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Abstract
The Zagros Mountains of Western and Southwestern Iran are a spectacular example of a
young Tertiary orogenic event and of earlier obduction/subduction processes. These mountains
have been formed as a result of the collision between the Arabian and Eurasian plates, and
resulting orogenic uplift. This collision created numerous folds and thrusts which are now
represented as large, linear anticlines. These features are important in the study of both orogenic
events and petroleum aspects.

Introduction
The Zagros Mountains are located in western and southwestern Iran at the eastern edge of
the Persian Gulf and are a part of the Alpine-Himalayan mountain chain that stretches across
much of Southwest Asia and the Middle East (Figure 1). The Zagros mountain range extends for
approximately 1,500 km in length and borders Iran to the southwest along the eastern edge of the
Persian Gulf. The Zagros are located on the boundary between the Arabian and Eurasian
lithospheric plates, and are an orogenic response to a collision between Eurasia and advancing
Arabia during the Cenozoic (Takin, 1972; Agard, 2005; and others). Numerous
northwest/southeast trending parallel folds were formed as a result of the collision and are now
represented as spectacular, high amplitude anticlines and mountain peaks that rise between 3,000
and 3,650m above sea level (Alan, 1969). In 1908, oil was discovered within one of the
anticlines which led to several successful and unsuccessful attempts to drill and prospect for oil.
Now, the Zagros fold and thrust belt region is known as a major petroleum source throughout the
world. Study of the Zagros orogenic event during the Tertiary period can provide more detailed
information for petroleum exploration, as well as a more thorough understanding of the earth’s
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tectonics processes throughout history. The Tertiary development of the Zagros Mountains will
be explored within this paper.

Figure 1. Location of the Zagros Mountains in Western Iran. The green areas indicate oil fields
and pink indicates gas fields. The linear hatched zones indicate the Urumieh-Dokhtar Magmatic
Assemblage (discussed further in text).

Geological Framework and Stratigraphy
The collision and subsequent orogenic event of the Zagros Mountains significantly
altered the preexisting rocks within the region, and influenced post-orogenic deposition of
sediment. The geology in the Zagros orogenic belt includes a variety of rocks dating back to the
upper Neoproterozoic to Devonian (Figure 2).
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Figure 2. General stratigraphy of the Zagros Fold and Thrust Belt from northwest to southeast (left to
right) (Bordenave, 2003).

The Neoprotoerozoic rocks located within the Zagros belt consist of basal volcanic and
sedimentary units overlain by a thick unit of evaporites and several unconformable units of
siliclastic and carbonate rocks (Alavi, 2004). The next uppermost units are that of the Permian to
Triassic. These lie unconformably over the Neoproterozoic and consist of basal conglomerates
and sandstones that were deposited in very shallow waters along the margin of Gondwanan
(Alavi, 2004). Jurassic to Upper Cretaceous strata overly the Permian-Triassic units consist of
rocks that exhibit numerous facies. These units range from shallower coastal clastic strata to
evaporites and limestones then to pelagic muds (Alavi, 2004).
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The Late Cretaceous to Eocene rocks represent deposits of the foreland basin prior to the
Zagros orogeny, and subsequent incorporation into the colliding rock packages. This sequence
of rocks unconformably overlies the rocks of the Jurassic to Upper Cretaceous. The shallow and
deep marine carbonates, siliclastic strata, and restricted depozone carbonates of this Late
Cretaceous to Eocene sequence were deposited along the protoforeland basin of the Zagros in a
NW-SE trending belt. In the area northeast of the fold and thrust belt, ophiolites are pushed up
through thrust slices onto the advancing Afro-Arabian continent around 90-68 Ma (Alavi, 2004).
The rock sequence overlying these ophiolites includes evaporites and thin dolomites followed by
conglomerates to the northwestern edge of the foreland basin and evaporites and dolomites to the
southeast. This gradational change indicates a northeasterly migration of deposited sediments
during Paleocene to Middle Eocene time. The Oligocene to Recent sequence of deposition
generally shows an upward-coarsening and southeastward migrating of the proforeland basin due
to a migration of thrust faulting in that direction (Alavi, 2004; Hessami, 2001). The Zagros
orogenic belt is made up of all the aforementioned rocks, but also consists of five tectonically
related parallel zones which give the overall structure of the orogenic belt. Following the
classification of Agard (2005), these zones from southwest to northeast are the Zagros Simply
Folded Belt, the ‘Crush zone’ or High Zagros, the Main Zagros Thrust, the Sanandaj-Sirjan
Zone, and the Urumieh-Dokhtar Magmatic Assemblage (Figures 3 and 4).
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Figure 3. The Zagros tectonic zones. The Urumieh-Dokhtar Magmatic Assemblage lies
Northwest of the large dashed line (from Hessami, 2001).
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Figure 4. Geologic map of the five tectonic zones of the Zagros (National Geoscience Database
of Iran)
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Tectonic Setting
1. Simply Folded Zone
The Simply Folded Zone (SFZ) is recognized as the southwesterly boundary of the
Zagros orogen near the Persian Gulf. This area is easily recognized by the NW-SE trending
parallel anticlines that verge to the SW in a 6-12 km cover sequence (Colman-Sadd, 1978)
(Figures 4 and 5). This area is home to some of the world’s largest oil reservoirs, and was the
location of initial continental collision between the Arabian and Eurasian plates. This area is
generally composed of limestone with upper Pliocene units of sandstone.

Figure 4. An aerial oblique view of the Zagros Simply Folded Belt. Note the sheer number of
parallel, linear anticlines (from Image Science and Analysis Laboratory, NASA-Johnson Space
Center, 2004).
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Figure 5. Map and cross-section view of the parallel anticlines of the Zagros Simply Folded Zone
(National Geoscience Database of Iran)
1. The ‘Crush Zone’
The High Zagros Crush Zone is an area of slices of Mesozoic limestones, radiolarites,
obducted ophiolite remnants, and Eocene volcanics that are thrust up onto the Zagros Fold and
Thrust Belt (ZFB) (Agard, 2005). The radiolarites are about 500 m thick, are strongly folded,
and range in age between Triassic to the Cretaceous (Agard, 2005). The preserved obduction
stack within the Crush zone contains interlayered ophiolites with basaltic volcanics. A strongly
folded 3000 m thick sequence of limestone caps the high summits in this area. Recent study by
Agard (2005) indicates that the Eocene volcanics in the Crush zone were thrust onto the ophiolite
before deposition of Oligo-Miocene conglomerates. This observation constrains the time of
collision.
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2. Sanadaj-Sirjan Zone
The Sanadaj-Sirjan Zone (SSZ) contains the metamorphic core of the Zagros continental
collision zone in Western Iran (Figure 6). This zone lies to the northeast of the Crush Zone in a
parallel orientation to the rest of the Zagros Mountains. The SSZ is an area of deformation that
reflects the collision between Arabia and Eurasia and the subsequent southward propagation of
the fold-thrust belt (Alavi, 1994). The SSZ is composed of an outer belt of thrust slices and an
inner complexly deformed sub-zone. The inner belt is made up of mainly Jurassic interbedded
phyllites and metavolcanics. The SSZ can be broken down into several sub-zones in order from
the southwest to the northeast 1) radiolarite sub-zone, 2) Bisotun sub-zone, 3) ophiolite sub-zone,
4) marginal sub-zone, 5) complexly deformed sub-zone. The main Zagros suture is located
along the ophiolite sub-zone along the southwest margin of the SSZ. Hornblendes within these
ophiolites were dated at 87.5 Ma, indicating a Late Cretaceous age for igneous rocks of the
ophiolite (Mohajjel, 2003). The marginal zone contains abundant volcanics of Late JurassicEarly Cretaceous while the complexly deformed sub-zone contains metamorphosed Mesozoic
clastic, carbonate and some volcanic rocks (Mohajjel, 2003). Much of the orogenic activity of
this sub-zone is interpreted to be associated with the closing of the Tethys (Mohajjel, 2003).
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Figure 6. The metamorphic rocks of the Sanadaj-Sirjan Zone. The cross section indicates
location of the SSZ to the southwest as well thrust up ophiolites (purple) and the UrumiehDokhtar Magmatic Assemblage to the northeast. The map shows cross section location.
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3. Urumieh-Dokhtar Magmatic Assemblage
The Urumieh-Dokhtar Magmatic Assemblage is linear intrusive and extrusive complex
that extends along the entire length of the Zagros orogenic belt to the Northeast (Figure 7). This
assemblage is composed of various intrusive and extrusive components including granites,
granodiorites, gabbros, rhyolites, and pyroclastic tuffs (Alavi, 1994). The rocks of this area are
primarily Mesozoic in age and consist of metamorphic deformed plutons as well as undeformed
plutons. The volcanics of this assemblage are primarily driven from the continuing subduction
of the Arabian slab, likely still containing the original Neo-Tethyan oceanic crust (Alavi, 1994).
This assemblage has not been volcanically active since the Quaternary, although the peak
activity is thought to be during the Eocene (Alavi, 1994). Ophilolites within this are have been
dated from 86-81 Ma, signifying a late Mesozoic orogenic event.

Figure 7. The plutonic and volcanic rocks of the Urumieh-Dokhtar Magmatic zone.
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Tectonic Evolution
The tectonic evolution of the Zagros Mountains was entirely due to plate tectonics and
the converging of the Arabian and Eurasian continents (Figure 8). Prior to the collision, an
oceanic basin called the Neo-Nethyan rifted apart an Iranian microcontinent from the rest of the
Southwest Iran. This continental breakup began in Northwestern Iran during the Permian to
Triassic time period, but began later in the SSZ during the Late Triassic (Mohajel, 2003; Alavi
1994). The Arabian plate then began to converge closer to the Eurasian continent, possibly due
to the rifting apart of the Arabian continent from Africa at the Red Sea and the Gulf of Aden
(Laughton, 1966). The Arabian continent began to subduct below the Eurasian continent
beginning in the Late Jurassic (Mohajjel, 2003). Following the time of subduction (80-95 Ma),
ophiolites were possibly generated from island arc collisions with the Arabian passive margin
(Mohajjel, 2003) and placed on the edge of the Arabian continent at the end of the Cretaceous
(Takin, 1972; Sepehr and Cosgrove, 2005). During the continental collision, these ophiolites
formed along the suture. Another deformation event took place at the Eocene as subsequent
ocean crust was placed on the Arabian margin and then folded (Agard, 2005). Gabbroic
intrusions were then placed approximately 40-38 Ma and intruded the SSZ and folded
Paleocene-Eocene volcanics (Agard, 2005).
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Figure 8. Schematic diagrams showing the sequence of orogenic phases leading to the entire
Zagros Simply Folded Zone. Note the initial continental collision in the early Miocene and
the number and orientation of faults associated with the collision (from Hessami, 2001).

The timing of the collision of the Arabian and Eurasian plates is generally known to be in the Miocene.
Recent studies by Agard (2005) in the High Zagros Mountains noted deposited late Oligocene-early
Miocene conglomerates unconformably overlying the Eocene domain of the Iranian plate and the 81.486.3 Ma obducted ophiolite of the Arabian plate. This indicates that the timing of ocean closure and the
inception of collision must have taken place between the mafic intrusions at 38 Ma and the 25-23 Ma
Oligocene-Miocence deposits. Work by Mohajjel (2003) supports the timing given by deposition of the
late Miocene conglomerate as an age indicator.
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Petroleum Resources of the Zagros Mountains
The Zagros Fold and Thrust belt is home to one of the largest petroleum producing
reservoirs in the world. The location of this fold and thrust belt within the Arabian Plate region,
as well as the quality of the source rocks is are some of the reasons for its significant petroleum
reserves. Several key ingredients are essential for the production and entrapment of
hydrocarbons within a rock unit, such as depth of burial, temperature, and a confining rock unit
“cap”. The Zagros Fold and Thrust Belt contains these important characteristics within several
anticlines throughout the region.
In order for a hydrocarbon deposit to exist, there must be a complete presence of all
essential components of a petroleum system intact. A petroleum system is defined as a natural
system that includes a source rock to contain the petroleum, a critical depth at which temperature
can convert buried organic matter to oil, and all the quality elements of the geologic formation
such as is found in reservoir rocks, seal rocks, the process of trap formation, and the migration
and accumulation of petroleum.
The Arabian plate region of the Middle East, including the Zagros Fold and Thrust Belt,
is host to a unique conglomeration of essential and added components that are responsible for the
petroleum richness found in these areas. These factors include: (a) large areas of high-quality
source rocks formed during important time periods, such as, in the Mesozoic when the region
was at warm latitudes with high organic productivity; (b) a long history of sedimentation; (c) the
development of porous source and reservoir rocks to permit hydrocarbon migration; (d)
migration of hydrocarbons up through carbonate fractures in the Zagros Fold and Thrust Belt
into huge anticlines with efficient evaporative seals (Beydoun, 1998).
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During the Mesozoic to Tertiary, several of these favorable conditions existed.
Carbonates and evaporites were deposited during warm and shallow intrashelf basins while
subsequent anoxic conditions within them preserved organic material in the warm waters. The
deposited carbonates then became efficient reservoir rocks as efficient shale caps were
subsequently deposited during regressive seas. With the onset of the Zagros orogenic event, the
petroleum was then able to migrate into huge carbonate reservoirs within the newly developed
anticlines. Most of the oil reservoirs within Iran are now found in a series of anticlines in a
regional low known as the Dezful Embayment (Ala, 1982) (Figure 6). This area exclusively
consists of Tertiary rocks, with a significant portion being Neogene in age. Significant pay
zones within this area are in the Deh Ram Group (Permo-Triassic), the Bangestan Group
(Cenomanian-Turonian, and the Asmari Formation (Oligo-Miocene) (Figure 10).

Figure 9. The hydrocarbon rich Dezful Embayment of Western Iran (shown in light grey). The
oil fields are shown in black and the gas fields are hatched. Note the long and linear structure of
most of these reservoirs as they reflect the anticline structure that they reside beneath (from Ala,
1982).
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Figure 10. Stratigraphic position of the source rocks in the NE Arabian shelf region. Note the
number of shallow hydrocarbon deposits underneath evaporative seals in Southwest Iran (from
Beydoun, 1998).
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Conclusion
Significant tectonic events have occurred in the Zagros Mountains throughout the
Mesozoic and Cenozoic that have formed the famous anticlines and world renowned petroleum
reservoirs. The tectonic processes seen in the collision of the Arabian and Eurasian plates are
much the same as is seen in other continent-to-continent collisions that have happened
throughout earth history. The three distinct tectonic zones of the Zagros Mountains: (the
Urumieh-Dokhtar Magmatic Assemblage, the Sanandaj-Sirjan Zone, and the Zagros Simply
Folded Belt), are topographic expressions of the subsurface subduction and deformations that the
rocks have undergone. The recent work of Mohajjel (2003), Agard (2005), and others has given
a more detailed account of the tectonic structure of this region. The Zagros orogenic event is a
complex series of tectonic activities and rock packages, but hopefully with more study will we be
able to more thoroughly understand the Zagros Mountain development.
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