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ABSTRACT
This research is focusedon biostratigraphy , palaeoocologhy and palaeoenvironment of
mishan Formation in Zagros basin, SW Iran .The Mishan Formation is composed of
gray marl, Argillaceous limestone.The surface data is indicated the thickness of Mishan
succession at Nareh mountain section is about 230 meters and 340 meters in Jahrom
mountain section and two funal assmblage have been recognized by distribution of
these large foraminifera in this study area that indicate Burdigalian age. Assemblage of
carbonate grains in Nareh mountain is foralgal. This assemblage is caused by
abundance of benthic foraminifer and red algae of Corallinaceae A. and small number
of corals. Assemblage of foramol is considered in Jahrom mountain, which is a result of
presence of benthic foraminifers plus light independent organisms and absence of reefmaker corals and green algae. As a whole, community of carbonate grains and
restructuring of latitudes in the studied area show that sedimentation has taken place in
warm waters.
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INTRODUCTION
Mishan Formation is one of the formations of the Fars group from Zagros area in the south west of Iran.
This formation was investigated for the first time by James & Wynd [25] as the type section located in the
south-east Gachsaran.
The thickness of this formation in the type section is 710m and its lithology consists of gray marl and
argillaceose limestone containing fossils of foraminifera, algae, Bryozoa and coral, which are laterally
transformed into reef limestone. They introduced lower limit of Mishan Formation as abrupt and isocline with
Gachsaran formation and selected gypse with anhydrite at the top of the first layer continued by multiple layers
of gypse. They also considered the normally gradual upper limit of Mishan Formation to be isocline with the
marl and sandstones of Aghajari formation. They also noted that this limit was abrupt at some points. It is worth
noting that in Khuzestan, Coast and semi-coast Fars, Mishan formation is placed on Gachsaran Formation, but
in some parts of the interior Fars, it is seen on Razak Formation. These conditions do not extend to the
northwest, as the sediments in the southeast are thicker. From the Gachsaran oil fields to the north of Dezful
embayment, Lorestan and toward Iraq, Kuwait and Saudi Arabia, Mishan formation turns laterally to clastic
facies of Aghajari (Figure 1). Sedimentation limit of Mishan Formation in the northeast is unclear due to
erosion. In Fars, Mishan Formation begins with the Guri Member. According to James & Wynd [25] the
lithology in this section includes 112.5 meters of hard, rough, prominent, cream-colored limestone with
weathered brown color containing abundant fossils along with thin layers of gray marl. In addition, obust rocks
with steep cuts are seen in the appearance. In some areas, this member is considered to be rock.
In this study, two sections were selected for exploring foraminifera and their stratigraphic distribution and
also investigating micro-fossil assemblages and the past environment of Mishan formation in Fars.
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Fig. 1: Conformation of Cenozoic formations in the southwest Iran (adapted from Beydoun et al. and Motiei).
Nareh Mountain is located in northwest Khenj with 4" 11' 28° northern latitude and 10" 57' 52° eastern
longitude. This section is located in 160 km south east of Shiraz, 60 kilometers northwest of Khenj and on the
folded belt of Zagros (Figure 2).
MATERIALS AND METHODS
More than 85 samples were studied in this study. These sections were observed and studied several times
in order to identify and name the micro-fossils and microfacies.
Lithology Studies and Determination of Texture during Sedimentation and Determination of the
Microfacies of Biological Facies is based on Dunham limestone classification [9]
Considering previous research such as the works by Geel [12] and Murray [31], in the palaeoecological
study it was tried to use foraminifera to investigate features of paleoenvironment. Jahrom mountain section is
located on 28°21’ 42" northern latitude and 53°40' 17" eastern longitude. Jahrom mountain section (Tang-e
Darbast) is located in 90 km south of Shiraz and a few kilometers of south east of Jahrom …
Nareh mountain is located in northwest of Khenj with geographical position of 28°11' 4" northern latitude
and 52°57'10" eastern longitude. This section is located in 160 km south east of Shiraz, 60 kilometers northwest
of Khenj and on the folded belt of Zagros (Figure 2).
Research Literature:
In 1965, Wynde provided some information on biostratigraphy of formations in various areas of Zagros,
including Mishan formation. In an internal report in 1974, Faver studied formations above Asmari based on
interpretation of geophysical sections. He provided a relative isopach map of these formations.
In 1977, Ashtoklin and Sotudehnia studied and published the terms and definitions of Iran stratigraphic
formations including the Mishan formation.
Mishan formation was investigated by some researchers such as Pilgram, [35], Azadiju, Homayounzadeh,
Moti'ee, Majedi, Stoneley, Daneshian et al., Rahmanian, Sadeghi, Vaziri Moghaddam et al.
Geology setting:
Iran’s geological characteristics are affected by its structural and tectonic conditions. The geological
evolutions of this country are mostly related to conditions of sedimentary basins and the type of tectonic phases
and magmatism activities (which are demonstrated in the form of intrusive and extrusive rocks). Furthermore,
regarding geological position, Iran is a folded plateau located between the Arabian shield (in the south) and the
Russian plateau (north). Iran’s geology is divided into 9 regions of different tectonic conditions and structural
and sedimentary histories. The regions include the following: 1) Zagros 2) Sanandaj-Sirjan 3) Urmieh Dokhtar
4) Central Iran 5) Alborz 6) Kapeh Dagh 7) Loot block 8) Makran (Figure 3).

854

Maryam Ghiami et al, 2014
Advances in Environmental Biology, 8(12) July 2014, Pages: 852-866

Fig. 2: Geographical location and access roads to the region under investigation.
Iran is located on vibrant and active tectonics. In Precambrian and Paleozoic eras, due to its similarities
with the Arabian plate (regarding its orogenic phases, facies types and other geomorphologies), Iran must have
been a part of northern Gondwanaland. Following Mesozoic era, due to Gondwanaland split, its northern and
central parts were separated from it and joined Eurasian mainland with Indian subcontinent. Alpine sub-phases
acted more aggressively in this land from the beginning to the end. However, its south and south west sections
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were part of Arabic platform margin and its history has been separated from the central Iran and Alborz since at
least the Mesozoic era [2,6].

Fig. 3: A: Dividing Iran geology structure according to Schtoklin B: Zagros main subzones according to
Barbarian.
The study area is located in the Zagros region. Zagros Mountain with the NW-SE trend is a part of the
Alps- Himalayas mountain range. Zagros region is surrounded by zones of Sanandaj – Sirjan and central Iran in
the northeast, Arabic shield in the southwest and Taurus Mountains of Turkey in the northwest. The studied
section is located in Fars zone of Zagros. The area is confined with the nappe zone between the coastline and the
Persian Gulf, Kazeroon fault zone and imaginary lineaments of Nakhilu-Fino. It is geographically divided into
two sections of interior and exterior Fars (Figures 3 aAnd 3B).
A large number of anticlines can be seen in map 1: 100,000 of NIOC, one of which is the anticline of
mountain Nareh. The center of this anticline is composed of Bangestan group and at its flanks are composed of
base Oligocene-Miocene sediments including a thin layer of clay limestone and cross-layers of shale and gray
marl, a thick layer of limestone, dolomite, gypsiferous limestone with red and gray marls. It is outcropped in the
form of the following four Formations: Pabdeh, Asmari, Gachsaran and Mishan (containing Guri). From the
upper Eocene to the lower Oligocene (Ropline), sedimentary sequence of Pabdeh Formation in Nareh mountain
section is gradual and continuous, and is located on the Bakhtiari Formation. An anticline can be seen in the
Jahrom mountain section. The oldest sediment of belonged to the Bangestan group including the Kajhdomi,
Sarvak and Ilam formations. Lower Oligocene-Miocene sediments in Jahrom mountain section are composed of
limestone, clayed limestone with marls containing limestone. These sediments are outcropped in the forms of
Asmari Formation, Razak tongue, Mishan (Guri member) and the Mishan Formation itself. Limes of Asmari
Formation with Oligocene age are situated discontinuously and abruptly on the Jahrom Formation limestone and
dolomites while Aghajari Formation rests on the Mishan Formation. (figure 4).
Biostratigraphy:
As seen in Figures 5 and 6, the variation in foraminifers of Mishan formation is not very noticeable while
no form of planktonic indicators for identifying global biozone is observed. Therefore, the Wynde [50] divisions
are considered.
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Fig. 4: Location map of the studied in Zagros area.
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Fig. 5:
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Fig. 6:
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Nareh Mountain:
This section, which only includes Mishan formation, with presence of Foraminifera genera and species, is
equivalent to facies 64 of Wynde. Although Wynde does not emphasize on introducing the bio-zone for Mishan
formation as a part of Fars group and has not mentioned it, only by referring to figure 26 of Winde report and on
the basis of accompanying fossils, it could be implied that this section is equivalent to facies number 64; but
according to foraminifer communities of this section in the basal and upper parts, the authors propose the
following two assemblages:
a) Faunal assemblage:
This assemblage is specified and defined with the presence of following species: Elphidium sp14 ،
Elphidium sp1 ، endritina rangi ،Peneroplis farsensis. Its top is also identified with the presence of Operculina
sp Operculina ، Operculina complanata species.
Accompanying fossils in this assemblage are:
Rotalia viennotti, Rotalia sp., Elphidium sp., Quinquliculina sp., Triloculina sp., Ammonia beccari,
Spirolina sp., Dendritina rangi, Pyrgo sp., Peneroplis farsensis, Glomospira sp., Triloculina trigonula, T.
tricarinata., Schlumbergerina sp.
Abundance of Dendritina rangi species among the detected species is considerably higher.
According to Borelis Melo curdica's report cited by Daneshian et al.,
Deposits related to this assemblage from the Gachsaran formation are beneath this formation. It belongs to the
Burdigalian era, considering especially that indicator fossils of middle Miocene were not observed in this
section.
b) Faunal assemblage 2:
This assemblage is defined at the base by Operculina sp ، Operculina, complanata species and is specified
at the top with the species of Ammonia beccari, Quinquliculina sp., Rotalia sp., Elphidium sp., Discorbis sp.
Fossils existing in this assemblage are:
Operculina sp., Amphstegina sp., Triloculina trigonula, T. tricarinata, Ammonia beccari, Quinquliculina
sp., Rotalia sp., Elphidium sp., Discorbis sp., Schlumbergerina sp., Meandropsina anahensis, Dendritina rangi.,
Valvulina sp.2,
Bryozoa, Algae, lithophyllum sp., lithothumnium sp., Onychocella sp., Tubucellaria sp., Echinoderms,
Ostracods
It is noteworthy that species of Operculina complanata, Operculina are highly abundant. The point
deserving attention is the abundance of red algae in the upper portion of his assemblage which is along with
vanishing of Operculina complanata, Operculina species.
Jahrom section:
In this section, 125 meters of section base is related to the Guri member and the upper 170 meter is for
marls of Mishan formation; Investigation of foraminifera assemblage indicates that we can not specify Winde
biofacies according to contents of foraminifera and it is just possible, according to lithology, to consider the base
section equivalent to number 64 and regard the upper Winde section equivalent to number 65.
Rotalia viennotti, Rotalia sp., Elphidium sp., Quinquliculina sp., Triloculina sp., Ammonia beccari,
Spirolina sp., Dendritina rangi, Pyrgo sp., Peneroplis farsensis, Glomospira sp., Triloculina trigonula, T.
tricarinata., Schlumbergerina sp.
According to the definition offered for faunal assemblage 1 and 2, we can specify them as follows:
Faunal assemblage 1:
This assemblage is characterized at the base by Triloculina trigonul, Dendritina rangi, Quinquliculina sp, ،
Pyrgo sp ، Elphidium sp14 ، Elphidium, sp1، endritina rangi ، and Peneroplis farsensis . It is also specified at
the top by presence of Operculina sp ، Operculina complanata, mmonia beccari A.
Genus and species of the foraminifera are present in this section.
The most abundant foraminifera are Quinquliculina sp.
According to the report, [regarding the presence of] the foraminifera planktonic indicator in the base of this
section i.e. Globrotalia archeao menardi and Hastigerina, it definitely belongs to the burdigalian era.
Faunal assemblage 2:
This assemblage is identified at the base by presence of Quinquliculina sp., Rotalia sp., Elphidium sp.,
Discorbis sp and ، Ammonia beccari and at the top by existence of Ammonia beccari
Some species of foraminifera are present in this assemblage, most abundant of which are the following:
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Rotalia viennotti, Rotalia sp., Elphidium sp., Quinquliculina sp., Triloculina sp., Ammonia beccari,
Spirolina sp., Dendritina rangi, Pyrgo sp., Peneroplis farsensis, Glomospira sp., Triloculina trigonula, T.
tricarinata., Schlumbergerina sp, Bigerina, Spirolina, Spirolucclin, Astergerina rotula, Amphystegina.
According to the [presence of] Glt archeaomenardi species, this biozone probably belongs to the
Burdigalian age, too.
Paleoenvironment:
Distribution of benthic foraminifera is controlled by various palaeoecological factors such as temperature,
salinity, hydrodynamic energy, bed situation, water movement and the food.
Another important factor in controlling the distribution of benthic foraminifera is their symbiotic
relationship with the algae [21,4]. Large foraminifera are a very important indicator of paleoenvironments and
can be used as a valuable tool in detecting environmental changes like depth [12]. They are also a proper tool for
determining paleo-temperature; for instance, presence of species such as Heterstegina,Amphistegina,
Operculina is indicative of tropical conditions(Pomae et al., 2004). Borelis and Miogypsina also belong to
tropical regions [7]. Upon this basis, presence of large foraminifers like Borealis, Amphistegina, Operculina,
Miogypsina in the sequences under study can be indicative of tropical conditions. Three groups of benthic
creatures can be considered according to degree of dependency on light. The sea bed is also divided into three
light zones presented in Table 1:
Table 1: Dividing the sea bed based on light intensity [38].
Environmental conditions
Depth
Shallow and low-energy
Maximum depth in turbulent
environments such as lagoon
waters is 40-50 meters and is
and shallow, high-energy
usually 20-30 m
environments
Shaded shallow areas, shallow
More typically below 50-100
and turbulent water, and deeper
meters, more in crystal clear
parts of continental shelf
waters
are shallow, water turbulent and
deeper parts of a new plateau
Different parts of carbonate
Depths more than 100 meters
platform

Bio-organisms
Corals with symbiotic, Green
algae, porcelaneous-walled
foraminifera

Photic zone
Euphotic
(Intensive light)

Large benthic foraminifera,
red algae, Corallinaceae A

Oligo-photic zone (lowlighted)

Light-independent creatures like
bryozua, brakiupud and Krinoid

Aphotic (Lightless)

Hence, the presence of porcellaneous fossils such as Archias, miliolida and dendritina in the studied
sections is indicative of photic zones. Red algae are present in the shallowest parts of euphotic zone to the
deepest parts of oligophotic zone [37]. Abundance of red algae and large foraminifers such as Operculina and
Amphistegina in Guri member of the Mishan formation in the sections of Jahrom and Nareh mountains
represents sediments deposition in Oligophotic zone and under the waves bed [39]. Species belonging to the
Operculina genus like Operculina complanata can tolerate a lot of debris (which leads to decrease of light
intensity) [3].
Using the spread type and distribution of benthic foraminifera, Bassi et al. [3] reconstructed the light zone
in relation to depth. They divided the light zone into two upper and lower parts. The proposed model is used for
the Guri member in Nareh mountain section. Presence of Neorotalia and Porcellaneous like Mililoida,
dendritine and Borelis in calcareous part of the Guri is indicative of the top section of the upper photic zone;
[while] presence of foraminifers like Operculina and Amphistegina in both sections indicates the lower section
of the upper photic zone.
Hyaline-walled foraminifers like Operculina and Amphistegina represent the lower portion of the upper
light zone in both sections, while red algae are spread in the lower light zone of the Guri member in the Nareh
mountain. (figure,7).
Bassi etal, [3] from the Guri member of the Mishan formation in Nareh mountain section:
One of the useful methods to investigate the microfacies is studying the carbonate assemblages [24].
Concentration and accompaniment of carbonate grains leads to formation of carbonate assemblages [11] which,
upon the frequency of its components, various names are given to it. These names are presented in table 2.
Assemblage of carbonate grains of Mishan formation in Jahrom section are mostly composed of large benthic
foraminifers (like Archaias, Operculina, dendritina, Miogypsina, Borelis and Amphistagina), small benthic
foraminifers like Neorotalia, Miogypsina, Borelis and Discorbis) and agglutinate like walled foraminifera
(Textularia and Bigenerina) usually coexisting with the above collection are bryozoa, ecinid, red algae and
bivalves, which can be classified as Foramol facies according to the table (figure 8) [29]. Similar to these
carbonate assemblages, an assemblage is reported by Brandona et al from the Attard member of Malta region.
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Fig. 7: The relationship between the depth and benthic zones in spread and distribution of red algae and benthic
foraminifers.
Table 2: The names of an assemblage of carbonate grains and their components in carbonate sediments (Wilson and Vecsei, 2005; Flugel,
2004)
Carbonate grain association
Major constituents
Minor constituents
Soure
Rhodalgal
Coralline red algal
Bryozoans
Carannante
Benthic foraminifera
et al, 1988
Biva1ves, Bamacles
Echinoderm
Bryomol
Bivalves,
Coralline- red algal
Nelson et al,
Bryozoa
Benthic foraminifera
1988
Barnacles
Foramol
Benthic foraminifera
Bryozoans
Lees and
Mulluscs
Echinoderm
Buller, 1972
Coralline red algal
Foralgal
Benthic foraminifera
Corals
Wilson and
Coralline red algal
Halimeda
Vecsei, 2005
Heterotrophs
Chloralgal
Calcareous green
Benthic foraminifera
Lees, 1975
algae
Branching coralline
algae, Molluscs
Chlorozoan
Zooxanthellate
Benthic foraminifera
Lees and
corals,
Articullated coralline
Buller, 1972
Calcareous green
algae,Mulluscs
algae
Non- Skeletal grains

Assemblage of carbonate grains in Guri member of Mishan formation in Nareh mountain section is mainly
composed of large benthic foraminifers with their photic symbionts (such as Operculina, Amphistegina) plus
abundance of Corallinaceae algae, which can be classified in Foralgal facies according to table 2 [49].
In Paleogene carbonate sediments of south east of Asia, a dominant community of large benthic
foraminifera and Corallinaceae algae with a very rare presence of corals deposited at tropical latitudes is
reported [48] (Figure 9).
Paleoecology of some important genera in the studied sections:
So far, many researchers have studied paleoecology of benthonic foraminifera, especially the Neogene
period. According to the genera identified and results of various research, paleoecology of foraminifer in the
studied sections is analyzed and then, environmental features in each section are discussed separately.
1. Operculina live in low-energy regions among and behind the reef to the outer ramp and onto the soft bed of
sand limestone [4], they are spread in deepest environments to the end of photic zone. Operculina lives on one
of its sides in a depth of 15 to 150 meter on soft substrates. It is common in depths of 30 to 85 meters, although
its frequency reaches its highest at depth of 50 to 55 meters [12]. The Operculina of plan spiral twisting has a
thin, elongated shell indicates high depth and less turbulence; while small, round Operculina with thicker crust
is indicative of shallow depth and more turbulent condition (figure 10).
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Fig. 8: Carbonate assemblage of calcareous part of Guri from Jahrom mountain section indicating communities
of Foramel.
a:TExtularia b:TRiloculina trigonela c:Dendritina rangi D; bigenerina sp e:ammonia beccari f: Elphidum
sp.14,g: Elphidum sp.1 H: Miogypsina I:Operculina complanata J:Neorotali vienneti k:Amphystegina l:
Bryzoer
2. Miogypsina live in shallow water (less than 50 m) with normal saline on sandy substrates. Primitive thickwalled Miogypsina live in very shallow waters. With growth of lateral chamberlets, Miogypsina is able to
develop its life region towards deeper waters (to depths of 50-80 meters), however, they can also live in very
shallow waters along with miogypsinoides [8].
3. Amphistegina: Lenticular and flat shaped, live in depths of 80 to 140 meters in both hard and soft substrates.
Species with thicker walls live in shallower waters.
4. Rotalia very shallow, turbulent waters (0-40 m); lives in coastal areas on sandy substrates, reefs and crossreef regions [12].
5. Miliolida live in low to super salinity, very shallow waters of little turbulence and a soft bed, lagoon and areas
rich in food behind reefs [12], in case of connection with the open sea, exist in shallow lagoon to the reef front.
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Fig. 9: Carbonate assemblage in the calcareous part of the Nareh mountain indicating Foralgal community. a,b
Red alga coralinacea c:echinoderm d:Operculin sp.e:bryozoer f: Heterestegina

Fig. 10: Investigating changes of water depth and energy regarding the size and shape of benthic foraminifer
shells in mountain Nareh section.
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6. Alveolinida live in shallow waters (0 to 75 m) in the areas enclosed behind reef and cross-reef sands on
various substrates near the wave bases [12]. The Borelis prefer shallower areas. Borelis pygmaea species live
behind the reef in regions of low energy.
7. Textularia: They are found in every environment, but they seem more abundant in marginal seas of low
salinity or deep environments [31].
8. Discorbis and Elphidium: The discorbis lives in inner shelf and warm water on coastal sediments and
carbonate shaol and the Elphidium are found in lagoon environments [31].
Nareh mountain section:
Abundance of dendritina and Elphidium at the base of Nareh mountain section specifies a lagoon
environment. At the top of the section, we can observe Operculina abundantly, which indicates deepening of
sedimentary basin and lowering energy of the environment. Due to increase in depth and water circulation,
salinity in normalized and the condition is suitable for the growth of coralline algae.
Jahrom Mountain Section:
Miliolida are among the main elements of this section, because they live in shallow semi to super-saline
waters of low turbulence presenting the lagoon environment.
Conclusions:
biostratigraphy, paleo environment of Mishan formation is as follows: According to biostratigraphy studies
in Mishan formation, two assemblage zones were identified in each section consisting of 12 genera and18
species in Nareh mountain section and 14 genera and 20 species in Jahrom mountain section. Both sections
belong to Burdigalian stage.
Assemblage of carbonate grains in Nareh mountain is foralgal. This assemblage is caused by abundance of
benthic foraminifer and red algae of Corallinaceae A. and small number of corals. Assemblage of foramol is
notice in Jahrom mountain, which is a result of presence of benthic foraminifers plus light independent
organisms and absence of reef-maker corals and green algae.
According to paleoecology of foraminifera in the studied sections of Mishan formation, Jahrom section is
formed in a lagoon environment and in Nareh mountain section, it has been formed in a deeper environment
compared to Jahrom. As a whole, community of carbonate grains and restructuring of latitudes in the studied
area show that sedimentation has taken place in warm waters.
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