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1-Introduction

Asmari formation is a carbonate rock unit that is developed in a wide range of Zagros basin during Oligocene -
Miocene time (Fig. 1). The source section of Asmari Formation is located in the Gol Torsh of Asmari mountain
in the north of Masjed Soleiman (Richardsons et al., 1924). The age of Asmari Formation is antecedent
Miocene. The studied area is located in Izeh zone and Dezful embayment and Bangestan and Potou anticline are
located in the most parts of 1zeh zone. The Parsi oil field is located in the most parts of Dezful embayment (Fig.
2). In this area, the Mountain Forehead Fault (MFF) separates the anticline and Mount Poto from the Parsi oil
field (Falcon, 1974; Sherkati and Letouzey, 2004). There are Marl and shale thickness in the oil fields located in
the north of Dezfoul embayment and in Asmari mountain under limestones of Asmari Formation and on
anhydrite of the Asmari base (Seirifiyan, 2006).
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Fig. 1. lllustrating the main stratigraphic of Asmari Formation (Ehrenberg et al., 2007).

2- Methodology

In this study, after a detailed study on the Asmari Formation and anhydrite of the Asmari base, field visits were
done on the area to identify suitable stratigraphic sections in the Bangestan and Mount Poto anticlines. Then
proper sections were selected for the study (Table 1). In this regard, two terrestrial stratigraphic sections were
selected from the southern edge of Bangestan anticline (Gach Boland) and also the southern edge of Sefid
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anticline in Puto Mountain (Esfandiar shrine). Also, the underground information of Parsi field (well number
19) including its cores and well diagram was selected. Sampling of the mentioned sections was performed at
regular intervals of 1 meter and in case of facies change at intervals of less than 1 meter. At this stage, 82
samples were taken, which are mainly related to the base of Asmari Formation, base anhydrite and Pabdeh
Formation, which were studied for more detailed study of stratigraphic boundaries. Thin sections were prepared
from all samples and these sections were studied for planktonic and benthic foraminifera as well as facies. In the
study of facies, the classifications presented by Dunham (1962), Wilson (1975) and Flugel (2010) have been
used. The cores of well No. 19 of Parsi oil field were also studied in terms of lithology, sedimentary texture,
facies (with the help of a hand-held magnifying glass). Sedimentary structures have been studied on a

macroscopic and microscopic scale.
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Fig. 2. Geological location of the study area; (a) Structural divisions of Iran (Heydari et al., 2003) and (b)
Structural subdivisions of the Zagros (Farzipour-Saein et al., 2009).

Table 1. Sections and lithostratigraphic unit of study area.

Section Abr. Lithostratigraphic Unit Coordinate
Emamzadeh EE Asmari Fm. Basal 31°17'31.5"N
Esfandiar Anhydrite Pabdeh Fm. 49° 58' 35" E
Gach Boland GB Asmari Fm. Basal 30°58 47" N

Anhydrite Pabdeh Fm. 50°06'39.5" E
Parsi # 19 PR Asmari Fm. 31°05'00" N
Basal Anhydrite 49° 54" 48" E
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3- Results and discussion

3-1- Stratigraphic description of the studied sections

These sections are divided based on field description and lithological change as follows:

1. Alternation of dolomitic limestone and green marls related to the gradual zone between Pabdeh and Asmari
formations.

2. Relatively thick limestone containing ooid and faverina with a mostly greenstone texture.

3. Stromatolytic horizon with a thickness of 35-50 cm with often flat and wavy morphology.

4. Thin layer of celestite.

5. Asmari base anhydrite.

6. Medium-layer dolomitized limestones containing non-porous benthic foraminifers, milliolides, cofuces,
bivalves, abdomen and bioclasts.

4- Facies investigation and interpretation of sedimentary environment
4-1- Green marl facies

This facies is mainly related to the gradual zone between Pabdeh and Asmari formations in the form of
alternating green marl and thin to medium layer limestones with almost horizontal layering. These marls and
limestones contain large amounts of planktonic foraminifera, including globijerin and globurothalide, along
with chopped and re-transported lipidocyclinated and nomolithidized fragments.

The presence of relatively large amounts of planktonic foraminifera, fine-grained tissue and abundant
microcrystals is a sign of sedimentation of this facies in a relatively deep, calm and low-energy marine
environment below the surface of the waves. This facies set has been reported in the sediments of the base of
Asmari Formation related to the deep part of the open sea in different areas of the Zagros sedimentary basin.

4-2- Packston-grainstone facies with fauna

The non-skeletal allochems of ooid and faverina are the main constituents of this facies. The ooids are of the
tangential type and, together with faverina are longitudinally, transversely, and obliquely embedded in an
asparagus cement, and overall have relatively good sorting and rounding.

The presence of ooids and their supporting grain texture indicates the formation of this facies in a relatively
energetic sediment environment and high salinity of the bar from the inner ramp (Wilson, 1975). This facies is
equivalent to RMF-29 introduced by Flugel (2010).

4-3- Stromatolytic buondstone facies

This stromatolytic horizon is flat and slightly wavy in the outcrop and core and is 30 to 50 cm thick in Puto
Mountain, Bangestan Mountain and the underground section of Parsi well number 19, immediately below the
anhydrite of the Asmari base. The facies is composed of stromatolytic laminae that alternate between dark and
light layers.

This facies is composed of stromatolytic laminae which are alternating dark and light layers. The bird's
laminated fabric is characteristic of this facies and the thickness of the laminates is in the millimeter range.
Today, flat laminated structures of microbial origin have been found in inter-tidal environments (Logan et al.,
1964; Kennard and James, 1986; Esteban et al., 1996; Pickard, 1996; Pope et al., 2000). In arid climates, such as
the Persian Gulf and Shark B in Australia, flat-covered stromatolites are located at the bottom of the tidal zone
(Pratt, 1982; Riding, 2008).

4-4- Sulfate evaporation facies

Celestite deposit: The most important evaporative mineral deposits of celestite or celestine in Iran were formed
during the Oligocene-Miocene. Formation of celestite mineralization in Zagros sedimentary basin has been
reported in carbonates of shallow sedimentary environments and evaporites of Kalhor/anhydrite section of
Asmari Formation basins.

Celestite is formed from concentrated brines in the Sabkhay environment (Evans and Shearman, 1964).
However, it seems that in this sequence, the most important ways of its formation are the diagenesis of the odor
and through the exit of strontium from the aragonite structure when it turns into calcite or dolomite and also the
exit of strontium from the anhydrite structure when it turns into gypsum.

Anhydrite deposit: Evaporative deposits in the surface cuts are mainly gypsum and in well No. 19 Parsi are
mostly observed as anidate. The thickness of the evaporative sequence was between 6 and 7 m, which were seen
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as nodules in white, gray and sometimes red. In some cases, the appearance of laminar carbonate intrusions in
the drilling cores has created the anhydrite sequence of well No. 19 in Parsi field.

These large and almost pure thicknesses of gypsum and anhydrite are part of the evaporate dominated sequence
according to Forkner (2010), which is interpreted to be formed in a saline medium (Warren, 2016). In general,
in the saline environment, gypsum crystals are formed in the form of macrocrystals with a swallow tail model
and truncated tissue and with a vertical orientation to the basin floor (Warren, 2006; Rochy et al., 1994).

4.5. Extracoded wackestone facies containing bioclast

This facies is located immediately on top of the anhydrite unit in the form of thin layers of dolomitic limestone
containing many fragments of the abdomen, biceps and ostracod. The main components of this damage are
ostracod bioclasts. The texture of the mudstone is supportive and the seeds are in a micritic background.

The abundance of mud in this facies indicates the deposition of this facies in low energy conditions in a closed
environment. Also, the lack of allochems due to increased salinity or possibly temperature increase confirms the
conditions of the limited environment. This closed and confined sedimentary environment can form behind the
bar and lagoon, which is saline or ultra-saline water (Cornée et al., 2009; Gebhardt, 2003; TUtken et al., 2006).

5-Discussion and conclusion

With the decline of the global sea level, at the Oligocene-Miocene (Shatin-Aquitanine) boundary, the basin
within the Asmari platform is separated from the open sea and an independent basin with high salinity is
created. It seems that at this time, due to the intensification of the folding process, basin faults with Zagros trend
such as mountain front faults and the main Zagros fault have played a greater impact on this outflow of water
(Sepehr and Cosgrove, 2004, 2007). The most important evidences of this outflow of intense water are the
formation of subcontinental sediments (marls and red marl limestones), karst development and high thickness of
shear dolostones in Mish, Ashgar, Anneh anticlines in the north of Gachsaran (Shabafrooz et al., 2015a;
Shabafrooz et al., 2015b) and most importantly, anhydrite layers at the base of the Asmari Formation in the
studied area. This is demonstrated in Figure 11 with the deposition of evaporative sediments indicating hot and
dry climates when the carbonate platform is submerged. This extremely saline environment has prevented the
spread of benthic foraminifera. In contrast, a type of coprolite-producing hard skin that adapts to high stress and
high salinity environments has produced large amounts of Faverina (Van Buchem et al., 2010). It has also
expanded in this shallow environment with high salinity and limited water circulation of oyster seeds (Adams,
1969; Ehrenberg et al., 2007; Van Buchem et al., 2010; Shabafrooz et al., 2015a). Biological content of Asmari
Formation at this time is very limited and has a relatively low diversity and most of the deposited sequences are
dolomite and dolomitic limestone. These conditions indicate the prevalence of very shallow sedimentation
environment of the inner ramp throughout the study area as well as adjacent areas. Bentic foraminifera with
porcelain and agglutinated walls are the most important constituents of limestone and dolomitic limestone of
this carbonate platform. Due to the tidal zone, its sediments are regularly or irregularly removed from the water
and special structures have been created in them. Among the cases of formation of plate stromatolites with bird
eye fabric and evaporative crystal form mentioned. This stromatolite is formed due to the fall of the water level
and when the basin is approaching the exit from the water.
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Fig. 2. (a) Geological location of the study area and structural divisions of Iran (Heydari et al., 2003) and
(b) Structural subdivisions of the Zagros (Farzipour-Saein et al., 2009).
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the study area.
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Fig. 4. (a) Perspective from the Kalhur evaporte mamber at the anticline of Mount Putu, (b) Stromatolytic
facies with upper celestite at the base of the evaporative section, (c) View of the upper evaporative boundary
of Kalhur with Middle Asmari calcareous sediments, and (d) View of the lower evaporative boundary of
Kalhur with calcareous sediments and marl limestones of Asmari base.
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Fig. 5. (a) View of the upper part of the massive and white evaporates of Kalhur on the border with Asmari
rock-forming limestone above in Bangestan mountain, (b) The lower part of Kalhur evaporate in Bangestan
mountain with weak stratification can be seen in them, (c) Deployment of the celestite horizon to a thickness
of one meter at the base of the evaporative section, and (d) Stromatolytic facies with upper celestite at the base

of the evaporative section.
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Fig. 6. Two sample of the cores of the evaporative part of well Parsi 19; (a) False lamination in which the

distance between the evaporating laminae is composed of carbonate whose thin microscopic section is
composed of fine anhydrite crystals and (b) Indicates anhydrite without structure. The major crystals of this
type of anhydrite are microcrystalline to spherolite.
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Table 1. Sections and lithostratigraphic unit of study area.

Section Abr. Lithostratigraphy Unite Coordinate
Emamzadeh EE Asmari Fm. Basal 31°17'31.5"N
Esfandiar Anhydrite Pabdeh Fm. 49°58'35"E
Asmari Fm. Basal 30°58'47"N
Gach Boland GB .
Anhydrite Pabdeh Fm. 50° 06’ 39.5" E
Asmari Fm. 310 05' 00" N
Parsi # 19 PR 0 cnr rom
Basal Anhydrite 497 54" 48" E
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Fig. 7. Correlation of stratigraphy and stratigraphic characteristics of the studied sequences in the

Bangestan and Putu sections and Parsi well No 19.
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Fig. 8. Microscopic images of marly facies in the trantional zone between Pabdeh and Asmari formations; (a)
Microscopic image of this facies and the abundance of planktonic foraminifera in the micritic matrix in Putu
section (b-d) Microscopic images of this facies in the Bangestan section. In these images relatively crushed
parts of lepidocyclina, nummulites, bryozoa debris, echinoderms, along with plankton foraminifera are found
in the clay matrix.
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Fig. 9. Microscopic images of packstone-grainstone ooid and foraminifera facies; (a-b) Microscopic images

of this facies in the Bangestan section; the frequency and texture of ooid and foraminifera and the sparatite
texture are quite clear, and (c-d) Microscopic images of this facies in the Putu section; the frequency of

Faverina seeds is relatively higher and their equatorial and longitudinal sections are better seen.
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Fig. 10. Microscopic images of stromatolite boundstone facies; (a) Bangestan section, (b) Putu section,

and (c) Parsi well No 19.
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Fig. 11. Celestite sediment images; (a) Bangestan section, (b) Microscopic images of celestite in Putu

section, and (c) Parsi well No 19.
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Fig. 12. Anhydrite sediment images; (a) Putu section, (b) Microscopic image of celestite in Bangestan

section, and (c) Parsi well No 19.
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Fig. 14. Schematic illustrating of the two-dimensional sedimentary model of the Oligo-Miocene border of the

Asmari Formation and its associated sedimentary and stratigraphic properties, emphasizing the sedimentary
environment of the basal anhydrite and its associated facies.
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