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1- Introduction

The Aghajari Formation, Miocene-Pliocene age, is the thickest in the Zagros sedimentary basin. The
thickness of this formation has been measured at about 2966 meters in the type section, but its maximum
thickness, which has been drilled so far, is about 4658 meters in Papileh#1 oil well, 35 km northeast of the
Dezful city. The Aghajari Formation consists of sequences of thick-bedded red marls, siltstones, and
sandstones. In many areas of the Zagros Basin, the depositional environments considered for the Aghajari
Formation are fluvial, but on the shorelines of the Persian Gulf and Qeshm Island, it exhibits marine
characteristics (Motiei, 1993). The main object of the present article is to investigate the depositional
environment of the Aghajari Formation to introduce the fossil faunal and floral associations that dominated
it and also to investigate and search for the presence of depositional environments other than the fluvial
environment in this formation in a part of the Bibi Hakimeh oil field. Another purpose is to show that the
Aghajari Formation can be very suitable for studying biostratigraphy, sedimentology, ichnology,
paleobotany, palynology, paleoclimatology, and other geological aspects.

2- Material and methods

In the first step, the surface survey was carried out in the study area to select an appropriate section of the
Aghajari Formation. After that, field works were carried out to evaluate the area's geological characteristics
of the area, including surface survey, photographing, taking flown attributes and measurements, and
collecting required hand samples. Nineteen samples were collected from the identified limestone and peat
layers and veins. Twenty thin sections were prepared from them for laboratory studies. About 100
photomicrographs were taken from the microscopic characteristics of the identified facies. Data from 14
oil wells were used to identify the lithological features and other subsurface descriptions of the Aghajari
Formation. Finally, the data was analyzed and interpreted based on the most recent and relevant domestic
and foreign studies.

3- Results and discussions
The Aghajari Formation gradationally overlies the Mishan Formation and is mainly conformably overlain
by the Bakhtiary Formation, with or without the Lahbary Member (James & Wynd 1965; Motiei 1993).
The study area is located in the southeastern part of the Bibi Hakimeh huge anticline or giant oil field at
50°45', 50°50" E and 29°55' to 30°05' N. This oil field is located in the southern Dezful Embayment and is
84km long and 7km wide. Depositional environments describe the combination of physical, chemical, and
biological processes associated with depositing a particular sediment type. Sedimentary facies is a body of
rock, typically a sequence of several strata or beds, that is distinct from adjacent strata based on observable
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characteristics such as sedimentary structures and textures, fossil contents, lithology differences, etc.,
therefore, to interpret and analyze depositional environments, sedimentary facies and their changes should
be investigated (Moussavi-Harami, 2013).
The following lithological and biological facies were identified to determine diverse depositional
environments in the Aghajari Formation :

3-1-Evaporites lithofacies:

The study area has numerous layers and veins of gypsum and anhydrite. According to Motiei (1993), these
layers are the possible result of evaporation and drying of seasonal lakes. Such lakes are created in the
continent or inland and are enclosed basins or shallow depressions not connected to the sea waters.
Lacustrine deposits can include evaporite and seasonal fine-grained detrital sediments. Lacustrine
evaporites are usually dominated by gypsum and anhydrite with nodular and laminated textures rather than
as bedded bottom nucleated layers on the subaqueous floors of perennial brine lakes or massive marine
evaporites and, deposited in widespread evaporitic mudflats and saltpans (Rosell, 2007; Warren, 2016).
The evaporite layers and veins are completely nodular in the study area and show nodular texture. There
are also thin laminae or veins of laminated gypsum. According to the above studies, these lithofacies formed
in shallow lacustrine environments where subaqueous sedimentation of primary gypsum laminae occurred.

3-2- Plant remains biofacies:

A thin layer of peat containing many carbonized floral remains was found in the study area. These Plant
remains include pieces and fragments of various plants, most likely belonging to mangroves or mangrove-
like plants. Various depositional environments for these plant remnants, such as flood plains, tidal flats, salt
marshes, and estuaries, can be considered. The most important habitats in which mangroves and mangrove-
like plants live are estuaries and salt marshes (Day et al., 2012). Estuaries are partly sheltered areas found
near river mouths, where land freshwater mixes with seawater. Estuaries are transitional, dynamic, and
sensitive environments. Estuaries could be considered transition zones between freshwater and marine
water habitats and transitions from land to sea. Many of their physical and biological attributes are
transitional and unique. This ecosystem comprises brackish water, which differs from freshwater and
marine water. A salt marsh is a marshy area found near estuaries. The water quality in salt marshes varies
from completely saturated with salt to fresh water (Day et al., 2012). The study area's river channels, ripple
marks, and weak cross-bedding confirm the fluvial environment. It is assumed that along the entire
shorelines of circum-Tethyan basins, including Iran, from the Cretaceous to recent, special mangrove
genera such as Avicennia sp., Rhizophora sp., and Nypa sp. have been dominated (Srivastava and Prasad,
2019).

3-3- Oyster reef biofacies:

Another important facies in the studied area is the oyster reef biofacies, observed in massive colonies and
large accumulations of oysters. The common oysters in this biofacies belong to Magallana gryphoides
(Schlotheim, 1820) species, a distinct species with the age range of Miocene-Pliocene (Harzhauser et al.,
2015). Other oysters present in this reef belong to the Ostrea genus. From the Miocene to the Quaternary,
many species belonging to the genus Magallana left the shallow marine environments due to the increase
in predator organisms and chose the soft and sandy substrate of the estuarine environments in all shorelines
of the Circum-Tethys (Cuitino et al., 2013).

3-4- Carbonate biofacies:

3-4-1- Charophyte algae carbonate facies:

Charophyte algae are green algae and have many similarities with some land plants. These algae are reliable
tools in biostratigraphical studies. Charophytes are usually found in very shallow environments up to 50
meters, such as marginal coasts with low energy conditions, coastal marginal brackish lakes up to 12 meters,
and shallow freshwater lakes (Hughes, 2014). In the study area, Biofacies that only contain Charophyte
algae indicate environments with relatively fresh to brackish waters, that is, the transitional environments.
The biofacies that contain benthic foraminifers and Charophyte algae denote more water energy and the
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transformation of the transitional environments to shallow marine and marginal marine conditions. The
presence of some Charophyte algae in a low amount associated with the thick carapace ostracods indicates
the deepening of the water depth and increase in water salinity and energy (Perez-Cano, 2022).

3-4-2- Foraminifera carbonate biofacies:

Benthic foraminifera live in shallow, low-energy marine environments and lagoons. Usually, these
organisms are very useful for interpreting the water depth, salinity, light penetration rate, water energy, and
other environmental factors of different depositional environments (BouDagher-Fadel, 2017). Another
carbonate biofacies identified in the Aghajari Formation in the study area is the benthic foraminifera-
dominated biofacies. The foraminifera in this biofacies are Elphidium haueriunum (d'Orbigny, 1846), small
rotalids, and rare Nonion sp.

This biofacies is equal to the Wynd (1965) Assemblage Zone number 66 as:

Elphidium-Rotalia-Ostracoda Assemblage zone (Wynd, 1965)

The Miocene-Pliocene is considered for this biozone. The depositional environment considered for this
biofacies is the shallow and low-energy parts of the lagoon towards the coast. Elphiduim species with keel
live epibenthic on muddy and sandy substrates near sea grasses and meadows up to 50 meters. Species with
no keel live in shallower environments such as coastal lagoons (Hughes, 2014).

3-4-3- Ostracoda carbonate biofacies:

Ostracoda carbonate biofacies are found in thin-bedded limestone layers. Ostracods are one of the most
important tools in paleontology for interpreting depositional environments. There are two categories of
ostracods: the fresh and brackish water ostracods or non-cypridean and marine ostracods or cypridean
(Danielopol et al. 2007). Ostracods mentioned for the Aghajari Formation by Wynd (1965) are all marine
type or cypridean, including:

Trachyleberis sp., Cytheridea sp., Bairdea sp.,

Non-cyprians have smooth, thin, weak, and bean-shaped carapaces or valves without ornamentations,
while cypridean ostracods have rough, thick, firm, elongated, and porous carapaces. In high-energy marine
environments, many ornamentations are also seen on their valves. The ostracods in this biofacies have
coarse and thick carapaces and irregular valve surfaces, therefore attributed to marine ostracods.

4- Conclusion

In the studied area, the Aghajari Formation includes various lithofacies and biofacies. The most important
of these facies are Evaporites lithofacies, Plant remains biofacies, Oyster reef biofacies, Charophyte algae
carbonate facies, Foraminifera carbonate biofacies, and Ostracoda carbonate biofacies. According to these
identified facies, different depositional environments can be proposed for the Aghajari Formation in the
region as follows: gypsum and anhydrite with nodular and laminated textures indicate the lacustrine
environment. River channels, ripple marks around the channels, and weak cross-bedding confirm the fluvial
environment. The abundant Plant remains in the peat vein, oyster reef, massive colonies, and copious
Charophyte algae, which indicate possible transitional environments such as salt marshes and estuaries.
Finally, abundant benthic foraminifera and ostracods with thick carapace and some algae and bryozoans
denote a shallow marine environment. Therefore, like the northern coasts of the Persian Gulf, shallow
marine conditions are also expected in the study area. In the study area, the Aghajari Formation is also rich
in fossil plant remains, oysters, Charophyte algae, bivalves, gastropods, benthic foraminifera, and
ostracods.
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Fig. 1. Study area location, (a) in the structural division map of Iran (modified from Sherkati et al., 2006), and (b) in the

Bibi Hakimeh oil field.
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Fig. 2. A view of the Aghajari Formation in (a) a part of the Bibi Hakimeh oil field, view towards the north, and (b) in
the study area, view towards the east. In both pictures, oil pipelines are used as scales.
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Fig.3. Lithostratigraphic column of the Aghajari Formation in the studied surface section.
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Table 1. The drilled thickness of the Aghajari Formation in oil wells of the study area.

No. Well Code Well Position AJ. Thickness
1 BH#090 North Flank 354
2 BH#099 North Flank 406
3 BH#100 North Flank 314
4 BH#114 North Flank 410
5 BH#135 North Flank 380
6 BH#151 North Flank 466
7 BH#146 Crest 112
8 BH#148 South Flank 830
9 BH#154 South Flank 916
10 BH#158 South Flank 740
11 BH#166 South Flank 287
12 BH#167 South Flank 416
13 BH#173 South Flank 932
14 BH#186 South Flank 423
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Fig.4. Views of the thin layer limestones dominated within the Aghajari Formation in the study area, (a) Very thin layer
limestone containing the Charophyte algae, (b) Thin layer limestone containing benthic foraminifers.

5 WS S SES 050 5 ol GeseS slac]
(035t 2l (655 b )5l bl Wl il laaiss
Gl ;5 Vaors sy IS i)l |, Sslite slogec 5
sladls (g ol 05 G551 b e B0 B GospS Sl
Sl jeicd slhazl o «(marginal coasts) sla il

Yy

byl A Sler 4Ly S (a3 0yl —Y-\-F
8,5 00, 4y 3lasie o )l (] 50 ool saalive sl Sl
Sl 5l cudg )5 sl Sl .anil o (Charophyta)
i ol (B kol gl a5 wiil oo e
iz glalase o sloyiws 55, » LS (ol )ls



\ O)Lou: N0 O)5¢ AF-¥ )Le).

a

wns ., . e
W i )5 (ol e I ikl

a3t 5 e L slaT 51 Ol (9 s § (St
Jias eaims Gl izes g SYL 5yed b slao
b sl gl Lld 4 bolos glalow
oS sllase jo .aiiws (marginal marine conditions)
Olime 4 S8 )5 Sl 5l (F 0925 (slail> Ges
Uil TS aeses bl L slasgST il LS s Sl
Perez-) ol Ol 6551 5 5588 Ol (o yidin 5 Gos
Cwlus anlllas 5,50 sdg9ae o (Cano et al., 2022
plo 4 s Sudy IS Sl 00 5 ny0 (Sal slaay
S gloay Jols 5 conl e Ly Sol loo,lus,
Aol s bay ol wile el Vo JI Y Sal

Wilaid )8 )18 aalllas 050 (goy 00l 5l 6,00 VT Tog..»

5 e VY Issa> 3ec L (coastal brackish lakes)
l glabe plo g uped SOl GeseS slaazl o
Hughes, 2014;) .Ggd oo il Sid (9,0 Oppmds
(Trabelsi et al., 2016
lee &g & L.ILc LSl pl axlllas 5 50 0590wy
o3 laogST il 5 (58S Ol ije; bolyen oS (i i by g
il 5o cudg)l5 lacslla jiien a5 oloo)lus; Sigd s
b o L gloc] gladams 4y bgype w3500 o0y
e s ol sloailS jsbre 5 Sa05 Sl 5]
s Gl S (e 4 2y y5h ool & >
aS obo,lus ;) aimo oo )8 30 co 1) g 4 S0
Sl iies codg 5 slacSil 5 5S Glss; sl
Loma p bys bsme s il 5 O it bos 39

Elphidium hauveriunum (ggl> (5585 )39, 455, o e, (€ (1) el Lol Gl ,S glao,lus 5l oS Sn yglaas ) JSCss
Gol> Cds IS Gl Sl a5l S o )lus, (I JHD) LpSlis 5 pused b5 L gloogSTmul (ol 0o5T ul &by S o s, (b I d) (Eh)

(Ser) adses s 5 Bry) Tgjs: 52 (Alg) by )5 Glasl

Fig .5. Photomicrographs of the identified carbonate facies, (a to ¢) Benthic foraminifera carbonate facies containing
Elphidium haueriunum (Eh), (d to h) Ostracoda carbonate facies containing thick Carapace ostracods and gastropods, (i
to 1) Charophyte algae carbonate facies containing Charophyte algae (Alg), bryozoans (Bry), and Serpulids (Ser).
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Fig.6. Oyster bed, (a) A view of the oyster bed extended in the Aghajari Formation in the study area, (b to d) Colonies of
oysters in the oyster reef, (e) Genus Ostrea sp., (f) Species Magallana gryphoides.

Peat vein and its content
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Fig. 7. A view of the dominated peat vein in the region and its contents (a) Distant view of the peat vein within the red
marls and siltstones, (b) Peat vein about 10 cm. thick, (c) Part of fine grain sediments and pieces of plant remains inside
the peat vein, and (d) Photomicrograph of the sediments within the peat vein, which are very fine-grained and contain
large amounts of organic materials.
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Fig.8. Photographs of a paleo-river in the study area, (a and b) Cross section of a river channel, (c, d and e) ripple marks
found around it, and (f) ripple marks on the layer surface of a red siltstone in the vicinity of the river channel.
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Fig.9. Comparison of the thick layer sandstones within the Aghajari Formation in (a) Bibi Hakimeh oil field, with no
cross-bedding or very weak effects, and (b) Marun oil field, very large and extensive cross-bedding.
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Fig.10. Carbonized plant remains, (a) Another view of the peat vein extended in the region, (b to f) Pictures of the plant
remains within the peat vein, (g and h) Binocular microscope images of possible fragments of a mangrove bark (g) and

leaf (h).
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Fig.11. Deposited evaporites in the study area (a) Alternation of the thin evaporite (anhydrite) and detrital (marl) veins
and layers, (b) Medium bedded anhydrite layer (36 cm.), (c) The surface view of anhydrite layers that show the nodular
texture exquisitely, and (d) Thin satin spar gypsum veins inside the Aghajari Formation red marls.
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Fig.12. Proposed conceptual model and depositional environments for the Aghajari Formation in the study area, (a) Top
view model, and (b) Cross-section view model, modified from Day et al. (2012).
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