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Abstract

Sea cows are exceptional fossil vertebrates recently discovered in the deposits of the Qom Formation. Yet, the Sirenia-bearing
limestones are still poorly understood in terms of detail paleoenvironmental and micropaleontological investigations. In order to
distinguish the temporal and paleoenvironmental context of the Sirenia (sea cow) bearing deposits of the Qom Formation in central
Iran, three stratigraphic sections were studied in Hamedan (Ivak and Shirinsu) and Isfahan (Chahriseh) provinces. A total number of
47 thin sections were studied for micropaleontology, biozonation and carbonate microfacies analysis, as well as sedimentary
environment recounstruction. Biostratigraphical investigations suggest that the Sirenia-bearing deposits are Aquitanian/Burdigalian
in age, which implies restriction of sea cows remains to the Lower Miocene. We recognized nine microfacies (n=8 correspond to
carbonate; n=1 correspond to siliciclastic) in the study areas. They are systematically grouped into two microfacies settings,
representing inner and middle ramp environments. This is based on the facies associations and the distribution of skeletal
components and rock textures. The Sirenia-bearing limestone consists of peloid/algae bearing wackstone/packstone/floatstone. A
carbonate (inner) ramp system under shallow water conditions is interpreted as the habitats of the Sirenian mammals during the
Aquitanian/Burdigalian in Central Iran. This paleoenvironmental setting could be utilized for further exploration of Qom Formation

deposits for discovering sea cows.
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1. Introduction

Fossil vertebrates are generally rare worldwide; hence,
they are of great importance for reconstructing the
evolution of life on Earth and global demonstration of
distribution patterns. The herbivorous marine mammals
(Sirenia/sea cows) are among the most recent fossil
vertebrate discoveries in Iran (Mirzaie Ataabadi et al.
2014; Abbassi et al. 2016). Sirenian fossils were pointed
out for the first time in the deposits of the Qom
Formation in Central Iran by Reuter et al. (2009).
However, they provided no detail of this record. More
recently, such fossils have been found in several
Oligocene-Miocene strata from different localities in the
country, mostly consisting of postcranial (skeletal)
material. Geologically, sirenian fossils of Iran have been
found in two basins: Zagros (Asmari and Mishan
Formations) and Central Iran (Mirzaie Ataabadi et al.
2014). In Central Iran, these fossil materials are hosted
within Oligocene-Miocene strata of the Qom Formation.
These fossils are so far recorded from areas in the
northeast of Isfahan and to the south and northeast of
Hamedan (Mirzaie Ataabadi et al. 2014; Abbassi et al.
2016; Poorbehzadi et al. 2019). Even though the
exposures of the Oligocene-Miocene Qom Formation
are dispersed in Iran (Rahimzadeh 1994), most of its
paleontological and
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paleoenvironmental studies are focused in central parts
of the country, where this formation was originally
described and studied (e.g. Mohammadi et al. 2011,
2013, 2015 and references therein). On the contrary, in
the northwestern and western parts of Iran (compared to
the more central parts), the Qom Formation has been
less studied (Daneshian et al. 2010; Daneshian and
Akhlaghi 2010; Yazdi-Moghadam 2011; Babazadeh et
al. 2014; Yazdi-Moghadam et al. 2018; Rabbani et al.
2020). Further research has been conducted on this
formation around the city of Isfahan, where the first
Sirenia fossils were recorded (Reuter et al. 2009; Yazdi
et al. 2012; GhasemShirazi et al. 2014; Nouradini et al.
2014, 2015; Yazdi et al. 2019). Nevertheless, regarding
the regions where there are sea cows, only the Shirinsu
area was studied by Abbassi et al. (2016). Though, the
latter work lacks a detailed paleoenvironmental and
micropaleontological study.

Here, the Sirenia-bearing sections of the Qom
Formation are studied in order to reconstruct the
paleoenvironmental and micropaleontological
characteristics of this formation and their fossil
horizons. We also define the similarities and differences
in the historical record of the sea cows in Central Iran
for the first time. These are crucial information for
further discovery of such fossils.
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2. Geological and Geographical settings
Deposition of the Qom Formation occurred after the
development of a thick terrestrial succession known as
the Lower Red Formation. The Qom Formation consists
of marine sediments, which had been deposited after a
major sea transgression during the Oligocene
(Aghanabati 2004). The Qom Formation is widely
distributed along a northwest-to-southeast belt in Iran
(Fig 1a). It is mostly exposed around the central parts of
the country (Central Iran back-arc basin). They are also
exposed in the Urmieh-Dokhtar (Intra-arc) and
Sanandaj-Sirjan (fore-arc) basins (Mohammadi et al.,
2013, 2014, 2015; Baratian et al. 2020). The Qom
Formation is mainly composed of carbonates, but
siliciclastic and evaporites are also present. The age,
thickness and other aspects of these deposits might vary
regionally due to different levels of vertical basin
movements and tectonics during the Oligocene -
Miocene (Aghanabati 2004).

2.1. Isfahan

The main studied region in Isfahan province, the
stratigraphic section 2 (33° 0" 14.4" N; 52° 2' 8.2" E), is
located near the Chahriseh village, northeast of Isfahan
town (Fig 1a-b). This section is accessible through the
Isfahan-Ardestan road.

Another section (Zefreh A (32° 56' 35.4" N; 52° 08'
23.4" E), where the first indication of fossil Sirenia is
recorded, is also located northeast of Isfahan in
geographic proximity (ca. 20km) of Chahriseh. This
section is accessible via Isfahan-Nain highway (sectionl
in Fig la-b). Since we were unable to locate or find the
exact position of the fossil Sirenia bed in this section, it
was not sampled and revisited, thus the present study
relies on the results of the previous work (Reuter et al.
2009).

The Isfahan area mostly belongs to the Central Iranian
domain. The southern and southwestern parts of this
province belong to the metamorphic Sanandaj-Sirjan,
and Zagros zones. The main sedimentary outcrops of the
studied area in northeast Isfahan are Paleozoic and
Mesozoic rocks (Zahedi and Amidi 1978). The Qom
Formation in this region is part of the Isfahan-Sirjan
fore-arc basin (Reuter et al. 2009). The Qom Formation
in Chahriseh area shares angular unconformity with
different underlying units such as Permian and Triassic
strata. It is up to 120 meters thick (Nouradini et al.
2014). However, in a nearby section in Zefreh, the Qom
Formation rests on the deposits of the Lower Red
Formation (Reuter et al. 2009). In Chahriseh section
where we studied the Qom Formation, it lies
unconformably over the Triassic dolomites and is
covered by Quaternary deposits.

2.2. Hamedan

The studied sections in Hamedan are situated to the
south and north of this province. The stratigraphic
section 3 (34° 46' 43.8" N and 48° 40' 50.1" E) is
located south of Hamedan city, close to the Ivak village
(Fig 1a, c).

- Urmich Dokhtar Magmatic Zone
B Qom Formation
B Sanandaj Sirjan Metamorphic Zone

0,
Uy 1‘31' : [
Qs Istahanl

To Zanjan d

To Isfahan
10 Km
—

4\‘ Shirin Su \

Miocene Qom Fm.

Andesite

Tuff
30 Km
——

e fo
Auee @y Hamedan

To Malayer

Fig 1. Geographic and geological settings of the Qom
Formation in the studied areas. (a) General distribution of
Qom Formation in the central and northwestern parts of Iran
around the Sanandaj-Sirjan Metamorphic belt and Urmieh-
Dokhtar Magmatic zone (modified after Abbassi et al. 2016)
and the position of study areas, (b) Geological map of the
Zefreh-Chahriseh area to the northeast of Isfahan (modified
after Zahedi and Amidi 1978), (c) Geological map of the
Hamedan area (modified after Eghlimi 1999) and (d)
Geological map of Kabudar Ahang-Shirinsu areas (modified
after Bolourchi and Hadjian 1979) ; Zefreh section (1),
Chahriseh section (2), Ivak Section (3), Shirinsu section (4).

It can be accessed through Hamedan-Malayer highway.
Section 4 (35° 29' 19.4" N and 48° 26' 32.9" E) is
located near Shirinsu town (Fig la, d) and can be
reached through Hamedan-Zanjan road.

Hamedan province is divided into different parts, each
of which belonging to a specific geological domain. It is
mainly located in Sanandaj-Sirjan metamorphic zone
(fore-arc basin). Parts of this province (southwest)
belong to the Zagros zone, and the spots toward north
and northeast apparently belong to the Urmieh-Dokhtar
volcanic belt (intra-arc basin). Therefore, metamorphic
and volcanic rocks are the main units of this area. In
addition, some Cretaceous and Oligocene-Miocene
carbonates also occur. The areas with outcrops of the
Qom Formation in this region confine to the east and
northeast of Hamedan. In other words, the most
important outcrops of the Qom Formation are located in
the Ab-e garm, Avaj, Razan and Kabudar Ahang areas
of this province. Here, the Qom Formation is deposited
in a fault-controlled basin. Hence, its thickness varies
significantly (Bolourchi and Hadjian 1979).
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Therefore, the outcrops with sirenian remains are short,
having 70 meters maximum thickness (Mirzaie Ataabadi
et al. 2014; Abbassi et al. 2016). In the studied sections,
Qom Formation overlies the Lower Red Formation and
is covered unconformably by Quaternary deposits.

3. Material and methods

The sirenian fossil materials from Qom Formation were
discovered in four sections in Isfahan and Hamedan
provinces (Fig 1). Three sections were systematically
measured and sampled for micropaleontological and
microfacies studies. The outcrops were analysed bed-
by-bed with sampling in 2-4 meter intervals to conduct
the analysis of microfacies. Total numbers of 47 thin
sections are studied (10 in Chahriseh, 15 in lvak and 22
in Shirinsu). Loeblich and Tappan (1987) is used for the
generic classification of foraminifera. The larger
foraminiferal biozonal scheme for the Zagros Mountains
by Wynd (1965) and, Adams and Bourgeois (1967) is
applied to the studied sections and the zonations have
been compared with them. Classification of the
microfacies is on the base of the abundance percentage
of skeletal and non-skeletal elements, matrix and texture
characteristics, and their final compilation with field
data. To describe the texture of the sediments, the

classification of Dunham (1962) with the modification
by Embry and Klovan (1971) was employed.
Microfacies belts and sedimentary models of Fliigel
(2010) are used for interpretation of the depositional
environment.

4. Results

4.1. Stratigraphy,
Biostratigraphy
4.1.1. Stratigraphy
4.1.1.1. Isfahan region
The thickness of the Chahriseh section (Fig 2a) is
measured in approximately 37 meters and it consists of
limestone and marly units (Fig 3b). The Sirenia-bearing
beds in this section are located at the basal parts. They
have reddish/pinkish weathered colors, consisting of
cream limestone and marly limestone beds with frequent
occurrence of coral and red algae remains (Fig 3b, Fig
4a). The total thickness of Qom Formation in the Zefreh
section (sections A+B of Reuter et al. 2009) is about
250 meters. In section A, where the presence of sirenian
remains is reported, the thickness is 150 meters. It
consists of siliciclastic (siltstone, sandstone and
conglomerates), marl and limestone units.

Micropaleontology and
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Fig 2. Panoramic view of the studied stratigraphic sections. (a) Chahriseh, Isfahan Province. (b) lvak and (c) Shirinsu, Hamedan
Province. L. R. Fm (Lower Red Formation). White arrows indicate the position of Sirenia-bearing horizons. Black arrows point to the
scaling objects (a: white car, b: small bushes, c: tree). Position of sections is indicated by ( |—| )
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Fig 3. Lithostratigraphic columns of the Qom Formation in the studied sections with indication of the Sirenia-bearing horizons and
the recognized paleoenvironments. (a) Zefreh section and (b) Chahriseh section in Isfahan Province, (c) Ivak and (d) Shirinsu

sections in Hamedan Province.

The Sirenia-bearing beds here are located at the lower
parts of the section at approximately 50-60 meters from
the base (Fig 3a). They include a succession of
siliciclastics and marls with thin intercalation of
volcanic ash layers. The marls are also intercalated with
beds of sandstone and siltstone at their top. A coral
build-up, constructed mainly by branching and platy
colonies, follows these beds (Reuter et al. 2009).

4.1.1.2. Hamedan region

The thickness of the Ivak section (Fig 2b) is
approximately 50 meters and consists of 5
lithostratigraphic units namely limestone, marl, marly
limestone, sandy limestone and microconglomerate (Fig
3c). In a nearby section (Zia-Aldin), the thickness of this
formation is 70 meters with similar lithology
(Amanpour 2018). The Sirenia-bearing beds in Ivak

section are located near the top at about 45 meters from
the base (Fig 2b). They consist of soft white marly
limestone beds with red algae remains (Fig 4b).

In Shirinsu section (Fig 2c), on the contrary to previous
studies, the outcrop is about 60 meters and consists of
three lithostratigraphic units namely limestone, marl,
and marly limestone (Fig 3d). The lower boundary of
this section is not well exposed (covered), but compared
with some nearby sections it seems that the Qom
Formation in this area is also resting on the Lower Red
Formation (Rafiee and Baghbani 2008). The Sirenia-
bearing beds here are also located near the top at about
55 meters from the base. These layers consist of thick,
cream colored limestone beds with occasional
occurrence of corals (Fig 4c).
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Fig 4. Close view of the Sirenia-bearing beds and some of the
macroscopic features of the sedimentary strata in the studied
sections. (a) a block of limestone with a sea cow rib (arrow)
from Chahriseh section (scale: 30 cm), (b) a chunk of
fossiliferous marly limestone with bone fragments (arrow)
from Ivak section (scale: 5 cm), (c) a large block (ca. 1m) of
fossil bearing horizon with traces of fossils (arrow) from
Shirinsu section, (d) the calcareous microconglomerate bed
from Ivak section with some shell (arrow) fragments (scale:
5c¢m), (e) field view from the basal conglomerates of the lvak
section, (f) close up of the sandy limestone beds of the Ivak
section (scale: 5cm), (g,h) examples of large coral occurrences
(arrows) from the lower (h) and upper (g) horizons of Shirinsu
section.

4.1.2. Micropaleontology and Biostratigraphy

Studying the fossil assemblages in the mentioned
sections (Ivak, Shirinsu and Chahriseh), resulted in the
recognition of thirty-five (35) genera and fourty-eight
(48) species of benthic foraminifera, and three (3)
species of plankthic foraminifera. According to the age
and stratigraphic range of the benthic foraminifera, and
the defined biozonation for the Oligocene/Miocene of
Iran by Wynd (1965) and Adams and Bourgeios (1967),
the following two (2) biozones are represented for the
studied sections.

4.1.2.1. lvak (Hamedan) and Chahriseh (Isfahan)
sections

The Miogypsinoides — Archaias - valvulinid
Assemblage Zone (Adams and Bourgeios 1967) is

recognized for the deposits of the Qom Formation in
these stratigraphic sections (Fig 6-7). This biozone is
distinguished with the presence of Miogypsinoides sp.
(Fig 5a) and Miogypsinoides complanatus (Fig 5b) , in
addition to the following fossils:

Glomospira sp., Haplophragmium sp., Pseudolituonella
reicheli, Bigenerina sp., Textularia sp., Valvulina sp.,
Spiroloculina sp., Massilina sp., Quinqueloculina sp.,
Triloculina trigonula, Bolivina sp., Pyrgo sp.,
Denderitina rangi, Reussella sp., Victoriella sp.,
Sphaerogypsina globulus, Amphistegina sp.,
Spiroclypeus vermicularia, Spiroclypeus orbitoides,
Spiroclypeus sp. (Fig 5g), Nephrolepidina marginata,
Nephrolepidina tournoueri, Nephrolepidina chaperi,
Nephrolepidina parva, Nephrolepidina sp.,
Lepidocyclina sp. (Fig 5h), Eulepidina sp., Heterolepa
sp., Neorotalia viennotti, Neorotalia sp., Rotalia sp.,

Fig 5. Some of the main foraminifera from the studied
sections. (a) Miogypsinoides sp., (Chahriseh section). (b)
Miogypsinoides complanatus, (lvak section). (c) Borelis sp.,
(Shirinsu section). (d) Borelis melo curdica, (Shirinsu section).
(e) Archaias sp., (Shirinsu section). (f) Meandropsina iranica,
(Shirinsu section). (g) Spiroclypeus sp., (Chahriseh section).
(h) Lepidocyclina sp., (lvak section). Scale bars (a-d) 100
microns, (e-h) 200 microns.
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Ammonia beccari, Ammonia sp., Elphidium sp.,
Miogypsina  irregularis, Miogypsina  globulina,
Miogypsina sp., and Operculina complanata,. Hence, an
early Miocene (Aquitanian) age is proposed for these
sections. In Zefreh section (Fig 3a) the lower parts of
the succession include a fauna characterized by
gastropods, bivalves and bryozoans. Foraminifers are
also represented by Lepidocyclina (Eulepidina) dilatata,
L. (E.) aff. favosa, L. (Nephrolepidina) morgani,
Operculina complanata, heterosteginids, and a few
Miogypsinids. The fauna reveals an early Miocene
(Aquitanian) age for this section (Reuter et al. 2009).
4.1.2.2. Shirinsu section (Hamedan)

The Borelis melo group—Meandropsina iranica
Assemblage Zone (Adams and Bourgeios 1967), which
is equivalent to Borelis melo curdica Assemblage Zone
(zone 61, 62 of Wynd 1965), is recognized in this
section (Fig 8). This zone includes the following fossils:
Glomospira sp., Haplophragmium sp., Bigenerina sp.,
Textularia sp., Spiroloculina sp., Massilina sp.,
Quinqueloculina sp., Bolivina sp., Pyrgo sp., Borelis sp.

Distribution chart of Foraminifera in |
Qom Section(Chahriseh)
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(Fig 5c), Borelis melo curdica (Fig 5d) Denderitina
rangi, Archaias sp. (Fig 5e), Discorbis sp., Planorbulina
sp., Meandropsina iranica (Fig 5f), Halkyardia sp.,
Victoriella sp., Sphaerogypsina globulus, Amphistegina
sp., Rotalia sp., Ammonia sp., Elphidium sp.

An early Miocene (Burdigalian) age is also proposed for
this section.

4.2. Microfacies analysis

By the examinations of fourty-seven (47) thin sections
from the outcrops of the Qom Formation in Ivak,
Shirinsu and Chahriseh sections, a total of nine (9)
microfacies were recognized. Eight (8) correspond to
carbonate microfacies and one (1) to siliciclastic
microfacies (Table 1). Among these recognized
microfacies, three (3) belongs to lvak and Shirinsu, and
four (4) belongs to Chahriseh. A coral microfacies is
common among Shirinsu and Chahriseh sections
(Tablel). The recognized microfacies, according to the
environment depth, are as follow:

Foraminifera

PPlanktid

Biozone

Benthic

ol

Miocene
Aquitanian

_'Qom

Neogene

I4 Meters

- Archaias - valvulinid Assemblage Zone (Adams & Bourgeios,1967)

.
o ees
Limestone

gypsinoides

Dolomite . Marl

Sea cow

S | Micro
fossil

| conglomerate £

Fig 6. Distribution of foraminifera in the Chahriseh section and the inferred biozonation
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Table 1. Summary of the microfacies characteristics of the Qom Formation in the studied areas

Microfacies Name Stratigraphic location Sample No. Main Lithology Main Allochems Minor Allochems Sl
Environment
Peloid red algae . . medium-bedded . .
packston fo/floalstone 44 to 46 m in the Ivak section 13, 14 limestone red algac peloids. inner ramp
" benthic foraminifera
felodsckesicrele 4610305 ! land 33 “.’ 385 of the 14, 15, 16,19, 20, 21 limestone peloids such as Borelis and inner ramp
packstone Shirinsu section .
Meandropsina
Calcareous 1 cl:snc gralr]ls benthic foraminifera,
. 9 to 18 m in the Ivak section 1,2,3.4 calearcous such as angufar, as well as red algae, middle ramp
microconglomerate microconglomerate coarse grain .
quartz bryozoans and bivalves
11to 13 m, 25 t0 26 mand 53 to . benthic foraminifera,
.. . 4,12, 13,17, 18 limestone and large coral .
Coral floatstone 54 m of the Shirinsu section, and (Shirinsu), 1 (Chahriseh) marly limestone fragments bryozoans, and middle ramp
base of the Chahriseh section : Y g echinoid
— red algac and .
E:;g::‘ged z};g;;ue 4 to 11 m of the Shirinsu section 0,1,2,3 limestone echinoid I:ryoz;:n :?éi“::swalvc middle ramp
I b fragments e
Bryozoan red algae 4 to 6 m interval of the Chahriseh 1 farge red alga echinoid and benthic .
. 1 and - . middle ramp
packstone to floatstone section b a
ryozoans
Bryozoan echinoid bryozoans,
T i 6 to 7 mand 30 to 35m u:nlervals 2,13, 14,15 limestone echmmd_and quartz grains and red middle ramp
. of the Chahriseh section benthic algae fragments
packstone to grainstone -
foraminifera
. red algae
Ret! a.lgae iice 12 to 15 m interval of the . fragments and .
foraminifera packstone 5.6 limestone 3 bryozoans middle ramp
Chahriseh section benthic
to rudstone .
foraminifera
Bryozoan benthic bryozoan
Tyoz 301042 m, 42 to 44 m, and 46 to 6,7.8,9,10,11,12, limestone and fragments along quartz grains and red
foraminifera packstone 0m i L of th X . v li ith benthi | middle ramp
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4.2.1. Inner ramp microfacies association+

This microfacies association is mainly characterised by
medium-bedded limestone with cream to light cream
colour. Two microfacies are associated in this
environment and are composed mainly of peloids, red
algae and imperforate foraminifera such as Borelis and
Meandropsina. The groundmasses of these microfacies
are only micrite with mainly wackestone to packstone
textures. The contact of these two microfacies is
transitional and marked by an increase in peloid and
benthic foraminifera through the studied sections.

4.2.1.1. Peloid red algae packstone to floatstone

The interval from 44 to 46 m in the Ivak section (Fig 3c)
is recognized as a medium thickness, cream to light
cream limestone, which mainly contains this
sedimentary microfacies. The Sirenia-bearing horizon in
this section is also present in this interval. More than
50% of the allochem in this microfacies consist of red
algae (coralline red algae with radial ornamentation and
almost reticulate 1 to 1.5 mm cells) and small peloids,
which mostly are rather angular to poorly round. In this
microfacies, size of the red algae grains reaches up to
several centimeters, as they are easily visible by naked
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eye in the field investigation (fig 4b). Coralline algae
have been cut by boring organisms and the bores are
filled with internal sediments and calcite cements. The
abundance of the grains in some thin sections is so high
that the remained spaces between grains are filled with
carbonate mud. Depositional textures are represented by
packstone to rudstone. It should be noted that the
peloids are mostly the result of micritization of algae
grains. The groundmass of this microfacies only shows
micrite and no carbonate cement observed between the
allochems. Lamination and rare porosity (moldic) are
also visible in this microfacies. According to the facies
belts and sedimentary models of Fligel (2010), this
microfacies is similar to RMF20 (Fig 9a).

4.2.1.2. Peloid wackestone to packstone

The stratigraphic location of this microfacies is the
interval from 46 to 50.5 m and 55 to 58.5 m of Shirinsu
section (Fig 3d). It is the most dominant microfacies at
the top of Shirinsu section, where Sirenia-bearing
horizon occurs. This microfacies consists of medium to
thick-bedded, light cream and gray limestones (Fig 4c).
Other fossils are rare here and relatively low diversity is
present. There is no sedimentary structure. It is
composed of 40-45% by volume of peloids as the major
framework grains.

Peloid grains are not usually in contact with each other
and they can be considered as floated components
within the micritic groundmass. Benthic foraminifera
such as Borelis and Meandropsina (Fig 5c-d, f)
constitute 10% to 15% of this microfacies. In general,
this microfacies is poor in large skeletal grains and
mainly contains diminutive fauna. Due to their texture
and size, it seems that peloids are the result of the
breakage and micritization of red algae grains. The
groundmass of this microfacies is mainly composed of
micrite (mud-rich texture) with a little carbonate cement
(Fig 9b). This microfacies is comparable with RMF20
of Flugel (2010).

4.2.2. Middle ramp microfacies association

This microfacies association is mainly characterised by
limestone along with some marly limestone and
calcareous microconglomerate. According to type and
frequency of allochems and matrix, this microfacies
association includes seven microfacies that have high
frequency in the studied sections. This microfacies
association contains a wide range of skeletal grains.
These mainly include: bryozoans, echinoid, perforate
benthic foraminifera and coral. The groundmasses of
these microfacies are mainly micrite with mionor sparry
calcite cements. These microfacies grade transitionally
into each other through the studied sections.

4.2.2.1. Calcareous microconglomerate

The stratigraphic location of this microfacies is at the
base of the Ivak section at the interval from 9 to 18 m
(Fig 3c). The main lithology in this microfacies is
yellowish-gray, calcareous microconglomerate (Fig 4d).
This microfacies is mainly characterized by massive to
crudely stratified, coarse sand-sized to

microconglomerate, terrigenous particles. Terrigenous
clasts are subangular to moderately round. About 30%
of the main allochems in this microfacies is constructed
with clastic grains such as: angular, coarse grain quartz
with wavy extinction. Benthic foraminifera such as
Miogypsina and Lepidocyclina (Fig 5h), as well as red
algae, bryozoans and bivalves (Fig 4d) make the minor
elements of this microfacies. The components are
mostly fragmented and abraded, though well-preserved
ones are also present. This microconglomerate is grain-
supported and the groundmass only shows the micrite
(Fig 9c-d). According to Fligel (2010) data, this
microfacies is similar to RMF10.

4.2.2.2. Coral floatstone

The stratigraphic location of this microfacies is at the
interval of 11 to 13 m, 25 to 26 m and 53 to 54 m of the
Shirinsu section (Fig 3d). The main lithology in this
microfacies is limestone and marly limestone (Fig 4g-h).
This microfacies is also recognized at the Chahriseh
section from 7 to 9 m interval (Fig 3b), with limestone
lithology.
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Fig 9. Microfacies of the Qom Formation deposits in the Ivak,
Shirinsu and Chahriseh sections. (a) Peloid red algae
packstone to rudstone: radial formed Coralline red algae with
central core are observed next to the Peloids (Shirinsu
section). (b) Peloid wackestone to packstone: some Peloid
grains have inner structures formed by breakage and
micritization of the red algae (Shirinsu section). (c-d)
Calcareous microconglomerate: large quartz grains are found
next to the benthic foraminifera with hyaline crust such as
Spiroclypeous (lvak section). (e-f) Coral floatstone: coral cross
section with septa traces (Shirinsu and Chahriseh sections).
Main skeletal components mentioned in the captions are also
marked with arrows in the figures. All figures are PPL except
c-d which are XPL, scales are Imm.
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This massive, medium to thick-bedded, cream to light
gray boundstone microfacies is largely comprised of
pebble to coarse-grain sized coral remains. The texture
is floatstone. In this microfacies, the main allochems are
large coral fragments, which are abundant in the matrix
(Fig 4g-h). The corals are so abundant that they
occasionally construct the bulk of limestones. Some
small coral colonies are also locally present in this
microfacies. Spaces between framework components are
filled by medium to fine-grained bioclastic matrix. In
these sections, corals are meandered and multi-directed
in cross section, and chambers are filled with calcite
cement. The minor associated fauna include
foraminifera, bryozoans, and fragments of echinoids.
Some diagenetic cement is also present into the
groundmass of this microfacies (Fig 9e-f). Consistent
with the facies belts and sedimentary models of Fliigel
(2010), this microfacies resembles RMF12.

4.2.2.3. Echinoid red algae packstone to grainstone
This microfacies occurs at an interval from 4 to 11 m of
the Shirinsu section (Fig 3d). It is distinguished by
medium- to coarse-grained bioclastic packstone.
Subordinate grainstone containing poor to moderately
sorted echinoid and red algae, embedded in a matrix of
carbonate mud and microspar. Approximately, 40% to
45% of allochems in this microfacies consist of red
algae remains, which are mainly seen as peloid due to
micritization process. Additionally, echinoid fragments
of about 10% are clearly visible in this microfacies. The
minor fossil components such as bryozoan and bivalve
fragments are also recognizable. Grains are coarse sand
to granule size and are in a finer grained carbonate
matrix and cement. All of these components are well
preserved. Into the groundmass, some pores have been
filled with calcic cement (Fig 10a). This microfacies
resembles RMF7 of Fliigel (2010).

4.2.2.4. Bryozoan red algae packstone to floatstone
This microfacies is most prominent in lower parts of the
Qom Formation at the 4 to 6 m interval of the Chahriseh
section (Fig 3b). This microfacies comprises medium- to
thick-bedded, cream to light cream (weathered color
reddish/pinkish) limestones (Fig 4a). The Sirenia-
bearing beds in this section occur at this interval. This
microfacies was characterized by coarse-grained
bioclasts dominated by unbroken bryozoan and red
algae. More than 40% of its main elements consist of
large red algae fragments (Coralline red algae with
reticulate appearance with almost rectangular and small
cells, pores in algae skeleton are filled by sparite calcite)
and bryozoans. Other fossil elements like echinoid and
benthic ~ foraminifera  such as Miogypsina,
Lepidocyclina, and Spiroclypeous (Fig 5g-h) are found
in the matrix as minor allochems. The spaces between
grains are filled with micritic mud (Fig 10b). Based on
the information available in Fligel (2010), this
microfacies is similar to RMF9.
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Fig 10. Microfacies of the Qom Formation deposits in the
Ivak, Shirinsu and Chahriseh sections. (a) Echinoid red algae
packstone to grainstone: Red algae and the cross section of
echinoid spine next to each other (Shirinsu section). (b)
Bryozoan red algae packstone to floatstone: Red algae next to
the benthic foraminifera with hyaline crust and bryozoan
(Chahriseh  section). (c) Bryozoan echinoid benthic
foraminifera packstone to grainstone: Linear section of
Tubucellaria bryozoan is observed next to the Amphistegina
and echinoid spine (Chahriseh section). (d) Red algae benthic
foraminifera packstone to rudstone: Red algae is seen along
with Lepidocyclina (Chahriseh section). (e-f) Bryozoan
benthic foraminifera packstone to rudstone: Bryozoan along
with bentic foraminifera segments and bryozoan with linear
section (lvak section). Main skeletal components mentioned
in the captions are also marked with arrows in the figures. All
figures are PPL, scales are 1mm.

4.2.2.5. Bryozoan echinoid benthic foraminifera
packstone to grainstone

This microfacies is located 6 to 7 m and 30 to 35 m
intervals of the Chahriseh section (Fig 3b). This
microfacies contains massive, medium- to thick-bedded,
light cream to light gray limestone. It is characterized by
coarse-grained packstone, rich in perforate foraminifera,
echinoid, and bryozoans, preserved in a carbonate mud
matrix. Grains are poorly sorted, medium to coarse sand
to granule. The microfacies organisms include wide
range of components. Main allochems in this
microfacies consist of 40% bryozoans (Bryozoans have
hard calcite skeleton and laminated structure of septa are
well-preserved), and 15% echinoid and benthic
foraminifera such as: Lepidocyclina, Miogypsina and
Amphistegina (Fig 5h). Red algae fragments also exist
as minor elements in this microfacies. Perforate
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foraminifera are elongated/large and mainly well
preserved. Bryozoans are in situ, and sporadically
fragmented. Small monocrystalline quartz grains which
are low to moderately sorted and rounded are also
ocasionally present. This microfacies is related to sandy
limestone lithology (Fig 4f), which has been described
earlier in this text. The majority of groundmass in this
microfacies consists of micrite along with some calcite
cement between the grains (Fig 10c). Original void
spaces are mostly filled by coarse crystalline calcite.
This microfacies resemble RMF8 of Flugel (2010).
4.2.2.6. Red algae benthic foraminifera packstone to
rudstone

The lithology of this microfacies is recognized as
limestone. Through the stratigraphic section of
Chahriseh, this microfacies occur in the 12 to 15 m
interval (Fig 3b). In some layers of this microfacies,
skeletal components are large and can be observed
easily on the rocks. More than 50% of main elements in
this microfacies are red algae (Coralline) fragments, in
addition to some benthic foraminifera such as:
Lepidocyclina, Miogypsina, Miogypsinoides and
Spiroclypeous (Fig 5a-b, g-h). Lepidocyclina are visible
on the rock surfaces. Near 5% of bryozoans are also
present into the matrix. Rare calcite cement filled the
pore space of the rocks (Fig 10d). The mentioned
microfacies correspond to RMF9 of Fliigel (2010).
4.2.2.7. Bryozoan benthic foraminifera packstone to
rudstone

The lithology of this microfacies is limestone and marly
limestone. Through the stratigraphic log, this
microfacies occurred in the 30 to 42 m, 42 to 44 m, and
46 to 50 m interval of the lvak section (Fig 3c). The
framework grains forming this microfacies are bryozoan
fragments with 35% frequency, along with 15% of
benthic foraminifera such as Miogypsina, Lepidocyclina
and Spiroclypeous (Fig 5g-h). Fragmentation of larger
benthic foraminifera is common in this microfacies and
they are distributed irregularly among the bioclast.
Around 5% of sparse quartz grains and red algae are
also discovered in this microfacies. The non-skeletal
components consist of rare peloids. The allochems are
present in a fine micritic matrix. Some bioclasts have
dark micritic envelopes. This microfacies has a mainly
packstone texture, but includes a range from packstone
to rudstone. No sedimentary characteristic which shows
shallow water or high energy sedimentation were
detectd. Some calcite cement is filling fossil cavities
(Fig 10e-f). Consistent with the facies belts and
sedimentary models of Fligel (2010), this microfacies is
similar to RMF 9.

4.2.3. Microfacies of the Sirenia-bearing beds

The Sirenia-bearing horizons in the studied sections
indicate three microfacies (Fig 11). In the Ivak section
the fossil horizon sedimentary microfacies is defined as
peloid red algae packstone to floatstone, while in
Shirinsu section the fossil bed demonstrates peloid

wackestone to packstone microfacies. Both microfaceis
are indicative of inner ramp settings. They consist
mainly of red algae and peloid allochems. Most large
peloids are also result of red algae micritization. In
Chahriseh section the fossil intervals show bryozoan red
algae packstone to floatstone microfacies of the middle
ramp setting. This microfacies is dominated by
bryozoan and red algae bioclasts, as well as some
echinoid and benthic foraminifera.

Ramp Microfacies ’Shirinsu‘ Ivak ‘k‘hahrisch
= -
£ |Peloid and red algae bearing packstone to -
£ | floatstone *
5 : :
= [Peloid bearing wackstone to packstone o) ‘
“alcareous micro-conglomerate ® ‘
“oral bearing floastone ° ‘ b ¢
o s 5 3 |
= [Echinoid and red algae packstone to grainstone [ ] l
£ [Brvozoan and red algae bearing packstone to |
o |floastone |
= [Bryozoan, Echinoid and benthic foraminifera | ®
2 |bearing packstone to grainstone |
= [Red algae and benthic foraminifera bearing |
packstone to rudstone | L
Bryozoan and benthic foraminifera bearing ‘
packstone to rudstone | | et |
Sea cow fossils
Sea cow fossil

Fig 11. Distribution of microfacies and sedimentary
environments in the three studied sections and the
characteristics of the Sirenia-bearing horizons in these
sections.

4.2.4. Sedimentary model

Using depositional models by Wilson (1975) and Flugel
(2010), the sediments of the studied sections were
analyzed and interpreted on the Dbasis of
sedimentological and paleontological data, and a
depositional model was proposed for the Qom
Formation in the studied areas. The sedimentary
environment of the Qom Formation in the Ivak, Shirinsu
and Chahriseh sections is thus reconstructed as a
carbonate ramp with a gentle slope. This kind of
carbonate platform (ramp-type) is distinguished based
on evidence such as: gradual changes of the microfacies
from deep to shallow water carbonate environments and
the significant amount of components (e.g., benthic
foraminifera and echinoid) which were not bound
together during deposition (Fig 12). Distally steepened
ramp features are absent in the studied sections.
Therefore, a homoclinal ramp depositional setting is
proposeed.

Comparison of the textures and faunal assemblages of
the Qom Formation with recent settings indicate that
this Formation ramp is comparable to the current
homoclinal ramp of the Persian Gulf (Jones and
Desrochers 1992). Larger benthic foraminifera, coralline
red algae, and corals are dominated at this proposed
carbonate ramp setting. These biotic communities have
been used as environmental and paleoenvironmental
indicators (Stephenson et al. 2015, Robbins et al. 2016).
Both large benthic foraminifera (Lepidocyclina) and
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bryozoans are primarily heterotrophic and indicate
warm, moderate-energy waters and oligotrophic
environments in the Qom carbonate ramp. According to
Romero et al. (2002), the oligotrophic zone is dominated
by large, flat, perforate foraminifera (like
lepidocyclinids) in association with symbiont-bearing
diatoms.

As mentioned, based on the distribution of the biotic
components and vertical microfacies relationships, the
Qom carbonate ramp in the studied areas consists of two
main depositional environments. These include inner
and middle ramp settings (Fig 12). Inner ramp is
characterized by little diversity of benthic foraminiferal
assemblages. Imperforated foraminifera are frequent in
these settings (Sadeghi et al. 2009). The presence of
some allochems such as small micritized red algae, lots
of peloids, small imperforate benthic foraminifera like
Miliolids, and Meandropsina, in addition to some corals
proves an inner to proximal middle ramp environment
(Avarjani et al. 2015). Along with these mentioned
bioclasts, the presence of peloids are indicators of low
energy, warm and over-saturated calcium carbonate
waters with semi-limited circulation in this inner ramp
setting (Adabi et al. 2015; Abyat et al. 2019). This is the
paleoenvironment suitable for thriving sea cows.
According to Hallock (2015), a biogenic reef is
preferably a major, rigid skeletal structure, which is
topographically higher than surrounding sediments.
Meanwhile, because of the occurrences of middle ramp
bioclasts along with the inner ramp elements, it seems
that there were no reefal and continuous barriers present
(huge coral reef) in the studied areas (e.g. Shirinsu
sections). The inner ramp environment was therefore
connected to the middle ramp with some channels
(grain-supported microfacies with calcite cements)
within this patch reef microfacies. In addition, the
presence of microconglomerate microfacies, which
contains monocrystalline quartz grains and small
benthic foraminifera (Fig 9c), reveals that this
microfacies is likely deposited in a relatively high-
energy shallow water environment close to the
carbonate microfacies. This environment could be
observed in the lvak and Shirinsu sections at a few
intervals (Fig 3 c-d).

On the other hand, the microfacies consisting of
coralline red algae and other middle ramp bioclasts such
as bryozoans, echinoids and benthic foraminifera with
hyaline tests prove a higher probability of middle ramp
situation during the deposition of the Qom Formation in
the studied sections. In more details, poorly sorted
bioclast microfacies (e.g., bryozoan red algae packstone
to floatstone) with fragments of algae, bryozoans,
echinoids, and lepidocyclinids was deposited in fairly
shallowparts of the photic zone (mesophotic) in the
proximal middle ramp. In such settings, a sea cow rib

fragment from Chahriseh section has been recovered.
The presence of bryozoans along with benthic
foraminifera with hyaline tests, which needs light for
surviving, represents the sedimentation in proximal
parts of the middle ramp (Mohammadi et al. 2014).
Heterotrophes like bryozoans, are independent of light
and depth of waters, so they are able to live in deep and
low energy waters (Pomar 2001). Presence of bryozoans
along with hyaline foraminifera, which are depended to
light for surviving, shows the precipitation of this
microfacies in relatively deep parts of photic zone, at the
proximal parts of the middle ramp. On the other hand,
the presence of elongated, symbiosis-bearing, larger
benthic foraminifera like Lepidocyclina point to the
increase in depth and seaward decrease of
hydrodynamic energy (Romero et al. 2002).
Accordingly, abundance of these bioclasts with
echinoids is possibly related to the shallow part of the
middle ramp or more distal part of the inner ramp
setting (Jalali et al. 2017). This environment is present
in the Ivak, Shirinsu and Chahriseh sections at various
intervals (Fig 3b-d).

The outer ramp deposits, characterized by presence of
light-independent heterotroph organisms and plankthic
foraminifera, and absence of symbiont-bearing benthic
foraminifera, are not discovered in the study areas. In
the proposed palaeoenvironment model, the distribution
and abundance of recognized microfacies are clearly
confined to distal inner ramp and proximal part of the
middle ramp carbonate platform of the Qom Formation
during the early Miocene (Fig 12). In this model, the
presence of the red algae and abundance of hyaline
benthic foraminifera relative to the porcelaneous and
agglutinated foraminifera is a proof of normal salinity of
water with euphotic to oligophotic conditions.

The paleoenvironment of the Sirenia-bearing strata in
Zefreh section are also distinguished as a carbonate
ramp platform (Reuter et al. 2009), similar to other three
sections discussed above (lvak, Shirinsu and Chahriseh).
In this section, the Qom Formation strata start with
sandstones and coarse-grained calcareous
conglomerates, indicative of a relative sea-level
lowstand. With continuation of deepening, the coarse
siliciclastic content decreases as the lithology shifts into
an alternation of silt, silty marl and clay. The bivalve
fauna and sirenian bones here imply a shallow water
environment. The coral microfacies of the neighboring
beds also reflect a shallow water environment. An inner
ramp environment could be inferred for this part,
including the Sirenia-bearing beds. With relative sea-
level rise through the sequence, the siliciclastic input
decreases and skeletal limestones rich in corallinaceans,
bryozoan and larger benthic foraminifers are formed.
These are typical for the middle ramp environment
which covers upper parts of the succession.
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Fig 12. Sedimentary model of the Qom Formation deposits in the Shirinsu, lvak and Chahriseh sections. Ivak and Shirinsu sections
constitute of inner ramp and middle ramp settings. In these sections, the presence of the peloid and red algae along with abundant
imperforate benthic foraminifera indicate an inner ramp environment. Open marine bioclasts also show its connection with middle
ramp settings. The beginning of the middle ramp is marked here by the existence of more clastic microfacies with angular quartz,
echinoid, coral, and accompaniment of few perforate foraminifera. Simultaneous abundance of bryozoans with benthic foraminifera
(Miogypsina and Lepidocyclina) are indicators of deeper zone of the middle ramp. Chahriseh section includes open marine bioclasts

and is allocated only to the beginning of middle ramp.

5. Discussion

5.1. Age

The comparison of the Qom Formation and its Sirenia-
bearing horizons in the studied sections (Shirinsu, Ivak,
Chahriseh and Zefreh), indicates a time transgressive
trend toward north. In other words, from southeast to
northwest (from Isfahan to Hamedan), the age of the
Sirenia-bearing deposits of the Qom Formation changes
from Aquitanian to Burdigalian and become younger.
Even though the Burdigalian age deposits of the Qom
Formation also exist in Isfahan area near the studied
section (Reuter et al. 2009; Nouradini et al. 2014, 2015),
it is evident that a clear northward transgression took
place during the deposition of the Qom Formation. This
means that deposits of the Qom Formation with an older
(Oligocene) age are more frequent in the southern parts
of the greater Qom Formation basin (Mohammadi et al.
2011, 2013, 2015). It is also apparent in the age of the
Qom Formation in western and northwestern parts of
Iran (Hamedan, Zanjan, and Azarbaijan region), which
is early Miocene, majorly Burdigalian, (Bolourchi and
Hadjian 1979; Daneshian et al. 2010; Daneshian and
Akhlaghi 2010; Rafiee and Baghbani 2008; Babazadeh
et al. 2014; Yazdi Moghadam et al. 2018). However, the
occurrence of early Oligocene age deposits in Urmieh

region is not in accordance with this point of view
(Yazdi Moghadam 2011). Interestingly, the recent work
by Yazdi Moghadam (2018) from the eastern and
western  Azarbaijan  presents contrary evidence
(Burdigalian age) for the strata of the Qom Formation in
the northenmost parts of Iran. If the Oligocene age of
the Qom Formation deposits in Azarbaijan is valid, this
might indicate that the opening of the Tethyan sea way
might have taken place from both southeast and
northwest (Harzhauser et al. 2007; Popov et al. 2004),
and hence the Oligocene age deposits of the Qom
Formation are not present in the areas in Hamedan and
Zanjan.

The temporal distribution of sirenian fossil horizons
implies that the occurrence of sea cows in the Qom
Formation is so far restricted to early Miocene.
Nevertheless, moving toward west and northwest,
younger fossils could be found (Burdigalian vs
Aguitanian). The early Miocene record of sea cows in
the Tethyan realm is quite abundant and widespread.
They are specially reported from the early Miocene of
India (Bajpai and Domning 1997; Thewissen and Bajpai
2009; Bajpai et al. 2010), Pakistan (Reza et al. 1984),
Turkey (Inan et al. 2008), and Miocene of Europe
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(Kordos 1985; Sorbi 2008; Domning and Pervesler
2013; Bianucci et al. 2003).

5.2. Paleoenvironment

The ramp-type carbonate platform identified in the
studied sections is considered as the typical
paleoenvironment of the Qom Formation. In a recent
analysis, Rabani et al. (2020) review and report two
general types of sedimentary environment for the strata
of the Qom Formation in the central and northwestern
parts of Iran. Based on this research, carbonate shelf
environment is more widespread in the Qom Formation.
Meanwhile, the carbonate ramp model is also quite
abundant and is specially recorded from areas around
the city of Qom and central Kavir.

The paleoenvironment of the studied sections indicates
slight regional differences. Although open marine
(Shelf) conditions exist in Isfahan (Reuter et al. 2009;
Nouradini et al. 2015), the situation in more western and
northwestern parts (Hamedan) is shallower and shows
inner ramp-middle ramp conditions (Fig 12). Similar
conditions have been reported for another area in
Hamedan near the lvak section, where homoclinal ramp
conditions are reported (Amanpour 2018). In Isfahan,
around the studied section, a similar paleoenvironmental
condition is observed in Zefreh area (Reuter et al. 2009).
Among the previous studies, apparently due to longer
stratigraphical sections, the paleoenvironment of the
Qom Formation is generally more diverse in
depositional settings and more facies associations are
present (Daneshian et al. 2010; Mohammadi et al. 2011,
Seddighi et al. 2011; Safari et al. 2013; Mohammadi et
al. 2014; Karevan et al. 2015; Amir-Shah-Karami and
Naeimi 2016; Jalali et al. 2017; Rabbani et al. 2020).
The paleoenvironment of the Sirenia-bearing strata
studied here demonstrates that only the conditions in
Isfahan (Chahriseh) are different from other localities
(Figs 11-12; inner ramp versus middle ramp). The
fragmentary nature of the sea cow fossil in this section
(Fig 4a), which includes a single rib (Mirzaie Ataabadi
et al. 2014), actually indicate its possible transportation
from its original position in account of more energetic
depositional environment. This position, with similar
conditions to other sections, should be the inner ramp
environment, where a shallow warm sea supports the
life of sea cows (Berta et al. 2006). Therefore, the more
complete preservation of fossils in Hamedan indicates
their in situ nature and less transportation.

6. Conclusions

The Qom Formation in the studied sections (Shirinsu
and Ivak in Hamedan province and Chahriseh in Isfahan
province), which contain Sirenia remains, consists of a
total number of nine (9) microfacies (a siliciclastic and
eight (8) carbonate microfacies). They were deposited in
a carbonate-ramp platform with two sub-environments:
inner ramp and middle ramp.

The age of the fossil bearing strata is Aquitanian
(Chahriseh and Ivak sections) and Burdigalian (Shirinsu

section), respectively. This supports a possible
transgression of sea from south to north during the
deposition of the Qom Formation. The differences in the
age indicate that sea cows were present in early
Miocene, as long as their favorable environmental
conditions (the shallow warm inner ramp environment)
were present. These inner ramp environments were rich
in red algae and peloids. Our research calls for further
investigations in  other areas  with  similar
paleoenvironmental conditions for future discovery of
sea CoOw remains.
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