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Paper The Asmari Formation is a thick carbonate sequence in the foreland Zagros Basin that was
Received: deposited during the Early Oligocene- Miocene. The Asmari Formation in North Western of
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1. Introduction

The Zagros basin, it is a potential hydrocarbon reserves
and young tectonic activity (Aghanabati, 2006). Among
these, the Asmari Formation considered the world’s oil
reservoir it has long been the focus of many oil researchers
in the world (Aghanabati, 2006). The maximum extent
of the Asmari Formation is in the Dezful Embayment, but
it also extends from the northwest to Iraq and from the
south to Oman. The lithology is carbonate and Carbon-
ates means limestone and dolomite, Cyclicity of shale and
Limestone. The Asmari Formation has two evaporative
members; Kalhor (southwest of Lorestan and northwest of
Dezful Embayment) and Ahvaz sandstone (south of Dez-
ful depression) (Motiei, 1993). The lower boundary of the
Asmari Formation is represented by a paraconformity with
the shales and marls of Pabdeh Formation In the center of
Lorestan it shows an erosional discontinuity, is located on
limestones and dolomites of Shahbazan Formation. In some

areas of Fars, with erosional discontinuity, it covers Jahrom
Formation. The upper boundary of the Asmari Formation,
is with the evaporitic sediments of the Gachsaran Forma-
tion are in many parts of southwestern of Iran, which is
covering the Asmari Formation with a same concordant,
but in the interior of Fars, Razak Formation is replaced by
the Gachsaran Formation as concordant on the Asmari For-
mation (Aghanabati, 2006) (Fig. 1). Among, researchers
such as: Seyrafian (2000), Seyrafian and Hamedani (2003),
Vaziri-Moghaddam et al. (2006); Vaziri-Moghaddam et
al. (2010), Amirshahkarami et al. (2007a); Amirshahkarami
et al. (2007b), Mossadegh et al. (2009), Allahkarampour et
al. (2010), Sooltanian et al. (2011), Seyrafian et al. (2011),
Allahkarampour et al. (2012), Yazdani (2014), Mirzaee-
Mahmoodabadi (2014), Avarjani et al. (2015), Shabafrooz
et al. (2015), Kangazian and Pasandideh (2016), Dehgha-
nian (2017), Hatefi et al. (2018), Abyat et al. (2019), Mon-
jezi et al. (2019), Karami et al. (2020), Rajabi et al. (2021),
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Figure 1. Expansion of Cenozoic stratigraphic rocks in the Zagros basin in Fars, Lorestan, and Khuzestan ((James and

Wynd, 1965)).

Saeedi Razavi (2021) and Saeedi Razavi and Keshavarz
(2022) have dispersedly evaluated this formation in terms
of stratigraphy, sedimentary environment, microfacies and
sequence stratigraphy. The objective of this study is to rec-
ognize the microfacies in order to describe the sedimentary
environment, the conditions of facies formation and to re-
sentation a sedimentary model and sequence stratigraphy
model.

2. Geological setting

The Zagros Mountain is a fold and thrust belt that extends
from southeastern Turkey through northern Syria and Iraq
to western and southern Iran (Alavi, 2004). This orogenic
belt is situated in the middle part of the Alpine Range.
The belt is considered to be a passive eastern margin of
the Arabian Shield (Stocklin, 1968; Berberian and King,
1981). The Zagros Basin was a part of the stable super-
continent of Gondwana in the Paleozoic, became a passive
margin during the Mesozoic and then a convergent orogen
in the Cenozoic (Bahroudi and Koyi, 2004). The Zagros
Mountains consist of three zones: (1) the simply folded
Zagros; (2) the imbricate thrust zone; (3) the Khuzestan
Plain (Motiei, 1993). Based on the sedimentary history and
structural style, Falcon (1961) divided the simply folded
Zagros into several zones: Fars region, Lurestan region, the
Dezful Embayment, the Izeh Zone, the Abadan Plain, the
thrust zone, the Bandar Abbas Hinterland and the complex
structure with metamorphic rocks (Heydari et al., 2003);
Fig. 2 a. The studied section of Asmari Formation is 285 m
in thickness and is located in the north western of Charam,
Kohgilooyeh and Boyer Ahmad province with geographical
coordinates of 30° 52'06” N, 50° 41’45” E. (Heydari et al.,
2003); Fig. 2 b. It is located in the folded thrust zone of
the Zagros Basin (Izeh Zone). In the southwestern part of
the Zagros basin, the Asmari Formation overlies the Pab-
deh Formation, whereas in the Fars and Lurestan regions it

covers the Jahrum Formations (Fig. 3).

3. Materials and methods

Samples were collected at intervals of 1 to 2 m during field-
work that included a thorough investigation of fossil and
facies change studies. 145 thin sections, totaling 285 m in
thickness, were produced in the section under study and
carefully examined using a microscope fitted with a camera.
The Gachsaran Formation lies on top of the investigated
section’s higher boundary, and the Pabdeh Formation lies
on top of the section’s lower boundary. Microfacies were
established according on Fliigel (2010), whereas limestone
was designated based on Dunham (1962) and Embry and
Klovan (1971). The methods and ideas of sequence stratig-
raphy are the principles for the sequence stratigraphy of the
Asmari Formation (Haq et al., 1987; Van-Wagoner et al.,
1988; Emery and Myers, 1996; Simmons et al., 2007).

4. Microfacies

18 microfacies were identified based on the assemblage of
benthic foraminifera, planktonic foraminifera, and bioclasts
(Fig. 3, Fig. 4, Fig. 5, Fig. 6, Fig. 8):

4.1 Fenestrate Mudstone (MF1)

This facies consists of fine-grained microcrystalline lime-
stone, light brown, medium-bedded shaly limestone. Bio-
clasts are lacking and the fenestrate structures are well de-
veloped (Fig. 3 a, Fig. 3 b). Fenestrate structures are typical
products of shrinkage and expansion, gas bubbles, and air
escape during flooding, or may even result from burrowing
activity of worms or insects. Shinn et al. considered simi-
lar facies representative of a tidal flat environment, where
trapped air between irregularly shaped deposits leads to the
development of birdseyes. A similar facies with this facies
was reported from the inner ramp of the Oligocene-Miocene
sediments of the Zagros basin (Vaziri-Moghaddam et al.,
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Figure 2. (a) Map of Iran showing eight geologic provinces. The study area is located in Zagros Province (adopted from
(Heydari et al., 2003)). (b) Subdivisions of the simply folded Zagros belt (after (Falcon, 1961)).

2006; Sahraeyan et al., 2014; Kangazian and Pasandideh,
2016).

4.2 Fossil and quartz-bearing Mudstone (MF2)

Skeletal fragments (such as molluscs, gastropods, and bry-
ozoans), Miliolid, as well as non-skeletal grains; quartz that
are in the micrite background. The average percentage of
matrix in this facies is more than 90%. (Fig. 3 c, Fig. 3 d).
There is no evidence of subaerial exposure (such as a vesic-
ular fabric, microcodium, birdseye and fenestral fabric) in
lime mudstone in this microfacies. However, those unfossil-
iferous homogeneous micritic limes are interbedded with
the lagoonal facies. Therefore lime mudstone with a paucity
of fauna in this microfacies was deposited in a restricted
lagoon (Tucker, 1990; Fliigel, 2004). A similar facies was
reported from the inner ramp of the Oligocene-Miocene As-
mari Formation, in the central part of the Rag-e-Safid anti-
clinal oil field, Zagros Basin (Amirshahkarami, 2013). This
Microfacies occurs at Dehluran, Kabirkuh (Darrehshahr

section) and Mamulan of the Oligocene-Miocene Asmari
Formation in the Zagros foreland basin (Vaziri-Moghaddam
et al., 2010).

4.3 Miliolid / Dendritina | Borelis intraclast bioclasts
Wackstone/Packstone/Grainstone (MF3)

Identifiable components of this facies include benthic im-
perforate foraminifera (Borelis, Dendritina and miliolids),
skeletal fragments of molluscs, gastropods, and bryozoans.
The grains are poorly to medium sorted, are fine-to medium
size and vary from sub-angular to semi-rounded. Textures
are dominantly packstone, but range from wackestone to
grainstone. In some samples, the predominant non-skeletal
carbonate grains are intraclasts (Fig. 3e, f, g, h, 1, j). This
facies was deposited in a restricted lagoon. The restricted
condition is suggested by the rare to absent normal marine
biota and abundant skeletal components of restricted biota
(imperforate foraminifera such as Borelis, miliolids and
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Dendritina). The subtidal origin is supported by the lack of
subaerial exposure and stratigraphic position. This microfa-
cies represents the shallowest upper part of the photic zone,
with very light, highly translucent and soft muddy substrate
(Geel, 2000; Romero et al., 2002; Corda and Brandano,
2003; Vaziri-Moghaddam et al., 2006; Bassi et al., 2007).

4.4 Miliolid ostracod Wackestone/Packstone (MF4)

The main components of these facies are imperforate ben-
thic foraminifera (miliolids) and ostracods (complete shells

Figure 3. Microfacies of the Asmari Formation in the studied
section. Mudstone with bird eye fabric (a), 25x magnifica-
tion, mudstone with evaporative crystals mold (b), 40 x mag-
nification, fossilized and quartz-bearing mudstone (c), 25 x
magnification, fossilized Mudstone (d), 40x magnification,
Dendritina miliolid intraclast packstone (e), 40x magnifi-
cation, Dendritina miliolid intraclast packstone/grainstone
(f), 40x magnification, Dendritina miliolid intraclast pack-
stone/grainstone (g), 25 magnification, miliolid bioclast,
intraclast, packstone/grainstone (h), 25x magnification ,
intraclast Borelis bioclast, packstone (i), 40 x magnification,
foraminifera interaclast packstone/grainstone (j), 40x mag-
nification.

Razavi & Senemari

and their shell fragments). The texture of the rock changes
from the supporting mud or the supporting grain. In some
sections, the percentage of ostracod decreases, and instead
the fragments of shells of molluscs and echinoids are ob-
served along with the miliolids, so that the name of the rock
changes to the miliolids bioclast packstone (Fig. 4 a, b, c,
d, e, f). Texture properties, an abundance of miliolids and
ostracods, and the absence of stenohaline fauna indicate
the deposition of the above sediments in a confined lagoon
(Fligel, 2010).

4.5 Miliolid peloids Wackestone/Packstone (MF5)

Identifiable components of this facies include benthic im-
perforate foraminifera (miliolids), peloids and to a lesser
extent peneroplids. The grains are poorly to medium sorted,
are fine-to medium size and vary from sub-angular to semi-
rounded. Textures are dominantly wackestone to packstone
(Fig. 4 g). Milioids are found in very shallow marine en-
vironments and are present in subhyaline to hypersaline
environments in terms of the degree of salinity (Fliigel,
2004). They are preferably found in low turbulence waters.
The abundance of milioids indicates limited lagoons or rel-
atively nutrient-rich environments behind the reef (Reiss
and Hottinger, 1984). These microscopic facies is deposited
in a lagoon and protected environment. The abundance
of carbonate mud, peloids, and the abundance of benthic
imperforate foraminifera confirm this.

4.6 Milioid Dasycladaceae
(MF6)

In these microfacies, the skeletal grains of algae and milioid
and small amounts of bryozoans, gastropods, and bivalves
are located in the micrite background (Fig. 4 h, i). The pres-
ence of green algae (Dasycladaceae) and milioids indicates
the formation of these facies in the calm oxygenated parts
of the lagoon (Vaziri-Moghaddam et al., 2006; Brandano
et al., 2009; Allahkarampour et al., 2010).

Wackestone/Packstone

4.7 Bioclast Wackestone/Packstone (MF7)

In these microscopic facies, whole shells (longitudinal and
transverse section) of gastropods, whole Ostracods shells,
and skeletal fragments of green algae are the most abundant
grains. In small quantities benthic foraminifera is also seen.
Allochems are located in a micrite matrix (Fig. 7 j). In some
sections, coral fragments and red algae (Corallinaceae) and
bryozoans are also observed. The abundance of gastropods
skeletal fragments and benthic imperforate foraminifera
and also the absence of open marine organisms, the forma-
tion environment of this facies is attributed to the limited
vegetated lagoon (Reiss and Hottinger, 1984; Geel, 2000).

4.8 Dendritina miliolid bioclast Packstone/Grainstone
(MF8)
The skeletal components in these facies include imperfo-
rate foraminifera such as miliolids, especially Dendritina,
bivalve, and gastropod skeletal components. The matrix
often contains sprite cement that fills the space between the
grains (Fig. 5 e). The texture of the rock, the abundance
of miliolids, Dendritina, and the absence of offshore fauna
indicate the formation of these facies in the energetic part

2008-8779[https://dx.doi.org/10.57647/j.ijes.2024.1602.11]
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Figure 4. Microfacies of the Asmari Formation in the studied
section. Miliolida Ostracoda packstone (a), 25x magnifica-
tion, miliolida Ostracoda packstone (b), 25 x magnification,
miliolid bioclast packstone (c), 40x magnification, mili-
olid bioclast packstone (d), 25x magnification, miliolid
bioclast wackestone/packstone (e), 25 X magnification, mil-
iolid bioclast packstone (f), 25x magnification, miliolid
peloid wackestone/packstone (g), 40 x magnification, mil-
iolid Dasycladaceae wackestone/packstone (h), 25x mag-
nification, miliolid bioclast Dasycladaceae wackestone (i),
25 x magnification, bioclast wackestone/packstone (j), 25 x
magnification,

of the lagoon (Geel, 2000; Brandano et al., 2009).

4.9 Imperforate foraminifera Wackestone/Packstone
(MF9)

In these microscopic facies, benthic foraminiferal shells
without pores as miliolids (Borelis and Dendritina) are the
most abundant grains. The background is a limestone facies
that fills the space between the grains (Fig. 5 b, c¢). The abun-
dance of benthic imperforate foraminifera in microscopic
facies indicates their formation in a lagoon environment
(Hottinger, 1997; Geel, 2000).

IJES 16(2024)-162411  5/12

4.10 Miliolid Borelis bioclast Wackestone/Packstone
(MF10)

The predominant skeletal grains of these facies are imperfo-
rate foraminifera as miliolids (Borelis), other foraminifera
as Textularia and Rotalia, and fragments of mollusca, coral,
and ostracod. The empty space between the grains is filled
with limestone and the texture of the grain is supporting.
In some sections, Dendritina replaces Borelis (Fig. 5 d).
The textural characteristics and abundance of benthic imper-
forate foraminifera indicate the deposition of these facies
in the lagoon environment (Hottinger, 1997; Geel, 2000;
Wilson, 1975) reported similar facies from lagoon environ-
ments.

4.11 Milioid, Borelis, Meandropsina bioclast Wacke-
stone/Packstone (MF11)

The fossil grains of these microscopic facies mostly in-
clude benthic imperforate foraminifera (Milioid, Borelis,
Meandropsina), echinoid and bivalve fragments. A micrite
background surrounds the above grains (Fig. 5 e). The
abundance of benthic imperforate foraminifera and mud-
supporting rock texture indicates the formation of these
facies under the lagoon environment (less energetic part)
(Vaziri-Moghaddam et al., 2006; Brandano et al., 2009;
Allahkarampour et al., 2010).

4.12 Rotaliida Bioclast Echinoid Wackestone/Packstone
(MF12)

In these facies microscopic, benthic perforate foraminifera
(Rotaliida) and complete shells and fragments of ostracod
and echinoid shells are the most abundant grains. In addition
to the above components, very small amounts of benthic
small foraminifera and destructive quartz are also seen. The
texture of the rock varies from the support mud to the sup-
port grain and the grains are in a micrite background. In
some sections, as the percentage of ostracod increases, the
name of the rock changes to Roralia ostracod wackestone/-
packstone (Fig. 5 f, g, h). The location of the above facies in
the sedimentary sequence with lagoon facies indicates the
formation of these facies in the semi-limited lagoon section
(Fligel, 2004; Geel, 2000; Corda and Brandano, 2003).

4.13 Rotaliid Dendritina miliolid Wackestone/Packstone
(MF13)

The main components of these microscopic facies are perfo-
rate foraminifera (Rotaliida) and imperforate foraminifera
(Miliolids, especially Dendritina). Fragments of Ostracods
shells, Molluscs and Echinoderms are also seen in these mi-
croscopic facies. The different grains are in a micrite matrix.
In some cases, as Dendritina decreases, the facies changes
to rotaliid, miliolid wackestone/packstone. At times, Rotali-
ida and skeletal fragments make up the abundance of grains
(Fig. 51, j). The combination of fauna and stratigraphic
status indicates lagoon microfacies and indicates that depo-
sition in a lagoon shelf has occurred with normal rotation
and oxygenated water (Romero et al., 2002). The presence
of porcelain fauna in variable ratios with oval hyaline fauna
related to sedimentation in the area, photic zone, lagoon
open environment (Saeedi Razavi and Keshavarz, 2022; Po-
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mar, 2001; Romero et al., 2002; Renema, 2006). A similar
set of foraminifera by Vaziri-Moghaddam et al. (2006), and
Sadeghi et al. (2010) in an open environment, lagoon is
interpreted. The perforate and imperforate foraminifera as-
semblage is characteristic of an inner ramp sedimentary en-
vironment (Corda and Brandano, 2003). These microfacies
are equivalent to RMF-13 Fliigel (2010) and is attributed
to the lagoon sedimentary environment. In the classifica-
tion of Buxton and Pedley (1989), it is equivalent to the
microfacies of the No. 2 facies belt.

4.14 Echinoid Packstone/Grainstone (MF14)

Echinoderm skeletal fragments are the most abundant grain
in these microscopic facies. Fragments of molluscs and
Discorbis (perforate foraminifera) are also found in small
quantities. The granular texture is supportive (Fig. 6 a). In
some sections, the texture of the rock changes to Coralli-
naceae echinoid packstone/grainstone. Accumulation of
skeletal fragments of some organisms, including echino-
derms, can lead to the formation of sand barriers (Wilson,
1975). The presence of stenohaline organisms such as echin-
oderm also indicates the association of these facies with the
open seas (Heckel, 1977). These facies are the main part
of the bioclastic barrier and is formed in a relatively high-
energy environment.

4.15 Amphistegina bioclast Wackestone/Packstone

(MF15)

The constituents of these facies are microscopic, Amphiste-
gina, and skeletal fragments of bryozoans, echinoids, mol-
luscs, and Corallinaceae. The above components, along
with a percentage of planktonic foraminifera, are located in
a micritic matrix (Fig. 6 b). Large benthic foraminifera such
as Amphistegina and Heterostegina live in shallow water
to the point of light penetration. They are abundant and
dominant in oligophotic and mesophotic regions (Hottinger,
1997). The association of Amphistegina with the skeletal
parts of stenohaline organisms and the background of the
supporting mud indicates the subsidence of these facies in
the shelf between the base level of waves in calm conditions
and the base level of waves in stormy conditions (Fliigel,
2004; Geel, 2000; Corda and Brandano, 2003).

4.16 Operculina bioclast Wackestone/Packstone (MF16)

Large benthic foraminifera (Operculina with thin-walled)
and skeletal fragments of bryozoan, coral, and Corallinaceae
are major components of this facies. These components
are surrounded by micrite (Fig. 6 ¢, d, e, f). The lack of
planktonic foraminifera and the increase and abundance of
skeletal fragments and large perforate foraminifera indicate
a decrease in depth. The set of these features indicates that
these microfacies belongs to the shallower part of the slop.
In some thin sections, the Operculina foraminifer is not
observed and only the bioclasts of bryozoans, Corallinaceae,
echinoids, and corals are present. These sections are part of
these facies due to the type of bioclasts and their location
in sequence with open marine facies (Fliigel, 2004; Geel,
2000; Corda and Brandano, 2003). The rock texture in these
facies is bioclast, wackestone/packstone, and sometimes
flotestone.

Razavi & Senemari

Figure 5. Microfacies of the Asmari Formation in the stud-
ied section. Dendritina, miliolid, bioloclast packstone/-
grainstone; (a), 25x magnification, Dendritina miliolid
wackestone/packstone; (b), 40 x magnification, Dendritina,
Borelis miliolida packstone; (c), 25X magnification, mil-
iolid, Borelis bioloclast wackstone; (d), 40x magnifica-
tion, Borelis Meandropsina miliolid bioclast wackestone/-
packstone; (e), 40x magnification, Rotaliid bioclast wacke-
stone/packstone; (f), 40x magnification, Rotaliid ostracod
echinoid packstone; (g), 100x magnification, Rotaliid Os-
tracod bioclast wackestone; (h), 25x magnification, Ro-
taliid Dendritina miliolid wackestone/packstone; (i), 40 x
magnification, Rotaliid miliolid wackestone/packstone; (j),
25 x magnification.

4.17 Pelagic foraminifera Operculina bioclast Wacke-
stone/Packstone (MF17)

Skeletal fragments, echinoids, Ditropa (benthic
foraminifera), bryozoans, large benthic foraminifera
with a hyaline wall (Operculina and Lepidocyclina), and
planktonic foraminifera form these facies. Small amounts
of small benthic foraminifera and non-skeletal components
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such as destructive quartz are also observed. The above
components are located in a micrite background. In these
microfacies, pelagic foraminifers have less abundance
than subsequent microfacies (Fig. 6 g, h). The decrease in

Figure 6. Microfacies of the Asmari Formation in the stud-
ied section. Echinoid packstone; (a), 40 x magnification,
Amphistegina bioclast packstone/wackestone; (b), 25 x mag-
nification, Operculina Bioclast packstone/wackestone; (c),
25x Magnification, Operculina Bioclast packstone/wacke-
stone; (d), 25x Magnification, Bioclast wackestone; (e)
25 x Magnification, Bioclast Corallinaceae packstone; (f),
25 x Magnification, Pelagic foraminifera, Operculina, Bio-
clast packstone/wackestone; (g), 25 x Magnification, Oper-
culina Pelagic foraminifera Bioclast packstone/wackestone;
(h), 25x Magnification, Pelagic foraminifera Bioclast pack-
stone/wackestone; (i) (j) (k), 25 magnification, Pelagic
foraminifera Bioclast packstone/wackestone; (1), 25x Mag-
nification.
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the abundance of pelagic foraminifers and the presence
of large benthic foraminifera that are dependent on light
for life indicates the deposition of these facies in the
shallower parts of the open marine. Large benthic perforate
foraminifera such as Operculina and Lepidocyclina coexist
with algae (symbiont bearing), so their association with
heterotrophic organisms and planktonic foraminifera
indicates the deepest part of the lower limit of the photic
zone (Romero et al., 2002).

4.18 Pelagic foraminifera bioclast Wackestone/Pack-
stone (MF18)

The most important skeletal components of these microfa-
cies are pelagic foraminifers (Globigerinoides) and frag-
ments of benthic organisms such as bryozoans, echinoids,
bivalves, and Ditropa (benthic foraminifera). The grains are
surrounded by a mud background. (allochems are floating
in a micrite background.) Sometimes the amount of matrix
is small and the rock texture is converted to packstone, but
in most samples, the amount of matrix is more than 40%
(Fig. 6 1, j, k, 1). The abundance of planktonic foraminifera
and their association with bryozoans, echinoids, and mol-
luscs, which are heterotrophic organisms that do not need
light to survive, indicate the deposition of these facies in the
warm waters of the tropics area and below the photic zone.
The background mud support and the lack of very large
foraminifera indicate the formation of these facies below
the effects of waves and low energy conditions of sea water
(Romero et al., 2002). The location of these microscopic
facies is comparable to belts 2 and 3 (Wilson, 1975) and
slope area (Geel, 2000).

5. Sedimentary environment

Fossils, and sedimentary structures have been used to iden-
tify the facies and their environment. Lithofacial and biofa-
cial properties indicate sedimentation of Asmari Formation
limestones is a carbonate ramp (Fliigel, 2010; Wilson, 1975;
Read, 1985; Tucker, 1990; Burchette and Wright, 1992;
Reading, 1996). Faunal aggregations (benthic foraminifera
with imperforate wall and perforate wall) have played a
major role in distinguishing the types of facies deposited in
the carbonate shelf. Carbonate ramps can be divided into
inner, middle, and outer ramps based on the arrangement
of facies belts and the distribution of faunal assemblages.
Large benthic foraminifers in shallow carbonate sequences
in Permo-Carboniferous, Cretaceous, Tertiary, and present-
day. In these facies are associated with ostracods, bryozoans,
algae, bivalves, echinoids, gastropods, and corals.

Large benthic foraminifers, due to their optical symbiosis,
their distribution and expansion are subject to light and are
limited to the photic zone. Taxa are increasingly limited
to depths of less than 60 meters. Temperature higher than
20° -22°, are necessary for their reproduction. The nature
of the substrate, salinity, and energy of the environment
are factors in the distribution of benthic foraminifera. The
predominant taxa include miliolid, Borelis, Peneroplis, and
with less abundance Operculina, Lepidocyclina, Rotalia,
and Amphistegina.

In these sequences, benthic foraminifera with an imper-
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Figure 7. Sedimentary model of Asmari Formation in the studied section.

forate wall (porcelain) have a high frequency. Infers the
expansion of the shallow platform. Based on the faunal
assemblages, the shallow platform facies is divided into
open and internal. The frequency of predominant accumu-
lations of porcelain foraminifera indicates the soft bed in
the restricted areas. In the open inner ramp, a mixture of
open marine fauna and benthic foraminifera with an im-
perforate wall can be seen. The simultaneous emergence
of offshore fauna and the inner shelf with each other in-
dicates the absence of a continuous and extensive barrier
that completely separates the inner shelf areas from the
outer shelf. In this section, due to the circulation of water,
salinity is relatively normal and species diversity is high.
Mudstone facies with benthic fossils, due to the abundance
of mud background and lack of diversity and abundance
of fauna, indicate the deposition of sediments under the
intertidal sub-environment, which are very shallow. Due to
the intermediate nature of the tidal flat, its sediments are
regularly or irregularly removed from the water and special
structures have been created in them. These constructions
include bird eye fabric and evaporative crystal mold. In the
marginal part of the platform, due to favorable conditions,
the accumulation of skeletal fragments has formed a barrier
or discontinuous dams. Lack of biogenic structures and
erosion of fossils indicate the action of waves and disper-
sion beds. Accumulation of skeletal parts of organisms,
including echinoderms, can lead to the formation of washed
sand deposits related to the barrier or dam. The lack of
Oolite grains is attributed for lack of salinity in the sea,

because these seeds need a more salinity to form. Due to
the low slope and possibly the condition of the sea in terms
of wave intensity (slow to moderate), barrier reefs have not
been formed in this area. Accumulations of large benthic
foraminifera with perforated walls (Operculina, etc.) and
pelagic foraminifers at the base of the sequence represent
open marine facies (Fig. 7).

6. Sequence stratigraphy

With the applications the principles and concepts of se-
quence stratigraphy, the carbonate succession divided into
3 complete sequences and 1 sequence (Fig. 8):

6.1 Sedimentary Sequence 1

This sequence began in the basal part with the open marine
facies and gradually turns upwards into the shallow platform
facies. The basal part was deposited during the increase of
depth and gradual rise of sea level. The predominant fauna
in these sediments is large benthic foraminifera with hyaline
walls and elongated plate shells (mainly Operculina) and
planktonic foraminifera. This section is considered as a
progressive sediment category (TST: Transgressive System
Tract). The rocks of the upper part of this sequence are
deposited during the relative stillness and gradual lower-
ing of the sea level and form the HST. The predominant
fauna assemblage is benthic foraminifera with a perforated
wall. Fallowing, the lowering of the sea level, the intertidal
zone facies with fenestral fabric has been deposited. This
sequence covers from the base up to 120 meters thick from
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Figure 8. Vertical scattering diagram of microfacies and
sequence stratigraphy of Asmari Formation of the studied
section.

Legend

Asmari Formation.

6.2 Sequence 2

The sediment in this sequence is deposited in the inner
ramp. Therefore, no specific textural and lithological
changes are preserved that indicate the trend of shallow or
deepening (Schlager 1981). The upper boundary of this
sequence is characterized by the formation of the Mudstone
facies with the fenestral fabric. The mentioned sequence is
from 130 to 144 meters thick from Asmari Formation.

6.3 Sequence 3

This sequence is separated from the type 2 sequence bound-
ary. The constituent facies are deposited in the inner ramp
as in the 2 sequence. In some facies, the variety and fre-
quency of fauna increase, which indicates their formation in
the inner part of the ramp with free rotation. The boundary
of this sequence ends with the subsidence of the quartz-
bearing mudstone facies. The sequence is measures of 144
to 185 m thick from Asmari Formation.

6.4 Sequence 4

The boundary between this sequence and the 3 sequence is
marked by a sudden facies change (Hillgértner, 1998). Its
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base part (TST) consists of internal ramp facies and with
gradual sea-level rise. These facies are replaced by middle
ramp and slope facies. They are characterized by the abun-
dance of the Corallinaceae, echinoid, bryozoan, and large
benthic foraminifera with a hyaline wall. With the gradual
decrease of the sea level and shallowing trend (HST), the
facies of the inner ramp are deposited and terminates in the
facies of the tidal flat (Mudstone with fenesteral fabric). The
predominant fauna in the inner ramp facies consists of ben-
thic foraminifera with an imperforate wall. This sequence
is from 185 to 285 m thick (end of Asmari Formation).

7. Conclusion

* The distribution of skeletal parts (foraminifera, echinoid,
bryozoan, Corallinaceae and molluscs, etc.) and non-
skeletal parts (peloid) in different parts of the sedimentary
basin, a total of 5 sub-environments were identified:
Under the basin environment, the mudstone/wackestone
foraminifera pelagic facies are predominant. In the slope
environment of the basin different facies with the presence
of large benthonic foraminifera with the hyaline wall,
especially from two families of the Nummulitidae and
Lepidocyclinidae (such as Operculina, Heterostegina and
Lepidocyclina), as well as Rotaliida, red algae coralinacea,
bryozoan, echinoid and fragmentary are recorded.

* The texture varies from wackestone to grainstone and
floutestone and roadstone. The barrier environment is
characterized by the presence of echinoid packstone, in
which the water-energy is increased.

* The sub-environment Lagoon divided into under the
semi-enclosed lagoon environment, offshore fauna asso-
ciation of lagoon fauna. The presence of hyaline-walled
foraminifers with a relatively small size (relative to the
open marine environment) such as Rotalia, along with
perforate foraminifers such as Borelis, miliolid, indicates
that it is a lagoon Aside, also Corallinaceae, Echinoids, and
molluscs are in this environment.

* In the enclosed lagoon, imperforate foraminifera; miliolid
and Meandropsina, along with Dasycladaceae algae and
gastropods are present.

* The intertidal zone sub-environment is characterized by
mudstone, bird’s eye fabric, and sandy limestone. The
identified sedimentary model is a carbonate ramp.

* Asmari Formation in this study consists of 3 complete
sedimentary sequences and 1 incomplete sequence.
These sequences are generally HST regressive and TST
progressive in these sections. The HST regression facies
category in this sequence began from marine microfacies
and ends in lagoon facies. The TST progressive facies is
related to the open marine. The regressive facies is related
to the internal and middle platform and the progressive
facies category is attributed to the external and intermediate
platform.
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