandaj-Sirjan) from the Middle Jurassic to Early
Cretaceous. The ophiolite obduction of the Zagros ophiolites, the
beginning of subduction in the Makran zone, and the obduction

of the central Iran ophiolites all occurred in Late Cretaceous. The
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subduction of the Sistan Ocean began in Early Cretaceous, and the
Sistani Orogeny occurred after the closure of the Sistan Ocean in
eastern Iran in Eocene-Oligocene times. The final collision of Iran
with the Arabian Plate in the Oligocene caused the beginning of the
Zagrosi orogeny, and in the Miocene, Alborz developed its present-

day tectonic configuration during the Alborzi orogeny.
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Figure 1. Variation of the sea level in Phanerozoic. The red and blue

curves correspond to the research by Hallam (1992) and Exxon

(9ST) 5o 413 51,5 So5Uss

company data respectively. Note the sharp sea level drops in Middle
Ordovician, Ordovician-Silurian boundary, Silurian-Devonian
boundary, and the Late Carboniferous. The sea level rise in Early

Permian and Early Cretaceous are also very important in the history

of the discontinuities.
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Table 1. The classic time scale for the major orogenic phases in Europe and other continents

(from Moores and Fairbridge (1997)).
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Table 2. Name and origin of the orogens most used in the Iranian geological literature (from Bates and Jackson, 1980).
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Figure 2. Time-stratigraphic position of the orogenic and epeirogenic events in Iran. The wavy line and hatched lines represent the orogenic and epeirogenic

events, respectively. The vertical arrows show the time span of the events. Chronological chart taken from the International Commission on Stratigraphy

(ICS, 2013).
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Table 3. The names of the orogenic and epeirogenic events used in the present research and the related tectonic or global. The time limits of these

events are approximate and have been chosen according to published sources.
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