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Original Research Abstract:

Received: The middle Eocene-early Miocene deposits have been sampled in the stratigraphic sections of Isa Abad
11 February 2024 and Imamzadeh Gahroo, Chaharmahal, and Bakhtiari, to determine the sedimentary environment based on
Revised: microfacies analysis. Nine carbonate microfacies have been identified based on microscopic studies, where
;‘?ngiezd(?% the inner, middle, and outer ramps are located in three facies belts. In the inner ramp, the MF1 and MF2
20 June 2024 microfacies indicate an enclosed lagoon considering the presence of perforate benthic foraminifera in huge
Published online: numbers, corallinaceae algae, ostracods, gastropods, and peloid. Also, the MF3 and MF4 microfacies indicate
10 July 2025 a lagoon with free water rotation and the absence of a continuous reef due to the simultaneous presence of

perforate and imperforate benthic foraminifera. In Shoal (Microfacies MF5), bioclasts and ooids are the
major grains, along with peloids, intraclasts, corallinaceae algae, echinoids, bryozoans, and corals. In the
middle ramp (microfacies MF6 to MF8), considering the presence of large hyaline species (Lepidocyclina,
Miogypsina, and Nummulitidae), the stretched shape of these species, the large size of the allochems, their
association with corallinaceae algae, the diversity and abundance of species, the small presence of planktonic
and porcelaneus species are evident. In these sections, the outer ramp (Microfacies MF9) can be identified by
the presence of planktonic species, the small number of benthic species, and the abundance of the matrix.
Due to the gradual conversion of microfacies into each other, the lack of abundance of shoaling ooid and
peloid microfacies, and the absence of turbidities and collapse breccia’s, the sedimentary environment of
these deposits can be attributed to a homoclinal ramp.
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1. Introduction

The Paleocene to Eocene Jahrom Formation hosts, together
with the Oligo-Miocene Asmari Formation, the most im-
portant reservoir rocks in the Near East. However, these
sequences are still poorly explored in their outcrops, espe-
cially in the central Zagros.

In this center, part of Tethyan, the shallow-water carbonates
of the Eocene Jahrom Formation and the mixed, shallow-
water carbonates and sandstones of the Oligocene-Miocene
Asmari Formation are spread. Paleocene and, in particular,
the Eocene platforms first developed around the margins
of this Tethyan basin, progressing towards the center (Van
Buchem et al., 2010). The Asmari carbonates are in the

margins of an intrashelf basin in the central segment of the
Tethyan seaway in the Zagros foreland basin (Van Buchem
et al., 2010) and indicated the last marine transgression of
the Neo-Tethys Ocean (Stocklin, 1968; Berberian and King,
1981; Alavi, 1994, 2004; Heydari, 2008).

The shallow marine (carbonate platform) deposits are well-
developed into two belts along the Tethyan system (Scheib-
ner and Speijer, 2008; Hontzsch et al., 2013; Martin-Martin
et al., 2020, 2021; Jehangir Khan et al., 2021; Tosquella
et al., 2022). A northern belt (middle latitudes: about 40°N)
was located from the Pyrenees to the Tibetan region com-
prising the Alpine, Adriatic, Apennine, Carpathian, Great
Caucasus, Hellenian, Anatolian, and Indian systems), while
the southern belt (mostly below 25°N) extended from Mo-
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rocco to Oman, including Tunisia, Libya, Egypt, and Ara-
bia. In the Middle East, a thick (hundreds of meters) and
extensive (plate-scale) Eocene to Miocene carbonate sed-
imentary record occurs and is rich in larger foraminifera
(Arjmandzadeh et al., 2020; Tosquella et al., 2022). Due
to the high diversification and extinction rates of the larger
foraminiferal genera and species throughout the Eocene and
Oligocene, these organisms are key biostratigraphic markers
for this period (Cahuzac and Poignant, 1997; Serra-Kiel et
al., 1998; Bassi et al., 2007; Boukhary et al., 2010; Habibi,
2016a, 2016b, 2017; Ferrandez-Caadell and Bover-Arnal,
2017).

In recent years, many studies have been focused on micro-
facies and sedimentary environments of the Jahrom and
Asmari formations in the Zagros Basin. Soltani Najafabadi
et al. (2018) studied microfacies and the sedimentary en-
vironment of the Jahrom Formation in the Saldoran and
Dasht-e-Zari sections (high Zagros). Parvaneh Nejad Shi-
razi et al. (2020) researched the sedimentary environment
of the Jahrom Formation in the northwest of Shiraz (Chelle-
hgah Sepidan). The sedimentary environment and sequence
stratigraphy of the Jahrom Formation with a view on pale-
oecology in the interior Fars were investigated by Yazdan-
panah et al. (2022).

Van Buchem et al. (2010) studied the depositional sequences
of Oligo-Miocene deposits in the Dezful Embayment Zone.
Depositional architecture and sequence stratigraphy of the
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Oligo—Miocene Asmari platform in the southeastern Izeh
Zone were investigated by Shabafrooz et al. (2015). Al-
lahkarampour Dill et al. (2018) studied Oligo-Miocene car-
bonate platform evolution in the northern margin of the As-
mari intra-shelf basin. Naseri-Karimvand et al. (2019) stud-
ied the depositional environment and sequence stratigraphy
of the Oligo-Miocene deposits north and east of Dehdasht,
Izeh Zone. Abyat et al. (2019) researched microfacies and
the depositional environment of the Asmari Formation in
the Zeloi oil field. Joudaki et al. (2020) studied the re-
gional facies analysis and depositional environments of the
Oligocene and Lower Miocene deposits in the Zagros Basin.
Petrography, sedimentary environment, and reservoir poten-
tial assessment of the Asmari Formation in the KilorKarim
oil field (Dezful Embayment) were investigated by Ahmadi
et al. (2022); Mirzaee Mahmoodabadi (2023); Saadat et
al. (2023) studied the sedimentation-diagenesis history of
Paleocene-Miocene succession (Jahrom and Asmari forma-
tions) in the southern part of Dezful Embayment.

So far, the microfacies and sedimentary environment of
the Jahrom-Asmari Fms in the Isa Abad and Imamzadeh
Gahroo sections have not been studied. In this study, an
attempt has been made to investigate these microfacies and
present a sedimentary model for the Middle Eocene to Early
Miocene deposits in the Isa Abad and Imamzadeh Gahroo
in the Central Zagros (Fig. 1).
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Figure 1. (A) Tectonic Units of the Middle East (Saber et al. 2000?), Gulf PetroLink, https://exhibits.library.cornell.edu/barazangi-map-collection/
catalog/60-2789. (B) Major tectonic zones of Iran (Doski and Mc Clay, 2022) (C) Structural setting of the Zagros Fold— Thrust-Belt showing the major

fault zone (Sepehr and Cosgrove, 2004) and study area.
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2. Study area

The studied sections are located in Chaharmahal and
Bakhtiari province. Isa Abad section is 39 km west of
Shahr-e kord. The geographical coordinates of this section
are 32° 13’ 07" N and 50° 32’ 28" E (Fig. 2). To access
this stratigraphic section, crossing 5 km on an asphalt road
from Farsan, you arrive in Gojan, and then driving about
5 km to the southwest, you can access this stratigraphic
section. The Imamzadeh Gahroo section is located 36 km
south of Shahr-e kord and 8 km southeast of Shalamzar.
The geographical coordinates of this section are 32° 10" 31”
N and 50° 52’ 00" E (Fig. 1). To arrive at this section, the
asphalt road from Shahr-e kord to Shalamzar can be used.
Crossing Shalamzar, after driving 8 km on an asphalt road
toward the village of Gahroo, you will arrive at the section.

3. Methodology

Sampling is systematically carried out in studied sections
in 1 to 1.5 m intervals. In this study, 80 thin sections of
Imamzadeh Gahroo and 68 thin sections of Isa Abad have
been studied. Then the prepared microscopic sections were
examined with a polarizing microscope. The carbonate
rocks were named using Embry and Klovan (1971) and
Dunham (1962) methods. Visual comparison charts were
used for the estimation of major and minor components. In
the present study, the microfacies and sedimentary environ-
ment of this formation were determined by combining and
comparing Wilson (1975) and Fliigel (2010) methods.

4. Stratigraphy

Middle Eocene-Early Miocene deposits in the studied sec-
tions include Jahrom and Asmari formations. Jahrom For-
mation includes Paleocene to Eocene formations of Zagros
Basin. The type section of this formation is on the north-
ern flank of Jahrom Mount, which includes 467.5 meters
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of dolomite and dolomitic limestone. In the type section,
this formation is overlain by the Sachun Formation with a
compatible boundary and has a continuous and progressive
boundary with the Asmari Formation at the top (Motiei,
1993). Asmari Formation consists of carbonate rocks of
Oligocene to Miocene age that have been deposited on a car-
bonate platform throughout the Zagros Basin and its most
intact sequence has been seen in the Dezful Embayment
(Motiei, 1993). In terms of lithostratigraphy, sedimentary
environments, and age characteristics, changes are seen in
this formation in other regions of Zagros.

Richardson (1924) measured the sample section of this
formation in Asmari Mount (Tang Goltorsh) and consid-
ered it comparable to Khamir limestone in the Fars region.
Lees (1933) revised previous ideas, and in fact, he was the
founder of today’s attitudes about the Asmari Formation.
He has considered the basic anhydride of Asmari Formation
as a part of this formation. Thomas (1948) has conducted
relatively comprehensive studies on the Asmari Formation.
While confirming Lees (1933) works, he classified the pro-
gressive layers within the Asmari Formation and considered
the age of this formation from Oligocene to Burdigalin. He
also considered the basic anhydride of this formation in the
Asmari Mount as equivalent to the Eulepidina fossil strata
in the Asmari of Gachsaran field. James and Wynd (1965)
summarized the previously described results of the Asmari
Formation and published a new definition of the Asmari
Formation. These researchers considered the Jarib and Eu-
phrates formations from Iraq and Khamir limestone from
the Fars region to be equivalent to Asmari Formation and
introduced Ahwaz sandstone sediments and Kalhor evapo-
rative sediments as their members.

The studied sections related to the Middle Eocene to the
Early Miocene sediments of the Jahrom and the Asmari for-
mations. The Jahrom Formation is overlain by the Pabedeh
Formation with a continuous border. The boundary between
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Figure 2. Ways of access to the stratigraphic sections of Isa Abad and Gahroo in the study area.
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Jahrom and Asmari formations is not recognizable in the
field, but biostratigraphic data show that this boundary is
continuous, so the last biozone of Jahrom Formation (Num-
mulites fabiani- Chapmanina assemblage zone), from the
Late Eocene, is overlain by the first biozone of Asmari For-
mation (Nummulites vascus assemblage zone -Nummulites
fichteli), from the Rupelian. This indicates that the bound-
ary between these two formations is continuous in both
sections. The upper boundary of the Asmari Formation
is discontinuously covered with evaporative sediments of
the Gachsaran Formation (Figs. 3 (a) & (b)). The Middle
Eocene to The Early Miocene sediments in the Isa Abad sec-
tion with an actual thickness of 151.5 m include limestones
and fossil-filled and nodular sandstones. This bottom-up
stratigraphic column consists of 6 sedimentary units as fol-
lows: The first sedimentary unit consists of middle-layer
gray limestones, the thickness of which is 6.5 meters. The
second sedimentary unit is composed of thick sandstone
limestones of cream color. The thickness of this unit is 9
meters. The third sedimentary unit consists of alternating
limestone, sandstone nodular sand limestones, and white
cherts with a thickness of 31 meters. The fourth sedimen-
tary unit is composed of fossilized gray mass limestone
21 m thick (Fig. 3 (c)). The fifth sedimentary unit con-
sists of 49 m of nodular gray mass limestones. The sixth
sedimentary unit consists of thick-layered limestones and
cream-colored masses with weathered and crushed surfaces
with a thickness of 35 meters. Units 1 to 3 indicate the
Jahrom Formation related to the Middle to Late Eocene and
units 4 to 6 indicate the Asmari Formation related to the
Rupelian to the Burdigalian.

Zulnoorian et al.

In the Imamzadeh Gahroo section, the Middle Eocene to
Early Miocene sediments are 179 meters thick and consist
of 8 sedimentary units. The first unit with a thickness of 14
meters is composed of fossil gray limestone and the second
unit is composed of 16 meters of cream-colored limestone.
The third unit consists of 18-meter-thick gray microcrys-
talline mass limestones. This unit contains many fossils.
The fourth unit consists of a thick-layered limestone to a
rocking cream-colored mass with a thickness of 23 meters.
Limestone is a hard and dense cream-colored mass with a
thickness of 16 meters, which forms the fifth sedimentary
unit. The sixth sedimentary unit consists of thick-layered
fossil-containing gray limestones with a thickness of 19
meters. The seventh unit is 25 m thick and consists of a
purple-colored nodular limestone mass (Fig. 3 (d)). The
eighth sedimentary unit is composed of dense cream-to-
white mass limestone with a thickness of 48 meters. Units 1
to 6 indicate the Jahrom Formation from the Middle to Late
Eocene and units 7 and 8 indicate the Asmari Formation
from the Rupelian to the Burdigalian.

Biostratigraphy studies of the Gahroo and Isa Abad sec-
tions in Central Zagros led to the identification of 7 bio-
zones in the Isa Abad section and eight biozones in the
Gahroo section (Table 1). In the sediments of Jahrom For-
mation in Isa Abad section were identified Dictyoconus —
Coskinolina—Orbitolites complanatus assemblage subzone
(Middle Eocene), Nummulites-Alveolina assemblage sub-
zone (Middle Miocene), Chapmanina- Baculogypsinoides
assemblage zone (Late Miocene) as well as, in the Gahroo
section were identified four biozones in this formation that
include: the Linderina subzone (Middle Miocene), Dicty-

Figure 3. (a) Boundary of Pabedeh, Jahrom, Asmari, and Gachsaran formations in the Isa Abad section, view toward the north. (b) Boundary of Pabedeh,
Jahrom, Asmari and Gachsaran formations in the Imamzadeh Gahroo section, view toward the northwest. (c) Gray fossil-filled limestone of the unit 4, Isa

Abad section. (d) Nodular limestone mass in unit 7 in the Gahroo section.
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oconus— Coskinolina— Orbitolites complanatus assemblage
subzone (Middle Miocene), Nummulites - Alveolina assem-
blage subzone (Middle Miocene) Nummulites Fabiani taxon
range zone (Last Eocene). According to identified bio-
zones, Jahrom Formation’s age in these sections is middle
Eocene-late Miocene. In the sediments of the Asmari For-
mation in the Isa, Abad section identified four biozones that
consist of Nummulites vascus-Nummulites fichteli assem-
blage zone (Rupelian), Lepidocyclina-Operculina- Ditrupa
assemblage zone (Chattian), Indeterminate zone (Aqui-
tanian), Borelis melocurdica- Borelis melo melo assemblage
zone (Burdigalian). Also, the Gahroo section recognized
four biozones that consist: Nummulites vascus-Nummulites
fichteli assemblage zone (Rupelian), Archaias asmaricus-
Archaias hensoni- Miogypsinoides complanatus assemblage
zone (Chattian), Indeterminate zone (Aquitanian), Borelis
melocurdica- Borelis melo melo assemblage zone (Burdi-

Zulnoorian et al.

galian). Accordingly, in the studied sections, the age of the
Asmari Formation is Rupelian to Burdigalian (Zulnoorian
et al., 2023).

5. Results

5.1 Sedimentary microfacies

The microfacies identified in the studied sections seaward
from the shore are as follows (Figs. 4 and 5, Table 2):

MF1: Bioclastic Miliolidae wackestone-packstone
The foraminifera identified in this microfacies are Miliol-
idae, Triloculina trigonula, Quinqueloculina sp., Pyrgo
sp., Austrotrillina asmariensis (Overall 30 —40%). Red
algae (10 — 15%), ostracoda (5 — 10%), gastropod (5%)
and peloid (5%) are also seen in this microfacies. This
microfacies has a lot of micrites and supporting muds. Its
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Figure 4. Identified microfacies and sedimentary environment of Middle Eocene to Early Miocene in Isa Abad stratigraphic section.
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grains are at the lutite size.

Interpretation: As can be seen, benthic foraminifera with
porcelaneous walls from the family Miliolidae are the main
components. Miliolidae represents an enclosed lagoon
(Geel, 2000); Hallock and Glenn1986. The presence of
foraminifera with porcelaneous shell in this microfacies
indicates an environment with relatively high salinity (Geel,
2000).

MF2:
packstone
This microfacies consists of imperforated foraminifera. The
most important foraminifera identified are: Borelis inflate,
Borelis pygmaea, Borelis sp., Archaias sp., Alveolina
aragonensis, Alveolina ellipsoidalis (Overall 15 —20%),
Triloculina trigonula, Quinqueloculina sp., and Miliolidae

Imperforate foraminifera wackestone-

IJES17 (2025)-172523  7/20

(Overall 10 — 15%). In addition, peloids (5 — 10%), bivalvia
(5 —10%) and red algae (5 — 10%) are also seen. The
microfacies MF2 has large amounts of micrite and it is
classified as mud-supported facies. Similar to the previous
microfacies (MF1), the grains are about the size of a lutite.
Interpretation: The presence of perforate foraminifera,
miliolids, and micrites indicates that the microfacies has
been formed in a shallow and low-energy environment.
According to the studies Van Buchem et al. (2010), the
identified species belong to the lagoon environment of
the Asmari Formation. Imperforate foraminifera indicate
limited water circulation and hypersaline conditions
(Hallock1986; Wilson, 1975; Geel, 2000; Romero et al.,
2002; Fliigel, 2010). As a result, this microfacies is formed
in an enclosed lagoon.
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Table 2. Characteristics and interpretations of facies defined in the Jahrom-Asmari formations in studied section.

components
icrofaceis facies belt
skelatal non-skelatal

MF1: Bioclastic | Miliolidae, Triloculina trigonula, Quin- peloid
Miliolidae wackestone- | queloculina sp., Pyrgo sp., Austrotril-
packstone lina asmariensis, Red algae ostracoda

and gastropod
MF2: Imperfo- | Imperforate foraminifera (Borelis inflate, peloid
rate foraminifera | Borelis pygmaea, Borelis sp., Archaias
wackestone-packstone sp., Alveolina aragonensis, Alveolina

ellipsoidalis, Triloculina trigonula) bi-

valvia, red algae
MF3-Bioclastic im- | Coralineceae algae, Archaias sp., Alve- peloid
perforate foraminifera | olina sp., Borelis pygmaea, Quinque- Inner Ramp
corallinaceae packstone- | loculina sp., Pyrgo sp., bivalvia, bry-
grainstone 0zoans
MF4- Bioclastic per- | Archaias sp., Lepidocyclina sp., Rotalia peloid
forate and imperforate | vinoti, Operculina complanata, Borelis
foraminifera packstone- | sp., Pyrgo sp., Alveolina sp., coralline
grainstone algae, bivalves, echinoid spines
MF5-  Bioclast ooid | Operculina complanata, Archaias sp., | Ooid, intraclasts , prloid
packstone-grainstone Lepidocyclina sp., Borelis sp., miliolids),

algae, echinoids, bryozoans, corals
MF6-Coralline red | corallinaceae algae, corals, Borelis in- Intraclasts
algae—coral rudstone- | flata, Nephrolepidina praemarginata,
floatstone Spiroclypeus blanckenhorni, Rotalia sp.,

Amphistegina sp., Lepidocyclina sp.,

bryozoans.
MF7- Large benthic | Eulepidina dilatata, Eulepidin sp., Lep- intraclasts
foraminifera bioclastic | idocyclina sp., Operculina complanata,
wackestone-packstone Operculina sp., Rotalia sp., coralli-

naceae algae, echinoids, and bryozoans Middle Ramp
MF8- Bioclastic | Nummulites vascus Lepidocyclina sp. -
Lepidocyclinid- Operculina complanata, Nephrolepid-
Nummulitid ina sp., Nephrolepidina tournoueri, Het-
wackestone-packstone erostegina assilinoides, Eulepidina sp.,

corallinaceae algae, bryozoans, echi-

noids, Globigerina sp.
MF9- Planktonic | Globorotalia sp., Globigerina sp., echi- - Outer Ramp
foraminifera =~ wacke- | noids, bivalvia fragments, benthic
stone—packstone foraminifera

MF3: Bioclastic imperforate foraminifera coralli-
naceae packstone-grainston
Coralineceae algae (30 — 40%) and imperforated
foraminifera (15 — 20%) are the main grains of this micro-
facies. Among the identified imperforated foraminifera, we
can mention Archaias sp., Alveolina sp., Borelis pygmaea,
Quinqueloculina sp., Pyrgo sp. In addition, bivalvia (5%)
and bryozoans (5%) are also found in this microfacies. The
MF3 microfacies a grain-supported and contain a lot of
sparite. Its grains are the size of an arenite.
Interpretation: Red algae in the Oligo-Miocene sedimentary
basin have been reported from inner and middle ramp
sediments (Van Buchem et al., 2010; Joudaki et al., 2020).
The presence of porous benthic foraminifera indicates that

in these incisions, this fine facies is formed in the inner
ramp. Romero et al. (2002); Corado and Marco (2003) also
acknowledge that the presence of red algae and opaque
foraminifera indicates a lagoon environment.

MF4: Bioclastic perforate and
foraminifera packstone-grainstone
Porous and non-porous foraminifera (Overall 40 — 50%)
are the main allochems of this microfacies, among which
we can mention Archaias sp., Lepidocyclina sp., Rotalia
vinoti, Operculina complanata, Borelis sp., Pyrgo sp.,
Alveolina sp. The subordinates of this microstructure are
coralline algae (10%), bivalves (5 — 10%), and echinoid
spines (5%).

imperforate
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Interpretation: The presence of perforate and imperforate
benthic foraminifera, together, indicates a lagoon envi-
ronment with free water circulation and the absence of
a continuous shoal. The grain-supported, abundance of
sparite and the diversity of species all confirm this statement.
The presence of porcelaneous species such as Pyrgo and
Archaias along with hyaline species, indicates a lagoon
with free water rotation in the area of light penetration
(euphotic zone) (Nebelsick et al., 2001; Brandano et al.,
2010; Morsilli et al., 2012).

MFS5: Bioclast ooid packstone-grainstone

Bioclasts (20 — 30%) and ooids (25 — 35%) are the major
grains of this microfacies, and the major bioclasts identified
are benthic foraminifera (such as Operculina complanata,
Archaias sp., Lepidocyclina sp., Borelis sp., miliolids),
algae (5 — 10%), echinoids (5%), bryozoans (5%), and
corals (5%). In addition, peloids and intraclasts are seen in
this microfacies.

Interpretation: The identified allochems (like ooid,
bryozoans, and corals) and the predominance of sparite
in this microfacies indicate an environment with medium
to high energy. The presence of ooids, and intraclasts, as
well as good sorting and rounding of the grains confirm
this. Wilson (1975) and Fliigel (2010) consider that the
presence of ooids and the absence of muddy ground
indicate the formation in an energetic environment such as
sand shoal above the normal wave line. The above evidence
indicates the formation of this microfacies in the energetic
environment of the shoal in the studied sections.

MF6: Coralline red algae—coral rudstone-floatstone
The predominant allochems in this microfacies are
corallinaceae algae (30 —40%) and corals larger than
2 mm (20 — 25%); benthic foraminifera (10 — 15%)
such as Borelis inflata, Nephrolepidina praemarginata,
Spiroclypeus blanckenhorni, Rotalia sp., Amphistegina
sp., Lepidocyclina sp. and bryozoans are also found. The
space between the grains is filled by micrite and sometimes
sparite (in small amounts). Corallinaceae algae are found in
the form of rhodolite, crusts, and nodules.

Interpretation: The presence of corallinaceae algae, corals,
and large hyaline foraminifera, the large size of these grains,
the crushing of some grains, and also the coverage of some
corals by algae are important features of this microfacies.
At some points in the studied sections, the corals are
covered by corallinaceae algae, which indicate meso-
oligophotic conditions (Naseri-Karimvand et al., 2019) and
stability phase (Kershaw and Brunton, 1999). The small
crushing as well as the large size of the grains indicates that
these grains did not move much. The crushing is caused by
periodic storms on the open sea. The above evidence in-
dicates the formation of this microfacies in the middle ramp.

MF7: Large benthic foraminifera bioclastic
wackestone-packstone
Large hyaline foraminifera are the main allochems of this
microfacies. Species such as Eulepidina dilatata, Eulepidin
sp., Lepidocyclina sp., Operculina complanata, Operculina
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sp., Rotalia sp. (Overall 40 — 50%) have been identified in
this microfacies. In addition, corallinaceae algae (10%),
echinoids (5%), and bryozoans (5%) are also found in this
microfacies.

Interpretation: The presence of hyaline species of Lepi-
docyclina, Miogypsina, and Nummulites, the large size of
these species, and their association with corallinaceae algae
indicate a low to medium energy environment with normal
salinity. In addition, the stretched appearance of these
species indicates the deposition at the beginning of the
middle ramp. The diversity and abundance of lens-shaped
hyaline species and their association with red algae indicate
sedimentation in a light zone environment in the early part
of the middle ramp.

(Corado and Marco, 2003; Rasser et al., 2005; Bassi et al.,
2007; Barattolo et al., 2007; Shabafrooz et al., 2015;
Kakemem et al., 2016; Abyat et al., 2019; Joudaki et al.,
2020).

MF8: Bioclastic

wackestone-packstone
Nummulites and Lepidocyclina (Overall 30 — 40%) are the
main grains of this microfacies. The predominant species in
this microfacies are Nummulites vascus and Lepidocyclina
sp. In addition, hyaline species such as Operculina com-
planata, Nephrolepidina sp., Nephrolepidina tournoueri,
Heterostegina assilinoides, Eulepidina sp. have also been
observed. corallinaceae algae (5 — 10%), bryozoans (5%),
and echinoids (5%) are also identifiable in this microfacies.
A light amount of planktonic foraminifera of Globigerina
are also seen.
Interpretation: Many researchers, such as Buxton and
Pedly (1989); Geel (2000) attribute the existence of
Nummulites and Lepidocyclina to the open sea and low
energy environments (below the FWWB level). Nummulites
live in an oligotrophic or slightly mesotrophic environment
in the open sea at depths of 30 to 80 meters (Langer
and Hottinger, 2000; Beavington-Penney and Racey,
2004; BouDagher-Fadel, 2008; Payros et al., 2010). The
concomitant presence of Nummulites and Lepidocyclina
along with Globigerina indicates the open sea environment.
In addition to the above reasons, the diversity of hyaline
species (Nummulites, Lepidocyclina, Nephrolepidina), the
presence of planktonic species, the absence of porcelaneous
species, the mud-supported texture, indicate that the MF8
microfacies is formed at the end of the middle ramp.

Lepidocyclinid-Nummulitid

MF9: Planktonic foraminifera wackestone—packstone
Planktonic foraminiferae Globorotalia sp. and Globigerina
sp. (10 —20%), are the main grains of this microfacies. In
addition, echinoids (5 — 10%), bivalvia fragments (5%), and
a slight number of benthic foraminifera (5%) are also found
in this microfacies. This microfacies is mud-supported and
the size of the grains is at the lutite level.

Interpretation: The abundance of the matrix and the pres-
ence of planktonic foraminifera indicate a deep, low-energy
environment (Buxton and Pedly, 1989; Reading, 1996; Hal-
lock, 1999; Corado and Marco, 2003; Cosovic et al., 2004).
In addition, the abundance of planktonic foraminifera indi-
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cates eutrophic conditions (Luciani and Cobianchi, 1999).
The above reasons and evidence such as the presence of
planktonic species, the small number of benthic species,
the absence of porcelaneous species, the small size of al-
lochems, the abundance of micrites, and the mud support of
this microfacies all indicate that in the studied sections, this
microfacies is formed in the outer ramp, and this environ-
ment has a low level of energy.

5.2 Sedimentary environment

Considering the identified microfacies, the gradual conver-
sion of microfacies to each other, lack of expansion of the
shoaling peloidal and ooidal microfacies and the absence
of clastic microfacies, the sedimentary environment of the
studied sections can be attributed to the carbonate ramp
(Fig. 6).

The inner ramp microfacies are MF1: Bioclastic Miliolidae
wackestone-packstone, MF2: Imperforate foraminifera
wackestone-packstone, = MF3-Bioclastic imperforate
foraminifera corallinaceae packstone- grainstone, MF4-
Bioclastic perforate and packstone-grainstone, MF5-
Bioclast ooid packstone-grainstone. The MF1 to MF4
microfacies belong to Lagoon and the MF5 microfacies
belong to Shoal.

The main allochems of the inner ramp (lagoon) include
large amounts of perforate benthic foraminifera, coral-
linaceae algae, ostracods, gastropods, and peloids. The
abundant presence of porcelain benthic foraminifera such
as Miliolidae, Triloculina trigonula, Quinqueloculina
sp., Pyrgo sp., Austrotrillina asmariensis, abundant
amounts of micrites and support mud of MF1 and MF2
microfacies, indicates the formation of these microfacies
in a shallow and low-energy environment with limited
water circulation and hypersalinity. Studies such as Wilson
(1975); Hallock1986 <empty citation>; Geel (2000);
Romero et al. (2002); Fliigel (2010) are also in line with
this result. Accordingly, the environment for the formation
of these microfacies is an enclosed lagoon. Bioclastic

Peloid

Ooid € Coral

Miliolid ", Lepidocyclinidae
Gastropod &, Nummulitidae

Bivalve &= Red algae

Intraclast % Other imperforate foraminifera

wd J]OFOO

Bryozoan & Planktonic foraminifera
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Miliolidae wackestone-packstone (MF1) has been reported
by Amirshahkarami (2013) in Ragsefid, Amirshahkarami
et al. (2007) in Chaman Bolbol and Kamalifar et al. (2020)
in Firoozabad and Bastak. Imperforate foraminifera
wackestone-packstone (MF2) has been identified by
Avarjani et al. (2015); Kakemem et al. (2016); Abyat
et al. (2019); Kamalifar et al. (2020); Joudaki et al. (2020);
from the Oligo-Miocene sediments in Zagros.

In the MF3 and MF4 microfacies, the simultaneous
presence of perforate (Lepidocyclina sp., Operculina
complanata) and imperforate benthic (Archaias hensoni,
Archaias sp., Borelis pygmaea, Quinqueloculina sp., Pyrgo
sp.) depositors indicates a lagoon with free water circu-
lation and the absence of a continuous shoal. Nebelsick
et al. (2001); Brandano et al. (2010); Morsilli et al. (2012)
are also in line with this result. The presence of red
algae, the abundance of sparite, the grainstone-packstone
background of some microfacies, and the great diversity of
species of microfossils also confirm this result. Bioclastic
imperforate foraminifera corallinaceae packstone- grain-
stone (MF3) has been reported by Joudaki et al. (2020) in
the Oligo-Miocene sediments in Zagros. He points out that
this microfacies have been expanded during the Rupelian to
Burdigalian in the Dezful Embayment and during Chattian
in the folded and high Zagros. Bioclastic perforate and
imperforate foraminifera packstone-grainstone (MF4)
has been identified by Kakemem et al. (2016); Abyat
et al. (2019); Kamalifar et al. (2020); Joudaki et al. (2020)
from the Oligo-Miocene sediments in the Zagros.

In shoal, bioclasts and ooids are the main grains, along
with peloids and intraclasts, corallinaceae algae, echinoids,
bryozoans, and corals (MF5). These allochems, abundant
sparite, high sorting, and roundness of the grains, confirm
the high energy level of this environment. Bioclast

ooid packstone-grainstone (MF5) has been identified by
Vaziri-Moghaddam et al. (2010); Sahraeyan et al. (2014);
Joudaki et al. (2020) in Asmari Formation.

algae—coral

MF6-Coralline red rudstone-floatstone,

FM’VB

SWB

Figure 6. Distribution of microfacies in the sedimentary environment of Middle Eocene to Early Miocene deposits in the studied sections.
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MF7- Large benthic foraminifera bioclastic wackestone-
packstone, MF8- Bioclastic Lepidocyclinid-Nummulitid
wackestone-packstone microfacies belong to the middle
ramp. Large hyaline foraminifera (Nummulites vascus,
Eulepidina dilatata, Eulepidina sp., Nephrolepidina
sp., Nephrolepidina tournoueri, Operculina complanata,
Rotalia sp.), corallinaceae algae and corals are the main
grains of this environment.

The existence of large hyaline species (Lepidocyclina,
Miogypsina, and Nummulitidae), elongated shape of these
species, large size of allochems, their association with
corallinaceae algae, species diversity and abundance, pres-
ence of few planktonic species and absence of porcelaneus
species indicate the low to medium energy environment in
the middle ramp. Many researchers, such as Shabafrooz
et al. (2015); Kakemem et al. (2016); Abyat et al. (2019);
Joudaki et al. (2020) have reported microfacies with such
features as belonging to the Oligo-Miocene middle ramp in
Zagros. The presence of large, broad, elongated hyaline
foraminiferae with red algae indicates their formation in
the middle ramp (Vennin2003). Coralline red algae—coral
rudstone-floatstone (MF6) has been reported in Oligo-
Miocene sediments in Zagros Basin by Vaziri-Moghaddam
et al. (2010); Sahraeyan et al. (2014); Avarjani et al. (2015);
Naseri-Karimvand et al. (2019); Abyat et al. (2019). Large
benthic foraminifera bioclastic wackestone-packstone
(MF7) has been identified in Oligo-Miocene sediments
in Zagros Basin by Vaziri-Moghaddam et al. (2006);
Amirshahkarami et al. (2007); Abyat et al. (2019);
Kamalifar et al. (2020); Joudaki et al. (2020). Bioclastic
Lepidocyclinid-Nummulitid wackestone-packstone (MF8)
This microfacies has been reported in the Oligo-Miocene
sediments in Zagros by Kakemem et al. (2016); Kamalifar
et al. (2020); Joudaki et al. (2020).

Microfacies MF9- planktonic foraminifera wacke-
stone—packstone belongs to the outer ramp. The main
allochemes of this microfacial are planktonic foraminifera
Such as Globorotalia sp., Globigerina sp. The presence of
planktonic species, the small number of benthic species,
the abundance of the matrix, and the supportive mud
indicate a deep, low-energy environment such as the
outer ramp. Such features have also been assigned to
the outer ramp by Buxton and Pedly (1989); Reading
(1996); Hallock (1999); Corado and Marco (2003); Cosovic
et al. (2004). A microfacies similar to this one has been
reported in Oligo-Miocene sediments in Zagros Basin
by Vaziri-Moghaddam et al. (2006); Amirshahkarami
et al. (2007); Sadeghi2011<empty citation>; Abyat
et al. (2019); Kamalifar et al. (2020); Joudaki et al. (2020).

6. Discussion

In the Isa Abad section lagoon, shoal, middle ramp, and
outer ramp environments have been recognized. In the
meantime, the microfacies of the middle ramp environment
have an abundance maximum of %43. In the following,
order: the lagoon’s microfacies with %28 shoal ’s micro-
facies with %16, and outer ramp’s microfacies with %13
are the next categories. In this section, MF7 (Large benthic
foraminiferal bioclastic wackestone-packstone) belongs to
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the middle ramp with an abundance %33 and then MF5
(Bioclast ooid packstone-grainstone) belongs to the shoal
with %17 has the highest abundance among facies.

In the Gahroo section, the lagoon, shoal (very limited), and
the middle ramp environments are expanding. Lagoon’s
microfacies with %51 and then the middle ramp’s microfa-
cies with %48 have the highest abundance in this section.
Shoal’s microfacies have the lowest abundance percent-
age with %1. MF7 (Large benthic foraminiferal bioclastic
wackestone-packstone) belonging to the middle ramp with
%48 and then the MF3 (Bioclastic imperforate foraminifera
corallinacea packstone-grainstone) belonging to the lagoon
with %24 have the highest frequency among the facies of
Gahroo section (Fig. 7).

In Isa Abad sections, sediments of Jahrom Formation are
from middle to upper Eocene age (Zulnoorian et al., 2023),
and were deposited in middle ramp and upper ramp en-
vironments. The sediments of the Asmari Formation in
this section are Rupelian to Burdigalian (Zulnoorian et al.,
2023), and are formed in the middle and outer ramp. In a
vertical comparison, in this section, the Jahrom Formation
is formed in a deeper environment than the Asmari Forma-
tion. In the Gahroo section, the sediments of the Jahrom
Formation were deposited in the middle to upper Eocene
(Zulnoorian et al., 2023) in the inner ramp and middle ramp
environments. The sediments of the outer ramp that were
identified in the Jahrom Formation in the Isa Abad section
were not observed in this section. Rupelian to Burdigalian
sediments of the Asmari Formation (Zulnoorian et al., 2023)
in the Gahroo section were formed in the inner ramp. Of
course, Middle ramp sediments were also identified with
a much less expansion at the base of the Asmari Forma-
tion. The difference between Rupelian and Burdigalian
sediments in these two sections is the abundance of inner
ramp microfacies in Isa Abad compared to the Gahroo sec-
tion. In both sections, a retrograde trend can be seen, that,
finally, leads to the disconformity contact between Asmari
and Gachsaran formations.

In Fig. 8, the sedimentary environment of these Jahrom and
Asmari formations was compared. In a comparison between
both sections, there is more facies variety in the Isa Abad
section than in the Gahroo section. So, 9 microfacies in the
Isa Abad section and 6 microfacies in the Gahroo section
were recognized. In the Isa Abad section, wackestone, pack-
stone, grainstone, and also, boundstone microfacies can be
identified. But, in the Gahroo section, only wackestone,
packstone, and grainstone microfacies can be seen. In addi-
tion due to the lake of outer ramp microfacies and also the
abundance of lagoon microfacies in the Gahroo section, as
a result, this section is formed in a shallower environment
than the Isa Abad section.

For comparison, sediments of Jahrom and Asmari forma-
tions in the studied sections with the other High Zagros
sections, Tuf-e sefid section in the north of chelgerd, Agha
seyed, in the Farsan, Shoorom, Semirom, Pir ghar, Hamzeh
Ali in the west of borojen and Shalamzar, Saldoran and
Dasht-e Zari (west of Shahr-e kord) were selected (Table 3).
Babazadeh and Jamsahk (2018) believe that the Eocene-
aged Jahrom Formation was formed in the Pir ghar section
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Figure 7. The abundance of microfacies and sedimentary environments has been identified in the studied sections.

in the Southwest of Shahr-e Kord in the inner ramp (Lagoon
and shoal), open sea and deep basin environments. Sedi-
ments of the Jahrom Formation (Early-middle Eocene) of
the Hamzeh -Ali and Shalamzar sections were formed in
the inner ramp (Lagoon and coastal plain), middle ramp,
and outer ramp environments (Almasinia, 2018). Soltani
Najafabadi et al. (2018) have been interpreting the sedimen-
tary environment of the Jahrom Formation (Early-middle
Eocene) in the Saldoran, Dasht-e Zari sections as inner
ramp (Tidal flat, lagoon, shoal), middle ramp, outer ramp,
and basin. In the Tuf-e Sefid section, sediments of the As-
mari Formation (Rupelian) were formed in the outer ramp
environments (Seyrafian et al., 2011). Rupelian- Chattian
sediments have been studied by Hamidzadeh et al. (2017)
in the Agha seyed section that denotes the existence of
three belts of the inner ramp (Littoral and back shoal), mid-
dle ramp (Shoal, patch reef), and outer ramp (Distal and
proximal). Khanali and Seyrafian (2012) state Chattian to
Burdigalian sediments of Shoorom section were formed
in the inner and middle ramp environments. Chattian sed-
iments of the Semirom section were formed in the inner
ramp (Lagoon) environment (Joudaki et al., 2020).

Kabir kuh-Dareh Shahr, Sepid Dasht, Mamoolan, and
Dehloran sections in the Lorestan basin were studied by
Vaziri-Moghaddam et al. (2010). Rupelian sediments are
not observed in all sections and Chattian to Aquitanian sed-

iments are not observed in the Mamoolan and Sepid Dasht
sections, this indicates the absence of sedimentation. In the
Kabir kuh-Dareh Shahr section, were identified middle and
outer ramp environments in Chattian and also, inner and
outer ramp environments in Aquitanian. In the Sepid Dasht
section, sediments had deposited in the middle and outer
ramp environment in Burdigalian. In the Dehloran section,
Vaziri-Moghaddam et al. (2010) have suggested an inner
ramp (Tidal flat and lagoon), middle ramp and outer ramp
in early Aquitanian, and inner ramp (often the lagoon) in
late Aquitanian to Burdigalian. In the Mamoolan section,
have been suggested middle and outer ramp environment in
Burdigalian. Rajabi et al. (2021) identified the inner, mid-
dle, and outer ramp environment for the Asmari Formation
in the Makhmal Kuh section from Rupelian to Aquitanian
stages.

In the Izeh zone, the Bangestan, Tang-e Ban, Tang-e Sapou
(Roozpeykar and Moghaddam, 2015), Genaveh, northeast
of Dehdasht, Arand, Siang (Naseri-Karimvand et al., 2019)
and Rig anticline (Kakemem et al., 2016) sections were
selected for comparison. Asmari Formation sediments in
Bangestan (Aquitanian-Burdigalian) had deposited in the
inner ramp (Lagoon and shoal) environment, in Tang-e Ban
(Chattian-Burdigalian) had deposited in the inner ramp (La-
goon) and in Tang-e Sapou (Chattian-Burdigalian) had de-
posited in the inner ramp (Lagoon). In the Genaveh, north-

2008-8779[https://doi.org/10.57647/j.ijes.2025.16801]


https://doi.org/10.57647/j.ijes.2025.16801

Zulnoorian et al.

Isa Abad

Time Unit

)Gs Formation
Inner Ramp
Middle Ramp
Outer Ramp

)
¢

?

Miocene
Burdigalian

[Aquitanian

Asmari

Chattian

Oligocene

|Upper Rupelian

Jahrum
Eocene
Middle

Pd

IJES17 (2025)-172523  13/20

Gahro
a
a ol c
Eég.g
T X =
o4 X| o
QLE
83 8|t
c B 5|0
£|Z|O0|w
[
(O]
=
©
£
7
<
IS
=1
—
<
®©
8
°
o

Figure 8. Correlation of sedimentary environments of Jahrom and Asmari formations in the studied sections.

east of Dehdasht, Arand, and Siang sections, Oligocene
sediments have deposited in the inner, middle, and outer
ramp, Aquitanian sediments have deposited in the inner
and middle ramp and Burdigalian sediments have deposited
in the inner ramp environments. In the Rig anticline, As-
mari Formation sediments have formed in the inner ramp
(Tidal flat and lagoon), middle ramp (Shoal), outer ramp,
and basin.

Nargesi, Kilorkarim, Marun, and Zeloi oil fields in Dezful
Embayment were chosen sections for comparison. Sed-
iments of the Jahrom Formation in the Nargesi oil field
(south of the Dezful Embayment) were formed in the inner
ramp (Supratidal, intertidal, Lagoon, and Shoal), middle
ramp, and outer ramp (Ahmadi et al., 2022). Sediments

of Asmari Formation (Chattian to Burdigalian) in Marun
oil field have deposited in inner ramp (Supratidal, inter-
tidal, lagoon and shoal), middle and outer ramp (Avarjani
et al., 2015) and in Zeloi oil field (Aquitanian to Burdi-
galian) have formed in inner ramp (Tidal flat, shoal and
lagoon), middle and outer ramp (Abyat et al., 2019). In the
Kilorkarim oil field sediments of this formation indicate sed-
imentation in the inner ramp (Tidal flat and lagoon), middle
ramp (Bar/shoal), and outer ramp (Mirzace Mahmoodabadi,
2023), and in the Nargesi oil field are indicative the inner
ramp environment (Supratidal, intertidal, lagoon and shoal).
Khatibi mehr et al. (2012) in Fars, suggest the sedimentary
environment of Jahrom Formation (Early Paleocene -late
Eocene) in the southeastern Lar (Kuh-e Gach section) as
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Table 3. Comparison of the sedimentary environments of Jahrom and Asmari formations identified in the studied sections with other sections of High

Shurum ‘ Khanali and Seyrafian (2012)

Zagros.

‘ Section ‘ Author ‘ Formation Age ?;:f; hf;(lﬁlll)e ?;l:le;

‘ Pirghar ‘ Babazadeh and Jamsahk (2018) ‘ ‘ U.Eoc ‘ ‘ H ‘
‘ Hamzeh Ali ‘ Almasinia (2018) ‘ ‘ L.M.Eoc ‘ ‘ H ‘
‘ Shalamzar ‘ Almasinia (2018) ‘ Jahrom ‘ M.Eoc ‘ ‘ ‘ ‘
‘ Dasht-Zari ‘ Soltani Najafabadi et al. (2018) ‘ ‘ L.M.Eoc ‘ ‘ H ‘
‘ Saldoran ‘ Soltani Najafabadi et al. (2018) ‘ ‘ L.M.Eoc ‘ ‘ H ‘
‘ Isa Abad ‘ this study ‘ ‘ M.U.Eoc ‘ ‘ H ‘
‘ Gahroo ‘ this study ‘ ‘ M.U.Eoc ‘ ‘ ‘ ‘
| |
‘ Tuf-e Sefid ‘ Seyrafian et al. (2011) ‘ Rup. ‘
‘ Agha Seyed ‘ Hamidzadeh et al. (2017) ‘ Rup.-Chat. ‘ ‘
| |
| |
| |
| |

Joudaki et al. (2020) ‘

Semirom ‘
Isa Abad ‘ this study
Gahroo ‘ this study

Asmari ‘ Chat.-Burd.

‘ Rup.-Burd.

‘ Rup.-Burd. ‘

‘ Rup.-Burd.

inner ramp (Tidal flat, lagoon, and shoal) and middle ramp.
In the Tang-e Nimbashi section, west of Estahban sediments
of the Jahrom Formation (Late Paleocene?-middle Eocene)
are formed in the inner ramp (Supratidal, intertidal, and
lagoon), middle and outer ramp (Sadeghi and Jokar, 2018).
Sediments of Jahrom Formation (Middle-late Eocene), in
the Cheleh gah Sepidan section (Northwest Shiraz), have de-
posited in the inner ramp (lagoon and shoal), middle ramp,
and open sea environments (Parvaneh Nejad Shirazi et al.,
2020). Moallemi et al. (2010) investigated sediments of the
Jahrom Formation (Late Eocene) in the Kuh-e Gisakan in
Borazjan and nearby the oil fields. The sedimentary environ-
ment of this formation was introduced as the inner, middle,
and outer ramp. In these sections has been identified Hemi-
plagic to Pelagic facies related to the gradual passage of
Pabdeh and Jahrom formations. Yazdanpanah et al. (2022)
in Gousheh-Nekan, Chehel Cheshmeh, and Tang-e Garm
sections (Interior Fars), have introduced the sedimentary
environment of Jahrom Formation, (Early-middle Eocene)
inner ramp (Tidal zone, lagoon and shoal). Kamalifar et
al. (2020) in the Firoz Abad and Bastak sections suggested
inner ramp (Tidal flat and lagoon), middle ramp (Shoal),
and outer ramp environment for the Asmari Formation (Ru-
pelian to Aquitanian). Kalanat et al. (2014) also state that
the Asmari Formation (Rupelian to Chattian) formed in the
inner ramp (Lagoon and shoal), middle and outer ramp en-
vironments, in the Firoz Abad section.

Supratidal and intertidal microfacies containing anhydrite,
stromatolite boundstone, fenestral mudstone, dolomudstone,

quartz arenite are reported in many sections of Zagros Basin
such as Maghfouri2022<empty citation> in Lorestan,
Mirzaee Mahmoodabadi (2023) in Kilorkarim field, Ah-
madi et al. (2022) in the southern part of Dezful Em-
bayment, Joudaki2021 <empty citation> In Persian Gulf
Forland, Kamalifar et al. (2020) in Fars, Abyat et al. (2019)
in Zeloi oilfield, Kakemem et al. (2016) in Izeh Zone,
Avarjani2014 <empty citation> in North of Dezful Em-
bayment, Kalanat et al. (2014) in Fars, Vaziri-Moghaddam
et al. (2010) in Lorestan, but, similar to the upper micro-
facies were not observed in Gahroo and Isa Abad sections.
The absence of Ahvaz sandstone Member is the difference
between these sections and the sections in the south of the
Dezful embayment. Also absence of evaporate sediments
of Kalhor Member is the difference between these sections
and the southwest sections of the Lorestan basin and the
northern part of Dezful Embayment.

In the northern belt of the Tethys, extensive LBF-rich car-
bonate ramps dominate these environments, where broad
LBF-rich platforms developed from the Pyrenean realm
to the Tibetan sector, across the Alps, Adriatic Platform,
Apennines, Carpathians, Caucasus, Helenian, Anatolian and
Indian domains, at paleolatitudes between 35° and 45°N
(MartinMartin2001; Hontzsch et al., 2013; Martin-Martin
et al., 2020, 2021; Tosquella et al., 2022). LBF carbon-
ate platforms developed on the southern Tethyan margin
between Morocco and the Oman-Yemen domains at pale-
olatitudes ranging from 20°N and the equator (Hontzsch
et al., 2013; Martin-Martin et al., 2020, 2021; Tosquella
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etal., 2022).

Wide shallow-marine carbonate platforms developed during
the Eocene in the circum-Tethyan sectors. In these broad
carbonate shallow-marine areas, larger benthic foraminifera
(LBF) rim facies developed, which were dominated by num-
mulites and coralline algae. Contrarily, coral patch reefs
usually decreased or disappeared during these warming
events (Martin-Martin et al., 2020, 2021).

Tosquella et al. (2022) and Martin-Martin et al. (2021) iden-
tified inner, middle, and outer ramp environments in West-
ern Tethyan. The differences between the sections of Isa
Abad and Gahroo with the aforementioned researches of
the western Tethyan are: it can be pointed to the absence
of quartz arenite, framestone, and boundstone microfacies
in these sections. The similarities of the studies about the
aforementioned sections with western Tethyan are Existing
microfacies containing LBF, red algae, and coral. Open sea
microfacies containing planktonic foraminifera that were
reported in the sections of western Tethyan which were
identified in the Isa Abad section but in the Gahroo section
were not identified (MF9).

In Isa bad and Gahroo sections photozoan facies have a
lot of expansion and heterozoan facies have been identified
in them. Coletti et al. (2022) pointed to the expansion of
photozoan facies in the Eocene to the Miocene in the south
of Tethyan. Their studies consider most of the facies found
in the sediments of Paleocene to Miocene to be respectively:
Larger Benthic Foraminifera (LBF), Red Calcareous Algae
(RCA), and Colonial Corals (CC). The maximum frequency
of LBF facies exists in the shallow carbonate platforms in
the Eocene and then in the Oligocene and Miocene.

In the Isa Abad and Gahroo sections, LBF facies can be
seen as abundant in the Eocene to Miocene. RCA facies are
more abundant in the Oligocene and then in the Miocene.
The amount of these facies has decreased in the Eocene.
RCA facies are not seen in the sediments of the Jahrom For-
mation of the Eocene in the studied sections in this research
while these facies were identified in the Asmari Formation
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(Oligocene to early Miocene). This distribution is consis-
tent with the results of Coletti et al. (2022) studies. The
abundance model of RCA facies is similar to CC facies.
So, the RCA facies, also, has a minimum abundance in
the Eocene and a maximum abundance in the Oligocene
(Coletti et al., 2022) (Table 4). Calcareous Algae Green
(GCA) facies identified in other places of Tethyan were not
observed in these sections.

7. Conclusion

Middle Eocene to Early Miocene sediments (Jahrom and
Asmari formations) have been formed in the Isa Abad sec-
tion with actual thickness of 151.5 m including limestones
and with fossil-containing and nodular sand limestones and
in the section of Imamzadeh Gahroo section with the actual
thickness of 179 m of limestone and fossil-containing mass.
In these sections, a total of 9 sedimentary micro-facies were
identified in three micro-facies belts of inner ramp, middle
ramp and outer ramp. Evidence such as the gradual con-
version of microfacies to each other, the lack of abundant
expansion of the shoaling ooid and peloid microfacies, and
the absence of turbidite and slumping structures suggest the
sedimentary environment of the homoclinal ramp for these
deposits. The allochems in lagoons are the imperforate
benthic media, corallinaceae algae, ostracoda, gastropods,
and peloids, those in shoal are bioclasts, ooids, peloids,
intraclasts, corallinaceae algae, echinoids, bryozoans, and
corals, in the middle ramp they are large hyaline species and
corallinaceae algae, and in the outer ramp they are plank-
tonic species and dominant allochems. In Isabad section,
the inner and middle ramp microfacies have the highest
frequency, and the outer ramp microfacies have the lowest
frequency. In Gahroo section, the inner ramp and middle
ramp microfacies have the highest frequency. The outer
ramp microfacies are not seen in this section. The results
show that the Middle Eocene to Early Miocene sedimentary
environment is deeper in Isa Abad than the Gahroo section.

Table 4. Percent distribution of the main groups of carbonate grains (dominated plus co-dominated facies) during the Palacocene, Eocene, Oligocene,
Miocene, following the section- average and the formation- average approaches, respectively (Coletti et al., 2022).

Dominated + Ooids Microbial
codominated facies LBF CC RCA | GCA | EBF an(.i Mud crust Heterozoan
Peloids
Section-average%
Palaeocene 63.9 6.07 | 25.69 | 185 0 3.31 1.33 0.24 14.43
Eocene 81.7 0.61 4.07 2.39 | 0.34 2.95 3.88 0.13 10.43
Oligocene 70.24 | 14.71 | 28.49 0 1.8 7.81 0 0 7.91
Miocene 422 4.65 | 12.33 0 0.05 7.58 15.72 0.13 29
Section-average%
Palaeocene 60 236 | 26.03 | 17.82 0 2.54 2.31 0.26 13.95
Eocene 81.61 | 051 5.54 1.83 | 2.54 3.11 2.04 0.13 10.21
Oligocene 85.95 | 36.61 | 16.37 0 0.34 3.19 0 0 5.05
Miocene 29.27 | 2142 | 21.22 0 0 8.59 5.36 0.02 37.63
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Plate 1. (a) Microfacies MF1: Bioclastic Miliolidae wackestone-packstone in Isa Abad section (b) Microfacies MF1: Bioclastic Miliolidae wackestone-
packstone in Gahroo section (c) Microfacies MF2: Imperforate foraminifera wackestone-packstone in Isa Abad section (d) Microfacies MF2: Imperforate
foraminifera wackestone-packstone in Gahroo section (e) Microfacies MF3-Bioclastic imperforate foraminifera corallinacea packstone- grainstone in
Isa Abad section (f) Microfacies MF3-Bioclastic imperforate foraminifera corallinacea packstone- grainstone in Gahroo section (g) Microfacies MF4-
Bioclastic perforate and imperforate foraminifera packstone-grainstone in Isa Abad section (h) Microfacies MF4- Bioclastic perforate and imperforate
foraminifera packstone-grainstone in Gahroo section.
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Plate 2. (a) Microfacies MF5- Bioclast ooid packstone-grainstone in Gahroo section (b) Microfacies MF6-Coralline red algae—coral rudstone-floatstone in
Isa Abad section (c) Microfacies MF6-Coralline red algae—coral rudstone-floatstone in Isa Abad section (d) Microfacies MF7- Large benthic foraminifera
bioclastic wackestone-packstone in Isa Abad section (e) Microfacies MF7- Large benthic foraminifera bioclastic wackestone-packstone in Gahroo section
(f) Microfacies MF8- Bioclastic Lepidocyclinid-Nummulitid wackestone-packstone in Gahroo.
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